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Abstract
Background: Sinonasal neoplasms, whether benign and malignant, pose a
significant challenge to clinicians and represent a model area for multidis-
ciplinary collaboration in order to optimize patient care. The International
Consensus Statement on Allergy and Rhinology: Sinonasal Tumors (ICSNT)
aims to summarize the best available evidence and presents 48 thematic and
histopathology-based topics spanning the field.
Methods: In accordance with prior International Consensus Statement on
Allergy and Rhinology documents, ICSNT assigned each topic as an Evidence-
Based Review with Recommendations, Evidence-Based Review, and Literature
Review based on the level of evidence. An international group of multi-
disciplinary author teams were assembled for the topic reviews using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses format,
and completed sections underwent a thorough and iterative consensus-building
process. The final document underwent rigorous synthesis and review prior to
publication.
Results: The ICSNT document consists of four major sections: general princi-
ples, benign neoplasms and lesions, malignant neoplasms, and quality of life
and surveillance. It covers 48 conceptual and/or histopathology-based topics rel-
evant to sinonasal neoplasms and masses. Topics with a high level of evidence
provided specific recommendations, while other areas summarized the current
state of evidence. A final section highlights research opportunities and future
directions, contributing to advancing knowledge and community intervention.
Conclusion: As an embodiment of the multidisciplinary and collaborative
model of care in sinonasal neoplasms and masses, ICSNT was designed as a
comprehensive, international, and multidisciplinary collaborative endeavor. Its
primary objective is to summarize the existing evidence in the field of sinonasal
neoplasms and masses.
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I EXECUTIVE SUMMARY

A Introduction

Sinonasal tumors, although traditionally rare, are now
increasingly recognized as a highly morbid disease. These
tumors pose unique challenges due to frequent involve-
ment of critical neurovascular structures, nonspecific signs
and symptoms, and late-stage detection. Over the past
decade, the field of sinonasal neoplasms and masses has
grown rapidly, enhancing our knowledge of these diverse
diseases. While previous literature mainly consisted of
single-institution, retrospective reports, recent efforts have
focused on multi-institutional studies and clinical trials,

leading to improved evidence quality. This progress has
been made possible by the collaboration and knowledge
sharing among various specialists, including otolaryngol-
ogists, rhinologists, head and neck oncologists, medical
and radiation oncologists, pathologists, radiologists, and
neurosurgeons.
In accordance with previously published consensus

statements in the field of rhinology,1–5 the International
Consensus Statement onAllergy andRhinology: Sinonasal
Tumors (ICSNT) aims to bring together a globally repre-
sentative group of experts from different disciplines to pro-
vide an up-to-date summary and critical appraisal of the
current evidence regarding the diagnosis, treatment, prog-
nosis, and outcomes of benign and malignant sinonasal
tumors. ICSNT serves as a complementary resource to
the 2019 International Consensus Statement on Endo-
scopic Skull Base Surgery (ICSB)5 and updates the highly
regarded 2010 European Position Paper (EPOS) on Endo-
scopic Management of Tumours of the Nose, Paranasal
Sinuses and Skull Base.6 It is important to note that ICSNT
does not serve as practice guidelines but instead offers
recommendations based on the best available evidence.
Ultimately, individual treatment plans will depend on the
expertise and preferences of themedical and surgical team,
as well as patient factors and preferences. The goal of
ICSNT is to provide clinicians with a valuable resource to
enhance their understanding of specific tumors and aid in
the development of tailored treatment plans.

B Methods

Using the established methodology of the prior Interna-
tional Consensus Statement on Allergy and Rhinology
(ICAR) statements, topics encompassing the breadth of
sinonasal neoplasms and masses were developed by the
editorial team (JNP, ECK, EWW, NDA, DMB, NRL, SYS,
MBW). These 48 topics were broadly classified under four
sections: General Principles; Benign Lesions and Neo-
plasms; Malignant Neoplasms; and Morbidity, Quality of
Life, and Surveillance. An effort was made to center on
histopathology given its central role. International mul-
tidisciplinary expert authors then assembled teams and
were assigned these topics. Areas of overlap with ICSB
were updated and cross-referenced accordingly within the
document.5 A rigorous systematic review process was then
undertaken, which included literature review, evidence-
based review (EBR), and evidence-based review with
recommendations (EBRR) based on available literature
(following the guidelines outlined by Rudmik and Smith7).
All authors were instructed to follow the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines,8 and an aggregate grade of evidence
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ICAR SINONASAL TUMORS 11

was determinedusing theAmericanAcademyof Pediatrics
Steering Committee on Quality Improvement and Man-
agement (AAP SCQIM) guidelines.9 Each topic underwent
iterative review by at least two members of the edito-
rial team, as well as the primary and senior editors, to
ensure completeness of the literature and appropriateness
of the recommendations. The compiled topics were then
synthesized and distributed for review by all authors for
consensus, resulting in the ICSNT document.

C Results

Section 1: General principles

Incidence and epidemiology
Among benign sinonasal tumors, osteomas are the most
common, followed by sinonasal papillomas.
Sinonasal malignancy (SNM) comprises approximately

3%–5% of all head and neck cancers and <1% of all malig-
nancies overall. The estimated incidence of SNM in the
United States is <1 case per 100,000 population per year.
Malignant epithelial neoplasms account for 75% of all

SNM, with the most common being squamous cell carci-
noma (SCC), followed by adenocarcinoma, olfactory neu-
roblastoma (esthesioneuroblastoma) (ONB), and adenoid
cystic carcinoma (ACC).

General risk factors
There are various well-established risk factors for devel-
opment of both benign and malignant sinonasal tumors.
Careful history taking and ordering appropriate genetic
and molecular tests, whenever applicable, may provide
insights for patient counseling and treatment planning.

Assessment of risk factors for sinonasal tumors

Aggregate grade
of evidence

C for all risk factors
∙ Level 4: eight studies (age)
∙ Level 3: two studies; Level 4: seven studies
(genetic sex)

∙ Level 2: one study; Level 3: five studies;
Level 4: four studies (occupational
exposure)

∙ Level 3: three studies (smoking)
∙ Level 2: two studies; Level 3: one study;
Level 4: one study (link to viral infections)

∙ Level 3: two studies; Level 4: nine studies
(genetic factors)

Benefit Understanding and screening of risk factors
for tumorigenesis provide prognostic
information and opportunities for
prevention.

(Continued)

Harm Recall bias of risk factors, variable risk of
tumorigenesis across different individuals
and populations.

Cost No studies assessing cost, but likely low costs
of screening by history. Molecular testing
may be costly.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Many risk factors are nonmodifiable. There is
a need for further research into the role of
molecular and genomic testing.

Policy level Recommendation.
Intervention Routine history taking and screening for risk

factors such as age, sex, ethnicity,
occupational exposure, and smoking may
provide clinically useful prognostic
information and prevention opportunities.
Testing for genetic and viral etiologies may
be considered, especially if there are
actionable mutations.

Principles of surgical treatment
Common oncologic principles apply in surgical treatment
of sinonasal tumors. Traditionally, en bloc resection of the
entire tumor with negative margins, often via an open
approach, comprised the standard of care, but this is chal-
lenging to perform within the confines of the sinonasal
tract, especially without confirmation of tumor invasion
versus abutment of structures. Consideration should be
given to preserving quality of life (QOL) and critical neu-
rovascular structures if oncologically possible. To that end,
in lieu of an open approach, an alternative is endoscopic
piecemeal resection and debulking of the tumor with
definitive en bloc resection of the sites of attachment and
assessing margins thereafter. The risk of tumor seeding is
low overall.

En bloc versus debulking/piecemeal resection

Aggregate grade
of evidence

C (Level 3: seven studies; Level 4: two studies)

Benefit Piecemeal resection has the benefit of
improved visualization of the tumor
attachment site and determining invasion
into surrounding structures. En bloc
resection, whenever possible, permits gross
visualization of clear margins around the
resection

Harm Piecemeal resection has the theoretical risk of
tumor seeding in the cavity via violation of
the tumor capsule. En bloc resection is
potentially invasive and disfiguring.

(Continued)
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12 KUAN et al.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

No studies have demonstrated a clear benefit
of either en bloc or piecemeal resection.
Since no study has found worse outcomes
for piecemeal resection and improved
visualization is accomplished with
piecemeal resection in endoscopic
endonasal approach (EEA), it is reasonable
to resect sinonasal tumors in a piecemeal
fashion when necessary for tumor
visualization.

Policy level Option.
Intervention Use of en bloc versus piecemeal resection is

an option based on tumor extension and
sites of involvement. The decision on
whether to proceed with en bloc versus
piecemeal resection of sinonasal tumors
should be made on a case-by-case basis. En
bloc resection of the site of
attachment/tumor origin should be
attempted whenever possible.

Treatment of sites of attachment

Aggregate grade
of evidence

C (Level 2: two studies; Level 3: one study;
Level 4: three studies; Level 5: one study)

Benefit Attachment-oriented surgery allows for
accurate clearance of disease with
successful oncologic outcomes while
sparing uninvolved structures. Minimizing
morbidity is an especially important
consideration in benign sinonasal tumors.
Additionally, this technique may allow for
shorter operating times and facilitates
observation and follow-up aimed at the
pedicle attachment site.

Harm Not all tumors are amenable to
attachment-oriented surgery and the
decision must be done on a case-by-case
basis. It is highly surgeon dependent to
accurately assess the sites of involvement
or attachment. If negative margins are
unable to be achieved, an open or
combined approach may be necessary,
especially in cases of malignant or
aggressive pathologies.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)

Value
judgments

Attachment-oriented surgery is beneficial to
the treatment of benign as well as
malignant sinonasal tumors in select cases
where adequate surgical margins can be
obtained safely. In cases of locally advanced
lesions, utilizing an attachment-oriented
technique must be balanced with the risk
of leaving residual disease or needing to
convert to an open or combined approach.

Policy level Recommendation.
Intervention Endoscopic attachment-oriented surgery

should be considered to minimize
morbidity when feasible and when
negative margins can likely be achieved. In
cases of locally advanced disease, an open
or combined approach may be necessary
for disease clearance.

Risk of tumor seeding

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 5: one study)

Benefit Careful dissection technique and close
inspection can minimize risk of tumor
seeding.

Harm Spread of tumor via seeding presents a
significant challenge in management often
requiring aggressive surgery and/or
adjuvant treatment of a separate site.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Since reports are limited to case series, there
is no evidence to suggest that tumor
seeding is impacted by surgical approach.
Piecemeal resection could theoretically
have a higher risk of tumor seeding due to
tumor capsule violation, while open
surgery may expose uninvolved soft tissues
to tumor.

Policy level Option.
Intervention Consideration of approach and technique

based on tumor seeding is an option. There
is no evidence that an open or endoscopic
approach to sinonasal tumors carries a
higher risk of tumor seeding. Given the
lack of case reports, either approach
appears to have a low risk of tumor
seeding. Upfront recognition and
prevention are key to minimize this risk.
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ICAR SINONASAL TUMORS 13

Biopsy
In-office biopsies for sinonasal lesions appear to be a safe
alternative to operative biopsies in appropriately selected
patients, though patient selection is important. There
is a moderate risk of a false-negative diagnosis given
tumor heterogeneity or surrounding sinonasal inflamma-
tion obscuring the target. No studies have specifically
examined the appropriate order of imaging and biopsy. The
level of evidence (LOE) is low in this area and largely based
on expert opinion.

Resectability
∙ There is variability in the literature regarding what
features make tumors resectable based on surgeon
experience and institutional preference.

∙ Orbital apex: Orbital apex involvement portends a poor
prognosis and is deemed unlikely to be able to obtain
true-negative surgical margins.

∙ Carotid artery: Despite increasing experience with treat-
ment of tumors involving the carotid artery, ranging
from nonsurgical therapy to carotid resection, there
remains no strong evidence to indicate a survival benefit
even with the most aggressive of treatments.

∙ Skull base: Poor prognosis is predicted by brain
parenchymal and cavernous sinus involvement even if
gross total resection (GTR) may be achieved.

∙ Pterygopalatine and infratemporal fossae: Newer evi-
dence suggests that involvement of these areas does
not independently predict worse prognosis, as long as
negative margins can be achieved.

Workup for regional and distant disease
A complete physical examination with palpation of the
neck and imagingwith computed tomography (CT) and/or
magnetic resonance imaging (MRI) is recommended for
evaluation of regional lymphadenopathy. Whole-body
positron emission tomography (PET)/CT may be uti-
lized to assess regional and distant metastases but has
known limitations, including false positives (e.g., inflam-
mation). Retropharyngeal lymphadenopathy is commonly
underrecognized and should be considered in the workup.

Workup of regional and distant disease

Aggregate grade
of evidence

C (Level 3: four studies; Level 4: 16 studies;
Level 5: 12 studies)

(Continued)

Benefit CT and MRI are complementary for regional
and distant disease workup. Functional
imaging such as PET/CT has high
sensitivity and negative predictive value
(NPV), allows for baseline imaging, and is
a single imaging technique for rapid
simultaneous qualitative evaluation of the
primary, regional, and distant metastasis.

Harm CTs expose patients to radiation. Workup of
regional and distant metastasis and
false-positive PET/CT may lead to
additional (and potentially unnecessary)
investigations, patient anxiety, and
increased costs without a change in
treatment. In a healthcare setting with
limited resources, this may further increase
delays in diagnosis and strain on the
system.

Cost There is potential cost–benefit of hybrid PET
scans since they can combine PET/CT or
PET/MRI into a single exam and reduce
the number and duration of hospital visits.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

CT and MRI are both useful modalities for
regional and distant disease assessment.
CT is faster, better tolerated, and more
readily available than MRI, but does incur
radiation exposure. MRI does not subject
patients to ionizing radiation, but takes
longer to perform, has a risk of motion
artifact, and is contraindicated in patients
with noncompatible ferromagnetic devices.
Hybrid PET imaging allows for more rapid
and accurate diagnosis of regional and/or
metastatic disease, especially for
high-grade tumors and/or those tumors
prone to metastases (e.g., sinonasal
undifferentiated carcinoma, melanoma).
However, there is potential for
false-positive results, and thus it may be
more useful for restaging than initial
staging. It may not be as useful for tumors
with low FDG avidity.

Policy level Recommendation.
Intervention CT and MRI remain the conventional

imaging modalities. Hybrid PET or other
full-body imaging should be considered in
the investigation of regional and distant
metastases in SNM. Presence of enlarged
retropharyngeal lymph nodes should
always be evaluated on CT or MRI.
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14 KUAN et al.

Surgical approach
With growing utilization and experience, research, and
advanced understanding of indications and limitations
of the endoscopic approach, many tumors, both benign
and malignant, may be oncologically treated via min-
imally invasive means. The open approach remains of
critical importance for those tumors that may not be fully
resectable via an endoscopic approach (e.g., involvement
of skin and soft tissue, gross orbital invasion, bony facial
skeleton). Regardless of the choice of open, endoscopic,
or combined approaches, the principles, margin status,
and overall extent of tumor resection should remain the
same and should be selected based on patient factors
and surgical team experience. In many cases, the endo-
scopic approach is associated with shorter recovery times
and lower morbidity, with generally comparable oncologic
outcomes.

Open versus endoscopic approach for sinonasal tumors

Aggregate grade
of evidence

C (Level 2: one study; Level 3: nine studies;
Level 4: 45 studies)

Benefit Compared to open surgical approaches,
endoscopic surgical approaches generally
yield reduced morbidity and shorter
recovery times with similar oncologic
outcomes in low-stage tumors (stage T1–2;
Kadish A–B) and certain high-stage tumors
(stage T3–4; Kadish C-D)

Harm Failure to achieve GTR with negative margins
in extensive or high-stage tumors, which
could lead to tumor progression or invasion
of surrounding structures. Potential for
higher risk of cerebrospinal fluid (CSF)
leak.

Cost Reduction in cost is possible with EEA
related to reduced operative times, shorter
hospital length of stay (LOS), and reduced
morbidity.

(Continued)

Benefits–harm
assessment

A preponderance of benefit over harm exists
for the use of endoscopic surgery
approaches in low-stage tumors.

For high-stage tumors, benefits of endoscopic
surgical approaches when negative surgical
margins can be achieved, including
reduced morbidity and shorter recovery
time, may outweigh potential harms
depending on the comfort and experience
of the surgical team.

Value
judgments

Current conclusions are primarily based on
limited data. Many studies have small
sample sizes and cannot adjust for tumor
stage, patient comorbidities, covariates, or
tumor type. The above recommendations
are based on data quality, evaluation of
surgical outcomes, outcomes grouped by
tumor stage, and systematic reviews that
demonstrate consistent findings across
many studies. Most studies include a
heterogenous grouping of SNM, preventing
clear recommendations for approach by
tumor type or tumor location. Larger
prospective studies are needed to develop
clear recommendations for surgical
approach, particularly in late-stage tumors
where data on endoscopic approach
outcomes are lacking.

Policy level Recommendation for EEA for low-stage
tumors.

Option for EEA for high-stage tumors.
Intervention In most low-stage sinonasal tumors,

endoscopic surgery should be considered
the first-line surgical approach to reduce
morbidity and recovery times while
achieving similar oncologic outcomes to
open surgery. In advanced-stage tumors
(such as T3–4) endoscopic SNM surgery
approaches should be considered on a
case-by-case basis according to the tumor
location, surgeon experience, patient
preference, and tumor grade, with
consideration of the risk–benefit ratio of
alternative treatment options.
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ICAR SINONASAL TUMORS 15

With the advent of extendedmaxillary sinus approaches
such as medial maxillectomy, modified Denker maxillec-
tomy, and the prelacrimal approach, tumors involving
all walls of the maxillary sinus, including the anterior
wall, may now be accessed via a minimally invasive
approach with generally low morbidity. Such approaches
have increasingly become the first-line choice for manag-
ing benign maxillary neoplasms (e.g., inverted papilloma
[IP]), and may also have value for surgical treatment of
malignancies.

Extended endoscopic approaches to the maxillary sinus

Aggregate grade
of evidence

C (Level 4: 12 studies)

Benefit Compared to open maxillary surgical
approaches, endoscopic maxillary surgical
approaches generally yield improved
morbidity and shorter recovery times with
comparable or even improved outcomes
based on the IP literature.

Harm Potential for failure to achieve GTR with
negative margins in extensive or high-stage
tumors, particularly those with bony
maxillary wall and/or palatal invasion,
which could result in tumor progression or
surrounding structure invasion.

Cost Reduction in cost is possible with EEA
related to reduced operative times, shorter
hospital LOS, and reduced morbidity.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Current conclusions are primarily based on
limited data focused on inverted papilloma
(IP) resection. It is unclear how these data
will translate to treatment of other primary
maxillary neoplasms, including
malignancies, especially those with bony
invasion. Moreover, many studies have
small sample sizes and cannot adjust for
patient comorbidities, covariates, or tumor
stage. Larger prospective cohort studies are
needed to develop clear recommendations
for maxillary surgical approach in
malignancies.

(Continued)

Policy level Recommendation for EEA for IP and other
benign lesions.

Option for EEA for malignant tumors based
upon anatomical involvement and at the
discretion and comfort of the surgeon.

Intervention EEA should be the first-line surgical
technique for the resection of most IP
confined to the maxillary sinus to reduce
morbidity and recovery times while
achieving similar outcomes to open surgery.
Endoscopic maxillary surgical approaches
should be considered on a case-by-case
basis for malignancies and other benign
tumors in the maxillary according to the
tumor location, surgeon experience, patient
preference, and tumor grade, with
consideration of the risk–benefit ratio of
alternative treatment options.

Management of the orbit
∙ Various grading systems exist for staging orbital invasion
by sinonasal tumors.

∙ Orbital resection, whether partial or complete (e.g.,
exenteration) or via endoscopic or open approaches,
should be guided by oncologic principles. Limited peri-
orbital involvement by tumor may often be locally
resected with favorable outcomes and functional preser-
vation, but involvement of the extraocular muscles,
optic nerve, and intraconal space may be more effec-
tively treated with exenteration. Consideration should
be given to orbital preservation whenever possible, but
only if negative margins can be achieved. There is
emerging evidence to suggest that orbital preservation
may be possible with induction chemotherapy, though
currently no upfront predictors of response are known.

∙ The nasolacrimal system may undergo stenosis or scar-
ring after surgical and/or radiation therapy. Posttreat-
ment epiphora, which is estimated to occur in up to 15%
of cases, should be routinely assessed.

Margin analysis
Obtaining negative surgical margins remains the key goal
of surgical resection for most SNM, and careful planning
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16 KUAN et al.

should be undertaken before surgery to prioritize the goals
of resection while selecting the appropriate approach and
reconstruction. For ACC with perineural invasion (PNI),
gross total resection (GTR) without negative margins may
be an acceptable alternative. Frozen sections may be used
to guide margin status intraoperatively, although it is not
reliable for all histologies (i.e., mucosal melanoma). To
date, there is no consistent definition of adequacy or
“wideness” of margins.

Margin analysis in sinonasal tumors

Aggregate grade
of evidence

C (Level 2: one study; Level 3: 12 studies;
Level 4: 61 studies)

Benefit Negative margins are associated with
significant improvements in overall
survival (OS), disease-specific survival
(DSS), and recurrence-free survival (RFS)
in a majority of studies for all tumor
subtypes.

Harm Potential harm of taking aggressive margins
includes injury to critical neurovascular
structures that would otherwise not be
sacrificed, leading to increased morbidity
or mortality to the patient. Inaccurate
frozen section margins intraoperatively
could change the operative plan and either
compromise definitive resection requiring
a return to the operating room or adjuvant
chemoradiation or could lead to more
aggressive resection than is truly
warranted. The potential harm to not
achieving negative margins comes at the
cost of survival for several tumor subtypes.

Cost Frozen section use is associated with
increased costs, but this must be weighed
against the potential cost of a second
surgery, intensification of adjuvant
treatment, and reduced survival that could
otherwise have been avoided if complete
resection with negative margins had been
achieved.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

“Wide surgical margins” should be more
clearly defined and uniformly reported
within the literature.

Policy level Recommendation for most malignancies.
Option for ACC with perineural invasion.

(Continued)

Intervention All attempts should be made to resect SNM
to negative margins except for when
resecting to negative margins would put
critical neurovascular structures at risk for
injury that would otherwise not be at risk.
GTR may be acceptable for ACC for local
control. Frozen section analysis should not
be used on mucosal melanoma due to
inaccuracy. For all other tumor types
evaluated (SCC, adenocarcinoma, ONB,
SNUC) frozen section analysis should be
used intraoperatively to define the
resection margins and ensure
definitive/negative margin resection.

Management of recurrent malignancy
Outcomes of salvage surgery are dependent on histol-
ogy, primary site, and stage. Although there may be
a survival benefit, there is a higher risk of morbidity
and mortality associated with salvage surgery. Palliative
treatments, including surgery, radiation therapy (RT), or
chemotherapy, may be considered for symptomatic and
QOL management without curative intent.

Radiation modalities for treatment of sinonasal
malignancies
RT is an important definitive and adjuvant modality for
management of SNM (and some benign tumors in lim-
ited indications). Intensity-modulated radiation therapy
(IMRT) has become the most commonly utilized modality
with demonstrated efficacy and generally acceptable safety
profile. Particle beam therapy has an emerging role and
should be considered if available.

Radiation modalities for treatment of sinonasal
malignancies

Aggregate grade
of evidence

IMRT: B (Level 2: three studies; Level 3: one
study; Level 4: 50 studies)

Proton beam radiotherapy (PBT): C (Level 2:
two studies; Level 3: one study; Level 4: 23
studies); five level 4 carbon ion
radiotherapy (CIRT) series include single
modality PBT patients

Fast neutron therapy (NRT): C (Level 4: 10
studies)

CIRT: C (Level 2: two studies; Level 3: two
studies; Level 4: 23 studies)

(Continued)
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ICAR SINONASAL TUMORS 17

Benefit IMRT provides locoregional control (LRC)
and benefits in PFS and OS rates as either
primary or adjuvant therapy for SNM with
absolute benefits dependent on patient-
and pathology-specific factors.

Harm RT morbidity is related to the extent and site
of the tumor, including soft tissue, bone,
vascular, and neural injury. Aside from
IMRT, the other modalities may not be
widely available, and patients may need to
travel to specialized facilities for care.

Cost Limited to two series. PBT provided extra
quality-adjusted life-year (QALY)
compared to IMRT and was cost-effective
in patients ≤56 years old, and CIRT
increased costs compared to IMRT despite
survival benefits.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

All modalities should be considered for
improving LRC rates. The absolute benefit
to LRC rates for SNM depends on patient-
and pathology-specific factors and should
be weighed against the risk of treatment
toxicity. NRT/CIRT should be considered
for salivary glands or radioresistant
histologies with gross residual disease at
the time of treatment.

Policy level Recommendation.
Intervention IMRT should be considered for improving

LRC, disease-free survival (DFS), and OS
rates when weighed for patient-specific
and tumor features. Evidence suggests that
PT, particularly PBT, could be considered
when available.

Section 2: Benign lesions and neoplasms

Sinonasal papillomas
∙ Exophytic papilloma has a strong association with low-
risk human papillomavirus (HPV) subtypes, with rare
malignant transformation risk.

∙ Oncocytic papillomas have comparable malignant
transformation risk as IPs but may be distinguished
through pathologic and molecular features.

∙ IPs, which are the most common sinonasal papillo-
mas, demonstrate somatic mutations in EGFR and
association with low-risk HPV subtypes.

∙ Dysplasia is a harbinger of progression to malig-
nant transformation in IP and oncocytic papillomas.
Papilloma-associatedmalignancies tend to be associated
with low-risk HPV, while high-risk HPV seems more
prevalent in de novo sinonasal SCC.

Assessment of dysplasia and HPV in sinonasal
papillomas

Aggregate grade
of evidence

B (Level 2: seven studies; Level 3: 17 studies;
Level 4: 22 studies)

Benefit Proper histopathologic assessment is crucial
to appropriately characterize IP grade and
clinical behavior. The surgeon should
consider assessment of EGFR and KRAS
mutations and HPV in diagnostically
challenging cases, particularly when there
is concern for dysplasia or malignant
transformation.

Harm There is potential negative impact to patient
care when an incorrect pathologic
diagnosis (e.g., understaging) is made.

Cost No studies currently discuss healthcare costs
related to the diagnostic workup of IP and
genomic or viral testing.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value judgment Appropriate evaluation of tissue specimens
allows for improved treatment
stratification. Given the potentially high
risk of recurrence and morbidity from
inappropriate treatment, a correct
diagnosis is critical for sinonasal
papillomas.

Policy level Recommendation.
Intervention The surgeon should engage with the head

and neck pathologist to appropriately
diagnose sinonasal papillomas and
determine presence of dysplasia. EGFR
mutations appear to be the dominant factor
in IP development. Although low-risk HPV
may be found in exophytic and inverted
subtypes, there are limited data to support
the involvement of high-risk HPV in
sinonasal papillomas.

∙ Whenever possible, all IP sites of attachment should be
definitively treated with mucosal resection followed by
drilling and/or cauterization of the hyperostotic focus
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18 KUAN et al.

for improved local control. Careful review of preop-
erative imaging may allow for identification of the
hyperostotic focus that usually represents the dominant
site of origin. There is evidence to suggest that the same
principles apply to attachment sites along the orbit and
skull base.

Imaging of the site of attachment in inverted papilloma

Aggregate grade
of evidence

C (Level 3: two studies; Level 4: five studies)

Benefit Imaging is useful for accurate identification
of IP pedicle for preoperative planning.

Harm Mild radiation associated with CT imaging as
well as contrast burden for CT and MRI
images.

Cost Associated costs with imaging studies.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Determining site of attachment is imperative
for effective surgery and to reduce local
recurrence.

Policy level Recommendation.
Intervention Utilize preoperative CT (as evidenced by

osteitis) with or without MRI for accurate
identification of IP attachment site, which
can also be used to guide surgical approach.

Treatment of the site of attachment in inverted papilloma

Aggregate grade
of evidence

C (Level 4: seven studies)

Benefit Lower recurrence rates with reduced
morbidity.

Harm Baseline risk of epistaxis and postoperative
pain.

Cost Associated costs with surgery.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

The surgeon must attempt to identify the
attachment site in order to properly resect
this region to minimize risk of recurrence.

Policy level Recommendation.
Intervention Perform pedicle-oriented resection via any

surgical approach in order to definitively
address primary site and reduce recurrence
risk. Definitive treatment may entail
cauterization or drilling of the pedicle
following mucosal resection.

Role of orbital resection for inverted papilloma

Aggregate grade
of evidence

C (Level 4: six studies)

Benefit Lower recurrence rates with improved orbital
preservation.

Harm Small potential for orbital injury. Baseline
risk of epistaxis and postoperative pain.

Cost Associated costs with surgery.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Determining involvement of orbit on
preoperative imaging is helpful for
preoperative planning and patient
counseling. There are limited data to
suggest that lamina resection may lead to
orbital soft tissue seeding/recurrence.

Policy level Recommendation.
Intervention Perform resection or drilling of hyperostotic

focus for orbital IP with lamina papyracea
involvement.

Role of skull base resection for inverted papilloma

Aggregate grade
of evidence

C (Level 4: six studies)

Benefit Lower recurrence rates with reduced
morbidity.

Harm Small potential for intracranial and/or dural
injury and CSF leak. Baseline risk of
epistaxis and postoperative pain.

Cost Associated costs with surgery.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Determining involvement of skull base on
preoperative imaging is helpful for
preoperative planning and patient
counseling, especially if at risk for CSF
leak. There are limited data comparing
judicious cautery (e.g., bipolar) versus
direct resection of the skull base.
Furthermore, there are limited data to
suggest that skull base resection may lead
to intracranial seeding/recurrence.

Policy level Recommendation.
Intervention Perform endoscopic and/or open resection of

skull base IP with bony resection, drilling,
or cauterization of mucosal rests to
adequately address pedicle.

∙ The indications for RT into treating IP are limited, and
are considered for unresectable disease, poor surgical
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ICAR SINONASAL TUMORS 19

candidates, multiply recurrent lesions, or IP associated
with malignancy.

Role of radiation therapy for inverted papilloma

Aggregate grade
of evidence

C (Level 4: four studies)

Benefit Potential for improved disease control in
patients in whom surgery has failed or is
not possible.

Harm Nearly all patients experience minor
(mucositis, conjunctivitis, xerostomia,
epiphora, anorexia) adverse effects from
toxicity, some with major (central nervous
system [CNS], radionecrosis, visual
changes, etc.) effects that can be life
threatening.

Cost Procedural costs, as well as
radiation-associated morbidity.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Role of RT is well established but limited to
specific circumstances in management of
IP.

Policy level Option.
Intervention Consider RT for patients who meet limited

indications or special conditions such as
unresectable disease, poor surgical
candidates, multiply recurrent lesions, or
IP associated with malignancy.

∙ IP should be under surveillance given its propensity for
local recurrence and known risks of malignant trans-
formation. The optimal timing is variable, but there are
now data to suggest that recurrence may occur far after
5 years, which would necessitate longer surveillance
periods.

Recurrence risk and surveillance in inverted papilloma

Aggregate grade
of evidence

Recurrence: B (Level 2: three studies, Level 3:
two studies, Level 4: 14 studies)

Surveillance: C (Level 4: six studies)
Benefit Prognosis for recurrence can be determined

by identification of risk factors (multifocal
attachment, prior surgery, high-risk HPV,
STR such as disease overlying carotid, etc.).

Prolonged surveillance allows for prompt
identification of IP recurrence.

Harm Potential for under- or oversurveillance and
early discharge from surveillance, which
would preclude detection of later
recurrences.

(Continued)

Cost Clinical charges associated with assessment
of risk factors including clinic visits for
history and physical, imaging, endoscopy,
and operative cost for intra/postoperative
risk factor assessment.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Risk factors for recurrence are wide ranging
and need to be assessed on a
patient-specific basis.

Determining presence of recurrence as soon
as evident will allow for more timely
intervention of a less extensive tumor and
potential mitigation of malignant
transformation risk.

Though endoscopy may be utilized for most
surveillance visits, imaging may be
considered for specific cases (e.g., maxillary
sinus following prelacrimal approach,
lateral frontal sinus).

Policy level Recommendation.
Intervention Recommend identification of evidence-based

risk factors that will increase risk of
recurrence for IP and prolonged follow-up
for surveillance of IP patients due to
propensity for delayed recurrence. Close
clinical follow-up for all patients due to
risk for recurrence even after 5 years.

Benign vascular neoplasms and lesions
This section covers updated evidence surrounding man-
agement of nasopharyngeal angiofibroma (formerly juve-
nile nasopharyngeal angiofibroma [JNA]) since ICSB
2019,5 aswell as sinonasal vascularmalformations, heman-
giomas, and paragangliomas.

Open versus endoscopic approaches for JNA

Aggregate grade
of evidence

B (Level 2: one study; Level 4: seven studies)

Benefit Endoscopic approaches demonstrate
comparable and possibly reduced tumor
recurrence rates along with lower patient
morbidity and intraoperative bleeding.

Harm Endoscopic approach is associated with low
complication rates and morbidity.

Cost Endoscopic management is associated with
favorable costs when compared to costs
from open surgery.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)
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20 KUAN et al.

Value
judgments

Endoscopic intervention requires familiarity
with endoscopic surgery and endoscopic
equipment including tools for hemostasis.

Policy level Recommendation.
Intervention In experienced institutions, endoscopic and

combined approaches are the preferred
surgical approaches for management of
JNA.

Techniques for hemostasis in JNA

Aggregate grade
of evidence

C (Level 4: eight studies)

Benefit Preoperative embolization reduces
intraoperative bleeding and may reduce
LOS, surgical duration, and need for
perioperative blood transfusion.

Harm Risk of inadvertent embolization of
ICA-supplied structures via
internal–external anastomosis, puncture
site hematoma, contrast exposure.

Cost Possible additional cost of ∼$36,500 and need
for prehospitalization for procedural
planning.

Benefit–harm
assessment

The procedural risks of embolization are
significantly less than the perioperative
benefit of reduced bleeding and improved
visualization; the procedural cost may be
offset by reduced LOS and need for blood
products.

Value
judgments

Choices for or against specific embolic agents
or instruments for intraoperative
hemostasis should be guided by
surgeon/interventionalist experience and
preference.

Policy level Recommendation.
Intervention For advanced tumors, and possibly for locally

limited tumors, preoperative embolization
of ECA feeder vessels reduces perioperative
bleeding, may reduce LOS and need for
transfusion, and should be considered.

Congenital midline nasal masses
Congenital midline nasal masses (CMNMs) are relatively
rare (estimated to occur in between 1:20,000 and 1:40,000
births). They are composed of dermoid and epidermoid
cysts, glial heterotopia, andmeningoencephaloceles. Early
treatment is indicated for aesthetic concerns and to prevent
infection and intracranial complications. Many lesions
may be approached endoscopically, including those that
extend intracranially, though some lesions extend through
the skin and may benefit from a combined approach.

Benign orbital lesions and neoplasms
This section covers updated evidence surrounding endo-
scopic management of benign intraconal tumors since
ICSB 2019.5 Since then, theOrbital Resection By Intranasal
Technique (ORBIT) classificationwas developed to classify
surgical complexity of intraconal orbital lesions. Inflam-
matory conditions of the orbit, such as IgG4-related
ophthalmic disease (formerly orbital pseudotumor) and
Tolosa–Hunt syndrome (THS), are also part of the differen-
tial diagnosis of oculo-orbital symptoms and are discussed
in this section as well.

Endoscopic resection of intraconal orbital lesions

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: nine studies)

Benefit Higher rates of GTR with reduced local
morbidity relative to open approaches
among patients with lesions medial to optic
nerve and/or inferior to POR.

Harm Risk of diplopia related to necessity for
translaminar approach.

Cost Associated costs with surgery and
preoperative evaluations.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

No study to date has compared endoscopic
and open approaches directly. However, in
appropriately selected patients (e.g., tumor
medial to the optic nerve and/or inferior to
POR), endoscopic orbital surgery was
preferred to traditional open approaches
with reduced external morbidity. Not all
patients are candidates for an endoscopic
orbital approach, with tumors lateral and
superior to POR and/or concern for
invasion of local structures.

Policy level Option.
Intervention Endoscopic orbital surgery approach may be

offered in lieu of open surgery by trained
multidisciplinary orbital teams following
appropriate workup and candidacy
determination.

Section 3: Malignant neoplasms

Table I.1 provides a summary of the LOE surrounding
histopathology-based management of SNM.

Sinonasal squamous cell carcinoma
De novo sinonasal SCC is the most common SNM,
accounting for 40%–50% of cases. This section includes
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ICAR SINONASAL TUMORS 21

TABLE I . 1 Summary of aggregate grades of evidence surrounding histopathology-based management of sinonasal malignancies.

Category Histopathology
Treatment
modality AGE Recommendation Specific indications

Squamous cell
carcinoma

DN-SCC IC C Option Locally advanced disease (e.g.,
orbit or skull base invasion)

Sx Ca Recommendationa Primary modality
Endoscopic surgery option

aRT C Recommendation Locally advanced disease
High-grade tumors
CRT considered for extranodal
extension and/or positive
margins

dCRT C Option Select early-stage disease
Unresectable disease
Poor surgical candidates

END/ENI C Option Advanced T stage tumors
(particularly maxillary sinus
primary)

Adenocarcinoma
and salivary
gland
malignancies

ITAC IC C Option Functional P53 protein
Sx B Recommendation Primary modality
aRT C Option Advanced-stage disease (pT3–4)

High-grade tumors
Positive surgical margins

Non-ITAC Sx C Recommendation Primary modality
aRT C Recommendation Advanced-stage disease

High-grade tumors
IC considered for functional P53
protein

ACC Sx C Recommendation Primary modality
GTR acceptable in place of
negative margins

aRT C Recommendation Advanced-stage disease
Positive margins
Perineural invasion

Sarcoma Pediatric
rhabdomyosarcoma

Sx D No recommendation Salvage setting
RT B Recommendation Primary modality
C B Recommendation

Adult
rhabdomyosarcoma

Sx D No recommendation Salvage setting
CRT C Option Primary modality

Abstracted from pediatric
literature

IC C Option Locally advanced disease

(Continues)
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22 KUAN et al.

TABLE I . 1 (Continued)

Category Histopathology
Treatment
modality AGE Recommendation Specific indications

Neuroendocrine or
neuroectodermal
tumors

ONB IC C Option Locally advanced disease
Sx Ca Recommendationa Primary modality

Endoscopic surgery option
aRT C Option Hyams grades III/IV

Kadish stages C/D
Positive margins

END/ENI C Option Hyams grades III/IV
Kadish stages C/D

SNUC IC B Recommendation IC followed by CRT for responders
IC followed by salvage surgery for
nonresponders

SNEC IC C Recommendation Locally advanced disease
High-grade tumors

Sx Primary modality
aRT

SNMM Sx C Recommendation Primary modality
aRT C Option Local control, but no OS benefit
Immunotherapy C Option Locally advanced disease

Metastatic disease
END/ENI C Option Regional control, but no OS

benefit
Nasopharyngeal
malignancies

NPC IC A Strong
recommendation

Advanced-stage disease

dCRT A Strong
recommendation

Advanced-stage disease
Consider for stage II patients with
bulky nodal disease

RT A Strong
recommendation

Early-stage disease
IMRT standard of care

END/ENI B Option Option to limit RT to lower neck
lymphatics if no radiographic
nodal metastases or if unilateral
nodal disease

Lymphoma BCL C B Recommendation Primary modality
CHOP or CHOP-like therapy

RT B Option Symptomatic (e.g., cranial nerve
palsies)

Bulky disease
Advanced-stage disease

Immunotherapy B Recommendation Rituximab
ENKTL C C Recommendation Primary modality

LRC benefitsRT C Recommendation

Abbreviations: AGE, aggregate grade of evidence; aRT, adjuvant RT; dCRT, definitive CRT; END/ENI, elective neck dissection/irradiation; IC, induction
chemotherapy; Sx, surgery.
aAbstracted from ICSB 2019.5
bAll surgical treatment is predicated on achieving negative margins for curative intent, with exception of some cases of ACC.
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ICAR SINONASAL TUMORS 23

other important considerations regarding management of
sinonasal SCC that were not discussed in ICSB 2019.5
Definitive management entails surgical resection with the
goal to obtain negative margins, followed by adjuvant
therapy for advanced-stage disease and poorly differen-
tiated tumors. Induction chemotherapy (IC) for locally
advanced sinonasal SCC is an option, especially for orbit
preservation. Elective neck treatment should be consid-
ered for patients with advanced-stage tumors, particularly
maxillary sinus primaries.
IP-transformed sinonasal SCC is biologically distinct

from de novo sinonasal SCC and appears to be associated
with improved prognosis.

Role of induction/neoadjuvant chemotherapy in
sinonasal SCC

Aggregate grade
of evidence

C (Level 3: one study; Level 4: four studies)

Benefit Patients who respond to induction
chemotherapy demonstrate improved OS
and DFS.

Harm There are systemic toxicities related to
neoadjuvant therapy. Selective intraarterial
neoadjuvant chemotherapy seems to
reduce the rate and severity of toxicity.
Additionally, inappropriate patient
selection may lead to less favorable
outcomes. Progression of disease during
the neoadjuvant treatment period may lead
to less favorable outcomes.

Cost Insufficient data to make recommendation
regarding long-term costs of neoadjuvant
therapy.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

The stage of tumor at presentation and the
goals of the patient with respect to orbit
preservation should be carefully
considered. It is important to consider that
negative margin resection remains the
primary goal with most cases of SNSCC.

Policy level Option.
Intervention Patients with locally advanced disease (i.e.,

orbit or intracranial invasion) may have
benefit from neoadjuvant chemotherapy.
Response to neoadjuvant chemotherapy
offers prognostic information.

Role of adjuvant therapy in sinonasal SCC

Aggregate grade
of evidence

C (Level 4: four studies)

Benefit Surgery followed by postoperative RT
demonstrate improved LRC and OS
compared to patients treated with
definitive radiation therapy
(RT)/chemoradiation therapy (CRT) or
surgery alone.

Harm Associated with treatment-specific toxicities.
Cost Insufficient data to make recommendation

regarding long-term costs of adjuvant
therapy.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

The stage of tumor at presentation, the
specific histologic subtype, and the goals of
the patient should be carefully considered.

Policy level Recommendation.
Intervention Patients with locally advanced disease or

poorly differentiated histologies would
benefit from postoperative RT. The role of
CRT is not clearly defined specifically for
SNSCC but should be considered when
positive margins or extranodal extension is
present.

Role of definitive chemoradiotherapy in sinonasal SCC

Aggregate grade
of evidence

C (level 4: four studies)

Benefit In cases of unresectable tumors, nonsurgical
therapies offer an alternative to palliative
treatments. Additionally, in early-stage
cancers, nonsurgical therapy may confer
equivalent outcomes as compared to
surgery ± adjuvant therapy.

Harm There are systemic and local toxicities related
to nonsurgical therapies.

Cost Insufficient data to make recommendation
regarding long-term costs of adjuvant
therapy.

Benefits–harm
assessment

Balance of benefits and harms.

(Continued)
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24 KUAN et al.

Value
judgments

Definitive CRT/RT could be considered in the
setting of unresectable tumors, for patients
who are poor surgical and chemotherapy
candidates, and in patients who decline
surgery. Additionally, for early-stage
tumors, definitive CRT/RT can be
considered, although there are limited
studies evaluating this.

Policy level Option.
Intervention Patients with unresectable or early-stage

disease, patients who are poor surgical
candidates, and patients who do not desire
surgery may be considered for definitive
CRT/RT.

Elective management of the N0 neck in sinonasal SCC

Aggregate grade
of evidence

C (Level 2: two studies, Level 3: two studies;
Level 4: two studies)

Benefit Elective neck treatment may decrease the rate
of regional recurrence.

Harm There are morbidities associated with elective
neck treatment, both for surgical treatment
and elective irradiation.

Cost Insufficient data to make recommendations
regarding long-term costs of elective neck
treatment.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Patient with advanced T-stage tumors may
benefit from elective neck treatment.
Maxillary sinus SCC has a higher risk of
neck metastasis than nasal cavity SCC.

Policy level Option.
Intervention Strong consideration should be given to

elective neck treatment in cases of
advanced T stage tumors, especially if it is a
maxillary sinus primary and if primary
surgery is undertaken. Elective treatment
may be in the form of elective irradiation or
END.

Sinonasal adenocarcinoma
Sinonasal adenocarcinomas comprise a group of glandu-
lar neoplasms, of which intestinal-type adenocarcinoma
(ITAC) ismore common inEuropean countries and is asso-
ciated with exposure to hardwood dusts. Certain subtypes
(signet ring cell type) and higher tumor grade are asso-
ciated with worse prognosis. The mainstay of treatment
is surgical resection with negative margins, with adjuvant
RT considered for positive margins, advanced tumor stage,
and high-grade tumor histology.

Role of surgery in ITAC

Aggregate grade
of evidence

B (Level 2: two studies; Level 3: one study;
Level 4: seven studies)

Benefit Oncologic resection is possible with
endoscopic approaches in many cases.
Reduced complication rate, improved QOL,
and better survival outcomes have been
described as direct benefit of a multimodal
treatment strategy including surgery.

Harm Insufficient tumor excision with positive
surgical margins, leading to increased risk
of local or distant recurrences, and
morbidity and complication risks related to
surgery.

Cost Although no studies have examined the issue
of costs in sinonasal ITAC treatment, short
hospitalization period and fast patient
recovery associated with minimally
invasive surgery could translate to lower
costs.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

All studies to date have suggested equivalent
or better outcomes of endoscopic surgery
as compared to traditional craniofacial
surgery. There is no significant argument
for or against bilateral ethmoid resection as
routine procedure for patients with
occupational exposure.

Policy level Recommendation.
Intervention Multidisciplinary management of sinonasal

ITAC with primary surgery and achieving
negative margins currently represents the
standard of care.

Role of adjuvant therapy in ITAC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: one study;
Level 4: four studies)

Benefit Additional oncologic control in cases of
positive margins or locally
advanced/metastatic tumors.

Harm The risk of osteoradionecrosis, mucositis, and
other RT- and chemotherapy-induced
complications should be discussed with the
patient when adjuvant treatments are
planned.

Cost No dedicated studies on cost.
Multidisciplinary management with
multiple healthcare workers involved in
the treatment may increase the economic
burden.

(Continued)
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ICAR SINONASAL TUMORS 25

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

For patients with functional P53, neoadjuvant
chemotherapy may improve survival rates.
Adjuvant RT should be administered in
advanced-stage and/or poorly
differentiated tumors, though there are no
dedicated studies on this. Biological studies
to better understand the genetic and
molecular profile of such rare cancers will
be crucial to better stratify patients
according to prognosis and discover
potential new drug targets for precision
medicine.

Policy level Option.
Intervention Adjuvant RT should be considered for ITAC

treatment following surgery if pathology
demonstrates positive surgical margins, for
advanced-stage tumors (pT3–4), and/or for
poorly differentiated grade. The role of
chemotherapy and timing of
administration is less clear.

Sinonasal non-ITAC is a diagnosis of exclusion and
may represent multiple tumor types. Sinonasal renal cell-
like adenocarcinoma is an important subtype of non-ITAC
and must be distinguished from metastatic renal cell car-
cinoma. Similar to ITAC, the recommended treatment
modalities include surgery with adjuvant RT for high-
grade and advanced-stage disease.

Role of surgery in non-ITAC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4: four studies

Benefit Surgical resection, either endoscopic or open
approach, with negative margins may be
associated with improved OS and DSS.

Harm Procedural related, depending on the
approach.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Surgical resection with negative margins is
beneficial to improve OS and DSS.

Policy level Recommendation.
Intervention Endoscopic transnasal resection with goal of

negative margins is the primary treatment
of choice for non-ITAC. Due to increased
morbidity, open (craniofacial) resection
should be considered when negative
postoperative margins cannot be achieved
otherwise.

Role of adjuvant therapy in non-ITAC

Aggregate grade
of evidence

C for both RT and chemotherapy
∙ Level 3: two studies (RT)
∙ Level 3: two studies (chemotherapy)

Benefit There is some evidence that adjuvant RT
improves DSS of non-ITAC patients,
especially for high-grade tumors. No strong
data on chemotherapy outside the palliative
setting are available, except in the presence
of functional p53 protein.

Harm Possible side effects of RT include mucositis,
nasal discharge, osteoradionecrosis/
osteomyelitis, and hyposmia.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms (RT).
No strong evidence (chemotherapy).

Value
judgments

Adjuvant RT should be considered to improve
DSS of non-ITAC patients. The role of
chemotherapy is not established in the
management of non-ITAC patients except in
presence of functional p53 protein and as
part of topical treatment.

Policy level Recommendation for adjuvant RT.
Option for adjuvant chemotherapy.

Intervention Adjuvant RT should be considered for all
patients with high-grade and/or
advanced-stage non-ITAC. Concerning
low-grade tumors, the potential benefit
should be weighed against the side effects.
The role of chemotherapy is established in
cases of a functional p53 protein or for
palliative therapy.

Sinonasal adenoid cystic carcinoma
Sinonasal ACC is a locally invasive salivary gland malig-
nancy with propensity for PNI and distant metastasis.
Management principles were previously discussed in ICSB
20195 and the current section provides an updated liter-
ature review. Given low likelihood of long-term distant
control, surgery with goal of GTR followed by RT may
achieve favorable local control rates. Human papillo-
mavirus (HPV)-related multiphenotypic sinonasal carci-
noma is a histologic mimic of ACC and must be excluded
through additional HPV-specific testing due to the differ-
ent long-term outcomes.

Role of surgery in sinonasal ACC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4: 10 studies)

Benefit Surgical resection is superior to any other
modality in terms of local control and
long-term survival.

(Continued)
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Harm Damage to vital structures or important organs
(eye, carotid artery, brain, oral cavity),
postoperative complications, and cranial
nerve deficits.

Cost No studies directly assessed cost. However,
improved local control implies decreased
future cost in terms of hospitalization,
imaging, systemic therapy, etc.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Endoscopic resection is associated with lower
complication rates and improved QOL over
the long term in select cases and is
comparable to open approaches in terms of
survival outcomes. Achieving negative
margins will improve local control as well as
improve OS. There is a high distant
recurrence rate and risk of skip lesions in
perineural invasion. Given the high overall
local control rate, a strategy of GTR and
postoperative RT while preserving function
provides QOL without reduction of survival.

Policy level Recommendation.
Intervention Surgical resection should be attempted as the

first line of treatment when feasible, with the
goal to achieve GTR (with negative surgical
margins whenever possible) while
preserving vital structures.

Role of adjuvant radiation therapy in sinonasal ACC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4:10 studies)

Benefit Postoperative RT improves local control rates
and survival outcomes.

Harm Acute and late toxicities.
Cost No studies directly assessed cost. However,

improved local control implies decreased
future cost in terms of hospitalization,
imaging, systemic therapy, and so forth.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

In patients with adverse features and positive
surgical margins, adjuvant RT effect on local
control is crucial. While RT as the primary
treatment was not extensively studied and
was usually reserved for unresectable cases,
adjuvant RT shows clear survival benefit and
a better local control trend in all patients,
especially with positive surgical margins.

Policy level Recommendation.
Intervention Adjuvant postoperative RT should be

recommended in all cases, with special
importance in cases of advanced-stage
disease, positive margins, and PNI.

Sinonasal sarcoma
Management options for sinonasal rhabdomyosarcoma
(RMS) have largely been dictated by research in the pedi-
atric population, where chemotherapy and RT remain
the first-line treatment. Given the rarity of adult RMS
cases, much of the evidence has been abstracted from the
pediatric literature. The quality of evidence surrounding
surgical treatment is low and appears to apply to sal-
vage cases, and thus no recommendation can be made.
Most other subtypes of sinonasal sarcoma are rare and are
covered in the form of literature reviews.

Role of surgery in pediatric rhabdomyosarcoma

Aggregate grade
of evidence

D (Level 4: three studies)

Benefit Possibility of additional survival benefit with
upfront or salvage surgery.

Harm Risk of surgical complications including
anesthetic risks, blood loss, infection, CSF
leak, and orbital injury. Potential for
significant morbidity and disfigurement for
locally advanced tumors.

Cost Additional cost of surgery and perioperative
care.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Minimally invasive endoscopic approaches
are limited by pediatric sinonasal anatomy.
Studies do not differentiate between
upfront and salvage surgery.

Policy level No recommendation.
Intervention There is limited evidence to support routine

upfront surgical intervention. May
consider in salvage setting.

Role of radiation therapy in pediatric
rhabdomyosarcoma

Aggregate grade
of evidence

B (Level 2: one study, Level 3: three studies)

Benefit Improved survival with use of RT in primary
treatment modality.

Harm Acute and long-term radiation complications.
Risk of secondary malignancy for pediatric
patients.

Cost Additional cost of RT.
Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)
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ICAR SINONASAL TUMORS 27

Value
judgments

Vast majority of sinonasal RMS are higher
risk (Intergroup Rhabdomyosarcoma Study
Group 2 or 3) and unlikely to have complete
tumor clearance with surgery alone.
Failure to show survival benefit with use of
whole-brain radiation despite hypothetical
benefit of reducing local recurrence.

Policy level Recommendation.
Intervention Primary RT, with or without chemotherapy,

for pediatric sinonasal RMS is first-line
therapy. Whole-brain radiation for
high-risk parameningeal RMS is not
recommended.

Role of chemotherapy in pediatric rhabdomyosarcoma

Aggregate grade
of evidence

B (Level 2: six studies; Level 3: nine studies)

Benefit Gradual improvement in survival in more
recent studies with vincristine–
dactinomycin–cyclophosphamide (VAC) or
vincristine–dactinomycin–ifosfamide (VAI)
protocol.

Harm Chemotherapy side effects including
pancytopenia and stomatitis. Some studies
show higher rates of grade 3 and 4 toxicities
with more aggressive chemotherapy
regiments.

Cost Cost of chemotherapy administration.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

There are no direct comparisons between
chemotherapy and nonchemotherapy
treatments. Failure to show survival benefit
with addition of intrathecal chemotherapy.

Policy level Recommendation
Intervention Administer VAC- or VAI-based chemotherapy

protocols in treatment of sinonasal RMS.
Intrathecal chemotherapy for sinonasal
RMS is not recommended.

Role of surgery in adult rhabdomyosarcoma

Aggregate grade
of evidence

D (Level 4: six studies)

Benefit Comparable survival between surgical and
nonsurgical approaches.

Harm Risk of surgical complications including
anesthetic risks, blood loss, infection, CSF
leak, and orbital injury. Potential
disfiguring surgery for locally advanced
cases.

(Continued)

Cost Additional costs of surgery, perioperative care,
and long-term postoperative care.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Patients treated with upfront surgery or surgery
alone are likely to be highly selected for less
aggressive, resectable tumors. Most studies
do not differentiate between upfront and
salvage surgery.

Policy level No recommendation.
Intervention May consider surgery in highly selected

patients with resectable tumors and in
salvage setting.

Role of chemoradiation therapy in adult
rhabdomyosarcoma

Aggregate grade
of evidence

C (Level 4: nine studies)

Benefit Definitive treatment option for local, regional,
and distant disease.

Harm Acute and long-term CRT side effects.
Cost Cost of CRT administration.
Benefits–harm
assessment

Balance of benefits and harms

Value
judgments

No direct comparison between different
treatment approaches. Low quality studies
demonstrating response with poor long-term
survival. Protocols for adult RMS have
generally been adapted from pediatric RMS;
however, these tumors have different
biology, and their treatment likely has
different side effect profiles.

Policy level Option.
Intervention Further evidence needed to determine role of

specific chemotherapy protocols in adult
RMS. Consider RT for adults with sinonasal
RMS, especially patients with unresectable
disease.

Induction chemotherapy for sinonasal
rhabdomyosarcoma

Aggregate grade
of evidence

C (Level 3: two studies)

Benefit OS appears to be lower than that of patients
treated with non-induction protocols from
the same studies.

Harm Chemotherapy side effects and additional risk
of tumor progression while receiving
induction.

Cost Cost of chemotherapy administration, unlikely
to be significantly different from
non-induction chemotherapy costs.

(Continued)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



28 KUAN et al.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Treatment with induction chemotherapy may
identify subset of patients who will or will
not benefit from definitive CRT. No direct
comparison of induction to other protocols.

Policy level Option.
Intervention Induction chemotherapy protocols for

sinonasal RMS is an option for bulky and
locally advanced disease.

Sinonasal neuroendocrine and neuroectodermal tumors
ONBwas previously covered in ICSB 20195 and an updated
review on nonoverlapping topics is presented. There is
increasing recognition of the prognostic value of Hyams
grading, elective management of the neck, balancing
functional/olfactory preservation and oncologic resection,
and the limitations of historical staging systems. ONB is
also known to demonstrate delayed recurrence, making
long-term surveillance a cornerstone of management.

Impact of Hyams grade on outcomes

Aggregate grade
of evidence

B (Level 2: three studies; Level 4: five studies)

Benefit Understanding Hyams grade provides
prognostic information that may guide
adjuvant therapy and treatment of the neck.

Harm Grading may be prone to misinterpretation and
requires pathologist expertise.

Cost There are no studies investigating the costs of
histological grading of ONB.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

High-grade tumors appear to have more
aggressive biological behavior (more prone
to recurrence, nodal metastases) and may
require more aggressive upfront treatment.

Policy level Recommendation.
Intervention Hyams grading should be routinely assessed

when sampling tissue for ONB cases, as
knowledge of the grade may impact
treatment strategies.

Staging systems in ONB

Aggregate grade
of evidence

B (Level 2: three studies; Level 4: 13 studies)

Benefit Staging ONB extent provides prognostic
information that may guide adjuvant
therapy and allow for ease of
communication to multidisciplinary and
cross-institutional teams.

(Continued)

Harm There are multiple staging systems with unique
criteria, with overlapping and sometimes
conflicting prognostic value.

Cost There are no studies investigating the costs of
ONB staging.

Benefits–harm
assessment

Preponderance of benefits over harm.

Value
judgments

Some staging systems (i.e., Kadish) were
initially developed in the pre-endoscopic era
and may not take into consideration all
relevant prognosticators. Newer staging
systems have not been fully validated.

Policy level Recommendation.
Intervention ONB staging systems are a useful measure for

describing tumors, prognostication, and
treatment planning, though other important
tumor factors (e.g., grade, dural invasion)
must also be considered.

Elective management of the N0 neck in ONB

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: eight studies).

Benefit Treatment of clinically positive neck disease
assists in disease control. Delayed regional
involvement in the neck is common with a
median time to recurrence of approximately
5 years. Elective treatment of the neck with
irradiation, particularly in patients with
high-stage/grade disease, shows significantly
reduced evidence of nodal recurrence but
does not significantly impact OS.

Harm Neck dissection can lead to complications
including hematoma, infection, cranial
nerve palsies, chyle leak, among others. RT
of the neck is associated with xerostomia,
skin changes, and long-term toxicity.

Cost There are no studies investigating the costs of
upfront or delayed treatment of the N0 neck.

Benefits–harm
assessment

Preponderance of benefits over harms (N+
neck). Balance of benefits and harms (N0
neck).

Value
judgments

Elective treatment of the N0 neck is likely to
prevent long-term regional recurrence in
ONB patients with high-stage/grade disease
and may lead to improved DFS.

Policy level Recommendation for treating N+ neck.
Option for treating N0 neck.

Intervention In a node-positive neck, the role of surgical
treatment and adjuvant radiation for ONB
patients is well established. However, in
patients with a clinically N0 neck and high
Hyams grade (III/IV) or Kadish C/D stage,
ENI should be considered. Long-term
surveillance (>5 years) of the neck is
recommended.
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ICAR SINONASAL TUMORS 29

Management of the orbit in ONB

Aggregate grade
of evidence

C (Level 2: one study; Level 4: three studies)

Benefit Potential for orbital preservation with
induction chemotherapy approaches.

Harm Orbital invasion is associated with decreased
OS.

Cost Not evaluated in current studies.
Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

There are some data to suggest that orbital
preservation may be feasible in select cases.

Policy level Option.
Intervention Consider induction chemotherapy for

advanced cases with significant local or
orbital invasion, especially if high-grade
tumors. Further studies are necessary to
determine the balance between orbital
exenteration and orbital preservation
approaches for ONB.

Unilateral resection and smell preservation in ONB

Aggregate grade
of evidence

D (Level 4: three studies)

Benefit Potential for some smell preservation if
unilateral structures are preserved.

Harm Not achieving a R0 resection given more
limited approach. Possibility of smell loss
regardless of unilateral approach given
contralateral intracranial dissection or RT
side effect.

Cost There are no studies investigating cost.
Benefits–Harms
Assessment

Preponderance of benefits over harms if
negative margins can be obtained through
unilateral resection.

Value
judgments

Smell preservation must not compromise
oncologic resection.

Policy level Option.
Intervention Unilateral resection in an attempt to preserve

olfactory function may be an option in
select cases of limited extent unilateral
tumors with negative margin resections.

Role of radiation therapy in ONB

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: 14 studies)

Benefit Improved OS at 3 and 5 years when used as
adjuvant therapy.

Harm Generally safe, especially with newer
modalities, with some late toxicities.

(Continued)

Cost There are no studies investigating cost.
Benefits–Harms
Assessment

Preponderance of benefits over harms.

Value
judgments

Current conclusions based on limited
high-quality studies. Larger studies are
needed.

Policy level Option.
Intervention Postoperative adjuvant RT is effective,

especially in cases with positive margins
and higher grade or Kadish stage tumors.

Role of systemic therapy in ONB

Aggregate grade
of evidence

C (Level 2: three studies; Level 4: 10 studies)

Benefit Potential benefit for neoadjuvant
chemotherapy in locally advanced or
unresectable cases.

Harm Possible side effects from systemic therapy.
Etoposide may be associated with bone
marrow suppression, leading to
pancytopenia, while platinum-based agents
may lead to renal, neurological, and
otologic impairment.

Cost Not evaluated in current studies.
Benefits–Harms
Assessment

Balance of benefits and harms.

Value
judgments

There are some data to suggest that
neoadjuvant chemotherapy may be of value
in select cases. No current ability to select
for possible responders before treatment.

Policy level Option.
Intervention Consider neoadjuvant chemotherapy for

locally advanced cases. Further studies are
necessary to determine the benefit of other
systemic treatment approaches for ONB.

A major recent paradigm shift is having improved
evidence for the role of IC as a means to “bioselect”
sinonasal undifferentiated carcinoma (SNUC) patients
based on response. Respondersmay benefit fromdefinitive
chemoradiation therapy (CRT), while nonresponders may
be offered salvage surgery.

Treatment of SNUC

Aggregate grade
of evidence

B (Level 2: three studies; Level 3: six studies;
Level 4: 24 studies)

Benefit Bimodality, and more so trimodality, therapy
is beneficial over single modality. Elective
neck treatment is associated with lower
regional recurrence rates, most commonly
with levels I–III.

(Continued)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



30 KUAN et al.

Harm Single-modality treatment yields poorer OS
and RFS. Greater regional recurrence rates
occur in patients without elective neck
treatment.

Cost Not evaluated in current studies.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

While early studies suggested the greatest
benefit was associated with surgery with
adjuvant therapy, more recent studies have
supported trimodality treatment or
neoadjuvant chemotherapy followed by
CRT in responders, especially in patients
who cannot be resected with negative
margins or without significant morbidity.

Policy level Recommendation.
Intervention Multimodal treatment with elective neck

treatment for SNUC is recommended.
Neoadjuvant chemotherapy response as a
guide for treatment can be considered.

New classification schemes for sinonasal neuroen-
docrine carcinoma (SNEC) (i.e., small cell and large cell
types) have recently been introduced.However, to date, the
evidence suggests that surgery and RT remain the main-
stay of therapy, though IC may play a larger role over
time.

Treatment strategies for SNEC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4: five studies)

Benefit In aggregate, surgery and RT confer survival
benefit for both small-cell neuroendocrine
carcinomas (ScNEC) and large-cell
neuroendocrine carcinomas (LcNEC).

Harm Morbidity of treatment should be factored
into the clinical decision-making process.

Cost No cost studies have been performed.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

There may be an emerging role for
neoadjuvant chemotherapy in
management of SNEC, likely in higher
grade tumors.

Policy level Recommendation.
Intervention Surgery and RT remain the mainstay for

primary management of SNEC. Induction
chemotherapy may be considered for
patients with locally advanced disease,
metastases, and/or high-grade tumors.

Sinonasal mucosal melanoma remains a highly chal-
lenging disease with overall poor prognosis. Surgery

remains first-line treatment, while there is emerging evi-
dence regarding the role of immunotherapy and its impact
on survival. RT and treatment of the neck appear to impact
local and regional disease control, respectively, without
clear survival benefit.

Role of surgery for sinonasal mucosal melanoma

Aggregate grade
of evidence

C (Level 2: one study; Level 4: 16 studies)

Benefit Surgical resection with negative margins
appears to be associated with improved OS
and potentially RFS. When possible, it
appears that endoscopic resection has
equivalent results to open resection for OS
and DSS.

Harm Surgical morbidity is largely related to selection
of surgical approach and site of the tumor.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Surgical resection with negative margins is
beneficial to improve OS.

Policy level Recommendation.
Intervention Surgical resection is the first-line therapy for

SNMM when resection with negative
margins can be achieved; when feasible,
endoscopic resection should be considered.
In cases of locally advanced or metastatic
SNMM, the morbidity of radical surgical
resection should be weighed against the poor
survivability of this tumor; nonsurgical
options may be considered in these cases.

Role of immunotherapy in sinonasal mucosal melanoma

Aggregate grade
of evidence

C (Level 1: one study; Level 4: seven studies)

Benefit Immunotherapy has proven efficacy as an
adjuvant therapy for metastatic cutaneous
melanoma. Early experience has also
demonstrated efficacy as an adjunctive
therapy for advanced or metastatic SNMM
and may improve OS, although the robust
responses do not equal the efficacy noted for
metastatic cutaneous melanoma.

Harm The potential harm of immunotherapy
includes rash, fever, nausea, and more severe
immune-related adverse events including
enterocolitis, pneumonitis, and hepatitis,
particularly when used in combination
therapy.

(Continued)
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Cost Immunotherapy is expensive; however, cost
comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

OS is likely improved in advanced and
metastatic SNMMwith adjuvant
immunotherapy, but the duration and
clinical significance are not well defined.
In addition, the cost and adverse events
associated with immunotherapy must be
considered.

Policy level Option.
Intervention Adjuvant immunotherapy should be

considered as a treatment option in
advanced or metastatic SNMM.

Treatment of the neck in sinonasal mucosal melanoma

Aggregate grade
of evidence

C (Level 2: one study; Level 4: six studies)

Benefit Neck dissection may reduce risk of regional
recurrence (low-level evidence) but has not
been shown to be associated with OS.

Harm Potential harm of neck dissection includes
cranial nerve injury, shoulder dysfunction,
and vascular injury.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Neck dissection for clinically positive lymph
nodes may be considered but must be
weighed against other options including
immunotherapy.

Policy level Option.
Intervention Neck dissection for clinically positive cervical

lymph nodes may be considered within the
context of the patient’s overall treatment
plan.

Role of radiation therapy in sinonasal mucosal
melanoma

Aggregate grade
of evidence

C (Level 1: one study; Level 3: two studies;
Level 4: eight studies)

Benefit There is evidence that adjuvant RT improves
local control of SNMM; however, RT has
not been consistently associated with
improved OS.

(Continued)

Harm Potential harm of RT includes cost, mucositis,
osteoradionecrosis, nasal synechiae,
hyposmia, dysgeusia, and diminished
vision.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Adjuvant RT should be considered to improve
local control.

Policy level Option.
Intervention Adjuvant RT should be considered for

patients with SNMM as part of
multimodality therapy. The benefit to local
control should be weighed against the side
effects of RT treatment.

Nasopharyngeal malignancies
Traditionally thought of as a nonsurgical malignancy,
nasopharyngeal carcinoma (NPC) is commonly associated
with Epstein–Barr virus (EBV), with recurrence and treat-
ment response able to bemonitored throughmeasurement
of EBV DNA. There is very high LOE for chemotherapy
and RT for NPC, and this remains first-line treatment
for NPC. The advent of endoscopic nasopharyngectomy
and advanced vascular surgery has provided an additional
treatment modality for select recurrent cases.

Role of EBV assessment in NPC

Aggregate grade
of evidence

A (Level 1: 10 studies; Level 2: two studies;
Level 3: four studies; Level 4: seven studies)

Benefit A blood test for quantification of circulating
EBV DNA is an ideal biomarker for the
clinical management of patients with NPC.
It has high sensitivity and specificity for the
detection of NPC and correlates with
tumor burden, patient survival, diagnosis
of recurrence/remission, and early
prediction of treatment response.

Harm Need for repeat blood draws; EBV not
associated with every NPC subtype.

Cost The EBV DNA blood test has a lower cost
than other diagnostic interventions, such
as MRI and PET scan.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)
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Value
judgments

Cumulative evidence suggests that EBV DNA
serum testing can provide valuable
information to guide clinical
decision-making. However, elevated
circulating EBV DNA levels during
posttreatment follow-up only suggested
tumor relapse and did not indicate the
tumor location. Diagnostic imaging studies
such as CT, MRI, and PET may aid to
localize the exact site and extent of the
recurrence. Another problem is that
PCR-based techniques may produce
discrepancies in different laboratories, even
when using the same primer/probe sets
and experimental conditions.
Harmonization between international
laboratories, which involves the
standardization of buffers and calibrators,
is feasible and significantly reduces the
variability.

Policy level Recommendation.
Intervention The EBV DNA serum test should be used as a

routine clinical test for patients with NPC
for screening, diagnosis, and monitoring
treatment response.

Role of nasopharyngectomy for NPC

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: 17 studies)

Benefit Endoscopic nasopharyngectomy (ENPG) has
become an effective treatment for patients
with early local recurrent NPC,
demonstrating good survival outcomes and
low complication rates. It avoids not only
the severe side effects caused by
re-irradiation but also complications (e.g.,
functional problems and cosmetic
morbidities) that may be encountered
during traditional open approaches.

Harm Positive margins, especially around critical
neurovascular structures; risk of ICA
injury, leading to intraoperative and
postoperative hemorrhage; wound
infection; injury to surrounding critical
neurovascular structures.

(Continued)

Cost ENPG may have a lower cost than
re-irradiation because of the relatively
shorter treatment duration and ensuring
faster recovery.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Current data suggest that ENPG is a
promising treatment option for most
patients with early-stage local recurrent
NPC, with minimal complications.
However, only one RCT has been
conducted. Although selected patients with
advanced-stage recurrent NPC may benefit
from ENPG, long-term follow-up is needed
to evaluate the eventual morbidity from
and efficacy of the procedure.

Policy level Option.
Intervention ENPG is a good option for early local

recurrent NPC (rT1 and rT2 and select rT3
lesions), with limited complications and
promising outcomes. Meticulous
preoperative evaluation and a full
understanding of the surgical anatomy are
important to prevent significant
complications such as ICA injury.

Role of IMRT in treatment of NPC

Aggregate grade
of evidence

A (Level 1: two studies; Level 3: one study)

Benefit IMRT improves OS and LRC in locally
advanced NPC and reduces long-term
toxicities including xerostomia, trismus,
and temporal lobe neuropathy in all stages.

Harm IMRT has no additional harm compared to
conventional two-dimensional RT.

Cost IMRT significantly increases the time needed
for radiotherapy planning and the direct
cost of RT. However, reduction in late
toxicities translates to long-term cost
savings, which would be very hard to
measure. Exact cost comparison analyses
accounting for those would be very difficult
to perform.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Patients should be treated with IMRT
whenever possible.

Policy level Strong recommendation.
Intervention IMRT is the current standard of care for

primary radiation treatment of NPC.
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Role of concurrent chemoradiation therapy in treatment
of advanced-stage NPC

Aggregate grade
of evidence

A (Level 1: one meta-analysis of 4800 patients
in 19 trials)

Benefit The addition of concurrent chemotherapy to
radiation in advanced-stage NPC improves
OS (HR 0.79), and absolute increase in OS
at 5 years is 6.3%.

Harm Increased acute toxicities with CRT.
Cost Addition of chemotherapy incurs increase in

treatment cost. Cost comparison analyses
have not been undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Addition of concurrent chemotherapy is
justified in advanced-stage NPC, unless
patient has reduced performance status.

Policy level Strong recommendation.
Intervention Concurrent chemotherapy with cisplatin is

recommended for advanced-stage NPC.
There is no difference in survival outcomes
for weekly cisplatin regimen versus every
3 weeks dosing.

Role of concurrent chemoradiation therapy in treatment
of early-stage NPC

Aggregate grade
of evidence

A (Level 1: two studies; Level 2: one study)

Benefit Addition of concurrent chemotherapy during
RT improves survival in advanced-stage
NPC, but the benefit is less clear in earlier
stage disease.

Harm Addition of concurrent chemotherapy
significantly increase the risk of acute
grade 3–4 neutropenia.

Cost Addition of chemotherapy increases
treatment cost. Cost comparison analyses
have not been undertaken.

Benefits–harm
assessment

Preponderance of harms over benefits.

Value
judgments

Except for T2N1 disease with bulky lymph
node metastasis, addition of chemotherapy
may not improve survival especially for
patients receiving IMRT. Routine CRT is
not routinely recommended in stage II
NPC as it is associated with increased
toxicity with unclear survival benefits.

Policy level Recommendation against.
Intervention CRT with cisplatin should only be considered

in stage II patients with bulky nodal
disease.

Role of induction chemotherapy in treatment of NPC

Aggregate grade
of evidence

A (Level 1: one study; Level 2: five studies)

Benefit Induction chemotherapy improves most
survival parameters, with GP for three
cycles having the best OS followed by TPF.

Harm Use of IC increases grade 3 and 4 adverse
events with TPF having the highest
number of adverse events. However,
long-term QOL may be similar or even
better than CRT alone.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

For patients with high performance status
and minimal co-morbidity, IC would
improve the survival. However, IC
increases the toxicity of treatment and may
not be tolerated by patients with
less-than-optimal performance status or
comorbidities. Nevertheless, IC with
gemcitabine and cisplatin (GC) regimen
has survival benefits, which justifies the
increased cost and toxicity during
treatment.

Policy level Strong recommendation.
Intervention IC with GP or TPF, for three cycles before

definitive CRT, should be considered for
advanced-stage NPC (stage III–IVB,
excluding T3N0) in patients who can
tolerate the treatment.

Lymphoma
Sinonasal lymphoma is commonly underrecognized, and
accurate classification of disease type through histopathol-
ogy, immunohistochemistry (IHC), flow cytometry, and
molecular studies is important for treatment planning. Dif-
fuse large B-cell lymphoma (DLBCL) is the most common
variety, while extranodal NK/T-cell lymphoma (ENKTL)
has worse prognosis. DLBCL is treated primarily with
chemotherapy and immunotherapy with or without RT,
while ENKTL is treated with chemoradiation.

Role of chemotherapy: B-cell lymphoma

Aggregate grade
of evidence

B (Level 3: four studies; Level 4: eight studies)

Benefit Chemotherapy has been associated with
improved survival in patients with
sinonasal BCL.

(Continued)
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Harm Risks of morbidity from chemotherapeutic
regimens, including R-CHOP for three or
six cycles, and any potential morbidity
from CNS prophylaxis regimens.

Cost There have been no clinical studies
examining the cost of chemotherapy in the
treatment of sinonasal lymphoma.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

When considering chemotherapeutic
treatment, clinicians should have a detailed
conversation with their patients about the
risks and benefits of the treatment along
with a realistic discussion of potential
treatment outcomes. CNS prophylaxis may
be considered, and some studies have
shown a potential survival benefit.

Policy level Recommendation.
Intervention Chemotherapy is the preferred option in the

treatment of sinonasal BCL. The most
common regimens include CHOP or
CHOP-like therapy.

Role of radiation therapy: B-cell lymphoma

Aggregate grade
of evidence

C (Level 3: one study; Level 4: eight studies)

Benefit RT may help reduce the disease burden in
patients with bulky disease, partial
chemotherapeutic response, and extranodal
involvement. Some studies have shown
improved survival in sinonasal DLBCL
patients who received RT in addition to
chemotherapy.

Harm Potential morbidity from radiation treatment.
Cost There are no studies examining the cost of RT

in sinonasal BCL.
Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

RT should be considered in the treatment of
sinonasal lymphoma as an adjunct to
chemotherapy in patients with bulky,
symptomatic disease, advanced stage, or a
partial response to chemotherapy. Patients
should be counseled regarding the potential
morbidity of RT as well as the uncertain
impact on survival.

Policy level Option.
Intervention The addition of RT to chemotherapeutic

regimens should be considered for sinonasal
BCL patients who are symptomatic (i.e.,
cranial nerve palsies), have bulky disease, or
are in an advanced stage.

Role of immunotherapy: B-cell lymphoma

Aggregate grade
of evidence

B (Level 3: two studies; Level 4: two studies)

Benefit The addition of rituximab to CHOP treatment
regimens significantly improves survival
for patients with sinonasal BCL.

Harm Potential morbidity, including
infusion-related reactions and severe skin
and mouth reactions, from the addition of
immunotherapy to chemotherapeutic
treatment regimens.

Cost There are no clinical studies addressing the
cost of immunotherapeutics in the
treatment of sinonasal lymphoma.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Patients should be counseled on the risks of
rituximab treatment as well as the potential
benefits including improved OS.

Policy level Recommendation.
Intervention Rituximab should be added to CHOP for the

treatment of sinonasal BCL given survival
benefits.

Role of chemotherapy: Extranodal NK/T-cell lymphoma

Aggregate grade
of evidence

C (Level 4: 24 studies)

Benefit Chemotherapy is a cornerstone to ENKTL
treatment, and current evidence suggests a
survival benefit with treatment.

Harm Chemotherapeutics are known to be toxic
with common side effects including
hematologic disturbances (e.g.,
pancytopenia), which can be severe and
life-threatening.

Cost Cost of treatment is significant, especially if
several cycles of therapy are required for
effect.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

In patients with severe comorbidities, RT
alone or enrollment in clinical trials can be
considered.

Policy level Recommendation.
Intervention Chemotherapy, as the first-line treatment,

should be offered to patients with ENKTL
if they are able to tolerate treatment,
despite its known toxicities.
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Role of radiation therapy: Extranodal NK/T-cell
lymphoma

Aggregate grade
of evidence

C (Level 4: 24 studies)

Benefit RT has been demonstrated to improve LRC
and recommended for almost all treatment
paradigms outside clinical trials.

Harm RT has significant potential morbidity in
terms of damage to adjacent tissue,
including risks of vision loss and brain
necrosis in extreme cases.

Cost There is significant cost to the intervention
including institutional costs for equipment
and patient time and morbidity from
treatment.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Patients who have received previous head
and neck radiation deserve careful
consideration of the morbidity of
reirradiation given increased side effects.

Policy level Recommendation.
Intervention RT should be offered to all patients

undergoing treatment for ENKTL for LRC
benefits.

Metastatic tumors
Metastatic tumors to the sinonasal tract are rare. The most
common primary tumor is renal cell carcinoma. Although
systemic therapies play a dominant role in treatment of
metastatic disease, surgical resection or targeted RT to a
solitary lesion may be an option for palliation.

Section 4: Morbidity, QOL, and surveillance

Risk factors for surgical complications
∙ Advanced age, comorbidities, history of RT, and
advanced stage have been previously cited as risk fac-
tors for complications; however, there is no consensus
based on the literature.

∙ The endoscopic approach is associated with shorter
recovery times as compared to the open approach and
may have a lower complication profile.

∙ Salvage surgery seems to be associated with higher
morbidity and complication risk than primary surgery.

Quality of life instruments
With improved survival, consideration of morbidity and
secondary outcomes such as QOL becomes increasingly
important. There are numerous validated QOL instru-

ments that have been used to assess outcomes for sinonasal
tumors, though no specific instrument has been developed
solely for sinonasal tumors.

Assessment of QOL in sinonasal tumors

Aggregate level
of evidence

B (Level 1: two studies; Level 2: eight studies;
Level 3: nine studies; Level 4: one study)

Benefit QOL outcomes for patients with sinonasal
tumors have been studied with reliable
instruments that have been validated for
sinonasal disorders or head and neck
malignancies.

Harm No consensus has been made for the best
instrument for assessing QOL in sinonasal
tumors.

Cost Time (interviewer, patient, data entry, and
data analysis); survey fatigue especially
with multiple instruments

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Since there is no well-defined superior
metric, multiple metrices may be needed
for full evaluation of QOL outcomes. More
studies directly comparing QOL metrics
should be performed specific to sinonasal
tumor outcomes.

Policy level Recommendation.
Intervention QOL surveys should be utilized during the

management of patients with sinonasal
tumors to monitor patient outcomes, as
they have the potential to provide valid and
reliable information on outcomes for
patients with sinonasal tumors.

Quality of life for benign and malignant neoplasms
∙ QOL scores tend to improve from baseline after treat-
ment. Benign tumors are associated with higher QOL
at baseline when compared to malignancies. QOL after
treatment of SNMmay be modified by adjuvant therapy
(i.e., RT).

∙ Extended maxillary sinus approaches do not seem to
worsen long-term QOL.

∙ Overall rates of orbital preservation in the literature,
when attempted, are high (60%–90%). Intradural resec-
tion tends to mainly affect olfaction-related QOL.

Morbidity/QOL following multimodality treatment
All treatment modalities carry the risk of complications,
morbidity, and negative impact on QOL. QOL is gen-
erally worst in the first few weeks following treatment,
but improves and stabilizes over time. RT is associated
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with both acute and late toxicities, with radiation necro-
sis being an important consideration in patients with
sinonasal tumors, particularly those involving the skull
base. Chemotherapy-related adverse events (AEs) are
highly common, with up to half of patients having severe
events during treatment.

General QOL following multimodality treatment

Aggregate level
of evidence

C (Level 1: one study; Level 3: six studies;
Level 4: two studies)

Benefit Treatment of SNM is critical to long-term
survival and disease control.

Harm SNM treatment affects multiple aspects of
QOL, including physical aspects, such as
sinonasal symptoms, as well as emotional
aspects, with increased rates of mental
health disorders and neurocognitive
deficits. Most studies show that QOL is
worse in the first several months after
treatment but improves with time.

Cost Cost comparison analyses have not been
undertaken.

Benefit–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Treatment of SNM does cause long-term side
effects and decreased QOL; however, most
symptoms improve with time after
treatment. Most patients have persistently
decreased sinonasal QOL, as well as a
long-term elevated risk of mental health
disorders and neurocognitive deficits.

Policy level Recommendation.
Intervention QOL is expected to decrease following

treatment for SNM, and treating providers
should counsel patients on this
accordingly. Patients should expect to have
worse symptoms, particularly with regard
to sinonasal symptoms, in the first several
months, but these should gradually
improve with time. Providers should be
aware of increased rates of cognitive
deficits and mental health disorders in this
population.

Morbidity following surgical treatment

Aggregate level
of evidence

C (Level 2: one study; Level 3: 13 studies;
Level 4: four studies)

Benefit Endoscopic surgical approaches are
associated with decreased postoperative
complications and faster recovery
compared to open surgical approaches.

(Continued)

Harm Surgical treatment of SNM has been found to
cause long-term sinonasal symptoms and
decreased sinonasal-specific QOL. Sinonasal
symptoms are worst in the first month after
surgery but improve with time, back to or
exceeding the presurgical baseline.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Surgical treatment of SNM is associated with
long-term side effects and morbidity. While
overall serious complications and morbidity
are lower with the endoscopic approach, the
endoscopic approach does cause increased
sinonasal morbidity, which has been shown
to affect sinonasal-specific and general QOL.

Policy level Recommendation to attempt endoscopic
surgical approach when feasible in order to
preserve QOL.
Recommendation to anticipate the QOL
implications of surgical treatment when
treating SNM.

Intervention Endoscopic surgical resection of SNM is
associated with decreased postoperative
QOL, particularly in sinonasal domains.
Open surgical resection is associated with
higher rates of serious postoperative
complications. QOL tends to improve with
time after surgery and returns to baseline in
many studies.

Morbidity following radiation treatment including
osteoradionecrosis

Aggregate level
of evidence

C (Level 2: one study; Level 3: 12 studies; Level
4: six studies)

Benefit RT is associated with improved disease control
for most pathologies and stages of
SNM. Proton beam may reduce RT
morbidity, but data are mixed.

Harm SNM RT is associated with both early and late
toxicities, including mucositis, dermatitis,
nasal morbidity, xerostomia, and dysphagia.
Severe side effects, such as blindness and
brain necrosis, are proportional to the
volume and dose of RT, and the morbidity of
RT is intensified in the re-irradiation setting.
Skull base osteoradionecrosis (ORN) is rare
and management is primarily surgical.

Cost Cost comparison analyses have not been
undertaken.

(Continued)
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ICAR SINONASAL TUMORS 37

Benefit–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Treatment of SNM with RT is frequently
indicated for improved disease control;
however, it does cause both short- and
long-term morbidities. Proton beam RT may
be considered to reduce side effects. For
ORN, medical management may be
attempted but management is typically
surgical.

Policy level Recommendation.
Intervention RT is associated with improved local control

and survival for many tumors but leads to
impaired QOL, principally affecting
sinonasal symptoms. Acute symptoms are
common, as are long-term toxicities. Proton
therapy can be considered for a reduction in
morbidity.

Skull base ORN can be managed medically or
surgically, with growing evidence suggesting
safety and efficacy.

Morbidity following chemotherapy and immunotherapy

Aggregate level
of evidence

B (Level 1: two studies; Level 2: nine studies.
Level 3: eight studies)

Benefit Chemotherapy, either in the induction or
adjuvant setting, is indicated for many
sinonasal malignancies (SNMs) to improve
disease control. Immunotherapy and
intra-arterial chemotherapy both attempt
to reduce toxicity while improving disease
control.

Harm Adverse events (AEs) from systemic
chemotherapy are very common, with
almost all patients having at least low-grade
AEs and more severe AEs occurring in
approximately half of patients, depending
on the study and agent. Intra-arterial
chemotherapy spares some systemic
toxicity but may increase local toxicity.
Immunotherapy has less side effects than
conventional chemotherapy and can have
both immune-related side effects and
non-immune-related side effects.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Chemotherapy may improve survival in many
SNMs but is associated with adverse side
effects that impact QOL. Specific side
effects vary by agent.

(Continued)

Policy level Recommendation.
Intervention Chemotherapy in the induction or adjuvant

setting is associated with decreased QOL,
with specific AEs varying by specific agent.
While many of the AEs are short term,
long-term toxicities that impact QOL are
common. It is important to weigh the
effects of chemotherapy on QOL against
the potential benefits for disease control.

Surveillance
To date, much of the literature on surveillance has been
based on principles abstracted from mucosal cancers of
the head and neck. In contrast, sinonasal tumors represent
a highly diverse group of diseases with variable biologic
behavior. Late recurrences (>5 years) are possible with
many tumors, specifically IP, ONB, and ACC. Surveillance
is conducted using a combination of patient history and
exam, endoscopy, and imaging, with long-term monitor-
ing (perhaps even lifelong) a strong consideration formany
tumors at high risk for recurrence.

Role of assessment based on physical exam, signs, and
symptoms

Aggregate grade
of evidence

C (Level 3: three studies)

Benefit Early detection of recurrent tumors with
possibility of timely intervention.

Harm Missing a diagnosis of a recurrent or
persistent tumor given relatively low rates
of detection.

Cost Direct costs: consultation fees and travel
costs.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Physical examination of the paranasal sinuses
is difficult given the anatomic location.
Exam findings should focus on cranial
neuropathies, ocular findings, and
new-onset lymphadenopathy.

Policy level Recommendation.
Intervention Symptoms and physical exam findings often

present in advanced disease. A complete
history and physical examination should be
performed at each posttreatment
examination. Screening of symptoms
should include presence of new onset
epistaxis, intractable facial pain, and
cranial neuropathies.
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Role of endoscopy for surveillance

Aggregate grade
of evidence

C (Level 3: two studies; level 4: one study).

Benefit Detection of a primary tumor recurrence,
assess extent of involvement, and
evaluation for feasibility of resection.

Harm Risk of local tissue trauma and potential to
miss recurrence deep to mucosa.

Cost Direct costs: procedure fees and consultation
fees.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Direct visualization of the paranasal sinuses
with rigid or flexible endoscopes should be
performed, especially for postsurgical
patients.

Policy level Recommendation.
Intervention Nasal endoscopy should be performed at each

surveillance visit to assess for local tumor
recurrence within the sinonasal tract, as
well as to assess mucosal health and side
effects (e.g., crusting).

Role of imaging for surveillance

Aggregate grade
of evidence

C (Level 3: seven studies; level 4: one study).

Benefit Detection of recurrent disease that cannot be
detected though physical exam or nasal
endoscopy (e.g., lateral frontal sinus,
submucosal, intracranial, intraorbital).

Harm Minimal harm of radiation and allergic
reaction from radioisotopes. Potential for
unnecessary testing leading to financial
consequences.

Cost Direct costs: variable cost depending on
institution and imaging protocols.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

FDG-PET/CT should be used for evaluation
of regional or distant metastases, while
MRI is the treatment of choice for
surveillance of the primary site (i.e.,
superior soft tissue definition). CT can be
considered but has less sensitivity
compared to MRI.

Policy level Recommendation.

(Continued)

Intervention Posttreatment imaging should be performed to
detect residual or recurrent disease. MRI
and/or FDG-PET/CT should be the modality
of choice. Multiple scans provide for
adequate comparison of changes across time.
The timing is left to provider discretion, but
FDG-PET/CT should be performed 12 weeks
following completion of treatment, and MRI
should be performed within 8–10 weeks
following treatment.

Differences in surveillance practices based on histology

Aggregate grade
of evidence

D (no dedicated studies)

Benefit Detection of recurrent or residual sinonasal
tumors.

Harm Missing late or early recurrence of disease;
unnecessary testing or examinations.

Cost None.
Benefits–harm
assessment

Insufficient evidence.

Value
judgments

Sinonasal tumors behave differently from
other head and neck tumors. Surveillance
should be tailored to specific tumor
histology and biologic behavior.

Policy level No recommendation.
Intervention Tumor histology should be taken into

consideration when determining the
appropriate surveillance protocols. Most
tumors recur within the first 5 years;
however, certain pathologies (e.g., IP, ONB)
have propensity for recurrence greater than
10 years following definitive treatment.

Figure I.1 provides a sample diagnosis through man-
agement through survivorship paradigm based on ICSNT
findings.

D Discussion

Oncologic care is highly individualized, and while guide-
lines may not always be practical, it is crucial to utilize
evidence-based medicine to inform patient care. The
ICSNT aims to address this need and bridge the gap. Given
the relative rarity of sinonasal tumors, the LOE available
for most topics remains low, primarily consisting of aggre-
gate grade C evidence derived from observational studies
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ICAR SINONASAL TUMORS 39

F IGURE I . 1 Sample paradigm for sequence of diagnosis, management, and survivorship/surveillance for sinonasal tumor patients
based on International Consensus Statement on Allergy and Rhinology: Sinonasal Tumors (ICSNT) evidence.

F IGURE I . 2 Number of annual PubMed-indexed publications from 1976 to 2022 on sinonasal tumors. The search query used was
“sinonasal tumors OR sinonasal malignancy.”

like case–control and cohort designs. This highlights the
urgent call for further research and investigations in this
underresearched field, especially considering the grow-
ing interest (Figure I.2). Traditionally, rhinology and head
and neck oncology have developed separately, focusing on
different primary disease processes, namely, QOL and elec-
tive treatment versus diseases that cause potential harm
and mortality. However, there is an opportunity for these
specialties to unite and better serve patients. Multidis-
ciplinary collaboration, such as tumor boards, has been
a cornerstone of oncologic care, and we can similarly
learn a great deal from medical and radiation oncolo-
gists who have set higher standards in the literature. In
fact, some of the highest levels of evidence within ICSNT
are for conditions that are nonsurgically managed, such

as NPC and lymphoma. The future holds promise with
prospective, multi-institutional studies that define consis-
tent interventions and outcome measures, as well as a
deeper understanding of tumor biology and its applica-
tions in precision medicine. It is anticipated that future
versions of this document will identify new research ques-
tions and eventually accrue enough evidence to formulate
new recommendations.

II INTRODUCTION

Sinonasal tumors have traditionally been considered rare
among head and neck neoplasms, accounting for fewer
than 5% of cases.10 Due to the potential involvement of

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



40 KUAN et al.

critical neurovascular structures, nonspecific signs and
symptoms, and common presentation at an advanced
stage, sinonasal tumors pose unique challenges for even
the most experienced clinical teams. Nevertheless, the
subfield of “sinonasal oncology” has grown rapidly over
the past decade as our understanding of this diverse and
heterogeneous group of diseases has improved.
While much of the literature on sinonasal tumors in

otolaryngology has been limited to retrospective, single-
institutional reports, there have been recent efforts to study
this topic in a multi-institutional fashion. Several excel-
lent textbooks by world experts have been written about
this topic.11–13 Only recently have there been more con-
certed efforts to study this topic in a multi-institutional
fashion.14–16 The only other major collaborative project on
sinonasal tumors involving international experts was the
EPOS document on Endoscopic Management of Tumours
of the Nose, Paranasal Sinuses and Skull Base published in
2010.6
Just as comprehensive care of the sinonasal tumor

patient often involves a multidisciplinary team, the spirit
of the ICSNT is to engage the expertise and experiences
of a wide number of specialists spanning multiple disci-
plines (otolaryngology including rhinology and head and
neck surgery, medical oncology, radiation oncology, neu-
rosurgery, pathology, and radiology) in order to provide
a state-of-the-art, up-to-date summation of the current
LOE regarding diagnosis, treatment, and prognostication
of sinonasal neoplasms. The individual sections were com-
posed by authorship “teams,” simulating the teams-based
environment of sinonasal tumor care, encompassingmem-
bers of institutional clinical, consortium, and/or research
collaborations. The document is organized based on four
major sections and is largely histopathology driven. The
content is complementary to that presented in ICSB 2019
and serves as an update to the celebrated EPOS 2010 doc-
ument. Importantly, the ICSNT represents a summary of
the evidence and does not serve as clinical guidelines or
represent “standard of care.” Instead, it is intended to be
a tool for clinicians to utilize evidence-based medicine in
developing clinical decisions for patients.
Given the rarity of each individual condition and the

focus on histopathology-driven sections, the overall evi-
dence level of each section is variable, with some sections
largely dictated by randomized controlled trials, while oth-
ers are limited to small case series. Based on this variability,
the editorial team has attempted to select the best and
most informative format by which to present each condi-
tion. One major windfall of this document is the valuable
opportunity for otolaryngologists to learn from medical
and radiation oncology colleagues who have driven the
field forward in a parallel and complementary direction,

where the LOE is greatly elevated by the use of creative
and thoughtful clinical trials.
In conclusion, the ICSNT represents an effort toward

advancing our field’s understanding of sinonasal tumor
management principles. Just as comprehensive care of the
sinonasal tumor patient often involves a multidisciplinary
team, by engaging the expertise and experiences of a wide
range of specialists, it aims to provide a valuable resource
for clinicians seeking to develop individualized workup
and treatment plans for their patients. Furthermore, the
ICSNT offers a valuable opportunity for otolaryngologists
to learn from colleagues in other specialties and to leverage
evidence-based medicine in developing the best possible
outcomes for their patients.

III METHODS

A Topic development

Similar to prior ICARdocuments, themain objective of the
ICSNT document was to focus on the current LOE within
the available literature, as opposed to expert opinion or
experiential accounts, for the core topics facing the field
of sinonasal tumors.1–5 Also similar across other ICAR
projects, the methodology for developing evidence-based
recommendations was adapted from Rudmik and Smith.7
Sinonasal tumors is an extremely broad topic, spanning

multiple disciplines, andwith ever evolving evidence being
generated across simultaneous fronts. The initial topic out-
line was developed by the senior editor (JNP), the primary
editor (ECK), chief associate editor (EWW), and the asso-
ciate editors (NDA, DMB, NRL, SYS, MBW) and aimed to
classify all topics into four major topic areas: (1) General
Principles; (2) Benign Lesions and Neoplasms; (3) Malig-
nant Neoplasms; and (4) Morbidity, Quality of Life, and
Surveillance.Within eachmajor topic area, subtopics were
developed based on well-established oncologic principles
as applied to sinonasal tumors and a histopathology-driven
approach based on theWorld Health Organization (WHO)
classification, as befitting of such a diverse set of diseases
with individual biologic behaviors, treatment options, and
outcomes.17 The list of topics was also carefully reviewed
to avoid significant overlap with topics covered in ICSB
given recent summation of the evidence, and the ICSNT
was designed to cross reference the ICSB in areas with
common ground.5 Some overlapping sections of particular
relevance (e.g., ONB, SNEC) were updated with the most
recent literature from the prior ICSB in order to reflect crit-
ical newwork in these areas. This full outline of 48 sections
was then reviewed by the editorial staff, consulted with
the editorial leadership of International Forum of Allergy
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ICAR SINONASAL TUMORS 41

& Rhinology, and revised accordingly until approved by all
parties.
Naturally, the LOE was highly variable across sections.

For lesser researched concepts and/or very rare patholo-
gies, a literature review was designated as appropriate.
For topics with moderate, but nevertheless limited, LOE,
an EBR without recommendations was assigned. Finally,
for those topics with sufficient evidence to inform clinical
care, an EBRR was assigned.
Following this, a primary contributing author who is

a recognized expert on the topic was assigned to author
each section. Contributing authors were selected based on
publication history and track record of academic contribu-
tions to the field of sinonasal tumors. To emphasize the
multidisciplinary and collaborative spirit of this field and
thus this document, the primary contributing author rep-
resenting an institution and/or consortium was permitted
to invite a predetermined, section-specific number of team
members and collaborators to contribute to the section.
The team members could recommend any relevant spe-
cialty (e.g., rhinology, head and neck surgery, radiation
oncology, medical oncology), needed not be from the same
institution, and the author was recommended to invite col-
laborators in a particular area in which the point person
is familiar with their work. Each author team was permit-
ted to include one or two consultant authors to help with
drafting the section.
Following commitment to the project, instructions for

completing the sections were distributed to the authors,
again with a focus on assessing the available literature as
opposed to providing expert opinion. The specific section
methodology follows that of a systematic review using
the PRISMA standardized guidelines.8 The recommended
search for each topic was conducted using Ovid MED-
LINE (National Library of Medicine, 1946—November
2021), EMBASE (Elsevier, 1947—November 2021), and
the Cochrane review database (1993—November 2021).
Consistent with PRISMA guidelines and the prior ICAR
statements, the systematic review of each topic began
with the identification of prior published systemic reviews
or guidelines. Authors were instructed to identify the
highest levels of evidence first (systematic reviews and
meta-analyses, randomized controlled trials), then con-
sider descending levels (observational, then case series) as
appropriate based on what exists in the literature. Authors
were also asked to submit PRISMA flow diagrams for
their section prior to drafting their sections, which was
then reviewed by the editorial team to ensure that the
literature search followed the proposed methodology. For
histopathology-specific sections, appropriate inclusion
of background information, such as those related to epi-
demiology, imaging, and histopathology, was requested in

order to add context to the individual biological entities for
the readership. Additionally, authors were recommended
to include only studies with a minimum sample size to
ensure consistency in evidence quality, though this was
dependent on the rarity of the tumor and/or technique.
Specifically, unless of highly unusual but relevant value,
case reports and case series with n < 5 were excluded. On
the other hand, if there was sufficient literature to sup-
port a high standard (e.g., SCC), it was deemed reasonable
to exclude case series of low sample size or even all case
series.
In EBR and EBRR sections, all included studies were

presented in a standardized table format per prior ICAR
guidelines (studywithnameof lead author, year of publica-
tion, LOE, study design, study groups, clinical endpoints,
and conclusion). The 2011 Oxford Level of Evidence (Lev-
els 1–5) was utilized to grade the quality of each study
(Table III.1).18 LOE was determined by authors and may
be downgraded based on numerous factors, and this was
secondarily reviewed by the editorial leadership to ensure
appropriate reasoning and consistency across the entire
document, whenever possible. Once this was complete,
an aggregate grade of evidence (A–D) was determined
based upon the guidelines from the AAP SCQIM, and the
number of studies of each LOE utilized to make this deter-
mination was reported (Table III.2).9 For EBRR sections,
a standardized reporting of recommendations based on
benefits, harms, costs, and other relevant judgments was
included after each subtopic review (Table III.3).

B Iterative review

Once the sectionwas completed and submitted per instruc-
tions, it then underwent a two-stage iterative review
process by two associate editors. Associate editors were
tasked to review each section for accurate and compre-
hensive inclusion of relevant literature, appropriateness
of aggregate grade of evidence (AGE) and recommenda-
tions, adherence to the methodology and formatting, and
coherence and flow throughout the document. Following
review by both associate editors, the section was returned
to the author team for revisions, and this process contin-
ued across all parties until all changes were agreed upon
(consensus).

C ICSNT statement development

Once the section was iteratively reviewed and consensus
was reached, the primary editor (ECK) reviewed the sec-
tion and synthetized all sections into the ICSNTdocument.
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ICAR SINONASAL TUMORS 43

TABLE I I I . 2 Aggregate grade of evidence (AGE) and recommendation development guidelines.9

Evidence quality (AGE)
Preponderance of
benefit over harm

Balance of benefit
and harm

Preponderance of
harm over benefit

A. Well-designed randomized
controlled trials (RCTs)

Strong
Recommendation

Option Strong
Recommendation
Against

B. RCTs with minor limitations;
Overwhelmingly consistent evidence
from observational studies

Recommendation

C. Observational studies (case control
and cohort design)

Recommendation
Against

D. Expert opinion, case reports,
Reasoning from first principles

Option No Recommendation

TABLE I I I . 3 Reporting guidelines for aggregate grade of
evidence (AGE) with evidence-based recommendations.

Items Explanation
Aggregate
grade of
evidence

*The final aggregate grade of evidence.
*In parentheses, it is helpful to state the
total number of individual studies for
each research quality level of evidence.

**For example, the “Aggregate Grade of
Evidence” section would state: B (Level 1:
three studies; Level 2: two studies)

Benefit Explicitly state the benefits offered by the
clinical intervention

Harm Explicitly state the potential harm of using
the clinical intervention

Cost May include the following:
1. Direct costs: monetized value for any

relevant interventions
2. Indirect costs: time off work, time for

daily therapy.
Benefits-Harm
assessment

The authors’ decision for the balance of
benefit to harm

Value
Judgments

A statement that the authors feel is
important for the readers to understand
while evaluating the clinical topic

Policy level *Clearly defined recommendation level:
using the AAP recommendation strategy

*Categorized as: Strong Recommendation,
Recommendation, Option,
Recommendation Against, Strong
Recommendation Against, No
Recommendation

Intervention A clinical practice, supported by the
evidence, which can be implemented by
the reader in a clinical situation.

This assembled document was then sent out to all con-
tributing authors for final review to ensure consensus prior
to submission for publication.

D Limitations

There are noted limitations to any large-scale, multiau-
thor, multidisciplinary document spanning the breadth
and depth of a topic such as sinonasal tumors. First, there
is wide variability in the quality of literature across top-
ics, and authors in different disciplines may have different
frameworks of what literature states about a particular
topic. Yet, with a large number of contributing authors and
editorial members, it is not possible or practical to assess
inherent bias in interpreting the literature or reviewing
the sections. Second, case reports, case series, and studies
with low sample size (n < 5–10) were purposely excluded,
and thus it is challenging to provide a truly comprehensive
assessment of studies. Third, despite efforts to be consis-
tent with assigning LOE per the Oxford 2011 guidelines,
the process remains somewhat subjective, and different
articles may be interpreted with varying LOE by differ-
ent readers. Fourth, the editorial team encouraged each
author team to freely interpret the literature and complete
the evidence tables as they determined fit, and thus there
may be some variability in table formatting across sections.
Finally, with a rapidly growing field such as sinonasal
tumors, where new discoveries can completely change
tumor classification schemes (i.e., the recent update of the
WHO Classification of Tumors to its 5th edition in 202217),
the editorial team recognizes that not all relevant topics
may be included in the current document.

SECTION I: GENERAL PRINCIPLES

IV INCIDENCE AND EPIDEMIOLOGY

Benign and malignant sinonasal tumors are a clinically
and pathologically heterogeneous group of neoplasms.17,19
As described in the WHO classification system, it is help-
ful to divide sinonasal tumors into categories based on the
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44 KUAN et al.

tissue of origin and benign versus malignant histology.17
Given the large variability in pathology and epidemiology
of benign neoplasms, this sectionwill predominantly focus
on malignant neoplasms. Malignant tumors of the nasal
cavity and paranasal sinuses are relatively rare compared
to other malignancies of the head and neck region. SNM is
approximated to comprise 3%–5% of all head and neck can-
cers and less than 1% of all malignancies overall.20–22 Due
to low incidence and large variety of histologic subtypes,
true incidence andprevalence estimates have beendifficult
to accurately measure until recently, with the introduc-
tion of large national epidemiologic surveillance programs.
Some of the largest studies to date have utilized the Surveil-
lance, Epidemiology, and End Results (SEER) database
(population-based) through the U.S. National Program of
Cancer Registries and the Center of Disease Control’s
National Cancer DataBase (NCDB) (hospital-based).23,24
Comparable programs exist in Europe and have been sim-
ilarly utilized to study epidemiology of sinonasal tumors,
such as European Cancer Registry (EUROCARE) and Ital-
ian Network of Cancer Registries (AIRTUM).25–27 Despite
these efforts, our understanding of the epidemiology of
SNM continues to be limited by the lack of accurate, gran-
ular, disease-specific, and reliable cancer data in many
countries.22,26,28
Based on the SEER dataset epidemiologic studies, the

estimated incidence of SNM in the United States is approx-
imately 0.6–0.8 cases per 100,000 population per year
during the 1973–2011 period.23,29,30 Globally, of the coun-
tries for which incidence data on sinonasal cancer were
available, the average reported annual incidence was com-
parable, with 0.1–0.5 per 100,000 in males and 0.2–0.5 per
100,000 in females.28 Incidence appears to be higher in
Asia andAfrica than in theUnited States andEurope, espe-
cially among Japanese men.31–34 Examination of gender
demographics across continents revealed a predominance
of male cases within every region.26
Osteomas are the most common benign tumors of

the sinonasal tract and are reportedly present on 1% of
routine sinus radiographic studies.35 Other fibroosseous
tumors, such as fibrous dysplasia and ossifying fibroma,
are also relatively common, with estimated incidence
of 1 per 10,000 patients.19 Benign sinonasal papillomas,
which make up to 4% of all sinonasal tumors, have a
higher but relatively comparable estimated annual inci-
dence to sinonasal malignancies of 0.7–2.3 per 100,000
patients.36,37 IPs, the most aggressive subtype of benign
nasal papillomas, frequently present in the fifth and sixth
decades of life and are more common in male subjects,
with a 3 to 1 male to female ratio.35 Vascular benign
sinonasal tumors include JNA (estimated incidence of
1 per 150,000), lobular capillary hemagniomas, and
sinonasal glomangiopericytomas.19,38 There are numerous

other rarer benign neoplasms and their epidemiology is
under active investigation.17
Malignant sinonasal tumors appears to be more com-

mon amongmales across all populations and subsites,with
age-normalized incidence rate ratio of males to females
varying from 1.3 to 2.5.26,28–30 Multiple population-based
studies for SNM have confirmed the increasing incidence
with age, with mean at diagnosis of 62–66 years in men
and 66–70 years in women, but the range varies widely.29,39
Within the US population, these tumors were most com-
mon in White individuals (80%–82%), followed by Black
patients (9%).29,40 Understanding the racial and demo-
graphic differences in SNM is important because racial
differences and age appear to be associated with the rates
of nodal metastasis, as well as overall survival (OS) and
disease-specific survival (DSS).41–43 Compared with White
patients, Black patients and American Indian/Alaskan
Natives exhibit increased mortality when controlling for
other factors, and non-White patients were more likely to
be diagnosed at a younger age in the United States. Race
and ethnic background also appear to be associated with
the patient’s likelihood to receive surgical intervention
when recommended.44
Malignant epithelial neoplasms are the most frequent

subtypes across all demographics and subsites, represent-
ing over 75% of all SNM. Sinonasal SCC represents the
vast majority of cancers (reported range 33%–52%), fol-
lowed by adenocarcinoma (13%–24%), ONB (6%–10%), and
ACC (6%–17%).28,30,39,45 Until recently, most research has
focused on SCC and adenocarcinoma. Rarer histological
subtypes like SNUC, SNEC, and sarcomas subtypes are
under active investigation. The estimated prevalence of
these tumors is highly variable—assessed to be around 13%
for sarcoma subtypes, 7%–9% for melanoma, 10% for lym-
phoma, and 3%–14% for SNUC.22,30,46–49 The majority of
all SNM appear to localize to the nasal cavity (reported
range 44%–46%), followed by maxillary sinus (29%–40%)
and ethmoid cavity (5%–10%).29,30,39 With some variation,
these trends by histology and anatomic location seem to be
consistent across North and South America, Europe, and
Asia.28,50
Over the last 30–40 years, the overall global inci-

dence of SNM has remained stable or showed incremental
decrease.28,30,39 However, it does appear that there is varia-
tion based on histologic subtypes and region. For example,
in the United States there was an observed modest but
statistically significant decline in the overall incidence of
SCC, but not overall or other SNM, between 1973 and
2009.32 During the same timeframe, many countries in
Europe and Hong Kong reported a decrease in overall
incidence.28 One major epidemiologic study showed that,
while the incidence of sinonasal SCC has decreased over
time, the incidence of other cancers, including mucosal
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ICAR SINONASAL TUMORS 45

sinonasal melanoma and ONB, has gradually increased
between 1973 and 2006.30 It is possible that the gradual
increase in rarer histologies is associated with improved
detection.30
Mortality rates for SNM across all subtypes have also

been decreasing over time in most of the countries for
which reliable data were available, especially with the
increased implementation of multimodal therapy.28,45,51–53
Decreased incidence and improved survival can be
explained by several other factors, including the under-
lying pathophysiology and improved understanding for
environmental contributors to disease development.39,54
Robust evidence for increased risk of SNM development
exists with occupational exposure to formaldehyde, hydro-
carbons, industrial textiles, construction (woodworking
in particular), and nickel and chromium compounds,
especially for adenocarcinoma.34,54–56 Cigarette smoking
and tobacco use are also established risk factors for devel-
opment of SNM, especially for SCC.57,58 Pooled analysis
of the European studies showed an odds ratio (OR) of 1.7
(95% confidence interval [CI] 1.2–2.6) for current smokers
developing SNSCC.58 With smoking rates decreasing in
many developed countries since the 1970s, it is plausible
to presume that reduction in incidence of SCC may be
attributed to decreased tobacco consumption.28,59 With
sinonasal adenocarcinoma attributed to possible occupa-
tional hazards, public efforts to reduce environmental and
occupational exposures in the Netherlands, for example,
led to the overall reduction of adenocarcinoma incidence
between 1973 and 2009.34,60
The potential role of HPV in the development of

sinonasal SCC is an area of active investigation. It is
approximated that about 20%–30% of SNSCC are HPV
associated, and HPV occurs only rarely in other sinonasal
cancers.61,62 However, it does appear that HPV association
may be associated with improved survival.61,63,64 Cur-
rently, only a minority of patients with SNSCC are tested
for HPV, but testing is becoming more routine.62 Routine
HPV testing in the future may improve our understanding
of role of human papillomavirus in development of SNM
and impact on survival.61,64,65 Increased efforts in can-
cer detection and surveillance, improved understanding
of pathophysiology and treatment modalities, and further
public health efforts may continue to reduce the incidence
of sinonasal tumors and improve survival of these rare but
aggressive malignancies.

V GENERAL RISK FACTORS

Sinonasal tumors are relatively rare, but they have the sec-
ond highest occupational attributable fraction (AF) of all
types of cancer.66 Predisposing factors include exposure to

wood dust, industrial carcinogens, leather, textiles, organic
fibers, and heavymetals such as nickel and chromium. The
role of alcohol and tobacco in sinonasal cancer is less than
other head and neck malignancies.67,68

A Age

SNM is a condition affecting patients of any age (Table V.1).
However, themajority are older, with two thirds being over
50 years of age at diagnosis (e.g., mucosal melanomamore
often affecting the elderly).16 The incidence increases from
0.1 to 0.3 cases per 100,000 population in the first decade
of life to 7 per 100,000 in the eighth decade.32,54,60
Initial reports on ONB describe bimodal age distribu-

tion, while others reported a unimodal distribution.69–71
However, according to the latest nationwide population-
based data analysis results on 876 patients, the incidence
of ONBs is steadily rising with a peak in the fifth to sixth
decades, suggesting a unimodal age distribution.72
The United States showed the highest proportion of

patients under 55 years of age with SNM diagnoses at over
30%, followed by Eastern Europe at around 27%. One fac-
tor that may explain the increased proportion of younger
patients, particularly in Eastern Europe, is the greater
prevalence of tobacco use among minors in this region.26

B Genetic sex

SNM is twice as common in males as females, where
males (58.6%) outnumbered females at every anatomical
site (Table V.2).16 This may be attributable to the etio-
logical association with occupational exposure to wood
and leather dust particles in male-dominated trades.29
The exception is ACC, where female predominance is
reported.30,73–79 It is hypothesized that ACC may be
hormonally influenced, with studies showing significant
estrogen receptor (ER) or progesterone receptor (PR)
expression.30,74 In contrast, others noted the ER-beta
subtype or PR expression alone.80,81

C Ethnicity

The prevalence is eightfold higher in Caucasians, who
accounted for 70%–80%of cases and outnumbered all other
races at every anatomical site.29,67,68 This trend appears to
be similar in the pediatric population.82
AF is a proportion of all cases in the population that can

be attributed to exposure (e.g., AF for wood dust is 0.2 or
20%). Values of AF close to 1 (100%) indicate that both the
relative risk is high and the risk factor is prevalent. In such
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46 KUAN et al.

TABLE V. 1 Evidence surrounding age as a risk factor for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ferrari et al.16 2022 4 Retrospective
national
database
review

European centers
database of SNM
(MUSES, 1995–2021
n = 1360)

OS Male-to-female ratio was 2.1 and
average age was 61.2

Yin et al.72 2018 4 Retrospective
national
database
review

ONB patients in NCDB
1973–2014 (n = 876)

1. OS
2. DSS

1. Median age was 54 years
2. Unimodal age distribution most

frequently occurred in the fifth
to sixth decades of life

3. Age >60 years was associated
with poor OS

Unsal et al.119 2017 4 Retrospective
national
database
review

SNM patients in
EUROCARE and
SEER database
1990–2007
(n = 16,853)

1. OS
2. DSS

The United States showed the
highest proportion of patients
under the age of 55 at over 30%,
followed by Eastern Europe at
over 27%

Mensi et al.54 2013 4 Retrospective
regional
database
review

SNM patients in
Lombardy Region
registry database
2008–2011 (n = 210)

1. OS
2. Occupational

exposure
profile

1. Median age was around 68 years
in either gender

2. Age-specific rates had a peak
over 60 years of age in both
genders; however, rates began to
increase at lower ages (25 years
of age)

Ansa et al.32 2013 4 Retrospective
national
database
review

SNM patients in SEER
database 1973–2015
(n = 2553)

1. OS
2. DSS

1. 49.4% patients were 60–79 years
old

2. 4.3% patients were <40 years old
3. 15.8% patients were ≥80 years

old
Ow et al.71 2013 4 Retrospective

national
database
review

SNM patients in SEER
database 1973–2015
(n = 328)

1. OS
2. DSS

Increased age was associated with
poor survival

Kuijpens et al.60 2012 4 Retrospective
national
database
review

SNM patients in
Netherlands Cancer
Registry (n = 3329)

1. OS
2. Occupational

exposure
profile

1. The median age of male SNM
patients was 67 years

2. The median ages of SCC and
adenocarcinoma were 68 and
65 years, respectively

3. The incidence in males rose
sharply after the age of 45 years

4. Incidence in women rose
steadily with age

Elkon et al.70 1979 4 Retrospective
case series

ONB patients in single
institution (n = 97)

1. OS
2. DSS
3. Margin status

effect on OS

Increased age and distant
metastasis were associated with
decreased survival

Abbreviations: DSS, disease-specific survival; NCDB, National Cancer DataBase; ONB, olfactory neuroblastoma; OS, overall survival; SCC, squamous cell
carcinoma; SEER, Surveillance, Epidemiology, and End Results; SNM, sinonasal malignancy.

cases, removing the risk factorwill greatly reduce the num-
ber of incidents in the population. The values of AF close
to 0 indicate that the relative risk is low or that the factor is
not prevalent, or both. Removal of such elements from the
population will have little effect.83

D Occupational exposure

Occupational exposures, including wood dust, metal, tex-
tile, and leather industries, have been attributed to tumori-
genesis in around 40% of all SNM, 30% of sinonasal SCC,
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ICAR SINONASAL TUMORS 47

TABLE V. 2 Evidence surrounding gender as a risk factor for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Amit et al.75 2013 3 Systematic
review of
retrospective
case series

520 ACC patients from 15
studies (1985–2011)

1. OS
2. DSS

Patients were aged 20–91 years
(median 55 years) and included
44 males (44%)

Husain et al.73 2013 3 Systematic
review of
retrospective
case series

366 ACC patients from
55 studies (1960–2012)

1. OS
2. DSS

ACC occurred more commonly in
men than women (1.3:1)

Ferrari et al.16 2022 4 Multicenter
retrospective
database
review

European centers
database of SNC
(MUSES, n = 1360)

OS Male-to-female ratio was 2.1 and
average age was 61.2 (median: 64;
IQR: 52–73)

Dutta et al.29 2015 4 Retrospective
national
database
review

SEER database 1973–2011
(n = 13,295)

1. OS
2. DSS

Males comprised 58.6% of SNM
cases

Marcinow
et al.78

2014 4 Retrospective
case series

SNACC patients at a
single institution,
1992–2009 (n = 87)

1. OS
2. DSS
3. DFS

M:F ratio was 40:47

Sanghvi et al.74 2013 4 Retrospective
national
database
review

SEER database
1973–2009 (n = 412)

1. OS
2. DSS

57.5% of 412 SNACC patients were
female

Thompson
et al.77

2013 4 Armed forces
database
review

AFIP database of ACC,
1970–1998 (n = 86)

1. OS
2. DSS

1. Cohort aged from 12 to 91 years
(mean 54.4 years, median
58 years, mode 60 years)
included 52% females

2. There was no significant
difference in OS between the
genders

Ellington
et al.76

2011 4 Retrospective
national
database
review

SEER database of ACC,
1973–2007 (n = 3026)

1. OS
2. DSS

Men and women represented
40.98% (n = 1240) and 59.02%
(n = 1786) of the sample,
respectively

Turner and
Reh30

2011 4 Retrospective
national
database
review

SEER database of SNM,
1973–2006 (n = 6739)

OS M:F ratio was 1.8:1

Abbreviations: ACC, adenoid cystic carcinoma; DFS, disease-free survival; DSS, disease-specific survival; OS, overall survival; SEER, Surveillance, Epidemiology,
and End Results; SNM, sinonasal malignancy.

and 90% of ITAC specifically (Tables V.3 and V.4).67,68 In
contrast, wood dust exposure shows no significant asso-
ciation with non-ITAC tumorigenesis. It should be noted,
however, that current disease rates may relate to dis-
tant past exposures. The mean latent period (time of first
exposure to time of cancer incidence) has been estimated
to be 43 years (range 27–69).34 Following termination of
exposure, the risk of SNMmay persist for many years.34
Professionals working with wood have up to 500–900

times and 20 times increased risk of developing ITAC
and SCC, respectively, as compared with the general

population.84 The AF of occupational exposure to wood
dust was estimated at around 20% for both genders.58,85
The association was first recognized in the 1960s when
a cluster of new nasal cancer cases among British wood-
workers was observed.86 The European Union has set an
exposure limit for inhalable hardwood dust (5 mg/m3 as
an 8-h time-weighted average). In male workers exposed
to levels above the limit, the risk of ITAC increases 12-
fold.58 Data fromCanada showed that 29% ofwoodworkers
are exposed to levels above the limit.87 Furthermore,
the risk for ITAC doubles every 5 years of exposure
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48 KUAN et al.

TABLE V. 3 Evidence surrounding occupational exposure as a risk factor for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Binazzi et al.55 2015 2 Systematic
review and
meta-
analysis

63 studies after 1985
with case–control or
cohort design

RR for
development
of SNM

Exposure to wood dust, leather
dust, or formaldehyde was
associated with increased risk of
SNM.

Bonzini et al.89 2013 3 Case–control Single hospital
case–control study
of 65 SNM (ITAC
and SCC)

1. OS
2. Occupational

exposure
Profile

Occupational exposure was
recognized for 39 out of 65 cases

Greiser et al.94 2012 3 Case–control Bavaria registry
(n = 2828 men only;
427 cases and 2401
controls)

1. OS
2. Occupational

exposure
profile

Increased risk of SNM in men after
exposure to:
- Nasal snuff
- Smoking
- Hardwood dust for ≥1 year

d’Errico et al.88 2009 3 Case–control Multicenter cohort of
ACC, Piedmont
region (n = 449; 113
cases and 336
controls)

1. OS
2. Occupational

exposure
profile

1. The risk of ACC was increased
with exposure to:
- Wood dust
- Leather dust
- Organic solvents

2. The risk of SNSCC was
increased with exposure to:
- Welding fumes
- Arsenic

’t Mannetje
et al.58

1999 3 Case–control European multicenter
cohort of SNM
patients (n = 1854;
555 cases and 1705
controls)

1. OS
2. Occupational

exposure
profile

1. Increased risk of SNM in men
after exposure to wood dust

2. Exposure to leather dust
increased SNM risk in both
genders

Comba et al.85 1992 3 Case–control Multicenter cohort of
SNM (n = 332; 78
cases and 254
controls)

1. OS
2. Occupational

exposure
profile

Significantly increased risks were
associated (in males) with work
in the wood and leather
industries

Mofidi et al.87 2022 4 Retrospective
national
database
review

Canadian national
registry, SNM (2011,
n = 245)

1. OS
2. Occupational

exposure
profile

4.6% (11 cases) and 4.4% (11 cases)
were attributed to occupational
exposure to wood dust,
respectively

Rushton et al.120 2012 4 Retrospective
national
database
review

National registry
(n = 13,598 deaths,
164 ITAC

1. OS
2. Occupational

exposure
profile

The overall AF was 32.7% (males
43.3%, females 19.8%) due to
occupational exposures

Pippard and
Acheson121

1985 4 Retrospective
national
database
review

NHS Central Register
(n = 5017, 3434
dead)

1. OS
2. Occupational

exposure
profile

The anticipated excess of deaths
from nasal cancer (10 observed,
1.87 expected) was found to be
significant for workers in the
finishing room (exposure: shoe
manufacturing)

Acheson et al.86 1968 4 Retrospective
case series

Regional registry
review (n = 58)

Occupational
exposure
profile

Relative increase in incidence in
High Wycombe woodworkers
was 500-fold when compared to
the general population

Abbreviations: ACC, adenoid cystic carcinoma; OS, overall survival; SEER, Surveillance, Epidemiology, and End Results; SNM, sinonasal malignancy.
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ICAR SINONASAL TUMORS 49

TABLE V. 4 List of known occupational exposures surrounding sinonasal malignancies.

Agent Occupation AF
ITAC
(RR)

SCC
(RR)

Wood dust Logging and sawmill workers; pulp and paper, and paperboard
industry; woodworking trades (e.g., furniture industries, cabinet
making, carpentry, and construction); used as a filler in plastic
and linoleum production

20%58,85 29.43 1.46

Leather dust Shoe manufacturers (scouring, roughing, buffing, spitting, skiving,
cutting, trimming)

3%–13%120 35.26 2.09

Formaldehyde Production; pathologists; medical laboratory technicians; plastics;
textile industry

0.31%120 3.81 2.37

Mineral oils Production; used as lubricant by metal workers, machinists,
engineers, printing industry (ink formulation); used in
cosmetic, medicinal, and pharmaceutical preparations

13.84% (total)120 3.50 0.85

Chromium Chromate production plants dyes and pigments; plating and
engraving; chromium ferro-alloy production; stainless-steel
welding; in wood preservatives; leather tanning; water
treatment; inks; photography; lithography; drilling muds;
synthetic perfumes; pyrotechnics; corrosion resistance

5.7%120 0 66.3

Abbreviations: AF, attributable fraction; RR, relative risk.

period to wood dust and significantly increases for low-
intensity exposure.88 Efforts to limit exposure to wood dust
and other potentially causal substances in the workplace
appear to be impacting the incidence and mortality of
SNM at the population level, with significantly decreas-
ing rates evident over recent years, predominantly in
developed countries.28 Based on this evidence, in many
European countries, ITAC is officially considered a profes-
sional disease.89 Additionally, a significant dose–response
relationship was found between adenocarcinoma risk and
exposure period to leather dust: the risk increased among
workers over 5 years’ exposure by almost 60-fold as
compared to those unexposed.55
Similarly, an association between exposure to formalde-

hyde and SNMhas been observed. Formaldehyde has wide
use as an adhesive and binder for wood products, pulp and
paper manufacture, the production of plastics and coat-
ings, and textile finishing. High-formaldehyde-exposure
occupations include textile operations and wood product
manufacture/processing (with co-exposure to wood dust);
short-term high-exposure episodes have been reported for
embalmers, pathologists, and paper industry workers.90
Apart from wood, leather dust, and formaldehyde,

chemical substances such as glues, chrome, nickel, and
various compounds used in the textile industry have been
associated with sinonasal carcinomas, mainly SCC.

E Smoking

Cigarette smoking and environmental tobacco smoke are
established risk factors principally for SCC (Table V.5).58,91

Evidence suggests that smoking tobacco has an increased
risk for development of SCC with increasing number of
pack-years up to twofold to threefold.92,93 The risk peaked
at OR of 4.11 in exposure to 21.75 pack-years or more.94
In smokers quitting within 15 years, there was an obvious
decrease fromOR 1.11 toOR 0.44 as compared to thosewho
quit 28 or more years ago.94

F Link to viral infections

HPV types 16 and 18 have been associated with SCC, which
is also discussed in Section XXI (Table V.6). HPV infection
is more prevalent in nonkeratinizing (50%) than in kera-
tinizing SCC (16%–19%).65,95 The role of HPV in SNM is still
debated. Interestingly, a meta-analysis found that 39% of
patients with IP tested positive for HPV, where malignant
transformation occurs in 2%–27%.95–97 The association of
EBV with NPC is also well-established and is covered in
Section XXV.A.II.

G Genetic and other inherited traits

Sinonasal SCC and ITAC have aneuploid genomes—
harboring multiple genetic aberrations—that are distinct
from each other and from histologically similar tumors
(head and neck SCC and colorectal adenocarcinoma,
respectively; Table V.7).98 TP53 is the most frequently
mutated gene (40%–86%), while APC, KRAS, and BRAF
mutations are less common.99 Similarly, TP53 mutation
is detected up to 70% in SCC.100–102 In addition, several
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50 KUAN et al.

TABLE V. 5 Evidence surrounding smoking as a risk factor for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Greiser et al.94 2012 3 Case–control Bavaria registry
(n = 2828 men only;
427 cases and 2401
controls)

1. OS
2. Occupational

exposure
profile

1. Smoking increased SNM risk
and peaked after 21.75
pack-years

2. Smokers who quit ≥28 years ago
were at lower risk than those
who quit <15 years ago

Comba et al.85 1992 3 Case–control Multicenter cohort of
SNM (n = 332; 78
cases and 254
controls)

1. OS
2. Occupational

exposure
profile

Smoking significantly increased
SNM risk in males

Brinton et al.92 1984 3 Case–control Multicenter
case–control series
(160 SNM, 290
controls, 1970–180)

1. OS
2. Occupational

exposure
profile

Smoking tobacco increased the risk
of SCC two- to threefold

Abbreviations: OS, overall survival; SNM, sinonasal malignancy.

TABLE V. 6 Evidence surrounding viral infections as a risk factor for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ferreli et al.97 2022 2 Systematic
review and
meta-
analysis

31 studies included 163
malignant and 961
nonmalignant IPs

Risk of
malig-
nancy

1. HPV infection increased the risk
for IP malignancy

2. High-risk HPV types were
associated with greater
malignancy risk

Syrjänen and
Syrjänen95

2013 2 Systematic
review and
meta-
analysis

1956 sinonasal
papillomas from 90
studies between
1950 and 2012

HPV status 38.8% cases tested HPV positive

Sahnane et al.96 2019 3 Retrospective
cohort

Single center study on
54 patients (25 IPs,
five oncocytic
papillomas, and 35
SNSCC)

HPV status High risk HPV was detected in 13%
of IP-SCC and 8% de novo-SCC

Bishop et al.65 2013 4 Retrospective
case series

Single center study on
161 SNM

HPV status 1. 21% SCC were positive for
high-risk HPV DNA, including
type 16 (82%), types 31/33 (12%),
and type 18 (6%)

2. HPV was detected in
nonkeratinizing SCC (34%), but
none in keratinizing SCC group

Abbreviations: IP-SCC, inverted papilloma-associated squamous cell carcinoma; SCC, squamous cell carcinoma; SNM, sinonasal malignancy.

studies have demonstrated EGFR overexpression in about
40% of SCCs and in 20%–33% of ITACs, which is lower than
that in histologically similar head and neck and colorectal
cancers.103–105
ACC is the most common salivary-type sinonasal

tumor.106 EN1,DLX6, andOTX1 represent potential drivers
and therapeutic targets for ACC.107 NOTCH1 mutations
were identified in poorly differentiated ACC and associ-

atedwith poorer prognosis, higher tendency tometastasize
to liver and bone, and possible responsiveness to NOTCH1
inhibitors.108 In addition, EGFR and c-Kit genetic abnor-
malities have been observed in sporadic cases.109
Even though numerous studies report ONB cytogenetic

and genomic alterations, common findings include the
positive association of chromosome 11 deletion and chro-
mosome 1p gain with poor ONB survival and TP53 gene
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ICAR SINONASAL TUMORS 51

TABLE V. 7 Evidence surrounding genetic and other inherited traits as risk factors for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Bell et al.107 2016 3 Case–control 42 ACCs and five
controls

Mutation profile The highly expressed
developmental genes EN1, DLX6,
and OTX1 stand out as drivers for
ACC

Takahashi
et al.103

2014 3 Case–control 70 SNSCC specimens
and 28 matched-pair
controls

1. OS
2. DFS
3. Mutation

profile

82.1% SCCs were EGFR positive and
its expression was associated
with significantly shorter DFS

Lechner et al.111 2021 4 Retrospective
case series

404 ONB patients from
multicenter
database (12
institutions in the
United States of
America, the United
Kingdom, and
Europe)

1. OS
2. DFS
3. Mutation

profile

82.4% of the cohort were positive for
SSTR2

Colombino and
Paliogiannis122

2019 4 Retrospective
case series

Sinonasal mucosal
melanoma patients
with tissue available
for 25-gene panel
(n = 25)

1. Mutation
profile

2. DNA damage
3. Genetic

mutation
correlation
with high
mitotic rate

1. BRAF (32%) was the most
common mutation, followed by
KIT and RAS

2. 28% had evidence of UV damage
versus 90% in cutaneous
melanoma

3. Nine out of 11 (82%) patients
with high mitotic rate had
pathologic mutation

Ferrarotto
et al.108

2017 4 Retrospective
case series

102 ACCs 1. Mutation
profile

2. OS
3. RFS

NOTCH1mutations were identified
in ACC and associated with
higher likelihood of solid
subtype, advanced-stage disease
at diagnosis, higher rate of liver
and bone metastasis, shorter RFS,
and shorter OS when compared
with NOTCH1 wild-type tumors

Turri-Zanoni
et al.123

2013 4 Retrospective
case series

Sinonasal mucosal
melanoma patients
with tissue available
for IHC, FISH, and
DNA sequencing
(n = 32)

1. OS
2. Mutation

profile

1. NRAS (22%) and KIT (13%) were
most common

2. Amplification of RREB1 (100%)
and loss ofMYB (765) in many
cases

3. KIT protein expression in 97%
cases

4. MAPK and PI3K/Akt pathways
were activated in all cases (100%)

5. No mutational profile was
associated with OS difference

Zebary et al.124 2013 4 Retrospective
case series

Sinonasal mucosal
melanoma patients
with tissue available
for mutation
screening (n = 56)

1. OS
2. Mutation

profile

1. No difference in OS based on
mutation

2. NRAS (14%) was most common
mutation, followed by BRAF and
KIT (4% each)

3. More likely to have mutation
(NRAS, KIT, or BRAF) in
paranasal sinus primary

4. Worse OS in paranasal sinus
primary

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



52 KUAN et al.

TABLE V. 7 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Bossi et al.102 2012 4 Retrospective
case series

Single center database
(n = 74)

1. OS
2. Mutation

profile

TP53mutations were positive in
47% (surgery group) versus 39%
(induction
chemotherapy + surgery group)

Holmila et al.101 2010 4 Retrospective
case series

358 SNM were
collected from three
European national
registries between
1989 and 2002
(Denmark, Finland,
and France)

1. OS
2. Mutation

profile

1. 77% adenocarcinomas were
TP53mutation-positive

2. Wood exposure was associated
with mutation positivity

Franchi et al.105 2008 4 Retrospective
case series

Single hospital case
series of 55 ITACs

1. OS
2. DFS
3. Mutation

profile

1. 32.7% tumors (n = 18) were
EGFR positive

2. EGFR overexpression was
higher in patients working in
the wood industry

Perrone et al.100 2003 4 Retrospective
case series

H-rasmutations was
investigated in 21
consecutive and
untreated ITACs
cases

Mutation profile TP53mutations were present in
44% of ITAC cases

Abbreviations: ACC, adenoid cystic carcinoma;DFS, disease-free survival; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; ITAC, intestinal-
type adenocarcinoma; ONB, olfactory neuroblastoma; OS, overall survival; RFS, recurrence-free survival; SCC, squamous cell carcinoma.

alterations that account for the tumor’s most frequent
mutations.110 ONB can expresses somatostatin receptor
(SSTR), specifically SSTR-2 (82%) and SSTR-5 (7.5%). Since
both show the highest affinity with somatostatin ana-
logues, they can be used for diagnosis, especially in
metastatic disease, using octreotide (111In-pentetreotide)
SPECT/CT and, more recently, Gallium-68 (68Ga) PET/CT.
Advantages are restricted time of image acquisition, better
resolution, and lower radiation dose.99,111
Classe et al. investigatedONBby looking at itsmolecular

features and found two major subtypes: basal and neural
subtypes.112 Basal ONB had a high presence of a mutation
in the IDH2 gene. This IDH2 mutation was also seen in
other types of cancer, where it was found to lead to DNA
hypermethylation and a failure of differentiation into the
neuronal lineage.113,114 These findings provide insights into
the molecular basis of ONB and suggest that the IDH2
mutation could play a role in the development of ONB. The
basal type is generally more aggressive and has a higher
likelihood of distant disease.
The neural type ONB is characterized by distinct patho-

logical, transcriptomic, proteomic, and immune features
and shows genome-wide reprogrammingwith loss of DNA
methylation at the enhancers of axonal guidance genes.112
The prevalence of IDH2 mutations, which have signifi-

cant implications for therapy with IDH inhibitors, is not
as high in the neural ONB subtype compared to the basal
subtype.115 It is generally considered to be a more benign
type of ONB, with a better prognosis and a lower likelihood
of spreading.112
One notable feature of sinonasal mucosal melanomas

is their low tumor mutational burden, which refers to
the number of genetic mutations present in the cancer
cells. The well-known mutated genes involved in cuta-
neous melanoma tumorigenesis have only a marginal role
in mucosal melanoma, reporting variable frequencies of
mutations, as follows: 7%–30% in NRAS, 0%–25% in c-
KIT, 8%–11% in TERT, 3%–10% in BRAF (only in one
study, 36%), 7% in SF3B1, and KRAS mutations reported
only in anecdotal cases.99,116,117 This low mutational bur-
den has implications for treatment, as some of the newer
immunotherapy treatments for cancer, such as checkpoint
inhibitors, rely on the presence of certain genetic muta-
tions to be effective.118 Given the low tumor mutational
burden in mucosal melanomas, the role of checkpoint
inhibitors in their treatment remains less defined. While
some studies have shown promising results with the use
of checkpoint inhibitors in this type of melanoma, further
research is needed to fully understand the efficacy and
optimal use of these treatments in this patient population.
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ICAR SINONASAL TUMORS 53

Assessment of risk factors for sinonasal tumors

Aggregate grade
of evidence

C for all risk factors
∙ Level 4: eight studies (age)
∙ Level 3: two studies; Level 4: seven studies
(genetic sex)

∙ Level 2: one study; Level 3: five studies;
Level 4: four studies (occupational
exposure)

∙ Level 3: three studies (smoking)
∙ Level 2: two studies; Level 3: one study;
Level 4: one study (link to viral infections)

∙ Level 3: two studies; Level 4: nine studies
(genetic factors)

Benefit Understanding and screening of risk factors
for tumorigenesis provide prognostic
information and opportunities for
prevention.

Harm Recall bias of risk factors, variable risk of
tumorigenesis across different individuals
and populations.

Cost No studies assessing cost, but likely low costs
of screening by history. Molecular testing
may be costly.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
Judgments

Many risk factors are nonmodifiable. There is
a need for further research into the role of
molecular and genomic testing.

Policy level Recommendation.
Intervention Routine history taking and screening for risk

factors such as age, sex, ethnicity,
occupational exposure, and smoking may
provide clinically useful prognostic
information and prevention opportunities.
Testing for genetic and viral etiologies may
be considered, especially if there are
actionable mutations.

VI PRINCIPLES OF SURGICAL
TREATMENT

The anatomic complexities of the sinonasal cavity, includ-
ing its close proximity to important structures, notably the
skull base and orbit, make surgical resection and clearance
of cancer to negative margins particularly challenging.
Traditionally, open craniofacial approaches with the goal
of total en bloc resection were considered the standard
of care.125 However, advances in endoscopic sinus and
anterior skull base surgery shifted this paradigm toward
piecemeal or multibloc resection.125

A En Bloc versus debulking/piecemeal
resection

Traditional surgical principles held that tumors should
be resected en bloc to prevent tumor spillage into the
surrounding environment (seeding) and thereby prevent
local recurrence (Table VI.1).126 In head and neck surgical
oncology, the resection of sinonasal carcinoma, frayedwith
anatomic restrictions due to surrounding critical struc-
tures within tight confines, challenged this principle. In
1970, a novel trimodality protocol (surgery, RT, chemother-
apy) was suggested, in which surgery involved debulking
of tumors in themaxillary sinus rather than completemax-
illectomy, as had previously been the standard of care.127
Nineteen of the initial 57 patients treatedwith this protocol
had residual tumor; however, all were successfully treated
with subsequent partial maxillectomy or RT. Compared to
the patients previously treated with the standard en bloc
resection, the trimodality patients had lower rates of local
recurrence and earlier return to function. This marked the
beginning of a gradual acceptance of “tumor debulking”
or “piecemeal” resection of sinonasal tumors as an accept-
able alternative. Similar findings have since been reported
in several other studies.128,129 In a recent series, survival
was retrospectively compared in 27 patients with definitive
en bloc resection to seven patients with debulking surgery
(endoscopic endonasal approach [EEA], piecemeal resec-
tion) performed to minimize the radiation field.130 The
debulking group had lower OS and DFS, although this
series is limited by selection bias. Patel et al. described
the use of a microdebrider in a variety of anterior skull
basemalignancies including 14 SNMs.131 GTR or near-total
resection was achieved in nearly 90%, but local recurrence
and survival were not reported. Another study reviewed
41 patients treated with craniofacial resection (CFR) for
SNM, where a majority of patients were noted to have T4
disease (81%) and 42%, 37%, and 17% invading the orbit,
meninges, and brain at presentation, respectively.132 They
found that en bloc resection was significantly associated
with improved recurrence-free survival (RFS) compared to
piecemeal resection (78% vs. 45% at 10 years). But this dif-
ference was not significant on recursive partition analysis,
suggesting confounding by tumor involvement of adjacent
structures.
With the advent of EEA, approaches often necessitate

piecemeal resection of at least part of the intranasal tumor
to fully visualize the attachment site. Based on the historic
principles of tumor spillage discussed above, some authors
have argued that EEA is substandard treatment for aggres-
sive skull basemalignancies. Omura et al. report that seven
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54 KUAN et al.

TABLE V I . 1 Evidence surrounding en bloc versus debulking/piecemeal resection.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Sato et al.127 1970 3 Retrospective
cohort

“Trimodality protocol”
(n = 57; maxillary
debridement, RT,
and regional CT)
versus en bloc
resection with pre-
or postoperative RT
(n = 97)

Local recurrence En bloc is not the only surgical
technique with sound oncologic
results in sinonasal tumor
resection

Konig et al.132 2018 3 Retrospective
cohort

41 patients with CFR
for advanced SNM;
en bloc versus
piecemeal resection

Disease-free
survival

En bloc resection was associated
with improved DFS on univariate
but not recursive partition
analysis.

de Almeida
et al.130

2014 3 Retrospective
cohort

34 patients with EEA
for sinonasal tumor
(27 with definitive
resection and seven
with debulking)

1. DFS
2. OS

Debulking surgery was associated
with lower survival

Patel et al.131 2014 3 Retrospective
case series

Anterior skull base
lesions treated with
EEA and resected
with microdebrider
(n = 32)

N/A Gross and near total resection are
feasible with piecemeal resection

Tosun et al.134 2014 3 Retrospective
cohort

20 patients with EEA
for SNM divided by
resection type (en
bloc vs. piecemeal)

Local recurrence No local recurrence in patients who
underwent achieved negative
margins after piecemeal resection
of the intranasal tumor and
tumor base

Samant et al.129 2004 3 Retrospective
cohort

19 patients with
advanced SNM
treated with
preoperative CRT
and
“organ-preserving”
surgical resection

OS Organ-preserving surgery can be
utilized even in advanced SNM

Knegt et al.128 2001 3 Retrospective
cohort

70 patients with
adenocarcinoma of
the ethmoids treated
with surgical
debulking and
topical CT

DFS High DFS can be obtained with
surgical debulking and adjuvant
treatment.

Kilic et al.135 2017 4 Retrospective
database
(NCDB)

1483 patients with
sinonasal SCC

1. Margin
positivity

2. OS

No difference in margin positivity
between open versus endoscopic
approaches

Omura et al.133 2017 4 Retrospective
case series

Eight patients with
benign, unilateral
sinonasal tumors
endoscopically
resected with wide
transseptal exposure

Ability to
achieve en
bloc resection

En bloc resection may be possible
for certain anatomically limited
sinonasal tumors

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; EEA, endoscopic endonasal approach; NCDB, National Cancer DataBase; OS, overall
survival; SCC, squamous cell carcinoma; SNM, sinonasal malignancy.
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ICAR SINONASAL TUMORS 55

of eight sinonasal tumors were able to be resected en bloc
using a contralateral transseptal approach, but it should
be noted that all were benign unilateral pathologies.133 In
cases of extensive tumorswhere the attachment site cannot
be readily visualized, piecemeal resection is often required.
Tosun et al. divided 20 patientswith SNMtreatedwithEEA
into four categories by type of resection: en bloc (n = 5),
piecemeal resection of intranasal and en bloc resection
of the tumor origin site (n = 6), piecemeal resection of
both intranasal and tumor origin sites with curative intent
(n = 4), and resection with palliative intent or removal
with a positive margin (n = 5).134 Local recurrence was
observed only in the final group at mean follow-up of
4 years, suggesting that piecemeal resection does not lead
to an increase in local recurrence. Perhaps the strongest
evidence for the oncologic validity of the piecemeal resec-
tionmethod utilized bymost surgeons during EEA is large
reviews showing similarities in outcomes between open
and endoscopic approaches to skull base malignancy. For
example, there is a large review of 1483 patients using the
NCDB, of which 24% underwent endoscopic resection of
sinonasal SCC.135 Following propensity score matching,
there was no significant difference in margin status or OS
by surgical approach. However, large series, which mainly
consist of database studies at the present, are limited in
making conclusions about resection method, particularly
for the vastly different pathologies that affect the sinonasal
tract.

En bloc versus debulking/piecemeal resection

Aggregate grade
of evidence

C (Level 3: seven studies; Level 4: two studies)

Benefit Piecemeal resection has the benefit of
improved visualization of the tumor
attachment site and determining invasion
into surrounding structures. En bloc
resection, whenever possible, permits gross
visualization of clear margins around the
resection

Harm Piecemeal resection has the theoretical risk of
tumor seeding in the cavity via violation of
the tumor capsule. En bloc resection is
potentially invasive and disfiguring.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

(Continued)

Value
judgments

No studies have demonstrated a clear benefit
of either en bloc or piecemeal
resection. Since no study has found worse
outcomes for piecemeal resection and
improved visualization is accomplished
with piecemeal resection in EEA, it is
reasonable to resect sinonasal tumors in a
piecemeal fashion when necessary for
tumor visualization.

Policy level Option.
Intervention Use of en bloc versus piecemeal resection is

an option based on tumor extension and
sites of involvement. The decision on
whether to proceed with en bloc versus
piecemeal resection of sinonasal tumors
should be made on a case-by-case basis. En
bloc resection of the site of
attachment/tumor origin should be
attempted whenever possible.

B Treatment of sites of attachment

Identifying the attachment site for the treatment of a
sinonasal neoplasm was first described for the surgical
resection of sinonasal IP, where even advanced and large
lesions were often found to have relatively small attach-
ment sites.136 Initial identification of these attachment
sites allows for more accurate clearance of disease with
successful oncologic outcomes while minimizing morbid-
ity by sparing uninvolved structures (Table VI.2).136,137
Pedicle-oriented surgery was also found to have shorter
operating times and facilitates observation and follow-up
aimed at the pedicle attachment site.137 Furthermore, the
use of intraoperative frozen sections to obtain evidence of
clearmargins at attachment siteswas found to significantly
reduce rates of recurrence in IP and can likely be inferred
for other sinonasal lesions.138
Castelnuovo et al. describe amultilayer centripetal tech-

nique to approach the resection of sinonasal malignant
tumors with successful oncologic results.139 Most endo-
scopic resections for sinonasal lesions begin with tumor
debulking in order to identify the tumor attachment sites
and any areas of potential tumor involvement or inva-
sion. During this initial stage, it is important to preserve
the surrounding normal anatomic structures if possible
for orientation and to minimize the necessary margin sec-
tions to follow. The tumor is then removed starting from
the periphery of the tumor attachment site along with a
wide margin and working circumferentially toward the
center. Complete resection of all tumor attachment sites
is crucial for an adequate oncologic resection. Although
the tumor capsule is violated during this process, the
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TABLE V I . 2 Evidence surrounding treatment of sites of attachment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Trent et al.138 2022 2 Systematic
review

Patients with IP
treated with
attachment-site-
oriented
surgery

1. Anatomic
attachment
sites and
techniques

2. Recurrent
rates

1. Most common technique to
address attachment involved
resecting mucosa and drilling
tumor base

2. Use of intraoperative frozen
sections is associated with
decreased recurrence

Goudakos
et al.142

2018 2 Systematic
review of
LOE four
studies

2451 patients with
resection of IP (1526
endoscopic, 925
open)

Recurrence rate Recurrence was higher in the open
approach group

Landsberg
et al.136

2021 3 Prospective
cohort

Patients undergoing
endoscopic IP
excision via
attachment-oriented
approach (n = 33)

1. Attachment
diameter

2. Attachment
location

3. Persistent/
recurrent
disease

1. IPs typically have small
attachment sites

2. Identification of attachment
sites facilitates efficacious
resection with minimal
morbidity

Nakamaru
et al.140

2021 4 Retrospective
case series

SNSCC patients
(n = 15) undergoing
endoscopic surgery
without an open
approach

1. OS
2. DSS
3. LRC

Endoscopic surgery alone was
effective in select cases of SNSCC
with adequate visualization of
tumor attachment site

Pagella et al.137 2014 4 Retrospective
case series

1. IP patients
undergoing
standard ESS
(n = 37)

2. IP patients
undergoing
pedicle-oriented
endoscopic surgery
(n = 36)

1. Recurrence
rates

2. Operative
times

3. Postoperative
complications

Pedicle-oriented endoscopic
surgery offers adequate control of
disease with shorter operating
times, avoids unnecessary
surgery, and facilitates follow-up
aimed at pedicle attachment

Castelnuovo
et al.139

2006 4 Retrospective
case series

Patient with treated
malignant sinonasal
carcinoma (n = 67)

2-year OS rate 2-year OS rate higher than 80% in
all histologic types of tumors
except for melanomas

Homma et al.141 2021 5 Literature
review

Patients with IP and
sinonasal carcinoma
undergoing
endoscopic and
open treatment

1. Recurrence
rates

2. Survival
times

3. Margin status

Indications for the endoscopic
approach to sinonasal
carcinomas has been expanding
and can be effective in select
cases

Abbreviations: DSS, disease-specific survival; ESS, endoscopic sinus surgery; IP, inverted papilloma; LRC, locoregional control; OS, overall survival; SNSCC,
sinonasal squamous cell carcinoma; SNM, sinonasal malignancy.

normal tissue planes of the tumor are not affected since
the tumor sits in an air-filled cavity. Once the visible
tumor is resected, an additional layer of tissue, deep to the
involved attachment site, should be resected. For exam-
ple, mucosal lesions should have the underlying bone
or cartilage resected, and tumors abutting the orbit may
require resection of the lamina papyracea and periorbita.
Extensive frozenmargin sections should be performed sys-
tematically to ensure clearance of disease, especially along

the previously identified attachment sites. Resection is
continued until negative margins are obtained. Nakamaru
et al. similarly describe an attachment-oriented approach
for sinonasal SCC. As this tumor is more aggressive than
IP, wider surgical margins should be obtained and addi-
tional frozen sections utilized prior to resecting themucosa
surrounding the tumor.140,141 If negative margins are not
possible through an endoscopic and attachment-oriented
approach, conversion to an open approach should be
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ICAR SINONASAL TUMORS 57

considered if that would facilitate the clearance of tumor
(i.e., negative margins).

Treatment of sites of attachment

Aggregate grade
of evidence

C (Level 2: two studies; Level 3: one study;
Level 4: three studies; Level 5: one study)

Benefit Attachment-oriented surgery allows for
accurate clearance of disease with
successful oncologic outcomes while
sparing uninvolved structures. Minimizing
morbidity is an especially important
consideration in benign sinonasal tumors.
Additionally, this technique may allow for
shorter operating times and facilitates
observation and follow-up aimed at the
pedicle attachment site.

Harm Not all tumors are amenable to
attachment-oriented surgery and the
decision must be done on a case-by-case
basis. It is highly surgeon dependent to
accurately assess the sites of involvement
or attachment. If negative margins are
unable to be achieved, an open or
combined approach may be necessary,
especially in cases of malignant or
aggressive pathologies.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Attachment-oriented surgery is beneficial to
the treatment of benign as well as
malignant sinonasal tumors in select cases
where adequate surgical margins can be
obtained safely. In cases of locally advanced
lesions, utilizing an attachment-oriented
technique must be balanced with the risk
of leaving residual disease or needing to
convert to an open or combined approach.

Policy level Recommendation.
Intervention Endoscopic attachment-oriented surgery

should be considered to minimize
morbidity when feasible and when
negative margins can likely be achieved. In
cases of locally advanced disease, an open
or combined approach may be necessary
for disease clearance.

C Differences between benign and
malignant pathologies

In general, the principles of oncologic resection apply to
both malignant and benign lesions. In benign lesions,

the need for complete surgical resection should be bal-
anced with functionality and cosmesis. While no stud-
ies have directly compared surgical oncological princi-
ples between benign and malignant sinonasal neoplasms,
expert opinion and standard modern practice favor endo-
scopic approaches for benign lesions whenever possible.
Regarding oncologic outcomes, Goudakos et al. performed
a systematic review to compare open and endoscopic
resection of IP between 1974 and 2016.140 Recurrence
rates were significantly lower in the endoscopic resection
group compared to the open resection group (14.9% vs.
18.8%). While this study did not control for disease loca-
tion or extent, it is likely that endoscopic resection is at
least as effective as open approaches at achieving local
control. Additionally, in the years since this studywas pub-
lished, cumulative experience with endoscopic resection
has exponentially grown, suggesting that recurrence rates
following endoscopic resection have likely improved.142
Namely, complete surgical extirpation offers the patient

the best chance of cure and is always the desired outcome.
This is particularly true in the case of IP, where there is a
small risk of progression to malignancy. However, in the
setting of purely benign disease, complete oncologic resec-
tion with the removal of excess normal surrounding tissue
should be balanced with the preservation of aesthetics and
function. An additional consideration is the risk of tumor
seeding to surrounding cavities. Furthermore, resection of
the dura or periorbita theoretically removes a natural bar-
rier to spread, and recurrence due to seeding in the brain or
orbit could necessitate a muchmore aggressive surgery for
a benign process. For these reasons, EEA is recommended
for benign tumors unless there is gross involvement of the
premaxillary soft tissue or skin or surgically inaccessible
territories of the paranasal sinuses.

D Risk of tumor seeding

Tumor resection carries the theoretical risk of tumor
seeding in any site in the body if microscopic (or even
macroscopic) fragments are left behind and unrecognized
(Table VI.3). Tumor seeding has been reported following
both open and endoscopic resection of sinonasal tumors.
Nguyen et al. conducted a systematic review of recurrence
attributed to tumor seeding of all skull base lesions.143 Of
the 69 reported cases, three (4%) were sinonasal tumors.
One was an individual case report and one was a retro-
spective cohort study.144 Pathologies were SCC (n = 2)
and ACC (n = 1). All three recurrences occurred follow-
ing open approaches. In their review of 70 patients with
SNM,Moore et al. found two (3%) of recurrences attributed
to seeding. One occurred at the transfacial incision after
excision of amaxillary sinus tumor and the other along the
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58 KUAN et al.

TABLE V I . 3 Evidence surrounding risk of tumor seeding.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Nguyen et al.143 2018 2 Systematic
review

69 patients with
recurrent skull base
lesions attributed to
seeding

Recurrence
attributed to
seeding

Tumor recurrence attributed to
seeding in endonasal approaches
is rarely reported

Yu et al.146 2018 3 Retrospective
cohort

38 ONB patients 1. Dural
recurrence

2. Local
recurrence

Dural recurrence can occur in the
absence of local recurrence

Moore et al.144 2011 3 Retrospective
cohort

70 patients with locally
advanced SNM

Recurrence
attributed to
seeding

Tumor recurrence attributed to
seeding is rare

Miller et al.145 2006 5 Case report One patient with ACC
treated with
maxillectomy and
RT

Recurrence at
the
tracheostoma

Distant recurrence following
resection may be attributed to
locoregional seeding
intraoperatively

Abbreviations: ACC, adenoid cystic carcinoma; ONB, olfactory neuroblastoma; RT, radiation therapy; SNM, sinonasal malignancy.

dura at the site of a craniotomy. Both died due to disease,
one secondary to the local recurrence and the other sec-
ondary to distant metastasis. Miller et al. reported an atyp-
ical site for recurrence of ACC of themaxillary sinus: at the
tracheostoma following a transfacial approach.145 Yu et al.
reviewed a series of 20 ONB patients to identify patterns
of recurrence. Recurrence was most common at the dura
(65%).146 There were six cases where isolated dural recur-
rence occurred in the absence of local recurrence, leading
the authors to suggest that the durawas seededwith tumor
intraoperatively. In their series, surgical approach was not
significantly associated with DFS. Taken together, tumor
seeding following resection of sinonasal tumors appears
to be a rare event as the literature is limited to small case
series.While these reports appear to have a preponderance
toward open resection, the small sample size and lack of a
true comparator group do not allow any conclusions to be
made about risk with certain surgical approaches.

Risk of tumor seeding

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 5: one study)

Benefit Careful dissection technique and close
inspection can minimize risk of tumor
seeding.

Harm Spread of tumor via seeding presents a
significant challenge in management often
requiring aggressive surgery and/or
adjuvant treatment of a separate site.

(Continued)

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Since reports are limited to case series, there
is no evidence to suggest that tumor
seeding is impacted by surgical approach.
Piecemeal resection could theoretically
have a higher risk of tumor seeding due to
tumor capsule violation, while open
surgery may expose uninvolved soft tissues
to tumor.

Policy level Option.
Intervention Consideration of approach and technique

based on tumor seeding is an option. There
is no evidence that an open or endoscopic
approach to sinonasal tumors carries a
higher risk of tumor seeding. Given the
lack of case reports, either approach
appears to have a low risk of tumor
seeding. Upfront recognition and
prevention are key to minimize this risk.

VII BIOPSY

The necessity of histopathological tissue diagnosis in the
management of sinonasal lesions is well established.147–149
Tissue diagnosis is required to identify appropriate treat-
ment options for patients with sinonasal tumors. Incorrect
or delayed diagnoses adversely affect patient outcomes and
survival, highlighting the need for accurate and timely
diagnosis.150–152 Previously, tissue diagnosis often required
an operative setting. As rigid endoscopy with high-quality
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ICAR SINONASAL TUMORS 59

cameras and monitors becomes increasingly available in
office settings, the ability to perform in-office sinonasal
procedures has grown rapidly, including tumor biop-
sies. Strict adherence to operative biopsies is commonly
regarded as unnecessary. In this section, the role of in-
office biopsies, indications, and technical considerations
will be reviewed, as well as the order of sinonasal imaging
and biopsy.

A Role of in-office biopsies for
sinonasal lesions

In-office biopsies provide opportunities to avoid the risks
associated with general anesthesia, as well as the conve-
nience of performing a biopsy in the office with increased
flexibility and accessibility versus the operating room.
However, in-office biopsies may be limited by vascular-
ity and accessibility of the lesion, and the close proximity
to nearby critical structures. Much of the available litera-
ture discussing the role of in-office biopsies for sinonasal
lesions is based on expert opinion. There have been six ret-
rospective chart reviews on this topic. Five of these studies
conclude in-office biopsies may be a useful alternative to
surgical biopsies, with one study recommending against
in-office biopsies (Table VII.1). Three studies commented
on the safety of in-office biopsies, with no major compli-
cations reported. Lee reviewed 121 patients with unilateral
sinus disease, including 35 patients with large polypoid or
mass lesion who underwent in-office punch biopsy. The
results of the in-office biopsies were congruent in 33 of 35
cases (94.3%). The two cases with inaccurate in-office biop-
sies were a lymphoma and an IPwithmalignant change.152
Han et al. reviewed 521 patients who underwent in-office
biopsies, which were then compared to surgical pathology
reports. A total of 302 patients had nonneoplastic lesions,
159 had benign neoplastic lesions, and 60 had malignant
sinonasal lesions. They did report 33 false negatives for
malignancy, with the majority of the false negatives being
reported as nonneoplastic lesions. In their review, they did
not identify any complications (i.e., bleeding).153
Tabaee et al. reviewed 61 patients, with a total of

69 in-office biopsies. They reported two patients had
experienced mild, self-limited epistaxis postbiopsy and
five patients (7%) had nondiagnostic biopsies. No major
complications were seen. Twenty-five patients ultimately
underwent surgery, and histopathologic agreement with
in-office biopsy results was present in 82% of cases. Four
of the incongruent cases involved biopsies that initially
reported inflammatory change, but were upgraded to
malignant or benign neoplasms following surgery.154 Segal
et al. reviewed 46 patients who underwent in-office biop-
sies for unilateral sinonasal lesions. Surgical pathology

was consistent with in-office biopsies in 86.8% of cases,
with three of the inconsistent cases being upgraded from
benign inflammation to a benign or malignant lesion.
No complications were reported.155 Gomes et al. reviewed
150 patients who underwent punch biopsies of sinonasal
lesions, reporting a high correlation with surgical pathol-
ogy (correlation coefficient 0.883, p < 0.001).156
In contrast, Paz Silva et al. presented their 15-year

experience with unilateral sinonasal disease (n = 191),
reporting that only two in-office biopsies were performed
over this time period. The results of the biopsies did not
change the clinical management in either case (IP and
adenocarcinoma). They recommended against the use of
in-office biopsies for unilateral sinonasal lesions, arguing
that the biopsies do not change clinicalmanagement,must
be confirmed by surgical biopsies, and incur additional
unnecessary cost to the healthcare system.157
In summary, in-office biopsies in patientswith sinonasal

lesions appear to be a safe alternative to operative biopsies
in appropriately selected patients. There is a moderate risk
of a false-negative diagnosis. One potential explanation
for the false-negative results may relate to the tendency
of sinonasal lesions to develop overlying polypoid edema,
which may mask the underlying lesion.155 A high degree
of clinical suspicion may help clinicians identify cases of
inaccurate diagnosis and prompt a surgical biopsy.
Aggregate grade of evidence: C (Level 3: five studies;

Level 4: one study) for diagnostic role of in-office biopsy
and C (Level 3: three studies) for safety of in-office biopsy

B Indications

There are no studies specifically discussing the indications
for in-office biopsy in sinonasal lesions.However, some cri-
teria can be summarized from the studies presented above.
Lesions should be easily visualized with a nasal specu-
lum or endoscope within the nasal cavity, or accessible
sinuses.153,154 Lesions that are suspected to be vascular or
in continuity with the intracranial space (i.e., encephalo-
celes) are considered to be contraindicated for in-office
biopsies.153,155 Unilateral vascular sinonasal lesions in ado-
lescent and young adult males should be treated with
particular caution, given the specific risk of JNA, which
would be contraindicated due to risk of severe hemor-
rhage. Deep-seated lesionswithin the sinonasal cavity (i.e.,
beyond themiddle turbinate) and submucosal lesions may
be more technically challenging, or pose an increased
risk of bleeding and were not included in the studies
presented.152–155 Patient selection may be as important
as the anatomical considerations. For example, patients
on antiplatelet or anticoagulation therapy or those who
are highly anxious or pain intolerant are not the ideal
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60 KUAN et al.

TABLE V I I . 1 Evidence surrounding in-office biopsies for sinonasal lesions.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Gomes et al.155 2020 3 Retrospective
cohort

85 patients underwent
in-office punch
biopsy followed by
surgery

Diagnosis of
USD

In-office biopsy has a high
correlation with final surgical
pathology

Segal et al.156 2014 3 Retrospective
cohort

46 patients with USD
underwent in-office
biopsies, followed by
surgery

Diagnosis of
USD

1. In-office biopsy is an accurate
and safe method of diagnosis

2. No complication of in-office
biopsy

Tabaee et al.154 2011 3 Retrospective
cohort

61 patients underwent
in-office biopsy,

25 patients then
underwent surgery

Diagnosis of
USD

1. In-office biopsy is a safe
diagnostic tool

2. In-office biopsy may provide
diagnostic information, but may
be limited by accuracy

Han et al.153 2010 3 Retrospective
cohort

521 patients underwent
in-office biopsy,
followed by surgery

Diagnosis of
USD

1. In-office biopsy is safe
2. In-office biopsy is accurate for

benign lesions, with limited
sensitivity (43.7%) for
malignancy

Lee152 2008 3 Retrospective
cohort

35 patients with USD
underwent in-office
biopsy, followed by
surgery

Diagnosis of
USD

In-office biopsy is highly accurate
for histopathological diagnosis

Par Silva et al.157 2015 4 Retrospective
cohort

191 patients with USD
Two patients
underwent in-office
biopsies, followed by
surgery

Diagnosis of
USD

1. In-office biopsies were not
recommended

2. In-office biopsy may incur
additional health care costs

Abbreviation: USD, unilateral sinus disease.

candidates for in-office biopsies. Thoughtful patient selec-
tion and shared decision-making may help clinicians
identify appropriate candidates for in-office sinonasal
biopsies.
Aggregate grade of evidence: D (Level 5: expert

opinion, reasoning from first principles)

C Technical considerations

Some of the above studies also report their biopsy
techniques, which are summarized below.152–155 Prior to
considering an in-office biopsy, complete history, nasal
endoscopy, and review of available sinonasal imaging
should be performed.152–155 If an in-office biopsy is pur-
sued, patient vital signs should be assessed prior to,
during, and following the procedure. Equipment setup
should include the necessary instruments and materi-
als to manage postbiopsy bleeding that could be severe.
After informed consent is obtained from the patient, top-
ical anesthetics and decongestants can be atomized into

the nose and/or applied on soaked neuropledgets, and
local anesthetic may be injected into the biopsy site under
direct or endoscopic visualization. If the vascularity of the
lesion is a concern, the severity of the bleeding caused
by the needle at the injection site may give clinicians
an indication of the bleeding risk. Significant bleeding
following the injection may indicate a highly vascular
lesion and may deter in-office biopsy. For the biopsy,
through-cutting instruments were used by several of the
study authors, citing a potential risk of increased bleed-
ing and injury to the surrounding tissue with excessive
tissue manipulation. The biopsy site may then be cau-
terized or packed with absorbable material. If significant
bleeding is encountered, nonabsorbable packing mate-
rial may be required. Clinicians may consider sending
both fresh tissue (approximately 1 cm3 for flow cytome-
try and IHC to evaluate for lymphoma) and formalin-fixed
tissue.
Aggregate grade of evidence: D (Level 5: expert

opinion, reasoning from first principles)
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ICAR SINONASAL TUMORS 61

D Order of imaging and biopsy

Given the proximity of the sinonasal cavity to the orbit and
the intracranial space, it is important to evaluate sinonasal
lesions for potential invasions into these adjacent spaces.
This is usually done with a combination of CT and MRI,
which are superior for evaluating bony anatomy and soft
tissue, respectively. The details of imaging for sinonasal
tumors will be discussed in Section IX. When consider-
ing biopsy for sinonasal tumors, classic teaching describes
obtaining both a CT andMRI prior to considering a biopsy.
No specific studies have examined the necessity of CT and
MRI prior to a sinonasal biopsy. This approach is based on
expert opinion, with the goal of avoiding potential conse-
quences of performing a biopsy on an ill-defined sinonasal
lesion and causing intracranial, intraorbital, or bleeding
complications.
There may be cases where a biopsy could be considered

prior to bimodal imaging, to avoid delays in diagnosis and
treatment initiation. The goal of imaging prior to tissue
sampling is to allow the clinician to evaluate the barriers
of the nasal cavity and the extent of the lesion. When this
is possible without imaging, it may be appropriate to con-
sider a biopsy prior to bimodal imaging. Sinonasal lesions
located inferiorly in the nasal cavity, with clear separation
from the entire skull base and orbit, may not necessitate
imaging prior to biopsy. Similarly, lesions that can be com-
pletely visualized with endoscopy and have an identifiable
and accessible attachment site may not require imaging
prior to biopsy. Clinicians should also consider whether
a biopsy obtained prior to imaging may impact the subse-
quent imaging and radiologic interpretation. For example,
packing or cautery within the sinonasal cavity as well as
an inflammatory reaction from the biopsy can complicate
the interpretation of sinonasal imaging. Clinicians should
include these considerations in their assessment of the
appropriateness of a preimaging biopsy. These consider-
ations are based on expert opinion only, and clinicians
should be cautious when considering a biopsy prior to
complete imaging to avoid potential complications and
patient harm.
Aggregate grade of evidence: D (Level 5: expert

opinion, reasoning from first principles)

VIII RESECTABILITY

A Resectability of sinonasal tumors

In the context of treatment planning, the term resectable
refers to the ability to surgically extirpate tumor in an
oncologically acceptable manner, while avoiding signifi-
cantmorbidity, deterioration of QOL, ormortality. Tumors

are generally considered unresectable if their location or
involvement of critical structures prevents the surgeon
from achieving GTR with negative surgical margins. A
critical evaluation of resectability is frequently necessary
in SNM due to their characteristically late stage of pre-
sentation and proximity of sinonasal subsites to critical
neurovascular structures (e.g., carotid artery, cavernous
sinus) as well as orbital and intracranial contents (e.g.,
dura, brain parenchyma). The American Joint Committee
on Cancer (AJCC) staging guidelines attempt to delineate
locally advanced tumors as resectable (T4a) or unre-
sectable (T4b).158 Tumors arising from the nasal cavity,
maxillary sinus, or ethmoid sinus are staged T4b if they
involve the orbital apex, dura, brain parenchyma, middle
cranial fossa, cranial nerves other than V2, nasopharynx,
or clivus. As an oncological principle, surgical extirpation
is rarely considered acceptable in the presence of known
distant metastases, unless the pathology tends toward
indolent behavior (e.g., ACC) and there is potential for
significant local morbidity (e.g., pain, fungating wound,
threat to vision).
In a review of the NCDB for SNM, Robin et al. found

that increasing T stage was inversely correlated with the
likelihood of achieving GTR with negative margins. The
odds ratio for obtaining negative margins in T4-staged
tumors is 0.189, compared to 0.824 in T2-staged tumors,
though this was partially mitigated by the use of neoad-
juvant CRT (OR 2.641).159 Furthermore, studies of large
SNM cohorts demonstrate that a negative margin resec-
tion is an independent predictor of OS, DSS, and rates of
local recurrence compared to those with positive surgical
margins remaining.160 When stratifying positive margins
as either microscopically positive or macroscopically pos-
itive (grossly visible at the resection margins), Jafari
et al. found a sequential deterioration in median OS for
negative margins, micro-positive margins, macro-positive
margins, and nonsurgical therapy (90.5, 56.7, 38.4, and
36.4 months, respectively).161 For these reasons, current
National Comprehensive Cancer Network (NCCN) guide-
lines recommendRT (with or without concurrent systemic
therapy) or IC for unresectable tumors for patients with
performance status 0–1.162
Despite this guidance, there is disagreement regarding

the absolute contraindications to resection of sinonasal
tumors due to substantial variability in surgeon expe-
rience, institutional preference, and the emergence of
EEAs, which allow for higher resolution visualization
and decreased postoperative morbidity. The evolution of
endonasal surgery also leads to heterogeneity in study
designs that tend to incorporate open, endoscopic, and
combined approaches. Randomized clinical trials or robust
prospective studies specifically evaluating surgery as
the primary modality of treating classically unresectable
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62 KUAN et al.

TABLE V I I I . 1 Evidence surrounding resectability of sinonasal tumors.

Author Year LOE Study design Study groups
Clinical
endpoints Conclusion

Jafari et al.161 2019 4 Retrospective
database
(NCDB)

7808 patients with
sinonasal SCC

OS 1. Degree of tumor extirpation
correlates with OS

2. Macro-PSM did not improve OS
compared to nonsurgical
therapy

Cracchiolo
et al.160

2018 4 Retrospective
database
(NCDB)

4770 patients with
sinonasal SCC

OS 1. NSM were associated with
improved OS compared to
micro- and macro-PSM

2. T4a and T4b tumors benefited
from adjuvant RT

3. Advanced T-stage predicted
nonsurgical therapy

Robin et al.159 2017 4 Retrospective
database
(NCDB)

11,160 patients with
SNM

OS 1. Adjuvant RT, CRT, and
neoadjuvant therapy improved
OS compared to surgery alone

2. Neoadjuvant CRT improved the
likelihood of NSM

3. Nonsurgical therapy portended
worse OS

de Almeida
et al.130

2015 4 Retrospective
case series

34 patients with
sinonasal SCC
treated with EEA

1. DFS
2. OS

PSM predicted worse OS and DSS

Mine et al.185 2011 4 Retrospective
case series

32 patients with SNM 1. DFS
2. OS
3. LRC

PSM portended worse DFS, OS, and
LRC

Abbreviations: DFS, disease-free survival; LRC, locoregional control; NCDB, National Cancer DataBase; NSM, negative surgical margin; OS, overall survival; PSM,
positive surgical margin; SCC, squamous cell carcinoma.

advanced SNM were not encountered in this systematic
review (Table VIII.1). Therefore, select studies of smaller
patient series, studies of nonsinonasal tumor locations, or
those evaluating salvage surgeries have been included to
illustrate the clinical parameters of resectability.
Aggregate grade of evidence: C (Level 4: three stud-

ies)

B Orbital apex involvement

Sinonasal tumors that infiltrate the orbital apex surround
critical neurovascular structures transcending corridors to
the intracranial cavity and cavernous sinus, making nega-
tive margin resection unfeasible. Studies have shown that
orbital invasion, particularly, orbital apex involvement, is
independently associated with decreased OS compared
to invasion of the anterior two thirds of the orbital
compartment.163–165 In 2015, Sugawara et al. reported their
results of 15 patients with recurrent SNMwith orbital apex
involvement that underwent salvage surgery via extended
orbital exenteration. The described technique included an
anterior CFR with orbital exenteration followed by middle

fossa exploration and resection of orbital apex and sphe-
noid disease to achieve negative margins.166 They noted an
OS of 86% at a mean follow-up of 3 years in this limited
sample with short follow-up. A retrospective review of 163
patientswith sinonasal cancerswith orbital invasion found
that, even when employing both histologically appropriate
neoadjuvant chemotherapy and extended orbital exenter-
ation, those with orbital apex involvement still exhibited
5-year OS of 14.6% ± 7.5%, DSS of 0%, and 10-year OS
of 0%.165 With the dismal prognosis of tumors involv-
ing the orbital apex, nonsurgical multimodality therapy
is preferred given the low likelihood of obtaining nega-
tive margins with orbital exenteration, even with extended
intracranial dissection, as it does not appear to change
survival (Table VIII.2).
Aggregate grade of evidence: C (Level 4: three stud-

ies)

C Carotid artery involvement

Tumors abutting or encasing the internal carotid artery
(ICA) exhibit an overall poor prognosis and carry
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ICAR SINONASAL TUMORS 63

TABLE V I I I . 2 Evidence surrounding resectability of tumors involving the orbital apex.

Author Year LOE Study design Study groups
Clinical
endpoints Conclusion

Li et al.164 2020 4 Retrospective
case series

88 patients with T4
sinonasal SCC who
underwent
RT ± surgery

Survival
outcomes

Grade 3 orbital invasion was
associated with shorter 5-year OS,
LRFS, PFS, and DMFS

Turri-Zanoni
et al.165

2019 4 Retrospective
case series

163 patients with
sinonasal cancers
with orbital invasion

1. DSS
2. OS

Orbital apex invasion was a
negative prognosticator in 5-year
OS and DSS

Sugawara
et al.166

2015 4 Retrospective
case series

15 patients with orbital
apex extension of
SNM

N/A Extended orbital apex exenteration
via middle cranial fossa approach
may be feasible in accomplishing
a negative-margin GTR with
tumors involving orbital apex

Abbreviations: DMFS, distant metastasis-free survival; DSS, disease-specific survival; GTR, gross total resection; LRFS, locoregional failure/recurrence-free
survival; OS, overall survival; PFS, progression-free survival; RT, radiation therapy; SCC, squamous cell carcinoma; SNM, sinonasal malignancy.

considerable oncologic and operative risks that decrease
the feasibility of resection. Surgical attempts to dissect or
sacrifice the ICA risk arterial rupture and hemorrhagic or
embolic stroke, which may be neurologically devastating
or lethal. Therefore, the decision to pursue surgery must
consider the probability of NMR against the risk of life-
threatening AEs. Extrapolating from studies of head and
neck cancer patients, several parameters are associated
with an inability to separate tumor from the ICA. Several
groups have demonstrated that cervical carotid artery
encasement by 270◦ or greater on preoperative imaging is
83%–88% sensitive and 100% specific for histologic vessel
invasion (tumor ≤1.8 mm from the elastic lamina).167,168
In contrast to open approaches to the cervical ICA, visual-
ization of tumors involving the skull base ICA segments
may be impaired by tumor location (posterolateral aspect
of the ICA) or in areas of significant bony coverage.
In a heterogenous group of ventral skull base tumors
with ICA involvement, Zhang et al. found that the rate
of GTR was significantly associated with the degree of
tumor encasement, a posterior location of tumor relative
to ICA, the involvement of two or more ICA segments,
and robust enhancement on postcontrast T1-weighted
MRI sequences.169 To address the limitations of resecting
tumors invading the ICA, multiple groups have examined
the role of cerebral revascularization or ICA bypass to
facilitate carotid resection and augment the probability
of NMR. Early studies of patients with skull base tumors
undergoing ICA revascularization prior to GTR were
cautious to recommend this paradigm due to higher
vascular complications rates (incidence 20%–33% peripro-
cedurally), including stroke, subdural hemorrhage, bypass
occlusion, and death.170,171 However, at a high-volume
center, Yang et al. found that, in patients with intracranial
nonsinonasal tumors, high-flow cerebral revasculariza-

tion allowed for 72% GTR rate with fewer periprocedural
complications than previously described and mean OS
of 46.4 months (range 12–81 months).172 Furthermore,
Ferrari et al. reported 10 patients with skull base cancer
invasion of the ICA who were treated with ICA resection
(two with bypass), with mean OS 27.2 months and 2-year
PFS of 88.9%, and 10% perioperative mortality.173
With careful evaluation of patient and tumor charac-

teristics, several strategies are often described to address
tumors involving the carotid artery: (1) primary nonsurgi-
cal therapy (radiation and/or chemotherapy), (2) GTRwith
separation of tumor from the ICA when vessel invasion is
not suspected, or (3) GTR with sacrifice of ICA (with or
without perioperative cerebral revascularization in cases
with suspected vessel invasion). To date, no long-term,
definitive data have demonstrated a survival advantage
with radical resection that includes ICA sacrifice com-
pared to primary nonsurgical therapy for SNM. There is no
clear consensus on the benefits of carotid resection; how-
ever, revascularization of the carotid artery, if feasible, may
allow GTR but is associated with significant perioperative
risks (Table VIII.3).
Aggregate grade of evidence: C (Level 4: seven stud-

ies)

D Skull base involvement

The detrimental effects of intracranial extension of SNM
on OS, DSS, and RFS compared to tumors without
intracranial involvement have been demonstrated across
multiple large-scale case series.174–176 Brain parenchymal
invasion, in particular, is a remarkably potent predic-
tor of worse survival despite aggressive multimodality
therapy.175,177–181 CFR (either via open, endoscopic, or
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64 KUAN et al.

TABLE V I I I . 3 Evidence surrounding the resectability of tumors involving the carotid artery.

Author Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ferrari et al.173 2022 4 Retrospective
case series

10 patients with skull
base cancer with
ICA invasion treated
with surgery

Two patients
underwent bypass

1. OS
2. PFS
3. Mortality

ICA resection is feasible with fair
outcomes (mean OS 27.2 months,
2-year OS/PFS of 88.9%, 10%
perioperative mortality) with
properly selected patients

Zhang et al.169 2021 4 Retrospective
case series

46 EEA patients with
recurrent or
persistent ventral
cranial base tumors

Effect of ICA
related tumor
characteristics
on ability to
achieve GTR

1. Recommend 5S ICA grading
scale and ICA grading strategy
to obtain maximum total
resection rate

2. Treatment strategy is guided by
ICA

3. BOT testing with either bypass
(if BOT is failed) or ICA
embolization and ligation (if
BOT is passed) followed by GTR

Yang et al.172 2014 4 Retrospective
case series

18 patients with skull
base tumors of
nonsinonasal origin
who underwent 20
high flow bypasses

Descriptive
clinical data

In experienced hands, high flow
bypass for cerebral
revascularization may be an
option

Kalani et al.170 2013 4 Retrospective
case series

18 patients with
advanced head and
neck cancer
requiring ICA
sacrifice and
cerebral
revascularization

1. Adverse
events

2. Survival

There was a high rate of
periprocedural complications
and poor patient survival

Yoo et al.167 2000 4 Retrospective
case series

34 patients with
advanced head and
neck SCC who
underwent carotid
artery resection

1. CT and
histologic
findings

2. OS

1. Histologic invasion predicted
survival

2. Clinical assessment was as
predictive as CT for tumor
invasion

Lawton and
Spetzler171

1996 4 Retrospective
case series

10 anterior skull base
tumor patients with
ICA encasement
requiring sacrifice

N/A ICA revascularization prior to
malignant skull base tumor
extirpation was feasible with 20%
risk of vascular complication

Yousem et al.168 1995 4 Retrospective
case series

49 patients with head
and neck neoplasms
and clinical
evidence of carotid
wall invasion

Correlation
between MR
imaging
findings and
tumor
resectability

>270-degree encasement of the ICA
on MRI was 100% specific and
88% sensitive for unresectable
disease

Abbreviations: BOT, balloon occlusion testing; EEA, endoscopic endonasal approach; GTR, gross total resection; OS, overall survival; PFS, progression-free
survival; SCC, squamous cell carcinoma; SDH, subdural hemorrhage.

combined approaches) is aimed at addressing both the
sinonasal and intracranial aspects of tumors (dural or
brain parenchymal components) and is a commonly used
modality for addressing SNM with intracranial spread.
Ganly et al. analyzed 344 patients undergoing CFR from
an international collaborative study and found that 5-year
OS decreased from 57.3% to 37.8% with dural involve-

ment and decreased to 26.6% with brain involvement
(p < 0.001), while DSS decreased from 64.1% to 45.0%
and 28.4%, respectively (p < 0.001).174 Despite the staging
and survival implications of intracranial involvement, the
reviewed studies included patients in which tumor was
dissected from the dura and brain parenchymal compo-
nents without reported independent increases in positive
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ICAR SINONASAL TUMORS 65

margins or surgical complications. Indeed, it appears
that successful achievement of negative margins when
resecting tumors involving the skull base is predictive of
improved survival regardless of the extent of intracranial
extension.130,132,174,178,181–185 However, it should be noted
that, in the studies examined, patients with extensive
brain parenchymal involvement were often excluded from
surgical therapy and therefore an assessment of their
resectability is not feasible.
Sinonasal tumors may invade the cavernous sinus along

several pathways: through the orbital apex (via superior
or inferior orbital fissures), through the paranasal sinuses
or pterygopalatine fossa (PPF) (via foramen rotundum or
ovale), along the course of the ICA, or by direct invasion.
Therefore, evaluating resectability of tumors involving the
cavernous sinus is frequently considered in tandem with
involvement of the orbital apex, carotid artery, or PPF.
Data from 40 patients with maxillary sinus carcinomas
found that invasion of the cavernous sinuswas an indepen-
dent predictor of poor OS and led to a decrease in 5-year
OS from 72.4% to 20% (p = 0.012), even with attempted
en bloc resection.186 Once tumors involve the cavernous
sinus, en bloc or negative margin resection may require
sacrifice of the cavernous ICA or multiple cranial nerves,
first described by Saito et al. in 1999.187 However, the rate
of severe complications may be unacceptably high. Studies
by Saito et al. and Couldwell et al. both report two surgery-
related deaths among other morbid AEs (stroke, sepsis,
CSF leak) in small case series.187,188 No large-scale stud-
ies evaluating the resectability of sinonasal tumors with
cavernous sinus involvement were found (Table VIII.4).
Aggregate grade of evidence: C (Level 3: three studies;

Level 4: 12 studies)

E Pterygopalatine and infratemporal
fossa involvement

The proximity to cranial nerves and other vital structures
has made the PPF and infratemporal fossa (ITF) histor-
ically challenging to access and resect. Several authors
have reported that the rate of negative margin resection
of tumors involving the PPF and ITF ranges from 56%
to 77%.189–192 He et al. found that close or positive mar-
gins within the PPF or ITF were associated with worse
5-year RFS (hazard ratio [HR] 6.158, p= 0.001) andOS (HR
21.961, p= 0.006).191 Similar effects were reported by Konig
et al., where retromaxillary involvement was associated
with worse survival at 2, 5, and 10 years (35%, 29%, and 17%,
respectively).193 In contrast, others found that PPF or ITF
involvement was not an independent risk factor for worse
outcome when compared to T4b tumors.194 Based on the
limited data available, tumors involving the PPF or ITF

may be accessible surgically and their isolated involvement
may not be an independent risk factor for worse progno-
sis, but in keeping with other subsites, positive surgical
margins portend a poorer OS (Table VIII.5).
Aggregate grade of evidence: C (Level 3: one study;

Level 4: five studies)
In nearly all subsections above, there were no high-

quality, prospective studies evaluating the feasibility of
GTR as a primary treatment paradigm for nonrecurrent,
very advanced SNM. The preponderance of literature eval-
uating T4b sinonasal tumors addresses patient outcomes
undergoing primary nonsurgical therapy, surgery follow-
ing neoadjuvant systemic therapy, or the role of surgical
debulking prior to definitive radiation. For the purposes
of this consensus statement, this review excluded histo-
logic subtypes in which surgery is not considered first-line
treatment. Lymphoma and NPC, for example, are consid-
ered curable utilizing nonsurgical therapy. In addition, the
examination of (1) the role of neoadjuvant systemic therapy
prior to surgical extirpation and (2) the role of surgi-
cal debulking prior to definitive radiotherapy is discussed
in other sections of this consensus statement. Overall,
the constraints of resectability continue to evolve and
are driven by a complex interplay of patient character-
istics, tumor histology and invasion, surgeon experience,
institutional preference, and adjuvant or neoadjuvant
therapy.

IX WORKUP OF REGIONAL AND
DISTANT DISEASE

Staging in head and neckmalignancies is essential to guide
surgical oncologists, radiation oncologists, and medical
oncologists toward the most successful treatment options
for these tumors. Status of regional and distant metastasis
prior to treatment is essential after establishing diagnosis
of a malignant primary lesion, as it helps determine prog-
nosis andmay change treatment options. Presence of nodal
metastasis has been associated with up to 50% decrease in
survival.195 Although cervical metastasis can be clinically
apparent on physical examination in advanced cancers,
metastasis may also be discovered on initial staging radi-
ological imaging.195 NCCN Head and Neck guidelines
recommend CT or MRI of the neck to evaluate cervical
nodal metastasis.196 They specify using either modality as
indicated for evaluation of the primary site. CT chest or
PET/CT is recommended for “high-grade tumors, mul-
tistation, or lower neck nodal involvement.”196 PET/CT
is recommended when available in surgically resectable
tumors nearmidline and in the workup of distant metasta-
sis in patients with advanced cancer including T3, T4, and
N1 or higher nodal status.196
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TABLE V I I I . 4 Evidence surrounding resectability of tumors involving the skull base.

Author Year LOE Study design Study groups
Clinical
endpoints Conclusion

Patel et al.181 2012 3 Retrospective
cohort

151 patients who
underwent CFR for
ONB

1. OS
2. DSS
3. RFS

Intracranial extension and PSM are
predictors of worse OS, DSS, and
RFS

Ganly et al.174 2005 3 Retrospective
cohort

334 patients with SNM
(excluding ONB)

1. OS
2. DSS
3. RFS

Surgical margins, histology, and
extent of intracranial
involvement were predictors of
OS, DSS, and RFS

Patel et al.180 2003 3 Retrospective
cohort

1307 patients who
underwent CFR for
malignancies
affecting the skull
base

1. OS
2. DSS
3. RFS

Brain involvement negatively
predicted OS, DSS, and RFS

Mehta et al.179 2021 4 Retrospective
case series

225 patients with SNM
involving the
anterior skull base

1. Progression
2. Survival
3. Treatment-

related
complications

Brain invasion was present in 19% of
patients at the time of surgery
and was associated with worse
OS

Abdelmeguid
et al.182

2020 4 Retrospective
case series

239 patients with SNM
who underwent
endoscopic resection

1. Survival
2. Surgical

complications

1. 25% rate of intracranial
extension

2. NSM achieved in 87.4% patients

Mattavelli
et al.184

2019 4 Retrospective
case series

19 patients undergoing
endoscopic resection
with transnasal
craniectomy and
subpial dissection
for nasoethmoidal
malignancies with
brain invasion

Complications 1. Six (54.5%) cases with PSM, five
of which had dura involvement
and one had brain invasion

2. 10.5% complication rate

Konig et al.132 2018 4 Retrospective
case series

41 patients with SNM
involving the
anterior skull base
undergoing CFR

Survival 1. 37% dural invasion, 7% brain
parenchymal invasion

2. NSM achieved in 59% of
patients, correlated with
improved OS and RFS

Nishio et al.186 2015 4 Retrospective
case series

40 patients with T4
staged maxillary
sinus carcinoma
treated with CFR

OS 1. Cavernous sinus involvement
correlated with worse OS

2. PSM correlated with worse OS if
no cavernous sinus invasion
present

Kim et al.183 2015 4 Retrospective
case series

17 patients with
anterior skull base
malignancies
treated with CFR

1. Tumor char-
acteristics

2. Survival

GTR achieved in 100% of patients
despite intracranial involvement
in 65% of patients

Couldwell
et al.188

2014 4 Retrospective
case series

Eight patients
undergoing
complete resection
of the cavernous
sinus

Description of
adverse events

Four patients experienced
complications (two CSF leaks),
one stroke leading to death, and
one sepsis leading to death

(Continues)
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ICAR SINONASAL TUMORS 67

TABLE V I I I . 4 (Continued)

Author Year LOE Study design Study groups
Clinical
endpoints Conclusion

Cantu et al.163 2012 4 Retrospective
case series

366 patients with
malignant paranasal
sinus tumors treated
with CFR

1. DSS
2. OS
3. RFS

1. 13.1% of patients had orbital apex
involvement

2. 60.1% had some form of
intracranial involvement

3. 10.7% had frank intradural/brain
parenchyma involvement

4. Local recurrence was correlated
with orbital apex involvement or
dural involvement

5. Intradural spread was not
associated with increased local
relapse

6. 74% achieved NSM
Feiz-Erfan
et al.178

2007 4 Retrospective
case series

28 patients with cranial
base malignancies
and transdural
spread who
underwent CFR

1. OS
2. PFS

1. GTR with NSM positively
predicts OS

2. Brain parenchymal invasion
negatively predicts PFS

Howard et al.175 2006 4 Retrospective
case series

308 patients who
underwent CFR for
sinonasal neoplasms

OS 1. 5-year OS of 59% for malignant
tumors

2. Orbital involvement, brain
involvement, and histology were
primary predictors of OS

Saito et al.187 1999 4 Retrospective
case series

25 malignant skull
base tumors with
cavernous sinus
invasion underwent
en bloc resection

N/A 1. All resection types included
severing of nerves travelling
through orbital apex

2. Advanced tumors requiring
resection of the entire cavernous
sinus exhibited major morbidity
and mortality

Lund et al.176 1998 4 Retrospective
case series

209 patients who
underwent CFR for
sinonasal neoplasms

1. OS
2. DSS

1. 6% exhibited frontal lobe tumor
infiltration

2. 14% had resectable dural
involvement

3. Malignant histology, brain
involvement, and orbital
involvement portended worse
OS

Abbreviations: CFR, craniofacial resection; DSS, disease-specific survival; GTR, gross total resection; NSM, negative surgical margins; ONB, olfactory
neuroblastoma; OS, overall survival; PFS, progression-free survival; PSM, positive surgical margins; RFS, recurrence-free survival; SNM, sinonasal malignancy.

Although head and neck cancer guidelines are well
explored and continue to evolve with the growing litera-
ture in the field of head and neck oncology, recommenda-
tions for workup of regional and distantmetastasis specific
to SNM are lacking. This is in part due to the rarity of
these tumors, accounting for 3%–6% of all head and neck
cancers.197,198 In addition, regional metastasis in sinonasal
tumors ranges between 3% and 33% and distant metastasis
occurs in less than 7% of cases.199 Since the latter is uncom-
mon even in advancedT stage, there is no agreement on the
need for routine imaging, the most ideal imaging modal-
ity, or its cost-effectiveness at initial staging to identify the

presence of regional or distant metastasis.199,200 Despite
this lack of consensus, when regional or distant metasta-
sis is identified, treatment options are significantly altered;
surgical resectionmay no longer be recommended, and RT
or systemic treatment options not initially considered may
become indicated. Palliative therapy may be considered
in certain cases to prioritize comfort and to avoid poten-
tial morbidities associated with treatments with curative
intent in the presence of metastatic disease. High-risk
histopathology of the primary sinonasal tumor or sus-
pected nodalmetastasis should prompt imaging to rule out
regional or distant metastasis. Undoubtedly, presence of
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68 KUAN et al.

TABLE V I I I . 5 Evidence surrounding resectability of tumors involving the pterygopalatine fossa or infratemporal fossa.

Author Year LOE Study design Study groups
Clinical
endpoints Conclusion

Konig et al.193 2020 3 Prospective
cohort

72 patients treated for
SCC of the paranasal
sinuses

Survival
outcomes

1. Retromaxillary involvement
portended worse 2-, 5-, and
10-year OS

2. PSM associated with worse
survival

Yafit et al.189 2019 4 Retrospective
case series

63 patients with
tumors involving the
ITF

1. Margins
2. OS

1. 68% achieved NSM
2. 3- and 5-year OS for malignancy

were 82% and 66%, respectively
He et al.191 2015 4 Retrospective

case series
80 patients with
malignancies
involving PPF or
ITF who underwent
resection

1. Margins
2. OS

1. 56.2% achieved NSM
2. Close or positive surgical

margins portended worse 5-year
RFS

Kano et al.194 2014 4 Retrospective
case series

118 patients with
locally advanced
maxillary sinus
cancer

1. OS
2. LRC

PPF and ITF extension were not
associated with worse 5-year OS
or LRC compared to T4b tumors

Givi et al.190 2013 4 Retrospective
case series

43 patients who
underwent
anterolateral
approach to tumors
with ITF resection

1. Margins
2. OS

1. 70% achieved NSM.
2. Median OS of 40 months and

3-year survival of 59.6%

Hentschel
et al.192

2010 4 Retrospective
case series

52 patients with
anterolateral skull
base neoplasms (75%
involving ITF)

Patient
demographics,
tumor charac-
teristics,
treatment, and
outcomes

1. 77% achieved GTR
2. 2- and 5-year OS of 81% and 53%,

respectively

Abbreviations: ITF, infratemporal fossa; GTR, gross total resection; LRC, locoregional control; NSM, negative surgical margins; OS, overall survival; PSM, positive
surgical margins; RFS, recurrence-free survival; SCC, squamous cell carcinoma.

metastatic disease has significant therapeutic implications
for the individual patient and may therefore warrant rou-
tine radiographic imaging, such as PET/CT or CT neck and
chest, which are most commonly used in clinical practice.

A Retropharyngeal lymphadenopathy

Physical exam with neck palpation of patients diagnosed
with SNM should always be performed. Although this
was not a main research focus and was stated in only
three of the included articles, findings of enlarged cer-
vical nodes on examination raise the suspicion of more
advanced disease, are associated with worse prognosis,
and prompt further investigation by imaging to rule out
regional and distant metastasis.199 Retropharyngeal lymph
nodes (RPLNs) may be encountered for several SNM. In
contrast to cervical lymphadenopathy, enlarged RPLNs are
not easily identifiable on physical exam. They are also
more difficult to treat surgically due to their location, and
their presence may therefore lead to a change in treatment

for these patients. In addition,metastatic RPLNs have been
reported in as high as 30.6% of patients with sinonasal
cancers.201,202 Six articles report the incidence of patho-
logic RPLNs, including 30.6% in a heterogeneous group
of sinonasal carcinomas, 0% specific to adenocarcinoma,
8.2% for ONB, 16% for a mix of maxillary sinus carcino-
mas, and 20.6% for maxillary sinus SCC.201–205 One study
identified that 43% of patients with ONB who had positive
cervical nodes had enlarged RPLNs as well, and there-
fore recommended evaluation for RPLN involvement in all
patients with this histopathological diagnosis.206 With the
potentially high rate of RPLN and the difficulty of iden-
tifying these on physical exam, it is important to look for
the presence of enlarged RPLN on imaging. Two studies
suggested CT with contrast to detect RPLN, one of which
specifies <5-mm cuts.205,207 More recent studies suggest
MRI as a superior modality to identify RPLN.201,202 MRI
accuracy in the measurement of axial diameters of RPLN
≥5 mm was reported as 94.1% in one study.202 Neverthe-
less, despite a trend toward MRI as a superior modality,
there are insufficient data to recommend one modality
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ICAR SINONASAL TUMORS 69

over another. In addition, the criteria used to diagnose
malignant RPLN on imaging is not clear for sinonasal can-
cers, nor is it easy to confirm due to inability to verify with
pathological diagnosis. Enlarged nodes have previously
been noted as having a longitudinal diameter of ≥8 mm
on CT in maxillary sinus carcinoma or axial diameter of
≥5 mm on MRI.202,205 One study defined its criteria of
metastatic RPLNs as ≥6 mm diameter, presence of cen-
tral necrosis, ill-defined margins or extracapsular spread,
enhancement, and/or more than two ipsilateral or medial
RPLNs.201 This same study found RPLNs to be associated
with worse OS, thus further reinforcing the need to look
for RPLNs on initial imaging.201

B Anatomic imaging

Ultrasound of the neck has very limited value in the inves-
tigation of regional metastasis in sinonasal cancers. A
single study discusses its usefulness in identifying cervical
lymph nodes in the context of sinonasal tumors extending
to the oral cavity and those with aggressive histology, such
as SNUC or high-grade ONB.199,208
With more detailed and improved imaging modalities,

CT and MRI have become the mainstay of conventional
imaging in sinonasal cancers and are both reported to be
accurate and complementary to one another.198,207,209,210
CT is ideal for assessment of bony landmarks for surgery,
bone erosion, and central necrosis of nodal metastasis,
while MRI is ideal for locoregional invasion, includ-
ing intracranial, perineural, and orbital invasion as well
as brain metastasis.198,208,211 In patients with mucosal
melanoma, MRI brain is recommended to rule out brain
metastasis.212,213 Criteria for cervical metastasis on CT
imaging include size of lymph node ≥1.5 cm, nonenhanc-
ing, irregularity, conglomerate of three or more lymph
nodes with poorly defined contour, obliteration of soft tis-
sue planes, and/or central necrosis with decreased density
on imaging.207 Compared to MRI, CT is faster to perform,
better tolerated by patients, and more readily available
even in more resource-constrained settings.208 However,
one must take into consideration the risk of radiation with
CT. While MRI does not subject patients to ionizing radia-
tion, it has its own disadvantages, including longer exam-
ination time, risk of motion artifact, and contraindication
in patients with noncompatible metallic devices.4
In addition to its use in the head and neck, CT

is a useful modality to assess for distant metastasis.
CT chest is most commonly used to rule out lung
metastasis.209,210,213–215 One study specified the following
criteria to consider requesting a CT chest: at least three cer-
vical lymph nodes, bilateral lymph nodes, size ≥6 cm, or
lymph nodes in the lower jugular region.209 In ONB and
mucosal melanoma patients, additional imaging with CT

abdomen/pelvis is recommended asmetastasis can be seen
in this region.213,214

C Functional imaging

Hybrid PET scans include PET/CT and PET/MRI. PET/CT
has been the most studied in literature for head and
neck malignancies and has been shown to have a higher
sensitivity in the assessment of regional and distant
metastasis.196 However, a consensus on the benefit of its
use in staging of SNM has yet to be achieved.200,215,98
In a 2012 study by Lamarre et al., PET/CT for SNM

was noted to have specificity of 92% and negative pre-
dictive value (NPV) of 100% for cervical metastasis and
a sensitivity and NPV of 100% for distant metastasis.197
Similarly, Meerwein et al. found hybrid PET has shown
a sensitivity and NPV of 100% for both regional and dis-
tant metastasis.198 In addition to its excellent accuracy,
the benefits of hybrid PET are numerous as this imaging
modality allows for a single exam to identify the primary
site, cervical metastasis, and distant metastasis, thus sav-
ing time, reducing patient distress, and lowering costs.216
Seventeen studies comment on the usefulness of PET
imaging in the context of metastatic staging of sinonasal
tumors.68,197,198,204,206,208–214,217–221 Two additional stud-
ies recommend its usage when metastasis is clinically
suspected.98,222 Two studies recommend that PET/CT use
is tailored to the histopathological diagnosis, notably in
aggressive pathologies or when a sinonasal lesion is sus-
pected to be a metastatic lesion.68,200 Sinonasal SCC,
ONB, SNUC, SNEC, and mucosal melanoma are among
histopathological diagnoses that warrant use of PET/CT
to workup distant metastasis.200 Adenocarcinoma, on the
other hand, is reported to have lower risk of regional and
distant metastasis and therefore the use of PET/CT in this
diagnosis requires further contemplation.200
Although the many benefits of PET/CT apply to over-

all staging, three studies have noted it is clinically more
advantageous in the setting of restaging, particularly for
regional disease.198,216,221 Despite the latter, many stud-
ies still recommend hybrid PET in the initial staging, as
this can verify fluorodeoxyglucose (FDG) avidity and allow
for baseline imaging for comparison of future PET/CT
in the posttreatment setting and can potentially improve
management of disease.216
However, two articles raised caution to the possibility

of false-positive results with PET/CT, for example, in the
context of inflammation.197,204 In addition, one must be
cognizant of the fact that PET imaging may not identify
tumors<1 cm in size, brainmetastasis due to the high FDG
uptake of the brain, and scenarios where tumors may not
have a high metabolic rate at baseline.216 Some examples
of possible low baseline uptake include ONB, malignant
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TABLE IX . 1 Evidence surrounding the workup of regional and distant metastasis.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Maurer et al.198 2021 3 Retrospective
cohort

75 patients diagnosed
with malignant
sinonasal tumors; 96
regionalized MRI
and hybrid PET
scans

1. Additional
radiological
information
(ARI)

2. Clinically
relevant
information
(CRI)

1. 46.9% hybrid PET exams
revealed ARI

2. 33.3% hybrid PET exams
revealed CRI

3. Hybrid PET imaging provides
ARI and CRI in addition to
regional sinonasal/neck MRI

Meerwein
et al.217

2021 3 Retrospective
cohort

Patients diagnosed
with sinonasal
cancer and
undergoing hybrid
PET imaging for
initial staging

(n = 65)

Diagnostic
accuracy of
hybrid PET
imaging

1. Hybrid PET imaging is excellent
at identifying regional and
distant metastasis

2. Lymph node metastases: 100%
sensitivity, 91.7% specificity

3. Distant metastases: 100%
sensitivity, 98.3% specificity

Lamarre et al.197 2012 3 Retrospective
cohort

PET scans from
patients with
sinonasal neoplasms
(n = 31)

Utility of PET for
tumor staging

1. Negative PET/CT was predictive
of absence of disease

2. Positive PET/CT can be falsely
positive and should be viewed
with clinical vigilance

3. PET/CT had an overall
sensitivity and specificity of 90%

4. PET/CT specificity of 92% and
NPV of 100% for initial staging
of cervical metastasis

5. PET/CT sensitivity of 100% and
specificity of 92% for initial
staging of distant metastasis

Gil et al.216 2007 3 Prospective
cohort

Patients undergoing
skull base tumor
excision (n = 47,
preoperative
PET/CT = 23)

Value of PET–CT
to evaluate
cervical lymph
nodes and
distant
metastases

Pretreatment PET/CT is useful as a
baseline to assess response
posttreatment and allows for
faster identification of cervical
and distant metastasis using one
imaging modality

Kosugi et al.202 2021 4 Retrospective
case series

Patients who
underwent MRI
before and after
treatment of
maxillary sinus SCC
(n = 16)

Radiologic
criteria of
metastatic
RPLN

Minimal axial diameter of 5 mm on
MRI is most appropriate for
identifying metastatic RPLN

Chweya et al.203 2021 4 Retrospective
database
(SEER)

325 patients with ACC 1. OS
2. DSS

1. 9.5% cervical node involvement
2. 6.5% distant metastasis
3. Distant metastatic workup

should be considered regardless
of regional nodal status

4. Distant metastasis portends
worse survival

(Continues)
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ICAR SINONASAL TUMORS 71

TABLE IX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Dagan et al.228 2019 4a Retrospective
cohort

Patients with
nonmetastatic
sinonasal cancer
(n = 120)

1. Distant
metastasis

2.
Leptomeningeal
metastasis

1. High-grade histology was
associated with distant
metastasis and leptomeningeal
metastasis

2. Neuroendocrine histology and
intracranial invasion were
associated with leptomeningeal
metastasis

3. Recommend adding CSF
cytology and MRI spine and
brain in the workup of patients
with high-risk features

Meerwein
et al.218

2019 4a Retrospective
cohort

Patients diagnosed
with SNMMwho
had hybrid PET
(n = 34)

1. Cervical node
involvement

2. Distant
metastasis

3. Use of hybrid
PET

1. 6% cervical node involvement
2. 6% distant metastasis
3. Initial cervical PET/ MRI may be

useful for initial staging and
restaging, and provides
information on all sites

Marinelli
et al.204

2018 4a Retrospective
cohort

Patients diagnosed
with ONB (n = 61)

1. Cervical node
involvement

2. Laterality of
cervical
disease

1. 15% cervical node involvement
2. 21% delayed cervical node

involvement posttreatment
3. 92% ipsilateral, 63% contralateral

cervical disease
4. PET/CT useful to detect occult

nodal spread and enable earlier
metastasis detection

Felix-Ravelo
et al.200

2017 4a Retrospective
cohort

Patients with an SNM
who had PET/CT
(n = 50)

1. FDG uptake
at primary
site

2. Use of
PET/CT by
tumor type

1. The average SUVmax was
highest for SNUC compared to
other histologies

2. PET/CT may be useful in
assessing regional and distant
metastasis in sinonasal SCC,
ONB, SNEC, and SNMM

3. PET/CT use is debatable for
SNAC

Gangl et al.201 2017 4a Retrospective
cohort

Patients with sinonasal
carcinoma who had
CT or MRI (n = 36)

1. Presence of
RPLN

2. OS

1. RPLN portended worse OS
2. Imaging, preferably with MRI,

should be performed for
assessment of RPLN

Ahn et al.229 2016 4 Retrospective
database
(SEER)

Patients with sinonasal
SmCC and SNUC
(n = 141)

Cervical node
involvement

1. Cervical node involvement at
diagnosis: 22% overall (24.1%
SNUC, 13.8% sinonasal SmCC)

2. The neck and potential sites of
distant metastases should be
worked up in patients with
SNUC or sinonasal SmCC.

Dubal et al.230 2016 4 Retrospective
database
(SEER)

Patients with maxillary
sinus SCC
(n = 854)

1. Cervical node
involvement

2. Distant
metastasis

1. 22% cervical node involvement
2. 4% distant metastasis

(Continues)
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TABLE IX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ramakrishnan
et al.222

2013 4a Retrospective
cohort

Patients with SNM
(n = 51)

1. Regional
metastasis

2. Distant
metastasis

1. SUVmax of primary tumor did
not correlate with T staging or
metastasis

2. PET for SNMmay be limited to
cases with a high suspicion of
metastatic disease

Haerle et al.212 2012 4 Retrospective
case series

Patients with SNMM
(n = 10)

N/A 1. PET/CT is more sensitive and
specific than CT for the
detection of metastasis

2. PET/CT is valuable for staging
and re-staging SNMM to
evaluate expansion of the
primary tumor, LCR, and distant
metastasis

Howell et al.206 2011 4 Retrospective
case series

Patients diagnosed
with ONB (n = 48)

1. Cervical
nodal
metastasis

2. Nodal
imaging char-
acteristics

1. Level II is the first site of
cervical metastasis in ONB

2. Levels I and III and RPLNs are
often involved.

3. RPLN is present in 43% of
patients with cervical
lymphadenopathy

4. Cervical metastatic nodes are
solid, enhance with contrast,
and have moderate to high FDG
avidity

5. Retropharyngeal space should
be examined in all patients with
ONB

Wild et al.221 2006 4 Retrospective
case series

Patients diagnosed
with sinonasal,
orbital, and
pterygopalatine or
infratemporal fossa
tumors undergoing
PET/CT (n = 21)

PET/CT use in
identifying
regional and
distant
metastasis

1. PET/CT, MRI, and CT were
concordant in initial staging for
regional LNs

2. PET/CT is useful for assessing
distant metastasis in initial
staging and restaging

3. PET/CT may be more useful in
assessing regional metastasis in
restaging than in staging

4. PET/CT is of limited value in
patients moderate FDG uptake
of their primary tumor

Helsel et al.225 2003 4 Retrospective
case series

FNAB cytology from
primary and
metastatic sites of
patients diagnosed
with sinonasal
cancers (n = 20)

Value of FNAB
cytology to
diagnose
sinonasal
tumors and
their
metastasis

FNAB cytology is useful and
accurate in the diagnosis of both
primary sinonasal tumors and
regional and distant metastatic
sites

Watarai et al.205 1993 4 Retrospective
case series

Patients with maxillary
sinus carcinoma
(n = 25)

Incidence and
use of CT in
detecting
RPLN

1. Incidence of RPLN ≥8 mm in
long axis on CT: four out of 25
(16%)

2. CT (with <5-mm cuts): useful to
detect RPLN

(Continues)
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ICAR SINONASAL TUMORS 73

TABLE IX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Weber and
Stanton207

1984 4a Retrospective
cohort

Patients with
malignant paranasal
sinus tumors
(n = 200, 144
carcinoma, 56
noncarcinoma)

1. Incidence of
cervical LN
and/or
distant
metastasis

2. Imaging
criteria in
workup of
cervical LN
metastasis

1. Regional and/or distant
metastasis: 33% in carcinomas,
37% in noncarcinomas

2. CT is useful to detect RPLN and
cervical LN metastasis

Ferrari et al.231 2021 5 Review/expert
opinion

Sinonasal SCC N/A PET/CT should be performed in
advanced head and neck SCC to
assess the primary site, regional
metastasis, and distant metastasis

Dumont et al.214 2020 5 Review/expert
opinion

ONB N/A 1. Clinical exam, cervical MRI and
CT scan, and PET should be
used to assess cervical
lymphadenopathy

2. PET should be used to assess
distant metastasis

3. Chest and abdominal CT and/or
hepatic ultrasound should be
done when specifically
investigating lung and liver
metastasis

Virarkar et al.219 2020 5 Review/expert
opinion

Imaging in NUT
midline carcinoma

N/A 1. CT, MRI, and PET/CT: essential
for staging of NUT midline
carcinoma

2. Occasional involvement of
cervical LN, nonnecrotic

3. Distant metastasis: bone most
common

Abdelmeguid
et al.210

2019 5 Review/expert
opinion

SNUC N/A 1. CT and MRI to assess cervical
adenopathy

2. PET and CT chest to assess
distant metastasis

Bossi et al.199 2016 5 Review/expert
opinion

SNM N/A 1. Neck palpation should be
performed on physical exam to
look for enlarged cervical
adenopathy

2. Neck US for sinonasal tumors
with the high-risk features

3. FNAC for cervical adenopathy
Lund et al.68 2016 5 Review/expert

opin-
ion/guidelines

Nose and paranasal
sinus tumors

N/A 1. Use MRI to assess invasion of
orbital contents, dura, brain, and
cavernous sinus

2. Use PET–CT to:
- assess for distant metastasis in
primary tumors with
aggressive histopathology

- rule out a primary tumor
elsewhere in the body if a
sinonasal tumor is suspected
to be a metastasis

(Continues)
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TABLE IX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Abraham208 2015 5 Review/expert
opinion

Head and neck cancer
patients

N/A In sinonasal tumors:
1. MRI to assess orbital and

intracranial extension
2. US use is limited
3. PET/CT for staging and to assess

cervical adenopathy
Antoniou211 2014 5 Review/expert

opinion
SNM N/A 1. MRI to assess orbital and

intracranial extension
2. PET/CT for systemic staging and

cervical adenopathy has
superior sensitivity and
specificity for nodal staging than
anatomic modalities

Gilain et al.213 2014 5 Review/expert
opinion

Nasal and paranasal
SNMM

N/A 1. Neck palpation should be
performed on physical exam to
look for enlarged cervical
lymphadenopathy

2. MRI to assess brain metastasis
3. CT chest, abdomen, and pelvis

and PET/CT to assess distant
metastasis

Llorente et al.98 2014 5 Review/expert
opinion

Sinonasal carcinoma N/A PET–CT: Indications not clearly
defined. Useful for patients with
suspected metastasis.

Jegoux et al.215 2013 5 Review/expert
opinion

Paranasal sinus
cancers

N/A 1. Neck palpation should be
performed on physical exam to
look for enlarged cervical
adenopathy

2. CT neck and chest is indicated
for staging of regional and
distant metastasis

3. No consensus on PET/CT, but
can be used for initial staging

Rankin209 2003 5 Review/expert
opinion

Imaging in malignant
sinus tumors

N/A 1. Cervical nodal metastasis:
- CT: NPV 84%, PPV 50%
- MRI: NPV 79%, PPV 52%
- PET: sensitivity 80%–96%;
specificity 90%–94%

2. CT and MRI are similar in
accuracy in identifying cervical
nodal metastasis

3. PET: Useful for staging regional
and distant metastasis

Abbreviations: CT, computed tomography; FNAB, fine-needle aspiration biopsy; LN, lymph node; MRI, magnetic resonance imaging; NPV, negative predictive
value; ONB, olfactory neuroblastoma; OS, overall survival; PET, positron emission tomography; PPV, positive predictive value; RPLN, retropharyngeal lymph
nodes; SCC, squamous cell carcinoma; SEER, Surveillance, Epidemiology, and End Results; SNM, sinonasal malignancy; US, ultrasound.
aLOE downgraded for lack of controlling for confounding factors.
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ICAR SINONASAL TUMORS 75

peripheral nerve sheath tumor, ACC, adenocarcinoma,
and metastatic lesions.216,223
Maurer et al. demonstrated that use of hybrid PET

results in both additional radiological and clinically rel-
evant information, suggesting that hybrid PET imag-
ing should be used in staging all sinonasal cancers.198
If PET/CT is used, it should be combined with addi-
tional MRI.198 Thus, further studies on the use of hybrid
PET/MRI have the potential tomake it the imagingmodal-
ity of choice in the future, combining both high-yield
imaging techniques into one test.
Gallium-69 Dotatate PET/CT imaging is another func-

tional imaging modality in somatostatin receptor overex-
pressing sinonasal tumors, such as ONB and SNEC.224
It has the potential to be very useful in detecting small
tumors and metastasis that may not have been identified
with traditional imaging methods due to its strong affinity
to the receptor. However, one must be aware that menin-
giomas, reactive lymph nodes, and other inflammatory
processes, as well as some organs (liver, spleen, adrenal
glands, pancreas, thyroid, and salivary glands), may also
present with uptake despite being benign processes.224

D Biopsy

When cervical adenopathy is identified on physical exam
and/or imaging, fine-needle aspiration biopsy (FNAB)
should be performed to confirm histopathology and diag-
nosis of cervical metastasis. FNAB with image guidance
(ultrasound or CT) is preferred.196 The use of FNAB for
histopathological diagnosis of primary and distant metas-
tasis is also described.196,199,225 FNAB provides a rapid
cytopathologic diagnosis of regional and, in many cases,
distant metastasis. However, the RPLN can be a challeng-
ing location for FNAB due to anatomic constraints of the
facial bones and the proximity of carotid sheath. Some
providers have described endoscopic ultrasound-guided
needle biopsy approach to the RPLN, but the value of such
a procedure over imaging-based diagnosis has not been
fully studied.226,227
In cases of recurrent/metastatic disease, large vol-

umes of tissues are required, and core needle biopsy is
a useful office-based procedure for this tissue acquisi-
tion. Advanced genomic sequencing allows providers an
opportunity to incorporate targeted therapies as part of a
patient’s treatment, but such testing requires a larger vol-
ume of tissue that can be acquired via core needle biopsy.
Based on this review, physical examination with pal-

pation of the neck and imaging with CT and/or MRI
should be requested in search of regional cervical and
RPLN metastasis. RPLNs appear to be more prevalent
thanpreviously thought and should always be investigated,
preferably with MRI. Hybrid PET has shown increased

usefulness in staging of sinonasal tumors and should be
considered in primary workup due to its many benefits.
However, clinicians should remain aware of the limita-
tions of this imaging modality. PET/MRI shows promise
as an imagingmodality that should be further investigated.
Table IX.1 summarizes evidence surrounding the workup
of regional and distant metastasis.

Workup of regional and distant disease

Aggregate grade
of evidence

C (Level 3: four studies; Level 4: 16 studies;
Level 5: 12 studies)

Benefit CT and MRI are complementary for regional
and distant disease workup. Functional
imaging such as PET/CT has high sensitivity
and NPV, allows for baseline imaging, and is
a single imaging technique for rapid
simultaneous qualitative evaluation of the
primary, regional, and distant metastasis.

Harm CTs expose patients to radiation. Workup of
regional and distant metastasis and
false-positive PET/CT may lead to additional
(and potentially unnecessary) investigations,
patient anxiety, and increased costs without
a change in treatment. In a healthcare
setting with limited resources, this may
further increase delays in diagnosis and
strain on the system.

Cost There is potential cost–benefit of hybrid PET
scans since they can combine PET/CT or
PET/MRI into a single exam and reduce the
number and duration of hospital visits.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

CT and MRI are both useful modalities for
regional and distant disease assessment. CT
is faster, better tolerated, and more readily
available than MRI, but does incur radiation
exposure. MRI does not subject patients to
ionizing radiation, but takes longer to
perform, has a risk of motion artifact, and is
contraindicated in patients with
noncompatible ferromagnetic devices.
Hybrid PET imaging allows for more rapid
and accurate diagnosis of regional and/or
metastatic disease, especially for high-grade
tumors and/or those tumors prone to
metastases (e.g., SNUC, melanoma).
However, there is potential for false-positive
results, and thus it may be more useful for
restaging than initial staging. It may not be
as useful for tumors with low FDG avidity.

Policy level Recommendation.

(Continued)
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76 KUAN et al.

Intervention CT and MRI remain the conventional
imaging modalities. Hybrid PET or other
full-body imaging should be considered in
the investigation of regional and distant
metastases in SNM. Presence of enlarged
RPLNs should always be evaluated on CT
or MRI.

X SURGICAL APPROACH

Over the past two decades, the approach to treating SNM
has transitioned from radical open surgeries to more min-
imally invasive approaches.30,232 In 1963, Ketcham et al.
introduced the transfacial and transcranial (CFR) proce-
dures to address SNM.233,234 The approach was found to
improve survival, and CFR was subsequently deemed the
gold standard for SNM treatment.22 While CFR has tradi-
tionally allowed for en bloc GTR of tumors, this approach
was associated with a high rate of complications includ-
ing CSF leaks, increased hospital length of stay (LOS), poor
cosmesis, and perioperative mortality.174
Endoscopic endonasal sinus surgery was introduced in

1986 as a means to treat chronic sinusitis.235 Proponents
found that it offered better visualization, reduced recovery
times, and precluded the need for external incisions.236,237
Over time, adaptation of endoscopic techniques to EEA
was successfully used to address benign sinonasal lesions.
Bolstered by early retrospective cases series indicating sim-
ilar survival and decreased morbidity using EEA for SNM
as compared to published rates for open approaches,238,239
EEA began gaining traction as a main approach to address
SNM.
An important concern with EEA was increased risk

for recurrence.239 En bloc GTR was the gold standard for
resection of malignant tumors. Alternatively, EEA utilizes
progressive resection,moving from the distal aspects of the
mass proximally toward its site of origin/attachment, with
the goal of resecting the tumor pedicle en bloc with wide
margins.240 Frozen sections are used to assess margin sta-
tus. Early studies showed no association between positive
margin status and type of surgical approach.241–243 Fur-
thermore, the development of the nasoseptal flap (NSF) for
more effective skull base reconstruction led to increased
use of EEA to address SNM.244,245
The efficacy of EEA as compared to open approaches

to address SNM is still debated, especially for locally
advanced and recurrent neoplasms. Additionally, the rare
nature and heterogeneity of these tumors make random-
ized, adequately powered studies difficult to perform.
This section reviewed the available literature to com-
pare outcomes after EEA, endoscopic-assisted, and open
procedures for the surgical resection of SNM. To mean-

ingfully compare outcomes between surgical approaches,
only studies with at least 20 total subjects were included.

A Squamous cell carcinoma

Current data investigating open versus EEA of sinonasal
SCC are limited to retrospective studies (Table X.1). Kilic
et al. queried the NCDB for cases of sinonasal SCC with-
outmetastases treated surgically between 2010 and 2014.135
They found that using open approaches was associated
with longer hospital LOS (open 4.7 vs. EEA 2.5 mean
days; p < 0.0001). Five-year OS was not significantly dif-
ferent between the two approaches (OS: open 56.5% vs.
EEA 46.0%; p= 0.953). The findings were confirmed using
propensity score-matched cohorts (n= 326 in each group).
In these cohorts, the 5-year OS was not significantly dif-
ferent between the open and EEA groups (56% vs. 51%;
p= 0.850). Mortality at 30 and 90 days did not differ signif-
icantly between the groups.246 The authors concluded that
EEA is an effective alternative to open surgery, even after
accounting for confounding factors, and is also associated
with a shorter hospital LOS. Torabi et al. queried theNCDB
and found that EEA was not associated with an increased
rate of positive margins in 2968 cases of sinonasal SCC.241
Additionally, Karligkiotis et al. found that, in 34 patients
treated for SCC arising from IP, OS, DFS, and RFS rates
were comparable to traditional open approaches.247

B Olfactory neuroblastoma

A number of studies have compared outcomes between
EEA and open approaches for anterior skull base (ASB)
resection of ONB, though most studies examined small
retrospective cohorts (Table X.2).246,248–254 One of the ear-
liest studies comparing open versus EEA was a systematic
review by Devaiah et al. in 2009 demonstrating signifi-
cantly improved OS in the EEA group. Since then, two
systematic reviews, containing primarily level 4 stud-
ies, showed no significant difference in rate of GTR
or complication rates between open and EEA.255–257 Fu
et al., in another systematic review, showed that EEA
was associated with improved OS regardless of stage or
grade (p = 0.001), and in patients with Kadish C or D
tumors (p = 0.04) or with Hyams grade III/IV disease
(p = 0.001).258 Additionally, the rates of distant metas-
tasis, cause-specific mortality, and overall mortality were
significantly lower in EEA. Barinsky et al. presented a
large ONB cohort study of 533 cases comparing 267 open
approaches to 257 EEA.254 Cases denoted as endoscopic
converted to open were included in the open approach
cohort. There were no differences between the cohorts in
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ICAR SINONASAL TUMORS 77

TABLE X . 1 Evidence surrounding open versus endoscopic approach for squamous cell carcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Karligkiotis
et al.247

2016 3 Retrospective
cohort

34 IP-SCC patients 1. 5-year OS
2. 5-year DSS
3. 5-year RFS

EEA has similar oncologic
outcomes for sinonasal IP-SCC to
those observed with traditional
open approaches

Torabi et al.241 2020 4 Retrospective
database
(NCDB)

1329 SCC patients
EEA (n = 216)
Open (n = 1113)

1. Positive
margins

2. OS

No association between positive
margins and surgical approach

Kilic et al.135 2017 4 Retrospective
database
(NCDB)

1483 SCC patients
EEA (n = 353)
Open (n = 1130)

1. OS
2. 30- and

90-mortality
3. LOS

1. EEA is comparable to open
approaches, even accounting for
confounding factors

2. EEA is associated with a shorter
hospital LOS

Abbreviations: DSS, disease-specific survival; EEA, endoscopic endonasal approach; IP, inverted papilloma; LOS, length of stay; OS, overall survival; RFS,
recurrence-free survival; SCC, squamous cell carcinoma.

demographics, disease characteristics, or treatmentmodal-
ities. The EEA overall had a shorter hospital LOS (3.8 vs.
7.0 days; p < 0.001) and a greater 5-year OS (81.9% vs.
75.6%; p = 0.03). After multivariate regression, there was
a trend toward greater survival benefit from EEA, but this
did not reach significance. Patients undergoing EEA were
more likely Kadish stage C (45.9%), followed by stages
A (32.2%), B (14.4%), and D (7.4%). Taken together, the
current level 4 evidence indicates that EEA achieves com-
parable control rates and survival, along with decreased
complication rates, compared to open approaches for
ONBs.

C Adenocarcinoma

Meccariello et al. published a systematic review on
1826 patients comparing EEA versus open approach
for sinonasal adenocarcinoma (n = 431 EEA, n = 31
endoscopic-assisted, n = 1270 open).259 They found a
significantly shorter hospital LOS in the EEA group as
compared to the endoscopic-assisted or open groups. The
incidence of local failure was lower in the EEA group as
compared to the open group (17.8% vs. 38.5%; p< 0.01). The
EEA and endoscopic-assisted groups showed lower rates
of major complications (6.6% EEA and 25.9% endoscopic-
assisted) as compared with the open group (36.4% open;
p< 0.01). In a single-institutional retrospective study,Mor-
tuaire et al. compared open (n = 23) to EEA (n = 20)
approaches for resection of ITAC of the ethmoid sinus.260
The two groups were comparable in terms of age, occu-
pational dust exposure, histopathological subtypes, and
pathologic T stage. No major complication was observed
in the EEA group. DFS was not different between the
open and EEA groups over a mean follow-up period of

6.6 years. The LOS was significantly less for the EEA ver-
sus the open approach (endoscopic 4.4 ± 1.5 days vs. open
7.0± 1.3 days; p= 0.01). Local recurrenceswere observed in
nine patients (five from the open group and four from the
EEA group). Other individual retrospective cohort studies
published similar findings showing comparable outcomes
between EEA and open approaches for adenocarcinoma of
the paranasal sinuses (Table X.3).259–264

D Sinonasal sarcoma

Limited data are available on the outcomes of open surgery
versus EEA of sinonasal sarcomas (Table X.4). Gore et al.
performed a systematic review of sinonasal sarcoma stud-
ies. They reported that 5-year OS was not statistically
different between cohorts (68.5% EEA, n = 24; 100%
endoscopic-assisted open, n = 3; 77.8% open, n = 57;
p = 0.80).265 Overall, the data suggest that open surgery
and EEA have similar survival in sinonasal sarcoma,
but additional large studies are needed to control for
confounders.265,266

E Sinonasal mucosal melanoma

Sinonasal mucosal melanoma (SNMM) universally por-
tends a poor prognosis. Numerous studies have looked
specifically at EEA for sinonasal SNMM,267–279 of which
most have been smaller cohort studies. Most show sim-
ilar outcomes between EEA and open approaches when
adjusting for disease severity. It should be noted that
advances in adjunctive oncologic treatments have prob-
ably influenced many of these outcomes in both sur-
gical approaches, as SNMM patients typically receive
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78 KUAN et al.

TABLE X . 2 Evidence surrounding open versus endoscopic approach for olfactory neuroblastoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Morgenstern
et al.256

2019 2 Systematic
review

EEA
TCA
Number of studies or
cases was not given

1. GTR rate
2. CSF leak rate

1. Similar rates of GTR and CSF
leak between open and EEA

2. Selection of surgical approach
for ONB is influenced by the
extent of disease

3. Kadish A/B lesions are more
commonly treated with EEA

Fu et al.258 2016 2 Systematic
review and
meta-
analysis

609 ONB patients from
36 studies

1. OS
2. DSS
3. LRC
4. Complications

1. EEA associated with improved
OS and DSS

2. EEA have comparable control
rates to open approaches

3. Open approaches have greater
risks of intracranial and total
complications, but similar rates
of CSF leak rates

Komotar
et al.257

2013 2 Systematic
review

453 patients
CFR (n = 134)
EEA (n = 54)
CN (n = 12)

1. GTR
2. Margins
3. Complications
4. Recurrence

In well-selected cases, CN and EEA
have similar or better GTR,
negative margin rates, and lower
recurrence rates

Devaiah and
Andreoli255

2009 2 Systematic
review and
meta-
analysis

361 patients from 23
studies

Open (n = 214)
EEA (n = 40)
Endoscopic-assisted
(n = 57)

OS 1. OS was greater for EEA
compared to open approaches

2. EEA are valid treatment options
with comparable to survival to
open approaches

Kim et al.253 2019 3 Retrospective
cohort

28 ONB patients
CFR (n = 14)
EEA (n = 14)

1. PFS
2. OS
3. LRC

No significant difference between
open and EEA in PFS, OS, and
LRC

Mays et al.252 2018 3 Retrospective
cohort

35 ONB patients
Open (n = 11)
EEA (n = 24)

DFS DFS was not significantly different
between surgical approach

Petruzzelli
et al.251

2015 3 Retrospective
cohort

31 ONB patients
CFR (n = 20)
EEA (n = 9)
Maxillectomy (n = 2)

1. Complications
2. Recurrence

1. No surgical complications or
recurrent disease was observed
in the EEA or open medial
maxillectomy cohorts

2. Surgical complications and
recurrence were higher in the
open approach group

Tajudeen
et al.249

2015 3 Retrospective
cohort

36 ONB patients
Transfacial approach
without craniotomy
(n = 20)

EEA (n = 8)
CFR (n = 8)

1. OS
2. RFS
3. Complications
4. LOS

1. Comparable survival and
complication rates among all
approaches

2. Decreased LOS in EEA

Rimmer et al.246 2014 3 Retrospective
cohort

95 ONB patients
CFR (n = 65)
EEA (n = 30)

1. OS
2. DFS

OS and DFS were improved in EEA
group, but this group also was
less likely to have advanced
disease or orbital/dural
involvement

(Continues)
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ICAR SINONASAL TUMORS 79

TABLE X . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Song et al.250 2012 3 Retrospective
cohort

35 ONB patients
Open CFR (n = 12)
Endoscopic CFR with
craniotomy (n = 11)

Transnasal endoscopic
resection without
craniotomy (n = 5)

1. DFS
2. Complications
3. Operation time

1. Less blood less and shorter
operation time in endoscopic
groups

2. Endoscopic approaches for
advanced ONB showed
comparable survival results
compared to open approaches

Barinsky
et al.254

2021 4 Retrospective
database
(NCDB)

533 ONB patients
Open (n = 267)
EEA (n = 257)

1. LOS
2. OS

1. Increased OS in EEA patients
compared to open approach,
regardless of Kadish stage

2. EEA reduced hospital LOS
Wertz et al.248 2018 4 Retrospective

case series
41 ONB patients
EEA (n = 6)
Combined open and
endoscopic (n = 1)

Open approach
(n = 34)

Major
complications

No significant difference in major
complications between open and
EEA

Abbreviations: CN, cranioendoscopic; EEA, endoscopic endonasal approach; GTR, gross total resection; LRC, locoregional control; NCDB, National Cancer
DataBase; ONB, olfactory neuroblastoma; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival; TCA, transcranial approach.

postoperative RT and/or immunotherapy. Almutuawa
et al. in 2020 presented a retrospective cohort study on the
outcomes of 20 SNMMs comparing 10 open approaches to
10 EEA.277 The EEA group had overall improved median
(31.67 vs. 11.17 months) and 1-year survival (80% vs. 30%,
p = 0.032). Multivariate analysis adjusting for potential
confounders showed an increased risk of mortality for the
open approach compared to EEA.
Farber et al. compared EEA and open approaches by

querying the NCDB for nonmetastatic SNMM initially
managed with definitive surgery.278 Cohorts of 240 EEA
and 240 open approaches were matched 1:1 on all signif-
icant demographic and clinicopathologic variables. The
1-, 3-, and 5-year OS rates were comparable (p > 0.05)
for EEA (78.1%, 50.5%, and 38%, respectively) and open
approach (77.4%, 43.6%, and 34.7%, respectively). There
were absolute differences in LOS (1.4 vs. 3.0 days), 30-
day readmission rate (4.8% vs. 0%), and 30-day (0% vs.
1.3%) and 90-day (0.7% vs. 3.2%) mortality for the EEA
versus open groups, though only LOS and readmissions
reached significance. Hur et al. also conducted a system-
atic review showing that 5-year OSwas significantly longer
in patients undergoing EEA versus open approach, but
there was no difference in DFS.279 More than 85% of the
studies reviewed reported no difference in the average dis-
ease stage between the EEA and open groups, suggesting
the results may apply to tumors of all stages. Despite the
overall poor prognosis of SNMM,EEAappears to offer sim-
ilar survival rates to open approaches in level 4 studies
(Table X.5).

F Overall outcomes

Numerous studies have shown comparable outcomes
between EEA and open approaches when adjusting
for tumor type, stage, margins, and other prognostic
factors.14,182,264,265,280–299 Husain et al. queried the NCDB
and compared a cohort of 2292 cases, of which 645 under-
went EEA and 1647 open approach.288 The 5-year OS
for the open versus EEA groups was 59.6% and 60.8%,
respectively (p = 0.106). The mean LOS for the EEA was
significantly lower than for the open approach (3.13 vs.
5.52 days, p < 0.05). The 30-day readmission rate was
not different between groups (p = 0.804). There were no
significant differences in mortality rates.
Rutland et al. reviewed their 10-year experience with

EEA versus transcranial approach for skull basemalignan-
cies. This single-institution retrospective review consisted
of 30 open approaches versus 30 EEA.282 There were no
significant differences in age, sex, T stage, or Kadish stage
between groups. GTR for open approach (76.7%) and EEA
(90.0%) was not significantly different (p = 0.30). Blood
loss was 247% higher and LOS was 251% longer in open
approaches, which persisted after controlling for age, sex,
T stage, tumor volume, and histopathology. Local recur-
rence rates were higher after open approaches (41.4% vs.
13.3%). The 5-year OS was higher for the EEA group (71.3%
vs. 26.7%).
Beswick et al. performed a prospective multicenter

cohort study comparing complications rates between EEA
and open approaches for SNM treated primarily with
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80 KUAN et al.

TABLE X . 3 Evidence surrounding open versus endoscopic approach for adenocarcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Meccariello
et al.259

2016 2 Systematic
review

1826 patients from 39
studies

EEA (n = 431)
Endoscopic-assisted
approach (n = 31)

Open approach
(n = 1270)

1. LOS
2. Local failure
3. Complications

EEA and endoscopic-assisted
surgery showed low rates of
major complications, lower rates
of local failure, and shorter LOS
as compared to open approaches

Mortuaire
et al.260

2016 3 Retrospective
cohort

43 patients
Open (n = 23)
EEA (n = 20)

1. LOS
2. DFS

LOS was shorter in the EEA group
with similar rates of DFS to open
procedures

Grosjean
et al.264

2015 3 Retrospective
cohort

74 patients
EEA (n = 43)
Transfacial resection
(n = 31)

1. OS
2. DSS
3. LRC
4. LOS
5. Complications

1. 3-year OS, DSS, and LRC were
not different between groups

2. Morbidity was significantly
lower with EEA for all criteria

3. EEA group exhibited a shorter
LOS

Vergez et al.261 2012 3 Retrospective
cohort

48 patients
EEA (n = 24)
Open (n = 24)

1. OS
2. LOS
3. DFS
4. Complications

1. OS and disease-free rates were
not significantly different
between approaches

2. Median LOS was significantly
shorter in the EEA group

3. The rate of early complications
was identical in both groups

Nicolai et al.262 2011 3 Retrospective
cohort

67 patients
EEA (n = 12)
EEA with transnasal
craniectomy (ERTC,
n = 17)

Cranioendoscopic
(CN, n = 9)

External approaches
(n = 11)

CFR (n = 18)

1. OS
2. Complications
3. LOS

EEA in properly selected patients
was associated with improved
3-year OS and a reduction in both
complication rate and LOS

Abbreviations: CN, cranioendoscopic; DFS, disease-free survival; DSS, disease-specific survival; EEA, endoscopic endonasal approach; GTR, gross total resection;
LOS, length of stay; LRC, locoregional control; OS, overall survival; RFS, recurrence-free survival.

TABLE X . 4 Evidence surrounding open versus endoscopic approach for sinonasal sarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Gore265 2018 3 Retrospective
cohort

198 patients (EEA vs.
open approaches)

1. OS
2. DFS

No significant difference in survival
between open and EEA
approaches

Guo et al.266 2014 3 Retrospective
cohort

23 patients
Open (n = 15)
EEA (n = 8)

Mean interval to
recurrence

Mean interval of recurrence was not
statistically different between
open approach and EEA groups

Abbreviations: DFS, disease-free survival; EEA, endoscopic endonasal approach; OS, overall survival.

surgery for curative intent.14 In this study, the open
approach group included endoscopic-assisted open cases
(98 EEA vs. 44 open approach). Complication rates were
similar between the EEA and open approaches, without

controlling for other factors. Regression analysis showed
that the open approach was associated with increased
odds of experiencing a complication (OR 3.34; 95% CI:
1.06–11.19). No difference was found in Charlson(–Deyo)
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ICAR SINONASAL TUMORS 81

TABLE X . 5 Evidence surrounding open versus endoscopic approach for sinonasal mucosal melanoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Hur et al.279 2019 2 Systematic
review and
meta-
analysis

510 patients from nine
studies

EEA (n = 232)
Open (n = 253)
Combined approach
(n = 25)

1. OS
2. DSS

1. EEA group exhibited higher OS
than open group

2. EEA has similar DFS as open
approaches

Almutuawa
et al.277

2020 3 Retrospective
cohort

20 patients
EEA (n = 10)
Open (n = 10)

1. OS
2. Complications

EEA had improved OS compared to
open approach and lower risk of
death

Lundberg
et al.274

2019 3 Retrospective
cohort

58 patients
EEA (n = 10) Open
(n = 30)

1. DSS
2. LRC

LRC and DSS were comparable
between surgical approaches

Yin et al.268 2019 3 Retrospective
cohort

54 patients
EEA (n = 27)
Open (n = 27)

1. Local
recurrence

2. Distant
metastasis

3. LOS
4. Intraoperative

bleeding
5. Operative time

1. No difference in local recurrence
or distant metastasis between
surgical approaches

2. EEA had shorter LOS, less blood
loss, and shorter operative time
compared to open approaches

Cao et al.267 2017 3 Retrospective
cohort

33 patients
EEA (n = 15)
Open (n = 18)

1. Local control
2. OS
3. DFS

OS, DFS, and local control did not
differ by surgical approach

Sayed et al.271 2017 3 Retrospective
cohort

72 patients
Open maxillectomy
(n = 38)

CFR (n = 14)
EEA (n = 20)

1. RFS
2. OS

Surgical approach was not
associated with OS or RFS

Ledderose and
Leunig276

2015 3 Retrospective
cohort

22 patients
EEA (n = 10)
Open (n = 12)

1. DFS
2. RFS
3. LOS
4. Postoperative

pain

1. DFS and RFS were not affected
by surgical technique

2. LOS was shorter and postop
pain was lower in EEA group

Lund and
Wei275

2015 3 Retrospective
cohort

115 patients
Open (n = 35)
EEA (n = 16)

OS EEA had improved OS compared to
open approach

Swegal et al.270 2014 3 Retrospective
cohort

25 patients
EEA (n = 12)
Open (n = 13)

1. OS
2. DSS
3. LOS
4. Postoperative

bleed
5. CSF leak
6. Recurrence

1. Similar survival and morbidity
outcomes between EEA versus
open approach

2. No difference in complications
or LOS between the two
approaches

Farber et al.278 2019 4 Retrospective
database
(NCDB)

686 patients
EEA (n = 317)
Open (n = 369)

1. OS
2. LOS
3. Readmission

1. Open approach was associated
with longer LOS

2. EEA had higher rates of
unplanned readmission

3. Surgical approach did not
influence OS

(Continues)
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82 KUAN et al.

TABLE X . 5 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Miglani et al.272 2017 4a Retrospective
cohort

22 patients
EEA (n = 9)
Open (n = 13)

1. Negative
margins

2. Complications
3. LOS
4. OS
5. DFS

EEA offers comparable survival
outcomes to open surgery with
similar rates of complications
and negative margins

Won et al.269 2015 4a Retrospective
cohort

133 patients
EEA (n = 59)
Combined approach
(n = 11)

Open (n = 63)

1. Recurrence
2. OS

Endoscopic-inclusive surgical
approaches exhibited improved
local control and survival

Meng et al.273 2014 4a Retrospective
cohort

69 patients
Open (n = 41)
EEA (n = 28)

OS OS was similar between surgical
approaches

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; EEA, endoscopic endonasal approach; LOS, length of stay; LRC, locoregional control;
NCDB, National Cancer DataBase; OS, overall survival; RFS, recurrence-free survival.
aLOE downgraded for lack of controlling for confounding factors.

comorbidity index scores between the EEA and open
approach groups (p > 0.05).
Jiang et al. performed a systematic review and meta-

analysis of 23 studies comparingEEA (n= 653) versus open
approaches (n = 720).298 The authors performed a pooled
analysis that included 130 EEA and 118 open approach
patients. The OS in EEA was 31.7% compared to 21.1%
in the open approach group (p < 0.05). DFS for EEA
was 19.9% and for open surgery was significantly lower
at 15.5% (p < 0.05). Pooled analysis revealed significant
differences in OS, favoring EEA (HR 0.72, 95% CI: 0.58–
0.88, p = 0.002). However, the quality assessment of the
included studies was low and the assessment of certainties
was very low. The data consistently suggest that survival
outcomes for EEA are comparable or, in some cases, bet-
ter than the open approach. Data for low-stage tumors are
stronger than the data for high-grade tumors.
All studies included in this review compared an open

approach to EEA. The results published by most of the
studies currently available are limited due to their small
sample sizes, which are often unpowered and without
adjustment for comorbidities and covariates, and subject
to type 2 error. Nearly all utilize retrospective data with
some variability in the outcomes measured. There is also
selection bias whereby patients undergoing a more mini-
mally invasive approach have more favorable tumor stage,
histologic types, and prognostic factors. However, there
are some conclusions that can be drawn from the cur-
rently available evidence presented inmost of these studies
(Table X.6).

Open versus endoscopic approach for sinonasal tumors

Aggregate grade
of evidence

C (Level 2: one study; Level 3: nine studies;
Level 4: 45 studies)

Benefit Compared to open surgical approaches,
endoscopic surgical approaches generally
yield reduced morbidity and shorter
recovery times with similar oncologic
outcomes in low-stage tumors (stage T1–2;
Kadish A–B) and certain high-stage tumors
(stage T3–4; Kadish C–D)

Harm Failure to achieve GTR with negative margins
in extensive or high-stage tumors, which
could lead to tumor progression or invasion
of surrounding structures. Potential for
higher risk of CSF leak.

Cost Reduction in cost is possible with EEA
related to reduced operative times, shorter
hospital LOS, and reduced morbidity.

Benefits–harm
assessment

A preponderance of benefit over harm exists
for the use of endoscopic surgery
approaches in low-stage tumors.
For high-stage tumors, benefits of
endoscopic surgical approaches when
negative surgical margins can be achieved,
including reduced morbidity and shorter
recovery time, may outweigh potential
harms depending on the comfort and
experience of the surgical team.

(Continued)
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ICAR SINONASAL TUMORS 83

TABLE X . 6 Evidence surrounding overall outcomes in open versus endoscopic approach for sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Jiang et al.298 2022 2 Systematic
review and
meta-
analysis

1373 patients from 23
studies

EEA (n = 653)
Open (n = 720)

1. OS
2. DFS

EEA survival was comparable or
better than the open approach

Higgins et al.312 2011 2 Systematic
review and
meta-
analysis

226 patients from 15
studies

EEA (n = 56)
Open (n = 101)
Other (n = 69, not
included in analysis)

1. OS
2. DFS
3. LRC

1. EEA is comparable to open
approach for low-stage disease

2. In late-stage malignancies,
5-year survival and LRC rates
were highly variable in EEA

Lu et al.313 2019 2 Systematic
review and
meta-
analysis

900 patients from 10
studies

EEA (n = 399)
Open (n = 501)

1. Complications
2. LOS
3. Recurrence

Compared to open resection, EEA
exhibits complications and
disease recurrence and may
result in a shorter LOS

Caballero-
Garcia
et al.294

2022 3 Retrospective
cohort

50 patients
EEA (n = 25)
Open (n = 25)

1. LRC
2. OS
3. PFS
4. Operative time
5. LOS
6. Complications

1. Compared to open approach,
EEA improved 3-year LRC, OS,
and PFS

2. EEA reduced need for
transfusion, surgical time, cost,
and LOS

Beswick et al.14 2021 3 Prospective
cohort

142 patients
EEA (n = 98)
Open (n = 44, open
resection with or
without an
endoscopic
component)

Complications Compared to EEA, open resection
with or without an endoscopic
component was associated with
increased odds of developing a
complication

Rutland et al.282 2021 3 Retrospective
cohort

60 patients
EEA (n = 30)
Open (n = 30)

1. GTR
2. Intraoperative

blood loss
3. Operative time
4. LOS
5. Complications

EEA had shorter surgeries, lower
intraoperative blood loss, and
shorter LOS with similar GTR
and complication rates

Hagemann
et al.290

2019 3 Retrospective
cohort

225 patients
EEA (n = 123)
Open (n = 102)

1. OS
2. DSS

Similar OS and DSS between EEA
and open approaches for
low-stage tumors (T1–2) and
locally extensive high-stage
tumors (T4), with better survival
in the EEA group for T3 tumors

Fu et al.291 2017 3 Retrospective
cohort

106 patients
EEA (n = 15)
Open (n = 91)

1. Operative time
2. LOS
3. CSF leak

EEA has a longer operative time,
more CSF leaks, and longer ICU
stay than the open group without
free flap reconstruction

Farquhar
et al.292

2016 3 Retrospective
cohort

124 patients
EEA (n = 82)
Open (n = 42)

1. OS
2. DFS
3. LOS

EEA may provide improved OS and
DFS and shorter LOS

Naunheim
et al.285

2016 3 Retrospective
cohort

67 patients
EEA (n = 10)
Cranioendoscopic
resection (n = 12)

Open (n = 45)

1. OS
2. DSS
3. Complications

1. OS, DSS, and most
complications were similar
between approaches

2. Open transfacial incisions
predisposed patients to surgical
site infection

(Continues)
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84 KUAN et al.

TABLE X . 6 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Saedi et al.281 2014 3 Retrospective
cohort

160 patients
EEA (n = 72)
Open (n = 88)

1. Surgical
complications

2. Recurrence
3. OS
4. DFS

1. EEA for SNM can achieve
comparable outcomes to
conventional CFR if the tumor is
early stage

2. No correlation between surgical
approach and the rates of
recurrence, complications, and
survival

Suh et al.280 2013 3 Retrospective
cohort

49 patients
EEA (n = 36)
Open (n = 13,
including
endoscopic-assisted
approach)

1. Complications
2. DFS
3. OS
4. LOS

1. EEA had fewer surgical and
medical complications, shorter
LOS, and better DFS

2. OS is similar between EEA and
open approaches

Arnold et al.297 2012 3 Retrospective
cohort

83 patients
EEA (n = 28)
Open (n = 55)

1. DSS
2. RFS
3. Margin status
4. Complications

EEA outcomes are comparable to
the open approach for SNM, but
with lower complication rates

Parida and
Gupta283

2008 3 Retrospective
cohort

28 patients
EEA (n = 13)
Open (n = 15)

1. Recurrence
2. Complications

EEA and open maxillectomy
approaches had similar disease
recurrence and complications

Kim et al.287 2008 3 Retrospective
cohort

46 IP patients
EEA (n = 10)
Open (n = 36)

1. LOS
2. Operative time

EEA group had lower LOS and
operative time

Batra et al.314 2005 3 Retrospective
cohort

34 patients
EEA (n = 9)
Open (n = 25)

1. Complications
2. Recurrence
3. Mortality
4. Operative time
5. LOS

EEA was similar to open approach
for complication rate, recurrence
rate, mortality, operative time,
blood loss, and LOS

Povolotskiy
et al.315

2020 4 Retrospective
database
(NCDB)

1595 patients with
non-SCC sinonasal
cancer

EEA (n = 673)
Open (n = 922)

1. LOS
2. OS

Non-SCC sinonasal cancer
managed with EEA has a shorter
LOS and similar OS to open
approach

Abdelmeguid
et al.182

2020 4 Retrospective
case series

239 patients
EEA (n = 167)
Endoscopic-assisted
combo (n = 72)

1. OS
2. DSS
3. Margin status
4. Intracranial

complications
5. CSF leak

1. OS, DSS, negative margins, and
rate of intracranial
complications were all similar
between EEA and combo
approaches

2. EEA had descriptively higher
rates of CSF leaks

Husain et al.288 2019 4 Retrospective
database
(NCDB)

2292 patients
EEA (n = 645)
Open (n = 1647)

1. 90-day
mortality

2. OS

EEA and open approaches had
comparable 90-day mortality and
5-year OS

Krischek
et al.286

2014 4a Retrospective
cohort

30 patients
EEA (n = 9)
Open (n = 16)
EEA combined with
frontal craniotomy
combo (n = 5)

1. GTR
2. Recurrence
3. Complications

Open and EEA had similar
proportions of GTR and recurrent
disease

Hanna et al.289 2009 4a Retrospective
cohort

120 patients
EEA (n = 93)
Open (n = 27)

1. OS
2. DFS

No difference in OS or DFS between
approaches

(Continues)
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ICAR SINONASAL TUMORS 85

TABLE X . 6 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Nicolai et al.316 2008 4a Retrospective
cohort

184 patients
EEA (n = 134)
Open (n = 50)

DSS 5-year DSS was lower in open
approach than EEA

Buchmann
et al.295

2006 4 Retrospective
case series

63 patients
Open (n = 27)
Endoscopic (n = 36)

1. Disease-free
status

2. Mortality

Endoscopic techniques are
comparable to open techniques
in terms of disease-free status
and mortality

Castelnuovo
et al.139

2006 4a Retrospective
cohort

67 patients
EEA (n = 49)
Open (n = 18)

1. OS
2. Complications

EEA had better OS and fewer
complications

Abbreviations: CFR, craniofacial resection; DFS, disease-free survival; DSS, disease-specific survival; EEA, endoscopic endonasal approach; GTR, gross total
resection; LOS, length of stay; NCDB,National CancerDataBase; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival; SNM, sinonasal
malignancy.
aLOE downgraded for lack of controlling for confounding factors.

Value
judgments

Current conclusions are primarily based on
limited data. Many studies have small
sample sizes and cannot adjust for tumor
stage, patient comorbidities, covariates, or
tumor type. The above recommendations
are based on data quality, evaluation of
surgical outcomes, outcomes grouped by
tumor stage, and systematic reviews that
demonstrate consistent findings across
many studies. Most studies include a
heterogenous grouping of SNM, preventing
clear recommendations for approach by
tumor type or by tumor location. Larger
prospective studies are needed to develop
clear recommendations for surgical
approach, particularly in late-stage tumors
where data on endoscopic approach
outcomes are lacking.

Policy level Recommendation for EEA for low-stage
tumors.

Option for EEA for high-stage tumors.
Intervention In most low-stage sinonasal tumors,

endoscopic surgery should be considered
the first-line surgical approach to reduce
morbidity and recovery times while
achieving similar oncologic outcomes to
open surgery. In advanced-stage tumors
(such as T3–4), endoscopic SNM surgery
approaches should be considered on a
case-by-case basis according to the tumor
location, surgeon experience, patient
preference, tumor grade, and with
consideration of the risk–benefit ratio of
alternative treatment options.

G Approaches to the maxillary sinus

The maxillary sinus is the largest of the paranasal sinuses
and is the primary site of a number of malignant and
benign tumors, with much of the tumor literature in this
area focusing on IP. Historically, approaching maxillary
sinus tumors utilized open approaches (e.g., Caldwell-
Luc) to gain wide access and good visibility for resec-
tion. These open approaches often resulted in significant
morbidity, including pain, facial scarring, dental and/or
facial numbness, paresthesia, and devitalization of den-
tition. In the last several decades, there have been many
advances in endoscopic transnasal techniques to approach
the maxillary sinus, with improved endoscopic access,
faster healing, and lesser morbidity. This review exam-
ines the primary literature on extended maxillary sinus
approaches and compares the clinical outcomes across a
variety of maxillary surgical techniques.
Multiple heterogenous studies compare open to

endoscopic-assisted and pure endoscopic surgical tech-
niques for maxillary tumor resection (Table X.7). While
the granular surgical approaches and extent of tumor
involvement varied among publications, the studies
that compared endoscopic to open approaches generally
found similar rates of recurrence for maxillary IP after
both techniques. Moreover, Durucu et al. and Kim et al.
demonstrated that endoscopic and endoscopic-assisted
techniques, as compared to open approaches, had lower
rates of complications and shorter LOS after surgery.300,301
A number of case series were published on the use

of isolated maxillary approaches for IP and other tumors
involving the maxillary sinus (Table X.8). Recurrence rates
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86 KUAN et al.

TABLE X . 7 Evidence surrounding open versus endoscopic maxillary sinus approaches.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lawson and
Patel317

2009 3 Retrospective
cohort

200 IP patients Recurrence 1. IP should be addressed
endoscopically when possible

2. When access is limited via
endoscopic approach, external
approaches should be used to
ensure complete tumor control

Kim et al.301 2008 3 Retrospective
cohort

136 IP patients
Endo + endo-assisted
(n = 94)

Open (n = 42)

1. Recurrence
2. Complications
3. LOS
4. Operative time

1. Endo-based approaches can be
performed in a majority of IP
cases, with recurrence rates
similar to open approaches

2. Endo-based approaches take less
operative time, have shorter
LOS, and have fewer
complications

Nakayama
et al.318

2020 4a Retrospective
cohort

45 IP patients 1. Recurrence
2. Complications

PLA reduces recurrence and has
similar rates of complications in
maxillary IP

Yu et al.309 2018 4a Retrospective
cohort

71 patients with
maxillary IP

1. Recurrence
2. Complications

1. Endoscopic approaches
achieved similar or better
recurrence and complication
than open approaches

2. PLA is a minimally invasive,
safe, and effective method for
maxillary sinus IP

Nikakhlagh
et al.319

2015 4 Retrospective
case series

38 IP patients Recurrence Endoscopic approaches alone can
access most IP tumors and
achieve low recurrence rates

Lombardi
et al.320

2010 4a Retrospective
cohort

212 IP patients
Endo (n = 198)
Endo + open (n = 14)

Recurrence Endo and endo-assisted approaches
can be tailored to the tumor
extent with low IP recurrence
rates

Durucu et al.300 2009 4a Retrospective
cohort

56 IP patients
Endo (n = 23)
Endo-assisted (n = 14)
Open (n = 19)

1. Recurrence
2. Complications

1. Endo approaches were primarily
used in lower stage tumors

2. Endo approaches had low
recurrent rates in early-stage
tumors

3. Combined internal and external
approaches were used in
advanced cases and cannot be
compared to endoscopic
approaches

4. Endo approaches had lower
complication rates

Sham et al.321 2009 4a Retrospective
cohort

27 IP patients Recurrence 1. 30% patients with maxillary
sinus IP had recurrence
requiring additional procedures

2. Anterior wall maxillary IP are
more likely to recur than
posterior locations within the
sinus

Abbreviations: IP, inverted papilloma; LOS, length of stay; PLA, prelacrimal approach.
aLOE downgraded for lack of controlling for confounding factors.
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ICAR SINONASAL TUMORS 87

TABLE X . 8 Evidence surrounding isolated maxillary sinus approaches for sinonasal tumor resection.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lee et al.306 2020 4 Retrospective
cohort

22 IP patients 1. Recurrence
2. Complications

1. The MD technique is effective
for resection of primary and
recurrent maxillary IPs
involving the anterior wall.

2. The MD often eliminates the
need for an adjunctive sublabial
or transseptal incision while
providing exposure for
postoperative surveillance.

Stavrakas
et al.308

2021 4 Retrospective
case series

22 patients with
maxillary sinus
tumors

1. Recurrence
2. Complications

1. Endoscopic MD provides
excellent exposure to the
anterior maxillary sinus as well
as the PPF and ITF.

2. Endoscopic MD is associated
with low rates of complications
and low recurrence rates in a
variety of sinonasal pathology.

Wu et al.305 2018 4 Retrospective
case series

28 IP patients 1. Recurrence:
2. Tumor

characteristics

1. IPs originating from the
maxillary sinus frequently had
multifocal attachments, but this
did not impact disease
recurrence.

2. Maxillary sinus IPs can be
effectively managed via a purely
endoscopic approach.

Yu et al.309 2018 4 Retrospective
case series

71 maxillary sinus IP
patients

1. Recurrence
2. Complications

PLA is a safe and effective method
for excising primary or recurrent
IP with low postoperative
complication and recurrence
rates

Suzuki et al.322 2017 4 Retrospective
case series

51 IP patients 1. Recurrence
2. Complications

1. PLA was highly effective in
resecting maxillary sinus IP.

2. No atrophy was noted in the IT
in any patients on follow-up.

3. PLA was associated with few
complications.

Wang et al.304 2017 4 Retrospective
case series

22 IP patients 1. Recurrence
2. Complications

MM with an IT-reversing approach
is a safe and effective approach
for maxillary IP

Dean et al.303 2015 4 Retrospective
case series

35 IP patients N/A MM ± transeptal approach provides
excellent surgical access to
anterolateral maxillary sinus IPs

Pagella et al.307 2011 4 Retrospective
case series

20 IP patients 1. Recurrence
2. Complications

Endoscopic MM and MD are
excellent approaches for
maxillary sinus IP offering low
recurrence rates and minimal
complications

Lund et al.6 2010 4 Retrospective
case series

33 IP patients 1. Recurrence
2. Complications

MM with or without NLD sacrifice
is an effective and safe method
for resecting more advanced
maxillary sinus IPs

Abbreviations: IP, inverted papilloma; IT, inferior turbinate; ITF, infratemporal fossa; MD, modified Denker maxillectomy; MM, medial maxillectomy; NLD,
nasolacrimal duct; PLA, prelacrimal approach; PPF, pterygopalatine fossa.
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88 KUAN et al.

ranged from 0% to 12.5% for maxillary IP tumors. The
most common approach was endoscopic medial maxillec-
tomy with or without trans-septal access and transection
of the nasolacrimal duct. Liu et al., Dean et al., Wang
et al., and Wu et al. each reported small series of IP
cases, together totaling 118 patients treated with endo-
scopic medal maxillectomy with only three recurrences
(2.5%) during the duration of study.302–305 Reported com-
plications were rare (range 0%–17%) and included dry
nose, epistaxis, numbness of the front maxillary teeth, and
epiphora.
Other common maxillary tumor approaches include

endoscopic modified Denker maxillectomy and
prelacrimal approaches. Both allow the surgeon to
gain better access to the anterior maxillary wall and the
anterior inferior and anterior lateral disease. Additionally,
these approaches provide improved angles for accessing
the pterygopalatine and infratemporal fossa in endoscopic
surgery. In this review, we are unable to draw clear conclu-
sions about the advantage of one approach over the other
for maxillary sinus tumors. Lee et al., Pagella et al., and
Stavrakas et al. all reported on the endoscopic modified
Denker approach.306–308 In the combined 59 patients, two
patients developed recurrent tumors during the course
of study. The permanent complications reported after
modified endoscopic Denker included bleeding requiring
surgical treatment (n = 1), epiphora (n = 2), and facial
numbness (n = 3). Data on the prelacrimal approach
also demonstrate low rates of tumor recurrence and
complications. Yu et al. describe a case series of 71 patients
with Krouse stage T3 IP resected via the prelacrimal
approach, with a 7% recurrence rate and 7% of patients
experiencing facial numbness or mild alar collapse.309
Suzuki et al. also reported similar favorable outcomes with
the prelacrimal approach for IP with a 2% recurrence rate
and 14% incidence of transient upper lip numbness.310
The available literature is limited by significant hetero-

geneity of the population, tumor type/extent, and surgical
approach. This is compounded by the lack of prospective
data, variable follow-up timeframe, and inconsistency of
variables collected by the researchers. Moreover, most of
the studies looking at clinical outcomes aftermaxillary sur-
gical approaches occur in benign tumors, which may not
be translatable to malignant tumors in the same location.
Therefore, only themost basic of conclusions can be drawn
about surgical outcomes from areas of consistency across
many studies.
In conclusion, endoscopic maxillary sinus approaches

appear to have similar or better rates of recurrence in IP
and other benign tumors to the recurrence rates for open
approaches. It is not possible to advocate for one approach
over another. It is also not clear whether the experience in

benign tumors translates to a similar experience in more
aggressive malignancies. For instance, the presence of
maxillary sinus floor infiltration (involving mucosa/bone)
is a known negative prognosticator for primary maxil-
lary sinus malignancies.311 Thus, this is currently up to
the discretion of the surgeon to tailor the surgery to
the tumor pathology, location, and extent to ensure the
best patient outcomes. Furthermore, this reviewhighlights
multiple gaps in the literature where prospective cohort
studies and randomized controlled trials to compare surgi-
cal approaches could lead to better understanding of when
to employ specific open and endoscopic maxillary surgical
approaches.

Extended endoscopic approaches to the maxillary sinus

Aggregate grade
of evidence

C (Level 4: 12 studies)

Benefit Compared to open maxillary surgical
approaches, endoscopic maxillary surgical
approaches generally yield improved
morbidity and shorter recovery times with
comparable or even improved outcomes
based on the IP literature.

Harm Failure to achieve GTR with negative margins
in extensive or high-stage tumors,
particularly those with bony maxillary wall
and/or palatal invasion, which could result
in tumor progression or surrounding
structure invasion.

Cost Reduction in cost is possible with EEA
related to reduced operative times, shorter
hospital LOS, and reduced morbidity.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Current conclusions are primarily based on
limited data focused on IP resection. It is
unclear how these data will translate to
treatment of other primary maxillary
neoplasms, including malignancies,
especially those with bony invasion.
Moreover, many studies have small sample
sizes and cannot adjust for patient
comorbidities, covariates, or tumor stage.
Larger prospective cohort studies are
needed to develop clear recommendations
for maxillary surgical approach in
malignancies.

Policy level Recommendation for EEA for IP and other
benign lesions.
Option for EEA for malignant tumors
based upon anatomical involvement and at
the discretion and comfort of the surgeon.

(Continued)
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ICAR SINONASAL TUMORS 89

Intervention EEA should be the first-line surgical
technique for the resection of most IP
confined to the maxillary sinus to reduce
morbidity and recovery times while
achieving similar outcomes to open
surgery. Endoscopic maxillary surgical
approaches should be considered on a
case-by-case basis for malignancies and
other benign tumors in the maxillary
according to the tumor location, surgeon
experience, patient preference, and tumor
grade, with consideration of the
risk–benefit ratio of alternative treatment
options.

XI MANAGEMENT OF THE ORBIT

Benign and malignant pathology of the nasal cavity,
paranasal sinuses, and skull base often involves the
orbit, which can significantly impact surgicalmanagement
options. Malignancies of the sinonasal cavity have been
shown to involve the orbit to some degree in 40%–80%
of cases.174,175,323,324 Historically, orbital invasion portends
a worse overall prognosis with respect to RFS and DFS;
however, given its critical function, there remains some
debate over the optimal management of sinonasal tumors
with orbital involvement.175,177,325,326 With advancements
in surgical techniques, improved understanding of orbital
anatomy, and innovation in nonsurgical treatments, strate-
gies for orbital management in treating sinonasal tumors
have continued to evolve. This section presents the current
evidence on general principles in management of cases of
orbital involvement from sinonasal and skull base tumors,
as well as growing experience in minimally invasive endo-
scopic approaches to orbital management in the treatment
of sinonasal tumors. Histopathology-specific management
of specific orbital pathologies is covered in Section XIX.

A Orbital structures and grading orbital
invasion

Given the proximity of the orbital compartment to the
nasal cavity and paranasal sinuses, it is imperative to
understand the orbital structures and contents in consid-
ering surgical management. Though many of the specific
nuances of orbital anatomy is beyond the scope of this sec-
tion, this represents an overview of the relevant elements
when considering orbitalmanagement.327–331 The orbit is a
conical-shaped cavity that is encased by a sheath of perior-
bita, which is a connective tissue membrane that inserts
at the orbital apex and serves as a support structure for

blood supply to the orbital bones. Orbital contents include
the globe, extraocular muscles (EOMs), and a myriad of
neurovascular structures contained within the fat-filled
space. The EOMs, arising from attachment at the orbital
apex, divide the orbital compartment into intraconal and
extraconal spaces, wherein the intraconal space contains
the complex neurovascular network leading to the globe
including the optic nerve. With regard to the medial and
inferior extraconal versus intraconal spaces, these regions
are of notable importance when considering orbital inva-
sion from sinonasal tumors, since the depth of invasion
often dictates the feasibility of surgical approach.327,328,332
Lastly, though the bones of the orbit and periorbita serve
as robust barriers to orbital invasion, orbital involvement
from sinonasal tumors can proceed via direct invasion,
extension through existing foramina or fissures, and per-
ineural spread.164 It is worth noting that most sinonasal
tumors gain access into the orbit in the medial aspect,
where the lamina papyracea of the ethmoid bone may be
breached.
There has been a progression of grading systems for stag-

ing orbital involvement of sinonasal tumors (Table XI.1). In
1996,McCary et al. graded orbital involvement fromA toD,
with A classifying tumors adjacent to or abutting the orbit
and D classifying tumors with full-thickness periorbital
invasion.325 Subsequently in 2005, Iannetti et al. graded
orbital involvement from 1 to 3, with grade 1 being erosion
of themedial orbitalwall and grade 3 displaying invasion of
EOMs, optic nerve, or eyelid skin.324 In 2019, Turri-Zanoni
et al. expanded on the criteria laid forth by Iannetti et al.
by including four grades of orbital invasion, with grade 4
defined by involvement of the orbital apex.165
Clinically, although ocular symptoms such as epiphora,

diplopia, and visual changes can indicate orbital involve-
ment, the absence of clinical findings does not necessarily
rule out orbital invasion, which emphasizes the impor-
tance of imaging. Both CT and/or MRI of the paranasal
sinuses and orbits are critical for delineating the pres-
ence and degree of orbital invasion.333,334 Though CT is
often the preferred assessment tool for evaluation of the
bony orbital compartment, determining the status of the
periorbita and extraconal fat is often critical in determin-
ing feasibility of orbital preservation. Normal periorbital
lining is hypointense on T1 and T2 sequences on MRI,
and can often be considered intact in cases where this
lining is preserved and a visible delineation between
tumor and orbital fat is seen.333 Unfortunately, despite
the substantial improvement in MRI and CT resolution
since the mid-1990s, imaging can sometimes overestimate
EOM or intraconal involvement, highlighting the impor-
tance of intraoperative examination and use of frozen
sections.220,325,333,334
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90 KUAN et al.

TABLE X I . 1 Proposed grading systems for staging orbital
involvement by sinonasal tumors.

Study Year Grading scheme
McCary
et al.325

1996 Grade A: Tumor adjacent to orbit, no
bony erosion

Grade B: Tumor erosion of the orbital
wall without ocular bulb
displacement

Grade C: Tumor infiltration of the
orbital wall without periorbital
invasion

Grade D: Tumor with invasion of the
periorbita

Iannetti
et al.324

2005 Grade 1: Erosion or destruction of
medial orbital bone

Grade 2: Extraconal invasion of
periorbital fat

Grade 3: Invasion of extraocular muscle
(EOM), optic nerve, or eyelid skin

Neel
et al.341

2017 Grade 1: Tumor adjacent to orbit, no
significant periorbital involvement

Grade 2: Tumor invasion of the
periorbital layer

Grade 3: Invasion of the extrinsic
ocular muscles, optic nerve, ocular
bulb

Grade 4: Tumor invasion of the
nasolacrimal sac, eyelids

Grade 5: Tumor invasion of the
cavernous sinus, optic canal, or
intracranial extension

Turri-
Zanoni
et al.165

2019 Grade 1: Orbital bone erosion
Grade 2: Invasion of the periorbital
layer and/or periorbital fat

Grade 3: Invasion of the extrinsic
extraocular muscles, optic nerve, or
ocular bulb

Grade 4: Involvement of the orbital
apex

B Orbital preservation versus orbital
exenteration

In the era of multimodal therapy and minimally invasive
surgical corridors, there is a push to improve perioperative
patient morbidity while maintaining oncologic outcomes.
Given the significant morbidity from either orbital exen-
teration or a nonfunctional preserved eye, there has been
extensive study on the long-term outcomes of patients
undergoing orbital preservation, orbital exenteration, or
limited periorbital or orbital resection when sinonasal
tumors involve the orbit (Table XI.2).164,165,220,323–326,335–344
Orbital preservation is defined as maintaining the globe
with the goal of preserving a functional eye and asso-
ciated orbital contents. Orbital exenteration, also known

as orbital clearance, is defined by complete removal of
the orbital contents up to the orbital apex and, when
appropriate, removal of the eyelid skin or bones of the
orbit.342,344,345 Lastly, approaches for limited resection,
which falls under orbital preservation surgery, include
either resection of involved periorbita with a visual margin
or limited resection of extraconal orbital contents. These
approaches have been studied in relation toOS andDFS, as
they often balance functional outcomes with macroscopic
tumor clearance.
In the late 1990s, McCary et al. and Carrau et al.

described some of the foundational literature on selec-
tive orbital preservation versus exenteration for cases of
SNM involving the orbit.323,325 Through a retrospective,
single-institutional case review on malignant sinonasal
neoplasms with orbital involvement, McCary et al. found
that selective periorbital resection with adjuvant chemora-
diation was an acceptable alternative to orbital exentera-
tion with respect to local control (i.e., orbital recurrence)
rates, even in cases where there is orbital bony ero-
sion on imaging.325 With regard to OS, Carrau et al.
found that orbital exenteration does not increase survival
odds inmalignant sinonasal tumors without full-thickness
involvement of the periorbita based on an institutional
case series.323 Since these discoveries, other retrospec-
tive case series have confirmed and expanded on these
original findings on indications when orbital preserva-
tion may be more appropriate.164,165,220,339 Of note, selec-
tive periorbita resection is often a defining element in
orbital preservation surgery and, if attainable based on
pathology, allows for oncologic control with functional
visual outcomes.164,220,325,337–339 Importantly, both Imola
et al. and Essig et al. found that patients who under-
went orbital preservation surgery in cases of orbital bone
and/or periorbita involvement (without orbital fat or EOM
involvement) demonstrated stable visual acuity in the
majority of cases.337,338 Specifically, in Imola et al. and
Essig et al., 91% (49/54) and 97% (35/36) of patients,
respectively, who undergo orbital preservation surgery
maintain a functional, seeing eye postoperatively.337,338
Conversely, other studies have confirmed indications
for more aggressive orbital interventions, such that
patients with tumors involving the EOMs, optic nerve,
or intraconal space have improved OS and DSS when
orbital exenteration is performed compared to orbital
preservation.164,165,220,324,339,343
Although much of the available literature and recom-

mendations are based on level 4 evidence, with the major-
ity of studies being retrospective case series, two systematic
reviews and several literature reviews exist on the topic
of management of orbital involvement in SNM.342 Based
on the two studies with the highest LOE, orbital preser-
vation can be considered in cases of purely periorbital
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ICAR SINONASAL TUMORS 91

TABLE X I . 2 Evidence surrounding orbital preservation versus orbital exenteration.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Castelnuovo
et al.335

2021 2 Systematic
review

21 studies
Benign lesions (n = 84)
Malignant lesions
(n = 2449)

1. OS
2. DSR

1. Benign tumors allow for
invariable orbital sparing

2. Malignant tumors allow for
orbital sparing pending the
extent of infiltration and the
grading of the tumor

3. Multimodal therapy is typically
required in malignant tumors

Muscatello
et al.340

2016 2 Systematic
review

14 studies (n = 3146)
Group A—Orbital
bone erosion

Group B: Periorbital
involvement

Group C: Soft tissue
involvement

1. OS
2. DFS

1. Orbital exenteration is not
necessary with bone erosion
alone, optional in cases of
periorbital involvement

2. In cases of limited soft tissue
involvement, can consider
orbital preservation if fat can be
macroscopically cleared

Carrau et al.323 1999 2 Systematic
review and
meta-
analysis
with
retrospective
case series

Group A: Orbital bone
invasion without
Soft Tissue invasion
(n = 37)

Group B: Orbital soft
tissue invasion
(n = 21)

OS Orbital exenteration does not
increase survival odds, in tumors
where there is no full thickness
invasion of the periorbita

Safi et al.343 2017 3 Retrospective
cohort

Orbital invasion
beyond the
periosteum treated
with either
exenteration
(n = 29) or
preservation with
adjuvant radiation
(n = 23)

OS 1. 5-year OS was significantly
higher in patients with
exenteration compared to those
who had orbital preservation
with adjuvant radiation

2. Exenteration only recommended
if curative intent possible

Lisan et al.339 2016 3 Retrospective
cohort

Surgical (n = 58)
versus nonsurgical
treatment (n = 25)
options based on
degree of orbital
invasion

Orbital exenteration
versus orbital
preservation
dictated by
radiographic
examination for
orbital invasion

1. LR
2. OS
3. Distant

metastases
4. Functional

orbital and
globe
outcomes,
including
diplopia,
epiphora, and
visual loss

1. Greater OS in patients treated
with surgery than those who did
not undergo surgery

2. Similar local and orbital control
rates in those undergoing
preservation versus exenteration

3. Only patients with grade 2 or
lower underwent orbital
preservation

Imola and
Schramm338

2002 3 Retrospective
cohort

Orbital preservation
cohort (n = 54)
versus orbital
exenteration cohort
(n = 12)

1. OS
2. LR
3. Eye function

in
preservation
cohort

1. Long-term survival outcome was
mostly related to tumor
histology, and not related to type
of orbital surgery

2. Local recurrence and eye
functionality were not affected
by orbital preservation

(Continues)
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92 KUAN et al.

TABLE X I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ferrari et al.220 2021 4 Retrospective
case series

Cohort was divided
into six different
groups (A–F) based
on radiologic
characteristics of
orbital invasion
using Iannetti324 and
Turri-Zanoni165

criteria
Orbital preservation
surgery (n = 76) or
orbital ablation
(n = 47)

1. Surgical
management
(orbital
sparing,
orbital clear-
ance/exenteration)

2. Diagnostic
accuracy of
MRI in
determining
staging of
orbital
invasion

1. Orbital sparing surgery can be
considered when there is no
intraconal fat or EOM disease

2. MRI can often mis-stage orbital
invasion particularly in case of
prior surgery or CRT

3. Involvement of extraconal fat
shows decreased DFS

Li et al.164 2020 4 Retrospective
case series

Grade I: Orbital bone
erosion (n = 27)

Grade II - Invasion of
extraconal fat
(n = 36)

Grade III -
Involvement of
EOMs, eye globe,
orbital apex, or optic
nerve (n = 30)

1. OS
2. LRFS
3. 5-year PFS

Grade III orbital invasion was
associated with significantly
worse OS, LFRS, and PFS, but
did not contraindicate
orbit-preserving surgery after RT

Turri-Zanoni
et al.165

2019 4 Retrospective
case series

Grade 1: Orbital bone
erosion (n = 44)

Grade 2: Invasion of
the periorbital layer
and/or periorbital
fat (n = 46)

Grade 3: Invasion of
the extrinsic ocular
muscles, optic
nerve, ocular bulb
(n = 49)

Grade 4: Involvement
of the orbital apex
(n = 24)

1. OS
2. DFS

1. Orbital invasion is a significant
prognostic factor

2. DFS and OS relatively
unaffected by degree of invasion,
implying organ preservation is
critical when possible

3. Induction chemo can downstage
tumors

Christianson
et al.336

2015 4 Retrospective
case series

Single cohort (n = 41)
separated into
orbital invasion
categories:

(1) Loss of fat plane
between tumor and
EOMs.

(2) Irregular, nodular
tumor margin along
the periorbita.

(3) Invasion of EOMs
(4) Invasion of the
optic nerve

1. Analysis of
operative
techniques

2. LR

1. Orbital involvement excluding
categories 3 and 4 was managed
with orbital preservation

2. No significant increase was seen
in local or regional recurrence

3. Local control was key in
treatment

(Continues)
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ICAR SINONASAL TUMORS 93

TABLE X I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Essig et al.337 2007 4 Retrospective
case series

All patients underwent
craniofacial
resection of
sinonasal tumor
with orbital
preservation and
preop RT with or
without
chemotherapy
(n = 59)

Visual and oph-
thalmologic
outcomes pre-
and
postsurgery

1. Most common pretreatment
symptoms were motility issues,
afferent defects, and eyelid
malposition

2. Using functional scale
previously established, 35
patients of the 36 available for
long-term follow-up retained
functional vision with mild
impairment

Iannetti et al.324 2005 4 Retrospective
case series

Ethmoidal sinus
tumors (n = 29):

Grade 1: Orbital bone
erosion

Grade 2: Invasion of
periorbital fat

Grade 3: Invasion of
EOMs or orbital
apex

1. OS
2. DSR

Orbital exenteration demonstrates
improved local control and OS
rate in patients with grade 3
orbital invasion

McCary et al.325 1996 4 Retrospective
case series

Group A: Tumor
abutting the orbit
but did not erode or
thin the bone (n = 8)

Group B: Orbital bone
erosion without
globe displacement
(n = 5)

Group C: Orbital bone
erosion with globe
displacement but no
periorbital invasion
(n = 13)

Group D: Tumor
invading the orbit
with periorbital
invasion. (n = 7)

1. OS
2. LR

Selective periorbital resection with
preoperative
radiotherapy ± adjuvant
chemotherapy is an acceptable
alternative to orbital exenteration,
in Groups A–C

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; DSR, disease specific recurrence; EOM, extraocular muscle; LR, local recurrence; LRFS,
locoregional failure/recurrence-free survival; MRI, magnetic resonance imaging; OS, overall survival; PFS, progression-free survival.

involvement or if extraconal fat can be macroscopically
cleared from neoplastic pathology.335,340 Additionally, as
noted by Turri-Zanoni et al., neoadjuvant chemotherapy
or RT can often downstage some locally advanced SNM
and may impact consideration for orbital preservation.165
Lastly, it should be highlighted that MRI can often over-
estimate or upstage orbital invasion, particularly in cases
of prior surgery or CRT.220,336 Thus, it is very important to
clinically assess orbital involvement at the time of surgery
in situations where the indications for orbital exenteration
are not fully clear based upon preoperative imaging.220,336
To date, there are no randomized controlled trials (RCTs)
evaluating orbital clearance versus orbital preservation

surgery and its impact on locoregional recurrence, OS, and
eye function. Future directions for research could be tar-
geted at reaching consensus, through multi-institutional
collaborative study, on a single grading schema for orbital
invasion that would drive consistent surgical and non-
surgical management. The present literature suggests that
significant consideration should be given to orbital preser-
vation surgery based on both clinical and radiographic
parameters, and that multimodal therapy is critical given
its impact on modifying orbital invasion staging in the
perioperative setting.
Aggregate grade of evidence: C (Level 2: three studies;

Level 3: three studies; Level 4: seven studies)
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94 KUAN et al.

C Management of the nasolacrimal
system and role of dacryocystorhinostomy

Management of the nasolacrimal system, including the
nasolacrimal duct (NLD) and consideration of dacryocys-
torhinostomy (DCR), is an important consideration when
sinonasal masses affect the orbit and paranasal sinuses.
A few important concepts arise when discussing the
management strategies for the nasolacrimal system: (1)
oncologic principles when tumor involves the NLD and
lacrimal sac and (2) the role of a formal DCR or NLD
stenting at the time of surgery to prevent postoperative dys-
function. Regarding sinonasal tumor involvement of this
region, there are nowell-controlled studies or retrospective
reviews specifically on the role of resection of the naso-
lacrimal system in these cases, though oncologic principles
should be applied regardless. To this end, complete resec-
tion of the NLD and/or the lacrimal sac may be performed
depending on extent of tumor involvement.
While there is a large body of literature detailing man-

agement of the nasolacrimal system in the setting of IP
and when endoscopic medial maxillectomies (EMMs) are
performed, there is a paucity of peer-reviewed publica-
tions examining outcomes of sinonasal tumors specifically
involving the orbit (Table XI.3).320,346–348 In fact, these
have often been exclusionary criteria in many studies.
As the number of EMMs performed has increased, and
with increasing availability of powered endoscopic instru-
mentation, the literature has become more informative
on the reality that sharp transection of the NLD during
EMM for benign sinonasal tumors will generally result
in duct patency, and most cases do not require a for-
mal DCR or stenting.320,346–348 Additionally, while novel
techniques like total duct preservation are of technical
interest, the rate of posttreatment epiphora when perform-
ing EMM is sufficiently low to obviate performing such
techniques, ranging from 0% to 15% following EMM in
most reports.310,346–349 One major caveat to this approach
in the setting of SNM, however, is the potential for NLD
scarring post-RT. Thus, if postoperative RT is planned or
likely, thismay factor into the decision-makingwith regard
to DCR or stenting at the time of surgery, though further
investigation is needed on this topic.
Aggregate grade of evidence: C (Level 3: two studies;

Level 4: two studies)

D Advancements in endoscopic orbital
approaches and role for open orbital
approaches

In the past decade, significant advances in EEA to the orbit
have revolutionized the treatment paradigm when con-

sidering orbital dissection. To date, multiple clinical and
anatomic studies have been performed to better charac-
terize the endoscopic corridors in approaching both extra-
conal and intraconal orbital pathology.328–332 Through the
use of angled endoscopes and novel endonasal instru-
mentation, endoscopic dissection of periorbital tissue
allows for improved visualization and delineation of the
periorbita, EOMs, and intraconal neurovascular struc-
tures, facilitating tumor resection and orbital preserva-
tion surgery.328–332 Importantly, bimanual dissection via
the two-surgeon, endonasal approach, as employed for
endoscopic skull base surgery, has also greatly impacted
our ability to more effectively chase disease beyond the
periorbita.
With regard to comparing endoscopic versus open cran-

iofacial surgery, there have been several studies evalu-
ating the long-term outcomes and indications for endo-
scopic versus open surgery for SNM.312,350,351 For sinonasal
tumors with orbital invasion, there have been limited stud-
ies directly comparing endoscopic approaches versus open
techniques. Inmost cases, the location of the tumor within
the sinonasal cavity and extent of invasion with respect to
the orbit and extraconal structures impact consideration
for the feasibility of the endoscopic approach for orbital
management. Based on descriptions provided above and
orbital grading schema described by Turri-Zanoni et al.,
the authors propose that grade 1 orbital involvement is
generally amenable to the endoscopic approach.165 Grade
2 orbital invasion with periorbital tumor invasion or
involvement of extraconal fat often requires resection of
involved periorbital tissue and fat, which can be accom-
plished endoscopically, depending on the type of pathology
and the experience of the surgeon with the endoscopic
orbital approach. In contrast, grades 3 and 4 orbital inva-
sion generally will require open approaches given the
potential need for orbital exenteration in many instances
and dissection of the orbital apex in grade 4 orbital
invasion.165,324 Overall, when considering endoscopic ver-
sus open techniques, a robust multidisciplinary collab-
orative effort is strongly advocated for the management
of sinonasal tumors with orbital involvement. Given the
relative novelty and nuances in operative technique, endo-
scopic orbital approaches in orbital preservation surgery
require detailed knowledge of the endoscopic corridor and
experience with manipulating orbital structures through
endonasal technique.165,331,336,352
Lastly, with advancements in endoscopic instrumen-

tation and improved understanding of orbital anatomy
with respect to endonasal approaches, transorbital endo-
scopic (TOE) approaches and transorbital neuroendo-
scopic surgery for the management of sinonasal and skull
base pathology are now adopted by many centers and
have continued to evolve (Table XI.4).353–357 Though many
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ICAR SINONASAL TUMORS 95

TABLE X I . 3 Evidence surrounding management of the nasolacrimal system and role of dacryocystorhinostomy.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Rotsides et al.347 2019 3 Retrospective
cohort

All patients underwent
endoscopic medial
maxillectomy with
NLD transection
(n = 13) versus NLD
marsupialization
(n = 16)

Rate of postop
epiphora

Overall, very low rate of epiphora in
either group, and no difference
noted between transection and
marsupialization

Sadeghi and
Joshi348

2012 3 Prospective
cohort

Endoscopic medial
maxillectomy with

concurrent DCR
(n = 5) versus
without DCR (n = 7)

Rate of postop
epiphora

1. No significant difference
between maxillectomy with and
without DCR with respect to
epiphora

2. Concurrent DCR not indicated
during endoscopic medial
maxillectomy and NLD
transection

Lombardi
et al.320

2011 4 Retrospective
case series

All patients either
went purely
endoscopic or
combined
open/endoscopic
resection of
sinonasal IP
(n = 212)

1. Rate of
postop
epiphora

2. Tumor
recurrence

1. During endoscopic procedures,
NLD stenting is not required

2. No increased incidence of
epiphora

3. Recurrence most common
within the first 2 years
postoperatively

Imre et al.346 2010 4 Retrospective
case series

All patients underwent
endoscopic medial
maxillectomy with
transection of the
NLD (n = 12)

Rate of postop
epiphora

1. No evidence of epiphora
postoperatively

2. Concurrent DCR or NLD may
not be required after medial
maxillectomy

Abbreviations: DCR, dacryocystorhinostomy; NLD, nasolacrimal duct.

TOE approaches are characterized for multiportal surgery
in the management of intracranial tumors, with respect
to sinonasal tumors, orbital transposition and periorbital
suspension in TOE surgerywere described for themanage-
ment of frontal sinus tumors.358,359 Through retrospective
and prospective case series done by Karligkiotis et al.
and Tilak et al., respectively, periorbital suspension or
orbital transposition allows for improved access to far lat-
eral and superior frontal sinus tumors through a combined
transnasal and transorbital corridor with minimal orbital
and globe morbidity.358,359
Aggregate grade of evidence: C (Level 4: three stud-

ies)
Orbital management in the setting of sinonasal tumor

pathology is a critical component of surgical planning and
has continued to evolve with improvements in anatomical
understanding and endoscopic instrumentation. Further
investigation should target the specific roles of endo-
scopic and open craniofacial techniques when considering
surgery in the setting of orbital involvement by sinonasal
tumors.

XII MARGIN ANALYSIS

An essential tenet of oncologic surgery is achiev-
ing negative margins whenever possible. For
sinonasal neoplasms, this is true for malignancies,
and may apply to some benign tumors such as
IP.106,130,135,140,160,174,181,186,240,241,243,254,360–377 Numer-
ous studies have shown an association between
negative surgical margins and improved recurrence
and survival in SNM, underscoring the practi-
cal importance of this concept (Table XII.1).106,
130,140,160,161,174,181,186,240,241,243,254,360–367,370–378 Several
considerations factor into the process of obtaining nega-
tive margins including the optimal techniques, location
and size of margins, role of frozen section analysis, and
when to defer to permanent sections upfront.
When endoscopic approaches were first introduced

as a potential technique for tumor removal, this was
met with concerns that endoscopic approaches can-
not achieve en bloc resections and were therefore
not oncologically sound. Certainly, it is the case that
endoscopic resections are more likely to be piecemeal
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96 KUAN et al.

TABLE X I . 4 Evidence surrounding advancements in endoscopic orbital approaches and role for open orbital approaches.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Tilak et al.359 2022 4 Retrospective
case series

All patients underwent
endoscopic
endonasal surgery
with endonasal
periorbital
suspension for
access to pathology
of the lateral frontal
sinus (n = 30)

1. Orbital/visual
outcomes

2. Successful
removal of
targeted
lesion or skull
base recon-
struction

1. No intraoperative or
postoperative orbital
complications were encountered
with normal vision postop

2. Complete removal was obtained
in all cases of tumor resection

Ramakrishna
et al.355

2016 4 Retrospective
case series

All patients (n = 45)
underwent
combined endonasal
and TONES for
sinonasal tumors

1. Orbital/visual
outcomes

2. Successful
tumor
resection

1. TONES associated with minimal
morbidity including low risk of
visual loss or diplopia
postoperatively

2. High success for complete tumor
resection

Karligkiotis
et al.358

2015 4 Retrospective
case series

All patients (n = 24)
underwent an
endoscopic
endonasal surgery
with endonasal
orbital transposition
for access to the
far-lateral frontal
sinus

1. Orbital/visual
outcomes

2. Successful
removal of
targeted
lesion

1. Complete tumor removal was
obtained in all cases of IP and
fibro-osseous lesions, and all
mucoceles resolved

2. No intraoperative or
postoperative orbital
complications were encountered
with normal visual outcomes

Abbreviation: TONES, transorbital neuroendoscopic surgery.

resections. However, studies have demonstrated endo-
scopic tumor resection to be oncologically equivalent
to open en bloc resections, without any significant
differences in survival metrics or the ability to obtain neg-
ative margins (Table XII.2).135,182,254,268,272,297,312,361,379,380
Additionally, endoscopic surgery allows for excellent
visualization of the sinonasal region, a limitation with
open approaches due to the inherent anatomy of the
paranasal sinuses, skull base, and orbit. The endoscope
not only provides magnified visualization, but also better
illumination and range of motion than the operating
microscope.182,316,381 Further, endoscopic approaches have
been shown to have lower morbidity and hospitalization
time than open approaches.278,280,297,314
Endoscopic endonasal resection of sinonasal tumors

typically begins with tumor debulking. This, alongside
dissection of uninvolved sinuses, allows for visualization
to assess the extent of the tumor.140,316,382 Some authors
recommend a centripetal dissection moving from the
periphery or free edge of the tumor toward the epicen-
ter/origin site.316 Ideally, circumferential exposure around
the site of tumor origin or attachment can be achieved,
allowing for clear visualization of the gross tumor mar-
gins, key anatomical landmarks, and improved planning
of resection margins.

A Techniques

Some authors prefer to sample margins prior to tumor
resection, while others complete margin sampling after
resection.140,382,383 In an example of the former, follow-
ing identification of the tumor attachment site, Nakamura
et al. favor a 6- to 8-point biopsy of tissue 1 cm from
the macroscopic tumor margin for malignant tumors.140
Once negative margins are confirmed, mucosal incisions
for resection of the tumor are made in pathologically con-
firmed tumor-negative areas.140 Typically, these margins
are sent for intraoperative frozen section analysis. Aside
from the attachment site, margins must be cleared circum-
ferentially around the tumor as dictated by the tumor’s
three-dimensional anatomy.
Alternatively, margins are taken from the periphery

of the tumor resection site following identification of
the tumor attachment. Chiu et al. resected tumors with
a 1-cm margin of normal mucosa around the tumor
attachment.280 There is a paucity of information regard-
ing the specific size of margins for SNM. While there is
no consensus for adequate margins, some authors define
adequate margins as ≥5 mm.140,272,384,385 This appears to
be extrapolated from the head and neck literature.140,386–388
Complicating the consensus on what constitutes an ade-
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ICAR SINONASAL TUMORS 97

TABLE X I I . 1 Evidence surrounding margin analysis for sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Adenocarcinoma
Bignami et al.363 2018 4 Retrospective

case series
Patients with
non-ITAC with PM
(n = 2) versus NM
(n = 20)

1. 5-year OS
2. 5-year DSS
3. 5-year RFS

1. 5-year OS and DSS were 100% for
NM versus 50% ± 3.54% for PM

2. NM group had a better RFS
3. Margins were an independent

prognostic factor for OS
Schreiber
et al.374

2018 4 Case–control Patients who
underwent either
uEEATC (n = 27) or
bEEATC (n = 27,
control) for ITAC
with PM (n = 3)
versus NM (n = 51)

1. OS
2. DFS
3. RFS

Margins status associated with OS
and DSS

Antognoni
et al.362

2015 4 Retrospective
case series

Patients with ITAC
with PM (n = 7)
versus NM (n = 23)

1. 5-year OS
2. 5-year DFS

Margin status was significantly
associated with 5-year OS and
5-year DFS

Hordijk and
Brons389

1985 4 Retrospective
case series

Patients with SCC or
adenocarcinoma of
the maxillary sinus
with PM (n = 20)
versus NM (n = 44)

LR LR detected in 15 out of 20 patients
with PM versus one out of 44
patients with NM

Adenoid cystic carcinoma
Shay et al.375 2020 4 Retrospective

database
review
(NCDB)

Patients with ACC
with PM (n = 140)
versus NM (n = 381)

OS MS was a predictor of OS

Volpi et al.106 2019 4 Retrospective
case series

Patients with ACC
treated with radical
surgical intent with
PM (n = 7) versus
NM (n = 27)

5-year OS and
DSS

5-year OS and DSS were both
94% ± 6% for NM versus
42% ± 3% for PM

Trope et al.376 2019 4 Retrospective
database
review
(NCDB)

Patients with ACC
with PM (n = 259)
versus NM (n = 225)

OS PM were associated with worse OS

Mays et al.398 2018 4 Retrospective
case series

Patients with ACC
treated with curative
intent with PM
(n = 40) versus NM
(n = 38)

1. OS
2. DFS

MS was not associated with OS or
DFS

Seong et al.399 2014 4 Retrospective
case series

Patients with ACC
treated with
surgery ± adjuvant
therapy with PM
(n = 19) versus NM
(n = 5)

1. DFS
2. DSS

PM did not significantly affect DSS
or DFS

Michel et al.408 2013 4 Retrospective
case series

Patients with ACC
with PM (n = 11)
versus NM (n = 6)

Survival MS was not significantly associated
with OS or DFS

(Continues)
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98 KUAN et al.

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Wiseman
et al.377

2002 4 Retrospective
case series

Patients with ACC
with PM (n = 19)
versus NM (n = 11)

1. LR
2. 10-year OS

1. LR was more common in
patients with PM 42% versus
NM 22%

2. 10-year OS for PM 43% versus
75% for NM

Inverted papilloma
Lee et al.369 2020 4a Retrospective

cohort
Patients with IP with
recurrence versus no
recurrence (n = 76)

Impact of
margins on
recurrence

Incomplete resection (including
PM) was significantly associated
with recurrence

Miglani et al.409 2018 4 Retrospective
case series

Patients with IP who
underwent surgical
resection until NM
were achieved on
IFSH (n = 22)

1. PPV and NPV
for IFSH

2. Recurrence

1. PPV and NPV were 100% for
IFSH

2. No recurrences occurred during
the study period

Healy et al.410 2016 4 Retrospective
case series

Patients with IP or
oncocytic papilloma
with EEA with
either unconfirmed
margins on frozen
sections (n = 73) or
confirmed NM on
frozen sections
(n = 54)

Recurrence Intraoperative confirmation of NM
by frozen sections did not
improve recurrence rates

Melanoma
Almutuawa
et al.277

2020 3 Retrospective
cohort

Patients with SNMM
who underwent
either EEA (n = 10)
or OR (n = 10)

OS No difference in hazard of death
between PM and NM

Sayed et al.271 2017 3 Retrospective
cohort

Patients with SNMM
treated with surgical
curative intent with
PM (n = 32) versus
NM (n = 40)

1. 3-year OS
2. LRFS
3. DFS

1. MS was not associated with OS
2. Absolute 3-year difference

between patients with NM and
those with PM was 18% for
LRFS, 5% for DFS, and 15% for
OS

Ledderose and
Leunig276

2015 3 Retrospective
cohort

Patients with recurrent
SNMM treated with
either EEA (n = 12;
PM = 10, NM = 2) or
OR (n = 10; PM = 6,
NM = 4)

1. MS
2. DM
3. LR

1. NM obtained in 40% OR versus
16.6% EEA but this did not
influence the course of disease

2. DM and LR occurred in
60%–70% regardless of MS

Roth et al.373 2010 3 Retrospective
cohort

Patients with SNMM
who underwent
primary surgery
with curative intent
(NM = 16) versus
noncurative
(PM = 3)

Differences in
survival

Median survival rate 31 months for
NM versus 15 months for PM

(Continues)
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ICAR SINONASAL TUMORS 99

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Elsamna
et al.365

2021 4 Retrospective
database
review
(NCDB)

Patients with SNMM
with PM (n = 120),
no surgery (n = 63),
versus NM (n = 263)

One-, 2-, 3-, and
5-year OS

1. 1-year OS rates were 87%, 72%,
and 47% for NM, PM, and no
surgery, respectively

2. 2-year OS rates were 72%, 36%,
and 16%

3. 3-year OS rates were 55%, 16%,
and 8%

4. Only patients in NM group were
alive at 5 years (39%)

5. Propensity score matching
demonstrated a difference
between NM and PM

Ganti et al.366 2020 4 Retrospective
database
review
(NCDB)

Patients with SNMM
with PM (n = 355)
versus NM (n = 812)

OS 1. Improved survival was
associated with surgical
resection only when NM

2. MS was a predictor of survival
Caspers et al.364 2018 4 Retrospective

case series
Patients with SNMM
with PM (n = 11)
versus NM (n = 15)

1. DMFS
2. OS

1. DMFS reduced in patients with
PM

2. OS was negatively influenced by
PM

3. PM status was associated with
decreased DMFS

Konuthula
et al.368

2017 4 Retrospective
database
review
(NCDB)

Patients with SNMM
with PM (n = 127)
versus NM (n = 300)

5-year survival NM associated with improved
survival

Vandenhende
et al.402

2012 4 Retrospective
case series

Patients with SNMM
treated with surgical
curative intent with
PM (n = 4) versus
NM (n = 12)

3-year OS MS did not impact 3-year OS

Moreno et al.232 2010 4 Retrospective
case series

Patients with SNMM
who underwent
primary surgery
with PM (n = 12)
versus NM (n = 44)

1. Two- and
5-year OS

2. LR

1. Nonsignificant difference in
2-year (NM 64% versus PM 42%)
and 5-year (NM 44% versus PM
25%) survival

2. Nonsignificant increase in LR in
PM 42% versus NM 20%

Bachar et al.400 2008 4b Retrospective
cohort

Patients with SNMM
with PM (n = 18)
versus NM (n = 13)

1. LR
2. RR
3. DM

MS was not a significant predictor
of LR, RR, or DM

Kingdom and
Kaplan401

1995 4 Retrospective
case series

Patients with SNMM
with PM (n = 5)
versus NM (n = 8)

1. OS
2. LRC

NM do not appear to predict a
better OS or LRC

Mixed tumor
Dulguerov
et al.22

2001 2 Systematic
review of
retrospective
case series

Patients with SNM
(n = 156) with PM
versus NM

Two- and 5-year
actuarial LRC

Two- and 5-year actuarial LRC rates
were 59% ± 9% and 45% ± 9% for
PM versus 70% ± 7% and
65% ± 7% for NM

(Continues)
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100 KUAN et al.

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Resto et al.371 2008 3 Retrospective
cohort

Patients with locally
advanced SNM
treated with surgery
with complete
resection (NM= 20),
STR (PM = 50), and
biopsy only
(PM = 32) followed
by proton + photon
beam RT

LRC, DFS, 5-year
OS, DMF

1. MS/extent of surgery did not
impact LRC

2. MS/extent of surgery did impact
DFS, 5-year OS, and DMF

Ganly et al.174 2005 3 Retrospective
cohort

Patients with SNM
who underwent
CFR with PM
(n = 95) versus NM
(n = 234)

1. 5-year DSS
2. 5-year OS
3. 5-year RFS

MS was an independent predictor of
OS and DSS

Al-Qurayshi
et al.360

2022 4 Retrospective
database
review
(NCDB)

Patients with non-SCC
malignancies with
PM (n = 263) versus
NM (n = 311)

1. Impact of
neoadjuvant
therapy on
MS

2. OS

1. Neoadjuvant therapy was
associated with a lower
prevalence of PM

2. Patients with SNUC had the
highest reduction in the risk of
PM

3. NM was associated with
improved OS

Lehrich et al.378 2021 4 Retrospective
database
review
(NCDB)

Patients with SNM
who underwent
either primary
surgery (n = 2804;
PM = 826,
NM = 1552) versus
salvage surgery
(n = 207; PM = 54,
NM = 115)

OS 1. MS impacted survival in SS
2. Survival analysis demonstrated

significantly worse OS outcomes
for SS patients with PM

Povolotskiy
et al.315

2020 4 Retrospective
database
review
(NCDB)

Patients with non-SCC
malignancies who
underwent
definitive primary
surgery either EEA
(n = 673; PM = 148,
NM = 303) or OR
(n = 922; PM = 258,
NM = 443)

OS MS was not found to be a predictor
of mortality

Fu et al.380 2018 4 Retrospective
case series

Patients with non-SCC
malignancies who
underwent
neoadjuvant
RT + surgery
(n = 23) versus
surgery + RT
(n = 61)

Margin control Neoadjuvant RT significantly
reduced the risk of PM even after
controlling for T stage and
treatment (OR + EEA vs. EEA)
factors

(Continues)
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ICAR SINONASAL TUMORS 101

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Lepera et al.370 2018 4 Retrospective
case series

Patients who
underwent EEA for
SNM and ASB
malignancies who
were either younger
(<70 years) (n = 397;
PM = 42, NM = 355)
or elderly
(≥70 years) (n= 206;
PM = 26, NM = 180)

1. Five- and
10-year

2. OS
3. DSS
4. RFS

1. No difference in PM between
younger and elderly

2. Five- and 10-year OS and DSS of
elderly were comparable to
younger and poorer when
compared with elderly with NM

3. Margins (PM vs. NM) were
independent predictive factors
for OS, DSS, and RFS

Nishio et al.186 2015 4 Retrospective
case series

Patients with locally
advanced T4
maxillary sinus
carcinoma who
underwent open
CFR with PM
(n = 9) versus NM
(n = 26)

5-year OS 5-year OS rate significantly lower in
cases with PM (45%) versus NM
(80%)

Chiu and Ma384 2013 4 Retrospective
case series

SNM with EEA
(n = 31)

Accuracy of
intraoperative
frozen sections

1. Overall false-negative rate for
intraoperative frozen sections
was 6.5%, both were SNMM

2. False-negative rate for SNMM
was 25% versus 0% for all other
histological subtypes examined

Cantu et al.163 2012 4 Retrospective
case series

Patients who
underwent open
CFR approach for
resection of ASBM
with PM (n = 95)
versus NM (n = 271)

1. LR
2. DSS

PM impacted LR and DSS

Hoppe et al.395 2007 4 Retrospective
case series

Patient with SNM
treated with
surgery + RT with
PM (n = 32) versus
NM (n = 53)

1. LPFS
2. RPFS
3. DMFS
4. OS

MS was not predictive of LPFS,
RPFS, DMFS, or OS

Qureshi et al.405 2006 4 Retrospective
case series

Patients with non-SCC
malignancies of the
maxillary sinus
treated with curative
intent with PM
(n = 15) versus NM
(n = 18)

OS Survival was not significantly
different depending on MS

Suarez et al.177 2004 4 Retrospective
case series

Patients who
underwent CFR for
SNM (n = 100)

OS Survival was not affected in patients
with PM versus NM

Bilsky et al.403 1997 4 Retrospective
case series

Patients with ASB
malignancies with
intracranial
involvement with
PM (n = 12) versus
NM (n = 14)

1. DSS
2. LRC

1. Difference in DSS between NM
and PM

2. No difference in local control
LRC (58%) versus PM (55%)

(Continues)
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102 KUAN et al.

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Rutter et al.406 1998 4 Retrospective
case series

Patients who
underwent CFR of
ASBM with PM
(n = 5) versus NM
(n = 14)

Survival Four out of five (80%) patients with
PM developed recurrence versus
four out of 14 (20%) with NM,
p = 0.11

Spiro et al.407 1995 4 Retrospective
Retrospective
case series

Patients with NSCCSM
(n = 110)

LR 1. NM was of no obvious benefit on
LR

2. >50% of patients with NM still
experienced LR

Kraus et al.404 1992 4 Retrospective
case series

Patients with primary
ethmoid sinus
malignancies with
PM (n = 4) versus
NM (n = 15)

Long-term
survival

1. Nine out of 15 patients with NM
had long-term survival versus
two out of four with PM

2. A trend toward improved
prognosis is associated with NM

Mucoepidermoid carcinoma
Auger et al.411 2020 4 Retrospective

database
review
(NCDB)

Patients with MEC
with PM (n = 55)
versus NM (n = 114)

OS 1. PM was not found to be a
significant predictor of survival

2. 5-year survival and median
survival were higher in NM
group

3. PM more likely to have higher
stage of malignancy

4. Adjuvant RT was associated
with improved survival in
patients with NM

Olfactory neuroblastoma
Harvey et al.243 2017 3 Retrospective

cohort
Patients with ONB
treated with either
EEA (n = 67;
PM = 8, NM = 59) or
OR (n = 42;
PM = 20, NM = 22)

DFS MS was a major predictor of
survival for the whole group

Abdelmeguid
et al.412

2022 4 Retrospective
case series

Patients with ONB
with PM (n = 14)
versus NM (n = 76)

1. OS
2. DSS

MS was not significantly associated
with OS or DSS

Barinsky
et al.254

2021 4 Retrospective
database
review
(NCDB)

Patients in the NCDB
with ONB treated
with either EEA
(n = 257; PM = 53,
NM = 130) or OR
(n = 276; PM = 59,
NM = 123)

5-year OS PM conferred increased risk of
mortality

Sun et al.396 2020 4 Retrospective
case series

Patients with ONB
with PM (n = 50)
versus NM (n = 38)

1. 5-year OS
2. LRC
3. DMFS

1. Orbital invasion and intracranial
invasion were associated with
PM

2. MS did not impact 5-year OS,
LRC, or DMFS

Joshi et al.413 2019 4 Retrospective
database
review
(NCDB)

Patients in the NCDB
with ONB with PM
(n = 107) versus NM
(n = 273)

Factors
associated
with PM

PM associated with treatment at
community hospital, increasing T
stage, and positive nodal
metastasis

(Continues)
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TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Ishii et al.385 2017 4 Retrospective
case series

Diagnostic accuracy of
intraoperative
frozen sections
obtained during
ONB surgery for 459
specimens from 33
patients

Sensitivity,
specificity,
accuracy,
likelihood
ratio,
prevalence,
PPV, and NPV

1. Sensitivity 89%, specificity 96%,
accuracy 95%, likelihood ratio
24.4, prevalence 0.2, PPV 86%,
and NPV 97%

2. Crushed artifacts and
inadequate specimen size were
major sources of incorrect reads

Patel et al.181 2012 4 Retrospective
case series

Patients with ONB
who underwent
CFR with PM
(n = 23) versus NM
(n = 102)

1. OS
2. DSS
3. RFS

PM was independent predictor of
worse DSS, OS, and RFS

Zafereo et al.397 2008 4 Retrospective
case series

Patients with ONB
with PM (n = 2)
versus NM (n = 13)

1. DSS
2. RFS

PM was associated with lower DSS
and RFS

Chao et al.394 2001 4 Retrospective
case series

Patients with ONB
with PM (n = 5)
versus NM (n = 10)

1. DFS
2. LRC

1. With adjuvant RT, LRC was
achieved in four out of five
patients with PM and nine out of
14 patients with NM, close, or
unknown margins

2. PM status did not adversely
affect DFS

Resto et al.372 1999 4 Retrospective
review

Patients with ONB
with PM (n = 6)
versus NM (n = 10)

1. Recurrence
2. RFS
3. OS

1. PM had an HR for recurrence of
10.1 respective of combination of
treatment regimen used
compared to NM

2. Survival analysis identified
better outcome on RFS and OS
with NM

Sinonasal undifferentiated carcinoma
Khan et al.367 2017 4 Retrospective

database
review
(NCDB)

Patients with SNUC
with PM (n = 22)
versus NM (n = 37)

5-year OS NM + adjuvant CRT had a
significantly better 5-year
survival than those undergoing
definitive CRT

Squamous cell carcinoma
Ackall et al.414 2021 4 Retrospective

database
review
(NCDB)

Patients with poorly
differentiated SCC
who underwent
surgery with PM
(n = 233) versus NM
(n = 393)

OS Patients with PM treated with
adjuvant RT or CRT trended
toward worse OS than patients
with NM treated with adjuvant
RT or CRT

Nakamura
et al.140

2021 4 Retrospective
case series

Patients with SCC who
underwent EEA
with PM (n = 4)
versus NM (n = 11)

DSS Patients with NM had better DSS
rate than those with PM

(Continues)

quate margin is the proximity to critical neurovascular
structures, limiting the feasibility of wide surgicalmargins.
An understanding of the three-dimensional anatomy

of the tumor is essential for successfully clearing mar-
gins. This understanding is initially shaped by preoperative

imaging and either confirmed or clarified intraoperatively.
Samples from 360◦ around the margins of the surgical
resection must be taken including anteriorly, posteriorly,
laterally, medially, inferiorly, and superiorly with the goal
to resect one tissue layer deeper than what is involved.37
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104 KUAN et al.

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Torabi et al.241 2020 4 Retrospective
database
review
(NCDB)

Patients with SCC with
PM (n = 807) versus
NM (n = 2161)

1. Factors
associated
with PM

2. survival

1. PM status was associated with
treatment at LVF, T stage ≥3,
poorly differentiated tumor, and
location in ethmoid sinuses

2. PM associated with decreased
OS versus NM

3. No difference in PM status
between EEA versus open
surgery

Jafari et al.161 2019 4 Retrospective
database
review
(NCDB)

Patients with SCC with
micro-PM (n = 511)
versus macro-PM
(n = 521) versus NM
(n = 2289)

1. Factors
associated
with PM

2. OS

1. Propensity-score-matched
results showed NM and
micro-PM improved OS over
nonsurgical treatment, while
macro-PM did not

2. Macro-PM were significantly
higher when primary tumor was
in the primary surgery versus
NC and advanced T
classification

Cracchiolo
et al.160

2018 4 Retrospective
database
review
(NCDB)

Patients with SCC with
PM (n = 475) versus
NM (p = 1212)

5-year OS 1. Patients with NM had improved
survival compared to PM

2. Micro-PM versus NM, and
macro-PM versus NM were
associated with worse survival

Kilic et al.135 2018 4 Retrospective
database
review
(NCDB)

Patients with SCC
treated with EEA
(n = 353; PM = 74,
NM = = 169) versus
OR (n = 1130;
PM = 267,
NM = 749)

1. MS
2. OS

1. The rate of PM between EEA
and open surgery was
comparable except greater PM
rate in EEA for IVB tumors

2. MS was associated with poorer
survival

Robin et al.159 2017 4 Retrospective
database
review
(NCDB)

Patients in the NCDB
with SCC who
underwent surgery
with or without
adjuvant therapy
with PM (n = 537)
versus NM
(n = 1422)

Likelihood of
achieving NM

Increasing T stage less likely to have
NM (T3 and T4), neoadjuvant
CRT associated with increased
likelihood of achieving NM

Karligkiotis
et al.247

2016 4 Retrospective
case series

Patients treated for
IP-SCC at two
institutions with PM
(n = 2) versus NM
(n = 32)

OS MS was not associated with OS

de Almeida
et al.130

2015 4 Retrospective
case series

Patients with SCC with
PM (n = 5) versus
NM (n = 22)

1. LRC
2. DFS
3. 5-year OS

1. LRC and DFS with NMwere 74%
at 5 years versus 0% at 5 years for
PM

2. 5-year OS was 93% in NM versus
0% PM

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ICAR SINONASAL TUMORS 105

TABLE X I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Janecka et al.415 1994 4 Retrospective
review

Patients with SCC
treated with CBS
with PM (33%)
versus NM (77%)

No evidence of
disease status

The ability to achieve NM in SCC is
directly related to no evidence of
disease status

Hordijk and
Brons389

1985 4 Retrospective
review

Patients with SCC or
adenocarcinoma of
the maxillary sinus
with PM (n = 20)
versus NM (n = 44)

LR LR was detected in 15 out of 20
patients with PM versus one out
of 44 patients with NM

Abbreviations: AC, adenocarcinoma; bEEATC, bilateral endoscopic resection with transnasal craniectomy; CRT, chemoradiation therapy; DM, distant metastasis;
DSS, disease-specific survival; IFSH, intraoperative frozen sectionhistopathology; LR, local recurrence; LRC, locoregional control;macro-PM,macroscopic positive
margins; micro-PM, microscopic positive margins; MS, margin status; NM, negative margins; NPV, negative predictive value; OR, open resection; OS, overall
survival; PFS, progression-free survival; PM, positive margins; PPV, positive predictive value; RPFS, regional progression-free survival; RR, regional recurrence;
SCC, squamous cell carcinoma; SS, salvage surgery; uEEATC, unilateral endoscopic resection with transnasal craniectomy.
aLOE downgraded as study most consistent with retrospective case series with secondary analysis of margin status.
bLOE downgraded as study most consistent with retrospective case series with multiple subanalyses/comparison groups.

Preoperative planning and counseling of the patient are
essential whenever there is suspicion of involvement of
either the orbit or the skull base given the potential con-
sequences of clearing margins along either of these vital
structures. With the orbit, if the lamina papyracea is
invaded, periorbita should be sampled as a margin.316,335
Should this be positive, orbital fat/orbital contents would
need to be assessed.316,335 If the bone of the skull base is
invaded, dura would need to be sampled as a margin.316,382
Any areaswith positivemargins should be re-resected until
they are negative unless prohibited by proximity to crit-
ical neurovascular structures where biopsy may result in
significant morbidity or mortality.

B Frozen sections for margin analysis

Frozen sections can play several roles in endoscopic tumor
resection. Given sinonasal tumors often occur within close
proximity to or involve the nasal septum, it is recom-
mended that frozen sections of septal mucosa be taken
from along the course of the planned NSF to confirm
no malignant cells are present prior to using the NSF
for reconstructive purposes.382 Several authors endorse
continuous intraoperative assessment of surgical mar-
gins by way of frozen section analysis during tumor
resection.106,140,182,289,316,365 Given SNM can have submu-
cosal, subperiosteal, and perineural spread, relying on
gross identification of tumor for defining the extent of
resection is insufficient.106 Continual assessment with
frozen section allows the surgeon to enlarge the resec-
tion until margins are cleared (when possible), thereby
achieving definitive resection.106,130,182,289 One caveat to
this is PNI. Surgery is considered inadequate for clear-

ing PNI, especially given the frequency of “skip lesions.”
Therefore, the use of intraoperative frozen analysis to
clear PNI is not considered effective. This is particu-
larly salient in ACC, a tumor with a propensity for PNI.
Indeed, several series on ACC have shown margin sta-
tus to not correlate with survival metrics.247,377,389 When
definitive resection is not feasible, frozen section analysis
can be used during debulking surgeries to achieve nega-
tive margins near vital structures in an effort to reduce RT
dose.130
Few studies have evaluated the accuracy of frozen sec-

tion margins in sinonasal tumors. One study showed 100%
accuracy of frozen sections for several histologic sub-
types including SCC, adenocarcinoma, ONB, ACC, and
SNUC.384 For the entire cohort, which included mucosal
melanoma, the overall false-negative rate was 6.5% and
both false negatives occurred in melanoma cases.384 With
an overall false-negative rate of 25% for melanoma, the
authors concluded that intraoperative frozen sections are
not reliable for this tumor type.384 A second study focusing
on the accuracy of frozen section in ONB found it to be an
accurate tool for the assessment of intraoperative margins
with a positive predictive value (PPV) of 86% and NPV of
97%.385
The inadequacy of frozen section analysis formelanoma

is well reported.271,373,384,390 The reason is likely due to the
variability of melanoma appearance on both gross and his-
tological evaluations. Up to 41% of tumors in one study
were amelanotic, thereby increasing the difficulty of gross
examination.373 Histologically, tumor cells can appear in
both different configurations and shapes.391 Immunohis-
tochemical staining is required to differentiate tumor cells
from normal tissue and currently, there are no frozen sec-
tion immunohistochemical stains that have been studied
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106 KUAN et al.

TABLE X I I . 2 Evidence surrounding impact of approach on margin status.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Almutuawa
et al.277

2020 3 Retrospective
cohort

Patients with SNMM
who underwent
either EEA (n = 10)
or open surgery
(n = 10)

1. Impact of
EEA on MS

2. OS

1. No significant difference in MS
between EEA and OR

2. No significant difference in
hazard of death between PM and
NM

Abdelmeguid
et al.182

2019 3 Retrospective
cohort

EEA of SNM (n = 167)
versus
endoscopic-assisted
resection of SNM
(n = 72)

MS differences
between
approaches

No significant difference in MS
between EEA and
endoscopic-assisted resection

Yin et al.268 2018 3 Retrospective
cohort

Patients with SNMM
who underwent
either EEA (PM = 2,
NM = 25) or open
surgery (PM = 3,
NM = 24)

MS differences
between
approaches

No difference in ability to obtain
NM via EEA versus open surgery

Harvey et al.243 2017 3 Retrospective
cohort

Patients with ONB
treated with either
EEA (n = 67;
PM = 8, NM = 59) or
open surgery
(n = 42; PM = 20,
NM = 22)

1. MS
differences
between
approaches

2. Five- and
10-year DFS

1. The ability to achieve NM was
better in EEA versus open
surgery for both Kadish B and C
stage tumors

2. MS was a major predictor of
survival for the group as a whole

Arnold et al.297 2012 3 Retrospective
cohort

Patients with SNM
who underwent
EEA (n = 28) versus
open surgery
(n = 55)

MS No significant difference in PM
between EEA and open surgery

Kilic et al.135 2018 4 Retrospective
database
review
(NCDB)

Patients in the NCDB
with SCC treated
with EEA (n = 353;
PM = 74, NM = 169)
versus OR (n = 1130;
(PM = 267,
NM = 749)

1. MS
2. OS

1. The rate of PM between EEA
and OR was comparable when
all tumor states were considered

2. There was a significantly greater
PM rate in the EEA group for
IVB tumors

3. MS was associated with poorer
survival

Miglani et al.272 2017 4 Retrospective
case series

Patients with mucosal
melanoma who
underwent either
EEA (n = 9) or open
surgery (n = 13)

MS differences
between
approaches

No difference between EEA versus
open surgery on MS

Abbreviations: EEA, endoscopic endonasal approach;MS,margin status;NCDB,National CancerDataBase;NM,negativemargins;ONB, olfactory neuroblastoma;
PM, positive margins; SCC, squamous cell carcinoma; SNMM, sinonasal mucosal melanoma; SNM, sinonasal malignancy.

in melanoma.384,392,393 For these reasons, surgeons should
consider deferring to permanent pathology for analysis
of margins.271,384 Other instances where it would be rea-
sonable to defer to permanent pathology are times when
intraoperative findings dictate a more aggressive surgical
resection that has not previously been discussed with the
patient.
Several studies have shown the rate of positive mar-

gins after surgical treatment of SNM to be between 13%

and 30%.160,161,174 Options for positive margins include
returning to the operating room for re-resection versus
adjuvant treatment in the form of chemotherapy, RT,
or CRT.140,141,161,289,363–365,372,394–396 The choice of how to
address positivemargins is complex anddepends upon sev-
eral factors including whether it is feasible for negative
margins to be achieved and the volume of tumor that is
left behind. This decision must be made on a case-by-case
basis.
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ICAR SINONASAL TUMORS 107

C Margin status and survival

The literature on the impact of margin status on survival is
mixed. This is potentially due to several issues. In general,
studies are lower levels of evidence, consisting of retro-
spective reviews and database analyses. Several studies
evaluated a mixed tumor type population, and the hetero-
geneity of these populations may have led to confounding.
Finally, several studies evaluating the impact of margins
on SNM are small and likely underpowered.
For adenocarcinoma, ONB, and SCC, the majority of

studies have demonstrated improved outcomes with neg-
ative margins. Regarding adenocarcinoma, several series
show margin status significantly impacts OS, DFS, DSS,
RFS, and LRC.247,362,363,374 In ONB, margin status appears
to significantly impact OS, DSS, and RFS, but the effect
on DFS and distant metastasis-free survival (DMFS) is less
clear.181,243,254,372,394,396,397 Finally, for SCC, a majority of
studies do show margin status to significantly impact OS
with a few studies supporting an impact on DFS, DSS, and
LRC.130,140,160,161,241,247,389
For other pathologies, the literature is less conclusive.

The data for ACC are fairly mixed with studies show-
ing an impact on OS but not DFS.106,362,363,374–377,389,398,399
For melanoma, the literature is similarly mixed regard-
ing the impact of margins on OS; however, margin
status more consistently does not appear to impact
LRC.232,271,277,364–366,368,373,400–402 IP is yet another pathol-
ogy where the literature shows conflicting results on
the impact of margin status on recurrence.276,369 Finally,
several studies reported on a mixed tumor population,
which is problematic for several reasons. As stated above,
the inclusion of multiple different tumor types intro-
duces significant confounding, which limits both the
interpretation of the results and the applicability to spe-
cific tumor types. Overall, in mixed tumor studies, the
impact of margin status on OS is unclear; however,
there does appear to be a benefit to DSS and RFS but
little evidence to suggest a benefit for either LRC or
DMFS.22,163,174,177,186,315,360,370,371,378,395,403–407
In summary, themajority of studies demonstratemargin

status to impact various survival metrics for most tumor
subtypes. For some pathologies such as adenocarcinoma,
ONB, and SCC, the benefit of negativemargins is fairlywell
established. However, for other pathologies such as ACC
and SNMM, controversies remain. Further studies could
potentially provide clarification and better guidance on the
importance of margin status in these tumor types.

Margin analysis in sinonasal tumors

Aggregate grade
of evidence

C (Level 2: one study; Level 3: 12 studies;
Level 4: 61 studies)

Benefit Negative margins are associated with
significant improvements in OS, DSS, and
RFS in a majority of studies for all tumor
subtypes.

Harm Potential harm of taking aggressive margins
includes injury to critical neurovascular
structures that would otherwise not be
sacrificed, leading to increased morbidity
or mortality to the patient. Inaccurate
frozen section margins intraoperatively
could change the operative plan and either
compromise definitive resection requiring
a return to the operating room or adjuvant
chemoradiation or could lead to more
aggressive resection than is truly
warranted. The potential harm to not
achieving negative margins comes at the
cost of survival for several tumor subtypes.

Cost Frozen section use is associated with
increased costs, but this must be weighed
against the potential cost of a second
surgery, intensification of adjuvant
treatment, and reduced survival that could
otherwise have been avoided if complete
resection with negative margins had been
achieved.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

“Wide surgical margins” should be more
clearly defined and uniformly reported
within the literature.

Policy level Recommendation for most malignancies.
Option for ACC with perineural invasion.

Intervention All attempts should be made to resect SNM
to negative margins except for when
resecting to negative margins would put
critical neurovascular structures at risk for
injury that would otherwise not be at risk.
GTR may be acceptable for ACC for local
control.

Frozen section analysis should not be used on
mucosal melanoma due to inaccuracy. For
all other tumor types evaluated (SCC,
adenocarcinoma, ONB, SNUC), frozen
section analysis should be used
intraoperatively to define the resection
margins and ensure definitive/negative
margin resection.
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108 KUAN et al.

XIII MANAGEMENT OF RECURRENT
MALIGNANCY

Advances in surgery, RT, and systemic therapies have
improved outcomes of SNM, but recurrences remain com-
mon. Historically, recurrences have been estimated to
occur with an average rate around 50%, although recent
series of experienced teams report recurrences in the order
of 20%–30%.22,33,416–419 Local recurrence represents the
main form of failure and mortality for all types of SNM.
Regional and distant metastases are less frequent and vary
according to histological subtype and initial grade and
stage. For instance, the rate of regional recurrences is sig-
nificant in ONB, while distant metastatic rate is significant
in SNUC, mucosal melanoma, and ACC. Due to the low
incidence of SNM and histological variability, there is a
paucity of literature concerning the treatment of recurrent
disease.

A Diagnosis of recurrent tumor

Early detection of recurrent SNM is critical for successful
salvage treatment. Posttreatment surveillance is therefore
vital to maximize long-term survival. However, identifi-
cation of recurrent disease in a previously treated region
can be challenging. Clinical follow-up and imaging are
conventionally used for surveillance after successful treat-
ment of SNM. In-office endoscopy forms the mainstay of
clinical surveillance. Although it has a low sensitivity as
it only identifies superficial local recurrences, it is inex-
pensive and easy to perform. Recurrences identified via
endoscopy are often amenable to salvage therapy given
their early detection.418,419 Khalili et al. showed a sensitiv-
ity of 25%, specificity of 89%, PPV of 43%, and NPV of 78%
for endoscopy.418
Imaging is critical for ongoing surveillance in patients

treated for SNM with most recurrences being detected
through imaging (Table XIII.1).418,419 MRI demonstrates
the highest PPV (84%) compared to PET/CT (46%) or CT
alone (44%) for detecting recurrent disease and should be
the mainstay of local surveillance.418 PET/CT has a signifi-
cant false-positive rate that is probably the consequence of
treatment-related inflammatory changes and the propen-
sity for the sinonasal cavity to develop inflammatory and
infective pathologies.197,216,420,421 Similar issues have also
been identified with PET imaging of the neck, especially
following neck irradiation to treat regional disease in
head and neck cancer.422–425 Importantly, evidence shows
that PET should be performed no sooner than 3 months
after treatment due to the possibility of treatment-induced
changes confounding the results. PET/CT is, however,
extremely valuable for the detection of distant metas-

tases. That being said, Fakhry et al. did not observe better
accuracy of PET in the detection of distant metastases in
head and neck SCC when compared to CT and Spector
et al. did not show improved life expectancy when PET
was used over other imaging modalities to detect distant
metastases.426,427
Surveillance recommendations for SNMwere often gen-

eralized based on research for all head and neck cancers,
but it is becoming increasingly clear that SNMs are dis-
tinct entities requiring different surveillance regimens.
First, late recurrences beyond 5 years have been widely
reported for SNM, with a recent study showing these to
account for 11.7% of all recurrent disease.428 These figures
vary depending on the histology and, in some subtypes as
ACC, ONB, andmelanoma, recurrences even after 10 years
have been described.428–430 For this reason, surveillance
beyond 5 years is recommended for SNM and possibly
lifelong follow-up should be considered for specific his-
tological subtypes.6,196 Second, recurrences are frequently
detected in asymptomatic patients (51%–94%) and con-
sequently a routine examination and imaging protocol
is recommended.419,431 Finally, the appropriate follow-up
interval remains controversial; however, there is a con-
sensus that it should be more intensive during the first
2–3 years posttreatment, given the high risk of recur-
rence during this time period. Two experienced teams have
assessed their surveillance programs for SNM. Using an
intensive surveillance program consisting of (1) clinical
follow-up every 2 months for year 1, every 3 months for
year 2, every 6 months for years 3–5, and annually there-
after; (2) surveillance MRI every 4 months for year 1, every
6 months for years 2–5, and annually thereafter; and (3)
screening for distant metastases annually with CT/PET,
Zocchie et al. demonstrated that 94% of all recurrences
could be detected in asymptomatic patients.419 Seventy-
four percent of recurrences were detected in the first
3 years posttreatment and, importantly, they showed that
61.5% of recurrences detected in this manner could be
treated with curative intent. Khalili et al. found similar
results with their surveillance program consisting of initial
follow-ups at 1–3 monthly intervals for the first 2 years, 3-
to 6-month intervals for the next 3 years, and then annually
afterward.418 At each visit, a standard history and physical
examination including nasal endoscopy was performed,
with MRI, CT, and/or PET/CT scans performed at 3- to 6-
month intervals for the first 2 years, then every 6 months
to yearly intervals thereafter. Using this surveillance pro-
gram, they found that 63% first recurrences were detected
in the first 24months after treatment and 87% of first recur-
rences could be treated with curative intent. Interestingly,
all recurrences diagnosed by endoscopy (n= 6) underwent
retreatment andwere alive at last follow-up. Three out of 17
patients with local recurrence diagnosed by imaging were
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ICAR SINONASAL TUMORS 109

TABLE X I I I . 1 Evidence surrounding diagnostic value of PET in recurrent sinonasal malignancy in previously treated tissue.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Diagnosis of recurrence at primary site (SN and/or SB)
Lamarre et al.197 2012 3 Retrospective

cohort
78 PET/CT analyzed
for surveillance
following surgery or
RT ± chemotherapy

LR 1. To detect local recurrence,
negative studies are effective in
predicting absence of disease

2. Positive studies need to be
viewed cautiously given the high
rate of false-positive studies

Harvey et al.420 2009 3 Retrospective
cohort

34 patients with SB
malignancy treated
with surgery, RT,
chemotherapy, or a
combination

LR 1. PET/CT is a highly sensitive test
for malignant disease

2. The mucosal lining of the
reconstructed skull base is a
common source for
inflammatory pathologies that
may lead to false-positive
PET/CT

Gil et al.216 2007 3 Prospective
cohort

47 patients with SB
malignancy
requiring surgical
resection ± RT or
CRT with routine
posttreatment
PET/CT surveillance
imaging

Recurrence PET/CT enables early detection of
tumor recurrence and guides
endoscopic biopsies in patients
with skull base neoplasms

Diagnosis of recurrence in previously irradiated neck
Rogers et al.422 2004 4 Prospective

case series
12 patients with N+
head and neck SCC
treated with RT with
postop imaging
including CT or MRI
and PET 1 month
after RT followed by
ND afterward

Persistent
cervical nodal
disease

The presence of a positive PET/CT
1 month after RT accurately
indicated the presence of residual
disease in all cases; however, a
negative PET indicated absence
of disease in only 14%

Sagardoy
et al.425

2016 4 Retrospective
case series

43 N+ SCC patients
treated with CRT
followed by postop
PET/CT at 3 months
and then only when
suspicious
symptoms or exam

Recurrent/
persistent
cervical nodal
disease

FDG PET–CT seems effective in
detecting recurrent/persistent
neck disease within the first
2 years of follow-up after
nonsurgical treatment of head
and neck SCC

Brkovich
et al.424

2006 4 Prospective
case series

19 patients with
advanced head and
neck SCC with N+
necks treated with
CRT and complete
response in the
primary site with
posttreatment
PET/CT followed by
salvage neck
dissection (n = 21)

Persistent
cervical nodal
disease

1. PET/CT imaging lacks adequate
sensitivity and specificity to
reliably predict the presence of
residual cervical metastatic
disease after completion of CRT

2. A negative PET scan appears to
be a reliable predictor of the
absence of residual tumor (NPV
91.7%)

(Continues)
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110 KUAN et al.

TABLE X I I I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Yao et al.423 2005 4 Retrospective
case series

53 N+ patients with
head and neck SCC
treated with CRT,
followed by
surveillance PET/CT
and salvage neck
dissection for (1)
persistent N+ and
positive PET or (2)
persistent N+ and
negative PET

LR 1. For patients who have no
evidence of residual
lymphadenopathy and a
negative FDG PET scan 12 weeks
after definitive radiation, neck
dissection can be safely withheld

2. In cases with residual
lymphadenopathy on exam and
negative PET/CT, neck
dissection may be withheld

Abbreviations: CRT, chemoradiation therapy; CT, computed tomography; FDG, fluorodeoxyglucose; LR, locoregional recurrence; ND, neck dissection; PET,
positron emission tomography; SB, skull base; SCC, squamous cell carcinoma; SN, sinonasal.

deemed untreatable and did not undergo salvage therapy,
and, of the remaining 14 patients, seven were deceased by
the end of the study period.
Aggregate grade of evidence: C (Level 3: three studies;

Level 4: four studies)

B Role of salvage surgery

Salvage surgery is typically recommended for patientswith
more favorable histological subtypes where surgical resec-
tion can be safely performed without injury to critical
neurovascular structures (Table XIII.2). A study performed
with a hospital-based US database showed that patients
with SNM undergoing salvage surgery had significantly
longer postoperative hospital stays and increased rates of
30- and 90-day mortality compared to patients undergoing
primary surgery.378 Based on their analysis of 42 patients
with recurrent SNM, Kaplan et al. reported prognostic
factors that negatively affected survival. These included
high-risk histologic subtypes (melanoma, SNUC, ade-
nocarcinoma, SNEC, sarcoma, SCC), high-grade/poorly
differentiated tumors, and tumors with orbital and skull
base involvement.417 For recurrent tumors with these
features and not located in the ethmoid sinus, they recom-
mended against salvage surgery. A retrospective study of
118 patients undergoing salvage surgery for recurrent SNM
reported a 5-year OS of 56%, with 57% achieving negative
margins.432
Two recent studies, both from Japan, have assessed the

role of salvage surgery for the treatment of local persis-
tent/recurrent advanced maxillary sinus SCC treated ini-
tially with RADiation and intraarterial cisPLATin (RAD-
PLAT). In both series, patients in whom negative sur-
gical margins could be achieved with SS had a signifi-
cant improvement in their 2- and 5-year survival rates
and local disease control.433,434 However, salvage treat-

ment of advanced epithelial malignancies involving other
sinonasal sites seems less effective.Orlandi et al., in a series
of 69 locally advanced (T3 and T4) sinonasal epithelial
carcinomas (keratinizing and nonkeratinizing SCC, SNEC,
SNUC) treated with multimodal therapy consisting of IC
followed by surgery and RT or definitive CRT, observed
that 44 patients presented with recurrences after primary
treatment. Forty-eight percent were local and 45% had dis-
tant metastases with or without locoregional recurrence.
Median OS after recurrence was 13 months and patients
who underwent salvage surgery had a median survival of
29.5 months compared to 4.6 months for those who did
not undergo salvage surgery (i.e., received chemotherapy
alone).435
Gore et al. performed a systematic review and pooled

analysis of 678 patients with ONB from 35 surgical series.
They reported a local recurrence rate of 28.5% after primary
treatment. Of the 101 patients who underwent salvage
treatment for local recurrence, the success of salvage
treatment, defined as a DFS of at least 1 year following
treatment, was 42.6% with no observed difference between
the different treatment modalities of salvage surgery, reir-
radiation, or a combination of both. Most documented
failures were locoregional (23/28) with only a small per-
centage (5/28) failing with distant metastases.436 These
results need to be interpreted with caution, however, given
the low sample size.
The largest analysis for the role of salvage surgery for

the treatment of neck recurrence was for regionally recur-
rent ONB. In a pooled analysis performed by Gore et al.
of 678 patients from 35 studies, the rate of overall cervical
metastases was 20.2%, with a 12.4% rate of late neckmetas-
tases. Salvage surgery was only attempted in 45 patients
presenting with late neck metastases, with a 1-year DFS of
31.2% posttreatment. The addition of RT to salvage surgery
conferred a statistically significant increase in the rate of
successful salvage in patients with late neckmetastases.437
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ICAR SINONASAL TUMORS 111

TABLE X I I I . 2 Evidence surrounding role of salvage surgery for recurrent sinonasal malignancy.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Gore and
Zanation436

2011 2 Systematic
review and
meta-
analysis

35 studies with 678
patients with ONB
of which 189
experienced local
recurrence; 101 were
treated with salvage
treatment (SS, RT, or
CRT)

1. Recurrence
2. DFS

Reasonable rate of successful
salvage of local ONB recurrence
using surgery, RT, or combined
surgery and RT

Gore and
Zanation437

2009 2 Systematic
review and
meta-
analysis

33 studies with 678
patients ONB
including 79
patients with late
neck metastasis
(>6 months after
primary diagnosis),
45 had SS

Successful
salvage of late
neck
metastasis
(DFS >1 year)

Treatment of neck metastases
occurring 6 or more months after
an initial diagnosis of ONB with
combined surgery and RT
provides a statistically significant
survival advantage versus
single-modality therapy

Mattavelli
et al.432

2022 3 Retrospective
cohort

118 patients with
locally recurrent
sinonasal cancers
treated with salvage
surgery

OS Predictors of OS included primary
treatment modality, histology, pT
class, margin status, PNI, and
adjuvant RT

Kaplan et al.417 2016 3 Retrospective
cohort

42 patients with locally
recurrent SNM
underwent
SS ± adjuvant
therapy with
curative intent

1. 6-, 12-, and
60-month OS

2. Recurrence
3. DFI
4. Postoperative

complica-
tions

5. LOS

1. High-risk histologic subtype,
grade and orbital and skull base
involvement negatively affected
OS and/or DFI

2. Improved stratification of
patients can be used to guide
decision making for patients
with recurrent SNM and to avoid
inappropriate surgery

Tsushima
et al.434

2022 4 Retrospective
case series

45 patients who had
recurrence
following RADPLAT

OS 1. Patients who did not undergo SS
had more advanced disease than
those who did

2. Prognosis of the patients who
underwent SS were naturally
better than those for patients
who did not

3. Survival rates of the patients
undergoing SS was sufficiently
high for SS to be recommended

Lehrich et al.378 2021 4 Retrospective
database
review
(NCDB)

3011 SNM treated with
curative intent with
primary surgery
(n = 2804) versus SS
(n = 207)

1. 30-day and
90-day
mortality

2. OS
3. LOS

1. Primary surgery resulted in
improved OS compared to SS

2. Within the SS group, late stage
and positive margins had worse
OS

Orlandi et al.435 2020 4 Retrospective
case series

69 locally advanced
(T3 and T4) SNM
treated with
multimodal
treatment of which

19 patients with
recurrent disease
were treated with SS

OS 1. In the recurrent setting,
feasibility of SS and clinical
benefit from palliative
chemotherapy are associated
with longer OS

2. A multimodal treatment strategy
with induction chemotherapy
seems to offer improved OS

(Continues)
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TABLE X I I I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Ono et al.433 2019 4 Retrospective
case series

Patients with maxillary
carcinoma who
received SS (n = 14)
versus
chemotherapy or
palliative care
(n = 10) after failing
primary CRT
followed by
sequential
RADPLAT (n = 60)
or
maxillectomy±neck
dissection (n = 16)

1. LRC
2. DFS
3. OS

1. SS for locally persistent or
recurrent maxillary sinus cancer
is a feasible treatment

2. Patients with positive surgical
margins are more prone to local
relapse

Abbreviations: CRT, chemoradiation therapy; DFI, disease free interval; DFS, disease-free survival; LOS, length of stay; LRC, locoregional control; LRFS, locore-
gional failure/recurrence-free survival; MRI, magnetic resonance imaging; ONB, olfactory neuroblastoma; OS, overall survival; PFS, progression-free survival;
PNI, perineural invasion; RT, radiation therapy; SNM, sinonasal malignancy; SS, salvage therapy.

Aggregate grade of evidence: C (Level 2: two studies;
Level 3: two studies; Level 4: four studies)

C Role of re-irradiation

Although several studies have assessed the role of reirra-
diation regimens for the treatment of local recurrences of
various head and neck tumors, few are specific for recur-
rent SNM (Table XIII.3).438–444 The heterogeneity of the
studies in terms of tumor site, histology, and the use of
reirradiation alone or as an adjuvant therapy to salvage
surgery, as well as the short follow-up, makes it difficult
to draw meaningful conclusions. From the limited data
available, reirradiation of local SNM recurrences appears
to be feasible, but it is typically associated with a signifi-
cant rate of toxicity, reaching above 20%of grade 3 or higher
toxicities.439,440 This may limit its use for recurrent SNM.
To better understand the role of reirradiation for recur-
rent SNM, further studies are needed with longer term
follow-up. Focus purely on tumors of the sinonasal cav-
ity with analysis according to histological subtype based on
different radiosensitivities is required.
Aggregate grade of evidence: C (Level 3: two studies;

Level 4: five studies)

D Role of palliative therapies

Studies evaluating the role of palliative therapy for recur-
rent SNM are few and of low-level evidence. Of the
studies reported, most are concerned with the effect of
palliative therapy on symptom control and QOL. Cited

examples of this include improvement of nasal obstruction
and subjective breathing, epistaxis control, decompression
of neurovascular structures, or pain.6 Of all the treat-
ment modalities, RT is the best studied in this setting
and has been shown to have a role in alleviating cra-
nial nerve dysfunction and trigeminal pain due to skull
base involvement by malignant tumors (metastases, recur-
rence, or advanced disease). However, the magnitude of
its effect and associated morbidity requires further study
(Table XIII.4).445–450 The role of palliative surgery and
chemotherapy for recurrent SNM is less clear. One case
series describing the role of surgical palliation in head
and neck cancer included eight patients with chronic
bleeding due to maxillary cancer ulceration, requiring reg-
ular admissions and blood transfusions. These patients
were successfullymanagedwith totalmaxillectomy, which
reduced their rates of hospital admission and need for
transfusions.451
Recently, Farber et al. published their review of the

NCDB aimed at assessing the impact of palliative treat-
ment on survival in SNM.452 In their review of 380 patients
undergoing palliative therapy for SNM, they reported
superior OS in patients undergoing palliative surgery.
Specifically, 1-year OS (74.7% vs. 35.3%) and median OS
were significantly higher in surgery compared to pain
management (22.8 vs. 4.6 months). It should be noted
that, of all patients analyzed, only 37 patients (9.7%) had
palliative surgery as the sole treatment, with RT and mul-
timodality treatments more commonly performed. Fur-
thermore, the study did not assess QOL or report on the
clinical decision-making behind choice of treatment, mak-
ing it difficult to draw firm conclusions on the superiority
of different palliative treatments.
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ICAR SINONASAL TUMORS 113

TABLE X I I I . 3 Evidence surrounding re-irradiation of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Fan et al.442 2020 3 Retrospective
cohort

86 patients with SNM
(68 RT-naive and 18
re-RT) received
either 3DCPT or
IMPT

1. 2-year LC
2. DC
3. DFS
4. OS
5. Toxicity

1. Re-irradiated patients had worse
LC, DC, DFS, and OS compared
to RT-naïve patients

2. Posttreatment radionecrosis was
more common and appeared
earlier in re-irradiated patients
compared to RT-naive patients

Bahig et al.443 2020 3 Prospective
cohort

39 patients with
recurrent SB tumors
with prior history of
RT treated with
varying modalities
of re-RT

1. 1- and 2-year
LC

2. HRQoL
(MDASI-BT
and ASBQ)

Although conformal skull base
re-RT is associated with
immediate deterioration in
physical function, recovery is
rapid and sustained

Yamazaki
et al.444

2021 4 Retrospective
case series

78 recurrent SN
tumors treated with
re-RT (SBRT 68,
IMRT 8, 3D-CRT 2)

1. 2-year OS
2. LC
3. Toxicity

1. Re-RT of SN tumors is
significantly associated with
adverse events, including
significant disease-related
toxicities

2. Incidence of distant metastasis
was relatively high after
reirradiation

Gao et al.439 2019 4 Retrospective
case series

141 locoregionally
recurrent
malignancies treated
with re-RT (CIRT)

1. 1-year OS
2. LC
3. RC
4. DMFS
5. Toxicity

Treatment adverse effects and
response are favorable with CIRT
and patients previously treated
with radiation

Gogineni
et al.440

2019 4 Retrospective
case series

60 recurrent head and
neck malignancies
treated with re-RT
(SBRT)

1. 1 and 2-year
OS

2. LC
3. RC
4. DC
5. QoL (MDADI

and MDASI)
6. Toxicity

SBRT re-RT shows comparable OS
and LC to other re-RT treatment
modalities with potential for
lower toxicities and maintained
QOL

Hayashi et al.441 2019 4 Retrospective
case series

48 recurrent head and
neck malignancies
treated with re-RT
(CIRT) after primary
CIRT

1. 2-year OS
2. LC
3. LRC
4. PFS
5. Toxicity

re-RT using CIRT maybe superior
to other re-RT modalities with
tolerable toxicity for patients with
recurrent head and neck
malignancies after CIRT

Iwata et al.438 2012 4 Retrospective
case series

51 recurrent SN
carcinomas, all M0
treated with re-RT
(SRS)

1. 1-year OS
2. LC
3. Toxicity

1. CK re-RT is feasible and
effective for local control of
recurrent SN carcinomas

2. Late complications not
determined by tumor volume or
interval from the previous
radiotherapy

3. Severe complications in the skin
and soft tissue commonly
occurred

Abbreviations: 3DCPT, three-dimensional conformal proton technique; ASBQ, anterior skull base surgery quality of life; CK, CyberKnife; CIRT, carbon ion radio-
therapy; CRT, chemoradiation therapy; DC, distant control; DFS, disease-free survival; DMFS, distant metastasis-free survival; HRQOL, health-related quality of
life; IMPT, intensity-modulated proton therapy; LC, local control; MDASI-BT, MDAnderson Symptom Inventory Brain Tumor; PFS, progression-free survival; PT,
proton therapy; RC, regional control; re-RT, re-irradiation; SB, skull base; SBRT, stereotactic body radiotherapy; SN, sinonasal; SRS, stereotactic radiosurgery; SS,
salvage surgery.
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114 KUAN et al.

TABLE X I I I . 4 Evidence surrounding palliative use of radiotherapy to treat skull base involvement of advanced or recurrent sinonasal
malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Phan et al.450 2018 4 Retrospective
case series

26 patients with
recurrent SB
malignancy treated
with GKRS for
trigeminal pain
palliation

Symptom/pain
palliation

GKRS is useful for the palliation of
trigeminal pain secondary to
recurrent malignant SB tumors
with a significant decrease in
patient reported pain and opioid
requirement

Dröge et al.449 2014 4 Retrospective
case series

30 patients with SB
metastases treated
with EBRT

1. Neurological
outcomes

2. OS
3. Toxicity

EBRT for SB metastases with CN
deficits shows good therapeutic
success in neurological outcomes
with low toxicity rates

Clump et al.448 2013 4 Retrospective
case series

21 SB metastases in 18
patients treated with
SRS

1. Neurological
outcomes

2. OS
3. LC

SRS for palliation shows
improvement in cranial
neuropathies and pain with
acceptable local control despite
poor OS

Kano et al.447 2009 4 Retrospective
case series

37 CS invasion
(metastasis or
extension) treated
with palliative SRS

1. 1- and 2-year
OS

2. PFS
3. Neurological

outcomes

1. SRS is a viable palliative option
for symptomatic treatment of
cancers that have invaded the
cavernous sinus

2. SRS early after diagnosis was
significantly associated with
improvement of CN dysfunction

Pollock et al.446 2000 4 Prospective
case series

Eight
recurrent/persistent
SB malignancies
treated with SRS
(GKRS to tumor, not
CNV)

Trigeminal neu-
ralgia/painful
trigeminal
neuropathy
response

1. Radiosurgery was effective in
improving tumor-related
trigeminal pain

2. Recurrence of trigeminal pain
was frequent and was related to
tumor progression

Firlik et al.445 1996 4 Retrospective
case series

12 recurrent/persistent
head and neck
cancer involving SB
treated with SRS

1. Clinical
response

2. Radiographic
response

Radiosurgery is associated with low
risk of worsening cranial
neuropathies with effective local
control for recurrent cancer of
the SB

Abbreviations: CNV, cranial nerve 5; CS, cavernous sinus; EBRT, external beam radiation therapy; GKRS, GammaKnife radiosurgery; LC, local control; OS, overall
survival; PFS, progression-free survival; SB, skull base; SRS, stereotactic radiosurgery; SN: sinonasal.

Orlandi et al. reported on the results of palliative
chemotherapy for patients with recurrent locally advanced
sinonasal epithelial carcinomas (keratinizing and nonker-
atinizing SCC, SNEC, SNUC) initially treated with multi-
modal therapy. Of the 14 patients who received palliative
chemotherapy, those who objectively responded had a
median OS of 29.2 months compared to the nonrespon-
ders who had a median OS of 4.4 months.435 Another
systemic therapy studied in the setting of palliation is pep-
tide receptor radionuclide therapy (PRRT) for ONB. In
a series of seven recurrent or metastatic ONBs deemed
unsuitable for further conventional therapies and high
somatostatin receptors expression, PRRT showed some
benefit, with four patients showing partial response and
two with disease stabilization.453

Aggregate grade of evidence: C (Level 4: six studies)

E Differences in outcomes between
primary and salvage treatment

It is well accepted that outcomes of primary treatment are
superior to those of salvage treatment. However, review of
the literature fails to identify any studies that directly com-
pare the outcomes of these treatments. Furthermore, the
studies that do report on the outcomes of salvage treat-
ment do not provide a breakdown based on histological
subtype, but rather report generally on all SNMs or group
them according to their biological behavior due to the low
number of cases available for analysis.
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ICAR SINONASAL TUMORS 115

TABLE X I I I . 5 Evidence surrounding neck management in N0 olfactory neuroblastoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Peacock et al.429 2017 3 Retrospective
cohort

52 ONB treated with
either SART or SA
without elective
neck dissection

1. RFS
2. Cervical LN

RFS
3. DMRFS
4. ARFS
5. OS

1. Radiotherapy significantly
reduces local recurrence

2. Treatment of the N0 neck is not
recommended and can be
observed for clinical evidence of
cervical disease

Jiang et al.455 2015 3 Retrospective
cohort

71 ONB modified
Kadish A/B/C

ENI+ (n = 22) versus
ENI– (n = 49)

1. OS
2. PFS
3. LRC
4. DM

1. No difference in OS and DFS
with or without ENI

2. ENI resulted in improved
regional control

3. Rescue treatment of neck is
effective

Song et al.457 2020 4 Retrospective
case series

217 ONB treated with
combination of RT,
chemotherapy
and/or surgical
resection

1. OS
2. PFS
3. RFS
4. DMFS
5. Incidence

and location
of lymph
node
metastasis

1. N+ at presentation was an
independent prognostic factor
for a poor OS

2. No difference in OS and PFS
with or without ENI

3. ENI reduced the regional failure
significantly

4. No difference in DMFS with or
without ENI

5. Rescue treatment of neck is
effective

Yin et al.456 2015 4 Retrospective
case series

80 ONB modified
Kadish B/C

ENI+ (n = 50) versus
ENI– (n = 30)

OS
DFS
RRFS
DMFS

1. No difference in OS and DFS
with or without ENI

2. ENI reduced the regional failure
significantly

3. No difference in DMFS with or
without ENI

Abbreviations: ARFS, any recurrence-free survival; DMRFS, distant metastasis recurrence-free survival; ENI, elective neck irradiation; ENI+, receiving elective
neck irradiation; ENI–, not receiving elective neck irradiation; LN, lymph node; LNM, late neck metastases; ND, neck dissection; OS, overall survival; PFS,
progression-free survival; RFS, recurrence-free survival; RRFS, regional recurrence free; SA, surgery alone; SART, surgery and adjuvant radiotherapy.

Two histological subtypes that have treatment outcomes
compared, though not within the same cohorts, between
primary and salvage therapy are maxillary sinus SCC and
ONB. Homma et al. reported a 5-year OS of 67.6% in 54
patients primarily treated with RADPLAT for maxillary
SCC.454 Similar survival rates have also been seen for recur-
rent maxillary SCC initially treated with RADPLAT, with
a study reporting a 5-year OS of 68% for salvage surgery for
these tumors.434 However, survival outcomes were lower
in a study byOno et al. who observed a 2-yearOS of 45.8% of
patients undergoing salvage surgery and 11.1% for patients
treated only with chemotherapy or palliation.433
The management of the N0 neck in patients with ONB

has also been well studied. Interestingly, although there is
significant evidence showing that elective neck irradiation
(ENI) decreases the rate of late neckmetastasis, three stud-
ies have failed to show that this translates into improved
OS (Table XIII.5).455–457 Whether forgoing ENI in ONB
patients and only treating recurrent neck disease when it

occurs is something that warrants further study. This is
supported by the series fromPeacock et al. that included 58
ONB patients with a mean follow-up of 13.8 years.429 They
showed a 4-year regional RFS of 70% after neck salvage
surgery with or without RT and concluded that, although
delayed cervical lymph node metastasis is common, it is
generally indolent and can be managed effectively with
salvage treatment in most patients.
Aggregate grade of evidence: C (Level 3: two studies;

Level 4: two studies)
Recurrent SNM disease creates various treatment chal-

lenges with limited research available and thus eligible
patients should be assessed systematically by a multi-
disciplinary team with experience in surgical salvage,
reirradiation, chemotherapy, systemic therapies, and pal-
liative care. Where possible, treatment should be based
on prognostic indicators as well as the morbidity associ-
atedwith the different treatmentmodalities. SNMpresents
a significant rate of failure after initial successful treat-
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ment, with local recurrence being the main reason. Due
to the rarity of these tumors and histological variability,
there is a paucity of studies specifically addressing salvage
treatment for the different types of SNMs. Although the
evidence available is limited and of low quality, it does
suggest that salvage treatment may improve the outcome
of patients with locoregional recurrences. When possible,
salvage surgery, with the aim of obtaining negative sur-
gical margins, and adjuvant RT (including reirradiation)
appear to be the best option. In caseswhere further surgery
is not feasible, reirradiation with curative intent remains
an alternative, although further research in this area is
required. Studies with longer follow-up, focusing particu-
larly on the different histological subtypes of SNM sharing
similar radiosensitivities, are required to better judge its
efficacy. Toxicity varies according to the method employed
but, in general, appears acceptable. Due to the rarity of
these malignancies and the diverse range of histological
types with different behaviors, large prospective studies
remain difficult to conduct. For this reason, large-scale col-
laborative multicenter studies with pooling of resources
remain the most likely source of future evidence.

XIV RADIATIONMODALITIES FOR
TREATMENT OF SINONASAL
MALIGNANCIES

Technical advances have accelerated the development of
highly conformal, image-guided (IG) external beam radio-
therapy (EBRT). IG-EBRT can be delivered with multi-
ple treatment modalities, including conventional photons
such as static or rotational IMRT and particle therapy (PT).
These techniques allow dose escalation and geometric

conformity, which are critical for the safe and effective
treatment of SNM. Cancers of this anatomic region por-
tend a high risk of tumor recurrence as well as treatment
complications from intense multimodality therapies that
include surgery, radiation, and chemotherapy. SNMs are
often situated immediately adjacent to sensitive neurovas-
cular tissues (optic apparatus, brainstem, spinal cord, brain
parenchyma, auditory structures, mandible, aerodigestive
tract mucosa, and/or salivary glands), all of which provide
vital functions for daily living andmaintainingQOL. Thus,
IMRT has been amajor advancement in sparing these nor-
mal tissues and is the current standard for clinical practice
worldwide.22,458,459
PT is an emerging clinical tool using neutrons, protons,

or carbon ions for therapeutic intervention. Because of
the physical properties of particle dosimetry, other than
neutrons, these modalities can reduce the integral dose,
specifically low and moderate radiotherapy doses, to sur-
rounding normal tissues. Proton beam therapy (PBT) is

the most widespread of this category, showing an asso-
ciation of improved oncologic control for treating SNM
over IMRT.458 Fast neutron therapy (NRT) and carbon
ion radiotherapy (CIRT) involve heavy particles with a
higher relative biological effectiveness (RBE), potentially
allowing for biologic therapy intensification for those with
residual disease of radioresistant pathologies.458,460–463
Significant heterogeneity in literature across patient

demographics, stage, pathologies, and treatment status
(including prior intervention and extent of residual dis-
ease at the time of radiotherapeutic intervention) makes
direct comparisons challenging. Furthermore, even among
similar modalities, differences in practice patterns and
technical operations exist. This section aims to summa-
rize the evidence on the role of RT and different modalities
on management of SNM. Of note, this section does not
cover radiation treatment of chordoma or skull base chon-
drosarcoma, which is covered in ICSB 2019 Sections IX.A.6
and IX.B.1, respectively.5 Section XXX.II covers morbidity
related to RT.

A Intensity-modulated radiotherapy

Commercially available since the early 2000s, IMRT has
quickly become the primary radiation delivery method
in advanced centers. Benefits are multifactorial, with
short treatment times and the ability to deliver multi-
ple noncoplanar beam angles by rotational arcs with high
dose rates and sophisticated multileaf collimation. IMRT
can thus generate steep dose gradients and high dose
conformity, which is essential for treating SNM.
When compared to two-dimensional and three-

dimensional conformal radiotherapy techniques (2DCRT
and 3DCRT, respectively), retrospective case series show
that IMRT has reduced toxicity and local control (LC) and
OS benefits (Table XIV.1). Al-Mamgani et al. reviewed 82
patients with SNM and reported that, though late grade
2 toxicity was seen in over 25% of patients 5 years after
treatment, it was significantly lower when using IMRT
compared to 3DCRT (17% vs. 52%, p < 0.0001). Not only
was visual preservation improved using IMRT (88% vs.
65%; p = 0.01), but it also demonstrated LC advantages
(80% vs. 64%; p = 0.2).462
Furthermore, Duprez et al. reviewed 130 SNM patients

treated with IMRT. While they observed late grade 3 ocu-
lar toxicity in 11 patients, no radiation-induced blindness
was observed. Actuarial 5-year LC and OS rates were 59%
and 52%, respectively. They concluded that IMRT could
deliver high therapeutic doses and minimize ocular com-
plications and should be the SNM treatment standard.464
The adoption of IMRT andmultimodality therapy was fur-
ther corroborated in a phase-4 national study in Denmark.
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ICAR SINONASAL TUMORS 117

TABLE X IV. 1 Evidence surrounding IMRT in treatment of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Zhang et al.474 2020 2 Systematic
review and
meta-
analysis

44 cohorts comparing
2282 patients treated
with CIRT, PBT or
IMRT (IMRT,
n = 772)

1. 3-year LC
2. 3-year OS

1. LC 68%
2. OS 64%
3. LC and OS were significantly

higher after CIRT than PBT or
IMRT

4. No significant difference
between PRT and IMRT for OS
and LC was observed

Liang et al.475 2018 2 Systematic
review

20 studies evaluating
IMRT for SNM
(n = 1274)

Clinical
outcomes

IMRT has contributed to the
substantial improvement in
clinical outcomes of these
patients, both in terms of primary
tumor control and avoidance of
toxicities

Patel et al.458 2014 2 Systematic
review and
meta-
analysis

41 studies evaluating
SNM patients
undergoing either
particle or photon
radiotherapy
(n = 1472; IMRT
therapy n = 187 for
DFS and n = 212 for
OS)

1. Longest
follow-up
LRC

2. 5-year DFS
3. 5-year OS

1. LRC 0.64 (95% CI: 0.57–0.72)
2. DFS 0.5 (95% CI: 0.38–0.67)
3. OS 0.48 (95% CI: 0.38–0.60)
4. PBT showed significantly higher

DFS at 5-year and LRC at longest
follow-up compared to IMRT

Patel et al.476 2020 3 Retrospective
cohort

SNM at a single
institution (n = 60)

Toxicity 10.4% (n = 12) of patients had
postoperative complications, and
21.0% (n = 22) had high-grade
(grade 3–5) RT toxicity

Filtenborg
et al.465

2021 4 Retrospective
database
review
(DAHANCA)

SNM across
multi-institutional
national database
(n = 331)

1. Guideline
compliance

2. 5-year OS

1. Noncompliance was associated
with LRF

2. 5-year OS was 56% in patients
treated with curative intent

3. Combined treatment strategy
showed reduced LRF

Klymenko
et al.477

2021 4 Retrospective
case series

SNM at a single
institution (n = 53)

OS 1. OS 33 months
2. Pretherapeutic GTV was

prognostic (cutoff 75 cm3)
Korra et al.478 2021 4 Retrospective

case series
ONB at a single
institution (n = 13)

1. 5-year OS
2. RFS

Induction chemotherapy followed
by radiation gives the best
outcomes

Laskar et al.479 2021 4 Retrospective
case series

SNM at a single
institution (n = 214)

1. 5-year LC
2. 5-year PFS
3. 5-year OS

1. LC67%
2. PFS 59%
3. OS 74%

Owin et al.480 2021 4 Retrospective
case series

SNM at a single
institution (n = 104;
IMRT n = 88,
3DCRT n = 13; NRT
n = 3)

1. LRC
2. Tox

1. The locoregional recurrence rate
was 18% following IMRT versus
31% in the
two/three-dimensional
conventional RT group
(p = 0.09)

2. IMRT was associated with a
lower inner ear toxicity rate (8%
vs. 20%, respectively; p = 0.045)

Slevin et al.481 2021 4 Retrospective
case series

SNM across four
institutions (n = 56)

1. 5-year PFS
2. 5-year OS

1. PFS 24%
2. OS 30%

(Continues)
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118 KUAN et al.

TABLE X IV. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Swain et al.482 2021 4 Retrospective
case series

ACC at a single
institution (SNM
n = 13)

5-year LPFS LPFS 51%

Ting et al.483 2021 4 Retrospective
case series

SNM at a single
institution (n = 7)

Ocular and
periocular
complications
following
EBRT

High-dose EBRT for inoperable
maxillary sinus tumors can lead
to a wide array of severe
ocular/periocular complications

Zeng et al.484 2021 4 Retrospective
case series

ONB at a single
institution (n = 64)

OS Surgery combined with RT with or
without chemotherapy resulted
in significantly better OS (84.4 vs.
50.6%, 84.4 vs. 37.5%) compared
to surgery alone and RT alone

Chen et al.485 2021 4 Retrospective
case series

SNM at a single
institution (n = 49,
helical
tomotherapy)

1. 5-year PFS
2. 5-year OS

1. PFS 63%
2. OS 55%

Bao et al.486 2020 4 Retrospective
case series

ONB at a single
institution (n = 52)

1. 3-year LPFS
2. 3-year OS

1. LPFS 90%
2. OS 90%
3. Severe late toxicities were

infrequent (11.5%)
Ferella et al.487 2020 4 Retrospective

case series
SNM at a single
institution (n = 34)

Tumor volume
association
with PFS and
OS

Smaller disease burden showing
improved oncologic control

Li et al.164 2020 4 Retrospective
case series

SNM at a single
institution (n = 93;
IMRT n = 38,
3DCRT n = 55)

1. 5-year OS 1. OS 57%
2. 5-year PFS and OS were similar

between RT ± surgery

Liu et al.488 2020 4 Retrospective
case series

ONB at a single
institution (n = 37)
comparing
CRT ± surgery

1. 5-year OS
2. 5-year PFS
3. 5-year LRFS

In IMRT era, no differences in OS,
PFS, or LFRS between
CRT ± surgery

Sharma et al.489 2020 4 Retrospective
case series

SNM across
multi-institutional
national database
(n = 184)

Patterns of
failure

76 (41%) of patients relapsed, and
the majority were in the involved
primary site (76%)

Sharma et al.490 2020 4 Retrospective
case series

SNM at two centers in
Denmark (n = 27)

Cerebral toxicity Clinically significant cognitive
impairment was present in more
than one third of the participants,
and several dose–response
associations were present

Sharma et al.491 2020 4 Retrospective
case series

SNM at two centers in
Denmark (n = 27)

Late toxicity Late toxicity after RT was
substantial in all examined
organs, with dose–response
associations between visual
acuity impairment and the optic
nerve

(Continues)
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ICAR SINONASAL TUMORS 119

TABLE X IV. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Sun et al.396 2020 4 Retrospective
case series

ONB at a single
institution (IMRT
n = 71, 60 conven-
tional/3DCRT)

1. 5-year OS
2. 5-year LRFFS

1. OS 70%
2. LRFFS 78%
3. Orbital invasion, intracranial

invasion, lymph node
metastasis, and advanced Kadish
disease at initial diagnosis were
significantly associated with
inferior prognosis

Wang et al.492 2020 4 Retrospective
case series

SNM at a single
institution (n = 140;
IMRT n = 84,
2D/3DCRT = 56)

1. 5-year LC
2. 5-year DFS
3. 5-year OS

1. LC 66%
2. DFS 58%
3. OS 62%
4. Orbital content retention rate in

preoperative RT group was
85.7%, superior to 58.3% in
postoperative RT group

Frederic-
Moreau
et al.493

2019 4 Retrospective
case series

SNM at a single
institution (IMRT
n = 34, 3DCRT = 24)

1. 3-year LC
VMAT/3DCRT

2. 3-year OS
MVAT/3DCRT

1. LC 85%/65%
2. 81%/63%
3. Reduction of acute and late

ocular toxicity of grade ≥2 with
VMAT

Guazzo et al.494 2019 4 Retrospective
case series

ACC at a single
institution (SNM
n = 17)

1. 5-year LRC
2. 5-year OS

1. LRC 88%
2. OS 92%

Li et al.495 2019 4 Retrospective
case series

ONB at a single
institution (n = 88;
IMRT n = 26,
3DCRT n = 34)

1. 5-year OS RT
alone

2. 5-year OS
postop RT

1. OS 64%
2. OS 71%
3. 5-year LRRFS survival was 100%

in patients with ENI and 58% in
patients without ENI

Fu et al.380 2018 4 Retrospective
case series

SNM at a single
institution (n = 84)

Margin status
neoadjuvant
versus
adjuvant RT

Neoadjuvant RT was associated
with an 81% decreased odds of
positive margins

Lee et al.496 2018 4 Retrospective
case series

SNM at a single
institution (n = 40;
IMRT n = 35,
3DCRT n = 5)

ENI impact on
OS and PFS

There was no significant difference
between the ENI (+) and ENI (−)
groups regarding OS and PFS

de Bonnecaze
et al.497

2018 4 Retrospective
case series

SNUC at a single
institution (n = 54)

1. 3-year RFS
2. 3-year OS

1. RFS 48%
2. OS 62%

Chopra et al.498 2017 4 Retrospective
case series

SNM at a single
institution (n = 23)

1. 5-year PFS
2. 5-year OS

1. PFS 30%
2. OS 60%

Gamez et al.499 2017 4 Retrospective
case series

SNUC at a single
institution
(IMRT = 24,
3DCRT = 12,
other = 4)

1. 5-year LRC
2. 5-year OS

1. LRC 71%
2. OS 44%
3. Better outcomes were obtained

with a trimodality approach and
doses 360 Gy

Ahmad et al.500 2016 4 Retrospective
case series

SNM at a single
institution (n = 26)

Intracranial
radiation
necrosis

Patients with STR and rapid onset
of MRI changes in
post-surveillance scans are more
likely to have tumor recurrence
versus radiation necrosis

(Continues)
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120 KUAN et al.

TABLE X IV. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Amsbaugh
et al.501

2016 4 Retrospective
case series

SNM at a single
institution treated
with orbital
preservation (n = 14)
versus exenteration
(n = 6)

1. 2-year LRC
2. 2-year PFS
3. 2-year OS

At 2 years, there were no significant
differences in LRC, PFS, or OS
between those undergoing orbital
preservation

Askoxylakis
et al.502

2016 4 Retrospective
case series

SNM at a single
institution (n = 122)

1. 5-year LC
2. 5-year PFS
3. 5-year OS

1. LC 51%
2. PFS 47%
3. OS 54%

Burt et al.503 2016 4 Retrospective
case series

SNM at a single
institution (n = 11)

1. LC
2. G3 Tox

1. LC 73%
2. Tox 18%

Suh et al.504 2016 4 Retrospective
case series

SNM at a single
institution (n = 54;
IMRT n = 19,
3DCRT n = 35)

1. 3-year LRC
IMRT

2. 3-year LRC
3DCRT

1. LRC IMRT 89%
2. LRC 3DCRT 60%

Yin et al.505 2016 4 Retrospective
case series

ONB at a single
institution (IMRT
n = 44, conventional
n = 63)

1. 5-year LRC
2. 5-year OS

1. LRC 73%
2. OS 65%

Duru Birgi
et al.506

2015 4 Retrospective
case series

SNM at a single
institution (n = 43)

1. 2-year LC
2. 2-year PFS
3. 2-year OS

1. LC 81%
2. PFS 71%
3. OS 80%

Batth et al.507 2013 4 Retrospective
case series

SNM at a single
institution (n = 40)

Toxicity The incidence of acute and late
grade 3+ toxicity was 23% and
19%, and volumes receiving
≥20 Gy was the most significant
predictor of late toxicity

Fried et al.508 2013 4 Retrospective
case series

SNM at a single
institution (IMRT
n = 41, 3DCRT
n = 38)

1. 3-year LC
2. 3-year OS

1. LC 64%
2. OS 68%
3. SNM failed marginally or

out-of-field in 53% (8/15) of LR
and 31% (8/26) of all local
failures

Guan et al.509 2013 4 Retrospective
case series

SNM at a single
institution (IMRT
n = 43, 3DCRT
n = 16)

1. 3-year LRC
2. 3-year OS

1. LRC 63%
2. OS 69%
3. Level Ib and level IIa were the

most common sites of cervical
nodal recurrence

4. None of the 11 patients who
received ENI developed failure
in the neck

Kaur et al.510 2013 4 Retrospective
case series

ONB at a single
institution (IMRT
n = 6, EBRT n = 5)

1. 5-year PFS
low/high
grade

2. 5-year OS
low/high
grade

1. PFS 65%/49%
2. OS 86%/56%
3. Tumor histology appeared to be

the best way of predicting the
prognosis and selecting patients
for adjuvant RT

Rajapurkar
et al.511

2013 4 Retrospective
case series

SNM at a single
institution (IMRT
n = 7, 3DCRT n = 7)

1. LR
2. DFS

1. Eight local recurrences
2. 11 disease free at the end of

follow-up
(Continues)
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ICAR SINONASAL TUMORS 121

TABLE X IV. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Buiret et al.512 2012 4 Retrospective
case series

SN invasive papilloma
at a single
institution (n = 11;
3DCRT n = 5, IMRT
n = 6)

1. LR 1. LR 45%
2. Degenerated IPs are thus

aggressive diseases and must be
treated similarly to primary SCC

Duprez et al.464 2012 4 Retrospective
case series

SNM at a single
institution (n = 130)

1. 5-year LC
2. 5-year OS
3. G3 Ocular

Tox

1. LC 59%
2. OS 52%
3. Worst grade of late ocular

toxicity was Grade 3 (n = 11),
Grade 2 (n = 31), Grade 1
(n = 33), and Grade 0 (n = 11)

Wiegner et al.513 2012 4 Retrospective
case series

SNM at a single
institution (n = 52)

1. 2-year LRC
2. 2-year OS

1. 2-year LRC 64%
2. 2-year OS 66%
3. Patients with SCC have worse

LRC and OS
4. LRF is the predominant pattern

of failure
Al-Mamgani
et al.462

2012 4 Retrospective
case series

SNM at a single
institution (n = 82,
IMRT n = 57;
3DCRT n = 25)

1. 5-year LC
2. 5-year RC
3. 5-year OS
4. 5-year G2 Tox

1. LC 74%
2. RC 94%
3. OS 54%
4. G2 Tox 28%
5. Late toxicity was significantly

lowered using IMRT, compared
to 3DCRT (17% vs. 52%)

6. LC rate was also improved by
IMRT (80% vs. 64%, respectively)

Dirix et al.514 2010 4 Retrospective
case series

SNM at a single
institution (n = 40)

1. 2-year LC
2. 2-year OS

1. LC 76%
2. OS 79%

Madani et al.515 2009 4 Retrospective
case series

SNM at a single
institution (n = 84)

1. 5-year LC
2. 5-year DFS
3. 5-year OS

1. LC 71%
2. DFS 59%
3. OS 59%

Hoppe et al.516 2008 4 Retrospective
case series

SNM at a single
institution (IMRT
n = 12, conventional
and
three-dimensional
n = 27)

1. 5-year LP
2. 5-year DFS
3. 5-year OS

1. LP 21%
2. DFS 51%
3. OS 15%
4. Severe late toxicities occurred in

two patients
5. The only significant factor for

disease control was a
biologically equivalent dose of
radiation ≥65 Gy

Hoppe et al.459 2008 4 Retrospective
case series

SNM at a single
institution (n = 37)

1. 2-year LC
2. 2-year OS

1. LC 75%
2. OS 80%

Daly et al.517 2007 4 Retrospective
case series

SNM at a single
institution (n = 36)

1. 5-year LC
2. 5-year OS

1. LC 58%
2. OS 45%

Combs et al.518 2006 4 Retrospective
case series

SNM at a single
institution (n = 46)

1. 3-year LC
2. 3-year OS

1. LC 49%
2. OS 80%

Duthoy et al.519 2005 4 Retrospective
case series

SNM at a single
institution (n = 39)

1. 4-year LC
2. 4-year OS

1. LC 68%
2. OS 59%

Abbreviations: 3DCRT, three-dimensional conformal radiotherapy; DFS, disease-free survival; EBRT, external beam radiotherapy; ENI, elective nodal/neck irradi-
ation; G2 Tox, grade 2 toxicity; G3 Ocular Tox, grade 3 ocular toxicity; IMRT, intensity modulated radiation therapy; LC, local control; LPFS, local progression-free
survival; LR, locoregional; LRC, local–regional control; LRF, locoregional failure; LRFFS, locoregional failure-free survival; LRPFS, locoregional progression-free
survival; LRRFS, locoregional recurrence-free survival; OS, overall survival; PFS, progression-free survival; RC, regional control; SN, sinonasal; SNM, sinonasal
malignancy; SNUC, sinonasal undifferentiated carcinoma.
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122 KUAN et al.

Filtenborg et al. reviewed a 331-patient nationwide clinical
database (DAHANCA), showing that guideline compli-
ance and a combined treatment approach reduced the
incidence of LRF and thereby increased OS.465
In summary, retrospective cohort studies corroborate

multiple single-institute studies demonstrating that IMRT
allows for the maintenance of target coverage and avoid-
ance of critical organs at risk (OARs) for SNM. The
magnitude of locoregional control (LRC), DFS, andOS rate
benefits depend on the extent of disease and pathology
of the primary malignancy. IMRT is the standard therapy
for photon radiation delivery for SNM at advanced cancer
centers.

B Proton beam therapy

PBT is the most widely available particle therapy for
treating superficial and deep-seated tumors. Like IMRT,
PBT allows for high-dose conformity, which is critical for
the sensitive OARs adjacent to the skull base. In addi-
tion, PBT may also allow low- and moderate-dose reduc-
tions. Despite these benefits, the present treatment cost
and geographic availability are limiting factors for PBT’s
widespread utilization. Favorably, a single cost–benefit
analysis showed that PBT for SNM provided an extra 1.65
quality-adjusted life-year (QALY) at an additional cost of
$38,929 compared with IMRT, with an incremental cost-
effectiveness ratio of $23,611/QALY.466 This was secondary
to improved DFS compared to IMRT, as demonstrated in
a 2014 systematic review and meta-analysis. Patel et al.
demonstrated that pooled OS and DFS rates were signif-
icantly higher at 5 years for PBT than for photon therapy
(relative risk [RR] 1.51, 95%CI: 1.14–1.99; p= 0.0038 andRR
1.93, 95% CI: 1.36–2.75; p = 0.0003, respectively). Subgroup
analysis specifically identified that PBTprovided improved
LRC (RR 1.26; p= 0.011) 5 years after treatment and DMFS
rates (RR 1.44; p = 0.045) at the longest follow-up.458
In one of the largest published PBT series, Dagan et al.

reviewed 143 patients at the University of Florida; the 5-
year LRC rate was 78%, and the OS rate was 59%. Surgery
improved LC rates, but only with GTR (5-year LC for GTR
87% vs. subtotal resection [STR] 62.9% vs. biopsy alone 55%;
p = 0.001), and gross residual disease was the only sig-
nificant prognostic factor for LRC rates on multivariate
analysis. Late grade 3 toxicities were high at 22% (32 of 143),
including central nervous system necrosis in 6% (9 of 143)
and vision loss in 3.5% (five of 143).460
Fan et al. evaluated 86 prospective patients with PBT.

The 2-year LC and OS rates for radiation-naive patients
were 83% and 81%, respectively. Nearly 25% experienced
acute grade 3 toxicities, and 6% experienced late grade
3 toxicities, including osteoradionecrosis (ORN), vision

loss, and soft tissue necrosis/fibrosis.442 While these
studies reflect promising treatment outcomes related to
PBT’s physical dosimetry, further proton research focus-
ing on technical improvements, including dynamic arc and
biologic enhancement (e.g., RBE optimization, FLASH,
proton boron capture therapy), may further impact the
therapeutic ratio.467
In summary, retrospective cohort studies and a sys-

tematic review show that PBT allows for target coverage
maintenance, high-dose RT conformity, and low- and
moderate-dose radiation bath reductions (Table XIV.2).
The magnitude of LRC, DFS, and OS rate benefits depends
on the extent of disease and pathology of the primary
malignancy. While IMRT is the standard therapy for SNM
at most cancer centers, PT (particularly PBT) may pro-
vide further benefits in LRC and DFS rates and should be
considered when available.

C Fast neutron radiotherapy

While initial studies (particularly for head and neck and
salivary gland malignancies) showed higher disease con-
trol rates compared to photon therapies, only a few centers
worldwide have adopted and maintained the capacity to
use NRT. While this initial promise in both retrospec-
tive and randomized trials showed improved LC rates,
progress was stifled by concerns about higher toxicity
rates. In addition, improvements in conventional photon
conformity and the shielding requirements of neutrons
(among others) lead to NRT’s near abandonment. This
is despite improvements in beam profile safety that may
make neutron delivery more practical for treatment.468,469
Douglas et al. studied 279 patients, ofwhich 43 had SNM.

The 6-year LRC and DSS rates were 59% and 67%, respec-
tively, and grade 3 or higher complications were seen in
10% of patients. More recently, neutrons have been used
in combination with PBT. In 2021, Aljabab et al. pub-
lished a combined NRT–PBT cohort of 29 patients with
unresectable skull base salivary gland tumors, including
12 SNM patients. LC, PFS, and OS rates were 90%, 79%,
and 93%, respectively. Ten late grade 3 or 4 events were
documented.463
In summary, retrospective cohort studies show that NRT

can improve LRC, PFS, andOS rates in SNM,with themag-
nitude of the benefits dependent on the extent of disease
and pathology of the primary malignancy (Table XIV.3).
However, almost all data were collected on patients treated
before 2000 without three-dimensional isodose dose dis-
tribution evaluation and plan review. Therefore, any
comparison of NRT within the literature is not equiva-
lent to modern outcomes with IMRT, PBT, or CIRT, as
it was conducted without modern, surrounding medical
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ICAR SINONASAL TUMORS 123

TABLE X IV. 2 Evidence surrounding proton therapy in treatment of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Zhang et al.474 2020 2 Systematic
review and
meta-
analysis

44 cohorts comparing
2282 patients treated
with CIRT, PBT, or
IMRT (PBT, n = 599)

1. 3-year LC
2. 3-year OS

1. LC 73%
2. OS 66%
3. LC and OS were significantly

higher after CIRT than PBT or
IMRT

4. No significant difference
between PRT and IMRT for OS
and LC was observed

Patel et al.458 2014 2 Systematic
review and
meta-
analysis

41 studies (43 cohorts)
comparing SNM
patients undergoing
either particle or
photon radiotherapy
(n = 1472; IMRT
therapy n = 36 for
DFS and n = 147 for
OS)

Event rates:1. Longest
follow-up
LRC

2. 5-year DFS
3. 5-year OS

1. LRC 0.81 (0.71–0.92)
2. DFS 0.72 (0.59–0.89)
3. OS 0.66 (0.52–0.85)
4. Subgroup analysis comparing

PBT with IMRT, PBT showed
significantly higher DFS at
5 years and LRC at longest
follow-up

Fan et al.442 2020 3 Retrospective
cohort

SNM at single
institution (n = 86);
included 18,
reirradiation pts

1. 2-year LC
2. 2-year DFS
3. 2-year OS

1. LC 82%
2. DFS 70%
3. OS 77%
4. Patients who received

re-irradiation had higher
complications compared to de
novo

Dagan et al.460 2021 4 Retrospective
case series

SNM at single
institution (n = 143)

1. 5-year PFS
2. 5-year CCS
3. 5-year OS

1. PFS 62%
2. CCS 59%
3. OS 64%
4. Patients who underwent GTR

had an 87% LC rate
Nakajima
et al.520

2021 4 Retrospective
case series

SNM at single
institution (n = 62)

1. 2-year LC
2. 2-year PFS
3. 2-year OS

1. LC 92%
2. PFS 50%
3. OS 76%
4. 16 grade ≥3 late toxicities were

observed in 12 patients (19%),
including 11 events resulting in
visual impairment

Hu et al.521 2020 4 Retrospective
case series

ONB at single
institution (n = 12)

1. 2-year PFS
2. 2-year OS

1. PFS 76%
2. OS 83%

Li et al.466 2020 4 Cost
effectiveness
analysis

Analysis using a single
SNM patient
scenario

ICER IMPT provided an extra 1.65 QALYs
at an additional cost of $38,928.7
compared with IMRT and had an
ICER of $23,611.2/QALY

Pasalic et al.522 2020 4 Retrospective
case series

SNM at single
institution (n = 64)

1. 3-year LC
2. 3-year DFS
3. 3-year OS

1. LC 88%
2. DFS 76%
3. OS 82%
4. Low grade ≥3 toxicity, and PROs

suggest significant changes in
the acute–subacute period but
no chronic sequelae

Lee et al.523 2019 4 Retrospective
database
review
(NCDB)

NCDB review of
proton utilization
for head and neck
cancer (n = 220,491)

Proton
utilization and
determining
factors

The most common primary site
treated with proton therapy was
the nasal cavity/nasopharynx
(n = 151; 36.2%)

(Continues)
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124 KUAN et al.

TABLE X IV. 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Yu et al.524 2019 4 Retrospective
case series

SNM
multi-institutional
of de novo (n = 42)
or re-irradiation
(n = 27)

1. 3-year FFLR
(local-reg)

2. 3-year FFDP
3. 3-year OS

1. 93%/34%
2. 77%/32%
3. 100%/76%
4. re-RT was associated with

inferior FFLR
5. Late toxicities occurred in 15% of

patients, with no grade 3
or + toxicities

6. No patients developed vision
loss or symptomatic brain
necrosis

Dautruche
et al.525

2018 4 Retrospective
case series

ACC at single
institution (SNM
n = 8)

1. 3-year LC
2. 3-year OS

1. LC 60%
2. OS 60%

Nakamura
et al.526

2017 4 Retrospective
case series

ONB at single
institution (n = 42)

1. 5-year PFS
A/B/C

2. 5-year OS
A/B/C

Stratified by
Kadish stage

1. PFS 80%/65%/39%
2. OS 100%/86%/76%
3. Late adverse events of grade 3–4

were seen in six patients
(ipsilateral visual impairment, 3;
bilateral visual impairment, 1;
liquorrhea, 1; cataract, 1)

Dagan et al.527 2016 4 Retrospective
case series

SNM at single
institution (n = 84)

1. 3-year PFS
2. 3-year CCS
3. 3-year OS

1. PFS 63%
2. CCS 70%
3. OS 68%
4. Patients who underwent GTR

had a 90% LC rate
Russo et al.528 2016 4 Retrospective

case series
SNM at single
institution (n = 44)

1. 5-year LC
2. 5-year OS
3. Toxicity

1. LC 80%
2. OS 47%
3. Nine grade 3 and 6 grade 4

toxicities, and no grade 5
toxicities

Lucas et al.529 2015 4 Retrospective
case series

Pediatric ONB at single
institution (n = 8)

1. 4-year OS 1. OS 88%
2. Two cases of grade 2 retinopathy

and one case of grade 3 optic
neuropathy

Saito et al.530 2015 4 Retrospective
case series

SNM at single
institution (n = 7)

LC LC was achieved in 43% of patients

Zenda et al.531 2015 4 Retrospective
case series

SNM at single
institution primary
(n = 90)

1. 5-year PFS
2. 5-year OS
3. 5-year

toxicities

1. PFS 45%
2. OS 64%
3. Tox 19%

Herr et al.532 2014 4 Retrospective
case series

ONB at single
institution (n = 22)

1. 5-year DFS
2. 5-year OS

1. LC 86%
2. OS 95%
3. High incidence of regional

metastases warrants strong
consideration for ENI

Fukumitsu
et al.533

2012 4 Retrospective
case series

SNM at single
institution
(Unresectable
n = 17)

1. 5-year LC
2. 5-year OS

1. LC 18%
2. OS 16%

Okano et al.534 2012 4 Retrospective
case series

SNM at single
institution (n = 13)

1. 5-year PFS
2. 5-year OS

1. PFS 34%
2. OS 76%

(Continues)
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ICAR SINONASAL TUMORS 125

TABLE X IV. 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Zenda et al.535 2011 4 Retrospective
case series

SNM at single
institution primary
(n = 39)

1. 3-year PFS
2. 3-year OS

1. PFS 49%
2. OS 59%
3. 13% experienced grade 3–5

toxicities
Truong et al.536 2009 4 Retrospective

case series
SNM at single
institution (n = 20)

1. 2-year LC
2. 2-year DFS
3. 2-year OS

1. LC 86%
2. DFS 31%
3. OS 53%
4. Brain invasion was predictive for

decreased OS rate
Nishimura
et al.537

2007 4 Retrospective
case series

ONB at single
institution (n = 14)

1. 5-year LPFS
2. 5-year RFS
3. 5-year OS

1. LPFS 84%
2. RFS 71%
3. OS 93%

Pommier
et al.538

2006 4 Retrospective
case series

ACC at a single
institute (SNM
n = 17)

1. 5-year LC
2. 5-year DFS
3. 5-year OS

1. LC 93%
2. DFS 56%
3. OS 77%

Weber et al.539 2006 4 Retrospective
case series

SNM at single
institution primary
(n = 33) or recurrent
(n = 3) to review
5-year visual LENT

1. LENT
2. 5-year DFS
3. 5-year OS

1. LENT 21%
2. DFS 81%
3. OS 90%

Fitzek et al.540 2002 4 Retrospective
case series

SNEC at single
institution (n = 19)

1. 5-year LC
2. 5-year OS

1. LC 88%
2. OS 74%

Abbreviations: ACC, adenoid cystic carcinoma; CCS, cystic carcinoma survival; CIT, cancer immunotherapy; DFS, disease-free survival; FFDP, freedom from
distant progression; FFLR, freedom from locoregional recurrence; ICER, incremental cost-effectiveness ratio; LC, local control; LENT, late effect normal tissue;
ONB, olfactory neuroblastoma; OS, overall survival; PFS, progression-free survival; SN, sinonasal; SNM, sinonasal malignancy; QALY, quality-adjusted life year.

infrastructural developments. In addition, while less
expensive than other forms of heavy particles, NRT is not
widely available, and most of the published data were con-
ducted with now outdated image guidance and treatment
delivery systems.

D Carbon ion radiotherapy

CIRT is a form of heavy ion particle therapy with limited
availability. The construction and treatment cost is higher
than even PBT, and most centers deliver treatment using
fixed beamlines due to the gantry’s size and weight.470
This can limit the treatment delivery angles critical for
treating SNM’s irregularly shaped geometries or regional
lymphatics, and therefore many of the published series
combine either IMRT or PBT as a component of therapy
or use CIRT as a boost. Similar to NRT, the high RBE
(estimated ranges from 2.5 to 5) of carbons may provide
for biologic enhancement for unresectable, radioresistant
tumors, and the beam penumbra is sharper than with pro-
tons. However, due to the high RBE throughout the beam
path, there is little benefit to conventional fractionation,
a treatment strategy used for sparing normal tissue com-

plications when tumors directly involve or abut sensitive
neural tissues.471
The largest multi-institutional cohort evaluating the

outcomes for SNM is a 458 series from the Japan Carbon-
Ion Radiation Oncology Study Group (J-CROS). In their
2018 retrospective review of 458 patients, 393 had de novo
tumors and 65 were recurrent. The 2-year OS and LC rates
were excellent at 80% and 84%, accordingly. Grade 3 and
4 late toxicities developed in nearly one fifth of patients,
with visual injury being the most common.472 Similar dis-
ease control rates were seen by Mizoe et al., who reported
the experience of 116 SNM patients. The 5-year LC and
OS rates were 68% and 47%, respectively. While toxicity
was reportedly low, four cases of ipsilateral blindness were
documented.473
With regard to outcomes as compared to other modal-

ities, the locoregional recurrence and OS with CIRT
are promising. In a systematic review and meta-
analysis of 2282 patients with SNM, both LC and OS
were significantly higher after CIRT than IMRT or
PBT. While these results are encouraging, the authors
note that prospective randomized evidence will likely
be needed to better define the optimal treatment
approach.474
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126 KUAN et al.

TABLE X IV. 3 Evidence surrounding neutron therapy in treatment of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Aljabab et al.461 2021 4 Retrospective
case series

Combined proton
neutron for salivary
tumors (SNM
n = 12)

1. LC
2. PFS
3. OS

1. LC 90%
2. PFS 79%
3. OS 93%
4. Late grade 3/4 events included

trismus (n = 1), hearing loss
(n = 2), visual loss (n = 6), and
bone necrosis (n = 1)

Novikov et al.541 2015 4 Retrospective
case series

SNM at single institute
treated with NRT
(postop n = 46,
gamma+NRT
n = 45)

1. 5-year DFS
2. 5-year OS

1. DFS 68%
2. OS 62%
3. Complications of the treatment

were registered in 39.4% of
patients

Douglas et al.463 2003 4 Retrospective
case series

Salivary gland
carcinoma at a
single institute
(SNM n = 43)

1. 6-year LRC
2. 6-year CCS
3. 6-year G3+

tox

1. LRC 59%
2. CCS 67%
3. G3+ tox 10%

Huber et al.542 2001 4 Retrospective
case series

ACC at a single
institute (SNM
n = 12 with NRT or
mixed with photons)

1. 5-year LC
neu-
trons/mixed

2. Toxicity

1. 75/32
2. Severe late grade 3 and 4 toxicity

tended to be more prevalent
(p> 0.1) with neutrons (19%)
than with mixed beam (10%) and
photons (4%)

Douglas et al.543 2000 4 Retrospective
case series

ACC at a single
institute (SNM
n = 32)

1. 5-year LRC
2. 5-year CCS
3. 5-year OS

1. LRC 57%
2. CCS 77%
3. OS 72%

Douglas et al.544 1996 4 Retrospective
case series

ACC at a single
institute (SNM
n = 27)

1. 5-year LRC
2. 5-year CCS
3. 5-year OS

1. LRC 47%
2. CCS 64%
3. OS 59%
4. Patients without involvement of

the cavernous sinus, base of
skull, or nasopharynx (51
patients) had a 5-year actuarial
LRC rate of 59%, whereas LRC
was significantly lower (15%) for
patients with tumors involving
these sites

Buchholz
et al.545

1993 4 Retrospective
case series

ACC at a single
institute (SNM
n = 7)

1. 5-year LRC
2. 5-year DFS
3. 5-year OS

1. LRC 63%
2. DFS 93%
3. OS 65%

Saroja et al.546 1987 4 Retrospective
case series

Salivary gland
carcinoma at a
single institute
(SNM n = 19)

1. LC
2. Toxicity

1. LC 27%
2. 23% had major morbidity

directed related to the total dose
delivered

Errington547 1986 4 Retrospective
case series

SNM at single institute
(n = 43)

1. 5-year LC
2. 5-year OS
3. 2-year

Complication

1. LC 50%
2. OS 30%
3. Complication 30%

(Continues)
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ICAR SINONASAL TUMORS 127

TABLE X IV. 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Vikram et al.548 1984 4 Retrospective
case series

ACC at a single
institute (SNM
n = 19)

1. Tumor regres-
sion/local
control rate

1. Irradiation is used for advanced,
inoperable ACC; it offers useful
palliation but is rarely, if ever,
curative

2. Postoperative irradiation, on the
other hand, might improve the
local control rate and the
survival in patients with
operable ACC who are at high
risk for relapse, but only if the
field size and the dose are
adequate

Abbreviations: ACC, adenoid cystic carcinoma; CCS, cystic carcinoma survival; DFS, disease-free survival; G3 + tox, grade 3 plus toxicity; LC, local control; LRC,
local–regional control; NRT, fast neutron therapy; OS, overall survival; PFS, progression-free survival; SNM, sinonasal malignancy.

In summary, retrospective cohort studies show that
CIRT can improve LRC, DFS, and OS rates in SNM,
with the magnitude of the benefits dependent on the
extent of disease and pathology of the primary malignancy
(Table XIV.4). Its role as monotherapy or in combination
with PBT or IMRT is currently being studied. The question
of improved disease control compared to other radiation
techniques for those with radioresistant pathologies such
as ACC is currently being studied.
No randomized trials address the topic of advanced RT

modalities for SNM, and only two multimodality system-
atic reviews are available, which are limited by significant
heterogeneity and patient numbers. Despite these limita-
tions, the evidence, predominantly from single-institution
retrospective series, supports the use of IMRT and PT
(specifically NRT, PBT, and CIRT) as the standard of
care for RT modalities for primary or adjuvant therapy
of SNM to improve LC, DFS, and OS rates. The presence
and magnitude of the absolute benefit from primary or
adjuvant radiotherapy are based on the extent of resid-
ual disease, pathology, and pathology-specific factors. The
highest level of reported evidence shows PT (particularly
PBT) improves LRC andDFS rates over IMRT. Preliminary
cohorts usingCIRT suggest a potential benefit beyondPBT,
particularly with radioresistant pathology. While some
series show concern for a higher side effect profile with
NRT, there have been no modern experiences reported.
There is limited evidence that compares acute and late tox-
icity profiles and events between treatmentmodalities, nor
are there differences in oncologic outcomes among PT.

Radiation modalities for treatment of sinonasal
malignancies

Aggregate grade
of evidence

IMRT: B (Level 2: three studies; Level 3: one
study; Level 4: 50 studies)

PBT: C (Level 2: two studies; Level 3: one
study; Level 4: 23 studies); five level 4 CIRT
series include single modality PBT patients

NRT: C (Level 4: 10 studies)
CIRT: C (Level 2: two studies; Level 3: two
studies; Level 4: 23 studies)

Benefit IMRT provides LRC and benefits in PFS and
OS rates as either primary or adjuvant
therapy for SNM with absolute benefits
dependent on patient- and
pathology-specific factors.

Harm RT morbidity is related to the extent and site
of the tumor, including soft tissue, bone,
vascular, and neural injury. Aside from
IMRT, the other modalities may not be
widely available, and patients may need to
travel to specialized facilities for care.

Cost Limited to two series. PBT provided extra
QALY compared to IMRT and was
cost-effective in patients ≤56 years old and
CIRT increased costs compared to IMRT
despite survival benefits.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)
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128 KUAN et al.

TABLE X IV. 4 Evidence surrounding carbon ion therapy in treatment of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Zhang et al.474 2020 2 Systematic
review and
meta-
analysis

44 cohorts comparing
2282 patients treated
with CIRT, PBT, or
IMRT (IMRT,
n = 911)

1. 3-year LC
2. 3-year OS

1. LC 80%
2. OS 75%
3. LC and OS were significantly

higher after CIRT than PBT or
IMRT

4. No significant difference
between PRT and IMRT for OS
and LC was observed

Patel et al.458 2014 2 Systematic
review and
meta-
analysis

SNM patients
undergoing either
particle or photon
radiotherapy
(n = 1472; CPT
therapy n = 58 for
DFS and n = 146 for
OS)

Event rates:1. Longest
follow-up
LRC

2. 5-year DFS
3. 5-year OS

1. LRC 0.76 (0.68–0.86)
2. DFS 0.80 (0.67–0.95)
3. OS 0.72 (0.58–0.90)
4. Subgroup analysis comparing

CPT with photons, CPT showed
significantly higher 5-year DFS,
OS, and LRC at longest
follow-up

Kubo et al.549 2019 3 Prospective
case series

SNM at single
institution (SNM
n = 15)

Incidences of
Grade 1 and 2
nasolacrimal
duct
obstructions

1. G1 46%
2. G2 7%

Jensen et al.550 2015 3 Prospective
case series

Salivary gland tumors
at single institution
(SNM, n = 18,
IMRT + CIRT)

1. 3-year LC
2. 3-year PFS
3. 3-year OS

1. LC 82%
2. PFS 58%
3. OS 78%
4. No significant difference could

be shown regarding resection
status

Musha et al.551 2022 4 Retrospective
case series

SNM at single
institution (SNM
n = 18)

1. 5-year LC
2. 5-year PFS
3. 5-year OS
4. Toxicity

1. LC 75%
2. PFS 53%
3. OS 81%
4. Acute grade 3 radiation

mucositis was seen in eight
patients, and late grade 4
adverse events were observed,
including two cases of visual loss
and one case of brain necrosis

Bhattacharyya
et al.552

2020 4 Retrospective
case series

SNM at single
institution (n = 50;
IMRT + CIRT)

Oronasal fistula 37 developed small localized fistula;
however, none were of grade
3 severity

Hagiwara
et al.553

2020 4 Retrospective
case series

SNM at single
institution (n = 22)

1. 5-year LC
2. 5-year OS
3. Toxicity

1. 51%
2. 63%
3. Grade 4 visual impairment and

grade 4 brain necrosis were seen
in six and one patient,
respectively

Hu et al.554 2020 4 Retrospective
case series

SNM at single
institution (PBT
n = 4, CIRT n = 70,
CIRT + PBT n = 37)

1. 2-year LPFS
2. 2-year PFS
3. 2-year OS
4. Toxicity

1. LPFS 83%
2. PFS 66%
3. OS 82%
4. Late toxicity occurred in 22

(19.8%) patients, but only four
(3.6%) patients experienced
grades 3–4 late toxicity

(Continues)
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ICAR SINONASAL TUMORS 129

TABLE X IV. 4 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Hu et al.555 2020 4 Retrospective
case series

ACC SNM at single
institution (PBT
n = 3, CIRT n = 17,
CIRT + PBT n = 18)

1. 3-year LC
2. 3-year PFS
3. 3-year OS

1. LC 82%
2. PFS 70%
3. OS 77%

Akbaba et al.556 2019 4 Retrospective
case series

ACC SNM at single
institution (n = 227,
IMRT + CIRT)

1. 3-year LC RT
2. 3-year LC

postop RT
3. Toxicity

1. LC 79%
2. LC 82%
3. Worse late toxicity observed for

postoperative RT 17% versus 6%
late grade 3 toxicity

Jensen and
Debus470

2019 4 Cost-effective
analysis

ACC at a single
institute (IMRT
n = 37,
IMRT + CIRT
n = 58)

ICER Experimental treatment increased
overall costs by € 18,076
(€13,416–€22,922) at a mean
survival benefit of 0.86 years.
Despite improved local control,
following costs were also
increased in the experimental
treatment

ICER was estimated to be 26,863
€/LY

Koto et al.472 2018 4 Retrospective
case series

SNM across four
carbon centers in
Japan (n = 458)

1. 2-year LC
2. 2-year OS
3. Toxicity

1. LC 84%
2. OS 80%
3. 17% of patients developed grade

3 and 4 toxicities, of which
visual impairment was the most
common

Liermann
et al.557

2018 4 Retrospective
case series

ONB at single
institution (CIRT
n = 4, +-photons
n = 8)

1. 4-year PFS
2. 4-year OS

1. PFS 81%
2. OS 100%

Suefuji et al.558 2018 4 Retrospective
case series

ONB at single
institution (n = 21)

1. 3-year LC
2. 3-year OS

1. LC 83%
2. OS 88%
3. Grade 4 late toxicity was

observed in three patients,
including ipsilateral optic nerve
disorder (n = 2) and ipsilateral
retinopathy (n = 1)

Sulaiman
et al.560

2018 4 Retrospective
case series

ACC at four
institutions (SNM
n = 122)

1. 5-year LC
2. 5-year PFS
3. 5-year OS

1. LC 68%
2. PFS 44%
3. OS 74%
4. 43 patients (15%) experienced

grade ≥3 late toxicity, of which
osteonecrosis of the jaw bone
was the most common

5. Two patients treated for
nasopharyngeal ACC died from
a bleeding ulcer at the tumor
site (grade 5 toxicity)

Toyomasu
et al.559

2018 4 Retrospective
case series

SNM at single
institution (n = 59,
PT n = 38, CIRT
n = 21)

1. 5-year LC
2. 5-year PFS
3. 5-year OS

1. LC 50%
2. PFS 35%
3. OS 42%
4. Late toxicities of grade ≥3

occurred in 13 patients (22%)
(Continues)
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130 KUAN et al.

TABLE X IV. 4 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ikawa et al.561 2017 4 Retrospective
case series

ACC SNM at single
institution (n = 50)

1. 5-year LC
2. 5-year OS

1. LC 69%
2. OS 75%

Saitoh et al.562 2017 4 Retrospective
case series

SNMmulticenter in
Japan (n = 21)

1. 5-year LC
2. 5-year OS

1. LC 79%
2. OS 60%

Shirai et al.563 2017 4 Retrospective
case series

SNM at single
institution (SNM
n = 18)

1. 3-year LC
2. 3-year OS

1. LC 93%
2. OS 88%

Jensen et al.564 2015 4 Retrospective
case series

ACC SNM at single
institution (SNM,
n = 116,
IMRT + CIRT)

1. 5-year LC
2. 5-year PFS
3. 5-year OS

1. LC 59%
2. PFS 56%
3. OS 75%

Koto et al.565 2014 4 Retrospective
case series

SNM at single
institution (n = 22)

1. 3-year LC
2. 3-year OS
3. Toxicity

1. LC 77%
2. OS 59%
3. Late reactions included lateral

visual loss (five patients),
mucosal ulceration (one
patient), and brain necrosis with
clinical symptoms (one patient)

Morimoto
et al.566

2014 4 Retrospective
case series

SNM at single
institution (PBT
n = 47, CIRT n = 10)

1. 3-year LPFS
2. 3-year OS

1. LPFS 56%
2. OS 61%

Sasahara
et al.567

2014 4 Retrospective
case series

SNM at single
institution (SNM
n = 29)

Maxillary ORN V50 and the presence of teeth
within the planning target
volume were independent risk
factors for the development of
ORN after C-ion RT using a
16-fraction protocol

Takagi et al.568 2014 4 Retrospective
case series

SNM at single
institution (n = 80,
PT n = 40, CIRT
n = 40, SNM n = 41)

1. 5-year LC
2. 5-year PFS
3. 5-year OS

1. LC 75%
2. PFS 39%
3. OS 63%
4. Twenty-one patients (26%)

experienced grade 3 or greater
late toxicities, including three
patients who developed grade 5
bleeding from nasopharyngeal
ulcers

Mizoe et al.473 2012 4 Retrospective
case series

SNM at single
institution (n = 116)

1. 5-year LC
2. 5-year OS

1. LC 68%
2. OS 47%

Jensen et al.569 2011 4 Retrospective
case series

SNM at single
institution (CIRT
n = 4, ±IMRT
n = 29)

1. Radiographic
response

1. RR 50%

Mizoe et al.570 2004 4 Retrospective
case series

SNM at single
institution (n = 10)

1. 5-year LC
2. 5-year OS

1. LC 75%
2. OS 33%

Abbreviations: ACC, adenoid cystic carcinoma; CIRT, carbon ion radiotherapy; CPT, charged particle therapy; ICER, incremental cost-effectiveness ratio; IMRT,
intensitymodulated radiation therapy; LC, local control; OS, overall survival; PBT, proton beam therapy; PFS, progression-free survival; RR, radiographic response;
SNM, sinonasal malignancy.
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ICAR SINONASAL TUMORS 131

Value
judgments

All modalities should be considered for
improving LRC rates. The absolute benefit
to LRC rates for SNM depends on patient-
and pathology-specific factors and should
be weighed against the risk of treatment
toxicity.NRT/CIRT should be considered for
salivary glands or radioresistant histologies
with gross residual disease at the time of
treatment.

Policy level Recommendation.
Intervention IMRT should be considered for improving

LRC, DFS, and OS rates when weighed for
patient-specific and tumor features.
Evidence suggests that PT, particularly
PBT, could be considered when available.

SECTION II: BENIGN LESIONS AND
NEOPLASMS

XV BENIGNMASS-OCCUPYING
LESIONS

A Hamartomas

Hamartomas are benign malformations consisting of
multiple tissue types. In the sinonasal cavity, hamar-
tomas can be further classified into four histopathologic
entities: respiratory epithelial adenomatoid hamartoma
(REAH), chondro-osseous respiratory epithelial adenoma-
toid hamartoma (COREAH), nasal chondromesenchymal
hamartoma (NCH), and seromucinous hamartoma.571

1 Respiratory epithelial adenomatoid
hamartoma

REAH is the most common type of sinonasal hamar-
toma, with over 600 cases reported, and is characterized by
excessive glandular proliferation lined by ciliated respira-
tory epithelium.572 The precise etiology of REAH remains
controversial, with some postulating that it arises as a
nonneoplastic byproduct of sinonasal inflammation given
its similar gross pathology and common association with
nasal polyposis,573 while others consider it as a neoplasm
given that the extent of allelic loss is unusually high for a
nonneoplastic entity.574
REAH is most commonly seen in the third to

ninth decade of life, with a reported preponderance
in males.572,575–578 Similar to other sinonasal masses,
patients with REAH can present with symptoms of
nasal obstruction, nasal discharge, facial pressure, or
olfactory impairment.578 REAH can present as an isolated

nasal lesion or with concurrent inflammatory nasal
polyposis.573,575,577–579 In the most recent systematic review
of 441 cases of REAH, 34.9% were isolated lesions and
50.1% occurred with nasal polyposis.580 One pathologic
study investigated REAH in 150 patients undergoing
surgery for nasal polyposis, and REAH was found in
35% of cases,575 suggesting that REAH is underdiagnosed
clinically, on imaging studies, and on histopathology.
The most common location of REAH is in the olfactory
cleft, with the posterior septum as the second most com-
mon site.573,581–583 REAH in the olfactory cleft has been
shown to be significantly associated with longstanding
(>10 years) nasal polyposis and with comorbid asthma.584
Interestingly, REAH is found more frequently in cases of
revision sinus surgery compared to primary cases.582,584
Grossly, REAH typically appears as a polypoid mass,

usually darker and more indurated than an inflammatory
polyp.571 Histologically, REAH classically demonstrates
glandular proliferation and a thickened hyalinized base-
ment membrane, often within a background of inflamed
stroma.585 On IHC, the glandular component is positive
for cytokeratins (including cytokeratin 7), and there is usu-
ally a retained basal cell layer with positivity for p63 and
cytokeratin 34βE12.585
On CT, REAH is associated with a characteristic uni-

lateral or bilateral widening of the olfactory cleft in the
coronal plane.573,577,586–589 The first report to describe this
finding found that the mean olfactory cleft width was
12.1 mm in patient with REAH, compared to 5.4 mm in
patients with nasal polyposis and 4.2 mm in patients with-
out sinonasal pathology.589 Another comparative study
found that a width of >10 mm was characteristic of
REAH, with 88% sensitivity and 74% specificity.588 Typi-
cally there is no associated bone erosion onCT.586 OnMRI,
REAH is intermediate in signal intensity on T1- and T2-
weighted sequences, often with a cerebriform contour and
homogeneous postgadolinium enhancement.576,580,590
Endoscopic surgical resection is the primary treat-

ment modality for REAH, with excellent outcomes. In
cases of isolated REAH, the extent of surgery reported
ranges from simple excision to subperiosteal dissec-
tion and drilling of the bone.576,577,587,591 In cases of
REAH with nasal polyposis, authors report perform-
ing standard endoscopic sinus surgery, including total
ethmoidectomy.573,576,577,584,586,592–594 Evidence-based rec-
ommendations regarding extent of surgery for REAH
cannot be made, given the limitation of existing evidence
to case series. There are no studies assessing medical ther-
apy for management of REAH. Of all reported surgical
patients, the recurrence rate is 4.1% (15/363).580 The clin-
ical characteristics and risk factors of these recurrences
are not well characterized in the existing literature. Olfac-
tory outcomes following surgery for REAH are reported
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132 KUAN et al.

in three studies.587,592,593 Subjectively, 86%–91% patients
experience improvement in olfaction postoperatively587,593
Using the Sniffin’ Sticks test, 45% of patients with preoper-
ative hyposmia had improved olfactory function.592 In this
study, poor olfactory outcomes were significantly associ-
ated with previous surgery and previous middle turbinate
resection.

2 Chondro-osseous respiratory epithelial
adenomatoid hamartoma

COREAH is an exceedingly rare type of sinonasal hamar-
toma, with fewer than 20 cases reported to date in the
most recent LR.595 COREAH has the same epithelial com-
ponents as REAH, with the addition of mesenchymal
elements including cartilaginous and/or osseous trabecu-
lae. Nearly all reported cases have been located in the nasal
cavity, with sites of origin including the lateral nasal wall,
posterior septum, olfactory cleft, and middle turbinate.
Cases have been reported from ages 3 to 83 years, with-
out a clear sex predilection.595 In contrast to REAH, there
are no cases of COREAH occurring with comorbid nasal
polyposis.
On CT imaging, 58% lesions have intralesional bony

density/calcification, and none show adjacent bone ero-
sion. On MRI, COREAH appears as a heterogeneously
T2-isointense/hyperintense expansile mass that may have
cystic components.595 All reported cases have been treated
with surgical excision, with one case reporting recurrence
at 1 year.595

3 Nasal chondromesenchymal hamartoma

NCH is very rare, with about 50 reported cases to date.
While traditionally categorized as a sinonasal hamartoma,
NCH is now understood to be a benign neoplasm with
strong association with DICER1 syndrome. NCH is pre-
dominantly found in children, with a median age of
9.6 years (range 1 day to 69 years) and about one third of
reported cases found in patients younger than 1 year.596
NCH most commonly presents with nasal obstruction,
which in the nasally dependent newborn can lead to stertor
or respiratory distress. Other presenting features include
eye abnormalities, facial swelling, headache, sinusitis, and
epistaxis. Tumor locations have been most commonly
reported in the ethmoid cavity (24%), followed by the orbit
(19%), skull base/intracranial (20%), maxillary sinus (14%),
and nasal cavity (8%).597
NCH has been associated with the DICER1 famil-

ial tumor predisposition syndrome, characterized by
germline pathogenic loss-of-functionmutation inDICER1,

a gene that encodes for a multifunctional protein with
RNA endonuclease activity implicated in microRNA
production.597 Patients with DICER1 syndrome have
increased risk of multiple benign and malignant tumors
in addition to NCH, including pleuropulmonary blastoma,
ovarian sex cord-stromal tumors, thyroid hyperplasia and
neoplasia, and pituitary blastoma, among others.598 A sys-
tematic review found that 38% of patients with NCH had
at least one other DICER1-associated tumor.597 As such, a
diagnosis of NCH should prompt consideration of DICER1
genetic testing and comprehensive oncologic surveillance.
On histology, NCH demonstrates predominantly carti-

laginous nodules, ranging in differentiation from imma-
ture chondromyxoid matrix to mature cartilage. An
osseous component may also be present, ranging in differ-
entiation from immaturewoven bone tomature ossicles.571
Generally, no significant mitotic activity or necrosis is
expected. Radiographically, NCH demonstrates areas of
matrix calcification on CT; on MRI, the mass is generally
T2 hyperintense secondary to high water content within
the extracellular matrix of hyaline cartilage, while areas of
mineralization appear lower in signal intensity.599
All reported cases of NCH underwent surgical resec-

tion, with the approach dependent on tumor location and
size. Both endoscopic and open approaches have been
employed in NCH. Among all reported cases, 24 patients
have follow-up reported (mean 24months). Of these cases,
45.8% reported persistent or recurrent disease, often requir-
ing surgical re-resection.596 There is one reported case
of malignant transformation at 3 months follow-up, in a
40-year-old female.600

B Nasolabial cysts

Nasolabial cysts (NLCs) are benign, nonodontogenic cysts
arising in the anterior maxillary region, often located
submucosally in the anterior nasal floor. The etiology
of NLCs is thought to be a result of a developmental
error from the epithelial rests at the fusion of globular,
lateral, nasal, and maxillary processes from embryonic
remnants of the nasolacrimal duct.601 NLCs are found
across all ages (range 4 months to 78 years), with a
roughly 3:1 female predilection in reported cases.602 The
most common presenting symptom is facial swelling in
the nasolabial region (71%), followed by nasal obstruction
(17%). Rarely, NLCs present as an acutely infected cyst
(3%).602 Examination can demonstrate a variably fluctu-
ant or tender mobile cyst within the nasolabial area, and
endoscopy can demonstrate submucosal fullness in the
anterior nasal floor.603
CT of NLC demonstrates a well-defined, low-density

cyst in the nasolabial region.601,602,604,605 Erosion or
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ICAR SINONASAL TUMORS 133

remodeling of adjacent bone is seen in 38% of cases.602
MRI findings include a wide variation in T1 and T2 sig-
nal depending on protein content.602,604 Ultrasound in five
cases has reported well-defined cysts with anechoic to
hypoechoic fluid.602
On histopathology, these cysts demonstrate a

range of epithelial cell types, including columnar,
cuboidal, and squamous epithelium, and roughly
half of lesions demonstrate goblet cells and mucous
glands.602
The two most common surgical treatments for NLCs

are transoral sublabial excision and transnasal endoscopic
marsupialization, and both approaches can be performed
under local or general anesthesia.603,606–613 A 2016 sys-
tematic review of all reported cases found an overall
recurrence rate of 2.2%, with 1.6% following transoral exci-
sion and 5.0% following endonasal marsupialization.602
A prospective randomized study directly comparing these
techniques in 20 patients found that, while there was
no recurrence at 1 year in either treatment group,
the endonasal marsupialization group had significantly
shorter operative time (18.3 vs. 46.4 min, p < 0.002) and
lower postoperative pain (3.5 vs. 6.1 as measured by visual
analog score, p < 0.01).614 A retrospective study of 30
patients found significantly lower operative time, blood
loss, and hospitalization time for endonasal marsupializa-
tion compared to transoral excision, with no recurrences
in either group.609 Furthermore, endonasal marsupializa-
tion imposes significantly less medical costs compared
to sublabial excision.609 Recently, a series of 31 patients
describe endonasal microwave ablation under local anes-
thesia, with minimal complications and no recurrences or
oroantral fistula at 1 year.615

C Antrochoanal polyps

Antrochoanal polyps (ACP) are benign, typically unilat-
eral lesions that arise from the maxillary sinus and extend
through the nasal cavity to, and often through, the choana,
representing 4%–10% of adult polyps and 35% of pedi-
atric polyps.616–618 ACPs commonly present with unilateral
nasal obstruction, rhinorrhea, and postnasal drainage;
when larger, they can cause snoring, obstructive sleep
apnea, dysphonia, and dysphagia.616–620
While the exact etiology is unknown, inflammation is

thought to play a key role in the pathogenesis of ACP.
ACPs demonstrate type 1 inflammation (neutrophilic),
with higher expression of IL-8, IFN-y, and myeloperoxi-
dase compared to eosinophilic and noneosinophilic nasal
polyps621 and higher levels of IL-6 and IL-10 compared
to control tissue.622 Any correlation between ACP and
anatomic variations such as septal deviation, concha bul-

losa, or Haller cells has been studied with inconclusive
results.623,624
Diagnosis is made using nasal endoscopy and CT. Endo-

scopic exam typically reveals a smooth polypoid mass
originating from the middle meatus and often filling the
entire nasal cavity.625 CT demonstrates a homogenous,
low-density soft tissue mass emanating from the maxil-
lary sinus through a widened ostium or patent posterior
fontanelle, and extending to the choana. Typically, no bony
destruction is observed, though the posterior choana may
be remodeled and widened if the polyp extends to the
nasopharynx.625 While MRI is not necessary, it can be help
differentiate ACP from other unilateral sinonasal masses.
ACPs are typically hypo- to isointense on T1-weighted
and hyperintense on T2-weighted images, with periph-
eral enhancement postcontrast.626,627 On histopathology,
ACPs generally demonstrate a sparsity of mucous glands
and eosinophils as compared to sinonasal polyps, and may
additionally show areas of infarction as well as stromal
cells with cytologic atypia.628
ACPs are treated surgically, using standard endoscopic

techniques, with consideration given to extended endo-
scopic and very rarely Caldwell-Luc approaches, depend-
ing on site of origin. Identification and removal of the
site of origin are key to preventing recurrence.629 The
majority of tumors originate from the posterior wall
and are thus amenable to resection through a standard
maxillary antrostomy.619,630–635 If the ACP exits an acces-
sory ostium of the maxillary sinus, this opening should
be brought into continuity with the natural ostium to
avoid recirculation.636,637 In cases of anterior or inferior
wall attachment or in cases of recurrence, an endoscopic
medial maxillectomy or prelacrimal approach can achieve
successful removal.637 A Caldwell-Luc approach in com-
bination with an endonasal approach is also effective in
removing anteriorly based or recurrent ACPs.629,638–642 A
2018 systematic review of 285 cases of ACP identified
an overall 15% recurrence rate. In this study, the differ-
ence in recurrence rate between endoscopic only (17.7%)
and combined endoscopic + Caldwell-Luc approach (0%)
was statistically significant; however, this is before the
prelacrimal approach became very widely used, as it is
today. The Caldwell-Luc should be used judiciously, espe-
cially in children, given the risk of damaging dentition and
developing maxillary bone.629,633

XVI SINONASAL PAPILLOMAS

Sinonasal papilloma, although benign, represents a locally
disruptive subtype of head and neck pathology arising
from the Schneiderian mucosa, an ectoderm-derived res-
piratory mucosa.643 Variations in tumor morphology and
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134 KUAN et al.

TABLE XVI . 1 Summary table on different types of sinonasal papilloma.

Rates of malignant
transformation

Molecular
mutations

Dysplasia predisposing
to malignancy Association with HPV

Inverted 5%–15% EGFR Association noted Low-risk HPV may present in some
patients and may play a role in
tumor development, but not
consistent in all patients

Exophytic Rare Unknown Rarely seen Strong association with low-risk
HPV

Oncocytic 4%–17% KRAS Association noted Weak to no association with HPV

clinical behavior patterns can make the diagnosis diffi-
cult at times (Table XVI.1). Furthermore, certain tumors
possess the ability to progress to malignancy. Advances
in immunohistologic and molecular analysis have gen-
erated much interest in the investigation of factors that
drive tumor progression. Specific areas of concern include
the role of HPV, both high-risk and low-risk strains, and
somatic genomicmutations. In this section, we summarize
the current literature pertaining to sinonasal papilloma
subtypes (inverted, exophytic, and oncocytic), explore the
association of HPV to these papillomas, and evaluate
factors leading to malignant conversion.

A Exophytic papilloma

Exophytic papillomas are the second most common
sinonasal papilloma type, representing 10%–33% of all
sinonasal papillomatous disease.643–645 These tend to
occur in younger patients between the second and fifth
decade of life and have a 2–3:1 predilection for male
patients.645–648 The nasal septum appears to be the
most common site of anatomic involvement.643 Although
there is a propensity to recur, exophytic papilloma rarely
undergo malignant transformation and have improved
prognosis compared to other papilloma subtypes.644,649–653
Histologically, exophytic papilloma is distinct from IP due
to its predominantly exophytic growth pattern, lack of
transmigrating intraepithelial neutrophilic inflammation,
and frequent presence of overlying keratosis.643,646 Low-
risk HPV—in particular, types 6 and 11—has a strong
association with this disease process, with many studies
reporting over 70% positivity rate.95,643,646,654–657

B Oncocytic papilloma

Oncocytic sinonasal papilloma is the least common sub-
type of sinonasal papilloma (about 6%) with no appar-
ent predilection for sex.643,645–647 Clinically, these tumors
are similar to IP, based on anatomic location (i.e., fre-

quent involvement of the paranasal sinuses), overall
prognosis, and risk of malignant transformation (approx-
imately 4%–17%).645–647 Histologically, oncocytic papillo-
mas are distinct from IPs due to their frequent combined
endophytic and exophytic growth patterns, predominant
cuboidal to columnar cell morphology with eosinophilic
cytoplasm, and prominent intraepithelial neutrophilic
microabscesses.36,643,646 Oncocytic papilloma is also dif-
ferent from IP due to the absence of somatic EGFR
mutations and presence of highly prevalent somatic KRAS
mutations.643,658 Additionally, there is infrequent associa-
tion with HPV in oncocytic sinonasal papilloma. Regard-
less, the risk of malignant degeneration is similar to that of
IP, warranting a similar treatment approach.

C Inverted papilloma

IP is themost common sinonasal papilloma subtype, repre-
senting 62%–78%of cases and, as such, data for IP dominate
the literature.645–647 Usually these tumors occur along
the lateral nasal wall or arise from within the paranasal
sinuses. Histologically, IP has a characteristic appearance:
it is composed predominantly of immature squamous cells
with a classic “ribbon-like” endophytic (inverted) growth
pattern and pathognomonic transmigrating intraepithe-
lial neutrophilic inflammation.643,646 Somatic mutations
in the epidermal growth factor receptor (EGFR) gene are
present in the majority of IP.658,659 Low-risk HPV (types 6
and 11) is common in IP and is presumed to play a role
in tumorigenesis.658,659 Indeed, recent data indicate that
these are mutually exclusive processes driving tumorigen-
esis, in that IP is either driven by low-risk HPV or somatic
EGFRmutations.

D Dysplasia and risk of malignant
transformation

Malignant transformation of sinonasal papilloma
is a major source of morbidity and mortality
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ICAR SINONASAL TUMORS 135

TABLE XVI . 2 Evidence surrounding sinonasal papilloma association with human papillomavirus (HPV) and malignant conversion.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Rha et al.656 2022 2 Systematic
review and
meta-
analysis

592 patients with
sinonasal IP (14
studies)

HPV association
with sinonasal
IP recurrence

Higher rates of recurrence noted in
HPV-associated sinonasal IP

McCormick
et al.744

2022 2 Systematic
review and
meta-
analysis

17 studies including 551
patients with benign
sinonasal IP and 56
patients with
malignant sinonasal
IP

Association
between HPV
infection and
malignant
sinonasal IP

1. High-risk HPV subtypes
associated with increased risk of
malignant sinonasal IP

2. HPV-18 shows the greatest effect
size

Stepp et al.663 2021 2 Systematic
review and
meta-
analysis

794 patients with IP (19
studies)

HPV in sinonasal
IP and risk of
malignant
transforma-
tion to
SCC

Significant association between
HPV infection and malignant
transformation of IP

Ding et al.745 2021 2 Systematic
review and
meta-
analysis

900 patients with
sinonasal IP (26
studies)

HPV infection of
sinonasal IP

HPV types 16, 11/16, 18, and 16/18
associated with an increased risk
of malignant sinonasal IP

Re et al.36 2017 2 Systematic
review

3177 patients with IP
(29 studies)

Rates of
malignant
transforma-
tion

Overall rate of malignant
transformation for Schneiderian
papilloma 9%

Zhao et al.746 2016 2 Systematic
review and
meta-
analysis

32 studies including
972 patients with
benign sinonasal IP
and 152 patients
with malignant
sinonasal IP

HPV association
with transfor-
mation of
sinonasal IP

HPV-18 associated with the
malignant transformation of
sinonasal IP

Syrjänen and
Syrjänen95

2013 2 Systematic
review and
meta-
analysis

1956 patients with
sinonasal papilloma
(76 studies)

Role of HPV in
development
and
progression of
sinonasal
papilloma

HPV infection varies with sinonasal
papilloma histology, but no
outcomes significant in formal
meta-regression for this study

Viitasalo
et al.652

2023 3 Retrospective
cohort

296 patients with
sinonasal IP

1. Malignant
transforma-
tion rate of
sinonasal IP

2. To determine
factors that
contribute to
recurrence in
patients
treated for
sinonasal IP

1. Two out of 296 patients with
sinonasal IP underwent
malignant transformation over
8 years

2. Attachment-oriented surgery
reduces recurrence rates

3. Dysplasia associated with a
higher recurrence rate

(Continues)

and results in poorer overall outcomes (Table
XVI.2).36,643,646,647,649–651,653,660 Malignant transforma-
tion is rarely ever seen in exophytic papilloma but can
occur 4%–17% and 5%–15% of the time for oncocytic and IP

subtypes, respectively.647 Dysplasia plays a preceding role
in progression to malignancy in IP and oncocytic papil-
loma but is rarely seen in exophytic papilloma.36,643,646
Two major types of dysplasia include keratinizing and
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TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Paehler Vor der
Holte747

2021 3 Retrospective
cohort

101 patients with
benign papilloma
and six patients with
carcinoma in situ
and SCC related IP

1. Role of HPV
infection on
recurrence of
sinonasal
papilloma

2. Role of HPV
infection on
malignant
progression
of sinonasal
papilloma

1. Recurrent IPs were more often
HPV+ than nonrecurrent IPs

2. Low-risk HPV infection
increased the risk of tumor
recurrences

3. IP and oncocytic papilloma were
more often high-risk
HPV-associated than fungiform
papilloma

Hongo et al.672 2021 3 Retrospective
cohort

146 patients with
SNSCC (14 with
sinonasal IP-related
SCC)

Prognostic
significance of
HPV infection,
EGFR
mutations,
and KRAS

1. EGFR may play a role in the
pathogenicity of sinonasal
IP-related SCC

2. HPV-associated SNSCC patients
have better prognoses than
HPV-independent patients

Li et al.748 2020 3 Retrospective
cohort

21 patients with SCC
associated with IP

1. Rate of
recurrence

2. 1-, 3-, and
5-year OS

3. 1-, 3-, and
5-year DSS

1. Nine out of 21 (42.9%) patients
experienced local recurrence

2. T4 stage and invasive orbital
cavity had a significant
influence on recurrence

3. DSS is favorable in patients with
SCC associated with IP

Frasson et al.749 2020 3 Retrospective
cohort

55 patients with
sinonasal IP

HPV status in
samples of IP

1. HPV DNA was identified in 34
out of 55 (61.8%) patients with IP

2. High-risk genotypes (19/34,
55.9%) were more prevalent than
low-risk genotypes (15/34, 44.1%)

Wang et al.750 2020 3 Retrospective
cohort

49 patients with
sinonasal IP and 36
patients with
sinonasal oncocytic
papilloma

1. Role of HPV
in sinonasal
IP and
sinonasal
oncocytic
papilloma

2. Determine
whether p16
can serve as a
surrogate
marker for
HPV
infection

1. HPV DNA was present in 6.1%
(3/49) of patients with SN IP and
11.1% (4/36) of patients with
oncocytic papilloma

2. 22.4% (11/49) of sinonasal IP
lesions and 27.8% (10/36) of
sinonasal oncocytic papilloma
lesions were p16 positive

(Continues)

nonkeratinizing. Keratinizing dysplasia is morphologi-
cally similar to that seen in other head and neck squamous
pathology—orthokeratosis, cytologic atypia, squamous
dysmaturation, and increased intraepithelial disorganiza-
tion as it progresses from low to high grade.36,93,645,646,660
Nonkeratinizing dysplasia is more histologically subtle
and is recognized by loss of neutrophilic inflammation
with associated increased mitotic activity.643 Recent

molecular profiling data indicate that TP53 and/or
CDKN2A alterations are central events in malignant pro-
gression of sinonasal papillomas.660 Although studies have
posited a role for high-risk HPV subtypes—in particular,
types 16 and 18—duringmalignant conversion of sinonasal
papilloma, more recent meta-analytic data indicate that
high-risk HPV is associated with de novo sinonasal SCC
(i.e., not arising from IP).646,656,657,661–665 Importantly,
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ICAR SINONASAL TUMORS 137

TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Pähler vor der
Holte et al.730

2020 3 Retrospective
cohort

100 patients treated for
sinonasal papilloma

1. Identify and
assess
potential
clinical and
risk factors
for
development
of sinonasal
papilloma

2. Identify and
assess
potential
clinical and
biological risk
factors for
recurrence of
sinonasal
papilloma

1. Risk factors for recurrence of
sinonasal papilloma include
young at initial diagnosis and
incomplete tumor resection

2. HPV infection may play a role in
the development and/or
progression of sinonasal
papilloma

Mehrad et al.666 2020 3 Retrospective
cohort

44 patients with IP 1. Rates of
low-risk HPV,
high-risk
HPV, and p16
positivity

2. Relationship
between
EGFR
mutations
and HPV
status

1. All samples negative for p16 and
high-risk HPV

2. Low-risk HPV subtypes
mutually exclusive with EGFR
mutations

3. Low-risk HPV positivity and
EGFR mutations may be
alternate mechanisms of
pathogenesis

Cabal et al.669 2020 3 Retrospective
cohort

55 patients with IP, 14
patients with
SNSCC associated
with IP, and 60
SNSCC not
associated with IP

1. Determine
the presence
of EGFR gene
mutation and
protein
expression

2. Determine
the presence
of HPV
infection

3. Determine
the presence
of KRAS
mutation

1. Activation of EGFR through
phosphorylation is important in
the pathogenesis of this pathway

2. EGFR inhibitors are a potential
treatment pathway for some
SNSCC patients.

Elliot et al.751 2019 3 Retrospective
cohort

98 patients diagnosed
with IP

Determine the
presence of
stathmin,
EGFR, and
HPV

1. Higher stathmin correlated with
dysplasia and earlier recurrences

2. No association between EGFR
and recurrence or dysplasia

(Continues)

recent evidence also suggests that low-risk HPV is an
independent risk factor for malignant transformation of
IP.659,666–668
Differentiating de novo sinonasal SCC from malignant

conversion of IP can present a diagnostic dilemma, as

there is increasing recognition of high-risk HPV as a
primary etiologic factor for SNM, and high-risk HPV-
associated sinonasal SCC may show morphologic overlap
with IPs and associated sinonasal carcinomas.661,669–672
Indeed, similar to HPV-associated oropharyngeal SCC,
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TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Sahnane et al.96 2019 3 Retrospective
cohort

25 patients with
sinonasal IP, five
patients with
oncocytic sinonasal
papilloma, and 35
patients with SCC

1. Determine
the presence
of HPV DNA

2. Quantitative
determina-
tion of LINE-1
methylation

1. High-risk HPV present in 13% of
sinonasal IP-associated SCC

2. EGFR mutations in 72% of
sinonasal IPs, 30% of sinonasal
IP-associated SCCs, and 17% of
SCCs not related to sinonasal IPs

3. LINE-1 hypomethylation
significantly increased from
papilloma/early-stage SCC to
advanced-stage SCC

Udager et al.667 2018 3 Retrospective
cohort

58 patients with
sinonasal IP, 22 with
sinonasal
IP-associated
SNSCC (13 patients
have matched
benign IP samples),
and 14 patients with
SNSCC without
evidence of an IP

Identify a
relationship
between HPV
infection and
activating
EGFR
mutations

All patients with sinonasal IP and
sinonasal IP-associated SNSCC
demonstrated either an EGFR
mutation or HPV infection

Rooper et al.662 2017 3 Retrospective
cohort

30 patients with
benign IP, seven
patients with IP
with dysplasia, 16 IP
with transformation,
and seven
nonkeratinizing
SCCs that are not
associated with IP

Directly visualize
transcription-
ally active
high-risk HPV
to assess its
role in
development
and
progression of
sinonasal IPs

1. HPV was not detected in any
sample of IP but was detected in
two of seven (29%) of SCCs that
were not associated with
sinonasal IPs

2. P16 correlated with high-risk
HPV

Jalilvand
et al.752

2016 3 Retrospective
cohort

Benign IP (n = 37)
versus IP associated
with SCC (n = 3)

Prevalence of
HPV types in
benign and
malignant IP
in an Iranian
population

1. HPV was present in 18.9% of IP
and 100% of IP associated with
SNSCC

2. In HPV+ IP cases, HPV6/11 was
detected, as compared to HPV+
IP-associated SNSCC cases
where HPV16/18 was detected

Scheel et al.753 2015 3 Retrospective
cohort

112 samples from 90
patients with IP

1. Determine
the
prevalence of
HPV
infection

2. Conduct
additional
staining for
p16, p53,
EGFR, and
cyclin D1

1. Low-risk HPV subtypes may
predispose progression of IP into
malignancy

2. Increase in EGFR expression
associated with low-risk
HPV-associated IP

(Continues)

there is a large subset of HPV-associated sinonasal SCC,
which show high-risk HPV infection and diffuse p16
immunostaining.662,667 In addition, the recently described
HPV-related multiphenotypic sinonasal carcinoma shows

a strong associationwith high-riskHPV (i.e., type 33). This,
however, is morphologically distinct from the above due
to characteristicmyoepithelial differentiation and frequent
cribriform growth pattern reminiscent to ACC.643,662,667
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ICAR SINONASAL TUMORS 139

TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Cheung et al.655 2010 3 Retrospective
cohort

56 patients with
sinonasal IP, eight
patients with
sinonasal exophytic
papilloma, and three
patients with
sinonasal oncocytic
papilloma

1. Morphology
of IP and
expression of
p53 and p16

2. Association
between
malignant
transforma-
tion and HPV
infection

1. Severe dysplasia and p53
strongly associated with
malignant transformation

2. HPV positivity was strongly
associated with exophytic
papilloma and carcinomas

3. Evidence of p53 and dysplasia
warrant aggressive surgical
treatment and close follow-up

Buchwald
et al.654

2001 3 Retrospective
cohort

IP associated with
carcinoma (n = 31)
versus exophytic
papilloma
associated with
carcinoma (n = 5)

1. Determine
the presence
of HPV DNA

2. Assess p53
overexpres-
sion

Inverse relationship between HPV
and p53 overexpression and
association with sinonasal
carcinomas

Brown et al.660 2021 4 Case–control Sinonasal papilloma
associated sinonasal
carcinomas
including IP
(n = 24) and
oncocytic (n = 5)

Characterize the
molecular
landscape of a
large cohort of
sinonasal
papilloma
associated
sinonasal
carcinomas

EGFR (21/29, 72.4%) or KRAS
mutations (5/29, 17.2%) were
present in most tumors

Nishikawa
et al.661

2021 4 Case–control 85 patients with
SNSCC

Prognosis of
EGFR
mutation and
HPV status in
SNSCC

1. EGFR mutations detected in 24
out of 85 (28%) patients

2. HPV DNA was detected in seven
out of 85 (8%) patients

3. Patients with EGFR mutated
SNSCC had worse OS than those
with EGFR wild type

Sbrana et al.644 2021 4 Case–control Sinonasal papilloma
including IP
(n = 49), exophytic
papilloma (n = 6),
and oncocytic
papilloma (n = 6)

1. Rate of
recurrence in
patients with
IP

2. Rate of
malignant
transforma-
tion in
patients with
an IP

1. Recurrence rates in IP 34.09%
(15/44) with a mean time of
recurrence of 24.6 months

2. Malignant transformation
occurred in six out of 44 (13.64%)
patients with IP

Beigh et al.754 2018 4 Case–control 102 patients with
nonneoplastic
sinonasal lesions
versus 94 patients
with neoplastic
sinonasal lesions

1. Association
between HPV
and sinonasal
papilloma

2. Association
between HPV
and sinonasal
SCC

Low-risk HPV-6 and HPV-11 were
associated with sinonasal
papilloma, and high-risk
subtypes HPV-16 and HPV-18
were associated with SCC

(Continues)
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TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Liu et al.755 2017 4 Case–control 80 sinonasal IP tissue
samples and 40
control tissue
samples

1. Rates of HPV
infection in
sinonasal IP
as compared
to control

2. Differences in
phosphory-
lated Akt and
phosphory-
lated S6
ribosomal
protein
staining

1. 47 out of 80 (58.8%) sinonasal IPs
were HPV associated, most
common HPV-11 (20/53, 37.7%)

2. Phosphorylated Akt and
phosphorylated S6 ribosomal
protein increased in
HPV + sinonasal IP

Stasikowska-
Kanicka
et al.756

2016 4 Case–control 41 patients with
sinonasal IP, 33
patients with
sinonasal SCC, and
22 control patients
with normal mucosa

Expression of
epithelial to
mesenchymal
transition
(EMT)
proteins
including
Slug,
E-cadherin,
and
fibronectin

1. The expression of Slug and
fibronectin was significantly
increased in the SNSCC group as
compared to sinonasal IPs and
to controls

2. Expression of E-cadherin was
significantly lower in SNSCCs as
compared to sinonasal IPs and
to controls.

Udager et al.658 2016 4 Case–control 111 sinonasal
papilloma patients,
27 sinonasal
papilloma-
associated SNSCC,
and 19 sinonasal
SCC with no known
IP association

Identify KRAS
mutations
present in
different
disease groups

1. KRAS mutations were present in
51 out of 51 oncocytic sinonasal
papilloma- and five out of five
(100%) of oncocytic sinonasal
papilloma-associated SNSCCs

2. KRAS mutations present in one
out of 19 (5%) of SNSCCs with no
known IP association

Lin et al.757 2016 4 Case–control 28 patients with
sinonasal IP versus
10 control patients

1. Role of HPV
infection in
sinonasal IP

2. Role of
stathmin in
sinonasal IP

1. Recurrent cases and higher
Krouse stage had increased rates
of HPV infection

2. Stronger expression of stathmin,
Kif2a, and cyclin D2 was seen in
sinonasal IP, especially HPV+
cases

Udager et al.659 2015 4 Case–control Inverted sinonasal
papilloma (n = 50),
inverted sinonasal
papilloma-
associated SNSCC
(n = 22), and other
sinonasal squamous
lesions (n = 35)

Identify EGFR
mutations
present in
different
disease groups

Activating EGFR mutations play an
important role in the
pathogenesis of sinonasal IP and
sinonasal IP associated SNSCC

(Continues)

However, in diagnostically challenging cases, IP and asso-
ciated sinonasal carcinoma can be differentiated from de
novo sinonasal SCC by the presence of either low-riskHPV
or somatic EGFRmutation.643,662,667

An in-depth histopathologic understanding of sinonasal
papillomas is crucial for diagnosis and clinical manage-
ment of these tumors. Given recent advancements in
our understanding of the molecular basis for IPs and
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ICAR SINONASAL TUMORS 141

TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Yamashita
et al.758

2015 4 Case–control Compared 17 patients
with IP, five patients
with both IP and
SCC, and 16 patients
with primary
SNSCC to 32
patients with CRS

1. Determine
the presence
of HPV and
viral loads of
HPV DNA

2. Determine
the presence
of retinoblas-
toma, p53,
and
p16(INK4a)
gene products

Viral loads were higher in the
IP + SCC group and SCC group

Nudell et al.653 2014 4 Case–control 20 cases of malignant
transformation of
sinonasal papilloma

Features
associated
with
malignant
transforma-
tion of
sinonasal
papilloma

1. IP is the most common type of
Schneiderian papilloma to
precede carcinoma
ex-Schneiderian papilloma

2. Synchronous SCC is the most
common carcinoma
ex-Schneiderian papilloma

Lin et al.759 2013 4 Case–control 162 specimens of IP
with 22 also
containing
carcinoma

Characterize
patterns of IP
with and
without
carcinoma

1. Differences in staining were
significant for p16 and p53

2. Lower expression of p16 was a
marker of malignancy and
positive staining of p53
correlated with the development
of carcinoma in IP

Lee and Kim760 2013 4 Case–control 21 patients with
precancerous
papilloma or
malignant lesions
versus 35 samples of
benign tissue

Tissue
expression of
MMP-2,
HPV-16, and
HPV-18

High MMP-2 expression and
HPV-16 or HPV-18 expressions
may be associated with the
process of malignant
transformation of IP

Sham et al.761 2012 4 Case–control Patients with IP, nasal
polyps, and
hypertrophied
turbinates were
tested for either
HPV (n = 73, n = 48,
and n = 85,
respectively) or EBV,
p21, and p53 (n = 73,
n = 30, and n = 32,
respectively)

Pathogenesis of
sinonasal IP
by looking at
HPV, EBV,
p21, and p53

1. HPV prevalence was overall low
in this population of patients
with IP, and EBV infection was
not present in any patients with
IP

2. High levels of p21 and low levels
of p53 indicate that the
regulation pathway is not
dependent on p53 expression

Hasegawa
et al.670

2012 4 Case–control 13 patients with IP, 11
patients with SCC of
the maxillary sinus,
and 39 patients with
chronic
inflammatory
lesions

Role of HPV in
sinonasal IP

IP and SCC have higher HPV+
rates and viral load compared to
the inflammatory group

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



142 KUAN et al.

TABLE XVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Jenko et al.762 2011 4 Case–control 68 patients with
sinonasal IP and five
patients with
sinonasal IP
associated with SCC
compared to 47
control patients

1. Malignant
alteration

2. Recurrence
rate

1. HPV in sinonasal IP ± SCC
higher than in the control group

2. HPV DNA was not a predictor of
recurrence of IP and was not a
significant risk factor for
associated SCC

Kim et al.763 2007 4 Case–control 57 sinonasal IP with
histologic grades
stage I to stage IV

1. Prevalence of
HPV subtypes
in samples
classified by
histological
grade

1. All HPV+ cases were early grade
(grade I or II) IP lesions.

2. No higher grade (grades III or
IV) lesions showed HPV DNA

3. Five out of seven HPV+ patients
were high-risk subtypes and two
were unspecified subtypes

Katori et al.651 2006 4 Case–control 29 patients with IP, 12
patients with
invasive SNSCC,
seven patients with
exophytic
papilloma, and 10
inferior turbinates
(control)

Relationship
between p21
and p53
expression,
HPV infection,
and malignant
transforma-
tion

1. Increase in staining of p21 and
p53 was seen in IP with severe
dysplasia, IP with carcinoma,
and invasive SNSCC as
compared to control mucosa.

2. In groups that were HPV+, a
significant increase in dysplasia
was seen

Hoffmann
et al.671

2006 4 Case–control 86 patients with
sinonasal IP
(n = 26), SNSCC
(n = 20), sinonasal
polyps (n = 20), and
control mucosa
(n = 20)

Determine
whether HPV
DNA presence
indicates a
coincidental,
persis-
tent/latent, or
specific
infection

1. HPV infection was not detected
in specimens from clinically
intact mucosa or nasal polyps

2. Three out of 26 IP were HPV
associated (each double infected
with HPV 6 and HPV 11)

3. Four out of 20 SNSCCs were
HPV 16 positive

Katori et al.650 2006 4 Case–control 36 patients with
sinonasal papilloma,
12 patients with
invasive SNSCC, and
10 control patients

Matrix metallo-
proteinase
(MMP)-2 and
MMP-9
expression

1. Elevated MMP-2 and 9 may be
associated with early events in
IP carcinogenesis

2. HPV infection may contribute as
an early event in this process

Katori et al.649 2005 4 Case–control 32 patients with
sinonasal papilloma,
12 patients with
invasive SNSCC,
and 10 patients with
normal mucosa
(control)

HPV status,
EGFR
expression,
and ki-67

1. Significant increase in EGFR
and TGF-α expression in IP with
severe dysplasia, IP with
carcinoma, and invasive SCC as
compared to IP with mild
dysplasia and control nasal
mucosa

2. As dysplasia increased in IP, the
Ki-67 increased

Buchwald
et al.764

1995 4 Case–control 57 IP (five associated
with carcinoma), 16
exophytic
papilloma, and five
oncocytic papilloma

Presence of HPV
DNA

HPV DNA was present in 6% of the
benign IP, 69% of the exophytic
papilloma, and 40% of the IP that
contained carcinoma.

Abbreviations: DSS, disease-specific survival; EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; IP, inverted papilloma;
OS, overall survival; SNSCC, sinonasal squamous cell carcinoma.
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ICAR SINONASAL TUMORS 143

associated sinonasal carcinomas—in particular, the pres-
ence of mutually exclusive somatic EGFR mutations and
low-risk HPV in these tumors—published literature asso-
ciating high-risk HPV with malignant conversion of IP
should be evaluatedwith a degree of caution. Furthermore,
the identification of low-risk HPV in a subset of IP-
associated sinonasal carcinomas is fascinating, as this goes
against classic teaching in head and neck oncology regard-
ing the biologic trajectory of low-risk HPV lesions. This
also highlights the need for further focused research in this
area, specifically evaluating the mechanisms and conse-
quences of low-risk HPV infection in IP tumorigenesis and
malignant conversion.

Assessment of dysplasia and HPV in sinonasal
papillomas

Aggregate grade
of evidence

B (Level 2: seven studies; Level 3: 17 studies;
Level 4: 22 studies)

Benefit Proper histopathologic assessment is crucial
to appropriately characterize IP grade and
clinical behavior. The surgeon should
consider assessment of EGFR and KRAS
mutations and HPV in diagnostically
challenging cases, particularly when there
is concern for dysplasia or malignant
transformation.

Harm There is potential negative impact on patient
care when an incorrect pathologic
diagnosis (e.g., understaging) is made.

Cost No studies currently discuss healthcare costs
related to the diagnostic workup of IP and
genomic or viral testing.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value Judgment Appropriate evaluation of tissue specimens
allows for improved treatment
stratification. Given the potentially high
risk of recurrence and morbidity from
inappropriate treatment, a correct
diagnosis is critical for sinonasal
papillomas.

Policy level Recommendation.
Intervention The surgeon should engage with the head

and neck pathologist to appropriately
diagnose sinonasal papillomas and
determine presence of dysplasia. EGFR
mutations appear to be the dominant factor
in IP development. Although low-risk HPV
may be found in exophytic and inverted
subtypes, there are limited data to support
the involvement of high-risk HPV in
sinonasal papillomas.

E Role of orbital or skull base bony
resection

IP is a benign, locally aggressive neoplasm that usually
arises in the nasal cavity. Due to documented recur-
rence rates up to 50% as well as 5%–20% risk of malig-
nant transformation, management of IP lesions can be
challenging.673–677 These lesions become especially prob-
lematic when juxtaposed with critical anatomical struc-
tures such as the orbit and skull base.
Orbital invasion occurs in 2%–4% of IP cases.335 The ori-

gin of these lesions can be difficult to determine in large
lesions. They may arise from the nasolacrimal duct or
paranasal sinuses. In either case, orbital involvement con-
fers an elevated risk of malignancy and recurrence.678 In
Elner et al., 100% (10/10) of lesions with orbital involve-
ment showed foci of malignancy on pathology.679 Elevated
risks of malignancy as compared with IP lesions not
involving the orbit have been documented in smaller case
series as well.680–682 Prior studies have shown a 20%–80%
recurrence rate for IP involving the orbit.681,682
Given this increased risk of malignancy and recurrence,

management of orbital IP lesions must be complete in
order to prevent progression of disease in critical anatomic
areas. In the largest series to date reporting management
of the orbit in endoscopic sinonasal tumor surgery, the
most common approaches included resection of lamina
papyracea (LP), followed by DCR, and finally periorbita
resection (when required for malignant pathology). In the
management of IP, drilling of the hyperostotic focus or
resection of the LP, in cases of extensive bony involve-
ment, allows effective treatment of disease at the orbital
interface.336,679–681,683 If bony involvement is not present,
preservation of any residual lamina papyracea or periorbita
must be considered to maintain the integrity of barriers
to the orbital contents in the event of recurrence.683 The
dogma for management of IP lesions involving the orbit
applies the transnasal approach and requires the balance
of functional preservation and complete resection of the
tumor (Table XVI.3).683
CT has been reported to positively identify skull base

attachment site in up to 74% of cases. Inmost cases, a focus
of hyperostosis, or bony growth, can be determined. How-
ever, in some cases it is difficult to delineate attachment,
even with CT imaging.684 Once skull base involvement
(discrete skull base attachment, not tumor that occupies
the sinus and is just adjacent to the skull base with no
involvement/invasion) is suspected, the surgeonmust treat
the attachment sites due to the risk of invasion.673,685 Open
excision has historically been preferred in this scenario,
but endoscopic resection has emerged as the prefer-
able technique.130,673,676,686–689 In Chiu et al., histopatho-
logic evidence demonstrated bony invasion in all IP
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144 KUAN et al.

TABLE XVI . 3 Evidence surrounding the role of orbital bony resection.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Wang et al.678 2021 4 Retrospective
case series

Patients with
periocular IP
resected via EEA
(n = 22)

1. Recurrence
2. OS

IP invading the orbit required more
aggressive treatment compared to
those limited to the nasolacrimal
system

Shin et al.683 2015 4 Retrospective
case series

Patients with tumors
involving the orbit
(n = 15; n = 1 with
IP resected via EEA)

1. Recurrence
2. Orbital

preservation

Endoscopic resection of orbital IP
preserved the orbit without
recurrence

Christianson
et al.336

2015 4 Retrospective
case series

Patients with benign
or malignant
sinonasal tumors
involving the orbit;
(n = 41; n = 13 with
IP resected via EEA)

1. Recurrence
2. Orbital

preservation

Endoscopic resection of orbital IP
provided low rates of recurrence
(0/13, 0.0%) and high rates of
orbital preservation (13/13,
100.0%)

Saldana et al.681 2013 4 Retrospective
case series

Patients with IP
invading the orbit
and open resection
(n = 6)

1. Recurrence
2. Orbital

preservation

Open resection afforded orbital
preservation (5/6, 83.3%) at low
risk of recurrence (1/6, 16.7%)

Elner et al.679 1995 4 Retrospective
case series

Patients with IP
invading the orbit
and open resection
(n = 10)

1. Recurrence
2. Orbital

preservation

An open surgical approach led to
high rates of recurrence (8/10,
80.0%) and orbital exenteration
(8/10, 80.0%)

Johnson
et al.680

1984 4 Retrospective
case series

Patients with sinonasal
tumors invading the
orbit (n = 47; n = 4
with IP resected
openly)

1. Recurrence Open resection led to high
recurrence rates (3/4, 75.0%)

Abbreviations: EEA, endoscopic endonasal approach; IP, inverted papilloma; OS, overall survival.

resection specimens confirming that bony resection is
vital in addressing IP lesions.687 The areas of skull base
attachment should be definitively managed (e.g., drilled,
cauterized, or completely resected; can spare dura when
there is no malignancy) to decrease the risk of recurrence.
Mucosal stripping, however, is not adequate for complete
removal (Table XVI.4).410
Special consideration must be taken for frontal sinus

lesions with skull base involvement. The Draf III or peri-
orbital suspension techniques can be used to access the
superior and lateral extents of the sinus.359,690 Combined
open and endoscopic approaches, like the transpalpebral
orbitofrontal craniotomy, may also be utilized if the tumor
cannot be completely accessed endoscopically.691,692

Role of orbital resection for inverted papilloma

Aggregate grade
of evidence

C (Level 4: six studies)

Benefit Lower recurrence rates with improved orbital
preservation.

(Continued)

Harm Small potential for orbital injury. Baseline
risk of epistaxis and postoperative pain.

Cost Associated costs with surgery.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Determining involvement of orbit on
preoperative imaging is helpful for
preoperative planning and patient
counseling. There are limited data to
suggest that lamina resection may lead to
orbital soft tissue seeding/recurrence.

Policy level Recommendation.
Intervention Perform resection or drilling of hyperostotic

focus for orbital IP with lamina papyracea
involvement.

Role of skull base resection for inverted papilloma
Aggregate grade
of evidence

C (Level 4: six studies)

Benefit Lower recurrence rates with reduced
morbidity.

(Continued)
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ICAR SINONASAL TUMORS 145

Harm Small potential for intracranial and/or dural
injury and CSF leak. Baseline risk of
epistaxis and postoperative pain.

Cost Associated costs with surgery.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Determining involvement of skull base on
preoperative imaging is helpful for
preoperative planning and patient
counseling, especially if at risk for CSF
leak. There are limited data comparing
judicious cautery (e.g., bipolar) versus
direct resection of the skull base.
Furthermore, there are limited data to
suggest that skull base resection may lead
to intracranial seeding/recurrence.

Policy level Recommendation.
Intervention Perform endoscopic and/or open resection of

skull base IP with bony resection, drilling,
or cauterization of mucosal rests to
adequately address pedicle.

F Role of radiation or medical therapy

The primary treatment for IP is surgical, yet there remains
a role for radiation and/or medical therapy in limited cir-
cumstances. RT for IP fell from favor due to anaplastic
transformation following irradiation of the tumors.693–696
More recent literature has dispelled this concern as no
such relationship could be confirmed in themajority of IP-
associated squamous cell carcinoma (IP-SCC) cases.697–699
To date, there is no consensus as to indications for RT
in the treatment of IP, yet associated carcinoma, multiple
recurrent disease, and impossibility of resection are widely
accepted. While there are limited data, the published stud-
ies report superior rates of LRC and OS when RT is used
as adjuvant therapy for IP-SCC lesions.409,675,700 Prior pub-
lished data suggest consideration of moderate RT (≤60 Gy)
in patients following GTR or STR can help prevent recur-
rence, while higher doses (70 Gy) should be used in those
unable to undergo resection (Table XVI.5).675
Medical management of IP is a diverse topic, and obser-

vational published studies implicate several methods that
could be effective but have yet to be established in larger
studies. Most forms of medical therapy are experimen-
tal in nature. In one study, topical 5-fluorouracil applied
to the wound bed following excision yielded a statisti-
cally significant reduction in recurrence rate, although
there is some concern for confounding due to patient
selection.701 In another study, Anlotinib, a tyrosine kinase
inhibitor, showed some efficacy for IP lesions with malig-
nant foci.702 Other studies have suggested use of COX2
inhibitors, HPV vaccines, and other experimental agents

to reduce recurrence rate of IP, yet each of these are obser-
vational reports not supported by sufficient data to make
generalizable claims.703,704 Some cases report use of neoad-
juvant chemotherapy for unresectable disease, which can
facilitate resection if there is good response to treatment.705
Overall, medical management strategies cannot be sup-
ported by substantive evidence at this time to provide
recommendations.

Role of radiation therapy for inverted papilloma

Aggregate grade
of evidence

C (Level 4: four studies)

Benefit Potential for improved disease control in
patients in whom surgery has failed or is not
possible.

Harm Nearly all patients experience minor
(mucositis, conjunctivitis, xerostomia,
epiphora, anorexia) adverse effects from
toxicity, some with major (CNS,
radionecrosis, visual changes, etc.) effects
that can be life threatening.

Cost Procedural costs, as well as
radiation-associated morbidity.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Role of RT is well established but limited to
specific circumstances in management of IP.

Policy level Option.
Intervention Consider RT for patients who meet limited

indications or special conditions such as
unresectable disease, poor surgical
candidates, multiply recurrent lesions, or IP
associated with malignancy.

G Treatment of site of attachment

IPs usually grow in an exophytic, noninvasiveway and, as a
result, their site of attachment requires resection, or man-
agement, alongwith the lesion.706 CT andMRI can be used
as adjuncts for preoperative identification of attachment
site. CT has the lowest sensitivity (∼50%) but high speci-
ficity (PPVas high as 100%) for identification of attachment
site when hyperostosis is present.706–714 These studies also
report that MRI is superior for detecting site of attachment
(sensitivity∼80%)when able to detect the classic columnar
and cerebriform patterns typical of IP (Table XVI.6).707,710
If the pedicle is identified preoperatively or intraop-

eratively, there is clear consensus among the literature
that resection of the attachment site is paramount for
effective clearance of IP.137,305 Incomplete removal is
thought to be the primary reason for postoperative recur-

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



146 KUAN et al.

TABLE XVI . 4 Evidence surrounding the role of skull base bony resection.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Tilak et al.359 2021 4 Retrospective
case series

Patients undergoing
periorbital
suspension during
EEA (n = 29; n = 11
with IP)

1. Recurrence
2.

Complications

Periorbital suspension provided
excellent endoscopic access for
curative resection with low
recurrence (0/11, 0.0%) and
complications (0/11, 0.0%)

Pietrobon
et al.692

2019 4 Retrospective
case series

Patients undergoing
EEA or combined
EEA and open
approaches for IP
involving the frontal
sinus (n = 47)

1. Recurrence
2.

Complications

Management of IP involving the
frontal sinus should tailor
surgical technique to its site of
attachment and extension and
the anatomical conformation of
each frontal sinus in order to
achieve low recurrence (2/47,
4.3%) and complications (1/47,
2.1%)

Albathi et al.691 2018 4 Retrospective
case series

Patients with IP
involving the lateral
frontal sinus
undergoing EEA
and Draf IIB or Draf
III sinusotomy
(n = 4)

1. Recurrence
2.

Complications

Aggressive endoscopic resection of
skull base IP was effective at
producing durable cure rates
(0/4, 0.0% recurrence) with
acceptable complication rates
(1/4, 25.0%)

Grayson et al.673 2016 4 Retrospective
case series

Patients with skull
base IP resected via
EEA (n = 49)

1. Recurrence
2.

Complications

Aggressive endoscopic resection of
skull base IP was effective at
producing durable cure rates
(0/49, 0.0% recurrence) with
acceptable complication rates
(5/49, 10.2%)

Gras-Cabrerizo
et al.689

2013 4 Retrospective
case series

Patients with varying
skull base lesions
resected via EEA
(n = 72; n = 5 with
IP)

Recurrence Aggressive endoscopic resection of
skull base IP was effective at
producing durable cure rates
(0/5, 0.0% recurrence)

Endo et al.688 2008 4 Retrospective
case series

Patients with sinonasal
IP resected via EEA
and/or open
approaches (n = 24;
n = 15 with bony
resection)

Recurrence Bony resection reduced recurrence
rates when skull base
involvement was suspected (2/15,
13.3% vs. 7/17, 41.2%)

Abbreviations: EEA, endoscopic endonasal approach; IP, inverted papilloma.

rence, and the leading causes of incomplete removal
are improper approaches and mismanagement of the
attachment site.715–718 Debulking of tumor to attach-
ment site, resection of diseased and partially healthy
mucosa underlying attachment site, cauterizing the bone
and mucosa underlying the attachment site, and/or
drilling/resecting the bone underlying the attachment
site is a generalized approach commonly employed for
IP resection. In one systematic review, there does not
appear to be significant advantage of tumor recurrence
rates with any specific approach but rather the surgeon
can use discretion when employing one or more of these
techniques.138

When IP lesion attachment sites are in problematic areas
such as the sphenoid sinus, anterior wall of the maxil-
lary sinus, frontal sinus, or hidden behind large bulky
disease, the literature base is clear that surgeons must
prioritize access to the pedicle and may need to utilize
extended endoscopic surgical approaches such as Draf III,
bilateral sphenoidotomy with or without a sphenoid drill-
out, transseptal access with crossing multiple incisions
(TACMI), prelacrimal approaches, modified endoscopic
medial maxillectomy, or Denker’s approaches.303,706,719–725
Multifocal attachment of IP was more commonly seen
in recurrent lesions and conferred a 3.5-fold increased
risk of recurrence when present.726 Some studies reported
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ICAR SINONASAL TUMORS 147

TABLE XVI . 5 Evidence surrounding the role of radiation therapy in management of IP.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Rutenberg
et al.700

2013 4 Retrospective
case series

Patients with advanced
or recurrent IP or
cylindrical cell
papilloma treated
with adjuvant,
definitive, or
neoadjuvant RT
(n = 13)

1. Recurrence
2.

Complications

RT should be considered in patients
with unresectable disease,
multiply recurrent lesions, or
papillomas associated with
malignancy, given low risk (1/13,
7.6%) of severe complication

Strojan et al.675 2013 4 Case report Patient with IP
undergoing
adjuvant RT (n = 1)

Recurrence RT was safe and effective following
STR

Gomez et al.698 2000 4 Retrospective
case series

Patients with advanced
and/or recurrent IP
or cylindrical cell
papilloma with or
without SCC,
treated with
adjuvant, definitive,
or neoadjuvant RT
(n = 8)

1. Recurrence
2.

Complications

RT may be considered albeit with
high rates of recurrence in IP
only (1/1, 100.0% RT only; 2/4,
50.0% surgery with adjuvant RT)
and IP with SCC patients (1/1,
100.0% neoadjuvant RT with
surgery; 2/2, 100.0% surgery with
adjuvant RT)

Hug et al.697 1993 4 Retrospective
case series

Patients with locally
advanced IP with or
without SCC,
treated with
adjuvant or
definitive RT
(n = 25)

1. Recurrence
2.

Complications

RT effectively controlled locally
advanced IP (4/25, 16.0%
recurrence) but also led to a high
rate of severe adverse events
related to treatment (6/25, 24.0%)

Guedea et al.765 1991 4 Retrospective
case series

Patients with advanced
IP or cylindrical cell
papillomas treated
with definitive or
neoadjuvant or
adjuvant RT (n = 7)

1. Recurrence
2.

Complications

Although surgery is generally the
primary treatment for IP,
radiation may be considered for
patients with advanced,
incompletely resected, or
unresectable lesions with low
risk for recurrence (1/7, 14.2%) or
severe complication (0/7, 0.0%)

Abbreviations: IP, inverted papilloma; RT, radiation therapy; SCC, squamous cell carcinoma.

that large IP lesions often originated from a narrow pedi-
cle or unifocal attachments. However, multifocal and
large diameter attachments can occur in primary lesions
(Table XVI.7).707

Imaging of the site of attachment in inverted papilloma

Aggregate grade
of evidence

C (Level 3: two studies; Level 4: five studies)

Benefit Imaging is useful for accurate identification
of IP pedicle for preoperative planning.

(Continued)

Harm Mild radiation associated with CT imaging as
well as contrast burden for CT and MRI
images.

Cost Associated costs with imaging studies.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Determining site of attachment is imperative
for effective surgery and to reduce local
recurrence.

Policy level Recommendation.
Intervention Utilize preoperative CT (as evidenced by

osteitis) with or without MRI for accurate
identification of IP attachment site, which
can also be used to guide surgical approach.
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148 KUAN et al.

TABLE XVI . 6 Evidence surrounding the use of imaging to predict pedicle location.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lee et al.684 2021 3 Retrospective
cohort

Patients with IP who
underwent CT
preoperatively for
surgical planning
(n = 86)

1. Identification
of pedicle

2. Sensitivity
3. Specificity

CT is useful preoperative tool to
identify site of origin and had
high specificity (92.0%) but low
sensitivity (59.5%) for skull base
involvement

Al Badaai
et al.766

2011 3 Retrospective
cohort

Patients with IP or
cylindrical
papilloma who
underwent
preoperative CT for
localization of site of
origin by a head and
neck radiologist
(n = 34)

1. Identification
of pedicle

2. Sensitivity
3. Specificity

Osteitic changes are common and
nonspecific

Sensitivity 74%, specificity 0%,
predictive value for localization
was 41%

Fang et al.709 2016 4 Retrospective
case series

Patients with IP who
underwent
preoperative MRI
and CT for
localization of site of
origin (n = 143)

1. Identification
of pedicle

2. Sensitivity
3. Specificity

CT combined with MRI provides
increased sensitivity (94.6%) and
specificity (92.3%) for
preoperatively localization of
origin site for sinonasal IP

Bhalla and
Wright708

2009 4 Retrospective
case series

Patients who
underwent CT for
preoperative
prediction of site of
attachment of IP
lesion (n = 24)

1. Identification
of pedicle

2. PPV

Computed tomography imaging has
a high PPV (95%) when
determining most likely site of
attachment for IP

Lee et al.711 2007 4 Retrospective
case series

Patients with
hyperostotic foci on
preoperative
imaging (CT) for
surgical planning for
IP (n = 48)

Identification of
pedicle

CT imaging revealing hyperostosis
in the setting of IP was predictive
of site of attachment in 49 out of
55 cases (89.1%)

Yousuf and
Wright714

2007 4 Retrospective
case series

Patients with
preoperative CT
imaging of IP
(n = 28)

Identification of
pedicle

CT imaging revealing hyperostosis
in the setting of IP was predictive
of the site of attachment in 22 out
of 25 cases (88.0%)

Maroldi et al.713 2004 4 Retrospective
case series

Patients with sinonasal
tumors and
preoperative
imaging (MRI)
(n = 46; n = 23 with
primary or recurrent
IP)

1. Identification
of IP

2. PPV

A columnar pattern was a reliable
MRI indicator of IP histology
(PPV = 95.8%) and can be used to
differentiate from malignant
lesions

Abbreviations: CT, computed tomography; IP, inverted papilloma; MRI, magnetic resonance imaging; PPV, positive predictive value.
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ICAR SINONASAL TUMORS 149

TABLE XVI . 7 Evidence surrounding the role of treatment of attachment site.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Spinos et al.706 2021 4 Retrospective
case series

Patients undergoing
EEA for IP with
intracranial or
intraorbital
involvement (n = 18)

1. Recurrence
2.

Complications

Endoscopic endonasal approach to
IP with prioritization of
pedicle-oriented resection
induces durable cure for IP (2/18,
11.1% recurrence), even when
multiply recurrent, with low risk
for complication (0/18, 0.0%)

Wang et al.707 2020 4 Retrospective
case series

Patients undergoing
EEA for IP involving
the frontal
sinus/recess (n = 13)

1. Recurrence
2.

Complications

Endoscopic resection of IP with
prioritization of pedicle-oriented
resection induces durable cure
for IP (0/13, 0.0% recurrence),
even when involving the frontal
sinus, with low risk for
complication (0/13, 0.0%)

Ferrari et al.710 2020 4 Retrospective
case series

Patients undergoing
EEA for IP (n = 210)

1. Recurrence
2.

Complications

Insertion-driven resection of IP is
adequate for IPs limited to NOE
and frontal sinus, whereas
centripetal resection should be
considered for maxillary IPs

Wu et al.305 2018 4 Retrospective
case series

Patients undergoing
EEA for maxillary
sinus IP (n = 28)

1. Recurrence
2.

Complications

IPs originating from maxillary sinus
frequently had multifocal
attachments but this did not
impact recurrence when
pedicle-oriented resection
conducted

Dean et al.303 2015 4 Retrospective
case series

Patients undergoing
endoscopic modified
medial
maxillectomy for IP
located on the
anterolateral
maxillary wall
(n = 35)

1. Recurrence
2.

Complications

Visualization of pedicle in
anatomically difficult areas, such
as the anterior or anterolateral
maxillary sinus is possible
without an open approach

Suh et al.720 2015 4 Retrospective
case series

Patients undergoing
open, transnasal, or
combined
approaches with or
without adjuvant RT
for IP (n = 57)

Recurrence:
seven out of 48
(14.6%)

Complications:
NA

OS

1. IP was associated with a 26.8%
(18/67 procedures) rate of
recurrence

2. Risk factors for recurrence
included attachment sites over
the optic nerve and carotid
artery or evidence of dysplasia or
CIS

Pagella et al.137 2014 4 Retrospective
case series

Patients undergoing
either global ESS
(sinus
demucosalization
with bony drilling)
or POES for IP
(n = 73)

1. Recurrence
2.

Complications

1. Data confirm efficacy of
endonasal endoscopic treatment
of IP (0/37, 0.0% recurrence)

2. POES offers an equally effective
oncologic outcome (1/36, 0.0%)
with fewer complications (0/36,
0.0% vs. 6/37, 16.2%, p < 0.05)

Abbreviations: EEA, endoscopic endonasal approach; ESS, endoscopic sinus surgery; IP, inverted papilloma; POES, pedicle-oriented endoscopic surgery; RT,
radiation therapy.
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Treatment of the site of attachment in inverted papilloma

Aggregate grade
of evidence

C (Level 4: seven studies)

Benefit Lower recurrence rates with reduced
morbidity.

Harm Baseline risk of epistaxis and postoperative
pain.

Cost Associated costs with surgery.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

The surgeon must attempt to identify the
attachment site in order to properly resect
this region to minimize risk of recurrence.

Policy level Recommendation.
Intervention Perform pedicle-oriented resection via any

surgical approach in order to definitively
address primary site and reduce recurrence
risk. Definitive treatment may entail
cauterization or drilling of the pedicle
following mucosal resection.

H Recurrence and surveillance

Predilection for recurrence is one of the most significant
clinical features of IP, with published recurrence rates as
high as 78%.410,644,727 As such, there are several published
reports who aim to define the most important risk factors
that portend recurrence. One multivariate retrospective
analysis indicates the presence of moderate to severe dys-
plasia, Dragonetti–Minni classification, anatomic location
of lesion, and history of prior sinonasal surgery as the
key factors associated with recurrence.728 Other notable
studies identified detection of HPV,67 young age at initial
diagnosis,68 smoking history,64,66,69 multiple IP attach-
ment sites,54,63 Krouse stage T3 or T4,70 and postoperative
elevation of serum SCC antigen levels71 as risk factors for
recurrence.138,644,726,728–733
Endoscopic resection of IP, as compared with tradi-

tional open techniques, afforded obvious reduction in
morbidity of resection, yet endoscopic techniques were
only widely accepted once recurrence rates were at least as
good as open approaches.409,734–736 One of the largestmeta-
analyses of outcomes of IP resection by surgical approach
documented recurrence rates of 12.8%, 16.58%, and 12.60%
for endoscopic, open, and combined surgical approaches,
respectively (Table XVI.8).737,738
The majority of recurrent IP lesions arise within the

first year following resection and often occur in the same
anatomic location as the primary lesion; however, 20%
of recurrences will occur after 5 years postoperatively.739
Given this potential for late recurrence and potential
metachronous malignant transformation, IP follow-up

duration and modalities should include routine endo-
scopic evaluation or MRI in lesions not easily seen
endoscopically for a minimum of 5 years postoperatively,
followed by recommended lifetime follow-up.736,740
Postoperative follow-up appears to primarily consist of

clinical history, endoscopy, and interval CT/MRI scans.
Some recurrences are subclinical in up to 70% of cases,
so radiographic follow-up is imperative in those lesions
that cannot be adequately evaluated endoscopically.701
One study elucidating the role of radiographic follow-up
for IP determined that MRI visualized recurrent lesions
and permitted precise evaluation of extension where CT
remained equivocal in 40% of recurrent lesions.741 There
are also published small case series indicating a possible
role for 18FDG-PET/CT whereby patients who had sus-
pected recurrences had avid lesions on PET and those
without recurrence did not, yet the use of nuclearmedicine
surveillance is not established for IP (Table XVI.9).742,743

Recurrence risk and surveillance in inverted papilloma

Aggregate grade
of evidence

Recurrence: B (Level 2: three studies, Level 3:
two study, Level 4: 14 studies)

Surveillance: C (Level 4: six studies)
Benefit Prognosis for recurrence can be determined

by identification of risk factors (multifocal
attachment, prior surgery, high-risk HPV,
STR such as disease overlying carotid, etc.).

Prolonged surveillance allows for prompt
identification of IP recurrence.

Harm Potential for under- or oversurveillance and
early discharge from surveillance that
would preclude detection of later
recurrences.

Cost Clinical charges associated with assessment
of risk factors including clinic visits for
history and physical, imaging, endoscopy,
and operative cost for intra/postoperative
risk factor assessment.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Risk factors for recurrence are wide ranging
and need to be assessed on a
patient-specific basis.

Determining presence of recurrence as soon
as evident will allow for more timely
intervention of a less extensive tumor and
potential mitigation of malignant
transformation risk.

Though endoscopy may be utilized for most
surveillance visits, imaging may be
considered for specific cases (e.g., maxillary
sinus following prelacrimal approach,
lateral frontal sinus).

(Continued)
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TABLE XVI . 8 Evidence surrounding recurrence of IP.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Trent et al.138 2022 2 Systematic
review

Patients with IP
treated via
endoscopic, open,
and combined
resection
approaches across 14
studies (n = 585)

Recurrence 1. No single resection technique
predicted a propensity for
recurrence, but varied on
location of pedicle

2. Pedicle in sphenoid sinus with
highest recurrence rate (10.4%
vs. 5.8% overall)

3. Intraoperative frozen section
significantly reduced rates of
recurrence (3.4% vs. 7.3%,
p = 0.045)

Peng and
Har-El737

2019 2 Systematic
review and
meta-
analysis

Patients who
underwent
endoscopic, open, or
combined
endoscopic and
open approaches for
resection of IP
across 96 studies
(n = 4134)

Recurrence Large body of data indicating
endoscopic resection has
improved ability to prevent
recurrence following resection of
IP relative to open approaches
(RR = 0.66, p = 0.014 after
adjusting for publication bias)

Lisan et al.732 2017 2 Systematic
review and
meta-
analysis

Patients across 13
studies undergoing
resection of IP via
any approach
(n = 1787)

Recurrence 1. IP lesions classified as stage T3
according to the Krouse
classification system presented a
higher likelihood of recurrence
compared to Krouse stage 2
(OR = 1.51, p = 0.01)

2. No significant difference in
recurrence between T1 versus T2
or T3 versus T4 IP

Pähler Vor der
Holte et al.730

2020 3 Retrospective
cohort

Patients with sinonasal
papillomas resected
via endoscopic or
combined
open/endoscopic
approaches (n = 101;
n = 91 with IP)

Recurrence Factors associated with increased
risk for recurrence included
young age at initial diagnosis,
epithelial dysplasia, and
incomplete resection

Van Zijl et al.733 2017 3 Retrospective
cohort

Patients with IP and
available
preoperative,
postoperative, and
follow-up serum
squamous cell
carcinoma antigen
values (n = 130)

Recurrence Postoperative SCC antigen is
strongly positively associated
with risk of recurrence (AUC:
80.9%)

Kim et al.734 2022 4 Retrospective
case series

Patients undergoing
maxillary IP
resection via
endoscopic
resection with or
without Caldwell
Luc, canine fossa
trephination, or
expanded
endoscopic
approaches (n = 155)

Recurrence Patients with disease originating
from maxillary sinus showed
significantly more durable cure
rates with expanded endoscopic
approaches (medial
maxillectomy, prelacrimal
approach, etc.) (0.0% [0/28] vs.
10.0% [7/70], p = 0.024)

(Continues)
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TABLE XVI . 8 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Viitasalo
et al.729

2021 4 Retrospective
case series

Patients with IP
treated
endoscopically
either with or
without
attachment-oriented
resection (n = 90)

Recurrence Risk of IP recurrence was highly
associated with HPV positivity in
>1 resection specimen versus 0
(72.2% [13/18] vs. 34.7% [25/72],
p = 0.004) and surgical approach
without attachment-oriented
resection versus with (78.6%
[22/28] vs. 25.8% [16/62],
p < 0.001)

Minni et al.728 2021 4 Retrospective
case series

Patients with IP
resected via
endoscopic or
combined open and
endoscopic
approaches (n= 130)

Recurrence Recurrence of sinonasal IP is
significantly increased based
upon site of origin (anterior
maxillary wall 7/12 [58.3%] and
frontal sinus attachment [3/12,
25.0%] [p = 0.045]), increasing
Dragonetti–Minni Stage
(p = 0.045), and presence of
dysplasia (HR = 2.4, p = 0.038)

Tong et al.726 2019 4 Retrospective
case series

Patients with IP
resected via EEA
(n = 210)

Recurrence Primary resection (12.4% vs. 22.3%,
p > 0.05) and single-focus
attachment of IP (6.1% vs. 12.5%,
p = 0.002) are associated with
lower recurrence at 3-year
follow-up

Miglani et al.409 2018 4 Retrospective
case series

Patients with IP who
underwent EEA
until clear margins
on intraoperative
frozen
histopathology
(n = 22)

Recurrence Clearance of margins on frozen
sections may lead to lower rates
of IP recurrence (0.0%, 0/22)

Bugter et al.738 2017 4 Retrospective
case series

Patients with IP
resected via
endoscopic, open, or
combined
approaches
(n = 247)

1. Recurrence
2. Time to

recurrence

1. Given prolonged mean time to
recurrence (20.5 months),
long-term follow-up may be
required

2. EEA approaches have
comparable, if not improved,
recurrence rates over open or
combined approaches (16/79
[21.7%] vs. 54/154 [35.1%]
[p = 0.017] vs. 4/14 [28.6%],
respectively)

Roh et al.717 2016 4 Retrospective
case series

Patients with IP
undergoing EEA
resection with or
without
Caldwell-Luc
approach (n = 54)

Recurrence Smoking was associated with
recurrence of IP (42.9% [3/7] vs.
8.5% [4/47], p = 0.039), whereas
HPV positivity versus negativity
(0.0% [0/8] vs. 15.2% [7/46],
p = 0.580) was not found to be a
risk factor

(Continues)
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TABLE XVI . 8 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Healy et al.410 2016 4 Retrospective
case series

Patients undergoing
EEA for IP or
oncocytic papilloma
(n = 127)

1. Recurrence
2. Time to

recurrence

Drilling, cauterizing, or completely
excising the bone underlying the
tumor base during endoscopic
resection reduced the recurrence
rate of inverted and oncocytic
papilloma when compared to
mucosal stripping alone (4.9%
[3/61] vs. 4.7% [1/21] vs. 0.0%
[0/22] vs. 52.2% [12/23], p = 0.001)

Ungari et al.735 2015 4 Retrospective
case series

Patients with IP
undergoing
resection via open,
endoscopic, or
combined
approaches (n = 35)

Recurrence Radical removal with emphasis on
bony resection may be key to
prevent recurrence of IP

Moon et al.731 2010 4 Retrospective
case series

Patients who
underwent resection
via endoscopic,
open, or combined
approaches for IP
(n = 132)

Recurrence Smoking (28.2% [11/39] vs. 10.8%
[10/93], p = 0.012) and tumor
with extranasal/sinus extension
(OR = 15.2, p = 0.049) appear to
be associated with increased rates
of IP recurrence after surgical
resection

Díaz-Molina
et al.736

2009 4 Retrospective
case series

Patients undergoing
endoscopic, open, or
combined resection
for IP (n = 61)

1. Recurrence
2. Time to

recurrence

1. The endoscopic approach
achieved low recurrence rates
compared to open approaches
(14.3% [6/42] vs. 66.7% [6/9])

2. Close long-term follow-up is
warranted for early detection
and to allow for surgical salvage
(mean time to recurrence
41 months)

Woodworth
et al.721

2007 4 Retrospective
case series

Patients undergoing
endoscopic or
endoscopic-assisted
open resection for IP
(n = 114)

1. Recurrence
2. Time to

recurrence

Recurrences occurred an average of
23 months after surgery,
emphasizing need for long-term
endoscopic follow-up to detect
recurrence (15% [17/114])

Peng and
Har-El727

2006 4 Retrospective
case series

Patients with IP
resected via
midfacial degloving
and medial
maxillectomy
(n = 98)

Recurrence Midface degloving can result in
excellent access for resection
with durable cure rates (2.1%
[2/98] recurrence) without scar of
lateral rhinotomy incision

Kraft et al.718 2001 4 Retrospective
case series

Patients with sinonasal
papillomas (n = 43;
n = 34 with IP)

Recurrence Suggested role for HPV in the
pathogenesis of sinonasal
papilloma but no correlation seen
between HPV and rates of
recurrence or malignancy

Abbreviations: AUC, area under the curve; EEA, endoscopic endonasal approach; IP, inverted papilloma; SCC, squamous cell carcinoma.
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TABLE XVI . 9 Evidence surrounding surveillance of IP.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Sbrana et al.644 2021 4 Retrospective
case series

Patients diagnosed
with sinonasal
papilloma
undergoing ESS
with or without
open approach
(n = 69; n = 49 with
IP)

1. Recurrence
2. Time to

recurrence
3. Malignant

transforma-
tion

Recurrences (34.09% [15/44]) were
observed up to 10 years
postoperatively (mean
24.6 months), indicating need for
prolonged follow-up

Binz et al.739 2021 4 Retrospective
case series

Patients diagnosed
with primary IP
undergoing EEA
resection (n = 102)

Recurrence Long-term follow-up is important
due to documented cases of
recurrences more than 5 years
following index surgery (20.0%
[2/10] of recurrences)

Allegra et al.743 2010 4 Retrospective
case series

Patients with concern
for primary or
recurrent IP
undergoing
preoperative
18FDG-PET/CT
imaging (n = 12)

Recurrence 18FDG uptake on PET/CT imaging
may represent a helpful
adjunctive tool to determine
presence of recurrent IP for
patients in whom recurrence is
suspected

Díaz Molina
et al.736

2009 4 Retrospective
case series

Patients undergoing
endoscopic, open, or
combined resection
for IP (n = 61)

1. Recurrence
2. Time to

recurrence

Close, long-term follow-up is
necessary for early detection of
recurrence (mean time to
recurrence of 41 months) and
successful surgical salvage

Woodworth
et al.721

2007 4 Retrospective
case series

Patients undergoing
endoscopic or
endoscopic-assisted
open resection for IP
(n = 114)

1. Recurrence
2. Time to

recurrence

Long-term endoscopic follow-up for
surveillance of recurrence
following IP resection is
imperative (mean time to
recurrence of 23 months)

Petit et al.741 2000 4 Retrospective
case series

Patients diagnosed
with recurrent IP
(n = 10)

1. Recurrence
2. Time to

recurrence

MRI may represent the most
effective imaging modality for IP
recurrence detection (mean time
to recurrence 43 months) relative
to CT and endoscopic exams and
should be considered for
surveillance, particularly when
the area cannot be adequately
assessed with endoscopy

Abbreviations: CT, computed tomography; EEA, endoscopic endonasal approach; ESS, endoscopic sinus surgery; FDG, fluorodeoxyglucose F 18 (18F-FDG); IP,
inverted papilloma; MRI, magnetic resonance imaging; PET, positron emission tomography.

Policy level Recommendation.
Intervention Recommend identification of evidence-based

risk factors that will increase risk of
recurrence for IP and prolonged follow-up
for surveillance of IP patients due to
propensity for delayed recurrence. Close
clinical follow-up for all patients due to
risk for recurrence even after 5 years.

XVII BENIGN VASCULAR
NEOPLASMS AND LESIONS

A Juvenile nasopharyngeal
angiofibroma

JNA is a benign but locally destructive, highly vascu-
lar lesion that typically affects adolescent males.767 JNA
accounts for approximately 0.5% of head and neck tumors
with an incidence of about 1 in 150,000.6,768 The most
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ICAR SINONASAL TUMORS 155

commonpresenting symptoms are nasal obstruction (76%–
100%) and recurrent epistaxis (45%–77%).767,769
Etiology is controversial—some evidence suggests that

they are the result of a nonresorbed remnant of the
first branchial arch, while other evidence suggests that
angiofibromas develop in a specific hormonal and genetic
milieu.770–772 Clinically, they originate from the posterior
nasal cavity, near the basisphenoid and the superior mar-
gin of the sphenopalatine foramen. Patterns of extension
are determined by the surrounding foramina: medially
into the nasal cavity, nasopharynx, and paranasal sinuses
through the sphenopalatine foramen; superior into the
orbit via the infraorbital fissure; inferiorly into the greater
palatine foramen; and laterally into the infratemporal fossa
via the pterygomaxillary fissure. Extension to the skull
base and intracranially can be seen in up to 26% of cases.773
Workup typically includes imaging with CT, MRI, and

angiography. Recent advances in CT have allowed for
dynamic flow imaging, termed four-dimensional CT. Early
studies have demonstrated similar performance and less
radiation exposurewhen compared to gold standard digital
subtraction angiography, but additional work is required
to define its role in the management of patients with
JNA.774 Biopsy is not routinely performed, especially in the
outpatient setting, given the possibility of massive hemor-
rhage unless radiographic features are atypical and there is
concern for malignancy.
Histologically, the tumors demonstrate a dense stro-

mal component with a large population of fibroblasts
as well as vessels of varying caliber. Immunohistochem-
ical stains will demonstrate β-catenin, androgen recep-
tor, estrogen receptor B, and prostate-specific antigen
expression. Genomic analysis has demonstrated fourfold
upregulation in vascular endothelial growth factor (VEGF)
signaling.775 High c-Kit expression has been associated
with rapid tumor growth and recurrence,while highVEGF
signaling has been associated with skull base involvement
and hemorrhage.776
This current section represents an update on the prior

evidenced-based review with recommendations published
in ICSB 2019 (section V.A) and focuses on studies pub-
lished from 2018 to 2022.5,777 For specific outcomes that
were not addressed in the ICSB, a complete system-
atic review and subsequent evidenced-based review with
recommendations were performed.778

1 Open versus endoscopic approaches

JNA is most commonly managed surgically. Historically,
open craniofacial approaches were employed; however,
EEA has been successfully employed in recent years
for management. Current EBRs support the utility and

outcomes of EEA in addition to preoperative emboliza-
tion as the preferred method of tumor resection.5,777
A more recent meta-analysis of nine studies including
362 patients demonstrated superiority of the endoscopic
and/or combined approaches when compared to purely
open approaches with respect to recurrence, irrespec-
tive of tumor stage: 2% versus 17% for low-stage tumors,
and 26% versus 32% for high-stage tumors.351 This sin-
gle meta-analysis represents the strongest LOE at present
comparing endoscopic and open techniques in the man-
agement of JNA and has increased the aggregate LOE
from the ICSB.5,777 Long-term institutional studies that
transitioned initially from open approaches to endoscopic
or combined approaches also lend evidence to support
the superiority of EEA for management of JNA. Szyfter
et al. report a series of 71 patients over 20 years (37
patients with open-only approaches and 34 with endo-
scopic or combined approaches). They report less blood
loss, lower rates of recurrence, and fewer side effects of
open approaches (scarring, cranial neuropathies) when
employing the endoscopic approach.779 Similarly, Cohen-
Cohen et al. report a 22-patient cohort compared to an
internal 65-patient historical cohort and found increasing
utilization of EEA in recent cases with preservation of
tumor control and equivalent recurrence rates.780
Stapleton et al. performed a cost analysis of 55 pedi-

atric patients who underwent EEA for skull base lesions;
in this cohort, there were six patients with JNA. They
found that, on average, surgery accrued $59,915 in-hospital
costs with a mean LOS of 3.3 days. JNA was associated
with the greatest hospital costs of the pathologies studied.
While there was no direct comparison to tumors man-
aged with open craniofacial approaches, the LOS for the
endoscopic management of JNA determined in this series
was lower than data published for open approaches; thus,
the authors conclude that endoscopicmanagement of JNA
was a cost-effective approach in the pediatric population
(Table XVII.A.1).781

Open versus endoscopic approaches for JNA

Aggregate grade
of evidence

B (Level 2: one study; Level 4: seven studies)

Benefit Endoscopic approaches demonstrate
comparable and possibly reduced tumor
recurrence rates along with lower patient
morbidity and intraoperative bleeding.

Harm Endoscopic approach is associated with low
complication rates and morbidity.

Cost Endoscopic management is associated with
favorable costs when compared to costs
from open surgery.

(Continued)
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156 KUAN et al.

TABLE XVI I .A . 1 Evidence surrounding open versus endoscopic surgery for JNA.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Reyes et al.351 2019 2 Meta-analysis Nine studies of
patients with JNA
treated with open
versus endoscopic
surgical approach
(n = 362)

Recurrence rates 1. Endoscopic approach had
significantly lower rates of
recurrence than open approach
for all tumor stages

2. Advanced tumors had
significantly higher recurrence
rates than low-stage tumors

Cohen-Cohen
et al.780

2021 4 Case–control Patients who
underwent surgical
resection of JNA
from 2005 to 2019
compared to 65
historical cases
(n = 22)

1. Surgical
approach

2. GTR
3.

Intraoperative
blood loss

4. Recurrence

1. 82% of cases were managed
endoscopically in the modern
cohort versus 8% in historical
cohort

2. Significantly less blood loss in
endoscopic cohort 9% recurrence
rate versus 24% recurrence rate
comparing endoscopic to
historical open cohort

Schofield
et al.812

2021 4 Retrospective
case series

Patient series who
underwent
midfacial degloving
for resection of JNA
(n = 21)

1. Blood loss
2. Operative

time
3.

Complications
4. Residual and

recurrent
disease

1. Midfacial degloving is a good
approach for tumors that involve
the infratemporal fossa and orbit

2. Median 600 mL blood loss,
median 105 min operative time,
two episodes of epistaxis, three
patients with residual disease,
one patient with recurrent
disease

Szyfter et al.779 2021 4 Retrospective
case series

Patients who
underwent either
open or endoscopic
resection of JNA
(n = 71)

1. GTR
2. Rates of

residual or
recurrent
tumor

3. Blood loss

1. 72% of patients had GTR
2. 28% had residual or recurrent

tumor that required reoperation
3. Low-stage tumors had

100–400 mL blood loss;
advanced tumors had
500–2500 mL blood loss

Sousa et al.769 2019 4 Retrospective
case series

Patients with JNA
treated with open
surgical approaches
(n = 27)

1.
Intraoperative
blood loss

2. GTR
3. Recurrence

1. 1500 mL mean blood loss
2. 66.7% cases of GTR
3. Nine patients with recurrence or

residual tumor

Epprecht
et al.813

2018 4 Retrospective
case series

Patients with JNA:
four treated with
open approach
versus nine treated
endoscopically
(n = 13)

1. Postoperative
complications

2. Disease
persistence

3. Size of
persistent
disease

1. Open approach had significantly
higher postoperative
complications

2. No significant difference in rate
or size of persistent disease
between open and endoscopic
groups

Rupa et al.814 2018 4 Retrospective
case series

Patients with advanced
(Radkowski IIIa or
IIIb) JNA (n = 45)

1. Surgical
approach
(open vs.
endoscopic)

2. Disease
recurrence

1. 42% underwent open resection
of extracranial tumor versus 58%
with endoscopic

2. 72% had no evidence of
recurrence/residual,
management of recurrence
included observation, radiation,
and excision in symptomatic
patients

(Continues)
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ICAR SINONASAL TUMORS 157

TABLE XVI I .A . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Stapleton
et al.781

2015 4 Retrospective
case series

Cost analysis of
patients who
underwent
endoscopic resection
of JNA (n = 6)

1. Length of stay
2. Hospital cost

JNA was associated with $59,915
in-hospital cost; average LOS was
3.3 days postoperatively

Abbreviations: GTR, gross total resection; JNA, nasopharyngeal angiofibroma (formerly juvenile nasopharyngeal angiofibroma).

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Endoscopic intervention requires familiarity
with endoscopic surgery and endoscopic
equipment including tools for hemostasis.

Policy level Recommendation.
Intervention In experienced institutions, endoscopic and

combined approaches are the preferred
surgical approaches for management of
JNA.

2 Staging systems

Numerous systems have been used to stage JNA, includ-
ing Sessions et al. in 1981, Fisch et al. in 1983, Chandler
et al. in 1984, Bremer et al. in 1986, Antonnelli et al. in
1987, Andrews et al. in 1989, Radkowski et al. in 1996,
Onerci et al. in 2006, and Snyderman et al. in 2010
(Table XVII.A.2).782–790 TheUniversity of PittsburghMedi-
cal Center (UPMC) staging systemproposed by Snyderman
et al. in 2010 incorporated residual vascularity from the
ICA after embolization and was found to have better abil-
ity to predict blood loss, need for multiple operations,
and tumor recurrence.773 In 2019, Abdelwahab proposed
a staging system that incorporated the following factors:
nose/nasopharynx, sinus, fossae, cranium, orbit, and resid-
ual ICA vascularity (NSF-COR).773 The goal of the system
was to create amethod formapping anatomic involvement,
allowing for site- and stage-specific recommendation of
endoscopic approaches, and incorporating residual ICA
vascularity. NSF-CORwas applied to a cohort of 54 patients
and on analysis correlated significantly with the UPMC
system for prognostic ability. Moreover, the COR compo-
nent of the staging system correlated significantly with
blood loss and recurrence. Study details for the UPMC
staging system and NSF-COR system are presented in
Table XVII.A.3.

Staging systems in JNA

Aggregate grade
of evidence

C (Level 4: two studies)

Benefit Use of staging system that incorporates
residual vascularity may better predict
intraoperative bleeding and tumor
recurrence.

Harm Numerous staging systems may provide
overlapping information and inconsistent
correlation of stage with outcomes or
biological behavior.

Cost No specific studies dedicated to assessing cost
related to staging systems.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Staging systems should help prognosticate
pathology as well as facilitate
communication about specific pathology
by providing a common language between
providers managing the disease process.

Policy level Recommendation.
Intervention The use of a staging system that incorporates

residual vascularity has better predictive
and prognostic impact than systems that
exclusively grade anatomic involvement.

3 Patterns of recurrence and natural history

The definition of recurrent, residual, and persistent dis-
ease varies across the JNA literature. Some authors define
residual disease as radiographic evidence of disease within
6 months of surgery and recurrent disease as new radio-
graphic evidence of disease more than 6 months after
surgery.351 Others contend that there is no true de novo
recurrent disease in JNA and that “recurrence” is the
interval growth of unintentional residual disease (i.e.,
tumor left behind after surgery).791 Moreover, many sur-
geons will intentionally leave disease intraoperatively to
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TABLE XVI I .A . 3 Evidence surrounding staging systems of JNA.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Abdelwahab
et al.773

2019 4 Retrospective
cohort

Patients with JNA
treated with
endoscopic surgery;
validation of a new
staging system
incorporating
nose/nasopharynx,
sinus, fossae,
cranium, orbit, and
residual ICA
vascularity
(NSF-COR) (n = 54)

1. Blood
transfusion
volume

2. Recurrence
3. Resectability

NSF-COR staging system correlated
with need for blood transfusion,
recurrence rates, and
resectability; correlated
significantly with other staging
systems

Snyderman
et al.790

2010 4 Retrospective
case series

Patients undergoing
endoscopic
resection of JNA; all
patients had ECA
embolization
preoperatively
(n = 35)

1. Presence of
ICA residual
vascularity

2.
Intraoperative
blood loss

Residual vascularity correlated
significantly with blood loss and
residual/recurrent tumor

Abbreviations: ECA, external carotid artery; JNA, nasopharyngeal angiofibroma (formerly juvenile nasopharyngeal angiofibroma); ICA, internal carotid artery.

mitigate the risk to key neurovascular structures, creating
the possibility of intentional residual disease.
GTR of JNA, regardless of approach or stage, has been

reported to range from 72% to 100%.779,780 Studies have
demonstrated that a considerable proportion of patients
who have residual disease identified on follow-up imaging
demonstrate stable disease or even disease regression on
serial imaging, ranging from 67% to 83%.792 When disease
progression is identified on serial imaging, these stud-
ies demonstrated a growth rate ranging from 2.2 to 9.2
mm/year.791,793 In a study by Rowan et al., all patients
with residual disease had a UPMC Staging Score of VL
(advanced disease with residual ICA contribution postem-
bolization and lateral extension), and the most common
site of residual disease was the infratemporal fossa.793
In a series of 131 patients, Liu et al. reported that fol-

lowing endoscopic or combined resection, the pterygoid
process (76%), pterygopalatine foramen (71%), and ptery-
goid canal (83.3%)were themost common sites involved by
recurrent tumor.794 Reyes et al. performed a meta-analysis
of nine studies and 362 patients and found an overall recur-
rence rate of 24.5% with a mean duration of follow-up of
49.4 months.351 In patients without intracranial spread,
endoscopic approach to removal had statistically signifi-
cantly lower rates of recurrence than patients who had
surgery via an open approach.351 Low-stage disease had
significantly lower recurrence rates than patients with
advanced disease (Radkowski Ia–IIb 18% vs. Radkowski
IIc–IIIb 42%).351 Pamuk et al. found a 20.8% rate of recur-

rence in a 48-patient cohort and a significant difference in
recurrence rate between patients younger than 14 (34.7%)
and patients older than 14 (8%) over a mean duration of
follow-up of 23.3 months (range 6–120 months).768
Surgical approach, patient age, extent of tumor,manage-

ment of the pterygoid canal, and residual vascularity can
help guide surgeons in predicting risk of residual tumor
and location of recurrent/persistent disease following
surgery for JNA (Table XVII.A.4).
Aggregate grade of evidence: C (Level 2: 1 study; Level

4: six studies)

4 Trigeminal function

Trigeminal dysfunction can be seen preoperatively (due
to tumor involvement of CN V2 or V3 frequently mani-
fested as reduced sensation) or postoperatively as a result
of iatrogenic injury or sacrifice of the nerves during the
approach or tumor resection. Previous work has demon-
strated a 2% (12/699) rate of postoperative trigeminal
dysfunction, most commonly involving the infraorbital
nerve, in patients who underwent endoscopic resection
of early-stage JNA.5,777 Sacrifice of the descending pala-
tine nerve is rarely documented. This rate was concluded
to be favorable when compared to open, craniofacial
approaches, though no direct comparison of postoperative
trigeminal dysfunction or cranial neuropathies has been
performed.
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TABLE XVI I .A . 4 Evidence surrounding patterns of recurrence of JNA.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Reyes et al.351 2019 2 Meta-analysis Nine studies of
patients with JNA
treated with open
versus endoscopic
surgical approach
(n = 362)

Recurrence rates 1. Endoscopic approach had
significantly lower rates of
recurrence than open approach
for all tumor stages

2. Advanced tumors had
significantly higher recurrence
rates than low-stage tumors

Szyfter et al.779 2020 4 Retrospective
case series

Patients who
underwent either
open or endoscopic
resection of JNA
(n = 71)

1. GTR
2. Rates of

residual or
recurrent
tumor

3. Blood loss

1. 72% of patients had GTR
2. 28% had residual or recurrent

tumor that required reoperation
3. Low-stage tumors had

100–400 mL blood loss;
advanced tumors had
500–2500 mL

Cohen-Cohen
et al.780

2020 4 Case–control Patients who
underwent surgical
resection of JNA
from 2005 to 2019
compared to 65
historical cases
(n = 22)

1. Surgical
approach

2. GTR
3.

Intraoperative
blood loss

4. Recurrence

1. 82% of cases were managed
endoscopically in the modern
cohort versus 8% in historical
cohort

2. Significantly less blood loss in
modern cohort

3. 9% recurrence rate versus 24%
recurrence rate comparing
modern to historical cohort

Schreiber
et al.791

2018 4 Retrospective
case series

Patients with JNA
including six cases
of patients with
postsurgical
persistent JNA
(n = 74)

Natural history
of persistent
JNA

Three cases regressed, two cases
stayed stable, one case increased
at 2.2 mm/year

Liu et al.794 2018 4 Retrospective
case series

Patients with JNA
treated with
endoscopic
resection (n = 131)

1. Presence of
residual
disease

2. Location of
residual
disease

1. 16.8% of patients had residual
disease on follow-up imaging

2. Most common sites of disease
were pterygoid canal, base of
pterygoid, and pterygopalatine
foramen

Pamuk et al.768 2018 4 Retrospective
case series

Patients with JNA
underwent
endoscopic
resection (n = 48)

1. Disease
recurrence

2.
Intraoperative
blood loss

3. LOS

1. Age <14 years at diagnosis had
significantly higher recurrence
rate than age >14 years (34.7%
vs. 8%)

2. Preoperative embolization did
not significantly decrease
intraoperative blood loss but did
increase LOS

Rowan et al.793 2018 4 Retrospective
case series

Patients who
underwent
endoscopic or
combined resection
of JNA (n = 38)

1. Proportion of
patients with
residual
disease

2. Natural
history of and
management
of residual
disease

12 of 38 patients had postoperative
residual disease; eight
demonstrate stable disease, four
demonstrated progression
ranging from 4.1 to 9.2 mm/year

patients with residual disease had
significantly higher UPMC
Staging System scores than
patients with GTR and no
residual disease on interval
imaging

Abbreviations: GTR, gross total resection; JNA, nasopharyngeal angiofibroma (formerly juvenile nasopharyngeal angiofibroma); LOS, length of stay; UPMC,
University of Pittsburgh Medical Center.
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5 Techniques for hemostasis

Achieving hemostasis is a critical goal in the perioperative
management of JNA. In the preoperative setting, emboliza-
tion of external carotid artery branches has become a
mainstay in the multimodal management of JNA.5,777
While branches of the ICA may be embolized, the risk
of stroke and retinal artery embolization with subsequent
blindness precludes safe ICA embolization.
Typically, angiography with embolization is performed

24–72 h prior to surgery. A variety of embolic agents are
employed, frequently including polyvinyl alcohol, gelatin
sponge, microcoils, and radiopaque liquid embolic agents
(e.g., Onyx, ethylene vinyl alcohol copolymer).5,777,795–799
Numerous studies have shown that preoperative emboliza-
tion is associated with reduction in intraoperative blood
loss, though some studies suggest this benefit is lim-
ited to the advanced-stage cases.5,777,796,797,800 Choi et al.
queried the Kids’ Inpatient Database and reviewed 473
cases of patients with JNA. They found that preoperative
embolization was associated with an additional cost of
$36,500 to patients; however, this additional cost trended
down when examined over time.801 While embolization
is typically performed in a trans-arterial fashion, experi-
ence is emerging with embolization with direct tumoral
puncture.802
Intraoperatively, many techniques and devices have

been tested to assist with hemostasis including tradi-
tional electrocautery, lasers, and radiofrequency plasma
ablation.5,777,803 However, there are no RCTs that directly
compare methods for intraoperative hemostasis, and tech-
niques are likely best chosen by the surgeon based on
comfort, availability of resources, and specific clinical
scenarios (Table XVII.A.5).

Techniques for hemostasis in JNA

Aggregate grade
of evidence

C (Level 4: eight studies)

Benefit Preoperative embolization reduces
intraoperative bleeding and may reduce
LOS, surgical duration, and need for
perioperative blood transfusion.

Harm Risk of inadvertent embolization of
ICA-supplied structures via
internal–external anastomosis, puncture
site hematoma, and contrast exposure.

Cost Possible additional cost of ∼$36,500 and need
for prehospitalization for procedural
planning.

(Continued)

Benefit–harm
assessment

The procedural risks of embolization are
significantly less than the perioperative
benefit of reduced bleeding and improved
visualization; the procedural cost may be
offset by reduced LOS and need for blood
products.

Value
judgments

Choices for or against specific embolic agents
or instruments for intraoperative
hemostasis should be guided by
surgeon/interventionalist experience and
preference.

Policy level Recommendation.
Intervention For advanced tumors, and possibly for locally

limited tumors, preoperative embolization
of ECA feeder vessels reduces perioperative
bleeding, may reduce LOS and need for
transfusion, and should be considered.

6 Role of nonsurgical therapy

RT has been used in themanagement of JNA, but its use is,
in general, controversial given the benign nature of the dis-
ease and the young population affected by JNA. Earlywork
investigated the use of RT as definitive treatment with
local control rates ranging from 80% to 92%.804,805 More
commonly, RT is used in the adjuvant setting to treat resid-
ual/persistent tumor in proximity to critical structures
not amenable to surgical resection (e.g., cavernous sinus,
ICA, orbital apex) or for management of large-volume
intracranial disease.806
A variety of chemotherapeutics have been employed to

try and treat JNA, including classic, cytotoxic agents (dox-
orubicin, Adriamycin, vincristine), hormonal agents (flu-
tamide, given that JNA cells are prostate-specific antigen
receptor positive), and immunomodulating therapies (e.g.,
anti-VEGF, steroids).807–811 There have been no significant
advances since the last ICSB document.

B Vascular malformations,
hemangiomas, and paragangliomas

1 Hemangioma

Hemangiomas are the most common vascular lesion of
the head and neck; however, sinonasal hemangiomas
are rare.815 Hemangiomas are categorized into capil-
lary and cavernous types, depending on the size of the
involved vessels.816 Historically, capillary hemangiomas
were termed pyogenic granuloma, but it was recognized
that this was a misnomer and lobular capillary heman-
gioma became the preferred descriptor as it most accu-
rately describes the histopathologic characteristics of this
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TABLE XVI I .A . 5 Evidence surrounding techniques for hemostasis in JNA, including embolization.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Giorgianni
et al.795

2021 4 Retrospective
case series

Patients undergoing
preoperative ECA
superselective
arterial
embolization
(n = 79)

1. Operative time
2. Blood loss
3. Complications

1. 217 min mean operative time,
784 mL mean blood loss, no
complications

2. Preoperative arterial
embolization is a safe procedure
in the management of JNA

Abouzeid
et al.800

2021 4 Retrospective
case series

Patients undergoing
preoperative
embolization prior
to surgical resection
of JNA (n = 20)

1. Operative time
2. Blood loss
3. Complications

Mean operative time 2.5 h, mean
225 mL blood loss, and no
complications

Vakharia
et al.799

2021 4 Retrospective
case series

Patients embolized
with Onyx (n = 5)

1. Degree of
devasculariza-
tion

2. Complications

There was an average of 86%
devascularization
postembolization; no
complications

Choi et al.801 2020 4 Retrospective
cohort

Patients—comparison
of patients who
underwent
preoperative
embolization to
patients who did not
(n = 473)

1. LOS
2. Perioperative

blood
transfusion

3. Cost

Preoperative embolization reduced
LOS (decrease by 1 day),
decreased odds of requiring
perioperative transfusion,
increased cost of $36,500

Jaiswal et al.803 2020 4 Case–control Prospectively recruited
patients underwent
endoscopic resection
assisted by plasma
ablation compared
to 18 historical
controls (n = 18)

1. Intraoperative
blood loss

2. Duration of
surgery

Significantly lower intraoperative
blood loss (648 mL) and duration
of surgery (84 min) in patients
with plasma-assisted surgery
after embolization and with
low-stage tumors

Pei et al.796 2018 4 Case–control Patients with JNA—10
with no preoperative
embolization; 17
with preoperative
gelatin sponge
embolization
(n = 27)

1. Intraoperative
blood loss

2. surgical time

Patients with preoperative
embolization had significantly
less bleeding (385 vs. 1215 mL)
and shorter surgical time (205 vs.
264 min) than patients without
preoperative embolization

Tan et al.797 2017 4 Retrospective
case series

Patients with JNA; 32
with surgery + pre-
operative
embolization versus
42 with surgery
alone (n = 74)

1. Intraoperative
bleeding

2. surgery time
3. hospital stay

duration

Preoperative embolization
significantly decreased bleeding
in Radkowski Stage II and III
tumors with no difference in
surgical time or duration of stay

Gao et al.798 2013 4 Retrospective
case series

Patients embolized
with particulate
agents; 11 patients
with liquid agent
(Onyx) (n = 39)

1. Intraoperative
blood loss

2. Perioperative
transfusion

Patients embolized with Onyx had
significantly lower intraoperative
blood loss (569 vs. 1348 mL) and
required significantly lower
number of transfusions (0.45 vs.
1.56 U PRBCs)

Abbreviations: JNA, nasopharyngeal angiofibroma (formerly juvenile nasopharyngeal angiofibroma); LOS, length of stay; PRBC, packed red blood cells.
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lesion. Local trauma and hormonal influences have been
proposed as possible etiologies.817–819 Most commonly
occurring around the fifth decade of life, about 80% arise
from the anterior nasal septum (Little’s area), 15% from
the lateral nasal wall, and 5% from elsewhere within the
sinonasal cavity.817–820
The most common presentation is epistaxis; how-

ever, the patient may also experience nasal obstruction,
facial pain and/or pressure, and rhinorrhea as the lesion
grows.815,817–819,821 As exam findings may be difficult to
discern from other lesions, frozen section at the time of
planned resection is commonly recommended in lieu of
in-office biopsy. Imaging can help determine the size of
the lesion as well as possible involvement of adjacent
structures.821 CT may also delineate any bone destruction
and show evidence of calcified thrombus (phleboliths). On
MRI, hemangiomas tend to vividly enhance with gadolin-
iumonT1-weighted images and demonstrate flow-voids on
T2-weighted images, suggesting vascularity.821
The treatment for sinonasal hemangiomas is com-

plete surgical excision. Recent technological advances in
endoscopic endonasal treatment have demonstrated favor-
able outcomes and less morbidity with this approach,
as compared to open techniques.815,816,819,822,823 To facili-
tate resection, some surgeons advocate for preoperative
embolization for larger tumors, but this is not always
necessary.818,819
Other interventions, including laser and medical treat-

ment including bevacizumab and intralesional steroids,
have been reported with success.817,824,825 Overall, these
treatments are considered nonstandard, and studies are
limited to case reports and small series.
The current evidence indicates that surgical excision is

safe and effective, with low recurrence rates. A study of 37
patients showed no major complications, but two patients
had recurrence at 4 and 60 months.815 In a similar study
of 14 patients, there were no major complications or recur-
rence at 59.9± 44.7 months.816 Lastly, Smith et al. reported
a series of 34 patients with a mean follow-up time of
58.6months and found 13 patients recurred, themajority of
which (7/13) underwent incisional biopsy only.820 Collec-
tively, these data indicate seemingly low recurrence rates,
though complete extirpation may increase the likelihood
of long-term control. Additional study is needed to bet-
ter understand the risks of recurrence and the associated
factors. Table XVII.B.1 summarizes evidence surrounding
hemangioma.

2 Arteriovenous malformations

Arteriovenous malformations (AVMs) are vascular mal-
formations that can occur in the head and neck region.

Most of these lesions involve the skin and are in the mid-
face regionwith infrequent involvement of the nasal cavity
or sinuses.826–828 These lesions do not typically involute
and approximately 35% will involve bone.829 These lesions
can result in massive bleeding after what would otherwise
be minor or innocuous trauma (e.g., tooth extraction).830
AVMs can be congenital or acquired, and when acquired
they can be associated with surgery or blunt trauma. Sev-
eral molecular pathways have been associated with AVMs
and include alterations within PIK3CA and RAS signal-
ing pathways, as well as mutations in theMAP2K1 gene.831
Ultimately, these alterations result in changes within vas-
cular growth factor-directed angiogenesis causing aberrant
arteriovenous channels that communicatewith each other.
The presentation of AVMs can vary based on the

anatomic site, size, and propensity for trauma or manipu-
lation to the area. The lesions are typically slow growing
and can be associated with spontaneous bleeding (e.g.,
epistaxis). Patients may report nasal obstruction, pulsat-
ing sensations, and pain. Smaller lesions located within a
paranasal sinus could be asymptomatic and incidentally
identified on radiographic imaging for other purposes.
Diagnosing AVMs includes a comprehensive history

and physical examination. On examination, a raised, red,
and often-pulsating lesion can be identified on anterior
rhinoscopy or nasal endoscopy. Evidence of current or
recent bleeding may be noted, and some authors have
advocated consideration of needle aspiration to differen-
tiate vascular lesions from those that are inflammatory
in nature.832 However, most authors report utilization of
radiographic imaging including CT and MR as the initial
complementary imaging modalities of choice.833 Com-
mon findings on CT include a multilobulated lesion with
bone changes, and subsequent contrasted imaging onMRI
reveals avid enhancement and a heterogenous-appearing
soft tissuemass. Subsequentmagnetic resonance angiogra-
phy (MRA) or computed tomographic angiography (CTA)
is then indicated, with MRA considered the most informa-
tive.
Published data regarding optimal treatment strategies

for AVMs are limited to retrospective case reports only,
and therefore clinical decisions are mostly informed by
experience with other vascular anomalies.826–834 A com-
bination of intra-arterial angiography with embolization
followed by complete surgical excision is the strategy most
commonly reported. Embolization alone and emboliza-
tion followed by curettage have been associated with
higher risks of recurrence in several case reports, and
most argue for embolization and complete surgical resec-
tion when feasible. Published reports describe a variety
of surgical approaches including craniofacial, transfacial,
transcranial, and endoscopic endonasal depending on dis-
ease extent and location. Most recent reports advocate
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ICAR SINONASAL TUMORS 165

TABLE XVI I . B . 1 Evidence surrounding sinonasal hemangioma.

Study Year LOE Study design Study groups
Clinical
endpoint Conclusions

Lim et al.816 2021 4 Retrospective
case series

Patients with sinonasal
hemangiomas (eight
LCH and six CH)
who underwent
endoscopic
resection (n = 14)

1. Safety of
transnasal
endoscopic
resection

2. Recurrence

1. No difference in clinical features
between LCH and CH

2. Endoscopic resection of
sinonasal hemangioma is safe
and effective

3. One CH patient recurred
Kim and
Kwon815

2017 4 Retrospective
case series

Patients with sinonasal
hemangiomas (24
LCH and 13 CH)
who underwent
endoscopic
resection (n = 37)

1. Safety of
transnasal
endoscopic
resection

2. Recurrence

1. LCHs tended to present at IT
and septum compared to CHs

2. Endoscopic resection of
sinonasal hemangioma is safe
and effective

3. Two patients recurred, one at
4 months and other at
60 months

Takaishi et al.819 2017 4 Retrospective
case series

Patients with sinonasal
hemangiomas (22
LCH, nine CH) who
underwent
endoscopic
resection (n = 31)

1. Safety of
transnasal
endoscopic
resection

2. Recurrence

1. Lesions tended to occur at IT
and septum

2. Endoscopic resection of
sinonasal hemangioma is safe
and effective

3. One CH patient recurred.
Smith et al.820 2012 4 Retrospective

case series
Patients with sinonasal
hemangiomas (all
LCHs) who
underwent biopsy or
resection (unknown
approach) (n = 34)

1. Histologic
characteriza-
tion of
LCH

2. Recurrence

1. Wide range of histologic
morphology observed

2. 13 patients (42.0%) recurred
Mean time to recurrence 5.7 months

Song et al.823 2009 4 Retrospective
case series

Patients with sinonasal
hemangiomas (12
LCH, nine CH, one
mixed) who
underwent
endoscopic
resection (n = 22)

1. Safety of
transnasal
endoscopic
resection

2. Recurrence

1. Endoscopic resection of
sinonasal hemangioma is safe
and effective

2. No patients recurred

Puxeddu
et al.818

2006 4 Retrospective
case series

Patients with sinonasal
hemangiomas (all
LCHs) who
underwent
endoscopic
resection (local or
general) (n = 40)

1. Location of
lesions

2. Safety of
transnasal
endoscopic
resection

3. Recurrence

1. Lesions tended to occur at
vestibule and septum

2. Large lesions had a predilection
for the LNW and the IT

3. Endoscopic resection of
sinonasal hemangioma is safe
and effective

4. No patients recurred
Iwata et al.817 2002 4 Retrospective

case series
Patients with sinonasal
hemangiomas (five
LCH, three CH) who
underwent
endoscopic
resection (n = 8)

1. Diagnostic
utility of
CT/MR
imaging for
heman-
giomas

2. Safety of
transnasal
endoscopic
resection

1. CT and MR imaging were useful
in identifying the extension of
the tumor and for surgical
planning

2. Endoscopic resection of
sinonasal hemangioma is safe
and effective

(Continues)
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TABLE XVI I . B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoint Conclusions

Denk et al.876 2002 4 Retrospective
case series

Patients with nasal
hemangiomas who
underwent open
surgical resection
(n = 11)

1. Efficacy of
midline open
surgical
approach

2. Age of
hemangioma
and feasibility
of surgery

1. The midline approach provides
excellent visualization and an
aesthetically acceptable scar

2. Early surgical intervention
(usually between 2 and 2.5 years
of age) is reasonable

Dillon et al.821 1991 4 Retrospective
case series

Patients with sinonasal
hemangiomas (all
LCHs) who
underwent
diagnostic imaging
and resection
(unknown type)
(n = 8)

Diagnostic utility
of CT/MR
imaging for
hemangiomas

1. Imaging demonstrates
well-circumscribed and
intensively enhancing lesions

2. CT showed bony remodeling
MR was helpful to distinguish
lesions from surrounding mucus
secretions

Abbreviations: CH, cavernous hemangioma; CT, computed tomography; LCH, lobular capillary hemangioma; IT, inferior turbinate; LNW, lateral nasal wall.

for consideration of EEAs, but at present individualized
care with consideration of the patient, disease, as well as
the surgeon’s experience and familiarity with endoscopic
and endovascular procedures needs to be considered.
Although well described for intracranial AVM, Gamma
Knife radiosurgery has not been reported for those within
the sinuses and extracranial skull base. Risk of recurrence
for sinonasal AVM is not known, but data from soft tissue
AVMwithin the head and neck regions suggest recurrence
rates could be as high as 80%.826

3 Venous malformations

Venous malformations (VMs) are developmental errors in
venous morphogenesis that arise in utero, but may not
become clinically evident until later in life.835 They result
from somatic mutations in PIK3CA or TEK/TIE2.836–838
The incidence is estimated to be 1:10,000.839 VMs are slow-
flowmalformations that tend to grow with the patient and
may expand abruptlywith traumaor hormonal changes.835
Clinically these manifest with blue skin discoloration or
as a soft subcutaneous mass that is compressible and
enlarges with increased venous pressure.840 The slow
flow within the malformation can result in thrombosis,
phleboliths, and sometimes localized intravascular coagu-
lopathy (LIC), which can decompensate into disseminated
intravascular coagulopathy (DIC).841 Depending on their
extent, these can be focal,multifocal, or diffuse.842 Approx-
imately 40% of VMs occur in the head and neck and are
commonly associated withmuscles or involve themucosal
lining.843 Histologically, they are composed of aberrant
thin-walled veins that exhibit progressive ectasia over

time.844 The endothelial cells are flattened and mitotically
quiescent, surrounded by scant and often disorganized
smooth muscle cells.845
VMs of the nasal cavity are very rare. Interpretation

of the literature is additionally challenging due to long-
standing confusion around the proper nomenclature of
vascular anomalies. The International Society for the
Study of Vascular Malformations classification system has
become the standard in the field but is not universally
used.840 Published literature on nasal VM is restricted
to case reports. Only three cases of VM involving the
sinuses or nasopharynx have been reported.843,846,847 Diag-
nostic imaging can include contrast-enhanced CT and
MRI, as well as consideration of angiography. Reported
treatments include medical therapies (targeted therapies
and/or anticoagulation), laser, sclerotherapy, surgery, or a
combination of these modalities.845,848 In one case, hor-
monal therapy (progesterone) was felt to be contributing
to VM development and was therefore discontinued.846

4 Paragangliomas

Paragangliomas of the sinonasal cavity occur at an inci-
dence of 1 in 100,000, representing only 0.6% of all tumors
within the head and neck.849 It is classified as a neuroen-
docrine tumor, though it is included in this section given
itswell-described vascularity and strategies needed formit-
igating blood loss during resection. The average age of
presentation is 45 years with most lesions occurring in
women, typically in the fifth to seventh decades.849–851 In
a systematic review by Nguyen et al. of 45 studies incor-
porating 54 patients with sinonasal paraganglioma and a
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ICAR SINONASAL TUMORS 167

mean follow-up time of 28 months, the nasal cavity was
the primary tumor location in 66.7% of cases, with two
thirds arising from the middle turbinate.852 Other sites of
nasal origin include the superior and inferior turbinates,
the lateral nasal wall, and the nasal septum.853–855 Tumors
arising from the paranasal sinuses were most commonly
situated in the ethmoid cavity. The most common present-
ing symptoms included recurrent epistaxis (68.5%), nasal
obstruction (53.7%), and headache (13.0%).
Macroscopically, tumors are often firm and encapsu-

lated. Histologically, paragangliomas need to be differ-
entiated from other neuroendocrine neoplasms. Paragan-
gliomas are positive for chromogranin, synaptophysin, and
neuron-specific enolase, but negative for cytokeratin. The
associated sustentacular cells will stain for S100. Tumors
classically consist of individual tumor cells with round
nuclei (chief cells) arranged in nests—the characteris-
tic “zellballen” architecture—surrounded by sustentacular
cells and divided by vascular stroma.856–859 Up to 50%
of head and neck paragangliomas are associated with
a genetic syndrome, most commonly mutations in the
genes for succinate dehydrogenase subunits. In particular,
SDHBmutations are associated with extra-adrenal tumors
and have an increased risk of malignant and recurrent
lesions.851,856
In one systematic review, of the studies reporting tumor

pathology, 71.4% were designated as benign lesions and
28.6% diagnosed as malignant paraganglioma.852 The dis-
tinction between benign and malignant entities is con-
troversial. Consequently, diagnosis of malignant paragan-
glioma is often made on clinical evidence of aggressive
behavior including regional spread to lymph nodes or
distant metastasis to nonneuroendocrine tissue.852,860–865
Functional paragangliomas have been estimated to rep-

resent 1%–3% of all cases in the head and neck, though a
recent systematic review of sinonasal lesions noted an inci-
dence of 7.4% with tumors secreting adrenocorticotropic
hormone (ACTH) or catecholamines.849,851,852,866–869 Eval-
uation for biochemical abnormalities is indicated in para-
gangliomas, particularly in symptomatic patients, and is
critically important in cases of catecholamine-secreting
tumors where surgical intervention without appropriate
adrenergic blockade may be catastrophic.851,866
CT imaging, though less specific than MRI, is useful for

surgical planning and for evaluating bone involvement.852
On MRI, paragangliomas demonstrate high signal on
T2 sequences and low signal on T1-weighted imaging,
with the classic “salt and pepper” appearance resulting
from hyperintense foci interspersed with areas of signal
void related to high-flow vascular channels.869 Tumors
enhance with contrast on both CT and MRI. Nuclear
imaging such as metaiodobenzylguanidine ([123I]MIBG)
or indium [111In]DTPA-octreotide SPECT scintigraphy—

particularly in cases with a genetic predisposition—can
help determine the extent of the tumor and detect syn-
chronous lesions.870,871 PET/CT imaging is amore efficient
and sensitive means of imaging paragangliomas com-
pared to scintigraphy.869 In particular, 18F-FDG or [68Ga-
DOTA]-TATE PET imaging is used to assess locoregional
extension, multifocality, and metastases, while the lat-
ter is particularly useful in detecting functional tumors
producing ACTH.849,851,867,871,872
Surgery is the first-line treatment for sinonasal para-

gangliomas. The optimal approach—open, endoscopic,
or combined—should be made with the goal of achiev-
ing complete resection through optimal exposure while
limiting morbidity. More recent case reports have demon-
strated a trend toward endoscopic approaches for resection
of these lesions, though open approaches are also effec-
tive. Indeed, in a systematic review of published cases,
an open approach was employed in 63% of cases, an
endoscopic approach in 33.3%, and a combined approach
in 3.7%.852 Preoperative angiography and embolization
should be strongly considered given the rich vascularity
of paragangliomas.851,873 The use of advanced technology,
such as radiofrequency coblation, can facilitate hemosta-
sis during dissection.874 While chemotherapy is largely
ineffective, RT has been used to successfully halt the
growth of disease, particularly in patients with unre-
sectable disease or who cannot tolerate surgery.851,872,875
Estimation of long-termprognosis is dependent on system-
atic reviews incorporating case series indicating that most
(63%) of patients were disease free at a mean follow-up of
24.6 months. Recurrence rate was 21.7% between 12 and
156 months after initial resection. Metastasis was reported
in 8.7% of cases.852 Table XVII.B.2 summarizes evidence
surrounding paraganglioma.
Aggregate grade of evidence: C (Level 2: one study;

Level 3: 10 studies)

XVIII CONGENITALMIDLINE NASAL
MASSES

A Introduction

CMNMs are relatively rare midline nasal lesions, and are
estimated to occur in about 1:20,000–1:40,000 births.877
They arise from failure of embryological separation
of neuroectodermal and ectodermal tissue, which can
lead to intranasal and extranasal masses.878–880 Even
though most are diagnosed at birth or childhood,
rarely they may not be recognized until adulthood and
require a high level of suspicion.881 The most common
CMNMs are nasal dermoid cysts, nasal gliomas, and
meningoceles/encephaloceles.882 These lesions may
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168 KUAN et al.

TABLE XVI I . B . 2 Evidence surrounding sinonasal paraganglioma.

Study Year LOE Study design Study groups
Clinical
endpoint Conclusion

Nguyen et al.852 2019 2 Systematic
review

45 studies including
patients with
sinonasal
paraganglioma
(n = 54)

1. Recurrence
2. Metastasis
3. OS

Optimal management includes total
resection with clear margins and
long-term follow-up

Papaspyrou
et al.862

2013 4 Retrospective
case series

Patients with benign or
malignant sinonasal
paraganglioma
(n = 6)

1. Locoregional
spread

2. Metastasis

1. Lesions can be malignant with
rapid local and distant spread
despite resection

2. Malignancy diagnosed on
clinical behavior

Abbreviation: OS, overall survival.

involve the nasal dorsum, have a fistulous tract, or
extend into the intracranial space. Therefore, prompt
diagnosis and appropriate workup of CMNMs are critical
to ensure complete resection and to avoid intracranial
complications.877

B Dermoid and epidermoid cysts

Nasal dermoid and epidermoid cysts are the most com-
mon congenital midline nasal masses and account for up
to 61% of all CMNM cases.40 Embryologically, they arise
from a retained connection between the dural divertic-
ulum and ectodermal tissue.879 Clinically, patients may
present with a cyst, sinus, fistula, or a firm, nonpulsatile
mass located between the columella and glabella.883 These
lesions do not transilluminate and are negative for the
Furstenberg test (pressure on the ipsilateral jugular vein to
elicit swelling or pulsation of the lesion). Compared to epi-
dermoids, which consist of ectoderm/skin elements only,
nasal dermoids are composed of ectodermal and mesoder-
mal tissue andmay contain hair follicles and sweat glands.
Most are detected early in life, with a mean age at the
time of diagnosis of 2–3 years, but a number of cases in
young adults have been reported in the literature.881 There
appears to be a male predominance across the literature
and a likely familial inheritance in some cases.883,884 Most
recent large retrospective studies show that approximately
25%–35% of patients demonstrate evidence of intracranial
extension.883,885 Therefore, both MRI and CT imaging are
usually obtained as part of the workup, although some
authors favor the use of MRI as sole and primary imaging
tool.877 Given the potential of intracranial extension and
delayed diagnosis due to subtle physical exam findings,
up to 36% of patients may present with significant com-
plications (meningitis, osteomyelitis, cellulitis/abscess),
highlighting the need for timely surgical excision.885

C Nasal glial heterotopia

Nasal glial heterotopias, formerly termed gliomas, are the
least common CMNMs, with only a few hundred cumula-
tive cases reported in the literature.879,886–888 Development
of these lesions is similar to that of nasal dermoids.880 They
arise from ectopic rests of neural glial tissue sequestered in
the nasal soft tissue following obliteration of their embry-
ologic connection to the subarachnoid space.888 Nasal
gliomas may present as noncompressible masses that
may appear red or with a bluish hue. Nearly 10%–30%
of these lesions may have a persistent dural connection
traversing the foramen cecum.888 However, unlike menin-
goencephaloceles, they do not have subarachnoid commu-
nications and are not filled with CSF. On CT imaging,
gliomas appear isodense to brain parenchyma. However,
MRI is the preferred modality of evaluation, and these
lesions are typically T1 hypointense and nonenhancing.879

D Meningoencephaloceles

Nasal midline congenital meningoencephaloceles are
extensions of the brain parenchyma (encephaloceles) or
meninges (meningoceles) through a skull base defect
caused by abnormal persistent patency of fonticulus
frontalis and foramen cecum.879 This allows for commu-
nication with the subarachnoid space; therefore, menin-
goencephaloceles may be filled with CSF and present
with CSF rhinorrhea. Their incidence is estimated to be
around 1 in 35,000 births.889,890 They typically present
at birth as bluish, compressible masses along the nasal
dorsum/glabella, which may also enlarge with Valsalva
or crying (positive Furstenberg’s sign).880 Appropriate
workup, including MRI, is very important in assessing the
degree of intracranial involvement and other associated
intracranial pathologies, most commonly hydrocephalus
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TABLE XVI I I . 1 Evidence surrounding imaging workup of congenital midline nasal masses (CMNMs).

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Vaghela and
Bradley881

2004 2 Systematic
review

Adults (>16 years of
age) presenting with
nasal dermoids
across 30 studies
(n = 44)

Rate of
intracranial
extension of
CMNMs
presenting in
adulthood

1. Similar presentation in adults
2. Rate of intracranial extension of

27.5% in adult cases

Winterton
et al.896

2010 4 Retrospective
case series

Patients with nasal
dermoid sinus cysts
with 4-year
follow-up (n = 19)

1. Utility of
imaging at
predicting
intracranial
extension

2. Deep and
superficial
recurrence
rates at
4 years

1. Positive and negative predictive
values for intracranial extension
were 85.7% and 50% for CT and
100% and 50% for MRI,
respectively

2. No deep recurrences and 26%
superficial nasal recurrence rate
at 4 years

Huisman
et al.877

2004 4 Retrospective
case series

Children with CMNMs
(nine dermoids, one
meningocele, one
glioma) (n = 11)

1. Imaging char-
acteristics

2. Sensitivity
and CT and
MRI
modalities

1. MRI did not show any
false-negative results, favoring
the use of MRI as primary
imaging tool

2. Intracranial extension is equally
well detected by CT and MRI
using indirect imaging signs

Barkovich
et al.893

1991 4 Case–control Children with CMNMs
(eight
encephaloceles,
seven dermoids, one
glioma) and 45
matched normal
patients as controls
(n = 61)

1. Imaging char-
acteristics

2. Sensitivity
and CT and
MRI
modalities

1. CT and MRI appear to be
equally sensitive and excellent at
detection of CMNMs

2. MRI appears superior in
delineating extent and
intracranial involvement
identifying other concomitant
anomalies, especially for
encephaloceles

Abbreviations: CMNMs, congenital midline nasal masses; CT, computed tomography; MRI, magnetic resonance imaging.

(20%).891 MRI reveals a soft tissue mass, usually isointense
to brain and with contiguous connection with the sub-
arachnoid space.892 CT may also help in identifying the
osseous defects associated with encephaloceles and surgi-
cal planning.893 Early surgical intervention appears to be
associated with improved prognosis.891

E Role of imaging

Imaging is essential in the workup of congenital midline
nasal masses to both accurately diagnose the lesion and
identify potential intracranial involvement, which may
occur in up to 30%–40% of cases (Table XVIII.1).894,895
Both MRI and CT imaging are usually obtained, and both
modalities appear to be equally sensitive and excellent at

detection of CMNMs.893 Findings suggestive of intracra-
nial extension on CT may include a widened/bifid nasal
septum or crista galli, as well as bony defects in the crib-
riform or ethmoid skull base. However, MRI appears to be
superior in delineating soft tissue extent and intracranial
involvement, as well as other concomitant anomalies.893
In addition, due to its multiplanar capabilities, different
image sequences, and lack of radiation exposure, many
authors favor using MRI as primary imaging modality in
children.877,880,891–893 Of note, neither technique is able to
completely visualize the sinus tract itself, which can be
seen in dermoids and gliomas, especially if they are small.
For nasal dermoids, the PPV and NPV for intracranial
extension appear to be 86% and 50% for CT and were 100%
and 50% for MRI, requiring a high index of intraoperative
suspicion to ensure complete excision of the tract.896

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



170 KUAN et al.

F Management

Treatment of CMNMs involves complete surgical excision,
which allows for formal histologic diagnosis and prevents
future complications and recurrence. Early surgical exci-
sion is important to prevent potential complications such
as local infection, craniofacial deformity, and intracranial
complications and has also been associated with improved
patient outcomes (Table XVIII.2).883,891 Complete removal
is imperative—incision and drainage, aspiration, or STR
without complete removal results in historical recurrence
rates ranging from 50% to 100%.881,897
Multiple surgical approaches have been developed for

extirpation of these lesions, including local excision, rhino-
plasty techniques, endoscopic endonasal, open craniofa-
cial, and combined approaches. Ultimately, excision must
be tailored to a patient’s unique combination of pathol-
ogy, location and size of the lesion, and individual patient
characteristics.898 In cases where there is concern for
intracranial extension, a combined approach with neu-
rosurgery is frequently necessary. For nasal dermoids,
combined intracranial–extracranial excision is utilized in
approximately 20% of cases.883 Similarly, when there is
extension of the sinus tract deep to the nasal bones, nasal
bone osteotomies may be required to obtain appropriate
access. The use of frozen pathology to rule out intracranial
extension in dermoids has not been well studied, but some
authors have reported success in using frozen sections of
the superior margin of the specimen to ensure that there
is no intracranial extension.878,883,898,899 If complete resec-
tion is able to be achieved, the overall 7-year recurrence
rates appear to be very low (12%).883
Anterior skull base encephaloceles in children have

been historically repaired through open approaches due
to narrow anatomy that may prevent endoscopic repair in
very young children and concern for STR.891 Continued
advances in endoscopic techniques have made minimally
invasive extracranial approaches possible and are known
to be associated with decreased patient morbidity.900
Endoscopic techniques have already essentially become
the standard of care for repair of encephaloceles in adults,
with reported 90% successful closure rate.901,902 Endo-
scopic approaches appear to be associated with decreased
mortality, LOS, and duration of follow-up compared to
open approaches.903 A number of studies in the pediatric
population suggest that endoscopic resection and repair
are feasible for some masses and appear to have a more
favorable complication profile than open approaches, even
in children as young as 8 months old.904–906 Multiple
endonasal endoscopic approaches have been described, all
tailored to the pathology, location, and size of the lesion,
but in general, a technique that grants adequate exposure
of the skull base and minimizes trauma to surrounding

tissues is favored.900 The entire defect must be circum-
ferentially identified and accessible for instrumentation
and ablation, which for midline congenital nasal masses
often includes exposure of the anterior ethmoid skull base
and the cribriform adjacent to the foramen cecum.907
Skull base repair for endonasal approaches is often done
concurrently to diminish the risk of intracranial complica-
tions and postoperative CSF leaks and usually necessitates
a multilayered closure.900,908 Details of repair are sur-
geon specific, but may involve a combination of inlay
(intracranial, extradural) or onlay (extracranial) grafts that
can be made from autologous or synthetic materials.907
Larger defects, especially with an intraoperative CSF leak,
are usually managed with a combination of “gasket-seal”
repair to achieve watertight closure of the anterior cra-
nial base and vascular pedicle flaps, such as the nasoseptal
mucosal flap.244,908
In conclusion, congenital midline nasal masses arise

from embryologic errors of development of the nasofrontal
region and require a thorough, prompt workup and a high
index of suspicion. Neuroimaging is essential in the eval-
uation to characterize the lesion and identify the presence
and extent of intracranial involvement and should include
a CT and an MRI. Timely and complete surgical resec-
tion with approaches tailored to the patient and tumor
characteristics is recommended to prevent postoperative
complications and recurrence. Resection should be done
through an endonasal endoscopic approach whenever
possible and appropriate.
Aggregate grade of evidence: C (Level 2: two studies;

Level 4: nine studies)

XIX BENIGN ORBITAL TUMORS AND
LESIONS

A Benign orbital lesions—intraconal

Traditionally, orbital lesions have been surgically
addressed by ophthalmologists and neurosurgeons
via open approaches such as frontotemporal craniotomies
with orbitozygomatic osteotomy, transcutaneous or
transconjunctival orbitotomy, and lateral orbitotomy.909
Seeking to improve tumor resection efficacy and
reduce morbidity, endoscopic approaches for orbital
lesions evolved during the last decade as a natu-
ral evolution of endoscopic sinonasal and skull base
surgery.910
Since the ICSB 2019 document (Section VI.B), several

studies have been published describing surgical tech-
niques, reporting outcomes, and adding to the nascent
field of endoscopic resection of benign orbital tumors.5
Two new classification systemswere developed to improve
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TABLE XVI I I . 2 Evidence surrounding surgical management of congenital midline nasal masses (CMNMs).

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Thompson
et al.903

2020 2 Systematic
review

Patients with anterior
encephaloceles (222
and 127 patients
undergoing open
and endoscopic
resection,
respectively) over
last 50 years across
153 studies (n = 349)

Outcomes of
open versus
endoscopic
repair of
congenital
anterior
encephaloce-
les

1. Endoscopic procedures had a
lower number of complications
per operation compared with
open procedures

2. Decreased mortality, length of
stay, and duration of follow-up
with endoscopic resection
compared to open approaches

Thompson
et al.904

2020 4 Retrospective
case series

Children with
congenital
encephaloceles
treated using
endoscopic
techniques (n = 15)

Feasibility of
endoscopic
repair of
congenital
encephaloce-
les out
outcomes

Successful and safe repair of
encephaloceles in children using
endoscopic techniques

Keshri et al.907 2016 4 Retrospective
case series

Consecutive patients
below 12 years of age
with intranasal
meningoencephalo-
cele treated by
endonasal
endoscopic
approach between
2013 and 2014
(n = 6)

Feasibility of
endoscopic
repair in
pediatric
patients,
length of
hospital stays,
and cost

1. Endoscopic repair in pediatric
patients decreases hospital stay
and cost of treatment

2. Successful use of gasket-seal
technique in skull base repair
for CMNM postresection defects

Woodworth
et al.900

2004 4 Retrospective
case series

Children (mean age
6 years old) with
encephaloceles and
CSF leaks between
1992 and 2003
(n = 8)

Feasibility and
outcomes of
endoscopic
encephalocele
repair
compared to
traditional
craniotomy
approaches

Endoscopic repair is a successful
alternative to traditional
craniotomy approaches, with less
morbidity

Rahbar et al.883 2003 4 Retrospective
case series

Children with nasal
dermoids, single
institution, 30-year
cohort (n = 42)

1. Presentation
of nasal
dermoids

2. Surgical
management

3. 7-year
recurrence
rate

1. Majority (81%) underwent
extracranial resection, 19%
underwent combined
intracranial–extracranial
excision

2. Overall, 7-year recurrence rate
was low (12%)

Turgut et al.891 1995 4 Retrospective
case series

Patients with
congenital nasal
encephaloceles
repaired with frontal
craniotomy
approach, 20-year
cohort at a single
institution (n = 35)

Assess
frequently of
other
intracranial
anomalies and
timing of
surgical
intervention

1. Early surgical intervention
associated with improved
prognosis

2. High rate of other intracranial
pathologies, most common
being hydrocephalus (20%)

(Continues)
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172 KUAN et al.

TABLE XVI I I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Wardinsky
et al.885

1991 4 Retrospective
case series

Patients with nasal
dermoids, 10-year
cohort at a single
institution (n = 22)

Assess
frequently of
intracranial
extension and
preoperative
complications

1. 45% with intracranial extension
2. 36% of patients with

preoperative complications (two
with meningitis, two
osteomyelitis, seven
cellulitis/abscess)

Abbreviation: CMNMs, congenital midline nasal masses.

TABLE X IX .A . 1 Overview of CHEER staging and ORBIT classification systems.

Stage/Class CHEER Anatomic Description ORBIT Anatomic Description
I Extraconal OCH Extraconal
II Intraconal OCH anterior to the inferomedial muscular trunk

of the ophthalmic artery and inferior to the horizontal axis
of the medial rectus

Intraconal and anterior to the intersection of the
ophthalmic artery and optic nerve

III Intraconal OCH anterior to the inferomedial muscular trunk
of the ophthalmic artery and superior to the horizontal axis
of the medial rectus

Intraconal and posterior to the intersection of
the ophthalmic artery and optic nerve

IV IVA: Intraconal OCH posterior to the inferomedial muscular
trunk of the ophthalmic artery without extension into the
optic canal

Extraconal or intraconal with extension into the
pterygopalatine and/or infratemporal fossae
through the inferior orbital fissure

IVB: Intraconal OCH posterior to the inferomedial muscular
trunk of the ophthalmic artery with extension into the optic
canal or an isolated OCH within the optic canal

V VA: Extraconal or intraconal OCH with pterygopalatine
and/or infratemporal fossa extension through the inferior
orbital fissure

Extraconal or intraconal with intracranial
extension through the superior orbital fissure

VB: Extraconal or intraconal OCH with intracranial extension
through the superior orbital fissure

Abbreviations: CHEER, Cavernous Hemangioma Exclusively Endonasal Resection; OCH, orbital cavernous hemangioma; ORBIT, Orbital Resection By Intranasal
Technique.

communication between multidisciplinary teams and
standardize surgical candidacy, tumor extent, and out-
comes reporting. TheCavernousHemangiomaExclusively
Endonasal Resection (CHEER) staging system for OCHs
was developed in 2019 by an international multidisci-
plinary panel, based on tumor location relative to critical
intraconal structures. Selected tumors located medial to
the optic nerve and/or inferior to the plane of resectabil-
ity (intraconal orbital surgery) were defined as candi-
dates for endoscopic resection.911 In an attempt to extend
the accumulated knowledge obtained from endoscopic
orbital cavernous hemangioma (OCH) resection to include
all benign tumors, the ORBIT classification system was
then introduced to define the surgical complexity of
both endoscopic resection and combined open and endo-
scopic resection for any benign primary orbital lesion
(Table XIX.A.1).912

1 Efficacy of tumor resection

Tailoring the appropriate approach based on tumor loca-
tion and characteristics is the key to safe and efficacious
treatment (Table XIX.A.2). Continued development and
refinement of surgical techniques enable the use of 360◦
approaches based on the endoscopic endonasal corri-
dor. Thus, coupling transnasal endoscopic orbit surgery
with transconjunctival, transorbital/transcaruncular, lat-
eral orbitotomy, or craniotomy approaches can extend
the boundaries of reach to various ORBIT classes with
decreasedmorbidity. A transcaruncular approach can sup-
plement EEA to gain additional access to the medial orbit
and for fat retraction and lateral tumor surface dissec-
tion. For intraorbital neoplasms located lateral to the optic
nerve, the transorbital endoscopic approach represents
the less invasive route to perform biopsies, debulking, or
complete removal of lesions.910,913,914
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ICAR SINONASAL TUMORS 173

TABLE X IX .A . 2 Evidence surrounding tumor resection for benign orbital lesion and associated complications.

Study Year LOE Study design Study group
Study
endpoints Conclusion

Lehmann
et al.940

2022 2 Systematic
review and
meta-
analysis

Patients with benign
orbital tumors
resected via EEA
across 24 studies
(n = 60)

1. Extent of
resection

2. Postoperative
complica-
tions

3. Postoperative
clinical
outcomes

4. Recurrence

Most outcomes assessed did not
appear affected by orbital
reconstruction status

Jafari et al.915 2021 2 Systematic
review and
meta-
analysis

Patients with benign
orbital tumors
resected via EEA
across 36 studies and
retroactively staged
via the CHEER
system (n = 105)

1. Extent of
resection

2. Postoperative
clinical
outcomes

3. Recurrence

1. Improved outcomes and safety
of benign orbital tumor
treatment were observed with
endoscopic resection relative to
external approaches

2. The CHEER anatomic-based
framework can potentially be
broadened beyond OCHs to all
benign orbital tumors

Jafari et al.912 2022 4 Retrospective
case series

Patients who
underwent EEA for
resection of primary
orbital tumors and
were retroactively
classified via the
ORBIT system
(n = 110)

1. Extent of
resection

2. Postoperative
clinical
outcomes

3. Recurrence

1. Endoscopic treatment of
primary orbital tumors is a safe
and effective approach, with
favorable short- and long-term
postoperative outcomes

2. The ORBIT classification system
is a simplified anatomic-based
framework that may effectively
facilitate high-quality outcomes
reporting for all primary orbital
tumors

Pennington
et al.916

2021 4 Retrospective
case series

Patients with
symptomatic orbital
schwannoma
resected via
endoscopic
transorbital-assisted
approach (n = 3)

1. Extent of
resection

2. Postoperative
visual
outcomes

Resection of orbital schwannomas
using an endoscopic endonasal
approach with small incision
medial transorbital assistance is a
safe and effective option for a
multidisciplinary surgical team

Caballero-
Garcia
et al.921

2021 4 Retrospective
case series

Patients with orbital
intraconal tumors
treated via EEA or
anterior endoscopic
orbitotomy (n = 22)

1. Postoperative
complications

2. Postoperative
visual
outcomes

The minimally invasive 360◦

surgical approach with full
endoscopic visualization can be
safe and efficient in patients with
select orbital intraconal tumors

Jeon et al.356 2021 4 Retrospective
case series

Patients with intra-
and extraconal
orbital tumors
treated via
transorbital superior
eyelid approach or
EEA (n = 16)

1. Postoperative
visual
outcomes

2. Postoperative
complications

3. Need for
adjuvant
therapy

Selection of the approach based on
a concept of a four-zone model
with its epicenter around the
optic nerve successfully provides
a minimally invasive 360◦

circumferential access to the
entire orbit

(Continues)
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174 KUAN et al.

TABLE X IX .A . 2 (Continued)

Study Year LOE Study design Study group
Study
endpoints Conclusion

Maza et al.922 2019 4 Retrospective
case series

Patients with optic
nerve sheath
meningiomas
undergoing
transnasal
endoscopic optic
nerve
decompression
(n = 4)

Postoperative
visual
outcomes

Transnasal endoscopic optic nerve
decompression could be a viable
initial treatment modality of
select primary optic nerve sheath
meningiomas

Castelnuovo
et al.935

2019 4 Case report Patients with
intraconal
cavernous
hemangioma treated
via
cryoprobe-assisted
transnasal
endoscopic
resection (n = 2)

Postoperative
visual
outcomes

1. Cryoprobes represent an
adjunctive tool in the orbital
surgeon’s armamentarium
useful in extracting fluid-filled
intraorbital lesions

2. Their use may ease the removal
of intraconal hemangiomas with
an exclusively transnasal
approach

McCormick
et al.938

2019 4 Retrospective
case series

Patients with
simultaneous skull
base and medial
orbital wall defects
undergoing
modified nasoseptal
flap reconstruction
(n = 3)

1. Postoperative
CSF leak

2. Orbital
edema

3. Postoperative
cosmesis

The described nasoseptal flap
modification provides excellent
coverage for reconstructing large
anterior skull base defects and
simultaneous medial orbital wall
defects

Montano
et al.919

2018 4 Retrospective
case series

Patients with orbital
tumors treated via
fronto-orbital
craniotomy, frontal
approach, fronto-
orbit-zygomatic
approach, and EEA
(n = 70)

1. Extent of
resection

2. Postoperative
clinical
outcomes

3. Postoperative
complications

1. EEA should be used for primary
orbital tumors located in the
medial or inferior orbital walls
without extra-orbital extension

2. The trans-eyelid approach
should be used for extraconal
tumors located in the upper and
upper-lateral quadrants

3. The fronto-orbital approach
should be used for
intraconal-located tumors
involving more than one
quadrant

Peron et al.924 2017 4 Retrospective
case series

Patients with
spheno-orbital
meningiomas
treated via open,
endoscopic, or
combined
open/endoscopic
approach (n = 30)

1. Extent of
resection

2. Postoperative
complications

In selected cases, the endoscopic
approach allows complete
removal of spheno-orbital
meningiomas with a low rate of
complications

Abbreviation: EEA, endoscopic endonasal approach.

A comprehensive meta-analysis that included 105 pri-
mary benign orbital lesions resected exclusively by endo-
scopic approach found that 61.9% of tumors were intra-
conal. The leading presenting symptoms were decreased
visual acuity, visual field defect, proptosis, diplopia, color

vision deficit, and pain. GTR was achieved in 76.2% of
cases, and only 2.9% of cases had tumor recurrence.
After 24 months of follow-up, 95.5%, 98.3%, and 100%
of the patients had improved/stable visual symptoms,
resolved diplopia, and no pain symptoms, respectively.
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ICAR SINONASAL TUMORS 175

There were no differences in surgical outcomes when
comparing OCH and other benign orbital tumors by indi-
vidual CHEER stages.915 With increased CHEER stage,
preferences toward a binarial approach and using a two-
surgeon (three- or four-hand) dissection technique as well
as increased likelihood of intraoperative reconstruction
was reported.911
Endoscopic resection of selected intraconal and medial

orbital schwannomas of symptomatic patients can be
achieved via purely EEA or assisted by small-incision
medial orbitotomy, particularly when the tumor extends
anterior to the meridian of the globe. Several studies
reported that tumors ranging from 1.6 to 5.9 cm3 were
resected with no complications and with improved post-
operative visual symptoms.356,916–920 On the other hand,
optic nerve sheath meningiomas are complex to manage,
and iatrogenic blindness is not rare. Several cases of endo-
scopic endonasal optic canal decompression andGTRwere
recently published with encouraging outcomes. However,
the value of endoscopic surgery for these lesions remains
unclear.921–924
A multicenter international retrospective analysis of 110

consecutive tumors found that ORBIT class III tumors rep-
resented approximately half (45.9%) and class II tumors
represented 18.4% of all tumors, followed by classes I, IV,
and V tumors, which constituted 16.5%, 13.8%, and 5.5%,
respectively. When comparing benign orbital tumors that
were resected exclusively endoscopically (76.4%) to those
that were addressed in a combined fashion (23.6%), the
former tended to be OCHs and were smaller in size. The
presentation included visual field deficits and decreased
visual acuity in over half of all patients at presentation
(58.2% and 57.3%, respectively). Proptosis was seen in
37.3% patients, and approximately a fifth of patients pre-
sented with diplopia (21.8%) or pain/headache (20.9%).
A combined approach was more commonly used when
the patient presented with diplopia (46.2%, p = 0.001)
but tended to be less commonly used in cases of visual
field deficit (42.3%, p = 0.06) on presentation. Medial rec-
tus muscle retraction was more commonly performed for
tumors that were addressed via a combined approach, and
two or more surgeons were more likely to be involved
in those cases. Tumors that were exclusively endoscop-
ically approached tended to achieve GTR, although this
may be confounded by smaller tumor size. Overall, GTR
was achieved in 80.2% of tumors. When considering long-
term surgical outcomes using the ORBIT classification
system, as with CHEER, there was also a significant trend
away from GTR within an increasing class. Overall, the
long-term outcomes were favorable compared to patients’
baseline presentation, with 99% of patients who had visual
deficits at baseline (i.e., visual field deficits, decreased
visual acuity, and/or impaired color vision) experienc-

ing an improvement in their preoperative visual deficits,
and 79.7% patients showing improvement or no change
in diplopia, 92.3% in eye position, and 96.7% in reported
pain/headache.912
A cadaveric study investigated the prelacrimal corridor

to orbital floor lesions located inferolateral to the optic
nerve and found improved visualization and preservation
of neurovascular structures by entry laterally to the infe-
rior rectus muscle after mobilization of the infraorbital
nerve and drilling of the orbital floor.925 This approach
provided good access to the space between the orbital
floor and the optic nerve. The prelacrimal approach may
also facilitate access to select ORBIT III lesions and pre-
clude the need for septectomy or a transeptal approach,
while ORBIT II lesions may be approached via a transeth-
moid approach, through the corridor between the medial
rectus and superior oblique muscles after retraction of
the medial rectus muscle.925–928 Described methods for
medial rectus muscle retraction include the placement of
vessel loops around the medial rectus muscle insertion
point at the globe, pulled through a transseptal corridor or
transchoanal static retraction. Dynamic retraction options
using various instruments have been associated with the
greatest intraconal exposure and reduce the risk of ocu-
lomotor neuropraxia resulting from tonic retraction.929–931
Injection of indocyanine green with the enhancement of
vascular lesions 1–30 min after injection and use of suit-
able endoscope filters may facilitate differentiation of the
vascular lesion from the muscular and surrounding soft
structures and allow refined dissection.932 Methods of
direct tumor retraction may also include the placement
of traction suture through the OCH capsule and use of a
cryoprobe.933–935
The benefit of medial orbital wall reconstruction is

an area of active investigation, and while data are being
accrued, the current literature remains scant, with variable
risk of postoperative enophthalmos and diplopia based
on tumor size, location, and degree of intraconal dissec-
tion. Some surgeons advocate using soft materials such
as free mucosal grafts, pedicled flaps, or self-dissolving
materials, while others have used rigid materials such as
bone, titanium mesh, or porous polyethylene implants.
The associated risk of orbital compartment syndrome due
to postoperative edema, oozing, and fluid transudation in
the setting of immediate rigid reconstruction is an area of
continued investigation.910,936–939
A meta-analysis of 60 patients from 24 studies reported

that 56.7% of patients underwent orbital reconstruction fol-
lowing resection by pedicled flaps (44.1%), free mucosal
grafts (32.4%), and rigid reconstruction (8.8%). The deci-
sion to perform reconstruction was linked with pre-
operative vision compromise—visual field defect (61.8%
vs. 7.7%; p < 0.001), decreased visual acuity (73.5% vs.
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176 KUAN et al.

34.6%; p = 0.003), and color vision deficits (41.2% vs.
0%; p < 0.001)—and a trend toward intraconal location,
whereas the patients for whom reconstruction was for-
gonewere presentedwith preoperative proptosis (69.2% vs.
17.6%; p < 0.001), larger tumor size (p < 0.001), a uninar-
ial approach (p = 0.01), and operative exposure of orbital
fat (p < 0.001) and extraocular muscles (p = 0.035). In
patients with intraconal tumors, there was a lower rate
of short-term postoperative diplopia when reconstruction
was performed (7.4% vs. 31.3%; p = 0.041). Nevertheless,
at an average of 2 years postoperatively, this potential ben-
efit of reconstruction did not persist, and the diplopia
either improved or remained unchanged for all patients
for whom reconstruction was foregone.940 A trend toward
reconstruction for higher CHEER stages was reported in
numerous studies.911,915,940

Endoscopic resection of intraconal orbital lesions

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: nine studies)

Benefit Higher rates of GTR with reduced local
morbidity relative to open approaches
among patients with lesions medial to optic
nerve and/or inferior to POR.

Harm Risk of diplopia related to necessity for
translaminar approach.

Cost Associated costs with surgery and
preoperative evaluations.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

No study to date has compared endoscopic
and open approaches directly. However, in
appropriately selected patients (e.g., tumor
medial to the optic nerve and/or inferior to
POR), endoscopic orbital surgery was
preferred to traditional open approaches
with reduced external morbidity. Not all
patients are candidates for an endoscopic
orbital approach, with tumors lateral and
superior to POR and/or concern for
invasion of local structures.

Policy level Option.
Intervention Endoscopic orbital surgery approach may be

offered in lieu of open surgery by trained
multidisciplinary orbital teams following
appropriate workup and candidacy
determination.

2 Complications

Increased risk of complications was associated with higher
tumor stage.911 The meta-analyses revealed a short-term

(<14 days) overall postoperative complication rate of 30%,
including diplopia (15.2%), cranial nerve palsy (II, III,
V1, VI) (8.6%), and visual acuity and field defects (<4%).
This complication rate was substantially lower than the
previously reported 50% complication rate reported with
external approaches.915,941
Among the 110 patients who were operated by endo-

scopic or combined approaches, the 26 patients who
underwent a combined approachweremore likely to expe-
rience an immediate cranial nerve palsy after surgery
(11.5% vs. 1.2%, p = 0.04) and had a trend toward increased
periorbital ecchymosis (p= 0.09). However, this difference
did not sustain in the long term (>14 days). The remain-
der of immediate complications (visual field defect, visual
acuity defect, diplopia, epistaxis, infection, newenophthal-
mos, severe edema, uncontrolled pain, and others) were
similar between both groups.912

B Other benign orbital lesions

1 IgG4-related ophthalmic disease

IgG4-related ophthalmic disease (IgG4-ROD)was first sus-
pected as a cause of autoimmune pancreatitis in 2001
and, in 2012, IgG4-related disease was formally defined as
a multisystem immune-mediated inflammatory condition
characterized by the abnormal infiltration of IgG4-positive
plasma cells leading to pathologic formation of tumefac-
tive masses and hypertrophic lesions (Table XIX.B.1).942
Though largely associated with pancreatic lesions, the
orbit was in fact the first reported extra-pancreatic site.943
Therefore, IgG4-ROD is considered to be a subset of
IgG4-related disease and was traditionally known as
orbital pseudotumor (OP), also known as idiopathic orbital
inflammation (IOI).
Unlike many autoimmune disorders, IgG4-ROD has a

near-equal distribution between males and females.944
The presentation of IgG4-ROD is classically insidious,
is often bilateral, and is associated with painless eye-
lid swelling and proptosis. Symptoms vary depending
on the involved periorbital tissues and include epiphora,
erythema, and visual deficits. Pain is uncommon. The
most commonly affected periorbital site is the lacrimal
gland, although involvement of periocular nerves (includ-
ing the optic and trigeminal nerves), adnexa, and soft
tissue has been reported.945 Salivary gland involvement
is common.945,946 Absence of pain, bilateral involve-
ment, a prolonged waxing and waning history, and
concomitant salivary gland involvement may help to
clinically distinguish IgG4-ROD from other causes of
orbital inflammation.947,948 Though not pathognomonic,
radiographic lacrimal gland involvement in IgG4-ROD
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ICAR SINONASAL TUMORS 177

TABLE X IX .B . 1 Evidence surrounding IgG4-related ophthalmic disease (formerly idiopathic orbital inflammation/orbital
pseudotumor).

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Wu et al.947 2015 2 Systematic
review

Biopsy-confirmed
cases of IgG4-ROD
with available
histopathologic
features (n = 172)

1. Clinical
features

2.
Histopathologic
features

No gender predilection, bilateral in
>50% of cases, steroid-responsive
but recurrent

Suhlr et al.967 2014 2 Double-
blinded
RCT

Orbital inflammation
patients refractory to
systemic
corticosteroids and
at least one other
immunosuppressant
(n = 10)

1. Validated
orbital disease
grading scale

2. Corticosteroid
dose reduction

1. Rituximab was safe and effective
in seven out of 10 refractory OP
patients, without toxicity

2. Rituximab should be considered
in steroid-refractory orbital
inflammation

Andrew et al.943 2013 2 Systematic
review and
meta-
analysis

Cases of “definite” or
“probable”
IgG4-ROD
identified in the
literature (n = 88)

Clinical features Compared to pancreatic IgG4-RD,
IgG4-ROD affects younger
patients and is associated with
salivary gland lesions

Goto et al.946 2021 3 Retrospective
cohort

Patients diagnosed
with IgG4-ROD
(n = 378)

Clinical features Periocular tissue other than the
lacrimal gland may be affected in
IgG4-ROD

Chen et al.948 2021 3 Retrospective
cohort

Idiopathic orbital
inflammatory
disease patients with
and without
IgG4-positive
histopathology
(n = 165)

1. Clinical
features

2. Recurrence

1. IgG4-ROD had fewer symptoms
and longer duration at
presentation than IgG4-negative
orbital inflammatory
pseudotumor

2. IgG4 positivity portended a
greater rate of recurrence in the
subgroup of patients treated
with surgery plus oral
glucocorticoids

Abad et al.951 2019 3 Prospective
cohort

Patients with orbital
tumors and
histologically
documented (n= 35)

1. IgG4 positivity
on biopsy

2. Other
histopatho-
logic features

IgG4-ROD more likely to have
storiform fibrosis, plasmacytic
infiltrate, and periphlebitis

Min et al.956 2019 3 Retrospective
cohort

Orbital inflammatory
pseudotumor
patients diagnosed
via surgical
pathology (n = 16)

Histopathologic
features

Histopathologic findings of
collagenous fibrosis, count and
ratio of IgG4-positive plasma
cells, and anatomic location of
lesion (lacrimal gland) all point
to IgG4-ROD; in their absence,
OP is likely

Aryasit et al.957 2021 4 Retrospective
case series

Patients with a
histopathologic
diagnosis of
idiopathic orbital
inflammation
(n = 45)

1. Clinical
features

2.
Histopathologic
features

IgG4-ROD more frequent in
patients with infraorbital nerve
involvement and bilateral disease

(Continues)
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178 KUAN et al.

TABLE X IX .B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Derakhshandeh
et al.952

2021 4 Retrospective
case series

Cases of inflammatory
pseudotumor
(n = 13)

Histopathologic
features

OP may demonstrate on pathology
B-cell clonality without meeting
pathologic or clinical criteria for
IgG4-ROD

Eissa et al.954 2021 4 Retrospective
cohort

OP (n = 21) and orbital
lymphoma patients
(n = 16) with
MRI-specific
findings of tumor
blood flow,
arterial-spin
labeling, apparent
diffusion coefficient,
and
diffusion-weighted
imaging

1. AUC
2. Sensitivity
3. Specificity
4. PPV
5. NPV

On MRI, tumor blood flow and
apparent diffusion-coefficient
alone and in combination may
differentiate OP from orbital
lymphoma

Hou et al.953 2021 4 Retrospective
cohort

Pathology-confirmed
OP (n = 28) and
ocular adnexal
lymphoma patients
(n = 28)
retrospectively
divided into training
(n = 42) and testing
groups (n = 14)

1. AUC
2. Sensitivity
3. Specificity
4. PPV
5. NPV

OP and ocular adnexal lymphoma
may be differentiated on MRI
using machine-learning
enhanced algorithms

Kubota et al.961 2020 4 Retrospective
case series

IgG4-ROD patients
with ocular adnexal
lesions (n = 82)

Long-term
recurrence

CN V and/or extraocular muscle
involvement may confer
long-term disease refractoriness
to systemic corticosteroid
treatment

Lee et al.955 2016 4 Retrospective
case series

Patients clinically
diagnosed with OP
with presenting
radiology and
12-month clinical
follow-up (n = 89)

1. Clinical
features

2. Radiographic
findings

Patients diagnosed with OP that
have infra-orbital nerve
enlargement have higher
recurrence following
corticosteroid treatment

Wu et al.959 2015 4 Retrospective
case series

Biopsy-confirmed
cases of
steroid-dependent
or resistant
IgG4-ROD treated
with rituximab
(n = 5)

1. Adverse events
2. Treatment

outcomes

Rituximab resulted in clinical and
radiologic improvement with
relatively benign side effect
profile in patients with
IgG4-ROD that is steroid
dependent or steroid-resistant

Sogabe et al.949 2014 4 Retrospective
case series

Histopathologically
confirmed cases of
IgG4-ROD (n = 65)

1. Clinical
features

2. Lesion
frequency

3. Lesion
location

1. Lacrimal gland enlargement was
the most frequently observed
lesion (87.7%)

2. 31 patients (47.7%) had lacrimal
gland involvement alone

(Continues)
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ICAR SINONASAL TUMORS 179

TABLE X IX .B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Kubota et al.960 2013 4 Retrospective
cohort

IgG4-ROD patients
with (n = 24) or
without (n = 6)
corticosteroid
treatment

1. Serum
rheumatoid
factor

2. Recurrence

1. Eight (33%) of the steroid-treated
patients showed relapse

2. Serum rheumatoid factor was
elevated in steroid-treated
patients who relapsed at
6 months after discontinuation
of treatment

Bijlsma et al.964 2011 4 Retrospective
cohort

Patients with
inflammatory
pseudotumor
treated with
intravenous
corticosteroids plus
oral steroids (n = 12)
and oral steroids
only (n = 15)

1. Duration of
oral
prednisone

2. Symptom-free
outcome

3. Complication

Intravenous corticosteroids are
most advantageous for short-term
symptomatic control and optic
nerve dysfunction recovery

Chirapapaisan
et al.975

2007 4 Retrospective
case series

OP patients (n = 49) 1. Demographic
and clinical
characteristics

2. Treatment
outcomes

Three quarters of patients had
unilateral disease; proptosis was
most common presenting
symptom

Leibovitch
et al.965

2007 4 Retrospective
case series

Patients with clinical,
radiologic,
pathologic
confirmation of OP
treated with
intra-orbital
triamcinolone,
repeated at 4 weeks
if incomplete
resolution (n = 10)

Local and
systemic
complications

Intraorbital corticosteroid should
be considered an effective
treatment for OP

Yuen and
Rubin962

2003 4 Retrospective
case series

Patients with
idiopathic orbital
inflammation
(n = 65)

Clinical and
treatment
outcomes

Systemic steroid with slow taper
should be considered first-line
therapy for OP

Derzko-
Dzulynsky945

2017 5 Expert opinion N/A 1. Clinical
features

2. Treatment
outcomes

1. Systemic involvement common
when IgG4 ROD is bilateral or
involving the lacrimal gland

2. Rituximab is a targeted therapy
that may improve outcomes

Mombaerts
et al.976

2016 5 Expert opinion N/A Expert opinion on
utility of biopsy
over
corticosteroid
in suspected OP

Histopathology is advocated as
efficient manner of making
diagnosis in orbital inflammatory
disorders

Dagi Glass and
Freitag963

2016 5 Expert opinion N/A Expert opinion on
utility of
empiric
corticosteroid
in suspected
orbital
inflammation

Empiric corticosteroid treatment
and attention to responsiveness
may obviate histopathologic
diagnosis in orbital inflammatory
disease

(Continues)
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180 KUAN et al.

TABLE X IX .B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Goto et al.950 2015 5 Expert opinion N/A 1. Disease
characteristics

2. Diagnostic
criteria

1. IgG4-ROD is characterized by
multispatial and multitemporal
lesion onset, relative
responsiveness to steroid
treatment, and recurrence
following treatment tapering

2. Further studies to develop a
classification system of severity
specifically for ophthalmic
lesions are warranted

McNab and
McKelvie944

2015 5 Expert opinion N/A Description of
presentation
and co-morbid
disease

Common patterns include
enlargement of V2 (most often
infraorbital) with eosinophilia
and multiorgan disease

McNab and
McKelvie942

2015 5 Expert opinion N/A Description of
presentation
and co-morbid
disease

Common patterns include
enlargement of V2 (most often
infraorbital) with eosinophilia
and multiorgan disease

Mendenhall
and
Lessner977

2010 5 Expert opinion N/A Expert opinion on
clinical
progression of
OP and
radiotherapy

Oral steroids are first-line therapy
and for those who do not respond
or relapse, radiotherapy or other
cytotoxic therapies may be
considered

Jacobs and
Galetta978

2002 5 Expert opinion N/A Expert opinion on
OP evaluation,
treatment, and
outcomes

1. Recurrent or steroid-resistant
case of presumed OP warrant
biopsy

2. Consider radiotherapy if
multiply recurrent or refractory

Abbreviations: AUC, area under the curve; IgG4-ROD, IgG4-related ophthalmologic disease; NPV, negative predictive value;OP, orbital pseudotumor; PPV, positive
predictive value.

has been demonstrated in up to 88% of patients in
one radiographic review of 65 histologically confirmed
cases.949
Histopathologic examination of affected tissue is neces-

sary to establish the diagnosis, and cellularmakeup reveals
marked lymphocytic and plasmacytic infiltration, fibro-
sis (often “storiform”), a ratio of IgG4+ plasmacytes to
IgG+ plasmacytes of more than 40%, and more than 400
IgG4+ cells per mm2. “Definitive” IgG4-ROD is defined
as (A) enlargement of periorbital tissue including the
trigeminal nerve on imaging, (B) the previously men-
tioned histopathologic findings, and (C) a serum IgG4
≥135 mg/dL. “Probable” disease is defined as a combina-
tion of points A and B, while “possible” disease is defined
as having met points A and C.950,951
Many radiographic studies have focused on OP as an

entity prior to recent pathologic classification as IgG4-
ROD. Contrast-enhanced MRI with fat suppression is
acknowledged to be superior to CT in the initial evalua-
tion. Neither modality has findings specific for IgG4-ROD;
however, an enhancing focal or infiltrating orbital mass

is typically more thoroughly defined on MRI.952 Unfortu-
nately, the nonspecific nature of these imaging findings
makes it difficult to distinguish IgG4-ROD from other
more common orbital adnexal lymphoproliferative (OAL)
disorders or in rare cases, fungal disease or vasculitis.
Machine learning techniques, however, have been recently
evaluated as amethod to improve diagnostic accuracy. In a
retrospective study of 28OP and 28OALpatients,Hou et al.
found thatmachine learning reliably distinguished the two
entities with a sensitivity, specificity, PPV, and NPV of 71%,
91%, 89%, and 76%, respectively. In the same study, expert
radiologists reliably distinguished the two disease entities
with 75%, 68%, 70%, and 73% sensitivity, specificity, PPV,
and NPV, respectively.953 Another retrospective study of 21
OP and 16 OAL patients utilized a combination of tumor
blood flow and apparent diffusion coefficient (ADC) on
MRI to differentiateOP fromOALwith 90% sensitivity, 93%
specificity, 95% PPV, 88% NPV, and 91% accuracy.954 Radi-
ologic findings may have some prognostic significance in
OP. A relatively large study evaluating 89 patients with OP
demonstrated that the 12 patients with infraorbital nerve
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ICAR SINONASAL TUMORS 181

enlargement had more severe symptomology and higher
propensity for recurrence.955
As recognition of IgG4-ROD as a distinct disease entity

has become more widespread, a large body of literature
has focused on re-examining previously diagnosed cases of
OP. Recently, Min et al. reviewed 16 cases previously diag-
nosed as OP, and after staining for IgG4+ plasma cells and
identifying storiform fibrosis, a diagnosis of IgG4-related
disease was made.956 A review of 55 previously diagnosed
cases of OP demonstrated that over 40% were histologi-
cally re-classified as IgG4-ROD. In another study, which
evaluated cases of previously diagnosed OP, the radiologic
findings of bilateral orbital involvement and infraorbital
nerve involvement are associated with IgG4-ROD when
tissue samples are assessed by IgG4-ROD criteria.957,958
Corticosteroids are the first-line treatment of IgG4-

ROD.959 Data suggest that involvement of the trigeminal
nerve and elevation of serum rheumatoid factor correlate
with corticosteroid treatment failure, however.960,961 In
some cases, successful treatment with corticosteroids
may obviate the need to obtain histopathology.962,963
Intravenous corticosteroids have been shown to improve
short-term disease, particularly when the optic nerve
is involved.964 Intraorbital corticosteroid injection
alone may be safe and efficacious for anterior chamber
involvement.965 A current randomized trial comparing
oral corticosteroid alone versus intraorbital steroid injec-
tion alone is ongoing.966 Finally, a small body of evidence
reveals that rituximab may lead to clinical and radiologic
improvement in steroid-responsive and steroid-resistant
IgG4-ROD.959,967 Nevertheless, biopsy is recommended in
cases that display signs of malignancy or when patients
fail to respond to empiric corticosteroid therapy.
Aggregate grade of evidence: C (Level 2: three stud-

ies; Level 3: four studies; Level 4: 13 studies; Level 5: eight
studies)

2 Tolosa–Hunt syndrome

THS, whichwas first described in 1954 Tolosa and then fur-
ther characterized in 1961 by Hunt, was classified in 1988
by the International Headache Society in the First Inter-
national Classification of Headache Disorders (ICHD-I)
(Table XIX.B.2).968 The initial criteria revolved around
painful unilateral orbital pain associated with paresis of
cranial nerves III, IV, or VI (inclusive of pain preceding
paresis by up to 2 weeks), resolution of pain within 72 h
of corticosteroid treatment, and exclusion of other causes
by neuroimaging.968 These criteria were further refined
such that by the third rendition (2018) of the ICHD, gran-
ulomatous inflammation in the cavernous sinus, superior
orbital fissure, or orbit demonstrated by MRI or biopsy

was included.969,970 Though not strictly part of the diag-
nostic criteria, optic nerve and/or CN V involvement is
commonly associated with THS, and the involvement of
CN V and the optic nerve together has been associated in
a retrospective case series with longer disease duration.971
Given the rarity of THS, the demographic distribution of
THS is uncertain; however, data suggest that it may be
equally distributed between males and females.972
In THS, symptoms may improve spontaneously; how-

ever, they tend to remit and recur without adequate
treatment. High-dose corticosteroids are the mainstay of
treatment.973 If symptoms persist despite >72 h of high-
dose systemic corticosteroids, surgical exploration of the
affected tissue for sampling or consideration for alternative
diagnoses are warranted.974
Aggregate grade of evidence: C (Level 2: one study;

Level 4: two studies; Level 5: one study)

XX OTHER RARE BENIGN
NEOPLASMS AND LESIONS

A Rosai–Dorfman disease

Rosai–Dorfman disease (RDD), or sinus histiocytosis with
massive lymphadenopathy, classically presents with neck
lymphadenopathy, fever, and weight loss.979 This rare
condition, linked to gene mutations in NRAS, KRAS,
MAP2K1, and ARAF, is more common in men and African
Americans.980 Usually diagnosed by the second decade,
RDD can occur in isolation or with autoimmune or malig-
nant diseases. Isolated extranodal involvement arises in
43% of patients, with the head and neck region most
affected, predominantly in the nasal cavity and paranasal
sinuses (11%).980–982 Sinonasal disease presents as polyps,
obstruction, rhinorrhea, facial asymmetry, headache, epis-
taxis, hyposmia, and proptosis.982,983 Imaging includes
contrasted CT of the paranasal sinuses, MRI of the
orbit/brain, or FDG-PET/CT. RDD lesions enhance on
T1-weighted MRI and are FDG avid.980
On IHC, RDD histocytes are S100 and OCT2 positive

with variable CD14, CD68, and CD163 positivity.980 Due
to the self-limiting nature of the disease and the fact that
spontaneous remission occurs in 50% of patients, manage-
ment is reserved for symptomatic patients.984 Endoscopic
resection of sinonasal disease can resolve symptoms.985
For unresectable, recurrent, or multifocal disease, cor-
ticosteroids, chemotherapy, and immunomodulators are
options; however, results are mixed.982 RT has been suc-
cessful but is generally reserved for disease involving
vital organs, such as the central nervous system, eyes,
heart, and liver, where the risks of surgery outweigh its
benefits.981
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182 KUAN et al.

TABLE X IX .B . 2 Evidence surrounding Tolosa–Hunt syndrome.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Colnaghi
et al.973

2008 2 Systematic
review

Patients with THS or
orbital myositis
across 48 studies
(n = 62)

1. Lesion
location

2. Duration of
symptoms
and signs

Diagnosis of THS cannot rely only
on MRI findings, which should
be considered in conjunction
with clinical findings; in some
cases, a biopsy will still be
necessary

Zhang et al.972 2014 4 Retrospective
case series

Patients with
nontraumatic
painful
ophthalmoplegia
(n = 77)

1. Clinical
features

2. Radiographic
findings

1. THS was the most frequently
diagnosed type of painful
ophthalmoplegia (46/77, 59.7%);
however, it is essential to rule
out all other causes of painful
ophthalmoplegia to confirm the
diagnosis of THS

2. CN III was the most commonly
affected CN in THS

Türkoĝlu
et al.974

2008 4 Retrospective
case series

Patients with THS
causing cavernous
sinus syndrome
(n = 10)

1. Clinical
features

2. Radiographic
findings

Knowledge of the clinical
presentation of THS is helpful in
clinical decision-making for
patients with cavernous sinus
syndrome

Dutta and
Anand968

2021 5 Scoping-type
review

Cases diagnosed and
managed as THS
across 153 studies

1. Clinical
features

2. Radiographic
findings

3. False-positive
THS
diagnoses

1. THS is an agglomeration of
symptoms rather than a
diagnosis and may be associated
with intra- and extracavernous
vascular abnormalities

2. When histopathological
diagnosis is unavailable,
steroid-induced resolution of
symptoms should be confirmed
radiologically and followed up

Abbreviations: MRI, magnetic resonance imaging; THS, Tolosa–Hunt syndrome.

B Lipomas

Lipomas are benign tumors composed of mature fat
cells.986,987 Peak incidence is between 40 and 50 years of
age with a slight male predominance.988 Thirteen percent
of lipomas occur in the head and neck and become symp-
tomatic due to mass effect.989–991 Sinonasal lipomas may
present with unilateral nasal obstruction, facial swelling,
pain, epistaxis, and nasal discharge. Imaging shows a
low-density mass on CT and high-signal intensity on T1
MRI and low to iso-intense signal on T2.987 Histologically,
lipomas resemble normal adipose tissue with a prolifer-
ation of mature fat cells; however, most of these tumors
have chromosomal aberrations, including translocations
(12q13-15), deletions (13q), and re-arrangements (8q11-
13.4).989 Due to compromised blood supply or traumatic
injury, lipomas may undergo changes such as infarction,
hemorrhage, cystic degeneration, and calcifications.989,991
Curative treatment for symptomatic lesions is complete
surgical excision.987

C Pleomorphic adenoma

Pleomorphic adenomas are benign mixed tumors that
arise from salivary gland ductal myoepithelial and epithe-
lial cells. They rarely occur in the sinonasal cavity.992,993
They present in the third to sixth decade with unilateral
nasal obstruction and/or epistaxis and have a slight female
predominance.992–994 The nasal septum, lateral nasal wall,
and nasopharynx are the most common primary sites; the
maxillary sinus is the most commonly involved paranasal
sinus.992,994,995
CT may show an enhancing expansile lesion, and MRI

typically demonstrates a well-defined lesion with low sig-
nal intensity on T1 MRI and variable signal intensity on
T2 with heterogeneous contrast enhancement.994,996 Pre-
operative tissue sampling is critical for treatment planning,
particularly in tumors with aggressive behavior (skull base
extension, bony invasion, PNI) or high-risk imaging fea-
tures (large size, poorly definedmargins, T2 hypointensity)
that suggest malignant potential.992 Sinonasal pleomor-
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ICAR SINONASAL TUMORS 183

phic adenoma has a predominant epithelial component,
little stroma, and no capsule compared to major salivary
gland counterparts.994 On IHC, they can stain positive for
cytokeratin, vimentin, S100 protein, smooth muscle actin,
and glial fibrillary acidic protein.994
En bloc resection is recommended. EEA or endoscopic-

assisted approach provides superior visualization with
low recurrence rate.994,995 Piecemeal resection and
paranasal sinus site of origin may result in higher
rate of recurrence.995 Lifelong surveillance is recom-
mended due to potential for recurrence and malignant
transformation.992

D Phosphaturic mesenchymal tumors

Phosphaturic mesenchymal tumors (PMTs) are rare low-
grade polymorphous tumors that generally affect adults
over the fourth decade with no gender predominance.997 A
total of 5%–32% of PMTs arise in the head and neck, and up
to 50% occur in the sinonasal tract.998 The ethmoid sinus
is most commonly involved.998
PMTs commonly cause tumor-induced osteomalacia

(TIO), a fibroblast growth factor-23 (FGF-23)-mediated
paraneoplastic syndrome that results in bone demineral-
ization, hyperphosphaturia, and hypophosphatemia.997,998
Patients are asymptomatic or may present with osteo-
porosis, pathologic fractures, muscle weakness, or nasal
obstruction secondary to mass effect.997,999 Diagnosis is
often delayed due to insidious, nonspecific symptoms and
challenges in localizing the lesion. Laboratory evalua-
tion may show (1) elevated FGF-23, parathyroid hormone,
and alkaline phosphatase; (2) normal calcium and vita-
min D; and (3) low phosphate.997,998 Rarely, tumors are
biochemically inactive.999
CT may show an enhancing soft tissue lesion with

bone erosion; MRI will show diffuse enhancement on
T1. PMTs are FDG avid on PET.997 Technechium-99m-
octreotide scan may help with localization of TIO-
associated tumors.998
PMTs display hemangiopericytoma (HPC)-like vascula-

ture and adipose tissue.997,1000,1001 IHC helps differentiate
from other lesions; PMTs are usually positive for CD56,
ERG, and SATB2.1000,1001
Surgical resectionwith widemargins can normalize lab-

oratory values within 1–7 days and resolve TIO symptoms
within months.997,998 Endoscopic resection has compara-
ble results to open surgery.998 Postoperative RT can be used
for the rare malignant lesion or for locally invasive dis-
ease in vital structures.999,1002 Laboratory values should be
monitored due to recurrence risk. For inoperable tumors,
phosphorus supplementation can control symptoms.998

Monoclonal antibody treatment (burosumab) has been
reported, but requires further study.998,1003

E Solitary fibrous tumor

HPC is a vascular neoplasm, now classified as a solitary
fibrous tumor (SFT), originating from mesenchymal cells
with pericyte differentiation.17 For the purposes of this
section, the term HPC will be used in place of SFT. A
total of 15%–25% occur in the head and neck, compris-
ing 1% of all vascular tumors and 2.5% of all vascular
sinonasal tumors.1004–1006 Sinonasal HPC occurs equally
in females and males and typically present in the third
to fifth decade of life with no identified risk factors.
Grossly, HPC is a vascular, firm, circumscribed mass
with variable color.1004 Two systematic reviews reported
epistaxis and nasal obstruction as the most common pre-
senting symptoms.1007,1008 Bone pain and myopathy from
associated hypophosphatemic osteomalacia have been
described, with one study noting these symptoms in 4.6%
of patients.1008
HPCs often originate from the ethmoid sinus, nasal sep-

tum, and inferior and middle turbinates.1008 On contrast-
enhanced imaging, they enhance strongly. A characteristic
“soap bubble” or “honeycomb” appearancemay be present
on CT, while typical MRI characteristics are hypointense
T1 signal, hyperintense T2 signal, and avid enhancement
with intratumoral flow voids.19,1009 HPC stains intensely
positive for vimentin and focally positive for CD34. While
most HPCs are benign, malignancy can occur. Necro-
sis, cellular pleomorphism, moderate/high cellularity, and
mitotic rate of >4 mitoses/2 mm2 are features associated
with malignant conversion.1010–1012
Surgical resection is the primary treatment modality

for HPC, and complete resection is the most impor-
tant prognostic factor. Systematic reviews by Dahodwala
et al. (n = 104) and Duval et al. (n = 190) found that
98% of patients underwent surgical resection, while <2%
underwent RT.1007,1008 Half of the patients underwent
open surgical approaches (most commonly rhinotomy)
(n= 100), but 97% of cases have been performed endoscop-
ically since 2003 (n = 82).1007 Factors such as involvement
of the anterior/inferolateral maxillary, anterior frontal
sinus, or extrasinus extension limited a purely endoscopic
approach.1013 There was no significant difference between
open versus endoscopic approach with respect to recur-
rence rates or time to recurrence, but there was a trend
toward better outcomes with the endoscopic approach.
Preoperative embolization was reported in 8.6% of cases
and assisted in optimizing the environment for an endo-
scopic approach (n = 10).1007
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184 KUAN et al.

The addition of RT for incomplete resection was associ-
atedwith decreased recurrence rate and trended toward an
increased time to recurrence; however, in patients receiv-
ing RT following complete surgical resection, there was
no improvement in recurrence rate compared to those
with complete surgical resection alone.1008 Analysis of the
SEER database showed that surgery plus chemotherapy
improved survival to a greater extent than chemother-
apy alone, although the outcomes of surgery alone were
more favorable.1014 Skull base origin conferred worse
prognosis as compared to sinonasal primary site.1015 Mul-
tiple different chemotherapeutic agents have been used
with overall poor response rates, regardless of whether
they were first-, second-, or third-line treatments.1016,1017
The only two surviving cases in a series of 21 locally
advanced and unresectable HPCs had undergone neoad-
juvant chemotherapy.1016 Alternative agents that inhibit
VEGF or tyrosine kinase have shown more favorable
responses or partial responses (n = 14).1018–1020
Reported recurrence rate of sinonasal HPC is

20.3%–29.9% with an average mean follow-up of
47 months.1007,1008 Incomplete resection led to recur-
rence or tumor-related death in 71% (15/21) undergoing an
endoscopic approach and 100% (3/3) undergoing an open
approach.1008 The rate of metastasis has been reported
at 1.9%, with no increased risk from high-grade or large
tumors.1008 The majority of recurrences happen within
5 years, though late recurrence up to 210 months has been
described and thus long-term follow-up is indicated.1007

F Glomangiopericytoma

Glomangiopericytoma (GPC), also known as sinonasal-
type HPC, is a rare mesenchymal neoplasm with low
malignant potential. Symptoms are typically nonspecific,
with epistaxis being the most common, followed by
nasal obstruction and headache.1021 GPC has a slight
female predominance, an average age of presentation of
58 years (ranging from 3 months to 87 years), and an
average duration of symptoms prior to presentation of
19 months.1022,1023 Similar to HPC, GPC may present with
associated osteomalacia.1022 Although there are no clear
risk factors, increased vascularity from trauma, pregnancy,
hypertension, or use of corticosteroids has been associated
with GPC.1024
GPC is in part characterized by CTNNB1 mutations

and positive immunohistochemical staining for nuclear
β-catenin.1025 Lasota et al. demonstrated that onco-
genic CTNNB1 mutations activate β-catenin signaling
and upregulate Wnt-signaling and cyclin D1 expression,
which dysregulate the cell cycle leading to neoplastic
transformation.1026 This pathway is thought to play a cen-

tral role in the pathogenesis of GPC. GPCs are typically
well-defined round or lobulated soft-tissue masses, often
with erosive bone remodeling commonly located in the
ethmoid or sphenoid sinuses.1027,1028 MRI characteristics
may include avid enhancement,moderate to highT2 signal
intensity with signal voids, and rapid wash-in and wash-
out on dynamic contrast-enhanced MRI and high ADC
values indicating low malignant potential.1027 T2 signal
voids indicate high vascularity, and embolization may be
considered prior to resection.1029,1030
The term GPC was first used to describe a tumor

that exhibits both the branching vessels of HPCs and
rounded cells with pale or basophilic cytoplasm of glo-
mus tumors.1031 It is a submucosal tumor with pericytic
myoid differentiation.Macroscopically, it is beefy, red, soft,
and hemorrhagic.1032 Microscopically, GPC is a nonencap-
sulated tumor with spindle shaped cells in a storiform
pattern, branching vessels in a staghorn configuration and
perivascular hyalinization.1023,1024,1032 Immunohistochem-
ical staining is commonly positive for smoothmuscle actin,
vimentin, and nuclear β-catenin while lacking expression
of CD34, AE1/AE3, Bcl-2, CD99, CD117, Factor VIIIR Ag,
S100, and the NAB2-STAT6 fusion complex seen in SFT.
Surgical resection is the primary treatment for

GPC.1024,1028,1033 In one systematic review, clean sur-
gical margins resulted in 100% 5-year survival with no
evidence of recurrence or metastasis (10/10).1022 For large
and highly vascularized tumors, preoperative emboliza-
tion has been shown to decrease tumor size, resection
area, and intraoperative bleeding, increasing the likeli-
hood of total resection. RT and chemotherapy alone have
a high rate of recurrence and insufficient data exist to
support adjuvant RT, particularly in cases of complete
resection.1029,1034 The use of RT and chemotherapy was
shown in one study to be significantly correlated to recur-
rence/metastasis (p = 0.03).1022 This association could be
because RT and/or chemotherapy was used in cases of
larger and more extensive tumors or ones not amendable
to complete resection, but this was not discussed in
detail. Other studies have shown that in the rare case of
unresectable or metastatic disease, RT and chemotherapy
can be useful as adjuvant or palliative treatment.1028,1031
Overall prognosis is favorable with a 5-year survival

rate of 88% and a recurrence rate of 17%, which change
based on complete versus partial resection.1021,1023 Recur-
rence has been described to occur up to 12 years later,
but most recur within 5 years.1035 Recurrence is associ-
ated with incomplete resection, bony invasion, bilateral
involvement, adjuvant chemo/RT, severe nuclear pleomor-
phism, tumor >5 cm, and high mitotic rate.1022,1023 One
systematic review found that actin immunonegativity and
CD34 immunopositivity correlated with poor prognosis in
patients with GPC.1022 Metastasis is rare and typically pre-
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ICAR SINONASAL TUMORS 185

ceded by multiple recurrences, and long-term surveillance
with nasal endoscopy and imaging is recommended.

G Eosinophilic angiocentric fibrosis

Eosinophilic angiocentric fibrosis (EAF) is a rare indo-
lent fibroinflammatory lesion that typically involves the
sinonasal tract, upper airway, and occasionally the orbit.
The etiology of EAF is unknown, although it has been
associated with allergies, atopy, chronic rhinosinusitis
(CRS), prior trauma, and history of nasal surgery.1036
Presenting symptoms are nonspecific and related to the
anatomic location of the lesion, with the septum being
the most common site. Nasal obstruction is found in over
75% of cases, with other presenting symptoms including
nasal swelling/deformity, epistaxis, epiphora, pain, rhin-
orrhea, and headache.1037 EAF was originally described
as a mucosal form of granuloma faciale (GF), and while
they have since been described as separate diseases, about
25% of patients with EAF have concurrent GF.1038 There
is no sex predilection, and average age of diagnosis is
48 years.1039 Patients report symptoms for an average of
3 years prior to diagnosis.1036 There are fewer than 70
cases of EAF described in the literature, so much remains
unknown.
EAF lesions possess several characteristics of IgG4-

related disorders (IgG4RD), including tumefactive lesions,
elevated IgG4 plasma cells, and an increased IgG4:IgG
ratio.1040 Oligoclonal expansion of T cells plays a role
in IgG4RD pro-fibrosis and has also been observed in
EAF.1041 Eosinophils are not as common in IgG4RD and
are more commonly seen in immune hypersensitivity
production of inflammatory mediators and downstream
fibroblast stimulation.1042 However, the association with
IgG4 is not absolute, with many cases not meeting the tra-
ditional IgG4RDcriteria, although some speculate that this
is because IgG4 dissipates in more progressed or chronic
disease.1036
CT andMRI characteristics in EAF are nonspecific. EAF

may appear as a well-circumscribed submucosal thicken-
ing of the septum or lateral walls or sinus opacification.1038
Noncontrast CT typically shows a homogenous isodensity
with rare to no calcifications and includes bone thinning,
remodeling, or sclerosis in about 25% of patients.1037,1043
EAF is oftenmisdiagnosed as inflammation ormalignancy
on PET because of the hypermetabolic FDG avidity.1041
For MRI, T1 images are isointense with moderate contrast
enhancement, while T2 images are hypointense, attributed
to later stage fibrosis.1043
EAF lesions grossly appear as a fleshy, tan to pink sub-

mucosal mass.1042 Roberts andMcCann initially described
the histology and staging criteria for early and late

disease.1044 Early disease tends to be a perivascular
inflammatory lesion containing eosinophils, plasma cells,
and lymphocytes. Foci of fibrosis develop as the lesion
matures until there is dense fibrous thickening with
perivascular “onion skin” fibrosis and decreased inflam-
matory cells in the late stage, although eosinophils remain
prominent.1038,1042,1045 Concentric fibrosis is seen in all
cases and is more intense in longstanding disease.1046
There is no true granulomatous reaction, cytologic atypia,
necrosis, or mitotic activity observed.1042 IgG4 assessment
is also important for further characterization of the lesion
and can impact management.
The treatment approach for EAF may involve surgery,

medical therapy, or both. A systematic review reported
90% of patients received complete or partial surgical resec-
tion and one third received additional medical treatment
with corticosteroids or immunosuppressants.1036 Because
of the rarity of the disease, testing and comparing treat-
ments have been limited. The only treatment approach
that has resulted in resolution of disease is total resection.
The endoscopic surgical approach is the only variable that
has correlated with likelihood of total resection.1036 There
is no clear benefit of adjuvant medical therapy along with
complete resection in preventing recurrence.1036,1037 In all
cases treated with partial resection with or without med-
ical management or medical management alone, patients
had persistent disease that needed closer monitoring for
progression.1036
There have been small case reports and case series on

alternative treatments, including rituximab that is known
to produce a good response in IgG4RD and showed reduc-
tion in tumor size of 50% with symptom resolution in a
case of EAF that had recurred multiple times and failed
multiple debulking procedures and steroid therapy.1041
Additionally, a recent case study showed benefit with
methotrexate in EAF of the lip and palate in a single
case.1047 So while resolution of disease has only been
seen with complete resection, alternative therapies may
have a role when total resection is not possible or when
there have been multiple recurrences. Multiple resections
may be required as complete excision can be difficult as
demonstrated by high recurrence rates of up to 70% fol-
lowing total resection.1037,1038 Recurrence generally occurs
in the original anatomic location; however, there have
been no statistically significant risk factors found to predict
recurrence.1037 All EAF cases to date have been nonfa-
tal with no reports of malignant progression. Long-term
follow-up is necessary due to the slowprogression andhigh
recurrence rate.1039
Other benign sinonasal lesions that have been pre-

viously covered in ICSB include fibroosseous lesions
(Section V.B), cholesterol granuloma (Section V.C), and
schwannomas (Section V.D).5
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186 KUAN et al.

SECTION III: MALIGNANT NEOPLASMS

XXI SINONASAL SQUAMOUS CELL
CARCINOMA

A De novo sinonasal squamous cell
carcinoma

1 Background and epidemiology

Malignancies of the nasal cavity and paranasal sinuses
are rare, representing only 3%–5% of cancers originating
within the head and neck.1048 In a review of 13,295 patients
with SNM from the National Cancer Institute’s SEER
database between 1973 and 2011, Dutta et al. report the
overall incidence of sinonasal cancer to be 0.83 cases per
100,000 patients.29 Of all SNM, sinonasal squamous cell
carcinoma (SNSCC) is the most common histologic sub-
type across all subsites of the sinonasal tract, representing
an estimated 41.9%–51.6% of all sinonasal cancers.29,30,1048
This section serves as a standalone assessment of the cur-
rent evidence for SNSCC and also as an update to the ICSB
2019 section on this topic (Section VIII.B).
In a SEER database analysis of 4994 patients with

SNSCC between 1973 and 2009, Sanghavi et al. report the
overall average incidence of SNSCC to be 0.36 cases per
100,000 patients.1049 Importantly, however, trend analysis
over the last 30 years demonstrates a statistically sig-
nificant decline in the SNSCC incidence rate over that
same time period. In 1973, the overall incidence rate of
SNSCC was 0.41 cases per 100,000. While this incidence
rate peaked in 1986, with an average incidence of 0.50
cases per 100,000, by 2009 that incidence rate fell to just
0.32 cases per 100,000. This translates to an annual per-
centage change between 1973 and 2009 of –2.21%, a trend
that was reflected in both male and female populations
independently (–2.63% and –1.69%, respectively).1049
The rate and incidence of SNSCC vary greatly by patient

demographic factors. This is an important consideration,
given oncologic outcome disparities between patients of
various socioeconomic backgrounds. In an NCDB review
of 6155 patients with SNSCC, Black, Asian, and Pacific
Islanders and those with Medicaid or uninsured were
found more likely to present with advanced-stage disease.
Of these, Black patients had the lowest OS rates (31.9% at
5 years). Additionally, older age was independently asso-
ciated with worse OS when presenting with an advanced
stage.1050
The average age of diagnosis for SNSCC is estimated

to be 62.3 years, with approximately 80% of patients diag-
nosed over the age of 55 and only 4.3%of patients diagnosed
under the age of 40.29,32,1049 Further 64.44% of SNSCC
presents in males.1049 This translates to an estimated male

incidence of SNSCC of 0.52 cases per 100,000 patients, a
female incidence of just 0.23 cases per 100,000 patients,
and a male-to-female incidence ratio of 1.82–2.26:1.1048,1049
These data are corroborated by Ansa et al., who identify
63.6% of patients with SNSCC as male and 75% as White.32
Lastly, SNSCC presents much more commonly in Cau-
casians than in other races. An estimated three quarters
of SNSCC presents in Caucasian patients, while only 12.9%
present in African American patients.1048
Interestingly, the incidence of SNSCC arising as a sec-

ond primary in head and neck cancer patients is very
low (estimated to be approximately 0.2%).1051 This is likely
attributable to the fact that the common etiologies of SCC
arising at other subsites of the head and neck are not strong
causative risk factors for SNSCC.

a Etiologies and risk factors
A number of etiologies have been proposed, including
environmental and occupational exposures. While alcohol
consumption and smoking are primary etiologies recog-
nized in the development of SCC at other subsites of the
aerodigestive tract, the causal relationship is not as clear
for SNSCC. Alcohol consumption has never been impli-
cated as a risk factor toward the development of SNSCC,
and, although many historic case–control studies support
smoking (and secondhand smoke exposure) as a risk fac-
tor for the development of SNSCC based on dose–response
relationships and a decrease in risk associated with time
since quitting, the evidence is dated and may be con-
founded by the inclusion of nasal vestibular SCC in those
historic studies.58,92,231,1052–1055 Even by the most liberal
estimates, smoking only increases the risk of SNSCCdevel-
opment by two to three times, far less than that at other
subsites of the aerodigestive tract.98
The most oft-cited occupational exposure is softwood

dust, which is purported to confer a 20 times increase
in risk of developing SNSCC compared with the general
population and other sinonasal tumors. Additional occu-
pational exposures that have been identified as etiologic
risk factors in the development of SNSCC include leather
dust, glues, formaldehyde, chrome, nickel, arsenic, and
welding fumes.55,101,1056–1059 These chemical substances
and industrial compounds are attributed in up to 30%
of SNSCC.88,1049,1058,1059 There are additional reports of
SNSCC in hairdressers and rubberworkers, although these
reports are limited.1060
Another proposed etiology is viral oncogenesis. While

the causative role of HPV on tumorigenesis is well estab-
lished, its role in the tumorigenesis of SNSCC is not as
well defined as at other subsites of the head and neck.
Lawson et al. found HPV DNA by polymerase chain reac-
tion (PCR) in 20% (46/230 cases) of SNSCC.657 However,
this study did not distinguish between transcriptionally
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ICAR SINONASAL TUMORS 187

active and transcriptionally inactive HPV infections. As
such, Svajdler et al. performed a meta-analysis specif-
ically assessing the presence of transcriptionally active
HPV within SNSCC.1061 They identified transcriptionally
active HPV in 23.5% of SNSCC cases (95% CI: 10.7%–
41.2%) and transcriptionally active high-risk HPV in 32%
of patients specifically with keratinizing SNSCC.1061 Lewis
et al. reported rates of transcriptionally active high-risk
HPV based on histologic subtype of SNSCC and identified
HPV positivity in 75% of papillary SCC, 41.7% of basa-
loid SCC, 39.7% of nonkeratinizing SCC, and only 3.4% of
keratinizing SCC.664 The significance of the discrepancy
between rates of HPV within keratinizing SNSCC between
these two studies is notwell understood.Nonetheless,HPV
infection appears to play an etiologic role in approximately
25% of SNSCC. It is proposed that HPV-associated SNSCC
confers an improved prognosis.1062,1063 Similarly, EBV has
been detected in SNSCC. However, EBV has also been
reported in a similar proportion of nasal polyps, and thus
the role of EBV in SNSCC tumorigenesis is unclear.1064,1065
Finally, CRS, allergic rhinitis, and nasal polyposis have

been suggested as possible risk factors in the development
of SNSCC.1052,1066 Chronic inflammatory states have been
implicated as risk factors for tumorigenesis elsewhere in
the body. However, the data for SNSCC are more limited,
and a direct causative link between nonirritant chronic
sinonasal inflammation and the development of SNSCC
has not been established.1067

2 Pathologic features

Patientswith SNSCCmost often presentwith typical, albeit
nonspecific, features. These include nasal obstruction, rhi-
norrhea, epistaxis, and facial pain.1067 These symptoms are
often, but not always, unilateral. The symptoms can be
misinterpreted as more common benign processes, which
may delay time from initial presentation to diagnosis.
In the head and neck, SCC generally arises from precur-

sor squamous intraepithelial neoplasia. However, in the
respiratory mucosa-lined sinonasal tract, squamous meta-
plasia must develop prior to neoplasia. Interestingly, in de
novo SNSCC, dysplastic squamous epithelium/carcinoma
in situ is uncommonly found in neighboring mucosa.1068

a Histology
Like at other anatomic subsites of the head and neck,
the WHO classification designates a number of specific
histologic subtypes of SNSCC. Most are either classified
as keratinizing (conventional) or nonkeratinizing. It is
estimated that 49.5% of SNSCC is keratinizing, 33.3% is
nonkeratinizing, and the remaining 17% represent other
subtypes.1067 This is a distinction of potential clinical rele-

vance due to a potential discrepancy of prognosis between
varying subtypes.
Keratinizing SCC is characterized by stellate, irregu-

lar nests of tumor cells in a desmoplastic stroma. These
tumor cells have abundant eosinophilic cytoplasm filled
with keratin filaments, prominent intercellular bridges,
and keratin production. For keratinizing SNSCC, the his-
tologic features are very characteristic and there is no
significant differential diagnosis. Keratinizing SNSCC is
further classified by grade (well,moderate, or poorly differ-
entiated). Nonkeratinizing SCC was historically referred
to as Schneiderian carcinoma, transitional cell carcinoma,
or cylindrical cell carcinoma. Today, these terms are
considered obsolete. The preferred terminology is nonker-
atinizing SCC. Nonkeratinizing SNSCC is characterized
by a ‘blue cell tumor appearance’ with high nuclear to
cytoplasmic ratios arranged in large, rounded nests or
ribbons with little desmoplastic stroma. The nests are typi-
cally well demarcatedwith smooth borders and commonly
have central necrosis. Interestingly, these tumors often
have a noninvasive appearance and can actually consist of
completely exophytic projections. However, in the case of
nonkeratinizing SNSCC, there are no clear data to suggest
these tumors are clinically or prognostically different from
more obviously invasive tumors. There is no role for tumor
grading classification for nonkeratinizing SCC.
Importantly, other major SCC subtypes have been

described in the sinonasal tract. The diagnosis of these
subtypes is based on histopathologic appearance and
features. These include papillary SCC, verrucous SCC,
basaloid SCC, spindle cell carcinoma (sarcomatoid), and
adenosquamous carcinoma. It is suggested that, like at
other subsites of the aerodigestive tract, these subtypes
may confer differing prognoses.65,1069 The 5-year DSS for
each of the aforementioned subtypes is 62%, 70%, 56%,
32%, and 15%, respectively. The estimated 5-year DSS for
patients with keratinizing and nonkeratinizing SNSCC is
45%.1069,1070

b Emerging subtypes
Beyond these traditional pathologies, newly character-
ized pathologies have been described. These include
HPV-related multiphenotypic sinonasal carcinoma,
sinonasal renal cell-like adenocarcinoma, NUT carci-
noma, SCC associated with IP, SNUC, and SWI/SNF
complex-deficient carcinoma. HPV-related multipheno-
typic sinonasal carcinoma was described first in 2013 and
is now included in the new WHO classification.17 There
is a slight preponderance seen in female patients. It is
characterized by cellular proliferation of basaloid cells,
a solid growth pattern separated by thin fibrous bands.
Additionally, there is usually surface dysplasia (carcinoma
in situ), while a population of subtle eosinophilic ducts
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may be identified. While this appears similar to ACC, PNI
is uncommon. While these tumors stain p16 positive, the
staining pattern is different from that of oropharyngeal
HPV-associated tumors. This tumor tends to demonstrate
an indolent course compared to aggressive sinonasal carci-
nomas, such as SCC. The largest study to date includes 49
patients and demonstrates a failure rate of 36%, primarily
recurring locally. Only rare cases cause distant disease.
Primary treatment is surgical resection, with the possi-
bility of adjuvant radiation if there is concern regarding
the adequacy of the surgical margins or in the setting of
recurrence.1071

c Primary site
SNSCC does not affect all subsites within the sinonasal
tract equally. In a review of 5567 SNSCC patients from
the SEER database between 1973 and 2011, Dutta et al.
noted SNSCC to most commonly originate from the nasal
cavity (46.5%), followed by the maxillary sinus (40.2%),
ethmoid sinus (5.6%), sphenoid sinus (2.3%), and then
the frontal sinus (1.1%). In this review, it was noted that
4.1% of SNSCC originated in an accessory sinus or from
overlapping subsites.29 However, other reports suggest
that the maxillary sinus is in fact the most common site
affected by SNSCC (60%), followed by the nasal cavity
(25%) and the ethmoidal complex (15%).1070 The reason for
this disagreement is unclear.
Nonetheless, the site of origin is an important distinc-

tion, as the clinical behavior and prognosis of SNSCC
arising from the maxillary sinus are different from those
arising from the nasoethmoidal complex. Dutta et al.
report a 52.3% 5-year DFS for SNSCC. However, this ranges
from 30.5% when the site of origin is the frontal sinus to
34.1% when the site of origin is the maxillary sinus, and
up to 76.0% when the site of origin is the nasal cavity.29
Because of this, as is described below, the “T” definitions
within the TNM staging system vary by tumor subsite.
Additionally, though cervical lymph node metastasis is
uncommon overall for SNSCC, a maxillary site of ori-
gin is much more likely to present with nodal metastasis
than nasoethmoidal SNSCC. Cervical metastases, when
present, confer worse prognosis.231,1063

d Biomarkers
While the diagnosis of these subtypes often relies on his-
tologic features, there has been recent interest in novel
biomarkers as a means of diagnostic, prognostic, and ther-
apeutic intervention. The diagnosis of poorly differentiated
SNSCC is challenging, as the differential is broad, includ-
ing SNUC, SNEC, and subtypes of SNUC. The use of IHC
and genomic analysis may help aid tumor characteriza-
tion (i.e., SMARCA4, SMARCB1, IDH2,NUTM1 pathogenic
variants). Additionally, the use of biomarkers in defining

tumor cell lines has demonstrated that de novo SNSCC
and IP-associated SNSCC are biologically distinct entities.
Further, EGFR, p53, TrkB, and programmed death-ligand
1 (PD-L1) have been identified in SNSCC, offering possible
targets for therapeutic intervention.111

3 Staging and imaging

Appropriate pretreatment staging of SNSCC is critical.
Staging of SNSCC follows the same staging system as all
other primary epithelial sinonasal tumors as defined by
the AJCC 8th edition.158 Unlike SCC of other sites in the
head and neck, in which TNM stage is often defined by
size, “T” stage of SNSCC is defined by location of origin
and extent of involvement and invasion of local structures.
To that end, high-quality cross-sectional imaging is criti-
cal to properly assess the degree of local extension with
attention to the skull base, orbit, PPF, ITF, and parapharyn-
geal space. The gold standard imaging modalities include
both CT and MRI. SNSCC can extend to adjacent struc-
tures via transgressing bony barriers of the nasal cavity,
paranasal sinuses, orbit, and skull base. Erosion or reab-
sorption of these bony structures is best demonstrated on
CT. Gadolinium-enhancedMRI offers great soft tissue res-
olution and provides better structural imaging than CT.
MRI is useful for detecting invasion of nearby soft tis-
sues including periosteum/periorbita, orbit, dura, brain,
and cavernous sinus. Finally, like for SCC at other sites
of the head and neck, PET/CT can offer essential stag-
ing information for advanced SNSCC. PET/CT can provide
simultaneous anatomical and metabolic data of the pri-
mary tumor, while identifying both regional and distant
metastasis.

4 Treatment and outcomes

a Role of induction/neoadjuvant chemotherapy
There is currently no consensus on the role of neoadjuvant
chemotherapy for SNSCC. Data for outcomes of neoad-
juvant chemotherapy are limited due to the rarity of the
disease and because most phase III head and neck SCC
studies excluded patients with sinonasal cancer. Current
treatment regimens are largely extrapolated from more
common tumors in other subsites of the head and neck.1072
A recent Triological Society Best Practices article reviewed
this topic and identified several studies supporting treat-
ment of locally advanced SNSCC with potential for organ
preservation, suggesting its utility in the management
algorithm.1073
One of the earliest studies evaluating the role of neoad-

juvant chemotherapy in the treatment of SNSCC was
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published in 2000 by Kim et al. In this matched-control
study 34 patients with unresectable SCC of the maxil-
lary sinus were treated with neoadjuvant chemotherapy
and RT and compared to 34 patients treated with RT
alone. Despite a higher response rate to neoadjuvant
chemotherapy, there was no OS or DFS benefit at 5 years
posttreatment.1074 However, since that time the application
and treatment strategies have changed.
Much of the more recent data regarding neoadjuvant

systemic therapy in the treatment of SNSCC are from
retrospective reviews from major cancer centers. In a
2014 review of 41 patients with unresectable maxillary
SCC treated between 2008 and 2011 with neoadjuvant
chemotherapy followed by either surgery (29.3%), defini-
tive CRT (58.5%), definitive RT (2.4%), or palliative RT
(2.4%), the OS at 2 and 3 years was 41% and 35%, respec-
tively. Ultimately, the conclusion of this retrospective
review was that IC has clinically significant benefit with
acceptable toxicity.1075
Hanna et al. performed a single-institution retrospective

review of 46 patients with advanced-stage (T3–4) SNSCC
published in 2011. They found that 67% of this cohort
demonstrated at least a partial response to neoadjuvant
chemotherapy and an additional 9% demonstrated stable
disease; 24% of patients had progressive disease during IC.
The patients who had stable disease or a partial response
to neoadjuvant chemotherapy demonstrated an improved
rate of 2-year OS compared to patients with progressive
disease (77% vs. 36%, respectively).1076 In an updated retro-
spective review of 127 patients with previously untreated,
locoregionally advanced SNSCC treated with neoadju-
vant chemotherapy between 1988 and 2017 from the same
group, Abdelmeguid et al. report similar findings. Most
patients had at least partial response (52%), with com-
plete response in 5% and progression of disease in 17%.
Recurrence occurred in 26.8% of patients at a median time
of 8.3 months. Most recurrences were local (63.6%). The
study showed better 2-year OS and DFS in patients who
had at least partial response or stable disease compared to
patients who had progression of disease after neoadjuvant
chemotherapy (p = 0.028 and p = 0.021, respectively). The
2-year OS and DFS rates for the whole cohort were 61.4%
and 67.9%, respectively. There was no statistically signif-
icant difference between survival outcomes between the
locoregional treatment modalities.1077 In all, a systematic
review assessing the role of IC in advanced SNMbyKhoury
et al. from2019 concludes that, while IChas similarOS out-
comes, it can be offered as an option to patients as part of
multimodality therapy.1078
This is particularly true in cases that would require

deforming resections. While the goals of neoadjuvant
systemic therapy for advanced-stage SNSCC are many—
including decreasing the incidence of local recurrence

and distant metastasis in hopes of improving overall and
disease-free survival—one major role of neoadjuvant sys-
temic therapy that has been advocated for is to improve
tumor control, downstage the primary “T” stage, and
offer orbital preservation. In a retrospective review of 21
patients, Ock et al. showed a 61.9% partial response to
IC in their patient cohort. Their most common regimen
was docetaxel, fluorouracil, and cisplatin. They concluded
that patients with a partial response and a downgrade in
“T” stage led to increased incidences of orbit preserva-
tion and improved OS.1079 In a similar effort to preserve
the orbit, some advocate for neoadjuvant CRT. In a study
by Amsbaugh et al., 20 patients with SNM involving
the orbit requiring orbital exenteration (eight of which
were SNSCC) were studied. Fourteen patients underwent
neoadjuvant CRT and orbit preserving surgery, while six
patients received an exenteration with adjuvant CRT. They
found that exenteration-free survival was 62% at 2 years
after treatment for patients undergoing initial orbit preser-
vation treatment. Further, at 2 years posttreatment, there
were no significant differences of PFS or OS. This is sug-
gestive that in select cases, neoadjuvant CRT may offer a
lasting means of orbit preservation.501
The role of neoadjuvant CRT is further supported by

a large NCDB review by Robin et al. of 11,160 patients
with sinonasal cancer, 3331 of whom had SNSCC. In
a subset analysis of just SNSCC, compared to surgery
alone, neoadjuvant chemotherapy followed by surgery,
and neoadjuvant RT followed by surgery, only neoadjuvant
CRT was found to increase the rate of negative margins.159
However, in another NCDB study of 3835 patients pri-
marily designed to assess outcomes of SNSCC based on
the volume of the treatment center, Teitelbaum et al.
performed a multivariate regression analysis of different
treatment regimens and found no statistically significant
difference in outcomes for patients treated with surgery
and neoadjuvant or adjuvant chemotherapy (n = 34) and
surgery with neoadjuvant chemotherapy and adjuvant RT
(n = 47).1080
In an effort to increase cytotoxicity to tumor cells

while decreasing systemic toxicity of chemotherapeutic
agents, intra-arterial neoadjuvant chemotherapy has been
described. Theoretically, this allows for a more direct
delivery of high-dose cytotoxic agents to the tumor with
potential to minimize side effects. However, because of
small sample sizes and uncertainty about selection crite-
ria, as well as conflicting toxicity reports, generalizations
regarding this approach are limited.1081–1083
Neoadjuvant chemotherapy seems to have a role in

treatment of locally advanced SNSCC. Response rates
are variable, and responders seem to demonstrate an
improved OS. Additionally, patients with locally advanced
tumors treated with neoadjuvant chemotherapy seem to
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reflect improved OS compared to patients with similarly
staged disease not treated with neoadjuvant therapy. The
prospective clinical trials will be informative of its role
and outcomes. Intra-arterial neoadjuvant chemotherapy
may be useful for treatment of advanced maxillary sinus
carcinomas as it demonstrates the ability to minimize tox-
icity from chemotherapeutic drugs. However, it is unclear
which patients would benefit most from this therapy. Fur-
ther studies are required to fully understand its indications
and applications. Review of articles regarding IC is found
in Table XXI.A.1.

Role of induction/neoadjuvant chemotherapy in
sinonasal SCC

Aggregate grade
of evidence

C (Level 3: one study; Level 4: four studies)

Benefit Patients who respond to induction
chemotherapy demonstrate improved OS
and DFS.

Harm There are systemic toxicities related to
neoadjuvant therapy. Selective intraarterial
neoadjuvant chemotherapy seems to
reduce the rate and severity of toxicity.
Additionally, inappropriate patient
selection may lead to less favorable
outcomes. Progression of disease during
the neoadjuvant treatment period may lead
to less favorable outcomes.

Cost Insufficient data to make recommendation
regarding long-term costs of neoadjuvant
therapy.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

The stage of tumor at presentation and the
goals of the patient with respect to orbit
preservation should be carefully
considered. It is important to consider that
negative margin resection remains the
primary goal with most cases of SNSCC.

Policy level Option.
Intervention Patients with locally advanced disease (i.e.,

orbit or intracranial invasion) may have
benefit from neoadjuvant chemotherapy.
Response to neoadjuvant chemotherapy
offers prognostic information.

b Role of surgery
While there is emerging evidence for nonsurgical treat-
ment protocols, surgical resection of SNSCC remains
the mainstay of treatment. Traditionally, SNM, includ-
ing SNSCC, amenable to surgical resection necessitated
an open approach. However, with the advancement of
endonasal techniques over the past three decades, treat-

ment of diverse sinonasal pathologies, including aggres-
sive malignancies such as SNSCC, via an endoscopic
approach has becomemore widely accepted. Regardless of
surgical approach, the literature is uniformly in agreement
regarding the importance of negative surgical margins.
Unlike SCC at other subsites within the head and neck,
however, there are no clear recommendations regard-
ing margin size for SNSCC. This is due to both lack of
data and the impracticality of achieving wide margins
(i.e., 1 cm) for the vast majority of SNSCC tumors. In
an NCDB review of 7808 patients with SNSCC, when
compared to patients with SNSCC treated nonsurgically,
propensity score-matched results demonstrated improved
OS in surgical patients with negative surgical margins and
micro-positive surgical margins (p < 0.001), but patients
with macro-positive surgical margins did not demonstrate
improvement (p = 0.20).161
In a 2018 NCDB review of 1483 patients with SNSCC

without regional or distant metastasis treated between
2010 and 2014, Kilic et al. compared outcomes of the endo-
scopic approach to outcomes of the open approach. Of the
1483 patients identified, 353 (25.8%) were treated with an
endoscopic approach and 1130 (76.2%) were treated with
an open approach. Propensity score matching was uti-
lized, and there was no significant difference in 5-year OS
between the two groups.135
This is further corroborated by several retrospective case

series, which have reported comparable long-term out-
comes and survival rates between endoscopic and open
approaches for both SNM in general and specifically for
SNSCC.316,1084–1086 In a retrospective review of 43 patients
with SNSCC, Nicolai et al. report an overall recurrence
rate of 16.2% (7/43), with a 12% (3/25) recurrence rate
reported in patients treated via endoscopic approach and
a 22.2% (4/18) recurrence rated reported in patients treated
via an open approach.316 Similarly, in a retrospective
review of 21 patients with SNSCC who underwent endo-
scopic resection, Luong et al. report an overall recurrence
rate of 24% (5/21). However, 57% (12/21) of this patient
cohort had T4 disease.1086 More recently, a retrospective
review of 15 patients with SNSCC who underwent endo-
scopic resection, none of whom had T4 disease, identified
a 5-year OS of 72.4%, DSS of 79.6%, and LRC rate of
92.9%.140
These results are supported by two large position

papers—the EPOS on Endoscopic Management of
Tumours of the Nose, Paranasal Sinuses, and Skull Base
from 20106 and the more recently published ICSB 2019.5
Within the EPOS, a systematic review concluded that
the DFS between patients treated via either endoscopic
or open approach was comparable but depended on the
completeness of resection.6 Similarly, the ICSB concluded
that endoscopic and open resection of SNSCC had similar
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TABLE XX I .A . 1 Evidence for induction chemotherapy in the treatment of SNSCC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Abdelmeguid
et al.1077

2021 3 Retrospective
cohort

123 patients with
previously
untreated,
locoregionally
advanced SNSCC

1. Response
2. Recurrence
3. Organ

preservation
4. Survival

1. High percentage of patients had
favorable response to induction
chemotherapy

2. Response to induction
chemotherapy is associated with
an improved outcome and good
chance of organ preservation

Ock et al.1079 2016 4 Retrospective
case series

21 patients with
SNSCC

1. Response rate
2. Orbit

preservation
rate

3. OS

Induction chemotherapy should be
considered for orbit preservation
and for downstaging T stage

Noronha
et al.1075

2014 4 Retrospective
case series

41 patients with
unresectable SCC of
the maxillary sinus
treated between
2008 and 2011

1. Response and
toxicity to
chemotherapy

2. Definitive
treatment
received

3. PFS
4. OS

In unresectable SCC of the
maxillary sinus, induction
chemotherapy has minimal
toxicity and clinical benefits

Hanna et al.1076 2011 4 Retrospective
case series

46 patients with
unresectable SNSCC

Oncologic
outcomes

Better patient survival and possible
organ preservation may occur
when there is favorable response
to induction chemotherapy

Kim et al.1074 2000 4 Matched-
control
study

34 patients with
unresectable SCC of
the maxillary sinus

1. Response rate
2. Patterns of

failure
3. Toxicity
4. Survival

Combined therapies (neoadjuvant
chemotherapy + RT) did not
demonstrate advantage over RT
alone

Abbreviations: OS, overall survival; PFS, progression-free survival; RT, radiation therapy; SCC, squamous cell carcinoma; SNSCC, sinonasal squamous cell
carcinoma.

oncologic outcomes, with an aggregate grade of evidence
of C.5
In conclusion, endoscopic resection of SNSCC seems to

have comparable oncologic outcomes to open resection.
However, a critical factor affecting survival regardless of
surgical approach is margin status. The surgical approach
that confers the greatest degree of tumor resection and
allows the best opportunity for negative margins should
be selected on a case-by-case basis, and if negative mar-
gins are unachievable, nonsurgical treatment should be
considered.

c Role of adjuvant therapy
Themost common treatment regimen for SNSCC, particu-
larly for advanced-stage tumors (pT3-T4, and most pT2),
remains surgery followed by adjuvant RT.30 There is lit-
tle evidence to support single-modality or dual-modality
treatment for T1 SNSCC tumors, as the data are limited.
There is some evidence that somehistologic subtypes, such
as nonkeratinizing SNSCC, may be particularly radiosen-

sitive, further supporting the role of adjuvant therapy in
these cases.231
Traditionally, IMRT using photons has been the pre-

ferred modality. The contralateral nodal basin is consid-
ered in tumors with midline and bilateral involvements
and considered on a case-by-case basis.231 More recently,
intensitymodulated particle therapy (IMPT) has been used
in an adjuvant setting in the treatment of SNSCC. IMPT
offers several theoretical advantages over photon therapy
including a sharp dose gradient, high linear energy trans-
fer, and relative independence of tissue oxygenation. These
advantages are theoretically beneficial in areas adjacent
to radiosensitive structures such as the skull base. In a
series of 54 patients with SNSCC, 37 of which under-
went postsurgical IMPT and 24 of which underwent IMPT
in combination with induction, concurrent, or adjuvant
chemotherapy, there were 10 cases of local recurrence,
seven cases of regional recurrence, and 11 cases of dis-
tant failure. The overall 2-year survival was 67%, while the
overall 5-year survival was 47%. Toxicities were considered
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acceptable by the authors, with nine grade 3 and six grade
4 toxicities reported.528 The time to initiation of postopera-
tive RT is critical. In an NCDB review of SNSCC patients, a
shorter postoperative time to radiotherapy was associated
with increasedOS. This is estimated to be at approximately
61 days.1087
Evidence for postoperative CRT is extrapolated from the

head and neck SCC literature. Positive resection margins
or extra-nodal extension are considered indications for
platinum-based concurrent chemotherapy. Additionally,
in the presence of high-risk features such as high-grade
tumors, close resection margins, and nodal metasta-
sis, concurrent chemotherapy may be considered.1088,1089
Review of articles regarding the role of adjuvant therapy
can be found in Table XXI.A.2.

Role of adjuvant therapy in sinonasal SCC

Aggregate grade
of evidence

C (Level 4: four studies)

Benefit Surgery followed by postoperative RT
demonstrates improved LRC and OS
compared to patients treated with
definitive RT/CRT or surgery alone.

Harm Associated with treatment-specific toxicities.
Cost Insufficient data to make recommendation

regarding long-term costs of adjuvant
therapy.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

The stage of tumor at presentation, the
specific histologic subtype, and the goals of
the patient should be carefully considered.

Policy level Recommendation.
Intervention Patients with locally advanced disease or

poorly differentiated histologies would
benefit from postoperative RT. The role of
CRT is not clearly defined specifically for
SNSCC but should be considered when
positive margins or extranodal extension is
present.

d Role of definitive chemoradiotherapy
Although upfront surgery followed by adjuvant RT has
been associated with improved survival outcomes in the
treatment of SNSCC, definitive CRT/RT can be considered
for patients who have unresectable tumors, are not can-
didates for surgery or chemotherapy, or have early-stage
tumors. Chemotherapy is generally platinum based, and
IMRT and IMPT are the two most common radiotherapy
options. Definitive CRT has been shown to have similar
OS compared to single-modality therapy with surgery, but

worse outcomes compared to triple-modality therapies and
treatment protocols with neoadjuvant therapy.159
Homma et al. are currently conducting a prospec-

tive trial investigating the use of intra-arterial high-dose
cisplatin with concomitant RT for advanced maxillary
sinus cancers (T4a/bN0M0). They published the outcomes
of 18 patients for their dose-finding phase in 2018 and
reported that seven cycles of intra-arterial high dose cis-
platin were clinically safe and their recommended cycle
number. Further data are expected as they complete their
studies.1090
There may be a role for immunotherapy/targeted ther-

apy in definitive RT. Qiu et al. showed that definitive
RT in combination with immunotherapy/targeted ther-
apy (cetuximab) demonstrated improved OS, objective
response, and PFS compared to RT alone.1091
In 2018, Toyomasu et al. published a series describ-

ing the use of IMPT monotherapy in 59 cases of SNSCC.
This represents the largest series to date. The majority
of their patient cohort (70%) were classified to have T4
disease. They report comparable outcomes with other
treatment modalities. Their reported 5-year OS, PFS, and
LRC rates are 41.6%, 34.7%, and 50.4%, respectively. They
report a grade 3 or 4 toxicity rate in 22% of patients.559
Mimica et al. report IMPT as an option for organ preser-
vation for patients with nasal cavity/septum SCC that
declined rhinectomy. Seven of the 11-patient cohort was
treated with primary IMPT with concurrent chemother-
apy, the rest were treated with IMRT ± chemotherapy.
They report a 2-year survival rate of 100% and only one
out of seven (14%) patients who underwent IMPT had local
recurrence.1092
In particular, the role of definitive CRT/RT in the treat-

ment of early-stage SNSCC is not clearly defined. NCCN
guidelines support definitive CRT/RT for T1 and T2 eth-
moid and nasal cavity SCC; however, there are no trials
evaluating this recommendation.

Role of definitive chemoradiotherapy in sinonasal SCC

Aggregate grade
of evidence

C (level 4: four studies)

Benefit In cases of unresectable tumors, nonsurgical
therapies offer an alternative to palliative
treatments. Additionally, in early-stage
cancers, nonsurgical therapy may confer
equivalent outcomes as compared to
surgery ± adjuvant therapy.

Harm There are systemic and local toxicities related
to nonsurgical therapies.

(Continued)
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TABLE XX I .A . 2 Evidence for the role of (chemo)radiotherapy in the treatment of SNSCC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ackall et al.414 2021 4 Retrospective
database
review
(NCDB)

1074 patients with
SNSCC; 15.5%
surgery alone, 25.2%
RT alone, 16.5%
definitive CRT, 13.9%
surgery + adjuvant
CRT, 24.4%
surgery + adjuvant
RT

OS 1. Surgery followed by adjuvant RT
had improved OS compared to
surgery alone

Toyomasu
et al.559

2017 4 Retrospective
case series

59 patients with
SNSCC treated with
IMPT; 70% with T4
disease

1. PFS
2. OS

5-year PFS 34.7% and OS 41.6%

Robin et al.159 2017 4 Retrospective
database
review
(NCDB)

6039 patients with
SNSCC; RT alone
versus
chemotherapy
alone,
surgery + adjuvant
RT, surgery alone

1. OS 1. RT and chemotherapy alone had
worse OS than surgery + RT

2. OS did not differ between
definitive CRT and surgery alone

3. Neoadjuvant RT was associated
with improved OS

Kim et al.1105 2015 4 Retrospective
case series

30 patients with
SNSCC; 50%
surgery + adjuvant
therapy (adjuvant
cohort), 50%
primary CRT
(definitive cohort)

1. LRC
2. OS

1. Adjuvant cohort: 5-year 58%
LRC rate and 55% OS

2. Definitive cohort: 5-year 55%
LRC rate and 53% OS

Abbreviations: LRC, local–regional control; OS, overall survival; PFS, progression-free survival; RT, radiation therapy; SNSCC, sinonasal squamous cell carcinoma.

Cost Insufficient data to make recommendation
regarding long-term costs of adjuvant
therapy.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Definitive CRT/RT could be considered in the
setting of unresectable tumors, for patients
who are poor surgical and chemotherapy
candidates, and in patients who decline
surgery. Additionally, for early-stage
tumors, definitive CRT/RT can be
considered, although there are limited
studies evaluating this.

Policy level Option.
Intervention Patients with unresectable or early-stage

disease, patients who are poor surgical
candidates, and patients who do not desire
surgery may be considered for definitive
CRT/RT.

e Management of the neck
Nodal involvement of SNSCC at the time of presentation
is rare. This is thought to be due to a paucity of lymphatic
drainage pathways. One drainage pathway runs from the

maxillary gingiva to the submandibular nodes through
the buccal nodes, while another drainage pathway runs
from the nasal floor to the upper jugular nodes through
the retropharyngeal and parapharyngeal nodes.1093 In a
review of 6448 cases of SNSCC from the NCDB, nodal
metastasis was seen in 13.2% of patients at the time
of presentation.42 However, subsite of tumor origin is
critical—as initial nodal involvement rate for nasal cavity
SCC was only 9.3%, while maxillary sinus SCC was 20.7%
in a large meta-analysis of 1283 patients with SNSCC.1094
Ultimately, it is estimated that up to one third of patients
may develop nodal disease during the course of follow-up,
which confers worse prognosis.1095
While the recommended management of a clinically

positive neck is surgery if the initial management of the
primary tumor is also surgery, the management of the cN0
neck is not clearly defined. The decision to adopt watchful
waiting of the neck or to perform elective treatment—
whether it be in the form of neck dissection or neck
radiation—has been understudied. In a systematic review
of 26 articles encompassing 1320 patients with sinonasal
carcinoma, Galloni et al. identified 1178 cases of cN0
patients. Of these, 407 patients underwent elective neck
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treatment, while 771 patients were observed. Of the 771
patients observed, there was a 34.6% rate of regional recur-
rence (140/771), while of the patients who underwent
elective neck treatment at the time of initial therapy, there
was only a 5.9% rate of regional recurrence (24/407). The
ORs for regional recurrences after elective neck treatment
ranged from0.03 to 1.39. The cumulativeORwas 0.38, indi-
cating a 62% lower risk of regional recurrence in patients
undergoing elective neck treatment compared to patients
whowere observed in follow-up. However, relevant limita-
tions of this study include broad histologies included and
no interpretation of impact on outcomes.1095
In a population-based, concurrent retrospective SEER

database analysis of 927 patients with N0M0 SNSCC
of the maxillary sinus between 2004 and 2013, Sangal
et al. conclude that elective neck dissection (END) sig-
nificantly and independently reduces the 5-year hazard
of death (HR 0.646, p = 0.047). They found that for T1,
T2, and T4 tumors, END did not independently improve
5-year survival, but for T3 maxillary sinus SNSCC, END
did significantly reduce the 5-year hazard of death (HR
0.471, p = 0.001).1096 Likewise, in a 2014 meta-analysis
of N0M0 maxillary sinus SCC, Abu-Ghanem et al. show
that ENI significantly reduces the risk of regional recur-
rence compared to observation (OR 0.16, p = 0.01).1097
This was similarly concluded by Le et al. in a review of 97
patientswithmaxillary sinusmalignancy, ofwhich 58were
SCCs. They found a statistically significant difference with
respect to nodal recurrence between the 36 patients who
received RT (25 cN0) and those who did not receive neck
radiation (0% and 20%, respectively).1098
Dooley and Shah reviewed the role of elective neck treat-

ment for N0M0 patients with maxillary sinus SCC and
found the rate of isolated neck failure to be between 4% and
17%. More commonly, recurrence in the neck was accom-
panied by local recurrence or distant metastatic spread,
both of which are unlikely amenable to salvage therapy.
They did find that T3 and T4 primary tumors were more
likely to involve the neck, and therefore argue that, while
elective neck treatment is not justified for T1 and T2 SCC
of the maxillary sinus, it may be considered for T3 and T4
disease.1093 Contrarily, Cantu et al. report the rate of neck
metastasis to be higher for T2 tumors than for high “T”
stage tumors, and therefore elective neck treatment should
be considered for T2N0 SNSCC but is not indicated in T3
and T4N0 patients.1099
There is also evidence that elective neck treatment may

not improve oncological outcomes. Crawford et al. in a ret-
rospective study of 1220 patients from the NCDBwith T3/4
cN0 SNSCC reported no statistically significant difference
in OS with END. A total of 19.6% of their patient cohort
underwent END, and there was an occult metastases rate

of 12.7%.1100 However, DFS and recurrence data were not
reported.
In a Triological Society Best Practice summary from 2019

specifically for maxillary sinus SCC, Berger et al. draws
attention to heterogenous evidence and conclusions with
a lack of prospective trials. Despite this, existing database
and retrospective evidence suggest that elective neck treat-
ment may be appropriate for higher T stage SCC, and if the
neck is to be entered for resection or reconstruction pur-
poses, END should be strongly considered for T3 and T4
tumors.1101
It is additionally important to consider the extent of

elective neck treatment. In a review of 128 patients with
T4 SCC of the maxillary sinus, of those with regional
metastasis at the time of diagnosis, 96% had ipsilateral
upper jugulodigastric and submental disease. However,
lower jugular chain, contralateral node, and retropharyn-
geal node involvement is also reported.1102 The latter is not
easily accessible by surgery and consideration should be
given to extending radiotherapy coverage of the primary
tumor to include the retropharyngeal node, regardless
of if or how the lateral neck is treated. Review of arti-
cles regarding elective neck treatment can be found in
Table XXI.A.3.

Elective management of the N0 neck in sinonasal SCC

Aggregate grade
of evidence

C (Level 2: two studies, Level 3: two studies;
Level 4: two studies)

Benefit Elective neck treatment may decrease the rate
of regional recurrence.

Harm There are morbidities associated with elective
neck treatment, both for surgical treatment
and elective irradiation.

Cost Insufficient data to make recommendations
regarding long-term costs of elective neck
treatment.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Patient with advanced T stage tumors may
benefit from elective neck treatment.
Maxillary sinus SCC has a higher risk of
neck metastasis than nasal cavity SCC.

Policy level Option.
Intervention Strong consideration should be given to

elective neck treatment in cases of
advanced T-stage tumors, especially if it is
a maxillary sinus primary and if primary
surgery is undertaken. Elective treatment
may be in the form of elective irradiation or
END.
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TABLE XX I .A . 3 Evidence for elective neck treatment in the management of SNSCC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Galloni et al.1095 2021 2 Systematic
review and
meta-
analysis

1178 cN0 sinonasal
carcinoma; 407
elective neck
treatment, 771
observed
(encompassing 26
studies)

Regional
recurrence

34.6% regional recurrence in
observation group versus 5.9%
regional recurrence in elective
neck treatment group

Abu-Ghanem
et al.1097

2014 2 Systematic
review and
meta-
analysis

129 total patients with
N0M0 SNSCC
maxillary sinus
(encompassing four
studies)

Regional
recurrence

Elective neck irradiation
significantly reduces risk of
regional recurrence compared to
observation (OR 0.16, p = 0.01)

Crawford
et al.1100

2020 3 Retrospective
cohort

1220 patients with
T3/T4 cN0 SNSCC;
19.6% underwent
END

OS No OS benefit with END in T3/T4
cN0 SNSCC

Sangal et al.1096 2018 3 Retrospective
cohort

927 N0M0 SNSCC
maxillary sinus; 146
with ENDs

OS T3 tumors and >4 cm require END

Cantu et al.1099 2008 4 Retrospective
case series

156 patients with
SNSCC

Regional
recurrence

Consider neck dissection in
maxillary sinus T2

Le et al.1098 2000 4 Retrospective
case series

58 patients with
SNSCC of maxillary
sinus, 25 cN0

Regional
recurrence

Those that did not receive neck
radiation were more likely to
recur (0% vs. 20%)

Abbreviations: OS, overall survival; SNSCC, sinonasal squamous cell carcinoma.

f Role of immunotherapy
In SNSCC, local recurrence is the main mode of treat-
ment failure.418 Due to the rarity of SNSCC, and even
greater rarity of recurrences, optimal management of
locally recurrent SNSCC is not well studied. Locoregional
recurrence and distant metastasis may be treated with sys-
temic therapy. There is emerging evidence that systemic
immunotherapy (with nivolumab or pembrolizumab)may
have an important role as treatment alternatives in the
setting of unresectable recurrent or metastatic SNSCC.231
While there are little data currently available, Riobello
et al. demonstrate that 45% of immune infiltrating SNSCC
cells express PD-L1, indicating a potential benefit of
immunotherapy.1103 Additionally, in an analysis of tumor-
infiltrating lymphocytes (TILs) on 57 samples of SNSCC,
Garcia-Marin et al. found that a high level of intratumor
CD8 TILs correlated with worse survival. Again, this result
suggests SNSCCs are immunogenic tumors, and these
patients may benefit from immune checkpoint inhibitor
immunotherapies.1104
Despite advances in multimodality therapy and evi-

dence for survival benefit with treatment at high volume
centers, the overall prognosis is still poor.1080 In a recent
meta-analysis of 41 studies reporting on outcomes of
SNSCC, the aggregate 5-year OS was 54.5% with a recur-

rence rate of 42.7% and an aggregative 5-year LRC rate
of 42.7%.1063 Despite this, emerging therapies and bet-
ter understanding of tumor biology may shift treatment
paradigms and improve long-term oncologic outcomes.

B Inverted papilloma-transformed
squamous cell carcinoma

1 Survival outcomes of IP-SCC versus
DN-SCC

Sinonasal IP most commonly affects the maxillary sinus,
lateral nasal wall, sphenoid, ethmoid, and frontal sinuses,
while uncommonly affecting the nasopharynx, Eustachian
tube and middle ear, and lacrimal sac.130,247,1106–1117 It
is not uncommon to have more than one contiguous
site involved, representing multifocal and/or bilateral
disease. Tumors tend to grow to large sizes (average
4 cm), described as papillary, polypoid, and sessile in
appearance.130,1112,1117–1120 Due to large size and extension,
tumors often present with a high pathologic or clinical T
stage. Accordingly, the symptoms associated with a large
space-occupyingmass mimic other benign processes, such
as nasal polyps, which may delay proper diagnosis and
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treatment. The unique characteristics of IP are discussed
previously in this consensus statement, and the focus of
this section is onmalignant transformation of IP. The over-
all incidence of identifying IP-transformed SCC (IP-SCC)
accounts for 2%–10% of all IP cases, with synchronous
lesions much more likely to develop than metachronous
ones.247,653,1107–1109
There is evidence to suggest that IP-SCC carries a

more favorable prognosis compared to de novo SCC
(DN-SCC, or primary sinonasal SCC not arising from pre-
existing IP).1110–1112,1121 A recent meta-analysis has found
that patients with DN-SCC carry a 1.87-fold increased
risk of mortality with 5-year OS of 56%, compared to
65% for patients with IP-SCC.1113 Despite the improved
reported survival, IP-SCC patients often present with
locally advanced tumors (74% with T3/T4 stage disease),
and 23.8% cases experienced a recurrence despite simi-
lar treatment to DN-SCC.1114 It should be noted that most
studies are limited by sample size, heterogeneity in tumor
origin, clinical stage, and treatment modalities. Further-
more, the significance of the findings is most vulnerable
to the studies’ respective methodology in classifying the
subjects into their respective cohorts. IP, and by exten-
sion, IP-SCC, is defined histologically. To date, there is no
defined set of molecular markers to distinguish IP-SCC
from DN-SCC. Accurate classification of IP-SCC requires
presence of benign IP in cases with carcinoma (syn-
chronous lesions) or history of IP by report (metachronous
lesions). Efforts to further characterize these tumors by
molecular pathways should take precedence, with large
multicenter studies required to validate historic findings
(Table XXI.B.1).
Aggregate gradeof evidence: C (Level 4: eight studies)

2 Imaging to predict malignant
transformation

Recently, noninvasive techniques, such as preoperative
radiographic imaging, have been studied that better pre-
dict the presence of IP-SCC. Focal hyperostosis on CT
scans has been correlated with tumor origin and site of
attachment, and bony erosion is indicative of aggressive
tumor.711,1120 In addition, unique characteristics identified
in MRI have been used to better differentiate IP from
IP-SCC. Benign IPs demonstrate a distinct morphologic
pattern on MRI known as convoluted cerebriform pat-
tern (CCP), which is appreciated as alternating hypo-
and hyperintense bands on T2-weighted and contrast-
enhanced T1-weighted imaging.709,1122 Currently, a few
studies suggest that CCP may be beneficial in distinguish-
ing IP from IP-SCC.1123–1126 Specifically, there appears to be
an overall loss of CCP among IP-SCC, with most tumors

demonstrating either partial or near-complete absence
(Table XXI.B.2). The obvious limitation in making diag-
noses based on CCP is that it is subject to interpretation
error. A more objective analysis utilizes ADC value, and
it has been found that malignant sinonasal neoplasms
have lowermean ADC values.1127,1128 ADCmap generation
from diffusion-weighted MRI (DW-MRI) images requires
additional image analysis software, but current evidence
supports its potential role in developing a predictive model
for IP-SCC.
Aggregate grade of evidence: C (Level 4: six studies)

3 Histopathology and molecular and
genetic studies

IP shows an inverted (endophytic), nondestructive growth
into the underlying stroma, enclosed by an intact basement
membrane. Benign areasmay be concurrently presentwith
zones of malignant tumor, showing considerable volume
variation between cases. IP is cytologically bland, shows
normal maturation and polarization, may have koilocytic
atypia, and contains intraepithelial mucous cysts filled
with mucin and cellular debris, with prominent transmi-
grating intraepithelial neutrophils. Areas of dysplasia may
develop as a precursor to malignant transformation.653,1129
Hyperkeratosis, increased basaloid morphology, conspicu-
ous pleomorphism, and increasedmitoses, including atyp-
ical forms, with loss of transepithelial neutrophils signal
malignant transformation. Carcinomas include nonkera-
tinizing, keratinizing, and low-grade papillary subtypes,
and even SNUCs.653,664,666,1130–1134 Keratinizing carcinoma
may appear as verrucous carcinoma, although most ker-
atinizing carcinoma are represented as well, moderately,
or poorly differentiated. Recognized as a gradient with-
out any absolute morphologic cutoffs, it is important to
stress the volume of the neoplastic tissue (i.e., signifi-
cantly more epithelium than stroma) and the pleomor-
phism, destructive growth, and atypicalmitoses that define
carcinoma, without any one feature alone being suffi-
cient. Other malignant features include destructive bone
invasion, paradoxical basal maturation, and true tumor
comedonecrosis.648,653,666,667,1135 True invasion is seldom
identified, but when there is a desmoplastic reaction,
loss of basement membrane, single cell infiltration, irreg-
ular, stellate islands of neoplastic cells, and destructive
bone/cartilage invasion, definitive traditional invasion can
be confirmed. p53 may be abnormally overexpressed, but
a completely negative reaction can also be seen.655,1136
There is no Ki-67 proliferation index cutoff for diagnos-
ing carcinoma.653 p16 may be positive, but few cases show
transcriptionally active high-risk HPV by in situ RNA
hybridization.653,655,657,666,667,1137
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ICAR SINONASAL TUMORS 197

TABLE XXI . B . 1 Evidence for outcomes for IP-SCC versus DN-SCC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Li et al.1119 2021 4 Retrospective
case series

DN-SCC (n = 84),
IP-SCC (n = 89)

1. OS
2. DFS
3. Distant

metastasis

1. DN-SCC 5-year OS 55.4%, DFS
50.1%; IP-SCC 5-year OS 63.3%,
DFS 45.4%

2. Metachronous tumors had better
prognosis than synchronous
tumor and DN-SCC

3. DN-SCC demonstrated
increased incidence of distant
metastasis

Yasumatsu
et al.1117

2020 4 Retrospective
case series

DN-SCC (n = 94),
IP-SCC (n = 23)

1. DSS
2. Recurrence

rates

1. No significant difference in DSS
in T1, T2, and T3 tumors

2. T4 DN-SCC had better DSS than
those with IP-SCC

Quan et al.1118 2020 4 Retrospective
case series

DN-SCC (n = 123),
IP-SCC (n = 39)

1. OS
2. DFS
3. Local failure

rate
4. Nodal failure

rate
5. Distant

metastasis

1. No significant difference in OS
or DFS

2. Similar survival outcomes;
IP-SCC had a higher local failure
rate

Yu et al.1115 2017 4 Retrospective
case series

DN-SCC (n = 65),
IP-SCC (n = 21)

1. OS
2. DSS

1. DN-SCC 5-year OS 39.5%, DSS
52.8%

2. IP-SCC 5-year OS 58.3%, DSS
61.5%

Yan et al.1110 2017 4 Retrospective
case series

DN-SCC (n = 28),
IP-SCC (n = 38)

1. OS
2. DSS

1. DN-SCC 5-year OS 69%, DSS
72.9%; IP-SCC 5-year OS 84.6%,
DSS 89.6%

2. Early-stage IP-SCC had better
DSS than DN-SCC

Lobo et al.1116 2017 4 Retrospective
case series

DN-SCC (n = 88),
IP-SCC (n = 29)

1. OS
2. DFS

1. DN-SCC 5-year OS 65.8%, DFS
60.3%

2. IP-SCC 5-year OS 77%, DFS
62.6%

de Almeida
et al.130

2015 4 Retrospective
case series

DN-SCC (n = 21),
IP-SCC (n = 13)

1. OS
2. DFS

1. DN-SCC 5-year OS 75.1%, DFS
62%; IP-SCC 5-year OS 86%, DFS
62%

2. IP-SCC has no prognostic
significance

Lavertu et al.1111 1989 4 Retrospective
case series

DN-SCC (n = 43),
IP-SCC (n = 11)

OS 1. DN-SCC 5-year OS 29.8%
2. IP-SCC 5-year OS 70%

Abbreviations: DFS, disease-free survival; DN-SCC, de novo squamous cell carcinoma; IP-SCC, inverted papilloma associated squamous cell carcinoma;OS, overall
survival.

The majority of IP-SCCs harbor EGFRmutations; these
activating mutations are typically frame-preserving exon
20 indels, but exon 6 and exon 19 mutations have also
been reported.659,660,672,1131,1138 EGFR exon 20 mutations
have described in minor subsets of lung adenocarci-
noma, glioma, and urothelial carcinoma but are otherwise
rare in human malignancies.653 As such, the presence
of an EGFR exon 20 mutation in a sinonasal carcinoma
is essentially diagnostic of IP-SCC, even without clin-

ical or pathologic evidence of IP, and molecular-based
estimates suggest that IP-SCC represent 15%–30% of all
sinonasal SCC.672,1138,1139 Tumors without EGFR muta-
tions usually demonstrate low-risk HPV infection, and
high-risk HPV infection is uncommon (or not observed)
in contemporary IP-SCC cohorts with expert pathol-
ogy review.660,662,666,667,672,1138 Shared EGFR mutations or
low-risk HPV genotypes are present in the associated
metachronous or synchronous IP, indicating that IPs are
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198 KUAN et al.

TABLE XXI . B . 2 Evidence for preoperative imaging in distinguishing IP-SCC from IP.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Suh et al.1126 2021 4 Retrospective
case series

Biopsy-proven IP
(n = 41), IP-SCC
(n = 21)

1. Loss of CCP
2. Bone Erosion
3. ADC

IP:
1. 85% demonstrated CCP, 10%

with partial loss, 5% with
complete loss.

2. 34% demonstrated bone erosion
on CT.

IPSCC
1. 5% demonstrated CCP, 48% with

partial loss, 48% with complete
loss.

2. 91% demonstrated bone erosion
on CT.

3. Mean ADC is lower in IP-SCC
(1.20 vs. 1.51, p < 0.001)

4. Conventional imaging features
(CT, MRI) with ADC values can
predict IP-SCC

Yan et al.1124 2019 4 Retrospective
case series

Biopsy-proven IP
(n = 30), IP-SCC
(n = 35)

1. Loss of CCP
2. Bone Erosion
3. ADC

IP:
1. 60% demonstrated CCP, 26.7%

with partial loss, 13.3% with
complete loss.

2. 28.2% demonstrated bone
erosion on CT.

IP-SCC:
1. 17.1% demonstrated CCP, 22.9%

with partial loss, 60% with
complete loss.

2. 74.2% demonstrated bone
erosion on CT.

3. Mean ADC is lower in IP-SCC
(1.12 vs. 1.49, p = 0.002)

Miyazaki
et al.1120

2018 4 Retrospective
case series

Biopsy-proven IP
(n = 64), IP-SCC
(n = 6)

Bone destruction
on CT

IP-SCC is associated with bone
destruction on CT (p < 0.001)

Fujima et al.1125 2015 4 Retrospective
case series

Biopsy-proven IP
(n = 5), IP-SCC
(n = 3), DN-SCC
(n = 33)

Loss of CCP 1. CCP is detected at a high rate in
IPs

2. All IPs and IP-SCCs
demonstrated CCP

3. Only five DN-SCCs (15.2%)
demonstrated CCP

Note: study did not subcategorize
partial or complete loss of CCP

Jeon et al.1123 2008 4 Retrospective
case series

Biopsy-proven IP
(n = 22), IP-SCC
(n = 8)

Loss of CPP 1. All IPs demonstrated diffuse
CCP

2. Half (50%) of IP-SCCs
demonstrated diffuse CCP, with
the other half with partial or
focal loss of CCP

3. Partial CCP can be indicative of
IP-SCC

(Continues)
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ICAR SINONASAL TUMORS 199

TABLE XXI . B . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ojiri et al.1122 2000 4 Retrospective
case series

Biopsy-proven IP,
previously untreated
(n = 10)

Loss of CPP 1. Co-existing SCCs demonstrate
distinctive imaging finding
(partial or absent CCP)

2. CCP present in eight tumors
(80%)

3. One tumor contained
microscopic IP-SCC

4. Partial CCP detected in two
tumors that contained IP-SCC

Abbreviations: ADC, apparent diffusion coefficient; CCP, convoluted cerebriform pattern; DN-SCC, de novo squamous cell carcinoma; IP-SCC, inverted papilloma
associated squamous cell carcinoma; OS, overall survival.

clonal precursor lesions to IP-SCC.659,667 In contrast to
IP, TP53 and/or CDKN2Amutations/deletions are present
in the majority of IP-SCC, while NFE2L2 and PIK3CA
mutations and EGFR, TERT, SOX2, CCND1, MYC, and
FGFR1 amplifications have been reported in subsets of
cases.660,1138 IP-SCC shows high expression of genes associ-
ated with epithelial–mesenchymal transition and extracel-
lular matrix remodeling.1140 Preclinical models of IP-SCC
with EGFR exon 20 mutations demonstrate endoge-
nous EGFR, MAPK, and PI3K/AKT pathway activity and
responsiveness to irreversible EGFR inhibitors (e.g., ner-
atinib, afatinib, dacomitinib) in vitro.659 Table XXI.B.3
summarizes evidence surrounding histopathologic studies
and molecular pathogenesis of IP-SCC.
Aggregate grade of evidence: C (Level 2: one study;

Level 3: five studies; Level 4: six studies)

XXII MINOR SALIVARY GLAND
TUMORS OF THE SINONASAL TRACT

A Intestinal-type adenocarcinoma

The 5th edition of the WHO Classification of Head and
Neck Tumors classifies sinonasal adenocarcinomas of sur-
face epithelial origin (nonsalivary-type adenocarcinomas)
in intestinal and nonintestinal types.17 ITAC is one of the
most common sinonasal cancers, especially in European
countries.1141 The typical site of origin is the ethmoid,
often arising from the olfactory cleft.1142 The correlation
between sinonasal ITAC and occupational exposure is well
known.1143 The most important risk factor is exposure to
hardwood dusts, such as beech or oak, followed by prod-
ucts from the textile industry and leather dusts.39,1144 The
current staging system for sinonasal ITAC follows the
AJCC TNM classification of nasal cavity and paranasal
sinuses cancers (8th edition), which has been demon-
strated to stratify patients according to prognosis.16,158,1144

However, the propensity of ITAC to present at a locally
advanced stage supports the need for a more personal-
ized approach to cancer staging, since different prognostic
patterns are recognizable even within the pT4a (anterior
wall of the sphenoid involvement vs. lateral or poste-
rior sphenoid walls invasion) and the pT4b groups (focal
dural invasion vs. massive dura and cerebral extension or
leptomeningeal spread).1145,1146

1 Tumor subtypes and grade

From a histological perspective, ITAC resembles primary
adenocarcinoma arising from the intestinal mucosa and
consists of proliferation of dysplastic columnar cells with
interspersed goblet cells forming papillae and glands. In
an attempt to stratify patients according to prognosis, sev-
eral histologic features have been considered over the
years. Historically, Barnes classified ITACs into five sub-
types: papillary (18%), colonic (40%), solid (20%),mucinous
(14%), and mixed (8%).1147 A few years later, Kleinsasser
and Schroeder divided ITACs into four subtypes: papillary-
tubular cylinder cell, which was further graded from I to
III; alveolar goblet; signet-ring cell; and transitional.1148,1149
The signet-ring cell subtype represents the ITAC subtype
associated with the worst prognosis.17 In addition to mor-
phologic subtypes, the histological grade of differentiation
(well, moderately, and poorly differentiated) can be associ-
ated with prognosis, with poorly differentiated ITAC being
the most aggressive subtype and more prone to local and
distant relapse.362,1150 Recent evidence also suggests that
P53 could play a role in disease behavior and response to
treatment, with P53 status on pretreatment biopsy used
to determine treatment strategy.293 In ITACs with func-
tional P53 (58% of cases), including both the wild-type and
the mutated protein with function preservation or gain,
neoadjuvant chemotherapy with cisplatin, 5-fluorouracil,
and leucovorin (PFL) resulted in complete response in
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200 KUAN et al.

TABLE XXI . B . 3 Evidence for HPV, molecular markers, and genetic studies in IP, IP-SCC, and DN-SCC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lawson et al.657 2008 2 Systematic
review

887 cases HPV detection
rates

1. HPV detection varies widely
2. Similar detection rates across

methods (26.8%, 25.2%, 23.6%)
3. HPV more often detected in

malignant (55.1%) and recurrent
tumors (57.9%)

Hongo et al.672 2021 3 Retrospective
cohort

14 IP-SCCs, 132
DN-SCCs

1. Mutational
status (EGFR,
KRAS)

2. HPV status

1. High-risk HPV in 11 out of 146
(7.5%)

2. EGFRmutation in 13 out of 14
IP-SCCs

3. EGFR mutation in eight out of
132 DN-SCCs

4. No KRASmutation detected
5. EGFR copy number gain in 41

out of 146
6. EGFR, EGFR copy number gain,

and high-risk HPV are mutually
exclusive

Mehrad et al.666 2020 3 Retrospective
cohort

39 IPs, five IP-SCCs,
seven DN-SCCs

1. Mutational
status (EGFR,
p16)

2. HPV status

1. Subset of IPs had low-risk HPV
2. Low-risk HPV is mutually

exclusive with EGFRmutations
3. All IPs and IP-SCCs negative for

p16 and high-risk HPV
4. Three out of five (60%) IP-SCCs

with low-risk HPV
5. Five of seven (71.4%) DN-SCCs

with p16 and high-risk HPV
6. 11 out of 15 (73.3%) IPs with

negative HPV had EGFR exon 19
or 20 mutation

Rooper et al.662 2017 3 Retrospective
cohort

30 IPs without
dysplasia, six IPs
with dysplasia, 14
IP-SCCs
(synchronous), two
IP-SCCs
(metachronous),
seven DN-SCCs

Role of HPV in
IP and IP-SCC

1. HPV in 0 out of 52 IPs or
IP-SCCs

2. HPV in two of seven DN-SCCs
3. Transcriptionally active

high-risk HPV does not play a
role in IP or malignant
transformation

Udager et al.667 2018 3 Retrospective
cohort

58 IPs, 22 IP-SCCs with
13 matched with IPs,
14 DN-SCCs

1. Mutational
status (EGFR,
KRAS)

2. HPV status

1. All IPs and IP-SCCs
demonstrated EGFRmutation or
HPV

HPV and EGFR are mutually
exclusive except one case
1. High-risk HPVmore often found

in DN-SCC (28.6% vs. 4.5%)
2. Low-risk HPV found in IP-SCC

(18.2% vs. 0%)
3. IP progression to IP-SCC

associated with HPV and
absence of EGFR

4. EGFRmutation and HPV
infection may represent
alternative oncogenic
mechanism in IP-SCC

(Continues)
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ICAR SINONASAL TUMORS 201

TABLE XXI . B . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Cheung et al.655 2010 3 Retrospective
cohort

Five IP-SCCs, one IP
with CIS, one SCC
with exophytic
papilloma

1. p53
mutational
status

2. HPV status
3. Prognosis

1. Five of seven were p53 positive,
the other two of seven were p16
positive

2. Four of seven were positive for
HPV on PCR

3. Severe dysplasia and p53
associated with malignant
progression

Tong et al.1140 2022 4 Retrospective
case series

Six IPs, five IPs with
CIS, 13 IP-SCCs

Upregulation of
genes in IP
with CIS and
IP-SCC

1. Progressive upregulation of 11
genes (CALD1, COL1A1,
COL3A1, COL4A2, COL5A2,
FN1, ITGA5, LGALS1,MMP11,
SERPINH1, SPARC) that
correlated with severity of
disease

2. Gene set enrichment analysis
identified epithelial
mesenchymal transition,
extracellular matrix
organization, and coagulation to
be significant

3. Progressive upregulated genes
can improve concordance of
histologic classification of IP,
which may impact
prognostication and treatment
strategies

Brown et al.660 2021 4 Retrospective
case series

29 SCCs (IP-SCC or
ex-oncocytic
papilloma)

1. Presence of
mutations
(EGFR,
KRAS, TP53,
CKN2A,
TERT)

2. Copy number
gains of
mutations

1. EGFRmutation in 21 out of 29
and KRAS in five out of 29

2. Mutually exclusive TP53 or
CDKN2Amutation in 28 out of
29TERT copy number gains in eight of

29 but no TERT promoter mutation
1. IP-SCC and SCC ex-oncocytic

papillomas have a distinct
molecular phenotype compared
to other aerodigestive tract SCC

Hieggelke
et al.1138

2021 4 Retrospective
case series

28 IPs, 10 IP-SCCs, 43
SNSCCs
(keratinizing), six
SNUCs, seven
ITACs, 11 ACCs, two
SNECs, six
exophytic
papillomas, one
oncocytic papilloma,
10 SNSCC cell lines

Molecular
classification
of IP and
IP-SCC

1. EGFRmutation in 25 out of 28
IPs, six out of 10 IP-SCCs

2. Deficiency in mismatch repair
protein (dMMR)/microsatellite
instability (MSI-H) in four out of
125 SNSCCs

3. IP displayed intact MMR
phenotype

4. Molecular classification of
sinonasal tumors can provide
useful information for
individualized therapeutic
strategy

(Continues)
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202 KUAN et al.

TABLE XXI . B . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Stoddard
et al.1137

2015 4 Retrospective
case series

16 IPs, 3 IP-SCCs Presence of HPV
DNA and
mRNA

1. HPV mRNA present in all
specimens but found in <1% of
cells in 58% of them

2. Two of 19 had HPV DNA
3. Transcription of HPV may play a

role in the pathogenesis of IP
Udager et al.659 2015 4 Retrospective

case series
50 IPs with 12 matched
IP-SCCs, 10
IP-SCCs, 20
DN-SCCs

EGFR
mutational
status

1. Activating EGFRmutations in
88% of IPs and 77% of IP-SCCs

2. EGFRmutation not found in
DN-SCC

3. Important role of EGFR
mutations in IP and IP-SCC

Nudell et al.653 2014 4 Retrospective
case series

17 cases of malignant
transformation from
IP and exophytic
papilloma (n = 3)

1. Ki-67 status
2. p53

expression
3. HPV status

1. Carcinoma ex-IP or ex-EP
exhibits increased Ki-67; >50% is
more likely associated with
severe dysplasia or carcinoma

2. p53 overexpression is correlated
with Ki-67

3. HPV is uncommon
4. Large series needed to validate

findings

Abbreviations: DN-SCC, de novo squamous cell carcinoma; HPV, human papillomavirus; IP, inverted papilloma; IP-SCC, inverted papilloma associated squamous
cell carcinoma; SNSCC, sinonasal squamous cell carcinoma.

up to 40% of cases and partial response in the remaining
cases.1151 Therefore, P53 functionality analysismay be used
to identify the subgroup of chemoresponsive tumors that
should be selected for IC and by the same mechanism pre-
dict outcomes, since patients with good response to IC are
generally those with the best prognosis.17

B Role of surgery

There is general agreement in the literature that surgery
still plays a significant role in the treatment for sinonasal
ITAC, and it should be performed according to the oncolog-
ical principle of complete excision with negative margins.
In the last 25 years, surgical treatment has evolved con-
siderably due to impressive advances in technologies and
instruments, together with refinements in radiological
diagnosis. Indications for minimally invasive endoscopic-
assisted approaches have expanded over time, making it
now possible to obtain negative margins for resection of
selected cases of pT4b sinonasal ITAC.293,1151 Current avail-
able data suggest that EEA, with or without expanded
resection of the ethmoidal roof and dura of the ASB (endo-
scopic resection with transnasal craniectomy, ERTC), rep-
resents the surgical technique most used for excision of
sinonasal ITAC. Several reports have demonstrated that
this approach is oncologically safe, effective, and associ-

ated with limited complications, while reducing impact on
QOL.16,293,1146 In selected cases with dural extension over
the orbital roof or significant intracranial extension, EEA
can be combined with an external transcranial approach
(cranioendoscopic resection).293
The extent of surgical resection as compared to the local

extent of the tumor still remains a matter of debate. His-
torically, the multifocal pathogenesis of ITAC prompted
surgeons to perform a bilateral ethmoid resection in all
cases, regardless of the extent of the tumor, with the aim of
removing any microscopic areas of ITAC or synchronous
precancerous lesions that might potentially have resulted
from occupational exposure to carcinogenic agents in
both ethmoids.1152 However, bilateral ethmoid resection
inevitably leads to significant olfactory dysfunction and
increasedmorbidity. Recently, some authors have reported
adequate oncological outcomes even with unilateral endo-
scopic resection in selected cases.374,1153 According to
preliminary experiences, ITACs with unilateral extension
and without invasion to the contralateral nasal fossa,
if ruled out by preoperative imaging and intraoperative
assessment with frozen sections, can be safely managed
with unilateral ERTC, which provides shorter hospitaliza-
tion, preservation of some olfactory functions, and, most
importantly, oncological outcomes comparable to bilat-
eral ERTC.16,374,1153 Therefore, current evidence does not
support the routine use of bilateral ethmoid resection in
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ICAR SINONASAL TUMORS 203

sinonasal ITAC, even in case of proven occupational expo-
sure, but suggests to tailor the extent of surgery based on
the local extension of the tumor.16,1152

Role of surgery in ITAC

Aggregate grade
of evidence

B (Level 2: two studies; Level 3: one study;
Level 4: seven studies)

Benefit Oncologic resection is possible with
endoscopic approaches in many cases.
Reduced complication rate, improved QOL,
and better survival outcomes have been
described as direct benefit of a multimodal
treatment strategy including surgery.

Harm Insufficient tumor excision with positive
surgical margins, leading to increased risk
of local or distant recurrences, and
morbidity and complication risks related to
surgery.

Cost Although no studies have examined the issue
of costs in sinonasal ITAC treatment, short
hospitalization period and fast patient
recovery associated with minimally
invasive surgery could translate to lower
costs.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

All studies to date have suggested equivalent
or better outcomes of endoscopic surgery
as compared to traditional craniofacial
surgery. There is no significant argument
for or against bilateral ethmoid resection as
routine procedure for patients with
occupational exposure.

Policy level Recommendation.
Intervention Multidisciplinary management of sinonasal

ITAC with primary surgery and achieving
negative margins currently represents the
standard of care.

1 Role of adjuvant therapy

To date, given the rarity of the disease, no RCTs have
been possible to define indications for adjuvant treat-
ments in sinonasal ITAC. Current evidence supports the
use of adjuvant RT (conformal three-dimensional RT
[3DRT] or IMRT) in case of positive surgical margins,
advanced-stage tumors (pT3–4), as well as poorly differ-
entiated ITAC regardless of the stage of the disease at
presentation.374,1151,1153 While there is limited evidence to
support the use of concurrent chemotherapywithRT, adju-
vant cisplatin-based chemotherapy should be considered
with adjuvant radiation in cases of positive surgical mar-

gins and for persistent disease in unresectable sites.293,1144
Table XXII.A.1 summarizes evidence surrounding the
management of sinonasal ITAC.

Role of adjuvant therapy in ITAC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: one study;
Level 4: four studies)

Benefit Additional oncologic control in cases of
positive margins or locally
advanced/metastatic tumors.

Harm The risk of ORN, mucositis, and other RT-
and chemotherapy-induced complications
should be discussed with the patient when
adjuvant treatments are planned.

Cost No dedicated studies on cost.
Multidisciplinary management with
multiple healthcare workers involved in
the treatment may increase the economic
burden.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

For patients with functional P53, neoadjuvant
chemotherapy may improve survival rates.
Adjuvant RT should be administered in
advanced-stage and/or poorly
differentiated tumors, though there are no
dedicated studies on this. Biological studies
to better understand the genetic and
molecular profile of such rare cancers will
be crucial to better stratify patients
according to prognosis and discover
potential new drug targets for precision
medicine.

Policy level Option.
Intervention Adjuvant RT should be considered for ITAC

treatment following surgery if pathology
demonstrates positive surgical margins, for
advanced-stage tumors (pT3–4), and/or for
poorly differentiated grade. The role of
chemotherapy and timing of
administration is less clear.

2 Surveillance, recurrence, and outcomes

Cohort studies of sinonasal cancers, including also ITAC,
have demonstrated the efficacy of a strict follow-up proto-
col that includes nasal endoscopy and contrast-enhanced
MRI every 3–4 months for the first year, every 4–6 months
from the second to the fifth year, and after, once a year from
the sixth to the 10th year.293,1144 Systemic staging (e.g., total
body CT, PET/CT) should be conducted once per year for
the duration of the follow-up as ITACpatientsmay develop

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



204 KUAN et al.

TABLE XXI I .A . 1 Evidence surrounding the management of sinonasal ITAC.

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Huang et al.1154 2021 2 Systematic

review and
meta-
analysis

1126 cases of sinonasal
ITAC, surgically
treated with open,
EEA, or combined
approach

1. OS
2. Local, regional,

and distant
recurrence

3. Stratification of
patients according
to the enrollment
year

Patients treated more recently
presented with older mean age
have lower local recurrence
rate, improved 5-year OS, and
are most frequently treated via
EEA

Meccariello
et al.259

2016 2 Systematic
review

947 cases of sinonasal
ITAC, surgically
treated with EEA,
external or
combined approach

1. OS
2. DFS
3. LRFS
4. To analyze

morbidity rates,
major and minor
complications in
EEA, open, and
combined
approaches

Endoscopic management of
sinonasal ITAC is safe and
effective, with reduced
morbidity and lower
complication rates compared
to open and combined
approaches

Licitra et al.1151 2004 2 Clinical trial 30 cases of sinonasal
ITAC treated with
primary
chemotherapy
followed by CFR
and postoperative
RT when necessary

Status of P53 as a
therapeutic guide
for the use of
chemotherapy
drugs

1. P53 status represents a
biomarker to predict response
to chemotherapy in ITAC

2. Induction chemotherapy
(PFL) should be used for
patients with P53
functionality

Ferrari et al.16 2022 3 Prospective
multicenter
case–control
study

389 cases of sinonasal
ITAC surgically
treated with EEA
with or without
transnasal
craniectomy or a
combined CFR

1. OS
2. RFS (LRFS, RRFS,

DRFS)
3. Multivariable

analysis
4. To create

nomograms based
on multivariable
models

Factors associated with poor
prognosis were age at
presentation >54 years old,
histology subtype (mucinous
signet-ring vs. solid or
mucinous alveolar goblet vs.
papillary, colonic, mixed),
cranial resection, positive
margins, and advanced pT
stage

Fiaux-Camous
et al.1145

2017 3 Multicenter
prospective
cohort with
systematic
review

223 cases of sinonasal
ITAC not previously
treated, without
evidence of positive
neck nodes, who
were treated with
EEA

1. To evaluate
whether the
patients’
stratification
according to the
local extension of
tumor in the 7th
edition of the
AJCC/UICC TNM
classification is
associated with
prognosis for
ethmoidal ITAC

2. To develop a
prognostic risk
prediction model
for OS among
patients
undergoing
endoscopy surgery
for ethmoid ITAC

1. Sphenoid lateral or posterior
walls invasion can be
considered as poor prognostic
factors, with survival rates
much more comparable to
dura and/or cerebral
extension rather than other
sphenoidal subsites

2. Two subsites might be
classified as pT4b

(Continues)
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ICAR SINONASAL TUMORS 205

TABLE XX I I .A . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Garcìa-Marìn
et al.1163

2020 4 Retrospective
case series

133 cases of sinonasal
ITAC treated with
primary surgery
followed by
adjuvant RT (in
selected cases)

To evaluate CD8+
TILs and TMIT
(combining CD8+
TILs and PD-L1) as
predictive
biomarkers for
immunotherapy

1. CD8+ TILs and TMIT were
correlated with the
histological subtype of ITAC
and with improved OS

2. The modest percentage of
CD8 high/PD-L1-positive
cases indicates that ITAC is a
lowly immunogenic tumor
type

3. Sinonasal ITACs, especially
the papillary and colonic
subtypes, may benefit from
therapy with immune
checkpoint inhibitors

Patel et al.1164 2020 4 Retrospective
database
study
(NCDB)

553 cases of
adenocarcinoma

No distinction between
ITAC and non-ITAC

OS 1. Surgery and RT associated
with improved OS

2. Advanced age, comorbidities,
advanced tumor grade, and
stage associated with worse
OS

3. Chemotherapy not associated
with OS

Schreiber
et al.374

2018 4 Retrospective
case–control
study

54 cases of sinonasal
ITAC divided into
two groups: patients
treated with
unilateral ERTC
(n = 27) versus
patients treated with
bilateral ERTC
(n = 27)

1. OS
2. DSS
3. RFS
4. LRFS
5. Morbidity and

functional
outcomes between
the two groups

1. ITAC confined to one
ethmoid without any
extension to the contralateral
nasal fossa at preoperative
imaging and intraoperative
assessment can be safely
managed with unilateral
resection

2. Unilateral resection provides
shorter hospitalization,
preservation of some olfactory
function, and oncological
outcomes comparable to
bilateral resection

3. Occupational exposure to
wood dusts or other inhalants
is not per se an indication for
bilateral resection

Camp et al.1161 2016 4 Retrospective
case–control
study

123 cases of sinonasal
ITAC surgically
treated with EEA

1. OS
2. DSS
3. RFS

Factors influencing survival rates
are local recurrence,
development of distant
metastases, tumor stage (pT
classification), and infiltrated
surgical margins

Nicolai et al.1146 2016 4 Retrospective
case–control
study

169 cases of sinonasal
ITAC surgically
treated with EEA
with or without
transnasal
craniectomy or
combined CFR
followed by
postoperative RT (in
selected cases)

1. OS
2. DFS

Prognostic factors for both OS
and DFS included pT stage,
margin status, and tumor
grade

(Continues)
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206 KUAN et al.

TABLE XXI I .A . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Projetti et al.1165 2015 4 Retrospective

case series
study

72 cases of sinonasal
ITAC treated with
surgery (n = 5);
surgery followed by
adjuvant RT
(n = 65); exclusive
RT (n = 1); primary
CRT (n = 1).

1. To evaluate MET
protein levels by
IHC

2. To evaluate MET
amplification
and/or
chromosome 7
polysomy by DISH

3. PFS
4. OS

1. MET protein was
overproduced in about two
thirds of ITACs, suggesting a
possible role for this tyrosine
kinase receptor in ITAC
oncogenesis.

2. Protein overproduction was
not due to gene amplification,
and the underlying
mechanism remains to be
determined

3. Anti-MET treatments would
be of interest in ITACs

Turri-Zanoni
et al.1150

2015 4 Retrospective
case–control
study

57 cases of sinonasal
ITAC, early staged
(T1-T2), surgically
treated with EEA,
with at least
24 months of
follow-up

1. OS
2. DFS
3. Stratification of

patients according
to adjuvant RT

Adjuvant IMRT is recommended
in advanced-stage ITAC
(pT3–pT4) and high-grade
(G2–G3) early-stage (pT1–pT2)
cases

Vergez et al.1166 2014 4 Retrospective
multicenter
case–control
study

136 cases of sinonasal
ITAC surgically
treated with EEA

1. Hospitalization
time

2. Complication rate
3. Margin status
4. Recurrence rate

and RFS
5. Mortality

Mortality and systemic
complications seem to be
reduced with EEA, even when
skull base removal is
performed, in comparison
with open CFR

Bossi et al.102 2013 4 Retrospective
case series

74 cases of sinonasal
ITAC, divided into
two groups:

A (n = 30): patients
treated with CFR
followed by
postoperative RT

B (n = 44): patients
treated with primary
chemotherapy
followed by CFR
and RT (selected
cases).

1. OS
2. DFS
3. Stratification of

patients according
to P53 functional
status

1. The functional status of P53
can be helpful to identify the
subgroup of chemoresponsive
tumors

2. The response to induction
chemotherapy represents a
positive prognostic factor

Cantu et al.1152 2010 4 Retrospective
case–control
study

153 cases of sinonasal
ITAC, surgically
treated with CFR
(96.7%) or with
transfacial
ethmoidectomy
(3.3%)

1. To explore the
relationship
between ITAC and
organic dusts

2. OS
3. DFS
4. Incidence of the

polymorphisms of
the enzymes
CYP1A1 and
GSTM1

1. ITAC has an indisputable
relationship with exposure to
organic dusts, mainly wood
and leather

2. The CYP1A1 codon 461
polymorphism is
overrepresented in ITAC and
is often associated with the
GSTM1 null genotype

Abbreviations: CFR, craniofacial resection; CSF, cerebrospinal fluid; CSS, cancer-specific survival; DFS, disease-free survival; DISH, dual color silver-enhanced
in situ hybridization; DRFS, distant recurrence-free survival; EEA, endoscopic endonasal approach; ERTC, endoscopic resection with transnasal craniectomy;
IHC, immunohistochemistry; IMRT, intensity-modulated radiotherapy; ITAC, intestinal-type adenocarcinoma; LOE, level of evidence based on the Oxford Cen-
tre for Evidence-Based Medicine Working Group; LRFS, local recurrence-free survival; OS, overall survival; pCR, pathologic complete response; PFL, cisplatin,
fluorouracil, and leucovorin; PFS, progression-free survival; RFS, recurrence-free survival; RRFS, regional recurrence-free survival; RT, radiation therapy; TILs,
tumor-infiltrating lymphocytes, TMIT, tumor microenvironment immune type.
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ICAR SINONASAL TUMORS 207

distant metastatic disease.1146 With such a surveillance
protocol, earlier detection of recurrences increases the pos-
sibility to cure patients who experience relapses.1144,1154
Globally, the recurrence rate after definitive treatment
ranges from 17.6% to 49.6%.1155 The largest cohort stud-
ies on sinonasal ITAC have found that this cancer tends
to recur mainly at the primary site (12%–16%), which is
generally treatable by means of revision surgery and/or
stereotactic radiosurgery. Regional recurrences to neck
nodes are rare (1%), while distant metastases can occur in
a nonnegligible proportion of cases (6%–10%) with limited
possibility to cure patients despite using different protocols
of chemotherapy and/or immunotherapy.1146
Oncologic outcomes are impacted by several factors,

including patient characteristics, stage at presentation,
and biological features of the tumor. Age >54 years; cer-
tain histology subtypes (mucinous signet-ring vs. solid
or mucinous alveolar goblet vs. papillary, colonic, or
mixed); positive surgical margins; and advanced pT clas-
sification at presentation with invasion of the lateral
or posterior wall of the sphenoid sinus, orbit, dura,
and brain have been identified as negative prognostic
factors.104,293,1155,1156 High proliferation index and poor
grade of differentiation are significantly associated with
worse prognosis.104,293,1144,1151,1155,1156 In the largest Euro-
pean published series, 5-year OS, DSS, and DFS are 72.7%
(67.3%–78.5%), 80.0% (75.1%–85.2%), and 73.2% (68.1%–
78.6%), respectively.293,1155,1157
Further improvements in survival rates might be

obtained only by deciphering the genetic profile and the
molecular landscape of such a rare cancer, in order to bet-
ter stratify patients according to prognosis and discover
potential new drug targets for precision medicine.1158,1159
Data available to date show that there is a low incidence
of EGFR, K-RAS, and BRAF mutations and a high rate
of increase in the number of EGFR copies. This genetic
fingerprint seems to support the potential for anti-EGFR
drugs.1145,1154 Current evidence for use of anti-EGFR drugs
is limited, but several clinical trials are ongoing for patients
with metastatic disease.1157,1160 Similarly, the high MET
mutation rate (64%) suggests a possible role for the MET
signaling pathway in the oncogenesis of ITAC and sup-
ports the possible use of MET inhibitors as an alternative
option.1161 Moreover, ITACs with HRAS mutation have a
worse prognosis and might benefit from administration
of inhibitors of theMAPK/ERK pathway, possibly in com-
bination with cyclin-dependent kinase-4/6 inhibitors.1162
Limited evidence based on in vitro studies is currently
available in this regard and further studies will be needed
to explore the real benefit of these drugs in the clinical
setting.

C Nonintestinal-type adenocarcinoma

Non-ITACs are nonsalivary adenocarcinomas of the
sinonasal area. The WHO has defined non-ITAC as an
adenocarcinoma that arises in the sinonasal tract and
does not show features of salivary gland neoplasia and
does not have an intestinal phenotype—essentially a
diagnosis of exclusion.17,1167 Nonintestinal-type ITACs
are further classified into low-grade and high-grade
non-ITACs. Low-grade non-ITACs must be classified
separately from other nonsalivary adenocarcinomas
because of their favorable prognosis. Low-grade non-ITAC
was described more than 30 years ago, and in the litera-
ture several synonyms have been used such as terminal
tubulus adenocarcinoma, sinonasal tract seromucous
adenocarcinoma, and sinonasal tubulopapillary low-grade
adenocarcinoma.1168–1170 Rare cases may histologically
resemble metastatic renal carcinoma and these cases are
designated as sinonasal renal cell-like adenocarcinoma
(RCLAD).1171 As a matter of fact, under the umbrella
of non-ITAC several different histotypes are included.
Some reports also make the association between low-
grade non-ITAC and REAH leading to controversy in
the dividing line between reactive glandular lesions and
adenocarcinomas.1172 In one study, 33% of low-grade
tubular sinonasal adenocarcinomas were found in asso-
ciation with REAHs.1173 Similarly, high-grade non-ITAC
probably does not represent a single distinct entity but is
rather a collection of several different adenocarcinoma
types.1171

1 Clinical presentation, epidemiology, risk
factors

In low-grade non-ITAC, males and females are equally
affected.1174 The average age at diagnosis is 48 years but
with a wide range from childhood until elderly.1172,1175
Patients with high-grade adenocarcinoma are more
likely to be older and male than those with low-grade
tumors.1176,1177 Low-grade non-ITACs have a predilec-
tion for the nasal cavity (38.2%), but also occur in the
maxillary (30.5%) and ethmoid sinuses (18.9%).1172,1178 In
high-grade non-ITAC, approximately one third involve
the nasal cavity only and often these tumors present
at advanced stages, so it is not possible to identify a
clear site of origin.1175 In contrast to ITAC, there are
no established risk factors for the development of low-
grade and high-grade non-ITAC.1172 Only rarely have
high-grade non-ITACs been associated with high-risk
HPV.1179
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208 KUAN et al.

2 Histopathology

Non-ITAC morphologically displays neither features of
intestinal-type nor salivary-type adenocarcinoma. The his-
togenesis and the origin of low-grade non-ITAC are still
debated. Two sites of origin of non-ITAC are proposed: the
surface epithelium or the submucosal glands.1176,1180,1181
Low-grade non-ITACs exhibit typically an exophytic or
papillary growth and have tubulo-glandular, papillary, and
microcystic patterns. Most of the low-grade non-ITACs
are considerably less pleomorphic than ITACs. The glands
are closely packed with minimal stroma and no basal
layer. They are composed of cuboidal to columnar cells
with only focal mild atypia. PNI and necrosis are typi-
cally not present.1171,1172 This is in contrast to high-grade
non-ITACs that are histologically very heterogeneous on
both the architectural and cytological levels. Common fea-
tures of high-grade non-ITAC are cellular pleomorphism,
brisk mitotic activity, necrosis, and infiltrating growth.1171
These features are currently the most distinguishing char-
acteristics between high-grade and low-grade non-ITAC.
However, it must be emphasized that definitive crite-
ria are lacking.1156,1182 Indeed, low-grade and high-grade
are diagnosed according to mitoses, necrosis, and cell
pleomorphism, but no clear definitions are given in the
literature.

3 IHC and molecular profiling

Low-grade non-ITACs have a high expression of CK7,
exhibit a focal expression of S100, DOG1, and SOX10, and
can be positive for MUC1, MUC4, andMUC5ac.1180,1183–1186
SOX-10 and DOG-1 immunoreactivity have been noted in
a subset, suggesting seromucinous differentiation.1180 Typ-
ically there is no expression of CK20, CDX2, MUC2, and
MUC6.1187 Due to the lack of basal cells in low-grade non-
ITAC, there is an absence of p63 or 34BE12 staining.1172
Diffuse expression of CK7 is seen in 43% of high-grade
non-ITACs.1175 Rare cases express seromucinous mark-
ers (SOX-10, DOG1).1180 p16 positivity has been described
in the few cases associated with high-risk HPV.1175 The
absence of SATB2 in non-ITAC is able to differentiate ITAC
from non-ITACwith a high specificity.1181 A secondmolec-
ular marker differentiating non-ITAC from ITAC is OTX
type 1 gene where OTX1 mRNA was identified only in
non-ITAC.1188,1189 At the time of writing, no significant
data regarding molecular profiling have been published

on high-grade non-ITAC. Table XXII.B.1 summarizes the
above studies and findings.

4 Renal cell-like adenocarcinoma

RCLADs are rare, low-grade, malignant tumors, histologi-
cally composed by glandular and follicular areas in various
proportion. These tumors present a female-to-male ratio
of 2:1, with a wide range of age of presentation. Most
tumors arise in the nasal cavity and symptoms are usually
nonspecific (e.g., epistaxis, nasal obstruction).1190 From
a histological standpoint, neoplastic cells are uniform,
cuboidal to polyhedral,with abundant clear to eosinophilic
cytoplasm.1191 Mitoses are rare, while necrosis and PNI are
absent. There is a strong positivity for CK7, EMA, SOX10,
and S100. There is absent CAIX and PAX8 immunoreac-
tivity. Seromucinous gland markers (SOX10 and S100) are
present, and these features are shared with most cases
of low-grade non-ITAC, thus justifying the inclusion of
this tumor in the non-ITAC group. Typically, on MRI,
these tumors enhance avidly, like renal cell carcinoma.1192
Definitive diagnosis always requires the exclusion of a
renal clear cell carcinoma, clinically and/or radiologically.

5 Role of surgery

No standardized treatment or well-established guidelines
concerning sinonasal non-ITAC are available throughout
the literature. Endoscopic transnasal resection, especially
when negative postoperative margins can be achieved,
remains the treatment of choice. When it follows an opti-
mal preoperative imaging protocol and is carried out by
an experienced surgical team, it can significantly reduce
length of hospitalization.261 Treatment modalities includ-
ing surgery have been associatedwithhigher survival rates,
whether followed by adjuvant RT or not.53
Open and endoscopic approaches should not be con-

sidered as divergent, since regardless of the approach,
negative resectionmargins are their common goal. Extrap-
olated data from studies that do not discriminate between
ITAC and non-ITAC patients suggest that there is no statis-
tically significant difference between endoscopic and open
surgical approaches inOS.1158 CFR is indicatedwhen endo-
scopic transnasal resection cannot provide adequate access
to the tumor circumference; however, it may be associated
with increased morbidity.174
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ICAR SINONASAL TUMORS 209

TABLE XX I I . B . 1 Evidence surrounding relevant immunohistochemistry markers for non-ITAC.

Study Year LOE Study design Study groups Biomarkers Conclusion
Yue et al.1174 2021 4 Retrospective

case series
17 non-ITACs CK7, CDX2, P63,

calponin,
S100, SOX10

CK7+, CDX2–, P63-, calponin–,
S100 focal expression, SOX10+

Baneckova
et al.1184

2020 4 Retrospective
case series

Nine low-grade
non-ITACs

CK7, MUC4,
SOX10, MUC1,
S100,
MUC5ac,
SATB2, CK20,
CDX2, MUC2,
MUC6, p63

Low-grade non-ITAC are (1) CK7,
MUC4, SOX10, MUC1, S100,
MUC5ac, and SATB2 positive; (2)
CK20, CDX2, MUC2, and MUC6
p63 all negative

Taverna et al.1186 2019 4 Retrospective
case series

51 ITACs: four
non-ITACs, and 11
salivary gland-type
carcinomas

MUC 1, 2, 4,
5AC, 6

MUC1 more expressed ITACs than
non-ITACs MUC2 only in ITACs.
MUC4 and MUC5AC were
similarly expressed

Pirrone et al.1189 2017 4 Retrospective
case series

Five non-ITACs OTX1, OTX2 OTX1 only in non-ITAC

Purgina
et al.1180

2014 4 Retrospective
case series

23 non-ITACs, 17
ITACs, and five
SSHs

CK20, CDX2,
CK7, S100,
DOG1, SOX10

Negative CK20 and CDX2, and
positive for CK7, but SSH and
some non-ITAC have focal, S100,
DOG1, and SOX10

Tilson et al.1187 2013 4 Retrospective
case series

Six non-ITACs CDX-2, CK20 CDX-2 and CK20 negative in
non-ITAC

Jo et al.1173 2009 4 Retrospective
case series

29 low-grade non
ITACs

CK7, CK20,
S100, MUC2,
CDX2

CK7+, CK20–, MUC2-, CDX2–

Resto et al.1185 2006 4 Retrospective
case series

Four cases of
non-ITACs

CK7, CK20,
Muc2, MUC5

ITAC: CK7+, CK20+, MUC2+
phenotype non-ITAC: CK7+,
CK20–, MUC2– phenotype

Franchi et al.
et al.1156

2014 4 Retrospective
case series

Four cases of
tubulopapillary
low-grade
non-ITACs

CDX2, CK7,
CK20

CDX2–, CK7+, CK20–

Choi1183 2003 4 Retrospective
case series

Five cases of
non-ITACs

CK7, CK20,
CK14, CK19,
AE 1–3,
CAM5.2

Non-ITAC tumors exclusively
CK7+

Skalova et al.1181 2018 4 Retrospective
case series

Six low-grade
tubulopapillary ACs

CK14, CK19,
CEA, S100,
CD10, GFAP,
p63, CD57,
HER2/neu
oncoprotein,
GFAP, alfa
SMA

AE1–3, CAM5.2

CK14 and CK19 restricted
expression, AE1–3, CAM5.2
strong expression, S100 positive

Abbreviation: ITAC, intestinal-type adenocarcinoma.
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Role of surgery in non-ITAC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4: four studies)

Benefit Surgical resection, either endoscopic or open
approach, with negative margins may be
associated with improved OS and DSS.

Harm Procedural related, depending on the approach.
Cost Cost comparison analyses have not been

undertaken.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Surgical resection with negative margins is
beneficial to improve OS and DSS.

Policy level Recommendation.
Intervention Endoscopic transnasal resection with goal of

negative margins is the primary treatment of
choice for non-ITAC. Due to increased
morbidity, open (craniofacial) resection
should be considered when negative
postoperative margins cannot be achieved
otherwise.

6 Role of chemoradiation therapy

Some studies suggest that postoperative RT should be
considered regardless of tumor grade or stage.1193 Other
authors emphasize the effectiveness of surgery alone for
T1–T2/G1 tumors.1150,1194 Adjuvant RT is usually reserved
for high-grade and/or advanced-stage tumors, since adju-
vant RT is associated with more favorable prognosis in
such tumors.1178 However, larger studies designed to evalu-
ate the role of RT are required. There are no data on the use
of neoadjuvant RT in the treatment of sinonasal non-ITAC.
The role of chemotherapy in treatment of non-ITAC

is mainly in the palliative setting.1195 IC with a regimen
of cisplatin, fluorouracil, and leucovorin has shown good
results in advanced tumors, where a functional p53 pro-
tein is present; unfortunately, this is not the case for most
(85%) non-ITAC patients.101,1195 Data on topical application
of chemotherapeutic agents have existed since 1970, but
not specifically for non-ITAC groups. There are no data
on the use of immunotherapy or hormonal therapy in the
management of non-ITAC. TableXXII.B.2 contains data on
the management of non-ITACs.

Role of adjuvant therapy in non-ITAC

Aggregate grade
of evidence

C for both RT and chemotherapy
• Level 3: two studies (RT)
• Level 3: two studies (chemotherapy)

(Continued)

Benefit There is some evidence that adjuvant RT
improves DSS of non-ITAC patients,
especially for high-grade tumors. No strong
data on chemotherapy outside the
palliative setting are available, except in the
presence of functional p53 protein.

Harm Possible side effects of RT include mucositis,
nasal discharge, ORN/osteomyelitis, and
hyposmia.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms (RT).
No strong evidence (chemotherapy).

Value
judgments

Adjuvant RT should be considered to improve
DSS of non-ITAC patients. The role of
chemotherapy is not established in the
management of non-ITAC patients except
in presence of functional p53 protein and as
part of topical treatment.

Policy level Recommendation for adjuvant RT.
Option for adjuvant chemotherapy.

Intervention Adjuvant RT should be considered for all
patients with high-grade and/or
advanced-stage non-ITAC. Concerning
low-grade tumors, the potential benefit
should be weighed against the side effects.
The role of chemotherapy is established in
cases of a functional p53 protein or for
palliative therapy.

7 Recurrence and survival

Adenocarcinomas, even low-grade, have shown a ten-
dency to recur. However, the pleiomorphism of mor-
phologic patterns of such lesions does not allow for
safe conclusions or solid qualitative analyses.1173 Lesions
without salivary gland features have not been shown to
metastasize.1173 As with most sinonasal malignant tumors,
high grade, advanced stage, and positive surgical margins
seem to be independent negative prognostic factors.363
Very little survival data coming from small series or

short-term follow-up are available. Five-year OS of non-
ITAC groups of patients varies from 58% to 95.2%.363,1159
Chen et al. determined a 5-year DSS rate of 71.2% for
non-ITAC patients, which is not statistically significantly
different from ITACpatients, something that has been sup-
ported by other authors as well.1178,1196 On the contrary,
Meccariello et al. associated non-ITAC histology with a
less favorable prognosis.259 However, this is probably the
result of different case mix of high- and low-grade tumors
within the non-ITAC groups. Concerning tumor grade,
prognosis of high-grade non-ITAC is poor.1177 Sphenoid
sinus invasion has also been shown to reduce survival,
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ICAR SINONASAL TUMORS 211

TABLE XX I I . B . 2 Evidence on treatment modalities for non-ITAC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Surgery
Meccariello
et al.259

2015 2 Systematic
review and
meta-
analysis

1826 patients
encompassing 39
articles; 1005 with
histology
information

865 ITAC (140
non-ITACs)

Evaluation of
safety and
effectiveness
of endoscopic
management

of sinonasal ade-
nocarcinomas

ER is a safe
and effective treatment modality for
adenocarcinomas

Vergez et al.261 2012 3 Retrospective
cohort

48 patients with
adenocarcinomas,
24 underwent CFR
and 24 underwent
ER

1. LRC
2. OS
3. Disease-free

rates

Reduced duration of hospitalization
for ER group, oncological
outcomes, and early morbidity
comparable between two groups

Ganly et al.174 2005 3 Retrospective
cohort

334 patients, 107 with
adenocarcinoma

1. Postoperative
mortality

2. Postoperative
complica-
tions

3. DSS
4. OS
5. RFS

Overall mortality of 4.5% and
complication rate of 33% for CFR

Kiliç et al.53 2018 4 Retrospective
database
review
(SEER)

746 patients, 464 of
whom with
non-ITAC between
1973 and 2013

DSS 1. Highest DSS was in surgery-only
patients

2. Treatment modalities that
included surgery had higher
survival rates than those that did
not

Turri-Zanoni
et al.1150

2015 4 Retrospective
case–control
study

61 adenocarcinoma
T1–2 patients, 57
ITAC—four
non-ITAC, 33
surgery alone—28
surgery + RT

1. OS
2. RFS

ER could be used as a single
treatment modality for primary
early-stage low-grade sinonasal
adenocarcinoma

Bhayani
et al.1158

2014 4 Retrospective
case series

66 patients, 31 of
whom had
non-ITAC

OS ER not associated with adverse
outcomes

Nicolai et al.1194 2007 4 Retrospective
case series

12 patients with
adenocarcinoma
underwent ER

1. DSS
2. DFS

ER for T1–2 lesions offers an
alternative to external procedures

Radiotherapy
Chen et al.1178 2015 3 Retrospective

cohort
325 patients, 300 of
whom had
non-ITAC

DSS Compared with RT alone, surgery
and surgery with adjuvant RT
were associated with improved
DSS

Bogaerts
et al.1193

2008 3 Retrospective
cohort

44 patients with
adenocarcinoma
treated with
surgery + RT

1. OS
2. DSS
3. Local control

rate

ER followed by RT gives
comparable oncological results to
those of standard external
approaches

(Continues)
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TABLE XXI I . B . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Chemotherapy
Choussy
et al.1196

2008 3 Multicenter
retrospective
cohort

418 patients with
ethmoid
adenocarcinoma,
divided into two
groups: ITAC and
poorly differentiated
carcinoma (n = 248)
versus
well-differentiated
carcinoma (n = 107).
215 recurrencies. 66
received chemo as
part of the treatment
for first recurrence

Determination of
risk factors
and evaluation
of treatment

Chemotherapy considered in
advance cases

Knegt et al.128 2001 3 Prospective
cohort

62 adenocarcinoma
patients (eight
excluded) treated
with surgery—no
distinction between
ITAC/non-ITAC

1. DFS
2. Local

relapse-free
survival

3. Distant
relapse-free
survival

Surgical debulking plus repeated
topical fluorouracil therapy,
preferable over CFR for
adenocarcinomas

Abbreviations: CFR, craniofacial resection; DFS, disease-free survival; DSS, disease-specific survival; EEA, endoscopic endonasal approach; ITAC, intestinal-type
adenocarcinoma; LRFS, locoregional failure/recurrence-free survival; OS, overall survival; RFS, recurrence-free survival.

although not specifically for the non-ITAC subtype.1158
Kiliç et al. reported that tumors originating at the nasal cav-
ity had the greatest DSS.53 These findings are summarized
in Table XXII.B.3.
Aggregate grade of evidence: C (Level 2: one study;

Level 3: six studies; Level 4: five studies)

D Adenoid cystic carcinoma

Sinonasal ACC is a salivary gland tumor that originates
from the nasal cavity and paranasal sinuses. It comprises
10%–25% of all cases of ACC of the head and neck.1198 The
most common site of origin is themaxillary sinus, followed
by the nasal cavity, which together contribute tomore than
60% of sinonasal ACC cases.75,77,79,376,1198 Most patients
(50%–80%) present with advanced-stage disease (T3–4) at
the time of diagnosis,with high rates of PNI, bone invasion,
and ASB involvement.75,77,376,398,1198,1199 Surgical resection
is considered the main treatment, as patients undergoing
surgery have better survival. This is commonly followed by
RT.79,376 For unresectable cases, RT combinedwith orwith-
out chemotherapy is usually recommended.79 The 5-year
OS is reported to range between 56% and 78%.75,79,398,1200
However, sinonasal ACC is associated with high rates of
local recurrence (up to 60%) and distant metastasis, even

compared to other malignant tumors of the paranasal
sinuses.77,79,398,1201–1203 Hence, obtaining local control is
a major concern when planning the treatment goal for
patients with sinonasal ACC.
Due to the rarity of ACC, there are no clear guidelines

available for management of these patients, especially in
the sinonasal area. This section aims to review the evi-
dence regarding the importance of total gross resection,
achieving negative surgical margins, and the role of adju-
vant radiotherapy in disease control. It also serves as an
update to ICSB 2019 (Section VIII.D).5,777

1 Role and extent of surgery

It is widely accepted that surgical resection of sinonasal
ACC significantly improves survival compared to RT or
chemotherapy.79,376,1200,1203 However, the extent of the
resection and importance of achieving clear margins is
poorly defined. Given the adjacent vital structures, the
extent of surgery is particularly important. Ameta-analysis
with 99 patients with sinonasal ACC in 2013 revealed
that invasion to adjacent structures including the orbit,
dura, cavernous sinus, brain, muscles, or skin is com-
mon (81% of patients) and must be considered in surgical
planning.75 Sinonasal ACCs typically present as advanced-
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ICAR SINONASAL TUMORS 213

TABLE XX I I . B . 3 Evidence on survival in non-ITAC patients.

Study Year LOE Study design Study groups
Clinical
endpoint Conclusion

Meccariello
et al.259

2015 2 Systematic
review and
meta-
analysis

1826 patients; 1005
with histology
information

865 ITAC (140
non-ITAC)

Evaluation of
safety and
effectiveness
of endoscopic
management

of sinonasal ade-
nocarcinomas

Non-ITAC histology associated with
less favorable prognosis

König et al.1197 2019 3 Population-
based
consecutive
prospective
cohort

20 patients with AC,
seven of whom with
non-ITAC (four
low-grade, three
high-grade),
follow-up 100%,
median follow-up
time 89 months for
entire cohort

Evaluation of
outcomes

for patients with
AC

2-year cumulative survival 100%,
5-year 83%, and 10-year 83% for
non-ITAC group

Chen et al.1178 2015 3 Retrospective
cohort

325 patients, 300 of
whom had
non-ITAC

DSS 1. 5-year DSS rate of 71.2% for
non-ITAC patients

2. No significant difference in
terms of survival between ITAC
and non-ITAC subtypes

3. Surgery alone or adjuvant RT,
associated with more favorable
prognosis

Choussy
et al.1196

2008 3 Multicenter
retrospective
cohort

418 patients with
ethmoid
adenocarcinoma,
divided into two
groups: ITAC and
poorly differentiated
carcinoma (n = 248)
versus
well-differentiated
carcinoma (n = 107)

Determination of
risk factors
and evaluation
of treatment

No significant difference in terms of
survival between low- and
high-grade tumors

Yue et al.1174 2021 4 Retrospective
case series

Study group: 17
patients with
low-grade non-ITAC

Control group: 10
patients with CRS
involving the
turbinates

Clinicopathological
and immuno-
histochemical
features of the
tumors

14 out of 17 patients had no
recurrence for a median of
60 months after diagnosis

Bignami et al.363 2018 4 Retrospective
case series

22 patients with
non-ITAC

Outcomes and
prognostic
factors

of sinonasal
nonsalivary
non-ITAC

1. Non-ITAC 5-year OS of
95.2% ± 4.7%

2. High grade, high pT4 stage, and
positive surgical margins are
independent negative prognostic
factors

Kiliç et al.53 2018 4 Retrospective
database
review
(SEER)

746 patients, 464 of
whom with
non-ITAC between
1973 and 2013

DSS 1. 5-year DSS 63.7%, 10-year DSS
57.9%, and 20-year DSS 48.3% for
non-ITAC combined group

2. Improved survival for ITAC
compared to adenocarcinoma
not otherwise specified,
specifically

(Continues)
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214 KUAN et al.

TABLE XXI I . B . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoint Conclusion

Bhayani
et al.1158

2014 4 Retrospective
case series

66 patients, 31 of
whom had
non-ITAC

Outcomes of
endoscopic
resection

5-year OS of 65.9% for non-ITAC
patients

Huber et al.263 2011 4 Retrospective
case series

20 patients with AC,
five of whom had
non-ITAC

1. RFS
2. DSS

Three patients died of disease (two
high-grade, one low-grade), two
patients alive without disease

Jo et al.1173 2009 4 Retrospective
case series

29 cases of low-grade
non-ITAC

Association of
low-grade
tubular
sinonasal ade-
nocarcinomas

with respiratory
epithelial
adenomatoid
hamartomas

16 patients with follow-up
information (median 16 months),
none with recurrent disease

Orvidas et al.1159 2005 4 Retrospective
case series

24 patients, 14 of
whom had
non-ITAC

Histologic
characteristics
and outcomes

1. 5-year OS of 58%
2. Patients with high-grade tumors

5.4 times more likely to die than
patients with low-grade tumors

Neto et al.1169 2003 4 Retrospective
case series

12 patients with
seromucous
adenocarcinomas

Clinical find-
ings/pathologic
fea-
tures/histologic
differential
diagnosis

11 patients alive with no evidence of
disease 36–108 months after
diagnosis, one dead of other
reasons

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; ITAC, intestinal-type adenocarcinoma; OS, overall survival; RFS, recurrence-free survival;
RT, radiation therapy.

stage tumors in the majority of cases and, regardless of
surgical technique, the rate of microscopic or gross pos-
itive margins is very high. In older studies, the surgical
strategy for sinonasal ACC was an open approach with
aggressive resection using wide margins to obtain total
resection of the tumor. RT as the sole treatment was usu-
ally reserved for unresectable tumors.377,1198,1203,1204 In a
series of 35 patients by Rhee et al., surgical treatment was
directed by subsite in the paranasal sinuses and included
medial maxillectomy, subtotal maxillectomy, CFR for skull
base involvement, or orbital exenteration for periorbital
involvement.1198 Nasopharynx tumors were considered
surgically unresectable. The reported 5-year OS and DFS
were 86% and 51%, respectively, with 30% local recurrence
rate and 25% distant metastasis rate. Time to local recur-
rence was 51 ± 64 months after treatment, and time to
distant metastasis was 37 ± 33 months.1198 Pitman et al.
reported on a series of 35 patients treated with open CFR
and adjuvant RT for treatment of sinonasal ACC.1204 They
performed GTR, except for where tumor abutted major
neurovascular structures. In these cases, they tolerated
positive margins. Overall, 46% had microscopic positive
margins. With a 71% overall recurrence and 36% local

recurrence, analysis failed to reveal PNI, margin status, or
tumor grade as predictors of survival despite an aggres-
sive treatment strategy. Only 25% of recurrences survived
longer than 24 months with salvage treatment. Given the
high recurrence rate despite relatively high local control
rate (65%), they considered treatment of sinonasal ACC
palliative and recommended avoiding major morbidity
during treatment.
While complete surgical resection with negative mar-

gins is often not feasible due to advanced disease at pre-
sentation and anatomic restrictions, other reports suggest a
significant effect of achieving negative margins on the sur-
vival of patients. An analysis of 51 patients prospectively
followed with ACC of the skull base revealed a signifi-
cant role of achieving negative margins at the first surgical
intervention.1205 Even with piecemeal resection, there was
an OS advantage of 20.1 ± 3.3 years compared with
resections that left residual disease, even if microscopic
(10.3 ± 1.6 years, p = 0.035). Notably, microscopic negative
margins demonstrated a survival advantage compared to
any positive margins. The surgical strategy included open
or endoscopic approaches (in more recent cases) with the
aim of achieving total resection without causing major
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ICAR SINONASAL TUMORS 215

morbidity (described as carotid injury, need for bypass,
stroke, fistula, and malocclusions). In a subset analysis
of sinonasal primaries within international ACC consor-
tium data (n = 242 patients), 5-year OS for patients with
negative, close, and positive margins was 74%, 72%, and
41%, respectively, and 5-year DSS rates were 77%, 75%, and
40%, respectively, again emphasizing the impact on sur-
vival when able to achieve negative margins.1206 In the
international consortium study, adjuvant RT was adminis-
tered to 57% of patients with negativemargins and 68% and
78% with close or positive margins, which could obscure
the impact of positive margins. Surgical debulking, which
is typically discouraged in the head and neck, should also
be considered in advanced cases of sinonasal ACC where
the tumor involves critical organs (such as skull base,
nerves, and orbit), and maximal removal of the tumor
should be attempted. The literature does not have signif-
icant data on debulking, but delivery of RT to smaller field
maybe a worthy goal and should be discussed as part of a
multidisciplinary team.
EEA has become a preferred surgical approach for

many cases, with the less aggressive resection aiming to
preserve function and critical anatomy.106,494,1199,1205 EEA
may be associated with shorter hospital stay and reduced
complications.494,1199 In a retrospective study by Volpi
et al. of 34 patients with sinonasal ACC, all underwent
endoscopic resection with intent to cure and to achieve
GTR.106 Due to ASB involvement, five of these patients
had extended endoscopic resection with a transnasal cran-
iotomy. In these patients, the resection of theASB included
the ethmoidal roof and overlying dura from the poste-
rior wall of the frontal sinus to the planum sphenoidale,
and between the medial orbital walls. The defects were
reconstructed with a multilayer technique, using autol-
ogous materials (fascia lata or iliotibial tract). Two out
of the 34 patients underwent endoscopic nasopharyngec-
tomy as well due to nasopharyngeal infiltration. All of the
procedures achieved intraoperative clear surgical margins
unless there was involvement of vital structures prevent-
ing further resection (i.e., vidian nerve at skull base and
maxillary nerve at foramen rotundum). Eventually, all
patients had GTR, but seven had positive surgical mar-
gins on histological examination. The 5- and 10-year OS
were 86.5% and 66.8%, respectively. Positive histological
margins were shown to correlate with worse survival out-
come (p = 0.014) in this cohort even with GTR.106 In a
different cohort of 30 patients with sinonasal ACC under-
going EEA with preservation of key structures (orbital
contents, optic nerves, carotid arteries, motor CNs) per-
formed with removal of PPF contents (vidian, descending
palatine, and infraorbital nerves) if involved, the majority
(86.6%) of the cases were T4 disease and only 44.8% were
described as “traditionally resectable.”1199 The endonasal

approach was supplemented with Caldwell-Luc approach
in three patients or a Denker maxillectomy in two. With
this organ preservation approach, negative margins and
complete resection were achieved in only two patients.
Nineteen patients (63.6%) had GTR with positive margins,
while the remaining nine had STRwith gross positivemar-
gins. No major complications were observed. All patients
were recommended to receive adjuvant RT but two did
not complete and four had missing data. While the mean
follow-up timewas only 3.97 years, this is one of the largest
cohorts describing the outcomes of sinonasal ACC patients
treated with an endoscopic approach. The OS rates at 5
and 10 years were 62.6% and 54.8%, and DFS rates at 5 and
10 years were 58.4% and 12.6%. Local and distant recur-
rence rates at 10 years were 36.8% and 69.5%, respectively.
Margin status was not a factor in survival, but low-grade
tumors did have longer survival.
Cohort studies of sinonasal ACC patients suggest

that the site of origin is a significant factor affecting
prognosis.75,77,79 A multicenter analysis of 99 patients
revealed that in tumors originating from the nasal cavity
or maxillary sinus, 5-year DSS was 83% and 64%, respec-
tively, compared to 25% in patients with tumors originating
from the sphenoid and ethmoid sinuses.75 In another
study of 105 sinonasal ACC patients, the nasal cavity and
sphenoid subsites were associated with best and worst sur-
vival outcomes, respectively.79 An NCDB review of 793
sinonasal ACC patients showed that tumors originating
from the frontal sinus held worse prognosis in a multivari-
ate analysis.376 Other factors limiting the ability to achieve
negativemargins are advanced tumor stage at presentation
in more than 50% of the patients and the high prevalence
of PNI.75,376,398,1198,1199 PNI is identified in most studies, but
reporting varies in the literature. Volpi et al. identified PNI
in 11% of cases, whereas Guazzo et al. found large nerve
invasion in 62% and microinvasion in 97% of cases; Kashi-
wazaki et al. found PNI in 93%.494,106,1199 Mays et al. found
60% large nerve invasion and stated they do not record
small nerve invasion because the finding was considered
ubiquitous.398 The presence of nerve invasion and skip
lesions also calls into question whether negative margins
are truly ever obtained. These factors reflect the complexity
in achieving negative surgical margins and great vari-
ability reported, with histological negative margins being
achieved in only 6%–70% of cases.106,1199,1205 The lowest
rate of positive margins was reported with endoscopic sur-
gical series that also had a majority of lower stage tumors
with 60% from T1–3 disease, and only 30% of patients had
PNI.106 Survival appears improved if gross negative, micro-
scopic positive, or microscopic negative margins can be
attained. In the largest single-institutional series of 160
patients with sinonasal ACC, surgical margins did not
demonstrate a survival difference, but this was considered
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216 KUAN et al.

to be due to the use of RT for advanced tumors and pos-
itive margins.398 Thus, while negative margins are ideal,
close or microscopic margins with restraint around critical
structures appear to provide similar outcomes in the set-
ting of postoperative RT. Accordingly, ICSB 2019 reported
an aggregate grade of evidence of C for primary surgery
with consideration of adjuvant RT on a case-by-case basis.5

Role and extent of surgery in sinonasal ACC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4: 10 studies)

Benefit Surgical resection is superior to any other
modality in terms of local control and
long-term survival.

Harm Damage to vital structures or important
organs (eye, carotid artery, brain, oral
cavity), postoperative complications, and
CN deficits.

Cost No studies directly assessed cost. However,
improved local control implies decreased
future cost in terms of hospitalization,
imaging, systemic therapy, and so forth.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Endoscopic resection is associated with lower
complication rates and improved QOL over
the long term in select cases and is
comparable to open approaches in terms of
survival outcomes. Achieving negative
margins will improve local control as well
as improve OS. There is a high distant
recurrence rate and risk of skip lesions in
PNI. Given the high overall local control
rate, a strategy of GTR and postoperative
RT while preserving function provides
QOL without reduction of survival.

Policy level Recommendation.
Intervention Surgical resection should be attempted as the

first line of treatment when feasible, with
the goal to achieve GTR (with negative
surgical margins whenever possible) while
preserving vital structures.

2 Role of radiation therapy

While there are no RCTs on this topic, postoperative adju-
vant RT is advocated as the standard of care, with emphasis
on those with positive margins (microscopic or macro-
scopic) or advanced disease that infiltrates into adjacent
structures.73,79,1198,1205,1207,1208 In patients with ACC of the
head and neck overall, it has been observed that improved
local control can be achieved with increased RT dose
regardless of margin status, and the subsequent recom-

mendation is for a dose of at least 60 Gy to the tumor
bed.1206,1208–1210
Two retrospective cohorts from the same institution

reviewed the cases of 105 patients with sinonasal ACC
in 2007, and later on 160 patients in 2018, characterizing
prognostic factors and treatment approach.79,398 Over-
all, surgical resection followed by adjuvant treatment
offered the best OS in patients compared to RT or surgery
alone. Surgical patients had improved OS and DFS when
compared with those treated nonsurgically. The surgical
approach varied among open (including radical resection
and orbital exenteration in 7.6% of the patients), endo-
scopic, or combined. Large nerve PNI (40%–65% of the
cases) was associated with higher recurrence rates and
decreased OS.79,398 The extent of resection (STR or GTR
with microscopic positive or negative margins) did not
have any effect on OS or DFS, which might be in part
due to the addition of adjuvant RT. RT was given as IMRT
or proton therapy. RT doses were 66–70 Gy alone or with
concurrent cisplatin chemotherapy for gross residual dis-
ease, 66 Gy for GTR with positive margins, and 60 Gy for
negative margins.398
In several cohortswhere adjuvantRTwas recommended

only for advanced-stage disease or positive margins, but
not for early disease or negative margins, a clear trend
toward better survival rates and better local control existed
in the groups that received RT.79,106,1198,1211 Moreover, a
multicenter study of 32 patients with advanced ACC with
skull base involvement treated with surgical resection and
adjuvant RT (17 originating from the paranasal sinuses)
revealed a high 10-year LRC rate of 88.2% despite an
81.3% rate of positive surgical margins.494 In this study,
the adjuvant RT doses were based on surgical margin sta-
tus. Patients with negative margins received 54–56 Gy in
27–30 fractions, while those with positive margins were
prescribed 63–66 Gy in 30–33 fractions. RT to critical
organs such as brainstem, optic chiasm, and optic nerve
was limited to 54 Gy and spinal cord to 45 Gy.494 Deliv-
ery techniques included three-dimensional conformal RT
until 2008, and IMRT or volumetricmodulated arc therapy
after 2008. Complications following adjuvant RT included
wound breakdown, ORN, and fistula.79,494
One of the challenging aspects in radiation planning of

the skull base is the risk to adjacent critical structures,
which limits the dose of conventional photon radiation
to the tumor region.538,1212,1213 Protons are charged parti-
cles with biological effectiveness like conventional photon
radiation. Due to the Bragg peak, proton beam RT (PBRT)
and carbon ion RT (CIRT) can provide a more precise
dose distribution. This could potentially lead to improved
local control and decreased acute and late toxic effects.1214
Compared with photon-based IMRT, this feature of PBRT
improves the therapeutic ratio by introducing a sharp dose
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ICAR SINONASAL TUMORS 217

gradient between the tumor volume and adjacent critical
OARs.555 Particle beam RT results in a very encourag-
ing local control rate in patients with ACC of the skull
base. The first report of treatment with high-dose PBRT
in ACC patients with skull base extension revealed 5-year
local control rate of 93% and 5-year OS and DFS 77% and
56%, respectively.538 In amore recent retrospective analysis
of intensity-modulated PBRT, CIRT, or combination ther-
apy in 38 patients with sinonasal ACC, of which 94% had
locally advanced disease (T3–4), the 3-year local control
rate was 90% and 3-year OS and PFS were 96% and 80.6%,
respectively.555 Reported treatment toxicities include optic
neuropathy, neurological effects, and xerostomia.538,555
To conclude, postoperative radiation may be delivered

using conventional photon RT (e.g., IMRT) or PBRT.
CIRT has shown promising rates of local control as adju-
vant treatment and also for inoperable cases.568 In most
cases, ACC is radiosensitive but not generally radiocur-
able disease, making RT an ineffective singular treatment
modality.548,1215

Role of adjuvant radiation therapy in sinonasal ACC
Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4:10 studies)

Benefit Postoperative RT improves local control rates
and survival outcomes.

Harm Acute and late toxicities.
Cost No studies directly assessed cost. However,

improved local control implies decreased
future cost in terms of hospitalization,
imaging, systemic therapy, and so forth.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

In patients with adverse features and positive
surgical margins, adjuvant RT effect on
local control is crucial. While RT as the
primary treatment was not extensively
studied and was usually reserved for
unresectable cases, adjuvant RT shows
clear survival benefit and a better local
control trend in all patients, especially with
positive surgical margins.

Policy level Recommendation.
Intervention Adjuvant postoperative RT should be

recommended in all cases, with special
importance in cases of advanced-stage
disease, positive margins, and PNI.

3 Role of chemotherapy

The role of chemotherapy in the treatment of sinonasal
ACC is not well studied, with paucity of cases treated
with chemotherapy. Most commonly, chemotherapy is

reserved for palliation in cases of unresectable tumors
or metastatic disease; chemotherapeutic agents such as
cisplatin, adriamycin, 5-flucouracil, doxorubicin, and car-
boplatin have been proposed mostly for palliation when
tumor resection is difficult or when faced with rapidly
progressing tumor.73,79,377,408,1198 There are no dedicated
prospective studies on chemotherapy for sinonasal ACC.
Table XXII.C.1 summarizes evidence for treatment in
sinonasal ACC.

E Other salivary gland malignancies

1 Mucoepidermoid carcinoma

Sinonasal mucoepidermoid carcinoma (MEC) is rare,
comprising approximately 1.5% of all SNMs.1216 Patients
with sinonasal MEC are mostly middle-aged and
White.411,1217,1218 There is no clear gender predilection.411
Patients usually present with a nasal mass or symptoms
of nasal obstruction. A large proportion of cases originate
in the maxillary sinus (45.6%–52.6%) or nasal cavity
(31.6%–41.0%), which is thought to reflect the proportion
of seromucinous glands present in these areas.411,1217,1218
Many patients present with advanced-stage disease (Stage
3 or 4) (44.8%%–54.5%).411,1217
Surgical resection is the primary treatment of sinonasal

MEC and has been shown to be a significant predictor
of survival.411 In the included studies, 57%–100% of cases
underwent surgical resection.411,1217–1219 Although achiev-
ing negative margins is associated with improved 5-year
OS and median OS when compared to cases of positive
margins, this was not a statistically significant finding
in a retrospective review of 239 cases in the NCDB.411
A significant proportion of patients required preopera-
tive or postoperative RT (10.5%–61.0%).411,1217–1219 In cases
of surgical resection with negative margins, the addi-
tion of postoperative RT has been shown to be associated
with improved survival.411 This association is not present,
however, in cases of positive surgical margins. Chemother-
apy is less utilized in the treatment of sinonasal MEC
(0%–16.3%).411,1217–1219 In two small case series, the rate of
recurrence was found to range from 28.6% to 31.6%.1218,1219
Larger retrospective reviews have found the 5-year OS

of patients with sinonasal MEC to range from 57.0%
to 64.1%.411,1217 Several patient and tumor characteristics
have been identified to influence survival. A review of
the NCDB found that insurance status (specifically Med-
icaid), advanced T stage, and advanced nodal disease were
associated with worse OS.1217 Other factors shown to be
associated with worse OS include patient residence in an
urban or rural area, primary tumor in the sphenoid sinus,
high-grade tumors, and age >70 years.411 In a small case
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218 KUAN et al.

TABLE XXI I . C . 1 Evidence for extent of surgery and adjuvant therapy in sinonasal ACC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Husain et al.73 2013 2 Systematic
review and
meta-
analysis

Compiled data of
sinonasal ACC
patients treated with
different therapeutic
combinations
(n = 88
encompassing 55
studies)

OS Surgery followed by adjuvant RT
was correlated with the highest
survival outcomes

Amit et al.75 2013 3 Systematic
review and
meta-
analysis of
retrospective
case series

Sinonasal ACC
patients treated with
surgical resection
with or without
adjuvant treatment
(n = 520)

1. OS
2. DFS

Negative surgical margins and
tumor origin from nasal cavity or
maxillary sinus are correlated
with improved survival

Lupinetti
et al.79

2007 3 Retrospective
cohort

Sinonasal ACC
patients treated with
primary surgical
excision or RT/CRT
(n = 105)

1. OS
2. DSS
3. Local control

1. Surgery with postoperative RT
provides the best OS and DSS
compared with other treatment
modalities

2. Primary treatment with surgery
as opposed to RT or
chemotherapy significantly
improved survival

Kashiwazaki
et al.1199

2020 4 Retrospective
case series

Endoscopic surgical
resection with
adjuvant RT for
patients with
sinonasal ACC
(n = 30)

1. OS
2. DFS

Organ-preserving EEA with
adjuvant RT for sinonasal ACC
patients with low-grade tumors
has similar OS outcome as open
approach with more aggressive
resection

Guazzo et al.494 2019 4 Retrospective
multicenter
review

Patients with sinonasal
ACC treated
surgically with
endoscopic, open, or
combined approach
followed by
adjuvant RT (n = 32)

1. OS
2. RFS

1. Surgical resection when feasible
is the treatment of choice even
without achieving clear margins

2. Adjuvant therapy improves
survival and local control

Volpi et al.106 2019 4 Retrospective
case series

Endoscopic surgical
resection with or
without adjuvant RT
for patients with
sinonasal ACC
(n = 34)

1. OS
2. DSS
3. RFS

1. Endoscopic approach when
feasible has comparable
outcomes to open approach

2. Negative surgical margins and
adjuvant RT are associated with
improved survival rates

Trope et al.376 2019 4 Retrospective,
NCDB
database
study

Patients with sinonasal
ACC treated with
either surgery, RT,
or chemotherapy
(n = 793)

OS 1. Surgery was the only predictor
for improved OS

2. Frontal sinus primary site,
positive margins, poorly
differentiated or
undifferentiated tumor grade,
and advanced tumor stage were
associated with worse OS

(Continues)
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ICAR SINONASAL TUMORS 219

TABLE XX I I . C . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Unsal et al.1200 2017 4 Retrospective,
population-
based cohort
study

Patients with sinonasal
ACC treated with
either surgery, RT,
or surgery and
adjuvant RT
(n = 694)

DSS Surgical resection associated with
improved DSS.

Michel et al.408 2013 4 Retrospective
case series

Sinonasal ACC
patients treated with
surgical resection
and adjuvant RT or
combination of RT
and chemotherapy
(n = 25)

OS Treatment with surgery and
adjuvant RT is associated with
improved 5-year survival
compared to patients treated by
exclusive RT or concomitant CRT

Rhee et al.1198 2006 4 Retrospective
case series

Sinonasal ACC
patients treated with
surgical resection or
RT/CRT (n = 35)

1. OS
2. Local control

1. Adjuvant RT decreases local
recurrence rates

2. Significant predictors for worse
survival were T stage and distant
metastasis

Wiseman
et al.377

2002 4 Retrospective
case series

Sinonasal ACC
patients treated with
surgical resection or
RT/CRT (n = 35)

1. OS
2. DFS

Negative surgical margins improve
local control rates

Naficy et al.1203 1999 4 Retrospective
case control

Surgical resection with
adjuvant RT versus
RT alone as
treatment for
patients with
sinonasal ACC
(n = 17)

OS Surgery with adjuvant therapy
group had better survival
outcome than RT only, though
this was not significant

Pitman et al.1204 1999 4 Retrospective
case series

Sinonasal ACC
patients treated with
surgery with
adjuvant RT (n = 35)

DFS Local recurrence after surgery is
associated with poor prognosis

Abbreviations: ACC, adenoid cystic carcinoma; CRT, chemoradiation therapy; DFS, disease-free survival; DSS, disease-specific survival; OS, overall survival; RT,
radiation therapy.

series of 19 patients, several factors were identified to be
associated with poorer DSS including high mitotic count,
recurrent disease, high tumor grade, and higher tumor
stage.1218 Modality of treatment and treatment sequence
were not shown to significantly impact survival.1217

2 Acinic cell carcinoma

Acinic cell carcinoma (AciCC) is also a rare, epithelial sali-
vary gland-based malignancy with documented primary
involvement in the paranasal sinuses and nasal cavity. In
2014, Biron et al. published the largest study to date of
sinonasal AciCC by utilizing the SEER database analyz-
ing demographic, tumor characteristic, and survival data
from 18 patients from 1973 to 2009.1220 At the time of that

publication, there had been only 19 prior cases of sinonasal
AciCC reported in the English language literature in the
form of primarily case reports. The mean age of diagno-
sis was 56.2 years, and most patients were White (77.8%).
There was no sex predilection, although 61% of patients
were female when looking at the previous case reports.
All tumors from the Biron et al. study were classified as
either T1 or T2 stage, with no cases with nodal or dis-
tant metastases. All tumors were histologically noted to be
low grade. The most common subsite identified was the
nasal cavity (50%), followed by the ethmoid sinus (22.2%),
accessory sinus not otherwise specified (16.6%), maxillary
sinus (5.6%), and overlapping lesions of the ethmoid and
maxillary sinus (5.6%).
Surgical intervention was the primary offered treatment

in 81.3% of cases with 18.7% also undergoing adjuvant RT.
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220 KUAN et al.

TABLE XXI I .D. 1 Evidence for management of sinonasal mucoepidermoid and acinic cell carcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Auger et al.411 2020 4 Retrospective
database
analysis
(NCDB)

Cases of sinonasal
MEC (n = 239)

OS 1. Achieving negative surgical
margins is associated with
improved OS, although this is
not statistically significant

2. In this group, adjuvant RT is
associated with improved
survival

Triantafillou
et al.1217

2019 4 Retrospective
database
analysis
(NCDB)

Cases of sinonasal
MEC (n = 164)

OS 1. Insurance status, advanced T
stage, and nodal stage were
associated with worse OS

2. Treatment modality and
sequence were not associated
with survival

Biron et al.1220 2014 4 Retrospective
case–control
analysis of
the SEER
database

Matched cohorts of
cases of parotid
gland AciCC and
sinonasal AciCC
(n = 18)

5- and 10-year:

1. OS
2. DSS

DSS of sinonasal AciCC did not
significantly differ from parotid
AciCC.

Wolfish et al.1218 2011 4 Retrospective
case series

Cases of sinonasal
MEC (n = 19)

DSS Large tumor size, high mitotic
count, mixed anatomic site, high
tumor grade, and higher stage are
associated with worse DSS

da Cruz Perez
et al.1219

2006 4 Retrospective
case series

Comparison of cases of
maxillary sinus
MEC (n = 7) and
ACC (n = 18)

DSS Patients with MEC had improved
OS compared to those with ACC

Bhattacharyya1216 2003 4 Retrospective
case–control
analysis of
the SEER
database

Comparison of cases of
maxillary sinus
non-SCC versus
SCC (n = 188)

OS 1. Cases of non-SCC carcinoma
had worse OS

2. MEC cases had median OS of
53 months

Abbreviations: ACC, adenoid cystic carcinoma; AciCC, acinic cell carcinoma; DSS, disease-specific survival; MEC, mucoepidermoid carcinoma; NCDB, National
Cancer DataBase; OS, overall survival.

The 5-and 10-year OS was noted to 82.1% and 52.3% and
the DSS was 100% and 88.9%, respectively. Biron et al.
also performed a grouped analysis of the previously doc-
umented cases in the literature and found an estimated
10-year RFS of 92.9%. Table XXII.D.1 summarizes evidence
for management of sinonasal MEC and AciCC.

XXIII SINONASAL SARCOMA

A Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is overall a rare primary
tumor. It is more common in the pediatric population,
representing 7% of childhood cancers, and it is the most
common extracranial soft tissue tumor of children.1221 In
contrast, RMS represents 1% of adult malignancies. Nine-

teen percent of these occur in the head andneck, compared
to 40% of pediatric RMS.1222 Different subtypes of RMS
have been recognized, with new subtypes added over time.
In the 5th edition of the WHO classification of soft tis-
sue tumors there are four recognized subtypes: embryonal,
alveolar, sclerosing/spindle cell, and pleomorphic.17 Scle-
rosing RMS is exceedingly rare, and pleomorphic RMS is
generally treated like a non-RMS soft tissue sarcoma. Fur-
ther subtypes have been described based on specific gene
fusions.1223 The embryonal subtype is the most common
subtype. It usually occurs in children under 5 years old,
although it can arise in adults as well. Botryoid RMS is
considered amorphological subtype of this subtype, which
presents as a polyp and has a better prognosis. Alveolar is
the most undifferentiated subtype and is more aggressive
than other subtypes. It is most common in adolescents and
young adults.1223
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ICAR SINONASAL TUMORS 221

1 Classification and staging

RMS utilizes unique staging systems that are distinct from
those used for other soft tissue sarcomas. The most com-
monly used are the Intergroup Rhabdomyosarcoma Study
Group (IRSG) systems, which utilize clinicopathologic
stages to categorize patients into prognostic groups.1224,1225
For head and neck RMS, consideration is also given to the
specific location of the primary tumor. This is divided into
parameningeal (PM), non-parameningeal (non-PM), and
orbital. PM head and neck sites include the nasal cavity
and paranasal sinuses, as well as the nasopharynx, para-
pharyngeal space, ITF, PPF,middle ear, andmastoid cavity.
Recent studies have suggested that not all subsites within
PM RMS carry similar prognosis and have suggested sub-
dividing favorable and unfavorable PM sites. Unfavorable
PM sites include the paranasal sinuses, ITF, and PPF. The
nasal cavity and non-PM head and neck and orbital RMS,
on the other hand, are generally associated with more
favorable prognosis.
The IRSG defined four clinical risk groups based on

extent of disease and resection in the Intergroup Rhab-
domyosarcoma Study-I (IRS-I) clinical trial1226,1227:

- Clinical Group 1: localized disease without regional
metastases that is completely excised (R0 resection);

- Clinical Group 2: grossly resected tumor with micro-
scopic residual disease (R1 resection) and/or presence of
pathologically positive regional lymph node disease that
is completely resected;

- Clinical Group 3: incompletely resected tumor (R2 resec-
tion) or biopsy with gross residual disease;

- Clinical Group 4: distant metastases.

IRSG has also proposed a pretreatment staging system
based on primary tumor site, tumor size, regional lymph
node status, and metastatic disease.1228 In this staging sys-
tem, sinonasal RMS without distant metastases would fall
into stage 2 or 3 as it is an unfavorable site. Clinical trials
of RMS have utilized combinations of IRSG clinical risk
group, IRSG stage, TNM stage, and size to separate tumors
into specific treatment arms.

2 Role of surgery in pediatric
rhabdomyosarcoma

While there are several clinical trials in RMS, none have
examined the role of surgery as randomization typically
starts after initial surgery or biopsy, and current evidence
is based on retrospective studies (Table XXIII.A.1). These
studies did not show a survival benefit with surgery. Inter-
pretation of this is limited as both studies did not have clear
selection criteria for surgery and were retrospective. In the

study by Siddiqui et al., the timing of surgery (i.e., pri-
mary vs. salvage) was not available in the database review,
further limiting interpretation.1229
Some groups have advocated for primary surgery for

resectable tumors that would result in minimal functional
or cosmetic deficits and against initial aggressive surgical
management.1224,1230 Siddiqui et al. noted a survival dif-
ference according to IRSG group: 85.7%, 80%, 40%, and
24.4% for groups 1–4, respectively (p = 0.047).1229 These
data demonstrate that there is generally favorable OS with
select tumors resected with clear margins (i.e., IRSG group
1), though this was not found to be an independent prog-
nosticator onmultivariate analysis. Furthermore, there are
likely few patients who present with surgically resectable
tumors; in the Siddiqui et al. study, which utilizes the
NCDB database, there were only 13 total IRSG group 1 or
2 patients out of 157 patients total.1229 Clinical trials have
similarly shown that a majority of sinonasal RMS tumors
are IRSG group 3.1225,1226,1231 It is also worth noting that
many of the surgical advances that have allowed for mini-
mally invasive endoscopic approaches may not be possible
in young children due to anatomic limitations.

Role of surgery in pediatric rhabdomyosarcoma

Aggregate grade
of evidence

C (Level 4: three studies)

Benefit Possibility of additional survival benefit with
upfront or salvage surgery.

Harm Risk of surgical complications including
anesthetic risks, blood loss, infection, CSF
leak, and orbital injury. Potential for
significant morbidity and disfigurement for
locally advanced tumors.

Cost Additional cost of surgery and perioperative
care.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Minimally invasive endoscopic approaches
are limited by pediatric sinonasal anatomy.
Studies do not differentiate between
upfront and salvage surgery.

Policy level Option.
Intervention There is limited evidence to support routine

upfront surgical intervention. May
consider in salvage setting.

3 Role of radiation therapy in pediatric
rhabdomyosarcoma

In clinical trials of pediatric RMS, the majority of para-
meningeal tumors have been treated with RT in combi-
nation with chemotherapy. The timing, dose, and frac-
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222 KUAN et al.

TABLE XXI I I .A . 1 Evidence surrounding role of surgery in pediatric rhabdomyosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Kana et al.1238 2022 4 Retrospective
case series

Five of 12 pediatric
RMS patients
underwent primary
surgery

1. OS
2. Margin status

Four had R0 resection, one
underwent debulking

Two had positive margins

Siddiqui
et al.1229

2019 4 Retrospective
database
study
(NCDB)

CRT (n = 83) versus
CRT + surgery
(n = 48)

OS 1. No OS difference between those
receiving surgery and those who
did not

2. Timing of surgery not specified
Fyrmpas
et al.1230

2009 4 Retrospective
case series

CRT (n = 6) versus
CRT + primary
surgery (n = 8)

OS Patients with sinonasal RMS who
underwent surgery had higher
OS, but this was not statistically
significant

Abbreviations: CRT, chemoradiation therapy; OS, overall survival; RMS, rhabdomyosarcoma.

tionation of RT have differed according to study group
protocol. RT was given to all patients with the exception
of certain patients in MMT-84 and MMT-89 trials who
were very young, had a low risk of meningeal involve-
ment, or had a complete response after chemotherapy. In
a systematic review of these trials, there was significant
survival difference between those who received RT and
those who did not.1225 Additionally, the IRS-IV trial ran-
domized IRSG group 3 parameningeal RMS (PM-RMS)
to conventional and hyperfractionated regimens. There
was no significant survival difference between the two
arms.1226
A single study examined whole-brain irradiation, which

was used according to high-risk PM-RMS features. In the
IRS trials, there was a gradual move away from whole-
brain irradiation. In the early trial period of IRS-II, patients
with cranial nerve palsy, skull base erosion, or intracranial
extension received whole-brain and spine RT. In late IRS-
II and IRS-III trials, whole-spine RT was omitted. Also, in
IRS-III, IRSG groups 1 and 2 had whole-brain RT omitted,
unless there was intracranial extension. In IRS-IV, whole-
brain RT was omitted for all. Raney et al. demonstrated
no survival benefit with the addition of whole-brain RT
for cranial nerve palsies, skull base erosion, or intracranial
extension (Table XXIII.A.2).1224

Role of radiation therapy in pediatric
rhabdomyosarcoma

Aggregate grade
of evidence

B (Level 2: one study, Level 3: three studies)

Benefit Improved survival with use of RT in primary
treatment modality.

(Continued)

Harm Acute and long-term radiation complications.
Risk of secondary malignancy for pediatric
patients.

Cost Additional cost of RT.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Vast majority of sinonasal RMS are higher
risk (IRSG 2 or 3) and unlikely to have
complete tumor clearance with surgery
alone. Failure to show survival benefit with
use of whole-brain radiation despite
hypothetical benefit of reducing local
recurrence.

Policy level Recommendation.
Intervention Primary RT, with or without chemotherapy,

for pediatric sinonasal RMS is first-line
therapy. Whole-brain radiation for
high-risk PM-RMS is not recommended.

4 Role of chemotherapy in pediatric
rhabdomyosarcoma

The body of evidence for treatment of pediatric RMS has
come from large clinical trial groups: initially IRSG, later
Children’s Oncology Group (COG, North America), Coop-
erative Weichteilsarkom Studiengruppe (CWS, Europe),
and International Society of Pediatric OncologyMalignant
Mesenchymal Tumors group (MMT, Europe). These trials
have often used different risk-stratified chemotherapy pro-
tocols according to recurrence risk, and RMS tumors with
similar risk were grouped together into a stage. Staging has
differed between trial groups and has changed over time
within the same trial group. Most often, sinonasal RMS
has been grouped with other PM-RMS or with RMS from
other body sites with a similar histology and IRS group.
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ICAR SINONASAL TUMORS 223

TABLE XX I I I .A . 2 Evidence surrounding role of radiation therapy in pediatric rhabdomyosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Merks et al.1225 2014 2 Systematic
review and
meta-
analysis

10 studies, RT
(n = 1004) versus no
RT (n = 89)

OS 1. 5-year OS 71.4% versus 49.6%
(p < 0.0001)

2. RT as part of initial treatment is
beneficial for PM-RMS

Raney et al.1224 2002 3 Prospective
cohort

Risk-stratified
protocol, all received
local RT

Whole-brain RT
variably
administered for
high-risk meningeal
involvement
(n = 526)

OS 1. 5-year OS 73% for patients
receiving RT

2. 5-year EFS 67%

Raney et al.1228 2002 3 Prospective
cohort

Whole-brain RT versus
no whole-brain RT
in PM-RMS with
high-risk meningeal
involvement
(n = 360)

OS No additional benefit to
whole-brain RT for localized
PM-RMS with CNP, SBE, or ICE

Crist et al.1228 2001 3 Prospective
cohort

Conventional RT
(n = 251) versus
hyperfractionated
RT (n = 239)

OS No difference between conventional
and hyperfractionated RT for
IRSG group 3 RMS

Abbreviations: CNP, cranial nerve palsy; EFS, event-free survival; ICE, intracranial extension;OS, overall survival; RMS, rhabdomyosarcoma;RT, radiation therapy;
SBE, skull base erosion.

Of note, while these are pediatric studies, some trials have
included young adults in their treatmentwith an age cutoff
of 21.
Table XXIII.A.3 outlines the trials and their most rele-

vant findings. Within a single trial, patients may be treated
with the same chemotherapy protocol (i.e., prospective
cohort) or randomized to different chemotherapy proto-
cols (i.e., RCT). Results specific to tumor site are pre-
sented when available, and comparisons are summarized
below:

- VAC versus intensified protocols: two RCTs com-
pared VAC to intensified chemotherapy protocols that
included doxorubicin.1227,1232 These groups included a
majority of PM-RMS and showed no survival benefit
to additional chemotherapy. One RCT compared VAC
to VAC/VTC for intermediate-risk PM-RMS with no
difference in survival.1233

- VAI/VAIA versus CEVAIE: one RCT compared VAI to
an intensified six-drug chemotherapy protocol without
difference in survival.1234 In another RCT, VAIA was
compared to CEVAIE.1231 For PM-RMS tumors, there
was a significant difference in EFS (combined outcome
including recurrence, progression, or death). There was
no difference in OS, and within the entire cohort that

included other sites, there was no significant difference
in EFS and OS.

- VAC versus VAI: one RCT compared VAC to VAI to a
third chemotherapy protocol.1226 There was no signifi-
cant difference in survival between the three regiments.

- Intrathecal chemotherapy: one study reviewed effects of
increased doses of intrathecal chemotherapy for high-
risk PM-RMS. Intrathecal chemotherapy consisted of
methotrexate, hydrocortisone, and cytarabine. It was
administered for patients with cranial nerve palsies,
intracranial extension, or skull base erosion. From 1978
to 1987 (IRS-II and early IRS-III), the dosing proto-
col consisted of 13 courses of intrathecal chemotherapy.
From 1987 to 1991 (IRS-III), the protocol was adjusted by
age and the total duration was decreased to four courses.
After 1991 (IRS-IV), no intrathecal chemotherapy was
administered. When comparing zero to seven to 13 doses
of chemotherapy, there was no difference in OS between
the three groups.1224

In summary, the available evidence shows similar sur-
vival with VAC- or VAI-based chemotherapy protocols.
Intensified chemotherapy protocols have not demon-
strated additional survival benefit. While sinonasal RMS
was represented within PM-RMS, extrapolation should be
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224 KUAN et al.

TABLE XXI I I .A . 3 Evidence surrounding role of chemotherapy in pediatric rhabdomyosarcoma.

Study Year LOE Study Design Study groups
Clinical
endpoints Conclusions

Sparber-Sauer
et al.1231

2022 2 Randomized
controlled
trial

Four-drug (VAIA)
(n = 78) versus
six-drug chemo
(CEVAIE) (n = 75)
in PM-RMS

1. OS
2. EFS
3. Grades 3/4

toxicities

1. Improved EFS for PM-RMS but
no difference in EFS or OS in
entire cohort

2. No difference in grade 3/4
toxicities

Oberlin et al.1234 2012 2 Randomized
controlled
trial

IVA (n = 86) versus
six-drug chemo
(CEVAIE) combo
(n = 83) in PM-RMS

All patients <3 years of
age assigned to
CEVAIE

1. OS
2. EFS
3. Toxicities

1. No difference in survival
between three- and six-drug
regimens

2. Higher rates of grade 3/4
leukopenia, neutropenia,
thrombocytopenia, and
stomatitis in six-drug regimen
cohort including all
nonmetastatic RMSs

Arndt et al.1233 2009 2 Randomized
controlled
trial

VAC (n = 302) versus
VAC/VTC (n = 292)
in intermediate-risk
RMS

OS No overall survival difference
between two chemotherapy
regiments

Crist et al.1226 2001 2 Randomized
controlled
trial

VAC (n = 235) versus
VAI (n = 222) versus
VIE (n = 236) in
RMS, IRS stage 2/3

FFS No difference according to
chemotherapy regiment for
cohort that included IRSG 2 and
3 PM-RMS

Crist et al.1232 1995 2 Randomized
controlled
trial

VAC (n = 58) versus
VACA and cisplatin
(n = 113) versus
VACA, cisplatin, and
etoposide (n = 118)
in RMS IRSG 3

1. OS
2. PFS
3. CR

No difference in CRS or survival
among the three chemotherapy
regiments

Maurer et al.1227 1993 2 Randomized
controlled
trial

Randomized
chemotherapy
protocol

Received VAC or
VACA (n = 144) in
PM-RMS IRSG 3

1. OS
2. CR

1. 5-year OS of 67% in cohort of
PM-RMS patients receiving
chemotherapy

2. 5-year CR: 73%
3. No difference between two

chemotherapy regiments
Koscielniak
et al.1246

2022 3 Prospective
cohort

Risk stratified.
IVA: Standard
(embryonal, N0
PM-RMS).

VAIA ±maintenance:
other higher risk
PM-RMS

(n = 114)

EFS 1. 5-year EFS of 65% for all
PM-RMSs in cohort

2. Different chemotherapy
regiment depending on RMS
type and nodal disease

Arndt et al.1233 2009 3 Prospective
cohort

VAC (n = 101) in
PM-RMS with
intracranial
extension

1. OS
2. FFS

4-year OS of 71% and 4-year FFS of
68% in patients with PM-RMS
with intracranial extension

(Continues)

done cautiously. The majority of patients in these stud-
ies were IRSG 3, meaning they either did not have initial
surgery or had unresectable disease. Additionally, other
studies have shown that not all subsites of PM-RMS carry
similar prognosis and have suggested subdivision into

favorable and unfavorable PM site. Unfavorable PM sites
include paranasal sinus, infratemporal fossa, and PPF,
while nasal cavity is a favorable PM site.1224,1225 Intrathecal
chemotherapy does not appear to confer survival benefit in
high-risk PM-RMS.
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ICAR SINONASAL TUMORS 225

TABLE XX I I I .A . 3 (Continued)

Study Year LOE Study Design Study groups
Clinical
endpoints Conclusions

Stevens et al.1244 2005 3 Prospective
cohort

Group 1: IVA, CEV,
IVE (induction)

RT if less than CR
(n = 27) in PM-RMS,
<3 years of age

Group 2: IVA or
IVA + CEV

All received RT
(n = 85) in PM-RMS,
≥3 years of age

1. OS
2. EFS

1. Group 1: 5-year OS of 59%, 33%
5-year EFS in cohort treated
with induction chemotherapy
protocol

2. Group 2: 5-year OS of 65%, 62%
5-year EFS in cohort treated
with CRT

Raney et al.1224 2002 3 Prospective
cohort

Doses of intrathecal
chemotherapy for
PM-RMS with
meningeal
involvement, zero
doses versus four
versus 13

(n = 360)

OS No OS benefit with administration
of intrathecal chemotherapya

Crist et al.1226 2001 3 Prospective
cohort

Risk stratified
protocol, all received
chemotherapy
(n = 222) in
PM-RMS

FFS No change in FFS from previous
IRS studies for PM-RMS

Koscielniak
et al.1247

1999 3 Prospective
cohort

VAIA, adjuvant
treatment based on
response

All received RT
(n = 51) in PM-RMS
stage 3

EFS 1. 5-year EFS 59%
2. 95% of PM-RMSs were Stage 3

Flamant
et al.1243

1998 3 Prospective
cohort

Low-risk PM-RMS:
Induction IVA then
IVA if PR or DP if
less than PR

High-risk PM-RMS,
>5 years of age:
same as low-risk
except addition of
RT after induction

High-risk PM-RMS,
<5 years of age:
Induction IVA then
IVA if PR or DP if
less than PR

If CR, then continued
chemotherapy. If
less than CR, then
RT (n = 41)b

1. OS
2. EFS

1. 5-year OS of 58% for entire
PM-RMS cohort

2. There were no low-risk
PM-RMSs that were completely
excised and only 22% were
low-risk PM-RMSs

Crist et al.1232 1995 3 Prospective
cohort

Risk stratified
protocol, all received
chemotherapy
(n = 121) in
PM-RMS IRSG 3

PFS 5-year PFS of 69% in cohort of
PM-RMS patients

(Continues)
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226 KUAN et al.

TABLE XXI I I .A . 3 (Continued)

Study Year LOE Study Design Study groups
Clinical
endpoints Conclusions

Koscielniak
et al.1248

1992 3 Prospective
cohort

VACA, adjuvant
treatment based on
response VACA or
VAIA (n = 34) in
PM-RMS IRSG 2
and 3

DFS 1. 5-year DFS 47%
2. 94% of PM-RMSs stage 3

Abbreviations: CEV, carboplatin + epirubicin + vincristine; CEVAIE, carboplatin + epirubicin + vincristine + actinomycin-D + ifosfamide + etoposide; CR,
complete response rate; DFS, disease-free survival; DP, doxorubicin + cisplatin; EFS, event-free survival; FFS, failure- free survival; IVA/VAI, ifosfamide + vin-
cristine + actinomycin D; IVAd, ifosfamide + vincristine + doxorubicin; IVE, ifosfamide + vincristine + etoposide; PFS, progression-free survival; VACA,
vincristine + dactinomycin + cyclophosphamide + doxorubicin; VAIA, vincristine + dactinomycin + ifosfamide + doxorubicin.
aFive-year OS values measured from figure survival curves.
bHigh-risk PM-RMS defined as skull base erosion, cranial nerve palsy, or intracranial extension.

Role of chemotherapy in pediatric rhabdomyosarcoma

Aggregate grade
of evidence

B (Level 2: six studies; Level 3: nine studies)

Benefit Gradual improvement in survival in more
recent studies with VAC or VAI protocol.

Harm Chemotherapy side effects including
pancytopenia and stomatitis. Some studies
show higher rates of grade 3 and 4 toxicities
with more aggressive chemotherapy
regiments.

Cost Cost of chemotherapy administration.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

There are no direct comparisons between
chemotherapy and nonchemotherapy
treatments. Failure to show survival benefit
with addition of intrathecal chemotherapy.

Policy level Recommendation
Intervention Administer VAC- or VAI-based chemotherapy

protocols in treatment of sinonasal RMS.
Intrathecal chemotherapy for sinonasal
RMS is not recommended.

5 Role of surgery in adult
rhabdomyosarcoma

Six studies were identified that included surgery treat-
ment of adult RMS patients. All were retrospective and
included both pediatric and adult patients. In three stud-
ies, there was no difference in outcomes between surgical
and nonsurgical management options.119,1235,1236 The tim-
ing of surgery was not clear, and surgical selection criteria
were not available. Li et al. described their experience in
a primarily adult population.1237 The 5-year OS for this
cohort was 46.5%. Notably, the survival for these patients
is worse than that reported in IRS clinical trials (5-year

OS of 73%).1224 However, more recent data suggest a pos-
sible benefit in DMFS.1238 The survival difference may be
attributable to a higher ratio of adult patients with more
aggressive histology, though this was not analyzed in the
study. One additional study showed complete response
in a limited number of patients who had an R0 surgical
resection (Table XXIII.A.4).

Role of surgery in adult rhabdomyosarcoma

Aggregate grade
of evidence

C (Level 4: six studies)

Benefit Comparable survival between surgical and
nonsurgical approaches.

Harm Risk of surgical complications including
anesthetic risks, blood loss, infection, CSF
leak, and orbital injury. Potential disfiguring
surgery for locally advanced cases.

Cost Additional costs of surgery, perioperative care,
and long-term postoperative care.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Patients treated with upfront surgery or surgery
alone are likely to be highly selected for less
aggressive, resectable tumors. Most studies
do not differentiate between upfront and
salvage surgery.

Policy level Option.
Intervention May consider surgery in highly selected

patients with resectable tumors and in
salvage setting.

6 Role of chemoradiation therapy in adult
rhabdomyosarcoma

Only one study was identified that examined RT con-
trol rates prior to 2005 (pre-IMRT) and after 2005 (IMRT
era) for nonmetastatic head and neck RMS. No patients
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ICAR SINONASAL TUMORS 227

TABLE XX I I I .A . 4 Evidence surrounding role of surgery in adult rhabdomyosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Kana et al.1238 2022 4 Retrospective
cohort

Eight of 17 adult RMS
patients underwent
primary surgery

1. OS
2. Margin status

1. Surgery associated with
improved DMFS

2. Eight of 13 patients had R0
resection

3. Surgical salvage employed for
five patients

Barthere
et al.1249

2020 4 Retrospective
case series

Surgery with R0
resection (n = 5),
adjuvant RT in adult
PM-RMS

1. CR
2. Metastases

CR: 100% and metastases: 20%

Li et al.1237 2019 4 Retrospective
case series

Surgery for resectable
tumor with adjuvant
therapy and possible
salvage surgery in
both adult and
pediatric RMS
(n = 40)

OS 46.5% OS in cohort treated with
upfront surgical approach for
resectable tumors

Unsal et al.119 2017 4 Population-
based
database
study
(SEER)

Chemo alone (n = 21)
versus surgery alone
(n = 25) versus RT
alone (n = 107)
versus surgery and
RT (n = 55)

DSS 1. 5-year DSS: 17.7% versus 50.8%
versus 36.7% versus 35.9%
(p = 0.0595)

2. Surgery alone group had best
survival but not statistically
significant

Thompson
et al.1235

2013 4 Retrospective
case series

CRT (n = 10) versus
CRT + surgery
(n = 6)

1. Recurrence
2. Mortality

No difference in rate of recurrence
or death with surgery in addition
to CRT

Sercarz et al.1236 1994 4 Retrospective
case series

Surgery (n = 1) versus
surgery + RT (n = 3)
versus CRT (n = 10)

1. LRC
2. Distant

control

1. LRC: 0% versus 66% versus
100%; distant control: 100%
versus 33% versus 30%

2. Small single-institution case
series without statistical analysis

Abbreviations: CRT, chemoradiation therapy; DSS, disease-specific survival; LRC, locoregional control; LRFS, locoregional failure/recurrence-free survival; OS,
overall survival; RMS, rhabdomyosarcoma.

with sinonasal RMS underwent surgery. Compared to
the pre-IMRT era, there was a lower locoregional recur-
rence rate with IMRT. In the IMRT group, a single
sinonasal locoregional recurrence was observed in the
study population.1239 Most other studies involved com-
bined CRT modalities.
In general, chemotherapy protocols for adult sinonasal

RMS have been adapted from pediatric clinical trial pro-
tocols (i.e., vincristine based). Chemotherapy was most
frequently administered with radiation. Three studies
examined the 5-year OS of adult sinonasal RMS to be
between 20.6% and 31.8%, notably lower than that of pedi-
atric sinonasal RMS.1240–1242 Amajority of patients in these
studies received combined chemotherapy and radiation.
The remaining studies identified were retrospective case
series that examined chemotherapy response or survival
and recurrence outcomes. Analysis of these studies was

limited due to variable chemotherapy protocols, small case
numbers, and short follow-up periods (Table XXIII.A.5).

Role of chemoradiation therapy in adult
rhabdomyosarcoma

Aggregate grade
of evidence

C (Level 4: nine studies)

Benefit Definitive treatment option for local,
regional, and distant disease.

Harm Acute and long-term CRT side effects.
Cost Cost of CRT administration.
Benefits–harm
assessment

Balance of benefits and harms

(Continued)
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228 KUAN et al.

TABLE XXI I I .A . 5 Evidence surrounding role of chemoradiation therapy in adult rhabdomyosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Hahn et al.1239 2022 4 Retrospective
case series

Pre-IMRT (n = 17)
versus IMRT (n = 8)
in head and neck
RMS

1. LRC
2. Distant

control

1. Improved LRC with IMRT
2. No difference in DC

Barthere
et al.1249

2020 4 Retrospective
case series

CRT (n = 25), usually
concurrent,
vincristine-based in
PM-RMS

Response CR: 56%; progressive disease: 20%;
unknown/LTF: 4%

Ding et al.1240 2019 4 Retrospective
case series

CRT (n = 17), Surgery,
chemo, and RT
(n = 7), Other
treatment (n = 3).
Vincristine-based,
56.7% Sinonasal
RMS

1. LRFS
2. DMFS
3. OS

Worse overall survival for RMS
compared to other sarcomas
20.6% vs. 66.9% (p = 0.001)

Stepan et al.1241 2017 4 Retrospective
database
study
(NCDB)

CRT (n = 90, 49.5%),
surgery, chemo, and
RT (n = 47, 25.8%),
chemo only (n = 31,
17%), other (n = 14,
7.7%) in sinonasal
RMS. Chemo
regiment not
specified.

OS 1. 5-year OS 28.4%; survival varied
by RMS subtype and age of
patient

2. Variable treatment according to
clinical factors (e.g., metastases,
intracranial involvement).

Thompson
et al.1250

2017 4 Retrospective
case series

CRT (n = 38), chemo
only (n = 7), RT only
(n = 4), unknown
(n = 3).

Some received surgical
resection as part of
treatment (n = 16) in
Sinonasal tract
alveolar RMS
Chemo not
specified.

Outcome 1. Alive NED: 18, AWD: 7, Dead
NED: 1, DWD: 26

2. Multimodality therapies
involving chemotherapy
regimens should be considered
in sinonasal tract alveolar RMS
due to a high likelihood of local
and distant metastases

Szablewski
et al.1242

2014 4 Retrospective
case series

In entire group
(n = 48; chemo: 75%,
surgery: 68.8%).
Chemo given as
adjuvant,
neoadjuvant, or both
in sinonasal soft
tissue sarcoma (48%
RMS)

OS 1. Worse survival with RMS
compared to other sarcomas

2. Differences in response noted
according to surgical resection

Wagemans
et al.1251

2010 4 Retrospective
case series

First line
chemotherapy
(n = 4) in sinonasal
RMS. One received
partial resection
prior to chemo.
Chemo included
IVAd with/without
etoposide,
ifosfamide, cisplatin

1. CR
2. Mortality

1. PR: 75% and CR: 25%
2. Death: 75% during study

follow-up

(Continues)
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ICAR SINONASAL TUMORS 229

TABLE XX I I I .A . 5 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Montone
et al.1252

2009 4 Retrospective
case series

CRT (n = 10), chemo
not specified in
PM-RMS

Outcome AWD: 30%, NED: 30%, DOD: 20%,
LTF: 20%

Nakhleh
et al.1253

1991 4 Retrospective
case series

Entire group:
No treatment (n = 3),
surgery and chemo
(n = 2), surgery, RT,
and chemo (n = 1).
Chemo not specified
in Sinonasal RMS

Outcome AWD: 33%, DOD: 33%, LTF: 33%

Abbreviations: AWD, alivewith disease; CRT, chemoradiation therapy; DMFS, distantmetastasis-free survival; DOD, died of disease; DWD, diedwith disease; LRC,
locoregional control; LRFS, locoregional failure/recurrence-free survival; LTF, lost to follow-up; NED, no evidence of disease; IVAd, ifosfamide+ vincristine+ dox-
orubicin; OS, overall survival.

Value
judgments

No direct comparison between different
treatment approaches. Low-quality studies
demonstrating response with poor
long-term survival. Protocols for adult RMS
have generally been adapted from pediatric
RMS; however, these tumors have different
biology, and treatment likely has different
side effect profiles.

Policy level Option.
Intervention Further evidence needed to determine role of

specific chemotherapy protocols in adult
RMS. Consider RT for adults with
sinonasal RMS, especially patients with
unresectable disease.

7 Induction chemotherapy for sinonasal
rhabdomyosarcoma

Two trials using induction protocols for PM-RMS were
identified. The MMT-84 and MMT-89 trials effectively
employed induction approaches for young patients. In
MMT-84, patients under 5 years of age with PM-RMS
who achieved CR did not receive local RT.1243 In MMT-89,
patients under 3 years of age with PM-RMS who achieved
CR did not receive local RT.1244
Other trials also employed IC protocols; however, PM-

RMS primaries were not included and instead all received
RT. Merks et al. performed a systematic review of clinical
trials and showed significant benefit with initial RT treat-
ment for PM-RMS (results shown in Table XXIII.A.3).1225
There was one study evaluating induction chemotherapy
in CWS trials, but most PM-RMS were excluded from this
analysis (Table XXIII.A.6).1245

Inductionchemotherapy for sinonasal
rhabdomyosarcoma

Aggregate grade
of evidence

C (Level 3: two studies)

Benefit OS appears to be lower than that of patients
treated with non-induction protocols from
the same studies.

Harm Chemotherapy side effects and additional risk
of tumor progression while receiving
induction.

Cost Cost of chemotherapy administration
unlikely to be significantly different from
non-induction chemotherapy costs.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Treatment with induction chemotherapy may
identify subset of patients who will or will
not benefit from definitive CRT. No direct
comparison of induction to other protocols.

Policy level Option.
Intervention Induction chemotherapy protocols for

sinonasal RMS are an option for bulky and
locally advanced disease.

B Sinonasal chondrosarcoma and
osteosarcoma

Chondrosarcoma and osteosarcoma are malignant mes-
enchymal tumors that originate from cartilage and bone,
respectively. Cases arising from soft tissues have been
rarely reported. As for any nonepithelial malignancy,
defining a tumor of sinonasal origin can be potentially
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230 KUAN et al.

TABLE XXI I I .A . 6 Evidence surrounding induction chemotherapy for sinonasal rhabdomyosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Stevens et al.1244 2005 3 Prospective
cohort

IVA, CEV, IVE, then
evaluation

RT if less than CR
(n = 27) in PM-RMS
<3 years old

1. OS
2. EFS

5-year OS of 59% in cohort treated
with induction chemotherapy
protocol

Flamant
et al.1251

1998 3 Prospective
cohort

Induction IVA × three
courses then IVA if
PR or DP if less than
PR

After six courses, if
CR, then continued
chemo

If less than CR, then
RT (n = 14) in
PM-RMS with
high-risk meningeal
involvement,
<5 years old

1. OS
2. EFS

1. 5-year OS of 50% in cohort
treated with an induction
chemotherapy protocol

2. Planned randomized study
abandoned due to poor
compliance

Abbreviations: CEV, carboplatin + epirubicin + vincristine; IVA/VAI, ifosfamide + vincristine + actinomycin D; EFS, event-free survival; IVE, ifosfamide + vin-
cristine + etoposide; OS, overall survival; RT, radiation therapy.

subjective, with some lesions being clearly centered on
structures of the sinonasal tract (e.g., the nasal septum)
and others located midway between the sinonasal tract
and adjacent anatomical compartments (e.g., the hard
palate/alveolar bone). Since from a clinical standpoint
chondrosarcoma and osteosarcoma of the craniofacial
skeleton exhibit similar challenges irrespective of their
origin, the present review includes both these entities.
Surgery has an undisputed role in themanagement of both
diseases. Locally uncontrolled disease represents the main
cause of cancer-specific mortality for both tumors, which
have the propensity to extend through bones, particularly
in themedullary part, and this emphasizes the importance
of complementing surgery with other modalities. How-
ever, evidence that clearly delineates the indications to
chemotherapy and RT is lacking.
Of note, the current section in ICSNT does not cover

petroclival chondrosarcoma, which is discussed in ICSB
2019 section IX.B.5

1 Chondrosarcoma

Based on the search strategy, seven articles with suffi-
cient information on sinonasal chondrosarcomas were
identified (Table XXIII.B.1).266,1254–1259 Overall, 183 patients
affected by sinonasal chondrosarcoma were included in
these articles. In two studies, chondrosarcomas of the
anterior skull base, nonanterior skull base, and sinonasal
tract were included together; data of cases centered on

the sinonasal tract could not be extracted and were hence
estimated from the full series data. Thus, the overall
denominator is 238 subjects. Most relevant data extracted
from these publications are reported herein and then
discussed in the last section of the paragraph.
Mean age at diagnosis was 45.5 years.Womenweremore

frequently affected (132, 59.3%). Conventional chondrosar-
coma was the most frequent type (182, 76.5%), followed by
mesenchymal (24, 10.1%), myxoid (12, 5.0%), dedifferenti-
ated (3, 1.3%), and clear cell subtype (2, 0.8%). In 15 (6.3%)
cases, the histological subtypewas not reported. Gradewas
not systematically reported. Clear cell and dedifferentiated
subtypes have been reported to be associated with worse
prognosis.1260
The majority of patients received surgery (94.1%).

Among those operated, 2.7% underwent curettage/biopsy,
with the remaining treated with surgery aimed at achiev-
ing a maximal safe resection. The surgical resection was
classified heterogeneously: 21.4% patients received resec-
tion with negative margins, 26.8% GTR with no informa-
tion on microscopic margin status, 6.7% resection with
microscopically involved margins, 20.1% STR with macro-
scopic residual disease, and 8% a “wide resection” with no
details on macroscopic residual disease and margin status.
In 14.3% patients, the surgical procedure was not detailed.
The method of resection is available for 105 patients, of
which 53.3% were operated on endoscopically.
The primary treatment included RT and chemotherapy

in 35.3% and 3.8% patients, respectively. Thirty-six (15.1%)
patients received proton beam RT, whereas the remain-
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ICAR SINONASAL TUMORS 231

TABLE XX I I I . B . 1 Evidence surrounding sinonasal chondrosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Rimmer
et al.1259

2021 4 Retrospective
database
study
(NCDB)

Sinonasal ChSa:
100/736

OS 1. Sinonasal ChS is primarily
treated with surgery and
adjuvant RT

2. PBRT confers higher survival
than conventional RT

3. 1-, 2-, 5-, and 10-year OS: 97.0%,
90.6%, 80.5%, and 74.9%,
respectively

Simon et al.1258 2018 4 Retrospective
case series

Sinonasal ChSa: 13/47§ CSS 1. CSS is not decreased in patients
receiving surgery alone

2. A surgery only strategy could be
considered leaving PBRT for
cases of relapse

3. 5- and 10-year CSS: 95.2%
Vaz-Guimaraes
et al.1257

2017 4 Retrospective
case series

Sinonasal ChSa:
14/35c,§

1. CSS
2. RFS

1. Endoscopic transnasal surgery is
a good option to achieve
maximal safe resection

2. 3-year CSS and RFS: 91.1% and
83.7%

3. 5-year CSS and RFS: 90.5% and
80.8%

Guo et al.266 2013 4 Retrospective
case series

Sinonasal ChSa: 24/24 CSS 1. Early diagnosis and adequate
surgical resection are essential
to ensure satisfactory outcomes

2. Local progression is the main
cause of death

3. 5-year CSS: 83.3%
Prado et al.1256 2009 4 Retrospective

case series
Sinonasal ChSa: 11/16 OS 1. Early diagnosis and adequate

surgical resection are essential
to ensure satisfactory outcomes

2. 5-year OS: 56.4%
Knott et al.1255 2003 4 Retrospective

case series
Sinonasal ChSa: 13/13 1. OS

2. CSS
1. Sinonasal MeC is an aggressive

subtype of ChS, with
predilection for young women

2. MeC mandates for aggressive
surgery and adjuvant therapy

3. 1-year OS and CSS: 81.8%b

4. 3-, 5-, and 10-year OS and CSS:
63.6%b

Gadwal et al.1254 2000 4 Retrospective
case series

Pediatric sinonasal
ChSa: 8/14

1. OS
2. CSS

1. Pediatric craniofacial ChS is
more frequently low-grade and
associated with favorable
prognosis

2. 1-, 3-, 5-, and 10-year OS and
CSS: 100.0%b

Abbreviations: ChS, chondrosarcoma; CSS, chondrosarcoma-specific survival; FS, frozen section;MeC,mesenchymal chondrosarcoma;OS, overall survival; PBRT,
proton beam radiotherapy; RFS, recurrence-free survival; RT, radiation therapy.
aReported as the ratio between patients affected by a sinonasal chondrosarcoma as per the definition reported in Material and Methods and total number of
patients.
bCalculated.
cEstimated based on breakdown by extension.
§Subsequent row values refer to the entire series and single-patient data could not be extracted.
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232 KUAN et al.

ing underwent photon-based RT. One- and 3-year OS and
DSS estimates were in the range of 63.3%–100%. Five- and
10-year OS and DSS survival were in the range of 56.4%–
100%, with five of seven studies reporting estimates >80%
at 5 years. RFSwas 60.7%–83.7% at 3 years and 42.9%–80.8%
at 5 years. Considering the 91 patients with single-patient
data available, 1-, 3-, 5-, and 10-year OS estimates were
92.3%, 81.2%, 75.7%, and 73.0%, respectively. The main
cause of cancer-specific death was local recurrence or pro-
gression with compression of vital structures. Only three
cases (1.3%) of distant metastases were reported. However,
de Souza et al. published a systematic review including
publications on chondrosarcomas of the mandible and
maxilla in the period 1950–2017 and found distant metasta-
sis in 29 of 169 (17.2%) cases.1261 Nodal primary involvement
and nodal recurrence were rare.
Advanced age, large tumor volume, and need for com-

bined surgery were associated with worse prognosis.1257
Proton beam RT was found to significantly increase
PFS.1258 In the analysis of their entire series including also
nonsinonasal, skull base chondrosarcomas, Rimmer et al.
found that proton beam RT was associated with higher OS
compared with photon-based RT.1259
Sinonasal chondrosarcoma mostly affects patients

around their fifth decade of life. Although a predilection
for the female gender was found in this review, other
studies showed a slight male prevalence.1261 Maffucci
syndrome and other enchondromatosis such as the Ollier
disease are predisposing factors.1262 Conventional chon-
drosarcoma is the most frequently represented subtype,
which is further graded from I to III based on histomor-
phology. Mesenchymal and myxoid subtype have been
reported in the sinonasal tract, whereas other subtypes
are extremely rare. Mesenchymal chondrosarcoma, which
harbors the typical HEY1::NCOA2 fusion,1263 is associated
with more aggressive behavior, with a higher propensity to
recur and metastasize.1255 However, mesenchymal chon-
drosarcoma of the craniofacial area shows less aggressive
behavior compared with other anatomical sites.1263
Surgical resection classification is nonhomogenous,

with some studies distinguishing GTR versus STR and
others reporting on margin status. If one considers the
anatomical site, which does not allow for wide-margin
resection around tumor surfaces, the frequent need for
multibloc (with multiple oriented specimens) resection,
the constraints of frozen section on bone, and the propen-
sity of chondrosarcomas to invade the medullary niches
and Haversian system of grossly normal surrounding
bones, defining resection based on margin status may be
unreliable.
Chemotherapy is rarely included in the treatment of

sinonasal chondrosarcoma, mostly in the mesenchymal
and dedifferentiated subtypes. In contrast, one third of

patients received RT. However, the role of adjuvant RT
is debated.1264 While there is evidence that adjuvant RT
improves PFS, its effect on OS is less clear.1258,1265 The dis-
crepancy between PFS and OS may be attributable to the
successful treatment of recurrences or slow progression,
thus justifying reserving RT for cases that are deemed to be
high risk for recurrence (e.g., recurrent tumors, moderate-
to-high-grade tumors, very extensive disease, multiple
neoplastic microscopic foci in the resection bed). Particle
therapy is reported to be more advantageous than pho-
ton RT in sinonasal and skull base chondrosarcoma.1259
Based on the available data, no definite conclusions on
the need for adjuvant RT can be drawn. Thus, postoper-
ative RT should be discussed in a multidisciplinary setting
on a case-by-case basis, taking into consideration factors
such as tumor subtype, grade, completeness of resection,
and salvageability of recurrence, as well as patients age,
comorbidities, and goals of treatment.

2 Osteosarcoma

Nineteen articles with sufficient information on
sinonasal osteosarcomas have been identified
(Table XXIII.B.2).1266–1283 Overall, 310 patients were
included. In 10 studies, osteosarcoma of the superior
craniofacial area and mandible were included together.
In these papers, data of cases centered on the sinonasal
tract could not be extracted and were estimated from
the full-series data. Thus, the overall denominator was
551 subjects. Most relevant data extracted from these
publications are reported herein and then discussed in the
last section of the paragraph.
Mean age at diagnosis was 36.7 years. Males were

more frequently affected (340, 61.7%). Considering the
13 studies specifying previous exposure to radiation, 130
of 459 (28.3%) patients had secondary or “RT-associated”
osteosarcoma. Chondroblastic type was the most fre-
quent (23.8%), followed by conventional “not otherwise
specified” (11.3%), osteoblastic (10.3%), fibroblastic (8.0%),
telangiectatic (1.3%), dedifferentiated (1.1%), and other rare
subtypes. Histologic subtype was not specified in 39.2% of
patients. Tumor gradewas classified as high in 41.2%, inter-
mediate in 4.2%, and low in 12.0% and was not specified in
42.6% cases.
The majority of patients received surgery (95.1%). Of

these, 5.6% had macroscopic residual disease after surgery
(R2). GTR (i.e., non-R2) was achieved in 81.7% patients,
with microscopically negative (R0), “close” (with no met-
ric definition), positive (R1), and not specified margin
status in 51.7%, 1.1%, 17.4%, and 11.4% cases, respectively.
In 5.8% cases, the resection was classified as “incom-
plete” with no specification on the microscopic versus
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ICAR SINONASAL TUMORS 233

TABLE XX I I I . B . 2 Evidence surrounding sinonasal osteosarcoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Low et al.1282 2020 4 Retrospective
case series

Sinonasal OsSa: 14/14 OS 1. Old age and advanced local
extension are associated with
worse prognosis

2. 1-, 3-, 5-, and 10-year OS: 85.1%,d

67.0%,d 47.9%,d and 35.9%,d

respectively
Kontio et al.1281 2019 4 Retrospective

case series
Sinonasal OsSa: 11/20 Recurrence rate 1. Surgery is the mainstay of

treatment in craniofacial OsS
2. Adjuvant RT is indicated in case

of involved/close margins
Bouaoud
et al.1280

2019 4 Retrospective
case series

Sinonasal OsSa: 14/35b RFS 1. Neoadjuvant chemotherapy
confers no benefit in patients
affected by craniofacial
high-grade OsS

2. 3-year RFS: 76%
3. Eight (22.9%) deaths, seven

cancer related
ElKordy
et al.1278

2018 4 Retrospective
case series

Sinonasal OsSa: 6/21b

(5, 2 sinonasal)
1. OS
2. RFS

1. Radiological and pathological
diagnosis alongside with
adequate surgical resection are
the most critical aspects in
craniofacial OsS

2. 5-year OS: 75%–80%c; 5-year
RFS: 50%–60%c; six (28.6%) local
recurrences; one (4.8%) distant
recurrence

Krishnamurthy
and
Palaniappan1279

2018 4 Retrospective
case series

Sinonasal OsSa: 5/14b

(0)
RFS 1. Negative-margin resection and

multimodality treatment are
essential to improve outcomes

2. 5-year RFS: 47.6%; two (14.3%)
local recurrences; six (42.9%)
distant recurrences

Boon et al.1276 2016 4 Retrospective
case series

Sinonasal OsSa: 38/77b

(19)
OS 1. In patients younger than

75 years of age who undergo
surgery for high-grade or
intermediate-grade craniofacial
OsS, (neo)adjuvant
chemotherapy is indicated as it
decreases the risk for local
recurrence

2. 5-year OS: 55%; 14 (18.2%) local
recurrences, seven (9.1%) local
and distant recurrences, four
(5.2%) distant recurrences

Liao et al.1277 2016 4 Retrospective
case series

Sinonasal OsSa: 33/45b

(45)
OS 1. Postirradiation OsS in patients

treated for NPC is associated
with dismal prognosis

2. Surgery combined with
postoperative chemotherapy
could be a valuable treatment
strategy

3. 1-, 2-, 3-, and 5-year OS: 53.3%,c

35.6%,c 13.5%,c and 0%,c

respectively
(Continues)
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234 KUAN et al.

TABLE XXI I I . B . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Demicco
et al.1274

2010 4 Retrospective
case series

Sinonasal OsSa: 9/15
(0)

OS 1. Low-grade OsS are effectively
treated with wide surgery alone

2. 5-year OS: 100%d

Luna-Ortiz
et al.1275

2010 4 Retrospective
case series

Sinonasal OsSa: 21/21
(1)

1. OS
2. RFS

1. Early diagnosis and adequate
treatment consisting of R0
surgery with RT and/or
chemotherapy are essential to
improve outcomes

2. 2- and 5-year OS: 100%d and
90.0%d, respectively

3. 2- and 5-year RFS: 44.9%d and
29.9%d, respectively

Guadagnolo
et al.1283

2009 4 Retrospective
case series

Sinonasal OsSa:
54/119b (16)

1. OS
2. CSS
3. RFS

1. Surgery is the mainstay of
treatment in craniofacial OsS

2. Adjuvant RT is indicated in case
of margin involvement/unclear
status

Jasnau et al.1272 2008 4 Retrospective
case series

Sinonasal OsSa: 12/49b 1. OS
2. RFS

1. Failure to achieve local control
is associated with poor survival

2. 5- and 10-year OS: ∼75%c and
∼65%,c respectively

Laskar et al.1273 2008 4 Retrospective
case series

Sinonasal OsSa: 21/50b

(0)
OS 1. Surgery is the mainstay of

treatment in craniofacial OsS
2. Adjuvant RT is indicated in case

of adverse factors such as
margin involvement

Thiele et al.1291 2008 4 Retrospective
case series

Sinonasal OsSa: 7/12b

(0)
OS R0 surgery and high-dose

chemotherapy represent the most
effective treatment strategy for
craniofacial OsS

Fernandes
et al.1271

2007 4 Retrospective
case series

Sinonasal OsSa: 7/16b

(1)
OS Surgery with postoperative

chemotherapy for high-grade OsS
is an adequate treatment strategy

Nakayama
et al.1269

2005 4 Retrospective
case series

Sinonasal OsSa: 5/10
(2)

OS 1. Osteolytic OsS are more
frequently of high grade and
associated with worse prognosis

2. 5-year OS: 100%
Liu et al.1270 2005 4 Retrospective

case series
Sinonasal OsSa: 8/15
(15)

OS 1. Post-RT OsS in patients treated
for NPC is associated with
dismal prognosis

2. Surgery combined with pre- and
postoperative chemotherapy
could be a valuable treatment
strategy

Panda et al.1268 2003 4 Retrospective
case series

Sinonasal OsSa: 12/12 OS 1. 1- and 2-year OS: 80.8%d

2. 5-year OS: 21.5%d

Six (50.0%) local recurrences, one
(8.3%) distant recurrence

Patel et al.1267 2002 4 Retrospective
case series

Sinonasal OsSa: 26/44
(6)

1. OS
2. CSS

1. Margin involvement is the only
factor affecting OS and CSS in
craniofacial OsS

2. 3-year local control rate:
50%–78%

(Continues)
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ICAR SINONASAL TUMORS 235

TABLE XX I I I . B . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Mardinger
et al.1266

2001 4 Retrospective
case series

Sinonasal OsSa: 7/13 OS 1. Craniofacial OsS differs from
OsS of the long bones in its
biological behavior

2. Because of differences in tumor
characteristics, chemotherapy
did not alter the prognosis

3. 3- and 5-year OS: 90%d and 64%d

Abbreviations: CSS, chondrosarcoma-specific survival; OS, overall survival; OsS, osteosarcoma; R0, no residual disease; R1, microscopically involvedmargin; RFS,
recurrence-free survival; RT, radiation therapy.
aReported as the ratio between patients affected by a sinonasal osteosarcoma as per the definition reported in Material and Methods and total number of patients;
non-osteosarcoma cancers are excluded; number of postirradiation osteosarcomas is reported in round parentheses.
bSubsequent row values refer to the entire series and single-patient data could not be extracted.
cExtracted from survival curves.
dCalculated.

macroscopic residual disease. In 2.0% patients, the surgical
procedure was not described.
Chemotherapy and RT were part of the primary treat-

ment in 48.8% and 24.9% of patients, respectively. Survival
outcomes were heterogeneous, with the 3-year OS esti-
mate ranging from 0% to 100%. In 10 of 19 studies, the
5-year OS estimate was >50%. Overall, RFS was low, with
estimates from 44.9% to 78% at 2–3 years, 40%–60% at
5 years, and 35%–47% at 10 years. Considering the 87
patients with single-patient data available, 1-, 3-, 5-, and
10-year OS estimates were 87.9%, 69.4%, 51.8%, and 47.1%,
respectively. Local recurrence was the main modality of
treatment failure. Nodal primary involvement and nodal
recurrence were rare and limited to high-grade tumors.
Distant recurrencewas reported in 8.9% of patients. All dis-
tantmetastases occurred in patientswith either high-grade
osteosarcomas or with no specification on tumor grade.
However, cumulative incidence of distant recurrence was
26% and 28% at 5 and 10 years, respectively.1283
The following negative prognostic factors were iden-

tified: male gender for RT-associated osteosarcomas,1270
female gender for primary osteosarcomas,1275 post-RT
presentation,1283 high/intermediate grade,1273,1276,1283,1284
nonmaxillary sinonasal/skull base localization,1273 micro-
scopic margin involvement,1273,1276,1277,1279,1280,1283 R2
surgery,1272 and low-to-null neoplastic bone formation at
imaging.1270 The prognostic role of age is debated.1276,1282
The prognostic effect of including chemotherapy in

treatment, most frequently in the neoadjuvant setting,
is controversial: some studies demonstrated a prognostic
benefit,1276,1277 thus advocating for its use in high-grade
primary osteosarcomas and RT-associated osteosarcomas,
while other studies failed to show a survival advantage.1280
A single study showed that RT provides a survival bene-
fit in patients with involved surgical margins or unknown
margin status.1283

Sinonasal osteosarcoma (i.e., including osteosarcoma of
the maxilla and adjacent bones) mostly affects patients
around their fourth decade of life, with a slight predilec-
tion for the male gender, and represents roughly 6%
of all osteosarcomas.1285 Secondary osteosarcoma of the
sinonasal tract include RT-associated lesions and those
arising in the context of Paget’s disease.1286 Craniofa-
cial osteosarcoma also represents the most frequent sec-
ondary tumor in hereditary retinoblastoma survivors pre-
viously treated with RT.1287 The maxilla is more frequently
involved than other bones of the sinonasal area.1286 Con-
ventional osteosarcoma is the most common, with the
chondroblastic and osteoblastic subtypes being most fre-
quently reported. Fibroblastic conventional osteosarcoma
has also been reported, whereas nonconventional subtypes
such as the telangiectatic, dedifferentiated, and scleros-
ing are anecdotal. Themajority of sinonasal osteosarcomas
reported in the literature are of high grade.
Most studies on sinonasal osteosarcoma report micro-

scopic margin status. Approximately half of the patients
undergo R0 surgery. Microscopic margin status has been
described in several studies as a relevant prognostic fac-
tor. Other prognostic factors include gender, RT-associated
presentation, grade, gross residual disease, and degree of
bone formation at imaging. Chemotherapy most likely
has a role in the treatment of sinonasal osteosarco-
mas, although the evidence is not as robust as in pedi-
atric osteosarcomas.1288 Roughly half of patients received
chemotherapy as part of their primary treatment, most
frequently in the neoadjuvant setting. Boon et al. demon-
strated that neoadjuvant chemotherapy reduces local
recurrence in high- and intermediate-grade head and
neck osteosarcoma irrespective of age and completeness
of resection.1276 Liao et al. showed increased survival in
RT-associated gnathic osteosarcoma treated with surgery
and adjuvant chemotherapy over surgery alone.1277 A
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236 KUAN et al.

meta-analysis of 184 patients showed that chemother-
apy improves survival when adverse features such as
high-grade tumors, positive margins, and recurrence were
present.1289 On the other hand, Bouaoud et al. did not
find any benefit and reported a potential deleterious
effect.1280 Thus, no clear conclusion on the indications for
(neo)adjuvant chemotherapy can be drawn based on the
available evidence, but most studies are in favor of its use
in selected cases.
The role of adjuvant RT is less controversial. Patel

et al. suggested that adjuvant RT should be considered
in case of positive or close margins.1267 Guadagnolo et al.
demonstrated that incorporating RT confers a prognostic
advantage for disease control and survival only when sur-
gical margins are involved or uncertain.1283 Proton beam
RT has been suggested as a potential strategy for local con-
trol in patients with unresectable or incompletely resected
craniofacial osteosarcomas.1290

C Other sarcomas

This section discusses rare primary sinonasal sarco-
mas, including biphenotypic sinonasal sarcoma (BSNS),
fibrosarcoma, angiosarcoma, leiomyosarcoma, malignant
peripheral nerve sheath tumor (MPNST), Ewing sarcoma
(ES), adamantinoma-like ES (ALES), and synovial sar-
coma. Literature search did not meet ICAR inclusion cri-
teria for liposarcoma. Table XXIII.C.1 includes a summary
of important findings from this review.
Diagnosis of sinonasal sarcoma requires biopsy; if safe,

a large specimen should be collected to reduce the high
rate of initial misdiagnosis (46%).1292 Surgical excision
is the preferred treatment for resectable lesions and
is associated with the highest survival rates.1293 Tumor
size, histologic grade, and margin status impact sur-
vival in patients with head and neck sarcoma.1294 Sercarz
et al. demonstrated that 63% of patients with sinonasal
non-rhabdomyosarcoma with positive surgical margins
recurred; 50% were successfully salvaged (follow-up range
2–12 years).1236 Twelve patients with positive margins
received adjuvant RT, 41.7% of whom had no further evi-
dence of disease.1236 O’Sullivan et al. report encouraging
results using preoperative neoadjuvant RT (50–60 Gy)
in head and neck soft tissue sarcoma with 5-year OS
≥83% for patients with negative or microscopically posi-
tive margins.1295 Treatment with chemotherapy or RT has
not demonstrated improved outcomes, although random-
ized studies are lacking.1295 Nevertheless, use of RT has
increased from 55% between 1973 and 2008 to 64% from
2009 to 2014.51,1296
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ICAR SINONASAL TUMORS 237

Studies suggest an improved prognosis of these sarcoma
subtypes compared to sinonasal rhabdomyosarcoma.51,1242
The largest study on sinonasal sarcomas included 352
patients with all sarcoma histologies; 50% had “miscella-
neous” subtypes that include the less common pathologies
discussed here. Maxillary sinus tumors exhibited poorer
outcomes versus all other sinonasal subsites. Sphenoid
sarcoma had the best prognosis; 5-year survival was 63%
versus 41% for maxillary sinus tumors—thus postulat-
ing that maxillary sinus tumors may present at a more
advanced stage.51 However, Martin et al. studied sinonasal
sarcoma outcomes using the SEER database and did not
corroborate these findings.1296 Age also affects prognosis.51
Five-year survival for patients <10 years old was 63.1%;
54.5% of patients received RT, but this did not improve
5-year survival.1296
Disease stage significantly predicts OS.265 Nega-

tive surgical margins and the absence of metastatic
lymphadenopathy significantly improve prognosis
for patients with nonrhabdomyosarcoma sinonasal
sarcoma.1236,1297–1299 No significant survival difference has
been shown between endoscopic and open surgical resec-
tion; the approach should be dictated by tumor extent,
surgeon expertise, and location.265 ES, leiomyosarcoma,
and MPSNT are associated with improved overall 5-year
survival versus other sarcomatous lesions, including
fibrosarcoma and synovial sarcoma.265

1 Fibrosarcoma

Fibrosarcoma presents at a mean age of 54.5 years
and affects males and females equally.49 Once consid-
ered a common adult sarcoma, refinements in micro-
scopic criteria and ancillary testing have led fibrosar-
coma to be regarded as a diagnosis of exclusion, and
it is probably exceptionally rare. Histologically, spindle
cells are arranged in chevrons, herringbone, or stori-
form pattern. Bland appearance may contribute to initial
benign misdiagnosis.1300 High mitotic rate and tumor
cellularity, as well as male sex, associate with higher
mortality risk.1300 In fibrosarcoma, 64.1% have regional
nodal disease.49 However, among other types of non-
rhabdomyosarcomatous lesions, the cervical metastatic
rate is significantly lower (3%–30%).265,1296 Fibrosarcoma 5-
year DSS is 77.8%; OS is 71.7%, improved from earlier 20th
century reports of 21%.49,1293 Patients treated surgically had
significantly improved prognosis versus those treated with
RT alone (DSS 33.3% for RT alone). Surgery alone ver-
sus surgery followed by RT was associated with improved
5-year DSS (87.5% vs. 76.2%), likely due to selection
bias.49

2 Biphenotypic sinonasal sarcoma

Females predominate in BSNS (61%–69%).1301–1303 Histo-
logically, BSNS is a cellular, low-grade spindle cell neo-
plasm with elongated nuclei arranged in a “herringbone”
pattern and a low mitotic rate. Many tumors exhibit a
potentially distracting respiratory epithelial hyperplasia
regarded as entrapment of benign epithelium, under-
scoring the need for ample biopsy material. Of note,
BSNS is not PET avid.1304 The PAX3::MAML3 fusion gene
is commonly associated, although other fusion genes
exist.1305–1307 Tumor cells demonstrate a neural and myo-
genic phenotype with S100, smooth muscle actin, and
muscle-specific actin staining in >90% of cases; none
express SOX10 or cytokeratin, aiding in separation from
synovial sarcoma and MPNST.1301,1302,1308,1309 ß-Catenin
is often positive (>80% cases) but is not specific[24].1432
Bony invasion occurs in 21%–57% of cases.1301,1302 Surgery
is the most common management modality. Local recur-
rence rates range between 32% and 44%, butOS approaches
100%.1301,1302 Though tumors may be locally aggressive
with >20% demonstrating orbital or skull base involve-
ment, no cervical or distant metastases have been iden-
tified, and only two deaths have been reported.1308,1310
Adjuvant RT following surgery results in an equivalent
recurrence rate of 33.3%, though the margin status of
these patients was unknown, undermining the assessment
of adjuvant RT influence.1311 Adjuvant chemotherapy is
rarely indicated, except with positive margins or unre-
sectable disease.1311 Literature-reported recurrences have
occurred within 60 months of treatment.1309 Importantly,
the recent recognition of this distinct histological entity
limits the duration of follow-up within the literature
and may impact our understanding of long-term survival
outcomes.

3 Leiomyosarcoma

History of CRT or retinoblastoma increases the risk
of leiomyosarcoma.1312,1313 Leiomyosarcoma demonstrates
smooth muscle differentiation and may arise post-RT
and concomitantly with other tumors, such as retinoblas-
toma. Spindled tumor cells label with smooth mus-
cle actin (SMA), desmin, and/or caldesmon, and S100
expression is absent. RB1 protein loss occurs in 75% of
cases. EBV-associated smooth muscle tumors may mimic
leiomyosarcoma, but are considered a borderline tumor
category, many with a transplantation history and multi-
focal disease.1313 Sinonasal leiomyosarcoma is treated with
surgery in 93% of cases; 35% of patients receive adjuvant RT
and/or chemotherapy.1312–1315 High-grade leiomyosarcoma
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238 KUAN et al.

(elevated mitotic rate, necrosis) demonstrates increased
risk of local recurrence or distant metastasis.1313,1315 Five-
year DSS for leiomyosarcoma of all head and neck subsites
was 52.7% for poorly differentiated lesions and 87.6% for
well-differentiated tumors.1315 OS is 66% atmean follow-up
of 38 months; distant metastasis is rare (8.1%).1312

4 Angiosarcoma

Sinonasal angiosarcomas typically present as nodular pur-
ple/red lesions. Angiography and embolization may be
useful in the workup and treatment.1316 Histologically,
these vasoformative neoplasms infiltrate submucosa and
bone as ramifying channels lined by spindled or epithelioid
cells accompanied by necrosis and/or hemorrhage.1316
Tumors express endothelial markers CD31 and ERG.1316
HHV8 is negative, excluding Kaposi sarcoma. Risk of
recurrence is reported at 38%, and OS is 40%–60% (mean
follow-up: 121 months in one study), a significantly
improved prognosis compared with nonsinonasal head
and neck soft tissue angiosarcoma.1298,1316

5 Ewing sarcoma

Sinonasal ES has fewer than 100 cases reported. Though
skeletal ES originates in long bones and affects chil-
dren, sinonasal ES affects any age (mean 32 years;
range 7–70 years).1317 Histologically, hypercellular sheets
of small round blue cells with monotonous nuclei and
occasional rosette formation necessitate broad testing to
navigate the microscopic differential diagnosis.1317 ES con-
sistently shows diffuse membrane CD99 positivity and
nuclear NKX2.2 staining.1317 ALES is a rare subtype of
ES exhibiting basaloid appearance, epithelial differen-
tiation, and prominent mitoses. ALES is differentiated
from classical ES by positive staining for cytokeratin, p63,
and p40, an immunoprofile that overlaps with SCC.1318
EWSR1 gene rearrangement is observed on molecular
fluorescence in situ hybridization (FISH) testing in ES
and ALES, with molecular confirmation of partners fre-
quently required.1317 ES is chemo- and radiosensitive,
but surgical excision with neoadjuvant/adjuvant therapy
remains the primary treatmentmodality for resectable dis-
ease; multimodality therapy including chemotherapy is
essential.1317,1319,1320 Adjuvant RT doses range from 50.4 to
55.8 Gy.1320 In appropriate candidates, endoscopic resec-
tion can be used to achieve a negative margin resection.1321
Advanced tumors may be especially good candidates for
neoadjuvant chemotherapy before surgery. ES of the head
and neck is associated with improved prognosis versus

other subsites.1322 Metastatic disease occurs in 17% of
cases.1317 Published mortality rates range from 14% to
56%.51,1317,1323 Data on sinonasal ALES are limited, though
isolated reports suggest it may be more aggressive than
sinonasal ES.1318

6 Synovial sarcoma

Sinonasal synovial sarcoma has approximately 30 reported
cases.1324,1325 SS exhibits calcifications on CT and a charac-
teristic “triple sign,” possessing hypo-, iso-, and hyperin-
tense signal on T2-weighted MRI.1325 Treatment involves
endoscopic or open surgery for resectable lesions. Dis-
ease progression or recurrence within 5 years ranges
between 45% and 100%.1325,1326 Adjuvant chemother-
apy and/or RT are often used, especially for high-
grade/advanced lesions; RT dose ranges from 60 to
70 Gy.1320,1325,1326 Microscopically, this spindle cell sar-
coma may be monophasic, biphasic (with glandular ele-
ments), or poorly differentiated.1325 SS is positive for
SS18::SSX fusion-specific antibody (E9×9V) and/or an
SSX-specific antibody (E5A2C) that show strong diffuse
nuclear staining1327 and variably positive for CD99, B-
cell lymphoma (BCL)-2, and cytokeratin.1325 Identifying
the pathognomonic t(X;18)(p11;q11) translocation may be
diagnostically helpful for SS in uncommon anatomic
locations.1328 Outcomes data are limited, but studies sug-
gest a recurrence rate of approximately 66% within 2 years
and a 5-year DSS of 45% for sinonasal SS.1324,1325

7 Malignant peripheral nerve sheath tumor

MPNSTs arise from peripheral nerves, from precursor
benign nerve tumors, or in patients with neurofibromato-
sis type 1 (NF-1). Patients with NF-1 have a lifetime risk
of 10% for development of MPNST, and tumors develop
at a younger age.1329 Microscopic hallmarks include fas-
cicles of alternating hypo- and hypercellular spindle cells
with perivascular accentuation. The presence of heterolo-
gous elements, especially skeletal muscle (formerly, triton
tumor), is seen in more aggressive MPNSTs and may
connote a worse prognosis. Limited staining for S100
and SOX10 with complete loss of H3K27me3 expression
is compatible with MPNST, but the diagnosis remains
challenging.1330 Prognosis is improved relative to other
head and neck subsites.1329 Definitive surgical therapy is
recommended;CRT therapy alonehasworse outcomes.1329
Five-yearOS for all head andneckMPNSTwith rhabdomy-
oblastic differentiation is 49%, with sinonasal subsite being
a favorable prognostic factor.1329,1331
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ICAR SINONASAL TUMORS 239

XXIV SINONASAL
NEUROECTODERMAL AND
NEUROENDOCRINE CARCINOMAS

A Olfactory neuroblastoma

Olfactory neuroblastoma, also known as esthesioneurob-
lastoma (ONB), is a rare malignancy of the anterior skull
base.1332 This tumor demonstrates neuroendocrine differ-
entiation and is believed to originate from the olfactory
neuroepithelium in the upper nasal cavity.71,1333 ONB falls
on the spectrum of neuroendocrine tumors and retains
neuroendocrine features including expression of neuroen-
docrine markers and neurosecretory vesicles.1333,1334 No
known risk factors have been identified for this tumor.
ONB has previously been reported to have a bimodal age
distribution.70 However, more recent large studies have
demonstrated a true unimodal distribution with a peak
between the fourth and sixth decades.1335 In this section,
we performed an evidence-based update to the ICSB 2019
(Section VIII.A) regarding endoscopic skull base surgery
and expand on several additional aspects of management
related to ONB.5

1 Impact of Hyams grade on outcomes

Hyams et al. developed the only grading system based on
histologic maturation and differentiation that has been
shown to be of prognostic value, particularly in comple-
menting current staging systems.1336–1339 Multiple studies
have shown that Hyams grade allows for the identification
of aggressive locoregional disease and subsequent predic-
tion of poor DFS andmay enable stratification for adjuvant
therapy.510,1333,1340,1341 The independent prognostic utility
of Hyams grading was demonstrated by Kane et al. and the
ability to predict metastasis and OS was further confirmed
in a recent meta-analysis by Goshtasbi et al.1342,1343
Table XXIV.A.1 summarizes evidence surrounding

impact of Hyams grade on outcomes of ONB.

Impact of Hyams grade on outcomes

Aggregate grade
of evidence

B (Level 2: three studies; Level 4: five studies)

Benefit Understanding Hyams grade provides
prognostic information that may guide
adjuvant therapy and treatment of the
neck.

(Continued)

Harm Grading may be prone to misinterpretation
and requires pathologist expertise.

Cost There are no studies investigating the costs of
histological grading of ONB.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

High grade tumors appear to have more
aggressive biological behavior (more prone
to recurrence, nodal metastases) and may
require more aggressive upfront treatment.

Policy level Recommendation.
Intervention Hyams grading should be routinely assessed

when sampling tissue for ONB cases, as
knowledge of the grade may impact
treatment strategies.

2 Staging systems

Historically, themost commonly used prognosticator is the
Kadish staging system.1344 Kadish developed this staging
system with the analysis of data from 17 patients and pub-
lished this work in 1976. Later, Morita et al. performed a
retrospective analysis on 49 patients treated at the Mayo
Clinic between 1951 and 1990 and proposed the modi-
fied Kadish staging system.1345 In 1992, Dulguerov et al.
proposed a modified version incorporating radiographic
findings.1346 While the Dulguerov system has been shown
to be superior to the Kadish–Morita system in a recent
individual patient data meta-analysis of publicly available
data, a recent analysis of the NCDB determined that, in
general, current clinical staging systems do not adequately
predict survival over 10 years.248,1347 Analyzing the largest
reported cohort of over 400 ONB patients, Lechner et al.
showed that the Kadish–Morita staging system appeared
to be superior to the alternative Dulguerov staging sys-
tem and that better delineation between stage groups was
observed in the former, in comparison with the substantial
overlap between Dulguerov T1, T2, and T3.15 However, in
line with the analysis of the SEER database by Joshi et al.,
they did not observe a statistically significant difference in
survival between Kadish A and B tumors. As dural infil-
tration/invasion was found to be a significant prognostic
indicator in their cohort (in linewith early findings in cran-
iofacial surgery and expanding on recentwork), amodified
staging systemwas devised, combining the A and B groups
and separating the C group into those with and without
dural infiltration, termed the Kadish-INSICA (Interna-
tional Network for Sinonasal Cancer Research) Staging
System.246,1348,1349 Further research to validate this system
is required to confirm prognostic value (Table XXIV.A.2).
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TABLE XXIV.A . 1 Evidence surrounding impact of Hyams grade on outcomes of ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Meerwein
et al.1376

2021 2 Systematic
review and
meta-
analysis

33 studies; N = 128
patients with ONB

DFS Kadish stage C/D and Hyams
grading III/IV significantly
affected DFS

Vuong et al.1377 2021 2 Systematic
review and
meta-
analysis

33 studies; N = 492
with ONB

1. RFS
2. MFS
3. OS

1. RFS and OS were higher in
Hyams grade I and II but lower
in Hyams III/IV

2. RT offered survival advantage in
grades III/IV

3. Chemotherapy did not offer
survival benefit to any Hyams
subgroup

Goshtasbi
et al.1342

2019 2 Systematic
review and
meta-
analysis

37 studies; N = 1088
with ONB

OS 1. OS rates between low and high
grades were as follows: 5-year
81.2% versus 60.9% and 10-year
64.0% versus 40.6%

2. 5- and 10-year OS HR between
low versus high grades were 3.39
(95% CI: 2.09–5.49; p < 0.001)
and 3.03 (95% CI: 1.82–5.06;
p < 0.001)

Ziai et al.1345 2021 4 Retrospective
case series

N = 43 with ONB OS 5-year OS rates in patients with
low-grade versus high-grade
tumors were 86% versus 63%
(p = 0.1)

Wolfe et al.1346 2020 4 Retrospective
case series

N = 39 with ONB 1. OS
2. DFS

1. 5-year cumulative OS and DFS
were 83% and 72%, respectively

2. 5-year OS for low Hyams grade
versus high Hyams grade was
95% versus 61% (p = 0.041)

3. High-grade and node-positive
patient had worse DFS

Singh et al.1347 2019 4 Retrospective
case series

N = 21 with ONB 1. Recurrence
2. OS

1. Recurrence rate was 80% in
surgery alone group, which
came down to 43.7% if surgery
was supplemented with other
modalities

2. Survival rates significantly
dropped with increasing tumor
stage (63.6% in stages A and B
vs. 30% in stages C and D) and
grade (100% in grades 1/2 vs.
31.25% in grades 3/4)

Wertz et al.248 2018 4 Retrospective
case series

N = 41 with ONB 1. PFS
2. OS

1. PFS at 5, 10, and 15 years was
69%, 48%, and 27%, respectively

2. OS at 5, 10, and 15 years was 97%,
92%, and 83%, respectively

Stage and Hyams grade did not
influence survival

Woods et al.1378 2018 4 Retrospective
case series

N = 32 with ONB OS 5-year survival was 65%
Stage and Hyams grade prognostic
for survival

Abbreviations: DFS, disease-free survival; ONB, olfactory neuroblastoma (esthesioneuroblastoma); OS, overall survival; PFS, progression-free survival.
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ICAR SINONASAL TUMORS 241

TABLE XX IV.A . 2 Evidence surrounding staging systems for ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Meerwein
et al.1376

2021 2 Systematic
review and
meta-
analysis

33 studies; N = 128
patients with ONB

DFS Kadish stage C/D and Hyams
grading III/IV significantly
affected DFS

Arnold et al.1379 2020 2 Systematic
review and
meta-
analysis

21 studies; N = 399
patients with ONB

OS 1. Increasing age, treatment with
chemotherapy, and positive or
unreported margin status
portended worse DFS (p < 0.05)

2. Both Kadish and Dulguerov
staging systems were prognostic
for worse DFS and OS (p < 0.05),
with Kadish C representing a
heterogeneous group

Safi et al.1350 2020 2 Systematic
review and
meta-
analysis

N = 94 patients with
pediatric ONB

OS 5-year survival 44%–91%
At presentation, 90% are Kadish
B/C

Duo et al.1364 2022 4 Retrospective
database
study
(SEER)

N = 513 patients with
ONB

OS 1. 5-year OS of patients who
underwent RT versus non-RT
were 85.3% versus 70.4% and
10-year OS were 68.2% versus
56.8% in stage C patients

2. In Kadish A/B, RT was not an
independent prognostic factor
for OS of modified Kadish stage
A and B patients

Lechner et al.15 2022 4 Retrospective
case series

N = 404 patients with
ONB

OS 1. 5- and 10-year DFS was 67.6%
(95% CI: 60.7%–73.6%) and 51.9%
(95% CI: 43.8%–59.4%),
respectively

2. Dural infiltration at presentation
was a significant predictor of OS
and DFS in primary cases
(n = 278, HR = 2.22, 95% CI:
1.37–3.59)

Liu et al.1380 2021 4 Retrospective
database
study
(SEER)

N = 826 patients with
ONB

OS Predictors of cause-specific
mortality for ONB included age,
tumor stage, surgery, and
chemotherapy

Sun et al.1381 2021 4 Retrospective
case series

N = 142 patients with
ONB

OS 1. 5-year OS for patients with
Kadish stages A, B, and C was
100%, 83.6%, and 64.2%,
respectively

2. 5-year OS for Morita stages A, B,
C, and D was 100%, 83.6%, 70.7%,
and 50.0%, respectively

Yang et al.1382 2020 4 Retrospective
case series

N = 154 patients with
ONB

OS Model of multiple tumor history,
orbital invasion, carotid canal
invasion, modified Kadish stage,
delivery sequence of RT and
surgery, and sequence of
chemotherapy and surgery
predicted outcome better than
conventional staging systems

(Continues)
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TABLE XXIV.A . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Joshi et al.413 2019 4 Retrospective
database
study
(NCDB)

N = 883 patients with
ONB

OS 5- and 10-year survival for Kadish
staging was 86.3% and 67.2% for
Kadish A; 89.6% and 82.7% for
Kadish B; 81.8% and 61.5% for
Kadish C; and 60.0% and 29.5%
for Kadish D

Singh et al.1347 2019 4 Retrospective
case series

N = 21 patients with
ONB

OS Survival rates significantly dropped
with increasing tumor stage
(63.6% in stages A/B vs. 30% in
stages C/D) and grade (100% in
grades 1/2 vs. 31.3% in grades 3/4)

Orton et al.1365 2018 4 Retrospective
database
study
(NCDB)

N = 931 patients with
ONB

OS 5-year OS was 86%, 90%, 76%, and
61% in Kadish stages A, B, C, and
D, respectively

Wertz et al.248 2018 4 Retrospective
case series

N = 41 patients with
ONB

OS Stage and Hyams grade did not
influence survival

Woods et al.1378 2018 4 Retrospective
case series

N = 32 patients with
ONB

OS Stage and Hyams grade prognostic
for survival

Carey et al.1383 2017 4 Retrospective
database
study
(NCDB)

N = 1225 patients with
ONB

OS OS was associated with Kadish
stage, grade, treatment sequence,
margin status, Charlson/Deyo
score, age, and gender (p < 0.05)

Konuthula
et al.1384

2017 4 Retrospective
database
study
(NCDB)

N = 1167 patients with
ONB

OS 5-year survival was 80.0% for Kadish
A, 87.7% for Kadish B, 77.0% for
Kadish C, and 49.5% for Kadish D

Xiong et al.1366 2017 4 Retrospective
database
study
(NCDB)

N = 1167 patients with
ONB

OS The treatment characteristics
between A/B could not explain
survival differences

Abbreviations: DFS, disease-free survival; NCDB, National Cancer DataBase; ONB, olfactory neuroblastoma (esthesioneuroblastoma); OS, overall survival; PFS,
progression-free survival; RT, radiation therapy; SEER, Surveillance, Epidemiology, and End Results.

Staging systems in ONB

Aggregate grade
of evidence

B (Level 2: three studies; Level 4: 13 studies)

Benefit Staging ONB extent provides prognostic
information that may guide adjuvant
therapy and allow for ease of
communication to multidisciplinary and
cross-institutional teams.

Harm There are multiple staging systems with
unique criteria, with overlapping and
sometimes conflicting prognostic value.

Cost There are no studies investigating the costs of
ONB staging.

Benefits–harm
assessment

Preponderance of benefits over harm.

(Continued)

Value
judgments

Some staging systems (i.e., Kadish) were
initially developed in the pre-endoscopic
era and may not take into consideration all
relevant prognosticators. Newer staging
systems have not been fully validated.

Policy level Recommendation.
Intervention ONB staging systems are a useful measure for

describing tumors, prognostication, and
treatment planning, though other
important tumor factors (e.g., grade, dural
invasion) must also be considered.

3 Management of the neck

This section is an evidence-based update to ICSB
2019 regarding management of the neck.5 In the past
5 years since that consensus statement, there have
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ICAR SINONASAL TUMORS 243

been additional studies that met inclusion criteria per-
taining to management of the neck in ONB patients
(Table XXIV.A.3).15,412,457,1346,1350–1354 Many of these stud-
ies supported prior findings that patients who present
with positive neck disease have significantly worse
outcomes.412,1346,1351 As with prior reports, neck dissec-
tion was recommended for patients with clinically node
positive disease.412,1346
Kuan et al. queried 381 cases of ONB in the SEER

database and identified an overall cervical nodal metas-
tasis rate of 8.7%, with a predominance of level II disease
(6.6%).1354 Multiple positive nodes were identified in 4.5%
of cases. Male sex (p = 0.009) and higher tumor grade
(p = 0.009) were found to be predictors of cervical
metastases. However, when analyzed through multivari-
ate regression, the presence of cervical nodal disease was
not found to be significantly predictive of OS or DFS,
suggesting that other disease and patient characteristics,
particularly age and tumor grade, are stronger drivers of
survival.
In a single-institution study of 39 patients, Wolfe et al.

reported pathologically confirmed nodal disease at surgery
in eight patients (21%) and delayed nodal recurrences in
seven patients (18%).1346 The time to delayed nodal recur-
rence was a median of 59 months and one case at 16 years.
The most common site of neck recurrence was level II
(85%) and level III (42%). They reported a 27% 10-year nodal
recurrence rate for patients who did not undergo ENI.1346
Five of these patients who were treated with surgery alone
(all Kadish stage A) did not have any recurrences or deaths
with a median follow-up of 44 months. Based on these col-
lective results and prior studies, this group recommended
ENI for patients with Kadish C and D disease.1346
In a single-institution study of 139 patients,

Abdelmeguid et al. reported cervical lymphadenopa-
thy at presentation in 17 patients (12.2%) and delayed
nodal recurrence in 23 patients (16.5%).412 The most
common site of neck recurrence was level II in 13 patients
and level I in nine patients. Among 31 patients who
underwent ENI, two developed neck recurrence (6.4%),
whereas 20 patients (34.4%) who did not undergo ENI
developed neck recurrence. Of note, the two patients
who received ENI and developed regional recurrence had
isolated intraparotid nodal spread, which was outside the
radiation field. This group noted that ENI would be the
most beneficial option for younger patients with Kadish C
stage disease.412
In a single-institution study of 143 patients, McMil-

lan et al. reported regional disease in 13.8% of patients
at presentation.1351 Thirty-two patients (22.4%) developed
delayed neck recurrence at a median of 57 months with
one case at 20 years.1351 In a multi-institutional study of
404 ONB patients, 11 of 65 patients who had not received

ENI had recurrence in the neck (16.9%) versus zero of
26 patients who received ENI.15 Among these 11 patients,
nine presented with Kadish C disease.15 However, ENI
did not impact OS in this multi-institutional international
study.
In summary, in these updated studies, cervical lym-

phadenopathy on presentation has been noted in 9%–21%
of ONB patients, and neck dissection followed by adju-
vant RT is supported for these patients.1346 Delayed neck
recurrence is seen in approximately 20% of patients at a
median time of approximately 57–59 months after diag-
nosis. This delayed presentation of neck recurrence sug-
gests that neck surveillance should be performed beyond
5 years. Collectively these updated data support ENI
administration for patients with Kadish C, Kadish D, or
high-grade Hyams (III or IV) disease. The role of ENI
for Kadish A, Kadish B, or low-grade Hyams disease
is less clear and should be guided by high-risk fea-
tures and an individualized evaluation with a radiation
oncologist.

Elective management of the N0 neck in ONB

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: eight studies).

Benefit Treatment of clinically positive neck disease
assists in disease control. Delayed regional
involvement in the neck is common with a
median time to recurrence of
approximately 5 years. Elective treatment
of the neck with irradiation, particularly in
patients with high-stage/grade disease,
shows significantly reduced evidence of
nodal recurrence but does not significantly
impact OS.

Harm Neck dissection can lead to complications
including hematoma, infection, cranial
nerve palsies, chyle leak, among others. RT
of the neck is associated with xerostomia,
skin changes, and long-term toxicity.

Cost There are no studies investigating the costs of
upfront or delayed treatment of the N0
neck.

Benefits–harm
assessment

Preponderance of benefits over harms (N+
neck).
Balance of benefits and harms (N0 neck).

Value
judgments

Elective treatment of the N0 neck is likely to
prevent long-term regional recurrence in
ONB patients with high-stage/grade
disease and may lead to improved DFS.

Policy level Recommendation for treating N+ neck.
Option for treating N0 neck.

(Continued)
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244 KUAN et al.

TABLE XXIV.A . 3 Evidence surrounding management of the neck in ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Wu et al.47 2022 2 Systematic
review and
meta-
analysis

22 studies; N = 104
ONB with orbital
invasion

OS 1. For ONB with orbital invasion,
median duration of survival was
124.0 months and 5-year OS was
67.1%

2. Patients with orbital invasion and
lymph node metastasis had worse
outcomes

Safi et al.33 2020 2 Systematic
review and
meta-
analysis

Seven studies; N = 94
with pediatric ONB

OS At presentation, positive lymph nodes
present 20%

Abdelmeguid
et al.412

2022 4 Retrospective
case series

N = 139 patients with
ONB

OS Delayed neck recurrence was lower in
irradiated N0 neck (6.4% vs. 34%)

McMillian
et al.42

2022 4 Retrospective
case series

N = 143 patients with
ONB

OS Delayed regional nodal metastasis
occurred in 22% of patients (median
57 months)

Cranmer
et al.1371

2020 4 Retrospective
database
study
(SEER)

N = 797 patients with
ONB

1. OS
2. DSS

1. In adjusted multivariable analyses,
chemotherapy treatment was
associated with inferior DSS

2. Among the subset with local or
regional disease treated with
surgery and/or RT, chemotherapy
remained associated with inferior
outcomes

3. This analysis does not support
chemotherapy to improve either
DSS or OS in primary ONB/ON
treatment, after controlling for
known ONB prognostic factors
available from SEER

Song et al.457 2020 4 Retrospective
case series

N = 217 patients with
ONB

OS Multivariate analysis demonstrated
lymph node status, orbital invasion,
and the combination of surgery and
RT to be independent prognostic
factors

Wolfe et al.1346 2020 4 Retrospective
case series

N = 39 patients with
ONB

1. OS
2. DFS

High Hyams grade and node-positive
patient had worse DFS

Joshi et al.413 2019 4 Retrospective
database
study
(NCDB)

N = 883 patients with
ONB

OS Age, Charlson–Deyo comorbidity
score, hospital volume, and nodal
status were found to be predictors of
survival

Kuan et al.1335 2019 4 Retrospective
database
study
(NCDB)

N = 381 patients with
ONB

1. Cervical
nodal
metas-
tases

2. OS
3. DFS

1. Overall cervical metastasis rate was
8.7%; level II most common

2. 4.5% cases had multiple positive
nodal basins

3. Male sex and higher tumor grade
predicted nodal metastases

4. Nodal metastases did not predict
OS and DFS and multivariate
regression

Klironomos
et al.1352

2018 4 Retrospective
case series

N = 10
ONB by endoscopic
surgery

OS 1. Delayed neck recurrence 20%
2. No local recurrence in mean

75 months follow-up

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; NCDB, National Cancer DataBase; ONB, olfactory neuroblastoma (esthesioneuroblas-
toma); OS, overall survival; PFS, progression-free survival; RT, radiation therapy; SEER, Surveillance, Epidemiology, and End Results.
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ICAR SINONASAL TUMORS 245

TABLE XX IV.A . 4 Evidence surrounding management of the orbit in ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Wu et al.1355 2022 2 Systematic
review and
meta-
analysis

22 studies; N = 104
ONB with orbital
invasion

OS 1. For ONB with orbital invasion,
median duration of survival was
124.0 months and 5-year OS was
67.1%

2. Patients with orbital invasion
and lymph node metastasis had
worse outcomes

Song et al.1385 2020 4 Retrospective
case series

N = 217 patients with
ONB

OS 1. 5-year OS was 80.0%
2. Multivariate analysis

demonstrated lymph node
status, orbital invasion, and the
combination of surgery and RT
to be independent prognostic
factors

Yang et al.1382 2020 4 Retrospective
case series

N = 154 patients with
ONB

OS Model of multiple tumor history,
orbital invasion, carotid canal
invasion, modified Kadish stage,
delivery sequence of RT and
surgery, and sequence of
chemotherapy and surgery
predicted outcome better than
conventional staging systems

Li et al.495 2019 4 Retrospective
case series

N = 60 ONB with
orbital invasion

OS Invasion of either the extraocular
muscles or the eye globe was not
a contraindication for eye-sparing
surgery with RT or surgery/RT

Abbreviations: ONB, olfactory neuroblastoma (esthesioneuroblastoma); OS, overall survival; RT, radiation therapy.

Intervention In a node-positive neck, the role of surgical
treatment and adjuvant radiation for ONB
patients is well established. However, in
patients with a clinically N0 neck and high
Hyams grade (III/IV) or Kadish C/D stage,
ENI should be considered. Long-term
surveillance (>5 years) of the neck is
recommended.

4 Management of the orbit

ONB has a propensity for invasion of adjacent structures
including the orbit (Table XXIV.A.4). Indeed, multiple
studies have reported rates of orbital invasion in ONB
ranging from 10% to 38%.412,1351,1355 Orbital invasion has
repeatedly been demonstrated to be a negative prognos-
tic factor. A multi-institutional international retrospective
study of 404 patients with ONB reported orbital invasion
to be associated with worse OS and DFS (HR 2.9 and 3.1,
respectively) on univariate Cox regression analysis.15,412
Another single-institution study of 143 patients treated
from 1960 to 2020 also reported an association with orbital
invasion and worse OS (HR 3.2, p = 0.02).1351 However, no

associationwas observed in this studywith orbital invasion
and DFS or DMFS.1351
The field as a whole has gravitated toward orbital preser-

vation treatment where oncologically safe. However, due
in part to the rare nature of ONB, there are few studies
addressing orbital preservation. Furthermore, the ability
to achieve disease control in the setting of orbital preser-
vation may depend on the degree of orbital involvement.
A retrospective review of 16 cases of ONB identified six
patients with periorbital or lacrimal sac involvement at the
time of surgery. In these cases, the periorbita was resected
and the orbit was spared without evidence of decreased
survival.1356 IC has been proposed by some groups for ONB
with significant local invasion including the orbit.1357,1358
Su et al. reported their experience with IC in 15 cases of
advancedONBand reported success in orbital preservation
in three cases, and a higher chemotherapy response rate
was observed in Hyams grade III and IV tumors. Lastly,
another retrospective study of 60ONBpatientswith orbital
invasion reported an orbital preservation approach using
RT with or without orbit-preserving surgery.495 However,
patients with more significant orbital involvement (grade
II/III vs. grade I) were noted to have worse OS and PFS.495
In this study, grade I was defined as bone wall invasion,
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246 KUAN et al.

whereas grade II was defined as invasion of extraconal fat
and grade III as involvement of extraocularmuscles, globe,
orbital apex, or optic nerve.

Management of the orbit in ONB

Aggregate grade
of evidence

C (Level 2: one study; Level 4: three studies)

Benefit Potential for orbital preservation with
induction chemotherapy approaches.

Harm Orbital invasion is associated with decreased
OS.

Cost Not evaluated in current studies.
Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

There are some data to suggest that orbital
preservation may be feasible in select cases.

Policy level Option.
Intervention Consider induction chemotherapy for

advanced cases with significant local or
orbital invasion, especially if high-grade
tumors. Further studies are necessary to
determine the balance between orbital
exenteration and orbital preservation
approaches for ONB.

5 Unilateral resection and smell
preservation

Inherent to an oncologic resection of an ONB is olfac-
tory loss. Traditional open and endoscopic approaches
remove the cribriform plate bilaterally, resulting in post-
operative anosmia. Given the morbidity of olfactory loss,
there has been some interest in unilateral resection of
ONB, whenever oncologically feasible, with the aim of
smell preservation (Table XXIV.5).1359–1361
Nakagawa et al. reported 12 patients from 10 tertiary

referral hospitals in Japan between 2008 and 2016 who
underwent unilateral ONB resection with the intent of
olfactory preservation.1360 Six patients had Dulguerov
stage T1, three had T2, and three had T3 disease. They
achieved negative margin resections in all patients. In this
study, olfaction was assessed via interview and retained
in 11 patients (92%), nine of whom received RT. The 12th
patient could smell after surgery; however, they devel-
oped smell loss after RT. With a mean follow-up of
43.8months, therewere no recurrences reported. Tajudeen
et al. reported a multi-institutional retrospective review
of 14 patients who underwent unilateral endoscopic ONB
resection with preservation of one olfactory bulb between
2003 and 2015.1361 Six patients hadKadishB, six hadKadish
C, and two had Kadish stage D. All patients had nega-

tive margin resections and completed adjuvant RT. Four
patients had chemotherapy. The University of Pennsylva-
nia Smell Identification Test (UPSIT), performed at amean
of 37.3 months, demonstrated that six patients (43%) had
residual smell function; two patients (14%) had normal or
mildly reduced smell function. There were no recurrences
with a mean follow-up of 51.3 months.
In a study by Van Gompel et al., the authors evalu-

ated the ability of five board-certified skull base surgeons
to determine the degree of involvement of the olfac-
tory bulbs or tracts based on preoperative imaging.1362
The authors analyzed 26 patients histopathologically and
reported the olfactory bulb or tract was involved in 85% of
cases, with unilateral or no involvement in 65% of cases.
The authors reported that the surgeons could predict or
overcall bulb/tract involvement 96% of the time based on
preoperative imaging. We note, however, that the absolute
surgeon prediction accuracy was significantly lower.
In a relevant anatomical study by Gomez Galarce et al.,

the authors examined 17 cadaveric specimens (34 sides)
and elucidated the anatomical distribution and density of
olfactory fila.1363 Interestingly, 88% of specimens had olfac-
tory fila that crossed midline. In specimens with crossing
olfactory fila, 20% of the fila crossed the nasal septumat the
midline. The authors suggest that in some patients with
unilateral tumors with septal involvement, it may not be
cogent to preserve the contralateral olfactory epithelium,
even when clinically and radiographically clear.1363
The primary goal of surgery for ONB is an oncologic

resection and any attempt for a unilateral resection and
smell preservation should not compromise this goal. The
LOE is not sufficient to support unilateral resection for
smell preservation as a recommendation. In select cases,
this approach might be an option.

Unilateral resection and smell preservation in ONB

Aggregate grade
of evidence

D (Level 4: three studies)

Benefit Potential for some smell preservation if
unilateral structures are preserved.

Harm Not achieving an R0 resection given more
limited approach. Possibility of smell loss
regardless of unilateral approach given
contralateral intracranial dissection, or RT
side effect.

Cost There are no studies investigating cost.
Benefits–Harms
Assessment

Preponderance of benefits over harms if
negative margins can be obtained through
unilateral resection.

Value
judgments

Smell preservation must not compromise
oncologic resection.

(Continued)
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ICAR SINONASAL TUMORS 247

TABLE XX IV. 5 Evidence surrounding unilateral resection and smell preservation in ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Nakagawa
et al.1360

2018 4 Retrospective
case series

N = 22
ONB by endoscopic
surgery

OS 21 out of 22 (95%) alive at last
follow-up

Van Gompel
et al.1362

2018 4 Retrospective
case series

N = 26
ONB imaging review
by skull base
surgeons to predict
olfactory bulb
involvement

Correlation of
radiographic
and pathologic
olfactory bulb
involvement
by tumor

1. Unilateral or no pathologic
olfactory involvement in 65% on
pathology

2. Surgeon prediction of olfactory
bulb involvement was
appropriate or overread (96%)

Tajudeen
et al.1361

2016 4 Retrospective
case series

N = 14 patients
undergoing
unilateral ONB
resection (seven
received
postoperative RT)

1. Olfaction
(UPSIT)

2. OS
3. Recurrence

1. Six (43%) patients had residual
smell function, with two having
near-normal to normal function

2. No cases had disease recurrence

Abbreviations: ONB, olfactory neuroblastoma (esthesioneuroblastoma); OS, overall survival.

Policy level Option.
Intervention Unilateral resection in an attempt to preserve

olfactory function may be an option in
select cases of limited extent unilateral
tumors with negative margin resections.

6 Role of radiation therapy

RT has long played an important role in the manage-
ment of ONB with traditional modalities such as external
beam, IMRT, carbon-ion (CIRT), and more recently pro-
ton beam therapy (PBT) (Table XXIV.A.6). RT has been
used in various forms as neoadjuvant, adjuvant, and as
definitive therapy for ONB. The most common use of RT
is adjuvant therapy after surgical resection. A total of nine
studies reported improved OS at 3–5 years for patients
who underwent postoperative RT.253,484,521,1347,1364–1368 All
studies found adjuvant RT safe with minimal side effects.
When stratified by Kadish staging, two specific studies
found that adjuvant RT only improved survival for patients
with Kadish C and D tumors.1364,1365 Two studies exam-
ined the definitive use of IMRT and one study with PBT for
treatment ofONB.486,526,557 Bao et al. reported acceptable 3-
year OS with IMRT alone.486 Another study by Nakamura
demonstrated that PBT as primary therapy was safe and
effective, especially for Kadish A tumors where 5-year OS
was 100%.526 The use of CIRTwas also investigated in three
studies and found to be effective with acceptable late toxic-
ities as definitive therapy, specifically for advanced disease
(Kadish C/D).472,557,558 Another study reported that delays
in, or prolonged duration of, RT may be associated with

decreased survival.1369 Lastly, two studies reported no addi-
tional benefit to the use of adjuvant RT in the postoperative
setting.488 Liu et al. demonstrated that surgery followed
by IMRT did not improve OS.488 Kiyofuji et al. reported
that planned postoperative IMRT after a margin negative
surgical resection for low-grade ONB (Hyams I/II) did not
provide benefit in tumor control.1370

Role of radiation therapy in ONB

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: 14 studies)

Benefit Improved OS at 3 and 5 years when used as
adjuvant therapy.

Harm Generally safe, especially with newer
modalities, with some late toxicities.

Cost There are no studies investigating cost.
Benefits–Harms
Assessment

Preponderance of benefits over harms.

Value
judgments

Current conclusions based on limited
high-quality studies. Larger studies are
needed.

Policy level Option.
Intervention Postoperative adjuvant RT is effective,

especially in cases with positive margins,
and higher grade or Kadish stage tumors.

7 Role of systemic therapy

Chemotherapy has been explored for the treatment of
ONB with variable response rates reported in adults
(Table XXIV.A.7). Treatment typically consists of
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248 KUAN et al.

TABLE XXIV.A . 6 Evidence surrounding the role of radiation therapy for ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Vuong et al.1377 2021 2 Systematic
review and
meta-
analysis

33 studies; N = 492
patients with ONB

OS RT offered survival advantage in
Hyams grades III/IV

Marinelli
et al.1386

2018 2 Systematic
review and
meta-
analysis

48 studies; N = 118
ONB presenting with
distant disease

OS Multimodality therapy offered
benefit over single or no therapy

Duo et al.1364 2022 4 Retrospective
database
study
(SEER)

N = 513 patients with
ONB

OS 5-year OS rates of patients who
underwent RT versus non-RT
were 85.3% versus 70.4%

Tsutsumi
et al.1369

2022 4 Retrospective
database
study
(NCDB)

N = 814 patients with
ONB

OS Delays during, and prolongation of
RT, for ONB appears to be
associated with decreased OS

Vuong et al.1387 2022 4 Retrospective
database
study
(SEER)

N = 733 patients with
ONB

OS Surgery and adjuvant RT is
associated with improved patient
survival

Wang et al.1388 2021 4 Retrospective
case series

N = 37
ONB with frontal lobe
involvement

1. OS
2. PFS

Patients who received surgery
combined with CRT showed
better OS (89.4% vs. 53.6%,
p = 0.001) and PFS (87.8% vs.
53.6%, p = 0.001) compared with
those who did not undergo
surgery

Zeng et al.484 2021 4 Retrospective
case series

N = 64 patients with
ONB

OS Surgery and RT had best survival

Liu et al.488 2020 4 Retrospective
case series

N = 37 patients with
ONB

1. OS
2. PFS
3. LRC
4. DMFS

Similar OS, PFS, LRC, and DMFS
between groups

Song et al.1385 2020 4 Retrospective
case series

N = 217 patients with
ONB

OS Multivariate analysis demonstrated
lymph node status, orbital
invasion, and the combination of
surgery and RT to be
independent prognostic factors

Yang et al.1382 2020 4 Retrospective
case series

N = 154 patients with
ONB

OS Model of multiple tumor history,
orbital invasion, carotid canal
invasion, modified Kadish stage,
delivery sequence of RT and
surgery, and sequence of
chemotherapy and surgery
predicted outcome better than
conventional staging systems

Kim et al.253 2019 4 Retrospective
case series

N = 28 patients with
ONB

OS Patients with adjuvant RT had a
5-year PFS of 46.7%, whereas
those treated with surgery alone
had a 5-year PFS of 19.4%
(p = 0.01)

(Continues)
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ICAR SINONASAL TUMORS 249

TABLE XX IV.A . 6 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Li et al.164 2019 4 Retrospective
case series

N = 60
ONB with orbital
invasion

OS 1. 5-year OS of 63.5%; 46 received
surgery plus RT, with a 5-year
OS of 70.7%

2. Invasion of either the
extraocular muscles or the eye
globe was not a contraindication
for eye-sparing surgery with RT
or surgery/RT

Miller et al.1389 2019 4 Retrospective
case series

N = 38 patients with
ONB

OS Patients who received
platinum-based CRT did not
exhibit improved survival
compared to surgery/RT alone

Singh et al.1347 2019 4 Retrospective
case series

N = 21 patients with
ONB

Recurrence Recurrence rate was 80% in surgery
alone group, which decreased to
43.7% if surgery was
supplemented with other
modalities

Orton et al.1365 2018 4 Retrospective
database
study
(NCDB)

N = 931 patients with
ONB

OS Adjuvant RT decreased mortality
(HR 0.53, p < 0.01)

5-year OS was 85% versus 53%
versus 29% for primary surgery,
RT, and chemotherapy

Carey et al.1383 2017 4 Retrospective
database
study
(NCDB)

N = 1225 patients with
ONB

OS 1. OS was associated with Kadish
stage, grade, treatment
sequence, margin status,
Charlson/Deyo score, age, and
gender

2. Surgery with RT had lower risk
of death compared to surgery
alone (OR 0.61; 95% CI:
0.40–0.95)

Abbreviations: DMFS, distantmetastasis-free survival; DSS, disease-specific survival; LRC, locoregional control; NCDB,National Cancer DataBase; ONB, olfactory
neuroblastoma (esthesioneuroblastoma); OS, overall survival; PFS, progression-free survival; RT, radiation therapy; SEER, Surveillance, Epidemiology, and End
Results.

platinum-based regimens combined with etoposide
or other agents. As an adjuvant treatment, two recent
SEER database studies over a 40-year time period did
not detect an improvement in OS with the addition of
chemotherapy.1371 This finding was further corroborated
by a large international multi-institutional retrospective
study of 404 cases with an HR of 1.07 for OS and 1.40
for DFS.15 When combined with RT as definitive treat-
ment, chemotherapy may have some benefit in adult
patients; however, this is particularly true for pediatric
ONB that is regarded as chemosensitive.1335,1372,1373 In
a multi-institutional retrospective review of 24 cases
of pediatric ONB (<21 years of age), an 84% objective
response rate was observed in patients who received
neoadjuvant chemotherapy.1373 In an NCDB study of 1411
ONB patients, 45 of which were pediatric (<18 years of
age), use of chemotherapy was more common and the

pediatric group had an 87% 10-year OS compared to 66% for
adults. However, due to low patient numbers and variable
treatment paradigms, the full impact of chemotherapy in
pediatric ONB remains unknown.1335
Neoadjuvant chemotherapy has recently been advo-

cated by several groups for locally advanced or unre-
sectable disease.1357,1358 One retrospective study reported
that this approach aided in achieving a negative margin
resection in 80% of patients (4/5) for which a negative mar-
gin resection was not initially believed to be attainable.
Additionally, of a series of 15 patients who underwent IC,
a 78% response rate (7/9 patients) in the high Hyams grade
group compared to 50% (3/6 patients) in the low Hyams
grade group was observed.1357 Seven patients had a com-
plete response and three patients were able to avoid orbital
exenteration using this approach.1357 Although these are
low patient numbers, these results suggest that neoadju-

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



250 KUAN et al.

TABLE XXIV.A . 7 Evidence surrounding the role of systemic therapy in ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Vuong et al.1377 2021 2 Systematic
review and
meta-
analysis

33 studies; N = 492
patients with ONB

OS Chemotherapy did not offer
survival benefit to any Hyams
subgroup

Arnold et al.1379 2020 2 Systematic
review

21 studies; N = 399
patients with ONB

1. OS
2. DFS

Increasing age, treatment with
chemotherapy, and positive or
unreported margin status
portended worse DFS (p < 0.05)

Marinelli
et al.1386

2018 2 Systematic
review and
meta-
analysis

48 studies; N = 118
ONB presenting with
distant disease

OS Multimodality therapy offered
benefit over single or no therapy

Vuong et al.1387 2022 4 Retrospective
database
study
(SEER)

N = 733 patients with
ONB

OS The use of chemotherapy did not
confer survival advantage

Brisson et al.1372 2021 4 Retrospective
database
study
(SEER)

N = 636 patients with
ONB

OS The only patient population that
derived benefit from CT were
patients who did not receive
surgery and were treated with CT
and/or RT (HR 0.3, 95% CI:
0.14–0.61, p < 0.001)

Liu et al.1380 2021 4 Retrospective
database
study
(SEER)

N = 826 patients with
ONB

OS Predictors of cause-specific
mortality for ONB included age,
tumor stage, surgery, and
chemotherapy

Wang et al.1388 2021 4 Retrospective
case series

N = 37
ONB with frontal lobe
involvement

1. OS
2. PFS

Patients who received surgery
combined with RT/CRT showed
better OS and PFS compared with
those who did not undergo
surgery

Crammer
et al.1371

2020 4 Retrospective
database
study
(SEER)

N = 797 patients with
ONB

1. OS
2. DSS

1. In adjusted multivariable
analyses, chemotherapy was
associated with inferior DSS

2. Among the subset with local or
regional disease treated with
surgery and/or RT,
chemotherapy remained
associated with inferior DSS

3. This analysis does not support
chemotherapy to improve either
DSS or OS in primary ONB/ON
treatment, after controlling for
known ONB prognostic factors
available from SEER

Yang et al.1382 2020 4 Retrospective
case series

N = 154 patients with
ONB

OS Model of multiple tumor history,
orbital invasion, carotid canal
invasion, modified Kadish stage,
delivery sequence of RT and
surgery, and sequence of
chemotherapy and surgery
predicted outcome better than
conventional staging systems

(Continues)
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ICAR SINONASAL TUMORS 251

TABLE XX IV.A . 7 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Miller et al.1389 2019 4 Retrospective
case series

N = 38 patients with
ONB

OS Patients who received
platinum-based CRT did not
exhibit improved survival
compared to surgery/RT alone

Orton et al.1365 2018 4 Retrospective
database
study
(NCDB)

N = 931 patients with
ONB

OS 5-year OS was 85% versus 53%
versus 29% for primary surgery,
RT, and chemotherapy

Carey et al.1383 2017 4 Retrospective
database
study
(NCDB)

N = 1225 patients with
ONB

OS Adjuvant chemotherapy did not
offer survival advantage

Su et al.1357 2017 4 Retrospective
case series

N = 15
Advanced ONB with
induction
chemotherapy

1. DFS
2. OS

5-year DFS and OS were 71% and
78%, respectively

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; DSS, disease-specific survival; LRC, locoregional control; NCDB, National Cancer
DataBase; ONB, olfactory neuroblastoma (esthesioneuroblastoma); OS, overall survival; PFS, progression-free survival; RT, radiation therapy; SEER, Surveillance,
Epidemiology, and End Results.

vant/ICmay play a beneficial role for patients who present
with extensive locally invasive or unresectable disease.
The effectiveness of immunotherapy in ONB has not yet

been reported. However, PD-L1 expression, a key immune
checkpoint pathway, has been reported in ONB, suggest-
ing a potential role for immune checkpoint blockade.112
A recent study of 32 ONB patients found that poorer DFS
was associated with high transforming growth factor beta
(TGF-β) signaling and postulated that given its immuno-
suppressive function that concomitant TGF-β and immune
checkpoint blockade may be beneficial in restoring an
ONB tumor immune response.1374 An active immunother-
apy clinical trial at the National Institutes of Health
using bifunctional PD-L1/TGF-β blockade is currently
available for patients with recurrent or metastatic ONB
(NCT05012098). Somatostatin receptor 2 (SSTR2) has been
reported to be highly expressed in ONB and is potentially
amenable to targeting with peptide receptor radionu-
clide therapy such as 177Lu-DOTA-TATE.15,1375 Indeed,
several small studies have reported efficacy in recurrent or
metastatic ONB, necessitating further investigation.453
Table XXIV.8 includes additional studies relevant to

survival outcomes in ONB during the updated review
period.

Role of systemic therapy in ONB

Aggregate grade
of evidence

C (Level 2: three studies; Level 4: 10 studies)

Benefit Potential benefit for neoadjuvant
chemotherapy in locally advanced or
unresectable cases.

Harm Possible side effects from systemic therapy.
Etoposide may be associated with bone
marrow suppression leading to
pancytopenia, while platinum-based agents
may lead to renal, neurological, and
otologic impairment.

Cost Not evaluated in current studies.
Benefits–Harms
Assessment

Balance of benefits and harms.

Value
judgments

There are some data to suggest that
neoadjuvant chemotherapy may be of value
in select cases. No current ability to select
for possible responders before treatment.

Policy level Option.
Intervention Consider neoadjuvant chemotherapy for

locally advanced cases. Further studies are
necessary to determine the benefit of other
systemic treatment approaches for ONB.
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TABLE XXIV. 8 Other studies relevant to survival outcomes for ONB.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Mays et al.97 2018 3 Retrospective
cohort

N = 35
ONB without skull
base involvement

DFS 1. 5- and 10-year DFS were 89% and
78%

2. Resection of bone but not of
dura/bulb affected DFS

Sharma et al.84 2022 4 Retrospective
database
study
(SEER)

N = 561 patients with
ONB

1. DSS
2. OS

Socioeconomic status associated
with lower 5-year DSS

Barinsky et al.85 2021 4 Retrospective
database
study
(NCDB)

N = 533 patients with
ONB

OS 1. Endoscopic cases had higher
5-year OS (81.9% vs. 75.6%,
p = 0.030)

2. After multivariate regression,
survival benefit to endoscopic
surgery nonsignificant (HR
0.644; 95% CI: 0.392–1.058;
p = 0.083)

Berger et al.6 2021 4 Retrospective
database
study
(NCDB)

N = 1411 patients with
ONB

IS 10-year OS in the pediatric cohort
was higher compared to the adult
cohort (87% vs. 66%, p < 0.05)

Burnhan et al.86 2021 4 Retrospective
database
study
(SEER)

N = 882 patients with
ONB

1. DSS
2. OS

There was a long-term DSS decline
of geriatric compared to pediatric
cases after 100 months

Goshtasbi
et al.87

2021 4 Retrospective
database
study
(NCDB)

N = 1601 patients with
ONB

OS Worse prognosis was seen at
low-facility centers when
binarizing patients according to
median case volume (HR 1.280;
CI: 1.017–1.611; p = 0.03)

Mikhael et al.88 2021 4 Retrospective
database
study
(SEER)

N = 987 patients with
ONB

1. DS 1. 5-year DSS was 81.0% (West),
79.8% (East), 67.4% (Midwest),
and 72.7% (South); p = 0.018

2. 10-year DSS was 74.0% (West),
73.7% (East), 60.9% (Midwest),
and 63.6% (South); p = 0.017

Wu et al.89 2022 4 Retrospective
case series

N = 82 patients with
ONB

OS Isocitrate dehydrogenase 2 (IDH2)
mutation-positive tumors had
more aggressive behavior and
conferred a poor prognosis

Cai et al.90 2021 4 Retrospective
case series

N = 42 patients with
ONB

1. OS
2. DFS

1. The 5-year OS and DFS rates
were 89.1% and 79.2%,
respectively

2. The overall surgical
complication incidence was
9.52% (one cerebrospinal fluid
rhinorrhea, one cervical
hematoma, and two epileptic
seizures)

Dumont et al.91 2020 4 Retrospective
case series

N = 18
Pediatric ONB

OS 5-year OS and event-free survival
were 44.4%

(Continues)
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ICAR SINONASAL TUMORS 253

TABLE XX IV. 8 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Navarro-
Fernandez
et al.92

2020 4 Retrospective
case series

N = 12
Pediatric ONB

1. PFS
2. OS

1. The surgical complication rate
was 8.3%

2. PFS was 41 months and mean
OS was 63.6%

Classe et al.93 2019 4 Retrospective
case series

N = 45 patients with
ONB

OS A Ki67% ≥25 was associated with
poorer survival. Overall survival
was 68.9%

Gallia et al.94 2018 4 Retrospective
case series

N = 20
ONB by endoscopic
surgery

1. OS
2. DSS
3. RFS

5-year OS, DSS, and RFS were
92.9%, 100%, and 92.9%,
respectively

Gram et al.95 2018 4 Retrospective
case series

N = 14 patients with
ONB

OS 5-year OS was 90% (95% CI: 61–99%)

Konig et al.96 2018 4 Retrospective
case series

N = 20 patients with
ONB

1. OS
2. DSS

1. OS and DSS were 92.9% at
2 years, 70.7% at 5 years, and
70.7% at 10 years of follow-up

2. Nasal stenosis in 70%
Yin et al.87 2018 4 Retrospective

database
study
(SEER)

N = 876 patients with
ONB

1. OS
2. DSS

1. OS and DSS rates of 69% and 78%
at 5 years

2. Patients age >60 years presented
significantly poor OS and DSS
on multivariate analysis

Yu et al.98 2018 4 Retrospective
case series

N = 20
ONB with intracranial
involvement

DFS 1. 5- and 8-year DFS were 69% and
54%

2. 37% had recurrence and 65% of
those involved the dura

3. Salvage treatments were
effective

Yuan et al.61 2018 4 Retrospective
case series

n = 44 patients with
ONB

1. OS
2. PFS

5-year OS and PFS were 42.7% and
39.1%, respectively, with 10-year
rates of 28.9% and 21.7%

Schmidt et al.99 2017 4 Retrospective
case series

N = 11 patients with
ONB

1. OS
2. DFS

10-year OS and DFS were 68.2% and
46.7%

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; DSS, disease-specific survival; LRC, locoregional control; NCDB, National Cancer
DataBase; ONB, olfactory neuroblastoma (esthesioneuroblastoma); OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival; RT, radiation
therapy; SEER, Surveillance, Epidemiology, and End Results.

B Sinonasal undifferentiated
carcinoma and variants

Undifferentiated sinonasal carcinomas have some of the
poorest outcomes among head and neck cancers. They are
typically locally advanced at presentation, necessitating
multimodality therapy. Sinonasal undifferentiated carci-
noma (SNUC) was first described by Frierson et al. in
1986.1390 It was considered a diagnosis of exclusion but
served as a “wastebasket” for unknown, poorly differen-
tiated SNM.1391 Further delineation and re-examination of
this entity have frequently resulted in a change in diagno-
sis from SNUC to one of themore recently defined entities,
such as SMARB1-deficient or NUT carcinoma.1071,1392,1393
The management of this disease has likewise continued to

evolve and there is growing evidence supporting the use of
IC. This section expounds on ICSB 2019 (Section VIII.C),
including the multimodality therapy for SNUC with the
addition of two recently identified categories: NUT and
SWI/SNF-deficient carcinoma. Endoscopic versus open
surgery in the management of SNUC was discussed in the
prior review and will not be addressed here.

1 Sinonasal undifferentiated carcinoma

SNUC has historically made up 3%–5% of sinonasal
carcinomas.98 The male-to-female ratio is typically high
around 2–3:1.28,1394 Although SNUC can be diagnosed at
any age, the median is approximately 50–55 years.1394–1396
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254 KUAN et al.

The pathological features are typically high grade with
nests, sheets, or ribbons of undifferentiated cells with-
out glandular or squamous features. Testing for keratins,
including pancytokeratin (AE1/AE3) and cytokeratins 7, 8,
and 18, is often positive.1393 S100 and Epstein–Barr virus
tests are negative.1397 IDH2 hotspot mutations are iden-
tified in a significant subset of SNUCs, and IDH2(R172S)
is the most common. IDH-mutant SNUC demonstrates
a hypermethylation phenotype, and DNA-based profiling
studies show that IDH-mutant SNM constitutes a dis-
tinct group from IDH-wild-type tumors.1398–1400 Presently,
no morphologic or immunohistochemical differences
between SNUC that are IDH-mutant or wild-type are rec-
ognized. Imaging differentiates SNUC from other SNM.
SNUC has consistently been found to have a lower ADC
ratio than ACC and a higher FDG avidity than ONB,
metastatic tumors, or ACC on PET imaging.200,223,1127,1401
Orbital and skull base invasions are frequent; 80% of

tumors are T3 or T4 at diagnosis.499,1394,1396 Surgery with
adjuvant RT or CRT and definitive CRT both have demon-
strated survival benefit over surgery or RT alone.1394,1402
Trimodality treatment has had variable superiority over
bimodality treatment.499,1394,1403 Some studies have sug-
gested better outcomes with surgery plus adjuvant therapy
than with definitive CRT, but this is possibly related to
selection bias based on resectability.367,1404,1405 While the
preponderance of studies show that patients treated with
surgery with negativemargins followed by RT or CRT have
favorable survival, margin status has not been consistently
reported as a prognostic indicator and resectable patients
remain in theminority.367,1406 Radiation doses greater than
60 Gy have been associated with improved survival.499,1397
A growing body of evidence supports the potential bene-
fit of IC. Around half of patients will experience disease
recurrence within 3 years of treatment.497,1396 Five-year
survival rates range from 35% to 81%.499,1395,1403,1407 Numer-
ous mutations are being considered for novel targeted
therepeutics.1399,1408–1410 Several prospective studies are
currently underway (e.g., NCT00707473, NCT02099175,
and NCT02099188), but none have been published to date.
Evidence surrounding surgical management of SNUC was
discussed in ICSB 2019 and will not be addressed here.5

XXIV.B.I.A. Elective management of the neck
Regional metastases are found in approximately 15%
of patients (range 5%–30%). Metastases are more
common with advanced disease, particularly skull
base invasion, and have been associated with poorer
prognosis.497,1394–1396,1405,1411,1412 A dozen studies have
evaluated the evidence for elective neck treatment for
SNUC, but all have been retrospective cohort studies
or case series. These were systematically reviewed in a
meta-analysis by Faisal et. al., which demonstrated an 80%

lower risk of regional recurrence for patients undergoing
elective neck treatment (OR 0.20; 95% CI: 0.08–0.49;
p = 0.0004).1412 This has traditionally included lymph
node levels I through III.
Several caveats exist to the recommendation for neck

treatment. It is worth noting that 83% of patients in the
aforementioned meta-analysis had T4 disease, and 96%
had T3 or higher, so there was not an adequate sam-
ple to demonstrate the benefit of elective neck treatment
for nonadvanced SNUC. The question of unilateral ver-
sus bilateral neck treatment has also not been answered.
Ahn et al. demonstrated that the incidence of nodal metas-
tases is greatest with nonethmoidal tumors, although the
incidence of nodal metastases for nasal/ethmoid sinus
tumors was also significant at 15%.229 Consideration of
bilateral elective neck treatment may be most warranted
for advanced midline tumors or nonethmoidal tumors
with significant contralateral involvement. Although the
authors of the systematic review recommend END over
ENI for staging accuracy and sequela mitigation, it is
unknown whether one treatment is superior.1412 It is also
not known if adjuvant neck radiation should be with-
held if an END does not yield disease.1413 Proponents of
ENI point to the advantage of the ability of RT to treat
retropharyngeal nodes, a common drainage basin for the
posterior nasal cavity and the ethmoid sinus. The retropha-
ryngeal nodes are not easily accessible or salvageable after
recurrence with surgery, and their inclusion in radio-
therapy fields is without significant additional morbidity
and well tolerated. Regardless of the outcome of END,
the retropharyngeal nodal basin needs to be treated dur-
ing postoperative RT to the primary tumor, particularly
for locally advanced tumors and/or early-stage tumors
involving posterior nasal cavity/ethmoid sinus.

a Role of neoadjuvant/induction chemotherapy
Several studies support the use of IC for SNUC; however,
this is not universal.497,1402,1403,1414,1415 In particular, neoad-
juvant therapy response appears to best serve as a guide for
determining subsequent treatment—namely, surgery with
adjuvant RT versus definitive CRT.1403 Amit et al. found
that patients who had a partial or complete response to
IC had a 5-year DSS rate of 81% when treated with defini-
tive CRT, compared to 51% for those receiving surgery with
adjuvant RT or CRT. In patients who did not respond to IC
and were not treated with surgical resection, 5-year DSS
was 0%. Still, DSS appears to be better for patients who
received IC followed by surgery with adjuvant treatment
than for other cohorts who underwent bi- and trimodal-
ity treatment without neoadjuvant therapy.1395,1402 One
study found preoperative radiation to be associated with
a 78% greater likelihood of negative margins, although this
analysis included numerous types of malignancies.1416
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ICAR SINONASAL TUMORS 255

Bimodality and trimodality treatments confer an
oncological advantage over single-modality therapy
(Table XXIV.B.1). Most, but not all, studies found that
trimodality therapy was superior to bimodality. There
are sufficient data to support the use of neoadjuvant
chemotherapy response as a guide for treatment. Patients
who respond to neoadjuvant chemotherapy followed by
definitive chemoradiation appear to do particularly well.
Elective treatment of the neck with either surgery and/or
radiation is recommended for T3–4 disease. A radiation
dose greater than 60 Gy is optimal.

Treatment of SNUC

Aggregate grade
of evidence

B (Level 2: three studies; Level 3: six studies;
Level 4: 24 studies)

Benefit Bimodality, and more so trimodality, therapy
is beneficial over single modality. Elective
neck treatment is associated with lower
regional recurrence rates, most commonly
with levels I-III.

Harm Single-modality treatment yields poorer OS
and RFS. Greater regional recurrence rates
occur in patients without elective neck
treatment.

Cost Not evaluated in current studies.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

While early studies suggested the greatest
benefit was associated with surgery with
adjuvant therapy, more recent studies have
supported trimodality treatment or
neoadjuvant chemotherapy followed by
CRT in responders, especially in patients
who cannot be resected with negative
margins or without significant morbidity.

Policy level Recommendation.
Intervention Multimodal treatment with elective neck

treatment for SNUC is recommended.
Neoadjuvant chemotherapy response as a
guide for treatment can be considered.

2 NUT carcinoma

NUT carcinoma represents 1%–2% of SNM
(Table XXIV.B.2).1417,1418 The disease is named for its
characteristic translocation of the nuclear protein on the
testis (NUTM1). The previous name, NUT midline carci-
noma, was changed because the tumor is not restricted to
midline structures. NUT carcinoma can also occur in the
lungs, salivary gland, pancreas, genitourinary structures,
bone, and soft tissues.1419 It predominantly affects teens
and young adults, aged 10–30 years, although this be

partly due to the higher use of cytogenetic analysis in
this age group. Patients typically present with nonspe-
cific complaints of nasal obstruction, epistaxis, orbital
symptoms, and pain.1418 The disease occurs in slightly
more female than male patients.1418,1420 On imaging, the
tumor appears as an aggressive, infiltrating mass, often
with orbital and dural invasion. MRI shows hypointensity
on T1 and heterogeneity on T2.1192 Bony hyperostosis has
been described.
Histological evaluation typically reveals nests of tumor

cells in the submucosa without surface epithelial involve-
ment. The hallmarks of NUT carcinoma are lack of
pleomorphism, monotonous primitive round cells, and
areas of abrupt keratinization.1419 These tumors harbor a
characteristic translocation involving NUTM1 on chromo-
some 15q14.6 with the bromodomain-containing protein 4
(BRD4) gene on 19p13.1.1421 BRD4::NUTM1 gene rearrange-
ment identified with FISH is considered the gold standard
for diagnosis.1422 Alternatively, NUT nuclear immunohis-
tochemical stain can be used and has a reported sensi-
tivity and specificity, respectively, of 100% and 87%.1419
Patients with non-BRD4::NUTM1 fusions (BRD3- orNSD3-
NUTM1) have significantly better survival than those with
BRD4::NUTM1 fusions, independent of metastatic disease
extent at presentation.1423
NUT carcinomas are among the most aggressive tumors

of the sinonasal tract. The NUT carcinoma registry (www.
nmcregistry.org) is a central repository for cases and has
contributed to studies that assisted with NUT carcinoma
being considered a unique entity by the WHO.17,1068 This
registry was used for the largest series, which included
29 cases.1420 Half of the patients with this disease have
locoregional or distantmetastases at diagnosis.1420,1424 Due
to the small number of reported cases, treatment data
are limited. The single published cohort study reported a
survival benefit in patients who underwent surgery with
adjuvant CRT rather than definitive CRT.1420 Notably, sur-
gical resection with negative resection margins conferred
a 2-year OS of 80%, superior than resection with pos-
itive margins or debulking. A sample of patients who
underwent neoadjuvant chemotherapy appears to have
better OS outcomes than previously reported cohorts, but
comparative analysis was restricted by sample size.1425
One recent case described a short-lived response with a
regimen for Ewing sarcoma (i.e., vincristine, cyclophos-
phamide, and doxorubicin).1426 However, platinum com-
pounds are the most commonly used chemotherapeutic
agents.1420 BET bromodomain inhibitors, which target the
BRD4 portion of BRD4::NUTM1, demonstrated promise
in a xenograft model, and clinical trials are currently
ongoing (e.g., NCT03936465).1427,1428 Nevertheless, NUT
carcinoma is almost uniformly fatal. The median survival
is 5–13 months.1420,1424,1425
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TABLE XXIV.B . 1 Evidence surrounding multimodal treatment of sinonasal undifferentiated carcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Faisal et al.1412 2020 2 Systematic
review and
meta-
analysis

255 patients from 12
studies: ENT (126),
no ENT (129)

OS 80% lower risk of regional failure
with ENT

Morand
et al.1394

2017 2 Systematic
review and
meta-
analysis

390 total from 29
studies: Treatment
known: Sx + CRT
(61), CRT (49),
Sx + RT (37), RT
(24), palliative (16),
Sx (14)

OS Bi- or trimodal treatment is
superior to single modality

Reiersen
et al.1441

2012 2 Systematic
review and
meta-
analysis

167 patients from 30
studies: C (6), RT
(21), CRT (36), Sx
(15), Sx + C (1),
Sx + RT (46),
Sx + CRT (34), no Tx
(8)

OS Trend for better OS with surgery
with RT or CRT

Amit et al.1403 2019 3 Retrospective
cohort

IC (all patients): CRT
(60), CRT + Sx (31),
Sx + RT (4)

OS OS benefit for IC guide for CRT or
surgery with RT/CRT

Kuo et al.1402 2017 3 Retrospective
cohort

Sx (37), Sx + RT (32),
Sx + CRT (157),
Sx + C (14), RT (16),
CRT (120), C (25), no
Rx (34)

OS OS benefit from CRT or surgery
with CRT

van der Laan
et al.1404

2016 3 Systematic
review and
meta-
analysis

Sx (15), RT (43), C (7),
Sx + RT (54), Sx + C
(2), Sx + CRT (110),
CRT (85), palliative
(31)

DFS Better DFS for surgery with RT than
CRT

Fu et al.1416 2016 3 Retrospective
cohort

Induction RT + Sx
(23), Sx + RT (61)

1. Margin
control

2. OS
3. DFS
4. LRFS
5. RFS

Neoadjuvant RT associated with
negative margins

Chamberlain
et al.1442

2016 3 Retrospective
cohort

CRT (16), Sx + CRT
(11), Sx + RT (4)

OS CNS involvement associated with
poorer outcomes

Chambers
et al.1405

2015 3 Retrospective
cohort

Sx + RT (142), RT (111)
Sx (33); C not
defined

OS Better OS with surgery and
adjuvant RT

Lehrich et al.1415 2020 4 Retrospective
Database
Study
(NCDB)

No IC (370), (70),
IC + Sx + RT (15),
IC + Sx (3), IC + RT
(52)

OS IC not associated with improved OS

London et al.1414 2020 4 Retrospective
case series

CRT (8), IC + CRT (8),
palliative (3),
Sx + CRT (2)

OS Nonstatistically analyzed trend
supporting IC

Workman
et al.1395

2019 4 Retrospective
case series

Sx + CRT (22), CRT
(4), Sx (1)

OS Nodal disease at presentation
associated with worse OS

(Continues)
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ICAR SINONASAL TUMORS 257

TABLE XX IV.B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

de Bonnecaze
et al.497

2018 4 Retrospective
case series

CRT (29), Sx + CRT
(14), Sx + RT (6),
other (5)

1. OS
2. DFS

IC associated with improved DFS

Gamez et al.499 2017 4 Retrospective
case series

Sx+ CRT (16), Sx+ RT,
IC + Sx + CRT (8),
RT (4), CRT (3)

OS Trimodal treatment with >60 Gy
superior to bimodal

Khan et al.367 2017 4 Retrospective
Database
(NCDB)

Sx + CRT (169), CRT
(146)

OS Better OS for surgery with surgery
than CRT when resectable

Bhasker
et al.1443

2017 4 Retrospective
case series

Sx + RT (3), Sx + CRT
(4), RT (6), CRT (4),
PRT (4)

OS Supports surgery with adjuvant
treatment

Kuan et al.1407 2016 4 Retrospective
Database
Study
(SEER)

Sx + RT (150), RT
(108), Sx (32), none
(22), unknown (16)

1. OS
2. DFS

Kadish stage, age, and radiation
associated with OS, DFS

Ahn et al.229 2016 3 Retrospective
Database
Study
(SEER)

No neck dissection
(104), neck
dissection (7)

Metastasis Nonnasal, non-ethmoid tumors
associated with metastasis

Lopez et al.1397 2015 4 Retrospective
case series

Sx + CRT (10), Sx + RT
(1), C + Sx + CRT
(3), CRT (3)

OS Supports surgery with adjuvant RT

Gray et al.1444 2015 4 Retrospective
case series

Sx + CXT (8) CRT (3) OS Improved OS with HPV-associated
SNUC

Liao et al.1445 2014 4 Retrospective
case series

Sx + CRT (7), CRT (7),
RT (1)

OS Trend toward OS benefit with CRT

Christopherson
et al.1446

2014 4 Retrospective
case series

Sx + CRT (10), Sx + RT
(5), CRT (6), RT (2)

OS Supports surgery with adjuvant
CRT

Su et al.1447 2014 4 Retrospective
case series

Sx + CRT (4), Sx + RT
(4), RT (4)

OS Endoscopic surgery comparable to
open

Al-Mamgani
et al.1413

2013 4 Retrospective
case series

CRT (7), C + Sx + RT
(7), Sx + RT (5),
Sx + CRT (2)

OS Recommend three- or two-modality
treatment

Yoshida
et al.1448

2013 4 Retrospective
case series

CRT (6), Sx (6),
Sx + CRT (4)

OS Trend supporting surgery with CRT

Millard et al.1449 2013 4 Retrospective
case series

Sx + CRT (6), Sx with
RT (5), CRT (1), Sx
(1), IC + Sx + RT (1)

OS Support primary CRT followed by
surgery, ENT

Xu et al.1450 2013 4 Retrospective
case series

No Rx (2, 5), single
modality (7, 42),
CRT (4, 37), Sx + RT
(3, 22), Sx + CRT (4,
34)

OS Multimodal treatment associated
with better OS

Mourad et al.1451 2013 4 Retrospective
case series

Sx (3), Sx + CRT (5),
CRT + Sx (7), CRT
(3)

1. OS
2. DFS

Trimodal therapy associated with
better DFS

Lee et al.1452 2012 4 Retrospective
case series

CRT (4), Sx + CRT (4),
Sx + RT (3), RT (3)

OS Supports surgical resection with
CRT

(Continues)
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258 KUAN et al.

TABLE XXIV.B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Revenaugh
et al.1453

2011 4 Retrospective
case series

Sx + CRT(4), CRT (4),
IC + Sx + CRT (4),
Sx + RT(1), RT (1)

OS Comparable outcomes with
endoscopic versus open resection

Lin et al.1454 2010 4 Retrospective
case series

Sx + CRT (6), Sx + RT
(5), CRT (5), RT (5)

OS Trend toward better OS with
chemoradiation

Tanzler et al.1411 2008 4 Retrospective
case series

Sx + RT (9), RT (5), Sx
(1)

OS Supports surgery with RT

Chen et al.1406 2008 4 Retrospective
case series

Sx + RT or CRT (17),
IC + Sx (2), CRT (2)

OS Importance of gross total resection
in outcomes

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; LRFS, locoregional failure/recurrence-free survival; OS, overall survival; RFS, recurrence-
free survival; RT, radiation therapy; Sx, surgical therapy.

TABLE XXIV.B . 2 Evidence surrounding management of sinonasal NUT carcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Chau et al.1420 2016 3 Retrospective
cohort

Sx + RT or CRT (22),
C ± Sx or RT (11),
CRT (6)

OS OS 9.7 months, DFS 6.6 months,
trimodal treatment outcomes
better

Hafstrom
et al.1417

2020 4 Retrospective
case series

Sx + RT (1), CRT (1),
Sx + CRT (1), Sx + C
(1)

Prevalence NUT make up 1.1% of poorly
differentiated sinonasal
carcinomas

Kumar et al.55 2018 4 Retrospective
case series

C (5), CRT (7), RT (3),
Sx (3)

OS Median OS of 5.5 months

Kakkar et al.1432 2018 4 Retrospective
case series

Head and Neck NUT
midline carcinoma
(5)

Clinicopathologic
characteristics

NUT IHC recommended for all
poorly differentiated carcinomas

Minato et al.1455 2018 4 Retrospective
case series

CRT (4) Clinicopathologic
characteristics

NUT tends to involve frontal and
ethmoidal sinuses

Fang et al.1422 2013 4 Retrospective
case series

RT (2), CRT (1), None
(1)

Clinicopathologic
characteristics

NUT gene rearrangements are the
gold standard for diagnosis

Bishop and
Westra1418

2012 4 Retrospective
case series

Sx + CRT (3) Clinicopathologic
characteristics

NUT make up 2% of all sinonasal
carcinomas

Abbreviations: C, chemotherapy; CRT, chemoradiation therapy; IHC, immunohistochemistry; OS, overall survival; RT, radiation therapy; Sx, surgical therapy.

Aggregate grade of evidence: D (Level 3: one study;
Level 4: six studies)

3 SWI/SNF complex-deficient sinonasal
carcinomas

SMARCB1 (INI1)- and SMARCA4 (BRG1)-deficient
sinonasal carcinomas both are the result of inactivation
of the SWItch/Sucrose Non-Fermentable (SWI/SNF)
subfamily of ATP-dependent chromatin remodeling com-
plexes (Table XXIV.B.3).1429 SMARCB1-deficient sinonasal
adenocarcinoma are exceptionally rare and are not
specifically addressed herein.1430 The names are derived
from tumor-suppressor genes on chromosome 22q11.2,

which are a core subunit in the SWI/SNF complex, which
includes SMARCB1, SMARCA2, and SMARCA4. The
largest series to date is 39 cases.1431 These tumors affect
slightly more male than female patients.1432 The mean
age for patients with SMARCB1- and SMARCA4-deficient
carcinomas is 54 years (range 28–78) and 44 years (range
20–67), respectively.1431,1433 Patients with these tumors
frequently present with facial pain, eye symptoms, and
nasal obstruction.1434
Histologic evaluation of these tumors reveals a growth

pattern of rounded nests of cells with areas that have a
cord- or sheet-like pattern. There is a mixed pattern of
cells with a predominance of basaloid morphology; how-
ever, some cells have a rhabdoid apppearance.1431,1435,1436
SMARCB1-deficient carcinoma can be low to high grade,
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ICAR SINONASAL TUMORS 259

TABLE XX IV.B . 3 Evidence surrounding SMARCB1 (INI1)- and SMARCA4 (BRG1)-deficient sinonasal carcinomas.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ayyanar
et al.1436

2021 4 Retrospective
case series

SMARCB1: Sx + CRT
(3)

Clinicopathologic
characteristics

Mixed pattern of cells with a
predominance of basaloid
morphology

McLean-
Holden
et al.1429

2021 4 Retrospective
case series

SMARCB1 (6),
SMARCA4 (2):
Treatment not
reported

Clinicopathologic
characteristics

1. SMARB1 lower grade than
SMARCA4

2. Cytomorphology not an accurate
predictor

Mittal et al.1434 2021 4 Retrospective
case series

SMARCB1 (17):
Treatment not
reported

OS 12% alive without disease at 1 year

Agaimy et al.1433 2020 4 Retrospective
case series

SMARCA4: C (3),
Sx + RT (1), Sx (1),
palliative (1),
unknown (4)

Disease related
mortality

66% disease related mortality
(median of 3 months)

Chitguppi
et al.1456

2020 4 Retrospective
case series

SMARCB1: Sx + CRT
(2), IC + CRT (4)

1. OS
2. DFS

SMARCB1 significantly worse DFS
and OS than SNUC

Allard et al.1457 2018 4 Retrospective
case series

SMARCB1 (4):
Treatment not
reported

Clinicopathologic
characteristics

Suspected for high-grade
carcinomas with nonkeratinizing
squamous or rhabdoid
morphology

Agaimy et al.1431 2017 4 Retrospective
case series

SMARCB1: Sx + CRT
(22), Sx (4), CRT (5),
palliative (5),
unknown (6)

OS 1. Median age of 52 years
2. 30% survival at a median

follow-up of 2 years

Laco et al.1458 2017 4 Retrospective
case series

SMARCB1: Sx + RT
(3), Sx + CRT (1)

Clinicopathologic
characteristics

Higher methylation of RASSF1 gene

Shatzkes
et al.1437

2016 4 Retrospective
case series

SMARCB1 (17):
Treatment not
reported

Radiographic
features

Avid contrast enhancement,
intermediate-low T2 signal, FDG
avid, calcifications, periosteal
reaction

Agaimy et al.1431 2015 4 Retrospective
case series

SMARCB1: Sx + RT or
CRT (11)

Clinicopathologic
characteristics

1. Undifferentiated basaloid “blue”
appearance

2. Strong expression of
pancytokeratin

Bell1459 2015 4 Retrospective
case series

SMARCB1: Sx + CRT
(3), IC + Sx + CRT
(1)

Clinicopathologic
characteristics

Basaloid/rhabdoid morphology,
restricted to the sinonasal tract

Bishop et al.1440 2014 4 Retrospective
case series

SMARCB1: Sx + RT (5),
Sx + CRT (3), Sx (1)

Clinicopathologic
characteristics

First identification and description
of pathogenesis

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; IC, induction chemotherapy; OS, overall survival; RT, radiation therapy; Sx, surgical
therapy.

while SMARCA4-deficient carcinoma tends to be higher
grade.1429 Both tumors are positive for pancytokeratin and
AE1/AE3, while SMARCB1 and SMARCA4 are diffusely
negative for INI1 and BRG1, respectively.1435 These tumors
typically originate in the ethmoid sinus with local invasion
into the orbit or anterior cranial fossa.1437 Both tumors can
occur outside the sinonasal tract, including the soft tissues
of the neck.1438 There is moderate diffusion restriction on
MRI with low to intermediate signal on T2.1192,1437 These
tumors have calcifications in half of cases and occasionally

have aggressive periosteal reactions, visualized as a “hair
on end” appearance.
Outcomes for patients with SMARCB1- and SMARCA4-

deficient carcinoma are worse than those for SNUC
patients.1439 SMARCB1- and SMARCA4-deficient car-
cinomas are clinically aggressive, and patients usually
present with local invasion.1435 The vast majority of
patients present with advanced disease, and half present
with locoregional or distant metastasis.1431,1434,1440 While
reports of long-term outcomes are scarce, studies show a
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260 KUAN et al.

median OS of 12 months and 12%–30% survival at 1–2 years
for patients with SMARCB1-deficient carcinoma.1431,1439
The only reported outcome for SMARCA4-deficient
sinonasal carcinoma is 66% disease-related mortality
(median 3 months).1433
Treatment typically includes a combination of surgery

and adjuvant RT with or without chemotherapy, although
this recommendation is extrapolated from studies of
SNUC. It is unknown whether SMARCB1-deficient carci-
noma responds to IC similarly to SNUCs, but SMARCB1-
deficient carcinoma was not explicitly excluded from
the aforementioned study of IC in SNUC.1403,1431,1440 The
SWI/SNF complex and suppression of cyclin D1 transcrip-
tion may be future therapeutic targets.1432,1438

C Neuroendocrine carcinoma

According to the 5th edition of the WHO classification of
head and neck tumors, large-cell neuroendocrine carcino-
mas (LcNEC) and small-cell neuroendocrine carcinomas
(ScNEC, sometimes SmCC) are poorly differentiated, high-
grade representatives of sinonasal tumors with neuroen-
docrine differentiation (STND) that are of epithelial origin
(sinonasal neuroendocrine carcinomas, or SNEC).17,1459 As
sinonasal ScNEC and LcNEC are rare tumors that have
been only recently clearly classified, the existing litera-
ture that specifically addresses these entities (and that does
not combine different sinonasal tumors into one group)
is clearly limited. This section serves as an update to the
complementary ICSB 2019 document (Section VIII.C).5

1 Clinical presentation, epidemiology, and
specific risk factors

Similar to other SNM, ScNEC and LcNEC usually present
with nonspecific symptoms such as nasal obstruction, epis-
taxis, rhinorrhea, exophthalmos, and headache.1460–1462 As
ectopic hormone production (e.g., ACTH, beta-MSH, cal-
citonin, serotonin, or ADH) may be present in only 1% of
cases, corresponding symptoms are not a reliable indica-
tor of disease.1404 In an extensive retrospective study by
Patel et al., the incidence of SNECs (with a large propor-
tion of LcNEC and ScNEC) is reported to be as low as 0.015
cases per 100.000 and shows a marked (yet nonspecific)
increase in incidence over time.48 In a smaller case series,
however, Sjöstedt et al. described a 10% increase in diagno-
sis of SNECover a 34-year period.52 This findingmost likely
supports improved methods in diagnosis with various
ancillary techniques. Themean age of the affected patients
is between 49.2 and 62.5 years.1349,1404,1417,1460,1461,1463 There
seems to be a slight to marked predominance of the male

sex in most studies.48,1349,1417,1460–1463 Previous irradiation
(e.g., for NPC) has been suggested as an important risk
factor.1464 Alos et al. described positivity for p16 in 14 of 19
SNEC cases. However, HPVDNA could not be detected, so
a larger scale HPV association seems unlikely.1465

2 Molecular profiling, histologic subtypes,
and impact of grade

By definition, sinonasal ScNEC and LcNEC are poorly
differentiated, high-grade malignancies, with its specific
histological features being identical to their more com-
mon pulmonary counterparts. The tumors typically show
nests of uniform round cells that infiltrate surrounding
tissue, with an immunohistochemical positivity for cytok-
eratin (e.g., CKAE1/AE3, CK8) and neuroendocrine cell
markers such as synaptophysin or chromogranin, while
S100 and TTF-1 are negative.1171,1349 PNI and lymphovascu-
lar invasion are infrequently observed. The differentiation
between LcNEC and ScNEC is mostly performed based
on the variation in mean cellular sizes, but in ScNEC, the
nucleoli are typically absent or inconspicuous, whereas in
LcNEC, they are more irregular and prominent.1171 LcNEC
can be differentiated from SNUC as the latter shows a
neuroendocrine differentiation only on an immunohis-
tochemical or ultrastructural level, whereas the former
also features morphologic (i.e., light microscopy) charac-
teristics of neuroendocrine differentiation.1171,1459 A recent
study on molecular profiling of poorly differentiated neu-
roendocrine carcinoma of the head and neck region
(including five sinonasal ScNECs and seven sinonasal
LcNECs) has revealed—for the sinonasal cases—a high
Ki-67 index of >60% in all cases, universal loss of Rb, an
overexpression of p53 in 90% of cases, and an infrequent
occurrence of various potentially targetable mutations.1466
Yet, none of the sinonasal cases in the mentioned study
showed a mutational burden high enough for indicating
immunotherapy (>10 mutations/mutational burden), so
a strong role for immunotherapy seems unlikely. Ulti-
mately, utmost care in the determination of the right
histopathological diagnosis seems warranted as treatment
recommendations and prognosis depend accordingly.1467

3 Workup and staging

The staging classification of the AJCC 8th edition has
most commonly been used. There seem to be no spe-
cific imaging features with regard to LcNEC or ScNEC
(such as intratumoral calcifications that can be found in
olfactory neuroblastoma), so a combination of CT and
MRI is advisable for local tumor assessment.1461,1462 Felix-
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ICAR SINONASAL TUMORS 261

Ravelo et al. described a lower 18F-FDG-PET uptake in
SNEC compared to other sinonasal carcinomas, which
might hinder the assessment of tumor sizes using this
type of diagnostic measure.200 With regard to localization,
both ScNEC and LcNEC are most often primarily local-
ized in the nasal cavity and in the ethmoid sinus, but
infiltration into the skull base, the cranial fossa, or the
orbit is common.48,1417,1460–1462 The available studies show
that SNECs are typically first diagnosed at an advanced
stage (70%–80% as IV), whereas initial regional and distant
metastases are rare.48,200,1417,1460,1461,1463,1464,1468–1471

4 Treatment strategies

The treatment strategies for sinonasal ScNEC and
LcNEC vary immensely between the available studies
(Table XXIV.C.1) and are often not given in much detail.
Furthermore, the information from the available literature
does not help to provide detailed recommendations for
each distinct entity, but rather for different histopatholo-
gies grouped together (e.g., STND or SNEC). In the
curative setting, however, a multimodality approach has
been commonly applied and seems to be advantageous
over single-modality treatment. According to a meta-
analysis by van der Laan et al., surgery with adjuvant
RT is the therapy of choice with regard to improved DSS
for SNEC.1404 In their evaluation, there seemed to be no
benefit for the additional use of adjuvant chemotherapy.
These results, however, cannot be easily extrapolated to
sinonasal ScNEC and LcNEC, as these distinct entities
were not defined according to the current WHO classifi-
cation in this study. In another retrospective analysis on
SNEC derived from the SEER database, Patel et al. equally
concluded that surgery with or without adjuvant RT
showed a significantly better outcome regarding DSS than
RT alone.48 For poorly differentiated neuroendocrine car-
cinomas, including ScNEC and LcNEC, these conclusions
are confirmed in a retrospective single-center analysis by
Likhacheva et al.1468
The role of neoadjuvant chemotherapy has recently

been investigated in smaller trials and seems to pro-
vide favorable results. Following standard treatment reg-
imens for extrapulmonary neuroendocrine carcinomas,
two cycles of a combination of cisplatin and etoposide
are typically used.1472 In an initial, small prospective trial
from 2002 that included 10 sinonasal NECs, the use of
neoadjuvant chemotherapy showed promising long-term
outcomes.540 Another single-center study investigated the
role of neoadjuvant chemotherapy in locally advanced
and borderline resectable SNEC and ONB. For SNEC, a
response rate of 92.3% was shown, but the intensity of
response showed no significant correlation tomedian PFS,

and the rate of grade III–IV toxicity was close to 75% in the
whole group investigated.1473 In a multicenter retrospec-
tive analysis from Italy, Turri-Zanoni et al. reported on the
value of adding neoadjuvant chemotherapy to multimodal
treatment for 98 tumors with neuroendocrine differentia-
tion, ofwhich 22were SNECs (12 ScNECand 10 LcNEC). In
this group, neoadjuvant chemotherapy, which was admin-
istered in 10 out of 22 cases, was associated with improved
OS and DFS on multivariate analysis.1349
In conclusion, a multimodal approach, most likely

including neoadjuvant chemotherapy, seems warranted
for the treatment of sinonasal ScNEC and LcNEC with
curative intent, though high-level evidence is missing. At
this time, several prospective trials (e.g., NCT02099175,
NCT02099188, NCT00707473) are aiming to shed more
light on this topic.

Treatment strategies for SNEC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: two studies;
Level 4: five studies)

Benefit In aggregate, surgery and RT confer survival
benefit for both ScNEC and LcNEC.

Harm Morbidity of treatment should be factored into
the clinical decision-making process.

Cost No cost studies have been performed.
Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

There may be an emerging role for neoadjuvant
chemotherapy in management of SNEC,
likely in higher grade tumors.

Policy level Recommendation.
Intervention Surgery and RT remain the mainstay for

primary management of SNEC. Induction
chemotherapy may be considered for
patients with locally advanced disease,
metastases, and/or high-grade tumors.

5 Recurrence and survival

Recurrences for SNEC are very common and occur both
locoregionally as well as systemically. The incidence of
recurrence varies widely in the available literature but
seems to be higher (up to 73%) than other malignant
sinonasal tumors.1349,1460,1461,1464,1468 Treatment strategies
for recurrent tumors have not been addressed in detail
in the available literature, so current recommendations
correspond to those for other sinonasal tumors.
Concerning survival, common grouping of different

histopathological entities again makes it difficult to draw
coherent conclusions from the available studies. The liter-
ature suggests that the OS for SNEC varies between 42.6%
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TABLE XXIV.C . 1 Evidence surrounding treatment of sinonasal neuroendocrine carcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Van der Laan
et al.1404

2016 2 Systematic
review and
meta-
analysis

701 SNEC patients
including 115 ScNEC
and 459
SNUC/LcNEC

DSS 1. Surgery ± RT resulted in better
DSS for all treatment groups
than RT/CRT

2. No added benefit from adjuvant
chemotherapy

3. Outcome improved over time,
possibly due to improved
surgical techniques

4. Study limited by mixed
pathologies

Turri-Zanoni
et al.1349

2017 3 Retrospective
cohort

98 STND including 12
ScNEC and 10
LcNEC

1. OS
2. DFS

The incorporation of neoadjuvant
chemotherapy resulted in better
OS and DFS on both uni- and
multivariate analysis

Keilin et al.1474 2022 4 Retrospective
case series

13 SNEC patients OS 1. 5-year OS 74.6%
2. Primary surgery for low-grade

SNEC and primary CRT for
high-grade SNEC

3. Five of seven who completed
CRT required salvage surgery

Patil et al.1473 2016 4 Retrospective
case series

25 STND including 13
SNEC

Response rate to
neoadjuvant
chemotherapy

1. Response rate to neoadjuvant
chemotherapy: 92.3%

2. No measurable correlation
between response and PFS

3. 76% grade III–IV toxicities
4. Study limited by mixed

pathologies
Patel et al.48 2015 4 Database study 201 SNEC including 52

ScNEC/LcNEC
DSS Surgery ± RT resulted in better DSS

than RT
Likhacheva
et al.1468

2011 4 Retrospective
case series

20 SNEC including 13
ScNEC/LcNEC

DFS Surgery ± RT resulted in better DFS
than CRT

Mitchell
et al.1460

2011 4 Retrospective
case series

28 SNEC DSS No significant differences in DSS
between Surgery, Surgery + RT,
and CRT

Fitzek et al.540 2002 4 Retrospective
review of
prospec-
tively
enrolled
case series

19 STND including 10
SNEC

1. OS
2. LRC

1. Neoadjuvant chemotherapy
followed by RT resulted in good
outcome (OS 74%, LRC 88%)

2. Study limited by mixed
pathologies and no control
group

Abbreviations: CT, chemotherapy; DFS, disease-free survival; DSS, disease-specific survival; LcNEC, large-cell neuroendocrine carcinoma; LCR, local control rate;
LRC, locoregional control; OS, overall survival; RT, radiation therapy; S, surgery; ScNEC, small-cell neuroendocrine carcinoma; SNEC, sinonasal neuroendocrine
carcinoma; SNUC, sinonasal undifferentiated carcinoma; STND, sinonasal tumors with neuroendocrine differentiation.

and 66.9%.48,1349,1464,1468 A distinction between ScNEC
and LcNEC survival is only performed in a single case
series.1349 In this study, patients with LcNECs tended to
fare better (5-year OS 52.5%) than those with an ScNEC
(5-year OS 33.3%), but the difference did not prove to be
significant. Unsurprisingly, Mitchell et al. and Patel et al.
showed that survival for advanced-stage diseasewas signif-
icantly worse compared to early-stage disease.1404,1460 Both
studies also described a significantly better DSS for nasal

cavity primary site rather than in the ethmoid or maxil-
lary sinus,whichmight be attributable to the fact that nasal
cavity tumors become symptomatic at an earlier stage.

D Sinonasal mucosal melanoma

SNMM is an infrequently occurring sinonasal tumor,
accounting for approximately 5% of sinonasal neoplasms
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ICAR SINONASAL TUMORS 263

and less than 1% of melanomas. Of mucosal melanomas
arising in the head and neck region, 60%–70% arise in the
nasal cavity and paranasal sinuses.12,391,1475–1477 When aris-
ing in the sinonasal cavity, the anatomic site of origin is
most commonly the nasal cavity (70%), following by the
maxillary sinus (13%) and ethmoid sinus (6%).366 SNMM
is considered and managed as a distinct entity from cuta-
neous melanoma; its incidence has been increasing since
1960.1478 It is noncutaneous and arises from melanocytes
within the sinonasal mucosa. Moreover, SNMM has a
distinct pattern of tumorigenesis, genetic mutational land-
scape, and molecular profile compared to cutaneous
melanoma, with essentially no UV light mutational signa-
ture within its genetic mutational landscape.366,1479-1481

1 Survival and prognostic factors

SNMM is a uniquely aggressive neoplasm with poor
survival. The reported 5-year OS for all patients is 22%–
28%.1477,1482,1483 With localized disease only (N0), the
reported 5-year OS is 25%. However, when regional lymph
node metastases are present (N+) at the time of diag-
nosis, the 5-year OS is reduced to 3.9% or less.1482,1483
In contrast, the 5-year OS for cutaneous melanoma with
localized disease is >95%.1484 Recurrence after treatment
is common with local recurrence in 18%–46%, regional
recurrence in 11%–18%, and distant metastases in 35% of
patients.269,1485,1486
This poor survival is reflected in the AJCC’s unique stag-

ing system for SNMM.391,1484,1487 In this system, SNMM
T-stage is limited to T3 and T4 disease, effectively indi-
cating that each presenting tumor is a minimum of Stage
III. However, as compared to most head and neck malig-
nancies in which clinical staging is highly correlated with
survival, SNMM staging has been shown to poorly corre-
late with prognosis.1487,1488 It should be noted that current
AJCC staging for SNMM does not include any histopatho-
logic or proliferative factors, in contrast to staging of
cutaneous melanoma.
Several prognostic factors have been shown to be associ-

ated with SNMM survival. Evaluations of pooled data from
the SEER and NCDB have shown that primary SNMM of
the nasal cavity has improved survival compared to the
paranasal sinuses. In addition, older age, positive nodal
status, distant metastases, and increased tumor volume
have also been associated with worsenedOS.391,1483,1489–1491

2 Histopathologic findings

The histopathologic hallmark of SNMM is intraepithe-
lial melanocytic proliferation and atypia. Select tumors

may demonstrate spindled, epithelioid, or small cell
morphology.391,1492,1493 Satellite or skipmucosal lesions are
also common in 26% of patients and have been shown
to be associated with worsened rates of local control.1494
Classic histopathologic markers of SNMM include S100,
SOX10, and HMB45.1493,1495 The presence of brisk TILs has
been associated with improved RFS. Additionally, patients
with amelanotic lesions are more likely to present with
higher stage tumors and less likely to have brisk TILs and
worsened RFS.1481,1496 Higher Ki67 andmitotic rate indices
have also been associated with worsened 5-year OS and
RFS.1481,1496–1498 Patients on immunotherapy with a Ki67
of <40% have been shown to have improved 3-year OS
compared to those with higher Ki67.1481

3 Surgical resection

Following the treatment paradigmof cutaneousmelanoma
as well as the majority of SNM, surgical resection remains
the primary treatmentmodality for SNMM tumors that are
resectable (Table XXIV.D.1).269,278,366,1483,1499–1501 Complete
tumor resection with negative margins is the goal of sur-
gical intervention, including resection of all skip lesions
when present.1499,1501
In several institutional series and large database studies,

surgical resection with negative margins has been associ-
ated with improved OS and RFS1502 compared to surgery
with positive margins or no surgery at all.360,365,366,1503,1504
In an NCDB study of 1874 SNMM patients, surgical resec-
tion with negative margins was associated with improved
OS; however, resection with positive margins was not
independently associated with worse OS.1502 Another
population-based analysis of 446 SNMM patients found
that a negative-margin surgical resection was associ-
ated with improved OS compared to a positive-margin
surgical resection; there was no difference in OS for
patients who underwent a positive-margin surgical resec-
tion and no surgery at all.365 Another study of 1373
patients with head and neck mucosal melanoma (79%
of which were sinonasal) found that undergoing surgery
(HR 0.45; p < 0.001) and obtaining negative margins (HR
0.52; p < 0.001) were both associated with improved sur-
vival, even after controlling for tumor size, stage, and
comorbidities.1503 Although the majority of literature sup-
ports a negative margin surgical resection to improve OS,
one institutional study of 72 patients undergoing surgery
for SNMM found that no particular surgical factor was
associated with OS including margin status, tumor stage,
or surgical approach utilized.271
The selection of surgical technique is largely based

upon surgeon expertise, tumor extent, and ability to
achieve negative margins.1499,1501,1505–1507 Traditionally,
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264 KUAN et al.

TABLE XXIV.D. 1 Evidence surrounding surgical resection of sinonasal mucosal melanoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Hur et al.279 2019 2 Systematic
review and
meta-
analysis

SNMM patients who
underwent
endoscopic, open, or
combined resection
(n = 510)

1. OS
2. DFS

1. OS improved in endoscopic
compared to open resection

2. No difference in DFS between
endoscopic and open resection

Guo et al.1481 2022 4 Retrospective
case series

SNMM patients at
single institution
with tissue available
for analysis (n = 45)

1. OS
2. RFS

1. Higher Ki67 and mitotic rates
were associated with worsened
OS and RMFS

2. Brisk tumor-infiltrating
lymphocytes (TILs) were
associated with improved RMFS

3. Patients on immunotherapy
with Ki67 <40% had better
3-year OS than those with higher
Ki67 index

Elsamna
et al.365

2021 4 Retrospective
database
study
(NCDB)

SNMM patients in
NCDB 2010–2015
(n = 446)

1. OS
2. Margin status

effect on OS

1. 2-year OS 72% for negative
margins, 36% for positive
margins, 16% for no surgery

2. OS following surgery with
positive margins was not
statistically better than no
surgery at all

Ganti et al.366 2020 4 Retrospective
database
study
(NCDB)

SNMM patients in
NCDB 2004–2015
(n = 1874)

OS 1. OS 24%
2. Increased age and distant

metastasis associated with
decreased survival

3. T4 disease associated with worse
survival

4. Negative surgical margins
associated with improved
survival

5. Immunotherapy associated with
improved survival in metastatic
disease

Low et al.1483 2020 4 Retrospective
database
study
(SEER)

SNMM patients in
SEER database
1973–2015 (n = 328)

1. OS
2. DSS

1. Regional nodal and distant
metastasis associated with
decreased survival

2. Maxillary and frontal sinus
primary tumor associated with
decreased survival

3. Increased age associated with
poor survival

Farber et al.278 2019 4 Retrospective
database
study
(NCDB)

SNMM patients in
NCDB 2010–2015
(n = 686)

1. OS
2. 30-day

mortality
3. 90-day

mortality
4. Readmission,

LOS

1. No difference in OS between
endoscopic and open surgery

2. No difference in 30- and 90-day
mortality between endoscopic
and open surgery

3. Endoscopic surgery has more
unplanned readmissions

4. Open surgery with longer LOS
(Continues)
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ICAR SINONASAL TUMORS 265

TABLE XX IV.D. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Amit et al.1568 2018 4 Retrospective
case series

SNMM patients at a
single institution
(n = 198)

1. OS
2. DSS
3. DFS

1. 5-year OS 38%
2. 5-year DSS 58%
3. 5-year DFS 27%
4. 5-year OS better for nasal cavity

primary (43%) versus paranasal
sinus (20%)

5. Distant metastasis most
common cause of treatment
failure

6. Presentation with distant
metastasis associated with poor
survival

Lundberg
et al.274

2018 4 Retrospective
case series

SNMM patients at a
single institution
(n = 58)

OS 1. 5-year OS survival 28%
2. No difference in OS between

endoscopic and open resection
Cao et al.267 2017 4 Retrospective

case series
SNMM patients at a
single institution
(n = 34)

OS 1. No difference in OS between
endoscopic and open resection

2. No difference in DFS between
endoscopic and open resection

Dreno et al.1583 2017 4 Retrospective
case series

SNMM patients at a
single institution
(n = 44)

OS Nasal cavity primary tumor with
improved survival over paranasal
sinus primary

Miglani et al.272 2017 4 Retrospective
case series

SNMM patients at a
single institution
(n = 22)

1. OS
2. DFS

1. No difference in 5-year OS and
DFS between endoscopic
resection and open

2. Local control improved in
endoscopic resection

Konuthula
et al.1384

2016 4 Retrospective
database
study
(NCDB)

SNMM patients in
NCDB 2004–2010
(n = 695)

OS 5-year OS 22%, mean survival
38.4 ± 1.7 months

Lombardi
et al.1504

2016 4 Retrospective
case series

SNMM patients at a
single institution
(n = 58)

OS 1. 3-year OS 44%
2. 5-year OS 29%
3. Increased risk of death with

positive margins and male sex
4. No difference in OS between

endoscopic and open
approaches

Won et al.269 2015 4 Retrospective
case series

SNMM patients from
15 hospitals in South
Korea (n = 155)

1. OS
2. Recurrence

rate
3. Rate of

satellite/skip
lesions

1. 3-year OS 49%
2. 5-year OS 40%
3. Increased survival and

decreased local recurrence in
those undergoing endoscopic
resection versus open

4. RT decreased local recurrence,
no impact on survival

5. 26% had skip or satellite lesions
(Continues)

open approaches including craniofacial resections and lat-
eral rhinotomies were the preferred surgical technique.
However, the development of endoscopic techniques has
introduced an alternative surgical option. Many SNMM

tumors are amenable to purely endoscopic techniqueswith
the ability to achieve a negative margin resection.1085,1508
Yet, open or combined open/endoscopic approaches may
be preferred if there is tumor invasion into the soft tissue of
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266 KUAN et al.

TABLE XXIV.D. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Tajudeen
et al.1502

2014 4 Retrospective
case series

SNMM patients at a
single institution
(n = 14)

1. OS
2. RFS
3. Frozen

section and
final
pathology
correlation

1. 5-year RFS 23%, OS 35%
2. Positive margins and

perineural/lymphovascular
invasion associated negatively
affected RFS and OS

3. Nine patients with frozen path-
30 specimens negative on frozen
pathology, confirmed to be
negative on final pathology

Lund et al.1482 2012 4 Retrospective
case series

SNMM patients at a
single institution
(n = 115)

1. OS
2. DFS

1. 5-year OS survival 28% and DFS
23.7%

2. 5-year DFS was higher with
endoscopic than open but no
difference in longer term

Dauer et al.1494 2008 4 Retrospective
case series

SNMM patients at a
single institution
(n = 61)

1. DSS
2. Local

recurrence

1. 49% 3-year DSS, 22% 5-year DSS
2. Local recurrence increased in

patients with skip lesions

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; NCDB, National Cancer DataBase; OS, overall survival; RFS, recurrence-free survival;
SEER, Surveillance, Epidemiology, and End Results; SNMM, sinonasal mucosal melanoma.

the cheek/nose, palate involvement, extensive intracranial
involvement, dural involvement laterally over the orbit,
or when orbital exenteration is necessary.1499 As noted
above, the ability to achieve a negative margin resection
is the most key when selecting a surgical approach for a
given tumor. Secondary important considerations include
associated postoperative morbidity and QOL.1509–1513
A growing body of literature has demonstrated com-

parable survival rates between open and endoscopic
approaches for SNM.1085,1508 For SNMM in particular,
Lombardi et al. studied 58 patientswhounderwent surgical
resection of SNMM. After correcting for tumor stage, they
found no difference in OS or DSS between the endoscopic
and open resection groups.1504 Similarly, Miglani et al.
reported their institutional experience with 22 patients
undergoing surgical resection of SNMM. In this cohort,
there was no difference in OS or DSS for endoscopi-
cally resected tumor group compared to open resection
group. The presenting tumor stage was similar between
both groups.However, the endoscopic grouphad improved
local control compared to the open resection group.272 In a
series of patients treated at MDAnderson, SNMMpatients
undergoing endoscopic-assisted resection had improved
2-year survival compared to open approaches, although
this study was not controlled for tumor stage.232 Large-
institutional SNMM cohorts by Lund et al. (115 patients)
andLundberg et al. (58 patients) demonstrated comparable
OS for endoscopically resected SNMM compared to open
approaches.274,1482 The UK national guidelines on head
and neck mucosal melanomas advocate for an endoscopic
endonasal surgery whenever feasible.1514

However, given the aggressiveness of SNMM, some
patients present with locally advanced disease in which a
negative margin resection is not possible. In these cases,
a variety of approaches have been utilized. IC regimens
have been described in cases of unresectable SNMM to
allow for tumor bioselection, mirroring such regimens
for SNUC and ONB.1358 In an 18-patient series, those
patients who had a partial or complete response to IC
had improved 5-year OS compared to those who had no
response (39% vs. 8%; HR 2.79, 95% CI: 0.75–10.35). Of these
18 patients, six patients went on to surgery and orbital
preservation was achieved in all cases.1515 Similarly, early
experience with induction immunotherapy regimens has
also been described for locally unresectable SNMM or
patients presenting with metastatic disease.1516–1518

Role of surgery for sinonasal mucosal melanoma

Aggregate grade
of evidence

C (Level 2: one study; Level 4: 16 studies)

Benefit Surgical resection with negative margins
appears to be associated with improved OS
and potentially RFS. When possible, it
appears that endoscopic resection has
equivalent results to open resection for OS
and DSS.

Harm Surgical morbidity is largely related to
selection of surgical approach and site of
the tumor.

(Continued)
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ICAR SINONASAL TUMORS 267

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Surgical resection with negative margins is
beneficial to improve OS.

Policy level Recommendation.
Intervention Surgical resection is the first-line therapy for

SNMM when resection with negative
margins can be achieved; when feasible,
endoscopic resection should be considered.
In cases of locally advanced or metastatic
SNMM, the morbidity of radical surgical
resection should be weighed against the
poor survivability of this tumor;
nonsurgical options may be considered in
these cases.

4 Impact of cutaneous melanoma markers
and genetic mutations

Although UV-light exposure is the most well-known pre-
disposing factor for cutaneous melanoma, risk factors
for SNMM are much less well defined (Table XXIV.D.2).
SNMM patients tend to present later in life and do not
have a specific sex predilection or association with alco-
hol or tobacco consumption.1519,1520 When SNMM tumors
have been assessed for genetic mutations, only about 40%
of tumors have identifiable recognized mutations.1476,1520
Moreover, the tumor mutation burden of SNMM is not
high compared to other malignancies and is not predictive
tumor immunogenicity as measured by lymphocyte and
T-cell infiltrate into tumor tissue.1521
The mitogen-activated protein kinase (MAPK) path-

way is a key component of cutaneous melanoma devel-
opment. Dysregulation of this pathway occurs due to
activation of BRAF or RAS genes, leading to increased
cellular proliferation.1522–1525 In cutaneous melanomas,
BRAFmutations are themost identifiedmutations and are
present in 50%–70% of cases.1525 Thus, in cases of advanced
cutaneous melanoma, BRAF inhibitor therapies such as
vemurafenib have proven to be viable treatment options.
In a landmark phase III clinical trial, patients with pre-
viously untreated metastatic cutaneous melanoma with
BRAFV600Emutationswere randomly assigned to receive
vemurafenib or standard-of-care chemotherapy (dacar-
bazine). At 6 months, the OS was 84% in the vemurafenib
group and 64% in the dacarbazine group. Vemurafenib was
associated with a relative reduction of 63% in risk of death
and of 74% in the risk of disease progression (p < 0.001
for both comparisons).1526 These data, along with addi-
tional subsequent studies, have pushed BRAF inhibitor

therapy to the forefront of locally advanced and metastatic
cutaneous melanoma.1527–1531
Although BRAF inhibitor therapy has been instrumen-

tal in improving survival in cutaneous melanoma, similar
advances in SNMM have proven to be elusive. Across
numerous studies, BRAF mutation rates in SNMM have
been 0%–8% of cases.1476,1496,1520,1532,1533 In light of this,
BRAF inhibitor therapy has a limited role in the current
treatment of the majority of SNMM patients.
In contrast to BRAF mutations, it appears that NRAS

mutations are the most identified genetic mutation in
SNMM patients in 14%–30% of patients.123,124,1476,1520,1534
NRAS mutations also stimulate the MAPK pathway by
activating MEK followed by ERK, thus mediating cell
proliferation.1534–1536 NRAS mutations may also occur
more commonly when the primary tumor is located in the
paranasal sinuses compared to the nasal cavity.124
As opposed to BRAF mutations where specific targeted

agents are available, no such specific agent exists for
NRAS mutations. However, there are several agents in
clinical trials that target downstream NRAS-dependent
signaling cascades, most notably MEK.1534 Several MEK
inhibitors have been studied in clinical trials includ-
ing binimetinib and pimasertib.1537 Although some early
data demonstrated improved survival in NRAS-mutated
melanomas compared to standard-of-care chemotherapy
regimens, these results were not felt to be clinically sig-
nificant and MEK inhibitors are not currently approved in
NRAS-mutated melanomas.1538,1539

5 Impact of PD-L1 and immunotherapy

Host immune systems have the ability to selectively recog-
nize and destroy pathogens or unhealthy cells, including
cancer cells. Immune checkpoints are present to prevent
T-cells from inadvertently destroying healthy cells, as may
occur in autoimmune diseases. In select cases, cancer cells
can exploit these naturally occurring immune checkpoints
to prevent the host immune system from recognizing them
and thus triggering them for destruction, often referred to
as “immune evasion.”118
One such immune evasion mechanism that is

highly prevalent across several malignancies, includ-
ing melanoma, involves the programmed death-1 receptor
(PD-1) and PD-L1. PD-1 is a receptor that is expressed
on the surface of activated cytotoxic T-cells. PD-1 acts
as an immune checkpoint by stimulating apoptosis of
cytotoxic T-cells and reducing apoptosis of suppressive
regulatory T-cells. PD-L1 is the ligand that binds PD-1
and activates it, thus causing downstream immunosup-
pressive effects.1540,1541 PD-L1 is also highly expressed
in many mucosal melanomas.1541,1542 PD-L1 expression
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268 KUAN et al.

TABLE XXIV.D. 2 Evidence surrounding impact of cutaneous melanoma markers and genetic mutations.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Colombino and
Paliogiannis122

2019 4 Retrospective
case series

SNMM patients with
tissue available for
25-gene panel
(n = 25)

1. Mutational
profile

2. DNA damage
analysis for
UV radiation
induced
damage

3. Genetic
mutation
correlation
with high
mitotic rate

1. BRAF (32%) most common
mutation; KIT and RAS next
most common

2. 28% had evidence of UV damage
versus 90% in cutaneous
melanoma

3. Nine out of 11 (82%) patients
with high mitotic rate had
pathologic mutation

Amit et al.1520 2017 4 Retrospective
case series

SNMM patients with
tissue available for
genomic DNA
extraction (n = 66)

1. OS
2. Mutation

status

1. Mutation status was not
correlated with survival

2. 40% of cases with identifiable
mutation

3. NRAS (30%) most common
mutation, then BRAF (8%) and
KIT (5%) (in contrast to
cutaneous melanoma where
BRAFmutation is present
50%–70% of cases)

Turri-Zanoni
et al.123

2013 4 Retrospective
case series

SNMM patients with
tissue available for
IHC, FISH, and
DNA sequencing
(n = 32)

1. Mutational
profile

2. OS by
mutation

1. NRAS (22%) and KIT (13%) most
common

2. Amplification of RREB1 (100%)
and loss ofMYB (765) in many
cases

3. KIT expression (97%)
4. MAPK and PI3K/Akt pathway

activated in all cases (100%)
5. No mutational profile associated

with survival difference
Zebary et al.124 2013 4 Retrospective

case series
SNMM patients with
tissue available for
mutation screening
(n = 56)

1. OS by
mutation

2. Mutational
profile by
primary site

3. OS by
primary site

1. No difference in OS based on
mutation

2. NRAS (14%) most common
mutation, followed by BRAF and
KIT (4% each)

3. More likely to have mutation
(NRAS, KIT, or BRAF) in
paranasal sinus primary

4. Worse survival in paranasal
sinus primary

Abbreviations: OS, overall survival; SNMM, sinonasal mucosal melanoma.

in the mucosal melanoma tumor microenvironment is
both a prognostic and predictive biomarker.1543,1544 PD-L1
expression in the tumor microenvironment is present in
44% of mucosal melanomas, which is slightly higher than
that of cutaneous melanomas.
Pembrolizumab and nivolumab are targeted mono-

clonal antibodies that bind and block PD-1 on lympho-
cytes, thus preventing binding of PD-L1 ligands, subse-
quently preventing deactivation of the immune response.

The end effect is increased immune system activation and
destruction of tumor cells.1545 These agents were approved
in 2014 for use in patients with metastatic or unresectable
cutaneous melanoma after demonstrating an improve-
ment in OS.1546–1548 Subsequent studies have increased
the indications for these agents to include nonsmall-cell
lung cancer, recurrent head and neck squamous cell car-
cinoma, renal cell cancer, and others.1549–1552 Given the
efficacy in cutaneous melanoma, there has been recent
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ICAR SINONASAL TUMORS 269

increasing interest and utilization of these agents in
mucosal melanoma, as well.
Another prevalent immune evasion mechanism

involves cytotoxic T-lymphocyte-associated protein 4
(CTLA-4). CTLA-4 is an immune checkpoint receptor
protein that also downregulates immune response.1546
Ipilimumab was developed as a monoclonal antibody that
binds CTLA-4, thus blocking inhibitory signals produced
by the tumor microenvironment and allowing improved
immunosurveillance for tumor cells.1540,1553,1554 This was
one of the first immunotherapies to be approved for
advanced or metastatic cutaneous melanoma after phase
III clinical trials demonstrated improved OS.1555 Despite
early promising results, ipilimumab response was noted
in a relatively small number of patients and the response
tended to wane over time, with a distinct plateau noted
around year 3 of treatment.1556 In addition, medication
side effects and AEs are not uncommon with ipilimumab
including pneumonitis, dermatitis, and enterocolitis, with
grade 3–4 AEs occurring in 18% of patients.1557
In a phase III clinical trial of ipilimumab-resistant

patients with metastatic cutaneous melanoma without
BRAF mutation, nivolumab demonstrated higher 1-year
OS than standard chemotherapy (dacarbazine) (72.9%
vs. 42.1%). The median PFS was 5.1 months in the
nivolumab group compared to 2.2 months in the dacar-
bazine group.1558 Moreover, in a randomized phase
III trial CheckMate 037, patients with unresectable or
metastatic cutaneous melanoma who progressed through
ipilimumab demonstrated a better objective response to
nivolumab than standard chemotherapy and fewer grade
3–4 AEs.1559 Other work has demonstrated superiority
of pembrolizumab as monotherapy (OS, PFS, toxicity)
in metastatic melanoma (majority of subjects had cuta-
neous melanoma, but a subset of subjects had mucosal
melanoma) compared to ipilimumab monotherapy or
other standard chemotherapy regimens in KEYNOTE
trials 002 and 006.1509,1560–1562 Thus, immunotherapy reg-
imens have become increasingly utilized over traditional
chemotherapy regimens for patients with advanced and
metastatic melanoma (Table XXIV.D.3).
For mucosal melanoma specifically (all sites), the first

large, pooled analysis was reported in 2017. In this pooled
analysis of mucosal melanoma patients from several phase
III clinical trials, combination therapy of nivolumab and
ipilimumab (37%) demonstrated superiority compared
to monotherapy with either nivolumab (23%) or ipili-
mumab (8%). Additionally, grade 3–4 adverse treatment
events were noted in 8.1% of mucosal melanoma patients
receiving nivolumab monotherapy versus 40% receiving
combination therapy.1550 Moreover, pembrolizumab data
for mucosal melanoma patients were pooled from all
KEYNOTE trials and analyzed. In this pooled analysis,

pembrolizumab monotherapy following previous treat-
ment failure and disease progression demonstrated a
durable response in some patients showing an objective
response rate of 19%, disease control rate of 31%, median
PFS of 2.8 months, and median OS of 11.3 months.1560
Although data on immunotherapy specifically for

SNMM are scarce, a pooled NCDB data multivariate anal-
ysis demonstrated that survival following immunotherapy
was improved for patients with metastatic disease, but not
those without metastases (HR 0.14, 95% CI: 0.04–0.49).366
A separate NCDB database study comparing the efficacy
of immunotherapy for SNMM compared to cutaneous
melanoma found that the addition of immunotherapy
improved OS inmetastatic cutaneousmelanoma (HR 0.57;
95% CI: 0.49–0.66; p< 0.0001) but not inmetastatic SNMM
(HR 1.1; 95%CI: 0.67–1.7; p= 0.75).1563 AnotherNCDBanal-
ysis of head and neck mucosal melanoma (79% of which
were sinonasal) found that immunotherapywas associated
with improved OS on multivariate analysis after control-
ling for tumor stage, size, site, age, and comorbidities.1503
An NCDB study of mucosal melanoma of the head and
neck (all sites; 71.8% of which were sinonasal) found that
surgery and adjuvant immunotherapy had improved OS
compared to surgery alone. An international multicen-
ter retrospective analysis found that immune checkpoint
blockade (e.g., ipilimumab, pembrolizumab, nivolumab)
was associated with improved OS when administered for
recurrent/persistent disease as compared to no treatment,
which in turn had superiorOS as compared to cases treated
with biochemotherapy (e.g., interleukin, interferon).1564
Additionally, surgery with adjuvant immunotherapy and
RT had improved OS compared to surgery and RT.1565

Role of immunotherapy in sinonasal mucosal melanoma

Aggregate grade
of evidence

C (Level 1: one study; Level 4: seven studies)

Benefit Immunotherapy has proven efficacy as an
adjuvant therapy for metastatic cutaneous
melanoma. Early experience has also
demonstrated efficacy as an adjunctive
therapy for advanced or metastatic SNMM
and may improve OS, although the robust
responses do not equal the efficacy noted
for metastatic cutaneous melanoma.

Harm The potential harm of immunotherapy
includes rash, fever, nausea, and more
severe immune-related adverse events
including enterocolitis, pneumonitis, and
hepatitis, particularly when used in
combination therapy.

(Continued)
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TABLE XXIV.D. 3 Evidence surrounding impact of PD-L1 and immunotherapy in sinonasal mucosal melanoma treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

D’Angelo
et al.1550

2017 2 RCT Nivolumab or
nivolumab plus
ipilimumab in
advanced (stage III
or IV) melanoma
patients (n = 121
mucosal melanoma
patients; mucosal
site not specified)

1. Complete or
partial
response
(ORR)

2. Duration of
response
(median PFS)

3. Rate of Grade
3 or 4
complications

1. 53% ORR for nivolumab
monotherapy with PD-L1
expression ≥5%; 12.2% ORR if
PD-L1 ≤5%

2. 14% ORR for ipilimumab
monotherapy with PD-L1
expression ≥5%; 9.5% ORR if
PD-L1 ≤5%

3. 60% ORR for combination
nivolumab/ipilimumab with
PD-L1 expression ≥5%; 33% ORR
if PD-L1 ≤5%

4. PFS for combination
nivolumab/ipilimumab was
5.9 months for mucosal
melanoma

5. Nivolumab monotherapy 8.1%
complication rate

6. Combination
nivolumab/ipilimumab 40%
complication rate

Abiri et al.1565 2022 4 Retrospective
database
study
(NCDB)

Head and neck
mucosal melanoma
patients from the
NCDB 2004–2017
(n = 1910 total
patients, of which
1371 were SNMM
subsite)

OS 1. Immunotherapy independent
predictor of improved survival

2. SI and SRI improved survival
over SR

3. Immunotherapy confers
survival benefit in SNMM, when
subgrouped

4. No survival benefit in SI relative
to SRI

Lechner
et al.1564

2022 4 Retrospective
cohort

SNMM patients across
11 institutions (four
United States, seven
Europe) (n = 505)

1. OS
2. DFS

1. 15.2% received biochemotherapy
(e.g., interferon, interleukin),
27.3% received immune
checkpoint inhibitors
(ipilimumab, pembrolizumab,
nivolumab)

2. In recurrent/persistent SNMM,
OS was superior for immune
checkpoint blockade versus no
treatment, which was in turn
superior to biochemotherapy

Ganti et al.366 2020 4 Retrospective
database
study
(NCDB)

SNMM patients in
NCDB 2004–2015 (n,
SNMM = 1874)

OS Immunotherapy associated with
improved survival in metastatic
disease (HR 0.14)

Klebaner
et al.1563

2020 4 Retrospective
database
study
(NCDB)

SNMM patients in
NCDB 2012–2015 (n,
SNMM = 794)

OS Immunotherapy was not associated
with OS in metastatic SNMM

(Continues)
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ICAR SINONASAL TUMORS 271

TABLE XX IV.D. 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Kaunitz
et al.1543

2017 4 Retrospective
case series

IHC analysis of
melanoma from
acral, mucosal,
uveal, and
sun-damaged sites
(n, mucosal
melanoma = 36)

PD-L1 expression
analysis of TIL

1. Mucosal melanoma (sinus,
oropharynx, anogenital)—16 out
of 36 (44%) expressed PD-L1
(similar to cutaneous melanoma
expression, 35%)

2. Higher expression of PD-L1 in
spindle cell subtypes of mucosal
melanoma

3. 15 out of 16 PD-L1-positive
mucosal melanoma cases had
high rate of TIL

Liu et al.1584 2017 4 Retrospective
case series

IHC analysis of SNMM
PD-L1 (n = 86)

1. PD-1, PD-L1,
IDO-1,
expression

2. OS based on
PD-1, PD-L1,
and IDO-1

1. Expression: PD-1 (48%), PD-L1
(54%), and IDO-1 (58%)

2. No significant association
between PD-L1 expression and
prognosis

3. In stage III, IVA, and IVB
patients, PD-1 expression was
associated with better outcome,
but PD-L1-negative and
IDO-1-positive patients had
worse outcome

Thierauf
et al.1585

2015 4 Retrospective
case series

IHC analysis and
clinical outcome
study on patients
with head and neck
mucosal melanoma
(n = 23)

1. PD-L1
expression

2. OS by PD-L1
3. RFS

1. 13% PD-L1 expression
2. Mean OS 42.5 months for

PD-L1-negative versus
121 months for PD-L1-positive
tumors.

3. PD-L1 positivity associated with
improved RFS

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; IDO-1, indoleamine 2,3-dioxygenase; NCDB, National Cancer DataBase; OS, overall
survival; PD-L1, programmed death-ligand 1; RFS, recurrence-free survival; SEER, Surveillance, Epidemiology, and End Results; SI, surgery + immunotherapy;
SNMM, sinonasal mucosal melanoma; SR, surgery + radiation; SRI, surgery + RT + immunotherapy; TIL, tumor-infiltrating lymphocytes.

Cost Immunotherapy is expensive; however, cost
comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

OS is likely improved in advanced and
metastatic SNMMwith adjuvant
immunotherapy, but the duration and
clinical significance are not well defined.
In addition, the cost and adverse events
associated with immunotherapy must be
considered.

Policy level Option.
Intervention Adjuvant immunotherapy should be

considered as a treatment option in
advanced or metastatic SNMM.

6 Role of neck treatment

The role of neck treatment in SNMM is not well defined
(Table XXIV.D.4). The presence of cervical lymph node
metastases at the time of SNMMdiagnosis occurs in 7%–8%
of patients.1477,1483 When present at diagnosis, the presence
of regional nodal metastases adversely affects survival;
the 5-year OS rates in N+ patients are reported to be
0%–4%.1482,1483 In a systematic review of regional disease
control in SNMM, the cumulative regional recurrence rate
after treatment was 18.4%. In patients who were clinically
N0 at presentation, the cumulative regional recurrence
rate was 17% (median follow-up 22 months).1482
However, END has not historically been performed for

SNMM in clinically N0 necks due to the relatively low
rate of occult nodal metastases.1483 A recent systematic
review and meta-analysis found that END is performed
in only 0.4% of SNMM cases.1482 The recent UK national
guidelines on the management of head and neck mucosal
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272 KUAN et al.

TABLE XXIV.D. 4 Evidence surrounding role of neck treatment in sinonasal mucosal melanoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

De Virgilio
et al.1486

2021 2 Systematic
review

SNMM patients
undergoing
treatment, with or
without neck
dissection (n = 936)

RRR 1. Cumulative RRR, regardless of
presenting N status, was 18%

2. Clinical N0 necks who did not
have elective neck dissection
had RRR 17%

3. END performed in 0.4% of cases,
limiting ability to draw
conclusions on effect of END

Low et al.1483 2020 4 Retrospective
database
study
(SEER)

SNMM patients in
SEER database
1973–2015 (n = 328)

OS Patient presentation with clinically
involved regional nodes was
associated with a <4% 5-year OS

Nenclares
et al.1514

2020 4 Expert
consensus
based on
retrospective
data (UK
National
Guidelines)

Head and neck
mucosal melanoma
guidelines,
reviewing
retrospective
publications (n not
specified)

Evidence-based
clinical recom-
mendations

1. Consider SLNB if positivity will
influence adjuvant therapy or
clinical trial entry

2. If SLNB positive, completion
neck dissection not
recommended

3. If SLNB not technically feasible,
consider END for appropriate
levels only if it will influence
adjuvant therapy

Oliver et al.1503 2019 4 Retrospective
database
study
(NCDB)

All head and neck
mucosal melanoma
patients in NCDB
2004–2015 (n = 1373)

1. OS
2. Factors

associated
with
improved
2-year OS

Neck dissection not associated with
improved 2-year OS

Torabi et al.241 2019 4 Retrospective
database
study
(NCDB)

Head and neck
mucosal melanoma
patients with
clinically negative
necks in NCDB
2004–2015 (n,
SNMM = 275)

OS 1. No difference in OS between
END and no END (42% vs. 43%
3-year OS)

2. 23 ENDs performed

Amit et al.1520 2017 4 Retrospective
case series

SNMM patients at a
single institution
(n = 198)

1. RRR
2. DSS

1. Regional recurrence 30% in
those who underwent
therapeutic neck dissection
versus 17% who presented with
cN0 neck

2. Presence of regional lymph node
metastasis not associated with
OS or DSS

Lund et al.1482 2012 4 Retrospective
case series

SNMM patients at a
single institution
(n = 115)

1. OS
2. DSS

0% survival at 5 years with clinically
positive regional nodes at
presentation

Abbreviations: DSS, disease-specific survival; NCDB, National Cancer DataBase; OS, overall survival; RRR, regional recurrence rate; SEER, Surveillance,
Epidemiology, and End Results; SLNB, sentinel lymph node biopsy; SNMM, sinonasal mucosal melanoma.
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ICAR SINONASAL TUMORS 273

melanoma advocate against END for SNMM.1514 Con-
versely, other head and neck sites of mucosal melanoma
such as the oral cavity are associated with higher rates
of nodal involvement and END are more commonly
performed in these cases.1566,1567
In a large institutional review of regional lymph

node metastases in SNMM, Amit et al. reported that
therapeutic neck dissection was completed in 23 patients
(11.6%). In this cohort, regional nodal recurrence occurred
in seven patients who had lymph node metastasis at the
time of presentation (30.4%) and in 30 of thosewho hadN0
disease at the time of presentation (17.1%). Delayed metas-
tases to the contralateral lymph nodes were present in
seven patients (3.5%). In contrast to other large population-
based studies, the authors found that the presence of
regional lymph node metastases was not associated with
OS or DSS.1568 In a recent NCDB study, Oliver et al. report
that completion of a neck dissection was not associated
with OS in a multivariate analysis controlling for several
variables, including tumor stage and size.1503
Paralleling the popularity of sentinel lymph node biopsy

(SLNB) for cutaneous melanoma, SLNB has emerged as a
potential option for mucosal melanoma. Although injec-
tion of the primary site by nuclear medicine physician
can be technically challenging, preliminary experiences of
SLNB have been reported for SNMM.1569–1571 Conceptually,
the role of SLNB for SNMM would be to more accurately
stage disease and guide adjuvant therapies. The current
UKnational guidelines advocate consideration of SLNB for
accessible SNMM when positivity will influence adjuvant
therapy or inclusion in a clinical trial; however, they do not
recommend completion neck dissection when the SLNB is
positive.1514

Treatment of the neck in sinonasal mucosal melanoma

Aggregate grade
of evidence

C (Level 2: one study; Level 4: six studies)

Benefit Neck dissection may reduce risk of regional
recurrence (low level evidence) but has not
been shown to be associated with OS.

Harm Potential harm of neck dissection includes
cranial nerve injury, shoulder dysfunction,
and vascular injury.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Neck dissection for clinically positive lymph
nodes may be considered but must be
weighed against other options including
immunotherapy.

(Continued)

Policy level Option.
Intervention Neck dissection for clinically positive cervical

lymph nodes may be considered within the
context of the patient’s overall treatment
plan.

7 Role of radiation therapy

RT has played a prominent role in the treatment of SNMM
(Table XXIV.D.5). Across several studies, RT is used in
the treatment of SNMM in 44%–58% of cases.366,1482,1565 In
the majority of cases, RT is utilized in an adjuvant set-
ting following surgery with a typical dose-fractionation
schedule of about 60 Gy in 30 fractions or a biologically
equivalent regimen.269,368,1482,1572–1574 Elective neck RT in
the clinically N0 neck is infrequently utilized.1575 However,
primary monotherapy with RT or RT with systemic ther-
apy may be selected in cases of unresectable tumors or
metastatic disease.1403,1485
The efficacy of RT for SNMM with regard to survival

has been explored in a number of studies. A systematic
review of head and neck mucosal melanoma (all sites)
found that patients who underwent surgery and adju-
vant RT had improved OS and improved local control
compared to thosewho underwent surgery alone.1573 How-
ever, other studies focusing specifically on SNMM have
shown mixed data. In a large multicenter study, patients
who underwent adjuvant RT following surgery demon-
strated a decreased local recurrence rate (p = 0.001), but
without impact on OS.269 Mirroring these results, a 2016
NCDB study of 695 SNMM patients found no difference
in OS between patients undergoing surgery alone versus
surgery with adjuvant RT.368 Another population-based
study of 1373 patients found that negative margin surgery,
immunotherapy, and treatment in the modern era were
associated with improved OS (controlling for age, sex, co-
morbidities, tumor size, and stage); however, RT was not
associated with OS.1503 Caspers et al. also reported an
institutional experience with 51 patients, of which 84% of
patients underwent surgery and adjuvant RT. Adjuvant
RT was associated with improved local control but had
no effect on OS or DSS.364 In another single-institutional
series, Manton et al. reported no association between RT
use andOS, LRC, or distant control.1576 Moreno et al. report
similar results with adjuvant RT being associated with
improved LRC but with no effect on OS.232 Finally, a large
international multicenter study of 505 SNMM cases did
find an OS benefit in patients receiving both surgery and
adjuvant RT compared to surgery alone.1564 In summary,
adjuvant RT is likely associated with local control, but the
impact on OS remains unclear.
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274 KUAN et al.

TABLE XXIV.D. 5 Evidence surrounding the role of radiation therapy in sinonasal mucosal melanoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Grant-
Freemantle
et al.1573

2021 1 Systematic
review

22 studies; Head and
neck mucosal
melanoma (site not
specified, n = 2489)

1. OS
2. Local

recurrence
3. Distant

metastasis

1. SR has a lower risk of death
compared to surgery alone

2. SR has a reduced risk of local
recurrence versus surgery alone

3. SR does not influence distant
metastasis

Zenda et al.1586 2016 3 Prospective
cohort

SNMM patients at a
single institution
treated with proton
beam RT only
(60 Gy in 15
fractions) (n = 32)

1. Local control
rate

2. OS

1. 1-year local control = 75%
2. 3-year OS = 46.1%

Lechner
et al.1564

2022 3 Retrospective
cohort

SNMM patients across
11 institutions (four
United States, seven
Europe) (n = 505)

1. OS
2. DFS

1. Surgery and adjuvant RT
associated with improved OS
compared to surgery alone

2. RT conferred no significant
impact on DFS

Manton et al.1576 2019 4 Retrospective
case series

SNMM patients at a
single institution
(n = 31)

1. OS
2. LRC
3. Distant

control

Stage, primary site, smoking status,
margin status, time to treatment,
and RT not associated with OS,
LRC, or distant control

Oliver et al.1503 2019 4 Retrospective
database
study
(NCDB)

All head and neck
mucosal melanoma
patients in NCDB
2004–2015 (n = 1373)

1. OS
2. Factors

associated
with
improved
2-year OS

RT not associated with improved
2-year OS

Caspers et al.364 2018 4 Retrospective
case series

SNMM patients at a
single institution
(n = 51)

1. OS
2. DSS
3. Local

recurrence
4. Distant

metastasis

1. Adjuvant RT associated with
improved local control

2. No difference in distant
metastasis between surgery
versus surgery with RT

Konuthula
et al.1574

2016 4 Retrospective
database
study
(NCDB)

All SNMM patients in
NCDB 2004–2010

OS No difference in OS between
surgery alone and surgery with
adjuvant RT

Samstein
et al.1579

2016 4 Retrospective
case series

SNMM patients at a
single institution
(n = 78)

1. OS
2. DSS

RT is associated with improved
local control but not survival
benefit

Won et al.269 2015 4 Retrospective
case series

SNMM patients from
15 hospitals in South
Korea (n = 155)

1. OS
2. Recurrence

rate

RT decreased local recurrence, no
impact on OS

Moreno and
Hanna1506

2010 4 Retrospective
case series

SNMM patients at a
single institution
(n = 58)

1. OS
2. Local

recurrence

1. Adjuvant RT associated with
improved local control

2. Adjuvant RT did not affect OS
Bachar et al.400 2008 4 Retrospective

case series
Head and neck
patients at a single
institution (n,
SNMM = 49)

1. DFS
2. Local,

regional,
distant
recurrence

3. Median
survival

1. 5-year local control rate 13% for
RT only (n = 21) versus 30% for
surgery with RT

2. Median survival for surgery
alone, RT alone, and combined
therapy: 31, 28, and 21 months,
respectively

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; NCDB, National Cancer DataBase; OS, overall survival; RT, radiation therapy; SEER,
Surveillance, Epidemiology, and End Results; SNMM, sinonasal mucosal melanoma; SR, surgery + RT.
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ICAR SINONASAL TUMORS 275

The role of RT as a primary treatment modality
is not well defined. Reports in the literature mainly
describe primary RT as a modality to treat unresectable
or metastatic disease. Several studies have shown that pri-
mary RT has little effect on OS or PFS in patients with
SNMM.400,1477,1503,1509,1577–1579 On the other hand, primary
proton beam RT for SNMM has been described in a mul-
ticenter phase II study. Thirty-two patients were enrolled
and received 60 Gy in 15 fractions and the median follow-
up timewas 36months. The 3-yearOSwas 46.1% and 3-year
PFS was 36.4%; 15 patients developed metastatic disease
during the 36-month follow-up.1580,1581 The role of proton
beam RT compared to traditional RT modalities has not
been well studied.
The role of RT in unresectable or metastatic mucosal

melanoma has also been investigated in combination with
systemic immunotherapy. In a multicenter retrospective
study of 225 patients with unresectable or metastatic
mucosal melanoma patients (all sites; 57% in the head
and neck region), patients were divided into treatment
groups including PD1 inhibitor therapy (PD1) alone ver-
sus PD1 + RT versus PD1 + CTLA4 inhibitor therapy
(CTLA4) + RT. All groups had similar baseline character-
istics with regard to tumor site and stage. In this study,
there was no difference in OS or PFS between the PD1-only
cohort versus PD1 + RT cohort or the PD1-alone cohort
versus PD1 + CTLA4 + RT cohorts. Subsequent Cox mul-
tivariate analysis indicated that the addition of RT to PD1
or PD1 + CTLA4 did not have a positive impact on OS or
PFS.1582

Role of radiation therapy in sinonasal mucosal
melanoma

Aggregate grade
of evidence

C (Level 1: one study; Level 3: two studies;
Level 4: eight studies)

Benefit There is evidence that adjuvant RT improves
local control of SNMM; however, RT has
not been consistently associated with
improved OS.

Harm Potential harm of RT includes cost, mucositis,
osteoradionecrosis, nasal synechiae,
hyposmia, dysgeusia, and diminished
vision.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Adjuvant RT should be considered to improve
local control.

Policy level Option.

(Continued)

Intervention Adjuvant RT should be considered for
patients with SNMM as part of
multimodality therapy. The benefit to local
control should be weighed against the side
effects of RT treatment.

XXV NASOPHARYNGEAL
MALIGNANCIES

A Nasopharyngeal carcinoma

NPC is a special type of cancer in the sinonasal tract that
has a wide geographical variation in incidence. The can-
cer has the highest incidence in South China and areas of
high concentration of migrants from South China.1587,1588
NPC has been proposed to have a multifactorial etiol-
ogy, including genetic susceptibility, EBV infection, and
environmental factors.1589,1590 The histological subtype of
cancer in the high-risk population (endemic NPC) is of
a poorly differentiated or undifferentiated type, and is
invariably associated with EBV.17 NPC in the nonendemic
region is more likely well-differentiated SCC. Endemic
NPC is highly sensitive to RT, and is primarily treated with
nonsurgical therapy. Surgery has a role in endemic NPC
in salvage of radiation failures, recurrence, and second
primary tumors. Surgery has a more significant role for
other rare non-nasopharyngeal histological subtypes (e.g.,
malignant salivary gland tumors) that are generally more
radioresistant. There has been significant improvement
in the prognosis of NPC, driven by advances in imag-
ing, RT, and chemotherapy. Emerging RT techniques such
as adaptive radiotherapy and heavy particle radiotherapy
have theoretical advantages in the treatment of NPC, espe-
cially in advanced-stage disease. However, there is limited
availability for those newer radiation techniques and a
lack of randomized clinical trials comparing those to stan-
dard radiotherapy techniques. There have beenmany trials
evaluating various chemotherapy regimens over the last
20 years. Direct comparison of different agents in different
regimens on a large scale through phase III trials is very
challenging. The use of network meta-analyses provides
indirect comparison of various chemotherapy regimens.

1 WHO subtypes

Despite the existence of several histomorphological clas-
sification systems for NPC and their terminology differ-
ences, these classifications correlate with the tumor’s bio-
logical behavior, etiology, clinical prognosis, and response
to treatment. EBV has long been known to be impli-
cated in tumorigenesis in endemic countries,1591 whereas
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276 KUAN et al.

HPV found in nonendemic areas has been identified to
be another viral cause of NPC.1592 According to the 5th
edition of the WHO Classification of Head and Neck
Tumors, NPC is classified into threemajor histological cat-
egories: keratinizing, nonkeratinizing, and basaloid SCC
(Table XXV.1).17 Traditionally, undifferentiated SCC was
separately classified but is now grouped under nonkera-
tinizing tumors.
Keratinizing SCC of the nasopharynx, which involves

overt squamous differentiation in the form of keratiniza-
tion and intercellular bridges, appears similar to conven-
tional SCCs of the other head and neck sites. Despite
some debate, keratinizing SCC is usually considered more
radioresistant and has a worse prognosis than the nonker-
atinizing type.1589,1593–1598 Different studies have reported
varying results on the correlation between EBV and kera-
tinizing SCC, with a positive association more commonly
found in endemic areas.1599,1600
Nonkeratinizing SCC can be further divided into undif-

ferentiated and differentiated subtypes. The undifferenti-
ated subtype typically exhibits a syncytium of tumor cells
with large and vesicular nuclei, prominent nucleoli, and
indistinct cell borders. By contrast, tumor cells of the differ-
entiated subtype have relatively well-defined cell borders
and usually present as a plexiform pattern that resem-
bles urothelial carcinoma of the genitourinary tract. Both
subtypes are strongly associated with EBV. Additionally,
it is not uncommon to observe a mix of differentiated
and undifferentiated components. Although some studies
have reported better survival rates for patients with tumors
of the undifferentiated subtype,1601–1603 the morphological
separation of the two subtypes is regarded as being more
of academic interest than clinical importance because of
their similar etiology and prognosis.1595,1596,1604,1605
Basaloid SCC of the nasopharynx, the rarest of the

three histological categories of NPC, shares an identical
morphology with that of basaloid SCC of other primary
sites. It is characterized by large round basaloid tumor
nests with comedo-type necrosis as well as an occasional
cribriform-like pattern and stromal hyalinization, resem-
bling a solid-type ACC. Some cases have been reported to
be associatedwith EBV.1606 Patientswith this type of tumor
have been found to have good 1- and 5-year survival com-
parable to patients with the nonkeratinizing type, but have
similar sharply decreased 10-year survival as that observed
with the keratinizing type.1607
Aggregate grade of evidence: B (Level 4: nine studies)

2 The role of EBV in NPC

NPC has long been proven to be associated with EBV.
Previously, NPC had no reliable tumor markers in clini-

cal practice. Since 1970, various anti-EBV antibodies have
been evaluated as diagnostic and prognostic markers of
NPC.1608–1611 After more than 30 years of studies, serologi-
cal antibody tests have been shown to be of little help in the
clinical management of NPC and have rarely been inves-
tigated in recent years. The major reason for this may be
that the antibody titer remains persistently high in most
patients in remission after treatment1612,1613 and has no
significant impact on survival.1614 In addition, there is no
reliable cutoff value for differentiating between recurrence
and remission.
With recent advances in molecular biology, PCR-based

techniques make it possible to detect trace amounts of
biomolecules in a wide array of biological samples. In
1999, Lo et al. first successfully developed real-time quan-
titative PCR to quantify circulating EBV DNA in patients
with NPC.1615 Their series of studies1615–1621 and another
comprehensive study1622 prompted routine use in theman-
agement of these patients. Since then, many subsequent
reports have shown higher sensitivity and specificity for
detecting cell-free EBV DNA in the plasma and serum of
NPC patients. In addition, the quantification of circulating
EBV DNA has been demonstrated to be highly corre-
lated with tumor burden and patient survival, differential
diagnosis of recurrence/remission, and early prediction of
treatment response.1618,1623
EBV DNA serum testing is now accepted as a use-

ful tool in real-world practice. Table XXV.2 lists the
application values of EBV DNA serum tests in clini-
cal practice. First, the presence of circulating EBV DNA
can serve as a diagnostic marker for the detection of
NPC in healthy controls and patients without NPC.
Five meta-analysis studies showed a pooled sensitivity of
0.69–0.89, specificity of 0.84–0.96, positive likelihood of
4.81–14.66, and a negative likelihood of 0.12–0.25.1624–1628
Second, serum EBV DNA can provide useful information
to guide NPC treatment, including aiding in treatment
outcome prediction and risk grouping,1629–1633 supple-
menting the TNM staging system,1634–1640 determining
adjuvant therapy for post-RT patients with residually
detectable lab values,1641,1642 and early prediction of treat-
ment response in recurrent/metastatic1643–1645 and locally
advanced patients.1645 Finally, EBV DNA can replace
various anti-EBV antibodies as a screening marker for
NPC in the general population. A large prospective study
conducted in Hong Kong enrolled 20,174 asymptomatic
persons using the serum EBV DNA test for NPC screen-
ing between July 2013 and February 2016.1646 Thirty-four
new cases of NPC were diagnosed among 309 partici-
pants (1.5%) who were persistently positive for circulating
EBV DNA. These patients with NPC had a significantly
higher proportion in the early stage than those in the his-
torical cohort (71% vs. 20%, p < 0.001) and superior PFS
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ICAR SINONASAL TUMORS 277

TABLE XXV. 1 Evidence surrounding World Health Organization subtypes in nasopharyngeal carcinoma.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Stepan et al.1733 2021 4 Retrospective
database
study
(NCDB)

9995 (1661 UNKSCC,
2370 DNKSCC, 5964
KSCC)

OS KSCCC had worse OS than DNKSCC
(aHR 0.67, 95% CI: 0.60–0.74,
p < 0.001) and UNKSCC (aHR 0.55,
95% CI: 0.48–0.63, p < 0.001)

Argirion
et al.1605

2020 4 Retrospective
database
study
(SEER)

6284 (1413 UNKSCC,
968 DNKSCC, 2815
KSCC)

5-year RS KSCC (males 41.9% and females 41.5%)
had worse RS than DNKSCC (males
63.1% and females 63.4%) and UNKSCC
(males 65.8% and females 70.1%)

Pan et al.1593 2020 4 Retrospective
database
study
(SEER)

4085 (2203 NKSCC,
1929 KSCC, 53
BSCC)

DSS 1. 3-year DSS rates were KSCC (61.76%),
NKSCC (79.57%), and BSCC (77.55%)

2. 5-year DSS rates were KSCC (55.07%),
NKSCC (72.09%), and BSCC (74.03%)

3. After adjusting these covariates by
using multivariate analysis, patients
with KSCC had a worse prognosis
than those with NKSCC (HR 0.6, 95%
CI: 0.53–0.67, p < 0.001) or BSCC (HR
0.51, 95% CI: 0.31–0.86, p = 0.011)

Unsal et al.1607 2019 4 Retrospective
database
study
(SEER)

82 BSCC DSS 1. BSCC had fair short-term but poor
long-term survival

2. 1-year DSS: BSCC 87.7%, NKSCC
90.8%, KSCC 67.1% (p < 0.0001)

3. 5-year DSS: BSCC 60.7%, NKSCC
58.2%, KSCC 40.7% (p < 0.0001)

4. 10-year DSS: BSCC 29.8%, NKSCC
38.2%, KSCC 27.9% (p < 0.0001)

Wu et al.1594 2019 4 Retrospective
database
study
(SEER)

2845 (778 UNKSCC,
849 DNKSCC, 1218
KSCC)

DSS 1. 0–5 years: DNKSCC had worse DSS
than UNKSCC

2. >5 years: DNKSCC had comparable
DSS with UNKSCC

3. 0–3 years: KSCC had worse DSS than
UNKSCC

4. >3 years: KSCC had comparable DSS
with UNKSCC

5. For the entire cohort, KSCC had
poorer DSS than UNKSCC (HR 2.323,
95% CI: 1.636–3.297, p < 0.001) and
UNKSCC (HR 1.435, 95% CI:
0.945–2.111, p = 0.067)

Ruuskanen
et al.1604

2018 4 Retrospective
database
study
(Finnish
Cancer
Registry
database)

207 (132 UNKSCC, 31
DNKSCC, 42 KSCC)

1. OS
2. DSS

1. KSCC had worse OS than UNKSCC,
but there were no OS differences
between DNKSCC and UNKSCC

2. The 5-year DSS and OS of all patients
treated between 1990 and 1999 were
58% and 49%, and those between 2000
and 2009 were 66% and 63%,
respectively

3. KSCC had worse OS than UNKSCC
(aHR 1.84, 95% CI: 1.13–2.99, p = 0.01),
but there were no OS differences
between DNKSCC and UNKSCC
(aHR 1.60, 95% CI: 0.89–2.87, p = 0.12)

(Continues)
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278 KUAN et al.

TABLE XXV. 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Zang et al.1734 2018 4 Retrospective
case series

301 (210 UNKSCC, 91
DNKSCC)

1. OS
2. DMFS

DNKSCC had worse OS (HR 1.982, 95%
CI: 1.317–2.526, p = 0.007) and DMFS
(HR 1.845, 95% CI: 1.118–3.047,
p = 0.017) than UNKSCC

Colaco et al.1597 2013 4 Retrospective
database
study
(Christie
cancer
registry
database)

128 (87 NKSCC, 16
KSCC)

OS KSCC had worse OS (HR 2.7, 95% CI:
1.3–5.5, p = 0.034) than NKSCC

Cheung
et al.1602

2012 4 Retrospective
case series

259 (10 DNKSCC, 249
UNKSCC)

1. OS
2. DSS
3. DMFS

DNKSCC had worse DMFS, DSS and OS
(p≤0.05) than UNKSCC

Abbreviations: AHZ, adjusted hazard ratios; BSCC, basaloid SCC; DMFS, distant metastasis-free survival; DNKSCC, nonkeratinizing SCC, differentiated type;
DSS, disease-specific survival; KSCC, keratinizing SCC; NKSCC, nonkeratinizing SCC; OS, overall survival; PYNEH, regional tertiary hospital in Hong Kong;
UNKSCC, nonkeratinizing SCC, undifferentiated type; RS, relative survival; SEER, Surveillance, Epidemiology, and End Results.

(p < 0.001). Later, they refined the blood test using novel
sequencing-based analysis1647 and differentialmethylation
pattern analysis1648 with improved PPV.

Role of EBV assessment in NPC

Aggregate grade
of evidence

A (Level 1: 10 studies; Level 2: two studies;
Level 3: four studies; Level 4: seven studies)

Benefit A blood test for quantification of circulating
EBV DNA is an ideal biomarker for the
clinical management of patients with NPC.
It has high sensitivity and specificity for the
detection of NPC and correlates with
tumor burden, patient survival, diagnosis
of recurrence/remission, and early
prediction of treatment response.

Harm Need for repeat blood draws; EBV not
associated with every NPC subtype.

Cost The EBV DNA blood test has a lower cost
than other diagnostic interventions, such
as MRI and PET scan.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)

Value
judgments

Cumulative evidence suggests that EBV DNA
serum testing can provide valuable
information to guide clinical
decision-making. However, elevated
circulating EBV DNA levels during
posttreatment follow-up only suggested
tumor relapse and did not indicate the
tumor location. Diagnostic imaging studies
such as CT, MRI, and PET may aid to
localize the exact site and extent of the
recurrence. Another problem is that
PCR-based techniques may produce
discrepancies in different laboratories, even
when using the same primer/probe sets
and experimental conditions.
Harmonization between international
laboratories, which involves the
standardization of buffers and calibrators,
is feasible and significantly reduces the
variability.

Policy level Recommendation.
Intervention The EBV DNA serum test should be used as a

routine clinical test for patients with NPC
for screening, diagnosis, and monitoring
treatment response.
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ICAR SINONASAL TUMORS 279

TABLE XXV. 2 Evidence surrounding EBV DNA in NPC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Diagnostic role of circulating EBV DNA
Liu et al.1628 2021 1 Systematic

review and
meta-
analysis

87 studies, 23,474
subjects (8382 NPCs,
15,089 controls)

Pooled
sensitivity
0.76,
specificity
0.96, positive
likelihood
14.66, negative
likelihood 0.19

EBV DNA detection has higher
diagnostic accuracy in NPC

Sun et al.1627 2014 1 Systematic
review and
meta-
analysis

10 studies, 2520
subjects (617 NPCs,
1903 controls)

Pooled
sensitivity
0.69,
specificity
0.84, positive
likelihood
4.81, negative
likelihood 0.25

EBV DNA could be a useful tumor
marker for NPC diagnosis

Song and
Yang1626

2013 1 Systematic
review and
meta-
analysis

27 studies, 4486
subjects (1554 NPCs,
2932 controls)

Pooled
sensitivity
0.75,
specificity
0.87, positive
likelihood
6.98, negative
likelihood 0.18

EBV DNA has high sensitivity and
specificity in the diagnosis of NPC

Han et al.1625 2012 1 Systematic
review

18 studies, 4133
subjects (1492 NPCs,
2641 controls)

Pooled
sensitivity
0.73,
specificity
0.89, positive
likelihood
8.84, negative
likelihood 0.19

EBV DNA detection in plasma or serum
has high sensitivity and specificity in
the diagnosis of NPC

Liu et al.1624 2011 1 Systematic
review and
meta-
analysis

15 studies, 2393
subjects (1140 NPCs,
1253 controls)

Pooled
sensitivity
89.1%,
specificity
85.0%, positive
likelihood
7.118, negative
likelihood
0.122

The detection of EBV DNA for the
diagnosis of NPC has good sensitivity
and specificity and might be helpful for
the screening of NPC

1. Treatment strategy guidance of circulating EBV DNA
2-1 Aids in the treatment outcome prediction and risk grouping
Qu et al.1633 2020 1 Systematic

review and
meta-
analysis

22 studies, 8128 NPCs 1. OS
2. PFS
3. DMFS

Pre-, mid-, and post-EBV DNA levels
have prognostic impact in NPC
patients, particularly post-DNA levels

(Continues)
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280 KUAN et al.

TABLE XXV. 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Xie et al.1632 2019 1 Systematic
review and
meta-
analysis

40 studies, 27,235
NPCs

OS 1. When cutoff values of 2000, 0, and 0
copies/mL were used for pre-DNA,
mid-DNA, and post-DNA, patients
with values above these cutoffs were
associated with >2.5-fold increased
risk of death (all p < 0.05)

2. Higher pre-DNA, detectable
mid-DNA, and detectable post-DNA
levels are significantly correlated with
poorer outcomes

Liu et al.1631 2017 1 Systematic
review

16 studies, 7698 NPCs 1. OS
2. PFS
3. DFS
4. RFS
5. DMFS

High EBV DNA levels indicate poor
prognosis and reduced long-term
survival in patients with newly
diagnosed NPC

Zhang et al.1630 2016 1 Systematic
review and
meta-
analysis

23 studies, 10,732 NPCs OS 1. Pooled HR for OS: pre-DNA 2.78,
post-DNA 5.43

2. High expression levels of EBV DNA
predict poor prognosis in NPC

Zhang et al.1629 2015 1 Systematic
review and
meta-
analysis

14 studies, 7836 NPCs 1. OS
2. PFS
3. DMFS
4. LRFS

Pre-DNA, mid-DNA, post-DNA, and EBV
DNA clearance rates are prognostic
factors for survival in NPC patients

2-2. Supplement to the TNM staging system
Hui et al.1639 2020 2 Prospective

cohort
Training set (745
NPCs)

Internal validation
(340 NPCs)

External validation
(837 NPCs)

OS Combining post-DNA levels and TNM
staging improved risk stratification in
NPC patients

Lee et al.1637 2019 3 Prospective
cohort

518 NPCs 1. OS
2. PFS
3. DSS

Combined stage groups revealed better
survival prediction compared to the 8th
edition of the TNM staging system

Kitpanit
et al.1638

2019 3 Prospective
cohort

205 NPCs OS Integration of pre-DNA into the 8th
edition of the TNM staging improved
outcome prediction, especially for
patients who may benefit from
treatment intensification

Li et al.1640 2021 4 Retrospective
case series

2354 NPCs
(training set 1372,
internal validation
672, external
validation 310)

PFS Combined staging system can
outperform conventional TNM staging
groups for predicting survival rates

(Continues)

3 The role of HPV in NPC

HPV+ NPC is relatively rare compared to EBV+ NPC in
endemic areas, and thus there are few associated stud-
ies (Table XXV.3). Wu et al. analyzed HPV status from
the SEER database and found that the incidence of HPV-
associated NPC patients was 2.3% among 9943 head and

neck SCC patients. They found that HPV infection was not
a clinically prognostic marker for NPC patients, although
controversial results were noted in some studies.1649–1656 In
a large study conducted in Southern China, among 1328
NPC patients, there were 91.9% EBV+, 7.7% HPV+, and
only 0.6% coinfected with both viruses. They found that
EBV–/HPV+ NPC patients was associated with signifi-
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ICAR SINONASAL TUMORS 281

TABLE XXV. 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Guo et al.1636 2019 4 Retrospective
case series

979 NPCs 1. OS
2. PFS

Incorporating EBV DNA into staging
provided better hazard consistency,
hazard discrimination, outcome
prediction, and sample size balance
than the 8th edition of the TNM
staging system

Zhang et al.1635 2016 4 Retrospective
case series

1467 NPCs 1. OS
2. PFS
3. DMFS
4. LRFS

Pre-DNA is a strong prognostic factor for
NPC patients when complemented
with TNM staging

Leung et al.1634 2006 4 Retrospective
case series

376 NPCs 1. DSS
2. DMFS
3. LRFS

Pre-DNA load is an independent
prognostic factor to the TNM staging in
NPC

Combined pre-DNA with staging data
defines better risk grouping and
improves risk discrimination in
early-stage disease

2-3. Adjuvant therapy for postradiation residual EBV DNA patients
Chan et al.1642 2018 2 Prospective

randomized
trial

216 out of 789 NPCs
with detectable
post-DNA; 104 out
of 216 randomized to
adjuvant
chemotherapy × six
cycles

RFS 1. Adjuvant chemotherapy with cisplatin
and gemcitabine did not improve RFS
for NPC with detectable post-DNA

2. 5-year RFS rate: 49.3% versus 54.7%
(p = 0.75)

Twu et al.1641 2014 4 Retrospective
case series

85 out of 625 NPCs
with detectable
post-DNA;

adjuvant oral
chemotherapy for 1
year: yes/no = 33/52

1. OS
2. Recurrence

1. Adjuvant oral tegafur-uracil can
reduce recurrence and improve OS in
patients with detectable post-DNA

2. Recurrent rates: 45.5% versus 71.2%
(p = 0.0323).

3. 5-year OS: 71.6% versus 28.7%
(p < 0.0001).

2-4. Early prediction of treatment response in recurrent/metastatic and locally advanced patients
Ma et al.1645 2018 3 Prospective

cohort
58 NPCs (33 recur-
rent/metastatic, 25
locally advanced)

1. OS
2. PFS
3. PET response

Early PET response (>50% drop in sum of
max SUV of target lesions) and EBV
DNA clearance (≤10 days) predict
improved survival and treatment
response

Hsu et al.1644 2012 4 Retrospective
case series

73 metastatic NPCs 1. CR
2. OS

1. Plasma EBV DNA clearance rates are
significant predictors for metastatic
NPC treatment outcomes

2. Half-life of EBV DNA clearance rate
≤4 versus >4 days: CR rate 80.0%
versus 37.8% (p = 0.001); 2-year OS
59.5% versus 24.4% (p = 0.003)

(Continues)

cantly better local tumor control and survival compared to
EBV+/HPV– NPC patients.1657 Another study conducted
in Canada noted that, among 29 HPV-associated NPC
cases, mostly were White patients. Furthermore, HPV+
NPCpatients have larger primary tumorswith greater local

symptom burden but similar outcomes compared with
EBV+ NPC patients.1651 In Wu et al.’s retrospective study,
among 78 NPC patients over 19 years, there were only 12
HPV+NPC patients. They found that EBV+NPC patients
were younger and less frail than HPV+ NPC patients, and
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282 KUAN et al.

TABLE XXV. 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Wang et al.1643 2010 4 Retrospective
case series

34
recurrent/metastatic
NPCs

1. CR
2. OS

1. Clearance rates of plasma EBV DNA
during the first month of
chemotherapy predict treatment
response and survival

2. Half-life of EBV DNA clearance rate
≤4 versus >4 days: CR rate 70.6%
versus 11.8% (p = 0.0017); 2-year OS
79.4% versus 29.4% (p = 0.0055)

2. Screening role of circulating EBV DNA
Chan et al.1646 2017 3

Nonrandomized
cohort

20,174 participants PFS
Sensitivity
97.1%,
specificity
98.6%

1. Circulating EBV DNA useful in
screening for early asymptomatic NPC
compared to historical cohort (stage I
or II 71% vs. 20%, p < 0.001)

2. Outcomes were better in participants
who were identified by screening than
those of the historical cohort (3-year
PFS 97% vs. 70%, p < 0.001)

Abbreviations: AIC, Akaike information criterion; CR, complete response; mid-DNA, mid-treatment plasma EBV DNA; NPC, nasopharyngeal carcinoma; OS,
overall survival; PRFS, progression-free survival; pre-DNA, pretreatment plasmaEBVDNA; post-DNA, posttreatment plasmaEBVDNA;RFS, relapse-free survival;
RPA, recursive partitioning analysis.

no cases showed coinfection. OSwas insignificant between
the two groups of patients after adjusting for the Karnofsky
Performance Scale and age.1652 Further studies are needed
to elucidate how HPV infection interplays with EBV and
its role in NPC.
Aggregate grade of evidence: C (Level 1: one study;

Level 2: one study; Level 4: 11 studies)

4 Role of surgery in NPC

RT and CRT are the main treatment strategies for patients
with primary NPC,1658 whereas surgery is typically con-
sidered in patients with local residual or recurrent dis-
ease. Recently, endoscopic nasopharyngectomy (ENPG)
has become an effective treatment for NPC, demon-
strating good survival outcomes and low complication
rates compared with re-irradiation and various traditional
open surgical treatments, such as the maxillary swing,
transpalatal, midface degloving, and transinfratemporal
fossa approaches (Table XXV.4).5,1659–1661 ENPG is also cov-
ered in ICSB 2019 (Section VIII.E) and this section serves
as an update.5
ENPG can be used to resect radioresistant and/or

recurrent tumors directly, thereby avoiding the severe
side effects of re-irradiation. However, because of the
infiltrative behavior of NPC and the complex structures
adjacent to the recurrent tumor, especially with scarring
and inflammation following RT, the identification of key
anatomical landmarks during ENPG is paramount for

achieving maximal tumor resection as well as for pre-
venting complications such as ICA injury. Meticulous
preoperative evaluation and a full understanding of the
surgical anatomy are essential to prevent damage to nearby
critical neurovascular structures.1662
The first ENPGwas reported in 2005.1663 In 2013, Castel-

nuovo et al. reported the first classification of ENPGs into
three types.1664 In 2020, Liu et al. categorized ENPG into
four types based on anatomical structures and the NPC
staging system.1665 Both studies reported promising out-
comes with the technique. In their study on 410 patients
with recurrent NPC, Zou et al. found that ENPG and
IMRT were associated with improvements in both OS and
distant metastasis-free survival compared with conven-
tional two-dimensional RT in early recurrent disease.1666
Yang et al. conducted the largest meta-analysis involving
23 studies with a combined 792 patients with recurrent
NPC, whereupon they revealed that ENPG had compara-
ble and possibly better outcomes than IMRT.1667 Although
there have been several studies focusing on ENPG out-
comes, only one RCT conducted in China has been carried
out to date.1668 The study showed better 3-year OS in the
ENPG group than in the IMRT group in patients with
resectable locally recurrent NPC as well as better DFS and
RFS.1668 Currently available data suggest that ENPG is a
promising option for many patients with early-stage local
recurrent NPC, with minimal complications. For patients
with advanced-stage recurrent NPC, long-term follow-up
is needed to evaluate the eventual morbidity from and
efficacy of the procedure.
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ICAR SINONASAL TUMORS 283

TABLE XXV. 3 Evidence surrounding HPV DNA in NPC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Isayeva et al.1735 2012 1 Systematic
review

154 NPC (47 HPV+) Prevalence of
HPV

Weighted prevalence of HPV DNA
detection in 154 NPC patients is
31.1% (95% CI: 20.3%–44.5%)

Tham et al.1736 2021 2 Systematic
review

1919 NPC (1600
EBV+/HPV–, 141
EBV–/HPV+, 68
EBV+/HPV+, 110
EBV–HPV–)

Prevalence of
EBV and HPV

WHO type I NPC: EBV–/HPV–
(56.4%), EBV–/HPV+ (21.5%)

WHO type II/III: EBV+/HPV–
(87.5%)

Huang et al.1651 2022 4 Retrospective
case–control

570 NPC (29 HPV+,
422 EBV+)

1. LRC
2. Distant

control
3. OS

HPV neither correlates with nor
predicts survival in NPC

Wu et al.1652 2022 4 Retrospective
case series

78 NPC (43 EBV+, 12
HPV+, 23
EBV–/HPV–)

OS 1. OS time was not significantly
different between the EBV+ and
HPV+ groups EBV−/HPV–
tumors had worst OS

2. Viral status not a significant
predictor of OS

Simon et al.1653 2020 4 Retrospective
case–control

98 NPC (66 EBV+, 18
HPV+, 14
EBV/HPV–)

OS There was no statistically
significant difference in survival
between the three groups
(p = 0.61)

Verma et al.1654 2020 4 Retrospective
case series

343 NPC (205 EBV+,
21 HPV+, 12 viral
negative, 105
unknown)

OS Viral status was not prognostic for
OS

Ruuskanen
et al.1737

2019 4 Retrospective
case series

150 NPC (93 EBV+, 21
HPV+, 36
EBV–/HPV–)

1. OS
2. DSS

OS better among patients with
EBV+ and HPV+ compared to
EBV–/HPV–

Wotman
et al.1655

2019 4 Database study
[SEER]

517 NPC (180 HPV+,
337 HPV–)

DSS No significant difference in DSS
between HPV+ and HPV– NPC
patients

Verma et al.1650 2018 4 Database study
[NCDB]

956 NPC (308 HPV+,
648 HPV–)

OS HPV neither correlates with nor
predicts survival in NPC

Jiang et al.1738 2016 4 Retrospective
case series

86 (44 EBV+, 35 EBV–,
seven
indeterminate; 40
HPV+, 26 HPV–, 20
no tissue sample; 13
EBV+/HPV+)

1. OS
2. PFS
3. LRC

1. p16 overexpression is associated
with improved PFS and LRC in
patients with EBV-positive NPC

2. p16 expression may complement
EBV status in predicting
treatment outcomes for NPC
patients

Atighechi
et al.1739

2014 4 Retrospective
case series

41 NPC (9 HPV+, 32
HPV–)

1. OS
2. Recurrence

1. HPV type 16 and 18 most
common subtypes

2. HPV+ patients had better
prognosis and lower recurrence
rates

Stenmark
et al.1740

2014 4 Retrospective
case series

61 NPC (26
EBV+/HPV– 18
HPV+/EBV–, 17
EBV–/HPV–)

1. OS
2. PFS
3. LRC

1. High-risk HPV infection may
play an etiologic role in the
development of nonendemic
EBV– NPC

2. Compared with EBV+ NPC,
HPV+ and EBV–/HPV– NPC are
associated with worse outcomes

(Continues)
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284 KUAN et al.

TABLE XXV. 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Huang et al.1656 2011 4 Retrospective
case–control

43 NPC
(15 HPV+, 28 HPV–

Prevalence of
HPV

No association between oncogenic
HPV and carcinogenesis or
prognosis of WHO II and III
NPCs in Taiwanese patients

Abbreviations: LRC, local–regional control; NCDB, National Cancer DataBase; OS, overall survival; PFS, progression-free survival; SEER, Surveillance,
Epidemiology, and End Results.

Role of nasopharyngectomy for NPC

Aggregate grade
of evidence

C (Level 2: two studies; Level 4: 17 studies)

Benefit ENPG has become an effective treatment for
patients with early local recurrent NPC,
demonstrating good survival outcomes and
low complication rates. It avoids not only
the severe side effects caused by
re-irradiation but also complications (e.g.,
functional problems and cosmetic
morbidities) that may be encountered
during traditional open approaches.

Harm Positive margins, especially around critical
neurovascular structures; risk of ICA
injury leading to intraoperative and
postoperative hemorrhage; wound
infection; injury to surrounding critical
neurovascular structures.

Cost ENPG may have a lower cost than
re-irradiation because of the relatively
shorter treatment duration and ensuring
faster recovery.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Current data suggest that ENPG is a
promising treatment option for most
patients with early-stage local recurrent
NPC, with minimal complications.
However, only one RCT has been
conducted. Although selected patients with
advanced-stage recurrent NPC may benefit
from ENPG, long-term follow-up is needed
to evaluate the eventual morbidity from
and efficacy of the procedure.

Policy level Option.
Intervention ENPG is a good option for early local

recurrent NPC (rT1 and rT2 and select rT3
lesions), with limited complications and
promising outcomes. Meticulous
preoperative evaluation and a full
understanding of the surgical anatomy are
important to prevent significant
complications such as ICA injury.

5 Primary radiation therapy of the primary
site

NPC is one of the first cancers successfully treatedwith pri-
mary RT (Table XXV.5).1669 Conventional two-dimensional
radiotherapy (2DRT) techniques had been used for treat-
ment of NPC since the 1960s until the advent of 3DRT and
IMRT. There are many critical structures at risk (SARs)
adjacent to tumors of the skull base, especially in locally
advanced cases. With 2DRT technique, the radiation toler-
ance of these structures limits the dose of radiation that
can be delivered to the primary tumor without signifi-
cant toxicity. With 3DRT and IMRT, high-dose RT can be
contoured to the tumor, ensuring better delivery of ade-
quate radiation dosage without surpassing the dose limit
for SARs. Multiple phase II trials have shown the effi-
cacy of IMRT in local control and reducing toxicities. A
large phase III RCT showed better LRC with IMRT com-
pared to 2DRT in T4 and N2 disease, improved OS in
N2 and stage III disease, and marginally improved OS
in stage IVA disease. Two-dimensional RT is associated
withmore acute and late toxicities.1670 Twometa-analyses,
one including phase II/III RCTs and one including addi-
tional nonrandomized cohorts, showed that IMRT has
superior OS and PFSwith reduced late toxicities compared
to 2DRT techniques.1671,1672 Therefore, IMRT is strongly
recommended in treatment of all stages of NPC both for
superior disease control and less toxicity.

Role of IMRT in treatment of NPC

Aggregate grade
of evidence

A (Level 1: two studies; Level 2: three studies)

Benefit IMRT improves OS and LRC in locally
advanced NPC and reduces long-term
toxicities including xerostomia, trismus,
and temporal lobe neuropathy in all stages.

Harm IMRT has no additional harm compared to
conventional 2DRT.

(Continued)
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ICAR SINONASAL TUMORS 285

TABLE XXV. 4 Evidence surrounding nasopharyngectomy in nasopharyngeal carcinoma (NPC) treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Newton et al.1741 2021 2 Systematic
review

Review of 66
previously

published studies

OS 1. Surgery and re-RT for recurrent
NPC have similar long-term
survival

2. Surgical approaches to rNPC
may offer similar survival while
avoiding RT-associated
morbidity and mortality.

Liu et al.1668 2021 2 RCT Recurrent T1–3 NPC
who underwent: (1)
ENPG (n = 100) or
(2) IMRT (n = 100)

OS 1. ENPG significantly improved
3-year OS compared with IMRT

2. Pharyngeal mucositis: 5% ENPG,
26% IMRT

Zhang et al.1742 2021 4 Retrospective
case–control

Recurrent T1–2 NPC
who underwent: (1)
ENPG + LDRT
(n = 37) or (2) IMRT
(n = 132)

1. Survival
2. QOL
3. Late

RT-related
sequelae

1. ENPG + LDRT provided
satisfactory survival outcomes,
improved QOL, and reduced the
incidence of RT-related sequelae

2. Xerostomia: 24.3%
3. ENPG + LDRT, 46.2% IMRT

Thamboo
et al.1743

2021 4 Retrospective
case series

Recurrent T1–2 NPC
who underwent
ENPG (n = 13)

1. OS
2. LRFS
3. Complication

rates

1. 5-year LRFS and OS were 53.9%
and 84.6%

2. Minor complication rate 52.6%
3. Major operative complication

rate 0.0%
4. Late complication rate 23.1%

Liu et al.1665 2021 4 Retrospective
case series

Recurrent T1–4 NPC
who underwent
ENPG (n = 101)

1. OS
2. LRFS

2-year OS and LRFS were 76.2% and
53.6%, respectively

Li et al.1744 2021 4 Retrospective
case series

Recurrent T1–4 NPC
who underwent
ENPG (n = 189)

OS 1-, 3-, and 5-year OS rates were
82.2%, 59.5%, and 43.6%,
respectively

Wang et al.1745 2021 4 Retrospective
case series

Recurrent T2–3 NPC
who underwent
ENPG with ICA
pretreatment
(n = 37)

1. OS
2. PFS
3. LRFS
4. DMFS

1. 2-year OS, PFS, LRFS, and
DMFS were 88.7%, 72.0%, 72.0%,
and 97.3%, respectively

2. Postoperative complications:
Grade 1–2 16.2%, grade 3–5 13.5%.

Wong et al.1746 2020 4 Retrospective
case series

Recurrent T3–4 NPC
who underwent
ENPG (n = 12)

1. OS
2. DFS
3. DSS

1. 5-year OS, DFS, and DSS were
50.0%, 25.0%, and 58.3%,
respectively

2. No severe operative
complications were reported

Tang et al.1747 2019 4 Retrospective
case series

Recurrent T1–4 NPC
who underwent
ENPG (n = 55)

1. OS
2. LRFS

1. 1-year OS and LRFS were 98%
and 93%, respectively

2. One (1.8%) patient had ICA
injury intraoperatively

3. No major postoperative
complications

Liu et al.1748 2017 4 Retrospective
case series

Recurrent T1–4 NPC
who underwent
ENPG (n = 91)

1. OS
2. DFS

1. 2-year OS and DFS were 64.8%
and 57.5%, respectively

2. 5-year OS and DFS were 38.3%
and 30.2%, respectively

3. No serious complications were
reported

(Continues)
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286 KUAN et al.

TABLE XXV. 4 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Vlantis et al.1749 2017 4 Retrospective
case series

Recurrent T1–2 NPC
who underwent
ENPG (n = 18)

1. OS
2. DFS

1. 2-year OS and DFS were 100%
and 90%, respectively

2. Postoperative complication rate
was 55.6%

Weng et al.1750 2017 4 Retrospective
case series

Recurrent T1–4 NPC
who underwent: (1)
ENPG + CRT
(n = 36) and (2) CRT
(n = 26)

1. OS
2. DFS

ENPG + CRT group had better OS
than CRT alone group

Wong et al.1751 2017 4 Retrospective
case series

rT3–4 NPC who
underwent ENPG
(n = 15)

1. OS
2. DFS
3. DSS

1. 2-year OS, DFS, and DSS were
66.7%, 40%, and 73%,
respectively

2. No severe operative
complications were reported

You et al.1752 2015 4 Retrospective
case–control

rT1–3 NPC who
underwent: (1)
ENPG (n = 72) and
(2) IMRT (n = 72)

OS Compared with IMRT, salvage
ENPG may be more effective for
maximizing survival (77.1% vs.
55.5%) and decreasing
complications (12.5% vs. 65.3%).

Zou et al.1666 2015 4 Retrospective
case series

rT1–4 NPC who
underwent: (1)
ENPG (n = 92), (2)
IMRT (n = 218), and
(3) 2DRT (n = 100)

1. OS
2. DMFS

ENPG and IMRT are associated
with an improved OS and DMFS
in patients with recurrent NPC
compared to two-dimensional
conventional RT in early
recurrence

Castelnuovo
et al.1664

2013 4 Retrospective
case series

rT1–4 NPC who
underwent ENPG

1. OS
2. DFS
3. DSS

1. 5-year OS, DSS, and DFS were
75.1%, 80.9%, and 58.1%,
respectively

2. No major complications were
reported

Ho et al.1753 2012 4 Retrospective
case series

rT1–3 NPC who
underwent ENPG
(n = 13)

1. OS
2. DFS

1. 2-year OS and DFS were 100%
and 69.2%, respectively

2. Overall minor complication rate
was 52.6%

3. No major complications
Chen et al.1754 2009 4 Retrospective

case series
rT1–3 NPC who
underwent ENPG
(n = 37)

1. OS
2. LRFS
3. PFS

1. 2-year OS, LRFS, and PFS were
84.2%, 86.3%, and 82.6%,
respectively

2. No severe complications were
observed

Ko et al.1755 2009 4 Retrospective
case series

rT1–3 NPC who
underwent ENPG
(n = 28)

1. OS
2. DFS

1. 2-year OS and DFS were 59.4
and 57.6%, respectively

2. Three patients had nasopharynx
osteonecrosis and one patient
developed hypoglossal nerve
dysfunction

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; ENPG, endoscopic nasopharyngectomy; IMRT, intensity modulated radiation therapy;
LDRT, low-dose radiotherapy; LPFS, local progression-free survival; LRC, local–regional control; OS, overall survival; PFS, progression-free survival.
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ICAR SINONASAL TUMORS 287

TABLE XXV. 5 Evidence surrounding radiation therapy in NPC treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Du et al.1672 2019 1 Systematic
review and
meta-
analysis

13,304 NPC patients
from 10 studies (two
RCTs + eight
nonrandomized
trial)

IMRT versus 2DRT

1. 5-year OS
2. 5-year PFS,

LRFS, DMFS
3. Toxicities

1. IMRT was associated with a
better 5-year OS, LRFS, and PFS
compared to 2DRT group

2. IMRT was associated with
significantly lower rate of late
xerostomia, trismus, and
temporal lobe neuropathy

Co et al.1671 2016 1 Systematic
review and
meta-
analysis

717 patients from three
RCTs

IMRT versus 2DRT

1. 1-year LRC,
DMFS, OS

2. Xerostomia

1. IMRT showed better yet
statistically insignificant results
than 2DRT in terms of LRC and
regional control

2. However, differences were only
observed in T4, N2, and stage III
disease

3. Xerostomia was better in IMRT
than in conventional 2DRT

Tang et al.1674 2022 2 Open-label,
noninferior-
ity, phase III
RCT

446 NPC patients with
N0-N1 disease
(UICC/AJCC 7th
edition) of WHO
type II or III

IMRT to primary, RP
LN, and neck
disease

IC + CRT or CRT
alone in patients
with stage II-IVA

WNI group: both the
upper neck (levels
II, III and VA) and
lower neck (levels
IV and VB) were
encompassed by
low-dose target
volume in the
uninvolved neck

UNI group: elective
irradiation to
bilateral upper neck
lymphatic areas only
in case of neck-node
negative disease;
WNI to ipsilateral
neck and UNI to
contralateral neck in
case of unilateral
neck nodal disease

1. RRFS
2. OS, DMFS
3. Acute and

late toxicities

1. 3-year RRFS was similar in UNI
and WNI groups

2. No significant difference
between UNI versus WNI group
in 3-year OS

3. No statistically significant
difference in acute RT-related
toxic effect between the groups

4. Incidence of late toxicity was
lower in UNI group than WNI
group, including
hypothyroidism, skin toxicity,
dysphagia, and neck tissue
damage

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



288 KUAN et al.

TABLE XXV. 5 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lertbutsayanukul
et al.1676

2018 2 Randomized
phase II/III
study

209 NPC patients
treated with CRT to
T2–4 or positive nodal
disease for maximum
seven
cycles + adjuvant
chemotherapySEQ-
IMRT

- two plans: 2 Gy × 25
Fr to low-risk PTV,
followed by
sequential boost
(2 Gy × 10 Fr) to
high-risk PTV

SIB-IMRT

- 56 Gy to low-risk
PTV and 70 Gy to
high-risk PTV, in 33
Fr

1. Acute and
late toxicities

2. 3-year PFS
and OS

3. LPFS, RPFS,
DMFS

1. No significant difference in
cumulative incidence of grade
3–4 acute or late toxicities
between SEQ versus SIB group

2. Significant improved 3-year
RPFS in SIB group compared
with SEQ group

3. No significant differences in
SEQ versus SIB group for
complete response rate, 3-year
PFS, and 3-year OS, PFS, LPFS,
and DMFS

Peng et al.1670 2012 2 Prospective
RCT

616 NPC patients
IMRT versus 2DRT
Chemotherapy for
stage III and IV if
not contraindicated

1. 5-year LRC,
OS

2. Acute and
late toxicity

1. IMRT group had higher LRC
rate compared with 2DRT, yet
the difference was only
significant in T4 after disease
stage stratification

2. IMRT group had higher RC rate
compared with 2DRT and the
difference was only significant
in N2 disease

3. IMRT group had higher OS rate
compared with 2DRT and the
difference was significant in
stage III and N2 disease

4. More frequent acute toxicities
were observed in 2DRT group
(acute hearing loss, xerostomia)
and also for late toxicities
(cranial nerve palsy, trismus,
neck fibrosis, xerostomia, and
hearing loss)

Lee et al.1678 2021 2 Systematic
review

369 patients in nine
retrospective studies

Comparison of proton
versus photon
therapy, concurrent
chemotherapy used
for all studies

1. 2-year LRFS,
PFS, and OS

2. Acute and
late toxicities

1. Proton therapy had similar
2-year LRFS, PFS, and OS
compared with IMRT

2. Significantly lower mucositis
and feeding tube rates in proton
therapy group versus IMRT

3. All other acute and late effects
were improved with proton
therapy, but not statistically
significant

(Continues)
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ICAR SINONASAL TUMORS 289

TABLE XXV. 5 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Huang et al.1673 2018 2 Systemic
review and
meta-
analysis

2521 NPC patients in
nine comparative
studies (one
RCT + eight
retrospective cohort)

ILNSI versus ILNPI
IMRT in three studies,
2DRT in two studies,
2DRT or IMRT or
3DRT in four studies

1. 3-year OS
2. RRFS, DFS,

DMFS, and
lymph node
recurrence

1. No significant difference
between ILNSI and ILNPI group
in 3-year OS, RRFS, DFS, and
DMFS

2. Ipsilateral lymph node
recurrence rates are similar in
ILNSI and ILNPI groups

Nishimura
et al.1677

2020 3 Phase II single
arm study

75 NPC patients (Stage
II-IV) treated with
adaptive IMRT and
concurrent
chemotherapy

1. 3-year OS
2. 3-year PFS

1. 3-year OS 88%
2. 3-year PFS 71%
3. 15 (20%) developed grade 3 late

toxicities
4. Grade 2 xerostomia 26%, 12%,

and 9% at 1, 2, and 3 years,
respectively

Abbreviations: CRT, concurrent chemoradiation; CTV, clinical target volume; DMFS, distant metastasis-free survival; Fr, fractions; IC, induction chemotherapy;
ILNSI, ipsilateral lower neck sparing irradiation; ILPSI, ipsilateral lower neck prophylactic irradiation; LPFS, local progression-free survival; NPC, nasopharyngeal
carcinoma; OS, overall survival; PFS, progression-free survival; PTV, planning target volume; RP, retropharyngeal; RPFS, regional progression-free survival; RRFS,
regional recurrence-free survival; SEQ, sequential boost; SIB, simultaneous integrated boost; UICC, Union for International Cancer Control; UNI, upper neck
irradiation; WNI, whole-neck irradiation.

Cost IMRT significantly increases the time needed
for radiotherapy planning and the direct
cost of RT. However, reduction in late
toxicities translates to long-term cost
savings, which would be very hard to
measure. Exact cost comparison analyses
accounting for those would be very difficult
to perform.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Patients should be treated with IMRT
whenever possible.

Policy level Strong recommendation.
Intervention IMRT is the current standard of care for

primary radiation treatment of NPC.

6 Elective radiation treatment of the N0
neck

NPC has high propensity for bilateral cervical lymph node
metastasis that can be clinically apparent or occult. Tra-
ditionally, bilateral upper and lower cervical lymphatics

have been included in the radiation field regardless of the
nodal stage of the disease. This approach may contribute
to increased soft tissue fibrosis of the neck and dyspha-
gia. Several retrospective nonrandomized cohort studies
were performed to determine if the ipsilateral lower neck
could be omitted in the radiation planning in patients
with clinically node-negativeNPC.Ameta-analysis in 2018
showed that there was no difference in 3-year OS, regional
relapse-free survival, and DMFS between ipsilateral lower
neck sparing irradiation versus ipsilateral lower neck pro-
phylactic irradiation and it was found that both groups
had similar nodal recurrence rate. However, the qual-
ity of the studies included were variable and there was
a large heterogeneity in the treatment protocol between
the included studies.1673 Objective measurement of long-
term swallowing function and neck fibrosis is also missing
in the studies. More recently, a large RCT showed that
with careful patient selection using bothMRI and PET/CT,
reducing the field of radiation in the contralateral lower
neck resulted in improved QOL but not inferior sur-
vival outcomes.1674 Further clinical trials are in process to
confirm these results.
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Elective treatment of the N0 neck and avoidance of
radiating lower neck lymphatics in NPC

Aggregate grade
of evidence

B (Level 1: one study; Level 2: one study)

Benefit Omitting the uninvolved lower neck
lymphatics may reduce the short- and
long-term toxicities of RT without
jeopardizing survival.

Harm Potential increase in nodal failure and
worsening of survival outcomes.

Cost May need multiple investigations including
MRI and PET/CT to confirm the extent of
nodal metastasis. No direct cost analysis
available.

Benefits–harm
assessment

Balance of benefits and harms

Value
judgments

Patients should be counseled about the extent
and field of neck radiation as it relates both
to disease control and toxicity/side effects.
Potential benefit in toxicity reduction may
be negated by increase in treatment
failures.

Policy level Option.
Intervention Patients may be able to avoid RT to the

uninvolved lower neck lymphatics if MRI
and PET imaging modalities confirmed the
absence of cervical nodal metastasis or
nodal disease limited to one side of the
neck.

7 Adaptive radiotherapy

Adaptive radiotherapy is based on the principle of adjust-
ing radiation as treatment progresses, to account for
changes in tumor volume and patient anatomy that occur
during treatment. Retrospective studies have demon-
strated dosimetric and clinical advantages of adaptive
radiotherapy in NPC, including reduced tumor volumes,
better sparing of SARs, and improved patient-reported
outcomes.1675 There are few prospective studies on pre-
planned adaptive radiotherapy for NPC. A phase III RCT
compared sequential IMRT to IMRT with simultaneous
integrated boost (SIB) to the high-risk and low-risk plan-
ning target volumes. The trial showed similar 3-year OS
(86.3% vs. 83.8%; p = 0.938), 3-year PFS (72.7% vs. 73.4%;
p = 0.488), and grade 3/4 acute toxicities. However, there
was a trend toward significantly higher late toxicities
with SIB (12.1% vs. 4.9%; p = 0.062).1676 More recently, a
Japanese phase II single-arm study of 75 patients of stage
II–IVB NPC treated with an adaptive IMRT plan after
46 Gy/23 fractions for a total of 70 Gy/35 fractions demon-
strated a 3-year OS of 88% and PFS of 71%.1677 Fifteen (20%)

developed grade 3 late toxicities, while grade 2 xerosto-
mia was noted in 26%, 12%, and 9% at 1, 2, and 3 years
after starting IMRT, respectively. Prospective randomized
studies on adaptive radiotherapy aiming at identification
of patient, dosimetric, radiomics, and biological triggers
of adaptive radiotherapy are warranted to determine the
selection criteria for adaptive radiotherapy.

Role of adaptive radiation therapy in treatment of NPC

Aggregate grade
of evidence

C (Level 2: one study; Level 3: one study)

Benefit Adjustment of the radiation field to account
for change in tumor size and patient
anatomy, theoretically improving tumor
contouring and reducing unnecessary
radiation to surrounding critical structures.

Harm Increased cost. Increased complexity of
treatment delivery. Potential
undertreatment of tumor.

Cost Increased cost due to mid-treatment imaging
and increased labor cost due to the need for
replanning. No economic studies available.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Promising concept but not enough data to
conclude. Potential benefit in reducing
marginal miss and unnecessary radiation
to critical structures. Prospective trials
should be designed to identify patient
groups and disease factors that would
benefit from adaptive radiotherapy.

Policy level Option.
Intervention Adaptive radiotherapy for NPC may have an

emerging role given its ability to improve
QOL, though this must be balanced with
the risk of undertreatment.

8 Role of proton therapy

Newer radiation modalities like proton or carbon ion ther-
apy have a theoretical advantage in treatingNPC especially
in locally advanced tumors where the tumor is close to crit-
ical structures like brainstem or optic chiasm. However, at
the time of writing, proton or carbon ion therapy is still
not widely available and no major phase III trials have
been conducted to compare the efficacy of proton therapy
to standard IMRT. A meta-analysis on the available retro-
spective studies and phase II trials on the use of proton
and carbon ion therapy for treatment of NPC showed no
difference in 2-year survival outcome but a significantly
lower rate of tube feeding and mucositis.1678 Proton ther-
apy has nonstatistically significant improvement in acute
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ICAR SINONASAL TUMORS 291

and late effects of RT. Further large-scale phase III trials
are required to define the role of proton therapy in NPC
treatment.

Role of proton therapy in treatment of NPC

Aggregate grade
of evidence

C (Level 2: one study)

Benefit Proton therapy has improved radiation dose
falloff, potentially reducing the dosage to
normal tissue adjacent to the tumor.

Harm Potential risk of marginal miss as the
radiation fall off is sharp. Potential “hot
spots” resulting in areas of overtreatment.

Cost Proton therapy is significantly more
expensive than IMRT and is not widely
available.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Not enough data to conclude. Patient groups
that would benefit from proton
radiotherapy have not been well defined.
Cost may decrease in the future with
increased availability of proton treatment
facilities. Large-scale phase III trials with
economic analysis are required to define
the role of proton radiotherapy in the
treatment of NPC.

Policy level Option.
Intervention Proton therapy may be considered as primary

modality for treatment of NPC at available
facilities for the potential benefits of
sparing critical SARs.

9 Role of concurrent chemoradiation
therapy

The landmark Intergroup-0099 trial in 1999 first estab-
lished the benefit of adding chemotherapy during radio-
therapy to improve disease control for NPC.1679 Since then,
multiple large RCTs have confirmed the benefit of concur-
rent CRT. The meta-analysis from the NPC–MAC group
summarized the benefit of CRT (Table XXV.6).1658 CRT
improves all survival measures including PFS, LRC, dis-
tant control, and cancer mortality. The main agent for
CRT is cisplatin, usually administered as a 30–40 mg/m2

weekly or 80–100 mg/m2 every 3 weeks. Most trials on
CRT included advanced-stage III and IV cancerswith a few
studies also including T2N1 stage II cancers. A large RCT
with T1-2N1M0 or T2N0M0 stage II NPCpatients, random-
ized to CRTwith weekly cisplatin versus RT alone, showed
significant benefit of CRT in OS, PFS, and DMFS at 51680
and 10 years.1681 It is unclear whether patients with T2N0

(stage II) cancers would still benefit from the addition of
chemotherapy in the era of IMRT. A meta-analysis in 2018
showed no added benefit of concurrent chemotherapy in
stage II NPC when treated with IMRT.1682 A recent phase
III RCT showed that for small-volume T2N1 and T3N0
disease, concurrent chemotherapy can be omitted when
patients are treated with IMRT.1683
When comparing the different dosing regimen of cis-

platin, a meta-analysis showed that there is minimal
difference in survival between a weekly regimen and 3-
week regimen, but the toxicity profiles are different.1684
The weekly regimen has less nausea and vomiting and
can be administered in a day-chemotherapy clinic setting.
However, the 3-week regimenhas lessmarrow suppression
and anemia. There was no severe nephrotoxicity (grade
3–4) noted in both regimes and there was no significant
difference in the occurrence of mild nephrotoxicity.
EGFR monoclonal antibodies such as cetuximab have

been used as adjunct treatment for head and neck SCC.
The addition of anti-EGFR antibodies with or without
concurrent chemotherapy during RT has only been stud-
ied in small-scale cohort studies or retrospective studies.
There are no phase III RCTs studying the effect of anti-
EGFRwhen administered during RT. A large retrospective
case-controlled study showed no difference inDFS, locore-
gional failure/recurrence-free survival (LRFS), DMFS, and
OS in the anti-EGFR + RT group versus CRT group.1685
Therefore, EGFR antibodies could be considered as an
alternative treatment to cisplatin for patients with poor
cisplatin tolerance based on this study. A meta-analysis
consisted of four cohorts and one case-controlled study
comparing CRT versus CRT + cetuximab showed no dif-
ference in OS, while there was benefit in DMFS, LRFS,
and DFS. However, there were more grade 3 and 4
skin rash, mucositis, and dermatitis in the group treated
with additional cetuximab. Another meta-analysis on 12
small cohorts also showed no survival benefits for addi-
tion of anti-EGFR to CRT.1686 Therefore, the addition of
cetuximab during CRT is not recommended.

Role of concurrent chemoradiation therapy in treatment
of advanced-stage NPC

Aggregate grade
of evidence

A (Level 1: one meta-analysis of 4800 patients
in 19 trials)

Benefit The addition of concurrent chemotherapy to
radiation in advanced-stage NPC improves
OS (HR 0.79), and absolute increase in OS
at 5 years is 6.3%.

Harm Increased acute toxicities with CRT.

(Continued)
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292 KUAN et al.

TABLE XXV. 6 Evidence surrounding concurrent chemoradiation in NPC treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Liu et al.1682 2018 1 Meta-analysis 1302 patients with
stage II NPC in
seven studies

IMRT alone versus
IMRT plus
concurrent
chemotherapy

1. OS
2. PFS, DMFS,

and LRFS

1. No significant survival benefit in
CRT versus RT alone in OS, PFS,
DMFS, or LRFS

2. CRT significantly increases the
risk of acute grade 3–4
leukopenia compared with RT
alone

Baujat
et al.1756Blan-
chard
et al.1658

2006,
updated
2015

1 Meta-analysis 4806 patients from 19
trials

(1753 patients from
eight trials in prior
meta-analysis)

RT versus CRT
regimens, with focus
on role of
chemotherapy

1. OS
2. PFS
3. Event-free

survival

1. Addition of chemotherapy to RT
significantly improved OS

2. Interaction between treatment
effect on OS and the timing of
chemotherapy was significant,
in favor of CRT plus adjuvant
chemotherapy and CRT without
adjuvant chemotherapy and
suggested that these two
schedules are very close in terms
of benefit

3. Chemotherapy was not
associated with increase in
noncancer mortality

4. CRT plus adjuvant
chemotherapy was associated
with the highest frequency of
acute toxicities

Tang et al.1684 2021 2 Systematic
review with
pooled
analysis

1515 patients from six
studies

Weekly versus
triweekly cisplatin
dosing

1. 5-year OS
2. 5-year FFS,

DMFS, and
LRFS

3. Toxicities

1. No significant difference
between weekly versus triweekly
groups in terms of 5-year OS,
FFS, DMFS, and LRFS

2. Significantly higher incidence of
anemia and lower incidence of
vomiting in weekly group versus
triweekly group

3. Cisplatin 30 mg/m2 with at least
six cycles could be a more
feasible concurrent strategy than
40 mg/m2/week

4. Both cisplatin 80 mg/m2 and
100 mg/m2 CRT have highly
treatment compliance in
triweekly regimens and with no
obvious differences in survival
responses

Wang et al.1757 2019 2 Meta-analysis 1744 patients of stage
II-IVb NPC in five
retrospective studies

Cisplatin-based CRT
with or without
cetuximab

1. OS
2. DMFS, LRFS

and DFS
3. Adverse

events

1. CTX + CRT group significantly
improved 3-year DFS and DMFS
compared with CRT group

2. No significant improvement in
OS and LRFS

3. CTX + CRT group was
associated with more grade 3–4
skin rash, mucositis, and
dermatitis, and no significant
difference in weight loss,
hematological, and
gastrointestinal adverse events

(Continues)
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TABLE XXV. 6 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Yuan et al.1686 2015 2 Meta-analysis 821 patients in 12
cohorts

Conventional
treatment (RT or
CRT) vs

combination treatment
(adding anti-EGFR
monoclonal
antibodies to
conventional
treatment)

1. CR rate for
primary
tumor and
metastatic
lymph nodes

2. DMFS

1. Combination treatment
improved the CR rate of primary
NPC and metastatic lymph
nodes, also 1-year DMFS rate

2. No significant difference in 2-
and 3-year DMFS rates

Chen et al.1680Li
et al.1681

2011,
updated
2019

2 RCT 230 patients with stage
II (T1-2N1M0 or
T2N0M0) NPC
(Chinese 1992
staging system) of
WHO type II/III
NPC

RT versus CRT

1. OS
2. PFS, DMFS

and LRFS

1. CRT group had significantly
improved outcome for stage II
NPC compared with RT group in
terms of 5-year OS, PFS, and
DMFS

2. CRT group significantly
improved 10-year OS, PFS, DSS,
and DMFS compared with RT
group

3. No significant difference in 5-
and 10-year LRFS rate for CRT
versus RT groups

4. Survival benefit of
chemotherapy mainly reflected
in T2N1 population after
reclassifying the patients in
AJCC 7th edition, but did not
show superiority in T1N1 and
T2N0 patients

5. CRT arm experienced
significantly more acute grade
3–4 toxic effects than in RT
group, and the rate of late toxic
effects did not increase
statistically significantly in both
5 and 10 years

You et al.1685 2017 3* Retrospective
case–control
study

1837 patients with
stage II–IVb NPC,
3:1 matched cohort
for cisplatin + IMRT
versus
(CTX)/NTZ + IMRT

1. 3-year DFS
2. 3-year OS,

PFS, LRFS,
and DMFS

1. No difference in DFS between
CTX/NTZ group and cisplatin
group

2. No difference in 3-year LRFS,
DMFS, and OS

3. Significantly increased
hematologic toxicities and
gastrointestinal reactions were
observed in the cisplatin group

4. Increased rate of CTX
related-skin reaction and
mucositis was observed in the
CTX group

Abbreviations: CR, complete response; CTX, cetuximab; DMFS, distant metastasis-free survival; LRFS, locoregional failure/recurrence-free survival; NTZ,
nimotuzumab; NPC, nasopharyngeal carcinoma; OS, overall survival; PFS, progression-free survival; RRFS, regional recurrence-free survival.
*Upgraded given large sample size.
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Cost Addition of chemotherapy incurs increase in
treatment cost. Cost comparison analyses
have not been undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Addition of concurrent chemotherapy is
justified in advanced-stage NPC, unless
patient has reduced performance status.

Policy level Strong recommendation.
Intervention Concurrent chemotherapy with cisplatin is

recommended for advanced-stage NPC.
There is no difference in survival outcomes
for weekly cisplatin regimen versus every
3 weeks dosing.

Role of concurrent chemoradiation therapy in treatment
of early-stage NPC

Aggregate grade
of evidence

A (Level 1: two studies; Level 2: one study)

Benefit Addition of concurrent chemotherapy during
RT improves survival in advanced-stage
NPC, but the benefit is less clear in earlier
stage disease.

Harm Addition of concurrent chemotherapy
significantly increases the risk of acute
grade 3–4 neutropenia.

Cost Addition of chemotherapy increases
treatment cost. Cost comparison analyses
have not been undertaken.

Benefits–harm
assessment

Preponderance of harms over benefits.

Value
judgments

Except for T2N1 disease with bulky lymph
node metastasis, addition of chemotherapy
may not improve survival especially for
patients receiving IMRT. Routine CRT is
not routinely recommended in stage II
NPC as it is associated with increased
toxicity with unclear survival benefits.

Policy level Recommendation against
Intervention CRT with cisplatin should only be considered

in stage II patients with bulky nodal
disease.

Role of anti-EGFR in treatment of NPC

Aggregate grade
of evidence

B (Level 2: two studies; Level 3: one study)

Benefit Addition of anti-EGFR to RT may be
considered in patients who are not eligible
for platinum-based chemotherapy.
Concurrent anti-EGFR therapy was
reported to have similar survival outcomes
as CRT in one retrospective cohort study.

(Continued)

Harm Additional toxicities from anti-EGFR
especially in addition to CRT. The true
effect on oncological control is unclear.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

Routine use of anti-EGFR with radiation is
not advised as its efficacy has not been
assessed in prospective randomized
controlled trials.

Policy level Option.
Intervention Concurrent anti-EGFR treatment with RT

could be considered only in advanced-stage
NPC patients who have contraindications
for concurrent cisplatin chemotherapy.
Addition of anti-EGFR to CRT is not
advisable as there is no evidence to support
survival benefit and there is increased
toxicity.

10 Role of induction/neoadjuvant
chemotherapy

Induction (neoadjuvant) chemotherapy (IC) has been used
in treating locoregionally advanced head and neck cancer
since early 2000s. Multiple trials of IC with conventional
RT and before the era of CRT, 3DCRT, and IMRT had
been performed and had shown some benefits in sur-
vival or local control in NPC (Table XXV.7). However,
with the advent of CRT and IMRT, the role of IC needs
to be redefined. Theoretically, there are two benefits of
IC. In patients with advanced nodal disease, IC can tar-
get occult distant metastases. For advanced local disease,
especially disease with significant intracranial extension,
IC can shrink the tumor, allowing the radiation oncologist
to plan RT with adequate tumor coverage while protecting
critical SARs.
A phase III RCT in 2016 demonstrated the benefit of

cisplatin, fluorouracil, and docetaxel (TPF) IC in addi-
tion to CRT with IMRT in OS and failure-free survival
(FFS).1687,1688 Another RCT using mitomycin, epirubicin,
cisplatin, and 5-FU or leucovorin (MEPFL) as IC agents
followed by CRT showed improved 5-year DFS in the IC
arm.1689 The above two studies used three or more agents
as IC, which has increased toxicities. A phase III RCT com-
paring IC with TPF versus cisplatin and 5-flurouracil (PF)
showed similar survival benefits, with omission of doc-
etaxel that in the TPF group was responsible for increased
grade 3–4 toxicities to the hematological system.1690 More
recently, Zhang et al. reported the results of a large phase
III RCT with stage 3 and 4 NPC, comparing IC using gem-
citabine (G) 1 g/m2 on day 1 and day 8 + cisplatin (P)
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ICAR SINONASAL TUMORS 295

TABLE XXV. 7 Evidence surrounding induction chemotherapy in NPC treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Liu et al.1692 2022 1 Network meta-
analysis

2496 patients from
seven RCTs who
received IC + CRT

1. OS
2. LRFS, DMFS,

CR
3. Grade 3 or 4

AE

1. IC + CRT improved OS, LRRFS,
and DMFS, and had a trend
toward better CR rates compared
with CRT group, but with more
grade 3–4 AEs

2. GP group had the most favorable
OS benefit and longer DMFS
and manageable AEs

3. TPF provided the first exact
probability of efficacy in LRFS,
ranking second in OS, and with
highest rates of grade 3 or above
AEs

Yang et al.1693 2021 2 Phase III RCT 228 patients with stage
III to IVB (except
T3N0) NPC

IC + CRT vs
CRT alone

1. EORTC
QLQ-C30

2. EORTC
QLQ-H&N35

1. IC + CRT group seemed to have
better long-term QOL outcomes
compared with CRT alone

2. Subgroup analysis showed the
better QOL outcomes are
significant in 2DRT group

Jin et al.1690 2019 2 Multicenter
open-label
randomized
noninferior-
ity
trial

276 patients with stage
III or IV NPC (AJCC
2009) of WHO types
II/III

TPF + CRT versus
PF + CRT

1. PFS
2. LC, OS, AEs

1. No significant difference in OS
or PFS between TPF versus PF
groups

2. Increased frequencies of grade 3
or 4 neutropenia, anemia, and
thrombocytopenia in TPF group
versus PF group

Sun et al.1687Li
et al.1758

2016,
updated
2019

2 Open-label,
phase III,
multicenter
RCT

480 patients with stage
III-IVB (except
T3-4N0) NPC from
10 institutions

IC + CRT versus CRT
alone

1. FFS
2. OS, DMFS,

LRFS, and
response rates

3. Toxicities

1. Significant increase in 5-year OS
in IC + CRT group than in the
CRT group

2. Significant increase in 5-year
FFS in IC + CRT group versus
CRT alone group, DMFS, and
LRFS

3. High complete response rate in
16 weeks after the end of RT was
observed in both groups with no
significant difference

4. FFS benefits were primarily
observed in patients with N1
disease, stage IVA, pretreatment
LDH ≥ 170 U/l, or pretreatment
plasma EBV DNA
≥6000 copies/mL

5. Significantly higher rate of grade
3 or 4 AEs during the entire
treatment course in IC + CRT
group versus CRT alone group;
no significant difference in late
toxicities between groups

(Continues)
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TABLE XXV. 7 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Zhang et al.1691 2019 2 Multicenter
phase III
RCT

480 patients with stage
III to IVB NPC of
WHO type II or III

IC + CRT versus CRT
alone

1. 3-year RFS
2. OS, DRFS,

LRRFS

1. IC + CRT group had
significantly improved 3-year
RFS and OS compared with CRT
alone group

2. IC + CRT had better 3-year
DRFS, but not LRFS, than CRT
alone group

Hong et al.1689 2018 2 Phase III RCT
(TCOG 1303)

479 patients with stage
IVA or IVB (AJCC
5th edition) NPC
from 11 institutions
IC + CRT versus
CRT alone

1. 5-year DFS
2. CR and PR
3. DFFS and OS

1. Significantly higher DFS in
IC + CRT arm than in CRT arm
after stratifying for N3b disease
and LDH; no significant
difference in DMFS and OS

2. IC + CRT arm had significantly
higher rate of grade 3 or 4
toxicities

3. The overall response and CR
rate were higher in ICRT arm

Abbreviations: AE, adverse event; CR, complete response; DMFS, distant metastasis-free survival; EORTC-QLQ-C30, European Organization for Research and
Treatment of Cancer Core QOLQuestionnaire; EORTC-QLQ-H&N35, EuropeanOrganization for Research and Treatment of Cancer Quality of Life Questionnaire
in Head and Neck Cancer; FFS, failure-free survival; IC, induction chemotherapy; LRFS, locoregional failure/recurrence-free survival; NPC, nasopharyngeal
carcinoma; OS, overall survival; PF, cisplatin, 5-fluorouracil; PFS, progression-free survival; PR, partial response; TPF, docetaxel, cisplatin, 5-fluorouracil.

80 mg/m2 on day 1, every 3 weeks for three cycles fol-
lowed by CRT with every 3-week cisplatin versus CRT
with 3 weekly cisplatin alone. The results showed that
IC + CRT resulted in improved OS, RFS, and DMFS but
not LRFS at 3 years after treatment. The HR for OS in
the IC + CRT group is 0.43.1691 A network meta-analysis
comparing different IC regimens showed that gemcitabine
and cisplatin (GP) combination IC has the greatest ben-
efit in OS with manageable toxicities. TPF came second
in terms of improvement in OS and highest in terms
of LRFS but also had the highest rate of grade 3 and
4 adverse effects.1692 A unique RCT evaluating the QOL
of IC + CRT versus CRT alone found that the IC arm
seems to have superior long-term QOL in both the global
scores and specific head and neck QOL scores, presum-
ably due to the lower dose to critical normal structures
spared by IC. The study, however, did not compare the
acute toxicities in the IC+CRTgroup versus theCRTalone
group.1693

Role of induction chemotherapy in treatment of NPC

Aggregate grade
of evidence

A (Level 1: one study; Level 2: five studies)

Benefit Induction chemotherapy improves most
survival parameters, with GP for three
cycles having the best OS followed by TPF.

(Continued)

Harm Use of IC increases grade 3 and 4 adverse
events with TPF having the highest
number of adverse events. However,
long-term QOL may be similar or even
better than CRT alone.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

For patients with high performance status
and minimal co-morbidity, IC would
improve the survival. However, IC
increases the toxicity of treatment and may
not be tolerated by patients with
less-than-optimal performance status or
comorbidities. Nevertheless, IC with GC
regimen has survival benefits that justify
the increased cost and toxicity during
treatment.

Policy level Strong recommendation.
Intervention IC with GP or TPF, for three cycles before

definitive CRT, should be considered for
advanced-stage NPC (stage III–IVB,
excluding T3N0) in patients who can
tolerate the treatment.

11 Role of adjuvant chemotherapy

In the modern era, the majority of NPC failures are dis-
tant failures as IMRT and CRT provide excellent LRC.
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TABLE XXV. 8 Evidence surrounding adjuvant chemotherapy in NPC treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ribassin-Majed
et al.1696

2017 1 Network meta-
analysis

5144 patients from 20
trials (91% are stage
III/IV)

RT alone versus
IC + RT versus
RT + AC versus
IC + RT + AC
versus CRT versus
IC + CRT versus
CRT + AC

1. 5-year OS
2. PFS, LRC and

DMFS
3. Severe acute

toxicity

1. CRT + AC, CRT, and IC + CRT
had highest effect on OS

2. Addition of AC to CRT ranked
better than CRT alone but only
PFS was statistically significant.

3. No statistically significant
difference between IC + CRT
and CRT + AC in all parameters

4. CRT + AC and RT + AC are the
most toxic regimens, potential
toxicity of AC

Chen et al.1695 2015 1 Network meta-
analysis

2144 patients in eight
studies

RT versus CRT with or
without AC

1. OS
2. LRFS, DMFS
3. Severe acute

toxicity (≥
grade 3)

1. CRT + AC and CRT were both
significantly better than RT
alone in terms of OS and DMFS

2. Ranking probabilities showed
CRT + AC was ranked superior
to CRT for OS, LRFS, and
DMFS, yet no significant
differences were found between
the two for all outcomes

3. Severe adverse events occurred
more often following CRT
compared with RT alone

4. No significant differences of
severe adverse event existed
between the CRT + AC and CRT
arms in the initial phase

Yan et al.1697 2015 1 Network meta-
analysis

5576 patients with
stage III/IV,
nonmetastatic NPC,
in 25 RCTs

1. OS
2. Grade 3 and

above adverse
events

1. AC does not appear to improve
survival following CRT

2. Number and breadth of adverse
events are considerably greater
in patients who received
chemotherapy

Chen et al.1698 2021 2 Phase III RCT 406 patients with stage
III/IVA NPC
(excluding T3-4N0
and T3N1 disease)

CRT with or without
IC + AC

1. 3-year FFS
2. 3-year OS,

DMFS, and
LRFS

3. Safety and
QOL

1. 3-year FFS was significantly
higher in AC arm than
observation arm

2. 3-year OS, DMFS, and LRFS
were significantly higher in AC
arm than observation group

3. Benefit from metronomic
capecitabine was observed
irrespective of receipt of
induction chemotherapy

4. Grade 3 adverse events in 17% in
AC group and 6% observation
arm

5. No meaningful deterioration of
QOL associated with AC arm

(Continues)

Adjuvant chemotherapy (AC) was proposed as an attempt
to curb distant failures in advanced-stage nonmetastatic
NPC (stage III–IVB) (Table XXV.8). Traditionally, cisplatin
and its derivatives were the drug of choice. However, most

patients are heavily exposed to platinum agents during
CRT treatment and potentially during IC as well. This
limits the tolerability of additional adjuvant platinum-
based chemotherapy. A large phase III RCT comparing
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TABLE XXV. 8 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Chen et al.1694 2012 2 Phase III RCT 408 patients with stage
III/IV NPC (except
T3-4N0)

CRT versus CRT + AC

1. 2-year FFS
2. 2-year OS,

DMFS, and
LRFS

1. 2-year FFS 86% in CRT + AC
versus 84% in CRT

2. 2-year OS 94% in CRT + AC
versus 92% in CRT

3. 2-year DMFS 88% in CRT + AC
versus 86% in CRT

4. 2-year LRFS 98% in CRT+ AC
versus 95% in CRT

5. All not statistically significantly
different

Abbreviations: AC, adjuvant chemotherapy; CRT, chemoradiation; DMFS, distant metastasis-free survival; FFS, failure-free survival; IC, induction chemotherapy;
LRFS, locoregional failure/recurrence-free survival; NPC, nasopharyngeal carcinoma; OS, overall survival; PFS, progression-free survival; PR, partial response;
RT, radiation therapy.

CRT + AC with CRT alone showed no improvement in
FFS at 2 years.1694 The AC regimen studied consisted of
80 mg/m2 adjuvant cisplatin and 800 mg/m2 per day flu-
orouracil for 120 h every 4 weeks for three cycles. Other
agents have also been studied in prospective trials and
therefore comparing the use of various agents in dif-
ferent stages of disease is difficult. The use of network
meta-analysis partly solves this problem. Most network
meta-analysis failed to show any improvement in sur-
vival with AC.1695–1697 A recent phase III RCT using oral
chemotherapy capecitabine for 1 year (oral metronomic
capecitabine 650 mg/m2 body surface area twice daily or
1 year) did show improvement in OS and both locore-
gional and DMFS.1698 The other advantage of the oral drug
is the tolerability and minimal deterioration in QOL dur-
ing treatment. Further studies are needed to confirm the
benefits of this treatment approach.

Role of adjuvant chemotherapy in treatment of NPC

Aggregate grade
of evidence

A (Level 1: three studies; Level 2: two studies)

Benefit Adjuvant chemotherapy with oral
metronomic capecitabine 650 mg/m2 body
surface area twice daily for 1 year showed
improvement in OS, LRFS, and DMFS at
3 years.

Harm Network meta-analysis showed no benefit of
AC with cisplatin agents. Severe toxicities
with adjuvant cisplatin chemotherapy due
to prior treatment with platinum-based
regimen.

Cost Cost comparison analyses have not been
undertaken.

(Continued)

Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

AC with oral capecitabine may be beneficial
but need to await further clinical trials to
confirm. Cisplatin-based AC does not show
any benefit across multiple trials. For these
reasons, routine AC with cisplatin agents is
not recommended as there is potential for
severe toxicities and minimal survival
benefits.

Policy level Option.
Intervention Adjuvant chemotherapy with oral

capecitabine can be considered in
advanced-stage NPC. Consider recruitment
of patients with advance-stage NPC that
have completed definitive CRT to clinical
trials for adjuvant chemotherapy with
newer agents.

12 Treatment for metastatic disease

Systemic dissemination is one of the major reasons for
treatment failure in NPC. Platinum-based chemotherapy
has been the standard first-line treatment for metastatic
NPC (Table XXV.9).1699 A systematic review from 56 stud-
ies showed that combination treatment regimen with
platinum-based chemotherapy significantly improved PFS
compared with monotherapy, despite the increased occur-
rence of grade 3 and 4 hematological toxicities.1700 A
meta-analysis evaluating the efficacy of the commonly
used first-line chemotherapy regimens in metastatic dis-
ease showed that combination of taxane plus platinum
resulted in the highest 1-year OS rate of 79% and dis-
ease control rate (DCR) of 92%.1701 Triplet combination
offered the best short-term efficacy in that meta-analysis;
however, it failed to improve prognosis and was associ-
ated with intolerable higher incidence of adverse effects.
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ICAR SINONASAL TUMORS 299

TABLE XXV. 9 Evidence surrounding treatment of metastatic NPC.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Wang and
Shen1705

2021 1 Meta-analysis 3402 metastatic NPC
patients from 16
studies

CRT versus
chemotherapy alone

1. OS
2. PFS
3. ORR, DCR

1. CRT group had significantly improved
OS and PFS compared with
chemotherapy alone group

2. CRT group had significantly improved
ORR and DCR compared with
chemotherapy alone group

Wang et al.1706 2020 1 Systemic
review and
meta-
analysis

452 patients with
recurrent/metastatic
NPC treated with
anti PD-1/PD-L1
alone, from eight
studies

1. ORR, DCR
2. PFS, OS
3. Drug-related

AEs

1. In recurrent/metastatic NPC patients
treated with anti-PD-1 therapy, the
pooled ORR was 27%, DCR was 63%,
6-month PFS rate was 49%, 1-year PFS
rate was 25%, and 1-year OS rate was
61%

2. Pooled incidence of any grade of AEs
was 94% and grade 3–5 AEs was 20%

Ma et al.1701 2018 1 Systemic
review and
meta-
analysis

973 patients with
recurrent/metastatic
NPC from 16
studiesFour arms
- FP: 5-FU + platinum
- GP: gemc-
itabine + platinum

- TP:
taxanes + platinum

- Triplet combination
regimen

1. ORR
2. DCR,

6-month PFS,
and 1-year OS

1. Triplet combination regimen
demonstrated the best short-term
efficacy with a highest ORR, DCR,
and 6-month PFS rate, while 1-year OS
rate was little lower than TP regimen

2. TP regimen showed a highest 1-year
OS rate and good short-term efficacy
with ORR of 0.6 and a DCR of 0.92,
comparable with triplet combination
therapy

3. Efficacy of GP regimen fell between
FP and TP regimens

4. FP regimen had the lowest ORR and
1-year OS rate

Prawira
et al.1700

2017 1 Systematic
review

2267 patients from 56
studies
- Combination
regimen versus
single agent regimen
in first-line setting

- Platinum-based
versus
nonplatinum-based
regimen in first-line
setting

- Molecularly targeted
agents

1. PFS, OS
2. ORR

1. Use of combination therapy in the
first-line setting had a statistically
significant PFS improvement over
single agent, yet combination therapy
regimen was more likely to report
grade 3–4 hematological toxicities

2. Platinum-containing regimen in the
first-line setting had improved PFS
and improved ORR, yet with more
occurrence of grade 3–4 hematological
toxicities

3. Molecularly targeted agents (include
pazopanib, gefitinib, and
cetuximab ± carboplatin) had lower
median OS than that estimated from
all studies

Chan et al.1710 2021 2 Multicenter,
open-label,
randomized
phase III
study

233 patients with
platinum pretreated
EBV-positive
recurrent/metastatic
NPC of WHO types
II/III, then treated
with
pembrolizumab
versus standard
chemotherapy

1. OS
2. PFS, OS, DoR

No significant differences between
pembrolizumab and chemotherapy
groups in OS, median PFS, ORR,
median DOC, and OS in either ITT or
in patients with PD-L1 CPS ≥1

(Continues)
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300 KUAN et al.

TABLE XXV. 9 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Mai et al.1713 2021 2 Multicenter
phase III
RCT

289 treatment-naive
recurrent/metastatic
NPC patients treated
with
toripalimab + GC
versus placebo + GC

1. PFS
2. ORR
3. DoR
4. Grade ≥3 AE

1. Significant improvement in median
PFS was detected in toripalimab arm
compared with placebo arm, and this
improvement was observed across key
subgroups, including PD-L1
expression

2. Risk of progression or death was
decreased in toripalimab group by
59% when compared with placebo

3. ORR was significantly higher in
toripalimab arm than in placebo arm,
and DoR was significantly longer in
toripalimab arm

4. Incidence of grade ≥3 AEs was similar
between the two arms, except for
immune-related AEs, which were
more frequent in toripalimab arm
compared with placebo arm

Yang et al.1714 2021 2 Multicenter,
randomized,
double-blind
phase III
trial

263 patients with
treatment-naive
recurrent/metastatic
NPC from 28
hospitals treated
with
camrelizumab + GC
versus placebo + GC

1. PFS
2. ORR, DCR,

DoR
3. AEs

1. Camrelizumab group had
significantly longer PFS than placebo
group

2. 87.3% of the camrelizumab group and
80.6% of placebo group achieved
objective response and median
duration of response was longer with
camrelizumab group than in placebo

3. No significant differences in grade 3
or worse AEs in camrelizumab versus
placebo groups, with the most
common events being leukopenia,
neutropenia, anemia, and
thrombocytopenia

You et al.1704 2020 2 Multicenter
phase III
RCT

126 patients with
metastatic NPC who
demonstrated
complete or partial
response following
three cycles of PF,
then treated with
CRT versus
chemotherapy alone

1. 2-year OS
2. PFS, ORR

1. Chemotherapy + RT improved 2-year
OS and PFS compared with
chemotherapy alone group

2. ORR was comparable between the
two groups at the end of six cycles of
chemotherapy

3. No significant differences in acute
hematological or GI toxic effects were
observed in both arms

Wang et al.1709 2021 2 Single-arm,
multicenter,
phase II
clinical trial

190 patients with
recurrent/metastatic
NPC refractory to
standard
chemotherapy
treated with
toripalimab until PD

1. ORR
2. DoR, PFS,

OS, DCR
3. Toxicity

1. ORR was 20.5% with median DoR
12.8 months an DCR of 40.0%

2. Median PFS was 1.9 months and
median OS was 17.4 months

3. ORR was higher in PD-L1-positive
patients at 27.1% compared to 19.4% in
PD-L1-negative patients, though was
not statistically significant

4. Grade 3–5 AEs occurred in 14.2% of
patients

(Continues)
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ICAR SINONASAL TUMORS 301

TABLE XXV. 9 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Yang et al.1707 2021 2 Phase II
multicenter,
open-label,
single-arm

156 patients from eight
hospitals with stage
IVb NPC, who failed
first−line
platinum-base
chemotherapy and
second-line single
agent or combined
chemotherapy
treated with
camrelizumab

1. ORR
2. DCR
3. TTR
4. PFS
5. OS

1. ORR was 28.2%, DCR was 54.5%, TTR
was 8.3 weeks

2. Median PFS was 17.4 months
3. 33% of patients had grade ≥3 AEs

Lv et al.1712 2019 2 Pooled analysis
of trials

536 patients with
recurrent/metastatic
NPC from seven
trialsSix different
treatment regimens
- Pembrolizumab
- Nivolumab
- JS001
- Camrelizumab
- Chemotherapy
- Camrelizumab +
chemotherapy

1. Grade 1–5
AEs and
grade 3–5 AEs

2. ORR

1. Nivolumab (54.2%) and
pembrolizumab (74.1%) exhibited the
optimal safety regarding grade 1–5
AEs, whereas camrelizumab (16.1%)
and nivolumab (17.4%) had the lowest
grade 3–5 AEs

2. Treatment discontinuation due to AEs
was most commonly recorded in
pembrolizumab (18.5%), followed by
camrelizumab + chemotherapy
(13.0%) and JS001 (9.8%) and lowest in
camrelizumab (2.2%)

3. As first-line therapy,
camrelizumab + chemotherapy
achieved higher ORR than with
chemotherapy alone; when
nivolumab was used as first-line
therapy (in treatment-naïve patients),
its ORR increased to 40.0%

4. As second- or later-line therapy, ORR
was higher with camrelizumab
(34.1%) followed by pembrolizumab
(26.3%), JS001 (23.3%), and nivolumab
(19.0%)

5. Pooled ORR was 28.4% for
PD-L1-positive and 17.4% for
PD-L1-negative patients

Ma et al.1708 2018 2 Multicenter
phase II
study

44 patients with
pretreated
recurrent/metastatic
NPC treated with
nivolumab until PD

1. ORR
2. DoR, OS, PFS

1. ORR was 20.5% (CR n = 1, PR n = 8),
median DoR was 9.3 months, DCR
was 54.5%

2. Median OS was 17.1 months and
median PFS was 2.8 months

3. 1-year OS was 59% and PFS was 19.3%
4. No statistical correlation between

ORR and biomarkers
(Continues)

Two phase III studies on efficacy of different platinum-
based regimens done a few years later showed that GP
had a significantly higher objective response rate (ORR),
PFS, and OS compared with 5-FU1702 or docetaxel1703 plus
platinum-based regimen.

There is no universal recommendation on the role of
locoregional RT of the nasopharynx and neck inmetastatic
NPC patients. A multicenter phase III study on addi-
tion of locoregional RT to chemotherapy in patients with
de novo metastatic NPC showed that chemotherapy plus

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



302 KUAN et al.

TABLE XXV. 9 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Fang et al.1711 2018 3 Two
single-arm,
phase I trials

93 patients with
pretreated
recurrent/metastatic
NPC (23 treatment
naïve patients)
treated with
camrelizumab
monotherapy or
combination
therapy (camre-
lizumab + gemc-
itabine + cisplatin
followed by
camrelizumab
maintenance)

1. Safety and
tolerability

2. Preliminary
antitumor
activity
(objective
response/stable
disease), PFS

Monotherapy trial:
1. 16% had grade 3 or 4 treatment-related

AEs
2. 9% had treatment-related serious AE
3. ORR 34%, disease control in 59% with

median follow-up 9.9 months
4. Median PFS 5.6 months
Combination trial:
1. 87% had grade 3 or 4 treatment-related

AEs
2. ORR 91%, disease control in 100%,

median follow-up 10.2 months
3. Median PFS not reached, 6- and

12-month PFS 86% and 61%

Abbreviations: AE, adverse events; CPS, combined positive score; CRT, chemoradiation; DCR, disease control rate; DoR, duration of response; GC, gemc-
itabine + cisplatin; ITT, intention-to-treat; LN, lymph node; NPC, nasopharyngeal carcinoma; ORR, objective response rate; OS, overall survival; PD, disease
progression; PF, cisplatin + 5-fluorouracil; PFS, progression-free survival; PR, partial response; RT, radiation therapy; TTR, time to response.

locoregional RT improved 2-year OS and PFS, with no
significant increase in acute hematological or gastroin-
testinal toxic effects.1704 The finding was consistent with a
meta-analysis comparing chemotherapy plus locoregional
RT with chemotherapy alone in this group of patients,
which also revealed improvement in ORR and DCR with
locoregional RT.1705
Immunotherapy with checkpoint inhibitors against PD-

1 or PD-L1 offered promising pooled DCR of 63% and
ORR of 27% in patients who are refractory to first-
line treatment in a meta-analysis.1706 Phase II trials
on monotherapy of camrelizumab (CAPTAIN study),1707
nivolumab (NCI-9742),1708 and toripalimab (POLARIS-
02)1709 on patients with refractorymetastatic NPC revealed
ORR of 28.2%, 20.5%, and 20.5% and DCR of 54.5%,
54.5%, and 40.0%, respectively. However, the phase III
KEYNOTE-122 study1710 on pembrolizumab failed to
demonstrate a significant benefit compared with stan-
dard chemotherapy as second-line therapy. A phase I trial
on camrelizumab monotherapy as second-line treatment
revealed ORR of 34% and DCR of 59%.1711 Meanwhile in
the same study, combination of camrelizumab with GP
in treatment-naïve patients provided an ORR of 91% and
DCR of 100% with median follow-up time of 10.2 months.
A pooled analysis comparing different immunotherapy
regimens with chemotherapy alone showed that camre-
lizumab offered higher ORR, followed by pembrolizumab,
as second- or later-line therapy.1712 Two phase III trials on
combination of immunotherapywith systemic chemother-
apy were conducted later to evaluate its efficacy and safety.

Combination of toripalimab1713 or camrelizumab1714 with
GP in recurrent or metastatic NPC patients as first-line
treatment provided improvement in median PFS, ORR,
and duration of response, with no significant increase in
grade 3–5 AEs.

Treatment of metastatic NPC: Chemotherapy

Aggregate grade
of evidence

A (Level 1: three studies; Level 2: one study)

Benefit Combination regimen of platinum-based
chemotherapy improves OS and PFS in
metastatic NPC.

Harm Increase in occurrence of grade 3–4
hematological toxicities.

Cost Combination regimen of platinum-based
chemotherapy might increase the cost.
Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Patients with metastatic NPC should be
treated with combination regimen of
platinum-based chemotherapy as first-line
treatment.

Policy level Strong recommendation.
Intervention Platinum-based combination chemotherapy,

preferably with gemcitabine, is the current
first-line treatment for metastatic NPC.
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ICAR SINONASAL TUMORS 303

Treatment of metastatic NPC: Radiation therapy

Aggregate grade
of evidence

B (Level 1: one study; Level 2: one study)

Benefit Systemic chemotherapy with locoregional RT
improves survival and disease control in
patients with metastatic NPC.

Harm Systemic chemotherapy with locoregional RT
has no significant increase in severe
adverse events.

Cost Combination of locoregional RT increases the
time needed for radiotherapy
planning. Cost comparison analyses have
not been undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Addition of locoregional RT to nasopharynx
and/or neck could be considered in
metastatic NPC.

Policy level Recommendation.
Intervention Systemic chemotherapy plus locoregional RT

could be considered for disease control in
patients presenting with previously
untreated metastatic NPC.

Treatment of metastatic NPC: Immunotherapy

Aggregate grade
of evidence

B (Level 1: one study; Level 2: seven studies;
Level 3: one study)

Benefit Immunotherapy improves survival
parameters when being used as first-line
therapy, in combination with
chemotherapy. Immunotherapy also
provides satisfactory disease control when
being used as monotherapy in first-line
treatment.

Harm Use of immunotherapy may lead to
drug-related adverse events especially
immune-related adverse events.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Immunotherapy would improve the survival
in patients who are refractory to first-line
platinum-based combination
chemotherapy, with no significant increase
in grade 3 or above adverse events.
However, immunotherapy caused more
immune-related events compared with
traditional treatment. In light of this,
survival benefits justify the possibly
increased cost and short-term morbidities
during treatment.

(Continued)

Policy level Recommendation.
Intervention Immunotherapy with GP should be

considered as first-line treatment for
metastatic NPC in patients who are
refractory to first-line treatment.
Immunotherapy as monotherapy may be
considered as first-line therapy in patients
who cannot tolerate platinum-based
combination chemotherapy.

B Low-grade nasopharyngeal papillary
adenocarcinoma

Low-grade nasopharyngeal papillary adenocarcinoma
(LGNPPAc) is a rare malignancy accounting for only
0.5% of tumors originating from the nasopharynx
(Table XXV.10).1715 The reported age range at diagnosis is
between 11 and 64 years, with no sex predilection.1716 In
1988, Wenig et al.1716 first referred to a primary nasopha-
ryngeal papillary adenocarcinoma arising from the surface
mucosal epithelium as an LGNPPAc, because this entity
was found to have the biological potential of low-grade
malignancy. Most LGNPPAcs of mucosal origin have
a papillary configuration, are of low grade, and can
be identified by their light microscopic appearance.1717
These tumors are known to express thyroid transcription
factor-1 (TTF-1) but are negative for thyroglobulin (TG)
expression.1718 The pathogenesis of LGNPPAc remains
controversial. While NPC is often associated with EBV,
there is no known association between LGNPPAc and
EBV.1719–1721
Patients often present with complaints of nasal obstruc-

tion, bloody rhinorrhea, and epistaxis.1716,1717,1722 Main
symptoms of LGNPPAc are secondary to involvement of
the nasopharynx and compression of surrounding struc-
tures. In some patients, snoring, hearing loss due to
middle ear effusion, and swallowing dysfunction can be
present.1722–1724
Typically, LGNPPAc presents as a polypoid or pedun-

culated mass on the roof of the nasopharynx. LGNPPAc
was mostly localized on the roof of the nasophar-
ynx, posterior margin of the nasal septum, and lat-
eral wall (i.e., torus tubarius).1718,1722,1724–1728 Most cases
are early stage (T1, with no evidence of metastases) at
diagnosis.1715–1717,1719,1721,1722,1729,1730 CT typically shows a
round mass in the nasopharynx or posterior margin of the
nasal septum. MRI demonstrates moderate T1 signal, high
T2 signal, and contrast enhancement.1722
Treatment of LGNPPAc usually involves surgery,

with generally favorable prognosis.1716 Early-stage
tumors can be directly resected by endoscopic endonasal
nasopharyngectomy.1731,1732 Adjuvant RT can reduce
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304 KUAN et al.

TABLE XXV. 1 0 Evidence for the treatment of Low-grade nasopharyngeal papillary adenocarcinoma (LGNPPAc).

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Lai et al.1722 2021 4 Retrospective
case series

28 T1N0M0
patients
Endoscopic surgery
(n = 23)

Preoperative
RT + endoscopic
surgery (n = 3)

Endoscopy
surgery + postopera-
tive RT
(n = 2)

Recurrence rate 1. All patients were alive without
evidence of lymphatic or distant
metastases in the follow-up
period (range 7 to 121 months)

2. Two patients (7%, 2/28)
experienced disease recurrence

Huang et al.1721 2019 4 Retrospective
case series

Five T1N0M0 patients
with LGNPPAc

Endoscopic surgery
(n = 3)

Endoscopic
surgery + postopera-
tive RT
(n = 2)

Recurrence rate All five patients were followed up
for 6 months to 8.8 years, without
recurrence or metastasis

Booth et al.1730 2019 4 Database study
(SEER)

25 patients with
LGNPPAc treated
with surgery, RT, or
surgery + RT

DSS 1. 1-year DSS: 94.4%
2. 5-year DSS: 85.7%
3. 10-year DSS: 71%

Kuan et al.1715 2017 4 Database study
(SEER)

22 patients with
LGNPPAc treated
with surgery, RT, or
surgery + RT

1. OS
2. DDS

1. OS: 226.9 months
2. DDS: 444.0 months

Pineda-Daboin
et al.1717

2006 4 Retrospective
case series

11 patients with
LGNPPAc

two patients with
TL-LGNPPAc
treated with surgery

Clinical outcome 1. Follow-up period for all patients
from the time of the initial
diagnosis ranged from 5 to
20 years

2. All patients are alive with no
evidence of disease.

Wenig et al.1716 1988 4 Retrospective
study

Nine patients with
LGNPPAc treated
with surgery versus
preoperative

RT + surgery versus
surgery +
postoperative RT

Clinical outcome At 6 years and 9 months of
follow-up, all patients were alive
without recurrence or metastasis

Abbreviations: DSS, disease-specific survival; OS, overall survival; RT, radiation therapy; SEER, Surveillance, Epidemiology, and End Results.

the risk of local recurrence if positive margins are
obtained.1721,1726,1728
Wenig et al.1716 reported the clinical outcome of nine

patients with LGNPPAcs. In nine cases, all tumors
were resected via an open transpalatal approach. Three
patients received preoperative or postoperative RT. At the
median follow-up (6 years and 9 months), all patients
were alive without recurrence or metastasis. A similar
study by Pineda-Daboin et al. reporting surgical out-
comes of 13 patients revealed that all patients were alive
without recurrence or metastasis at 5–20 years follow-

up.1717 Taken together, the overall 5-year survival rate was
100%.
Lai et al.1722 analyzed the treatment efficacy of EEA

for a cohort of 28 LGNPPAc patients. Among 28 patients,
23 patients underwent endoscopic surgery alone, three
patients received preoperative RT (to decrease tumor vol-
ume), and two patients received postoperative RT. All
patients were alive without evidence of regional or distant
metastases in the follow-up period (range 7–121 months).
Two patients (7%, 2/28) experienced local disease recur-
rence. Huang et al.1721 reported a case series of five patients
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ICAR SINONASAL TUMORS 305

with LGNPPAc. Three patients underwent endoscopic
surgery alone and two patients underwent endoscopic
surgery and postoperative RT. All five patients were fol-
lowed up for 6 months to 8.8 years, without recurrence or
metastasis.
Booth et al. queried the SEERdatabase and reported out-

comes of surgery versus RT alone in LGNPPAc.1730 Five-
year DSS rates were significantly improved for patients
who had surgical resection as compared with RT alone.
DSS rates for LGNPPAc were 100% for surgery alone, 100%
for surgery combined with RT, and 33% for RT alone,
indicating that LGNPPAc is relatively radioresistant. Kuan
et al.1715 also conducted a retrospective cohort study of
LGNPPAc using the SEER database, which reported that
OS and DDS for LGNPPAc were 226.9 and 444.0 months,
respectively. There are no dedicated studies on chemother-
apy for treatment of LGNPPAc or comparison of open
versus endoscopic approaches.
Overall, NPPAC is a slow-growing tumor with excel-

lent prognosis. Surgery can be an effective treatment for
early-stage disease and adjuvant RT can reduce tumor
recurrence when positive margins are obtained. There are
insufficient data to assess clinic outcomes of advanced
LGNPPAc.

XXVI SINONASAL LYMPHOMA

A B and T cell lymphomas

Sinonasal lymphomas are rare and represent <1% of all
head and neck cancers.1759,1760 Lymphomas are classically
divided into Hodgkin and non-Hodgkin subtypes. Non-
Hodgkin lymphomas are additionally divided into mature
B-cell, mature T-cell, or natural killer (NK)/T-cell phe-
notypic subtypes, based on cell of origin, histopathology,
and IHC.3 When compared to other extranodal lymphoma
sites, paranasal sinus lymphoma has a worse OS, higher
rate of primary recurrence, and higher likelihood for
disease dissemination.1761–1763
BCLs make up the majority of cases and have a

more favorable prognosis, whereas NK/T-cell lymphomas
(ENKTL) represent a minority of cases and are often
more aggressive.1764,1765 BCLs havemultiple subtypes, with
DLBCL being the most common (42%–94%).1766–1769 EBV
seems to have a causative role in ENKTL development that
has been described bymultiple groups.1770–1772 ENKTL also
commonly causes extensive midface destruction and can
also occur in the aerodigestive tract or elsewhere in the
body.1773–1777

There have been consistent geographic associations
with sinonasal lymphomas; Western populations have
mainly B-cell subtypes, while Asian and South Ameri-
can populations have predominantly NK/T-cell and T-
cell subtypes.1778–1780 ENKTL is the most common sub-
type of sinonasal lymphoma in the Asian population,
whereas DLBCL is more common in patients in West-
ern countries.1775,1781 Interestingly, BCLs have been noted
to arise more commonly from the paranasal sinuses and
ENKTL more commonly involving the nasal cavity.1782
Sinonasal lymphomas often present with either local
or systemic manifestations of disease. In local disease,
patients generally present with nonspecific sinonasal
symptoms.1783 In systemic disease, generalized constitu-
tional symptoms occur, including fever, night sweats,
weight loss, and regional lymphadenopathy.1784 Given the
nonspecificity of presentation, there is often significant
delay in diagnosis.1785,1786

B Diagnostic considerations

The cornerstone of any patient evaluation centers around
complete history and physical examination (Table XXVI.1).
Sinonasal lymphoma is no different withmost patients ini-
tially being evaluated for sinonasal symptoms as their chief
complaint.1787 Themost likely subtype of lymphoma varies
with geography,with B-cell beingmore common inEurope
andNorth America and ENKTL arisingmore frequently in
Asia and South America.1774,1788,1789
Regardless of the location of consultation, history should

focus on the nature of the symptoms and duration. A
retrospective series examining the most common present-
ing symptoms suggests that most patients present with
nonspecific complaints, most often sinonasal symptoms
that can be easily confused for CRS.1785,1787,1790–1792 Inter-
estingly, there has been report of the impact of comorbid
CRS on ENKTL stage finding that the duration of CRS
symptoms correlated with the stage of disease at the time
of diagnosis.1793 Whether the milieu of chronic inflamma-
tion predisposes to tumorigenesis or if ENKTL symptoms
are simply misdiagnosed for CRS and present later after
progress remains unknown.
Systemic symptomsmay be present in BCL (especially in

cases with systemic involvement), while they are relatively
rare in ENKTL.1794 In a series of head and neck lymphoma
patients, only 13% of ENKTL patients were diagnosed with
B symptoms at the time of presentation.1795 Unfortunately,
diagnosis remains difficult in many circumstances due to
the rarity of the tumor and lack of specific presenting
symptoms.1796,1797
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306 KUAN et al.

TABLE XXVI . 1 Evidence surrounding the diagnosis of sinonasal lymphoma.

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Gong et al.1885 2018 3 Prospective

cohort
Patients with ENKTL;
patients’ CSF was
tested before and
after cytarabine
chemotherapy

Protein expression
after treatment

1. Following cytarabine treatment,
IGFBP2, SERP1NC1, AMBP, and
GPX3 were reduced and CPE
was increased

2. Authors suggest these could be
markers for treatment response

King et al.1809 2017 3 Retrospective
cohort

Primary, nodal, and
multifocal sites on
head and neck MRI
were compared
between 31
Waldeyer’s ring
(WR) and 15
sinonasal (SN)
DLBCL, and
between 27 patients
with disease
confined to the head
and neck and 16
patients with disease
beyond the neck

Radiological
evaluation of head
and neck MRI

Lymphatic WR DLBCLs were less
locally aggressive but had greater
propensity to nodal spread than
extra-lymphatic SN DLBCLs

Wang et al.1808 2014 3 Retrospective
cohort

PROPELLER DUO
DW-MRI was
performed in 23
patients with
sinonasal
lymphomas and 28
patients with
carcinomas
histologically
confirmed at 3T
MRI

Difference in
apparent diffusion
coefficients
between sinonasal
lymphomas and
carcinomas

PROPELLER DUO DW-MRI can
effectively differentiate sinonasal
lymphomas from carcinomas

Iguchi et al.1811 2012 3 Retrospective
cohort

122 patients with
hematolymphoid
malignancies in the
head and neck from
January 2004 to
December 2010

1. Histopathological
examinations

2. Classification of
hematolymphoid
malignancies

Most common histopathology was
DLBCL (54.9%), followed by
follicular lymphoma (8.2%) and
peripheral T-cell lymphoma
(8.2%)

Kane et al.1812 2009 3 Retrospective
cohort

98 total cases of
primary
non-Hodgkin’s
lymphoma and
plasmacytoma of
oral-sinonasal
region recorded over
4 years, 39 cases
showing varied
plasmablastic
differentiation

Minimum
morphological
criteria required to
diagnose PBL
were (1)
predominant
population of
plasmablasts, (2)
high mitotic
and/or apoptotic
index, and (3)
absence of
neoplastic plasma
cells

Classic plasmablastic morphology
and limited
immunohistochemical panel can
render a reliable diagnosis of PBL

(Continues)
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ICAR SINONASAL TUMORS 307

TABLE XXVI . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Nakamura
et al.1806

1997 3 Retrospective
cohort

CT data and clinical
outcomes of 24
patients with Stage 1
and 2
non-Hodgkin’s
lymphoma

1. Site of primary
tumor

2. OS

B-cell primary lymphoma of the
maxillary sinus has a good
prognosis in contrast to T-cell
lymphomas that originate from
midline structures

Eide et al.1792 2022 4 Retrospective
case series

85 sinonasal
lymphoma patients

1. Signs and
symptoms

2. DSS

Facial swelling was most common
presenting symptom

Lei et al.1793 2022 4 Retrospective
case series

214 ENKTL patients
treated at a single
institution

Treatment outcomes 1. 5-year OS was 73.4%, PFS was
51.1%

2. Length of CRS symptoms
correlated with stage at
diagnosis (not true for non-UAT
ENKTL)

3. Patients without CRS had a
significantly better PFS

4. CRS did not affect response to
treatment

Desai et al.1813 2021 4 Retrospective
case series

25 cases of primary
sinonasal tract
DLBCL

Histopathological
analysis

DLBCL primary to the sinonasal
tract is histopathologically
heterogeneous

Chen et al.1803 2020 4 Retrospective
case series

59 ENKTL and 27
DLBCL patients
treated at a single
institution

Imaging Findings 1. ENKTL tended to be located in
the nasal cavity, heterogeneous
intensity, internal necrosis, and
solid component

2. DLBCL located more often in
sinus, homogenous, mild
enhancement, septal
enhancement, and with
intracranial/orbital involvement

He et al.1804 2019 4 Retrospective
case series

60 patients with
ENKTL and 26
patients with
DLBCL treated at a
single institution
with MRI scans

Imaging findings ENKTLs localized in the nasal
cavity with poor to moderate
enhancement, DLBCLs were
located in the paranasal sinuses
with intense enhancement

Murakami
et al.1815

2019 4 Retrospective
case series

Clinicopathological
analysis of 151
sinonasal malignant
lymphoma patients
in an HTLV-1
endemic area in
Fukuoka, Japan

1. OS
2. Lymphoma

subtype analysis

1. OS was significantly different
among three distinct DLBCL
patient groups

2. Primary DLBCL of the sinonasal
tract is a distinct disease entity
of DLBCL

Storck et al.1795 2019 4 Retrospective
case series

221 patients with head
and neck lymphoma
treated at a single
institution, (193
NHL, 28 HL, one
ENKTL)

Presenting
symptoms

1. Patients rarely have B symptoms
(only 13%)

2. Presentation is nonspecific
making diagnosis challenging

3. Biopsies should be performed
when suspecting sinonasal
lymphoma

(Continues)
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308 KUAN et al.

TABLE XXVI . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Varelas et al.1835 2019 4 Retrospective

database
study
(SEER)

1273 cases of DLBCL of
the sinonasal tract

1. Prognostic
disease- specific
survival

2. OS

1. Most common primary sites of
DLBCL were maxillary sinus
(36.1%) and nasal cavity (34.5%)

2. Nasal cavity more common
among Asian/Pacific Islands
(43.4%)

3. Maxillary sinus more common
for Caucasians (36.3%) and
African Americans (42.1%)

4. OS was 70% at 2 years, 54% at
5 years, and 38% at 10 years

Zhiyan et al.1830 2018 4 Retrospective
case series

17 patients treated for
ENKTL at a single
institution

1. Presenting
symptoms

2. Treatment
outcomes

1. Angiocentric/destructive
pathology

2. Tumor cells expressed several
markers (CD3, CD43, CD56,
TIA-1, granzyme B, perforin)
and EBV+

3. CXRT was given but treatment
outcomes were poor

Arora et al.1787 2017 4 Retrospective
case series

Nine patients treated
in India over 2 years

1. Presenting
symptoms

2. Treatment
outcomes

1. Sinonasal symptoms are the
most common presenting
symptoms

2. Bhutan may be endemic for
EBV/ENKTL

3. Necrosis and angiocentricity are
common

4. Chemotherapy (SMILE/CHOP)
and radiotherapy were used
based on stage of disease

Carreras
et al.1814

2017 4 Retrospective
case series

Clinicopathological
characteristics of 29
primary sinonasal
DLBCL

Microarray DNA
hybridization of
DLBCL

1. Sinonasal DLBCL has a
characteristic genomic profile

2. High RGS1 IHC expression is
associated with poor OS

McKelvie
et al.1817

2016 4 Retrospective
case series

13 patients with
ENKTL treated at
multiple institutions
(10 patients with
sinonasal disease)

Histopathology Biopsies with small lymphocytic
infiltrates, chronic inflammation,
surface ulceration, and
microscopic bone invasion
should alert pathologist to
ENKTL

Vahamurto
et al.1797

2016 4 Retrospective
case series

142 patients treated
over almost 40 years
at single institution
(five ENKTL)

Presenting
symptoms

1. 84% were primary lesions
2. Presenting symptoms were

primarily nonspecific nasal
complaints

3. Nasopharynx followed by nasal
cavity was the most common
subsite

Tusaliu et al.1782 2015 4 Retrospective
case series

Patients treated at a
single institution

Presenting
symptoms

Note that diagnosis remains
challenging due to nonspecific
presentation

Miyake et al.1790 2014 4 Retrospective
case series

Seven patients treated
at a single institute

Presenting
symptoms

Presenting symptoms are not
specific, multiple biopsies may be
necessary

(Continues)
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ICAR SINONASAL TUMORS 309

TABLE XXVI . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Termote
et al.1801

2014 4 Retrospective
case series

Three patients treated
at a single center
with ENKTL
involving the orbit

1. Presenting
symptoms

2. Treatment
outcomes

1. All three patients passed away
despite CXRT

2. All three ultimately had
extraocular muscle involvement
and presented with painless
eyelid swelling

Toda et al.1816 2013 4 Retrospective
case series

Clinicopathologic
review of 39 patients
with localized
nasal/paranasal
DLBCL

Comparison
between DLBCL
subtypes with
nongerminal
center B-cell-like
(non-GCB) and
germinal center
B-cell-like (GCB)

1. Non-GCB subtype was
previously thought to show poor
prognosis

2. Prognosis for localized
nasal/paranasal DLBCL patients
was good irrespective of
subclassification

Li et al.1831 2012 4 Retrospective
case series

82 patients with
ENKTL treated at a
single center

Survival 1. Elevated beta-2 microglobulin
was defined as >2.5 mg/L

2. Patients with high B2M at
diagnosis had worse 5-year OS
(35.2% vs. 73.6%) and worse PFS
(27.5% vs. 55.9%)

Tababi et al.1886 2012 4 Retrospective
case series

15 patients with
ENKTL treated at a
single institution

1. Survival
2. Treatment

response

1. Nine patients died and only four
remain in remission at follow-up
46 months

2. Addition of chemotherapy did
not improve outcomes in
advanced stage

Yen et al.1791 2012 4 Retrospective
case series

33 patients treated for
SN lymphoma at a
single institution

Presenting
symptoms

1. As many as 37.5% of patients
were referred for rhinitis and/or
sinusitis

2. Many patients required multiple
biopsies for definitive diagnosis

Sands et al.1785 2008 4 Retrospective
case series

Four patients treated at
a single institution

1. Presenting
symptoms

2. Survival

1. All patients had false-negative
biopsies, leading to treatment
delay

2. 50% OS
Bisdas et al.1805 2007 4 Retrospective

case series
Three patients with
primary BCL of the
sphenoid sinus

1. Morphological
CT and MR
imaging

2. Perfusion CT
imaging and
proton MR
spectroscopy

1. Inhomogeneous contrast agent
enhancement as well as bony
erosion of the sphenoid sinus
were identified on CT and MRI

2. Cross-sectional imaging is not
sufficient to establish the
diagnosis of a primary NHL in
the sphenoid sinus

Falcao et al.1826 2007 4 Retrospective
case series

Three patients treated
at a single
institution who
underwent
immunophenotyp-
ing via flow
cytometry in the
leukemic phase

Histopathology 1. Nasal biopsies showed CD3+
and CD56+ cells

2. Tumor cells were detected in
marrow and peripheral blood

3. All patients died within
48 months of diagnosis despite
treatment

(Continues)
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310 KUAN et al.

TABLE XXVI . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Ou et al.1800 2007 4 Retrospective

case series
24 patients with biopsy
proven ENKTL

Imaging findings 1. CT and MRI findings are
nonspecific

2. Bony erosion and local invasion
are common

Woo et al.1784 2004 4 Retrospective
case series

50 patients with
extranodal NHL

OS 1. 49 patients had ENKTL
2. Higher mortality rates were

noted in chemotherapy alone
group, but combination CRT
failed to show significantly
better survival (5-year OS was
35.1%)

Lin et al.1887 2003 4 Retrospective
case series

15 patients treated for
ENKTL at a single
institution

1. Survival
2. Histopathology

Demonstration of mixed lineage
(NK and T cell) via
histopathology

Altemani
et al.1888

2002 4 Retrospective
case series

25 patients with
midface lymphoma
treated in Brazil

1. Presenting
symptoms

2. Patient survival

1. ENKTL was more common than
BCL

2. No racial association with
ENKTL

3. ENKTL shows an aggressive
phenotype similar to Asian
studies with EBV association

Takahash
et al.1889

2001 4 Retrospective
case series

20 patients with
ENKTL and
hemophagocytic
syndrome

Survival 1. Two clinical groups: one at the
terminal stage of disease, the
other at time of presentation

2. Poor prognosis thought to be due
to resistance to chemotherapy

Borges et al.1807 2000 4 Retrospective
case series

Nine patients with
midline granuloma

1. Histopathology
2. Imaging findings

1. Lesions were consistent with
either ENKTL or
Granulomatosis with
Polyangiitis (GPA)

2. ENKTL was positive for CD 20,
45, and 45RO

3. There were no imaging findings
found to differentiate NK/T cell
and GPA

Gaal et al.1789 2000 4 Retrospective
case series

15 patients with
ENKTL treated at a
single North
American institute;
12 had sinonasal
lesions

Histopathology Despite being less common,
histology of North American
lymphoma is similar to Asian
samples

Ooi et al.1799 2000 4 Retrospective
case series

Nine patients with
radiologic imaging
and biopsy proven
ENKTL

Imaging findings 1. Presence of bone erosion is
suggestive of the disease but not
diagnostic

2. Involvement of hard palate,
orbit, and nasopharynx was
found in 50% of cases

Harabuchi
et al.1822

1998 4 Retrospective
case series

18 patients with
ENKTL treated at a
single institution

1. OS
2. Histopathologic

features

1. Poor prognosis with median
survival of 6 months

2. EBER detected in 16 out of 18
patients

(Continues)
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ICAR SINONASAL TUMORS 311

TABLE XXVI . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Kohshima
et al.1828

1997 4 Retrospective
case series

Eight patients with
ENKTL

Histopathology 1. Two cases were CD3+CD56+
and six were CD3-CD56+, all
showed EBV+

2. FasL and perforin were
expressed, suggesting both paths
are used in tumor cytotoxicity

Van de Rijn
et al.1788

1997 4 Retrospective
case series

33 cases of ENKTL
treated in
Guatemala

Presenting
symptoms

1. 88% showed null or T-cell
phenotype and EBV in situ
hybridization

2. The frequency and presentation
in Guatemala were similar to
Asian and Peruvian series

Yang et al.1890 1997 4 Retrospective
case series

34 patients with
sinonasal
lymphomas at
Taichung Veterans
General Hospital

1. Clinicopathologic
data

2. OS

5-year OS was 63% with mean
survival time of 84.2 months

Dictor et al.1821 1996 4 Retrospective
case series

12 cases of NK/T-cell
lymphoma, 23 cases
of rhinitis, 10 cases
of GPA

Histopathology 1. EBER ISH+ was found in all
ENKTL

2. EBER ISH was strongly
suggestive of absence of ENKTL

Kanavaros
et al.1891

1996 4 Retrospective
case series

55 patients with upper
aerodigestive
non-Hodgkin’s
lymphoma; 27 had
sinonasal
lymphoma; 23 were
ENKTL

Histopathology EBV is strongly associated with
sinonasal localization and
expression of ENKTL antigens

Gorp et al.1892 1995 4 Retrospective
case series

13 patients with
ENKTL treated at a
single center

1. OS
2. Treatment

response

XRT with or without chemotherapy
performed better than
chemotherapy alone

Lee et al.1818 1994 4 Retrospective
case series

13 sinonasal and 18
Waldeyer’s ring
lymphomas treated
at a single center

Histopathology 1. EBER+ in 12 SN lymphomas
with T-cell phenotype

2. EBER+ and ENKTL were found
to be
angiodestructive/angiocentric

Suzumiya
et al.1829

1994 4 Retrospective
case series

Nine patients with
non-Hodgkin’s SN
lymphoma

Histopathology Eight of the cases had TCR-CD56+
markers, suggesting NK cell
lineage

Arber et al.1820 1993 4 Retrospective
case series

14 patients with
sinonasal
lymphoma treated
in Peru

Histopathology 1. In 13 of the patients (11 ENKTL)
EBV RNA was detected

2. CD 43+ was found in
EBV-infected cells

3. Similar to cohorts from Asia
Aviles et al.1819 1992 4 Retrospective

case series
65 patients with
sinonasal or hard
palate lymphoma

1. Histopathology
2. treatment

response

1. Angioinvasive lesions had worse
prognosis

2. Combined therapy should be
considered for angioinvasive
lymphoma

(Continues)
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312 KUAN et al.

TABLE XXVI . 1 (Continued)

Study Year LOE Study design Study groups Clinical endpoints Conclusion
Kojima et al.1893 1992 4 Retrospective

case series
20 NHL of the
sinonasal cavity
treated at a single
center

1. Histopathology
2. Treatment

outcomes

2-year survival was worse for
ENKTL than B cell

Marsot-Dupuch
et al.1802

1992 4 Retrospective
case series

13 patients with
diagnosis of lethal
midline granuloma

Imaging findings 1. Eight of the 13 had ENKTL; CT
was useful for bony erosion and
planning radiotherapy

2. MRI also helpful for defining
extent of disease versus trapped
secretions

Weiss et al.1894 1992 4 Retrospective
case series

Eight sinonasal and 10
Waldeyer’s ring
non-Hodgkin
lymphoma patients

Evidence of EBV
DNA using in situ
hybridization

1. B-cell and T-cell sinonasal NHL
are associated with EBV in
Western as well as in Asian
patients

2. EBV may have a role in
oncogenesis in NHL of the
upper aerodigestive tract

Abbreviations: DLBCL, diffuse large B-cell lymphoma; DSS, disease-specific survival; ENKTL, extranodal NK/T-cell lymphoma; NHL, non-Hodgkin’s lymphoma;
OS, overall survival; SEER, Surveillance, Epidemiology, and End Results.

A comprehensive head and neck physical exam is
encouraged for all patients and is of special concern in
patients with concern for malignancy. Attention should be
paid to cranial nerve deficits, which are suggestive of more
aggressive disease.1798 Nasal endoscopy is the standard of
care for patients with sinus complaints and should be
includedwhen evaluated for sinonasal lymphoma aswell.1
In addition to the initial diagnosis, nasal endoscopy plays
an important role in evaluation of the extent of disease
and local invasion. Examination for invasion of local struc-
tures is important given that at the time of diagnosis in one
series, 50% of ENKTL patients had involvement of the hard
palate, orbit, and/or nasopharynx, and it is not uncommon
in BCL.1799 Indeed, local destruction of structures is a hall-
mark of ENKTL.1800 In cases of orbital invasion, patients
may experience painless eyelid swelling and extraocular
muscle involvement with ophthalmoplegia.1801
Aggregate grade of evidence: C (Level 4: 11 studies)

C Imaging for lymphoma

There are multiple options for imaging of lymphoma
of the head and neck. Both CT and MRI are generally
recommended to evaluate bony destruction and soft tis-
sue invasion, respectively.1799,1800,1802 A number of studies
have noted that ENKTL and DLBCL can be differenti-
ated on MRI in most patients, with ENKTL more com-
monly located in the nasal cavity with a heterogeneous
appearance and DLBCL was more likely to be in the
paranasal sinus and homogeneous.1803–1806 It is worth
noting that some authors have noted that ENKTL and

granulomatosis with polyangiitis can look similar on diag-
nostic imaging.1807 DW-MRI has also been helpful in
differentiating NK/T-cell and DLBCL.1808 Wang et al. also
noted the ability of DW-MRI in differentiating lymphomas
from other carcinomas with lower ADC for sinonasal
lymphoma.1808 Finally, King et al. examined MRIs of
patients with Waldeyer’s ring and sinonasal DLBCL and
found that nodal and multifocal diseases were predictors
of metastatic disease beyond the neck.1809
In addition to locoregional imaging, full body scans are

important for complete staging and prognostication. Most
commonly, PET/CT is performed to evaluate hyperme-
tabolic lesions. Alternatively, contrasted chest, abdomen,
and pelvis CT scans can be obtained, but potentially may
miss nonclinically enlarged lymph nodes that harbor dis-
ease. The cost–benefit ratio between these two imaging
paradigms has not been well studied in ENKTL and there
have been no studies to date on full-body imaging in
sinonasal lymphoma.

D Histopathology

Obtaining the correct pathologic diagnosis is critical for
the management of sinonasal lymphoma. This involves
biopsy of the lesion and collaboration with a head
and neck pathology team for analysis. Sufficient tissue
should be obtained from the biopsy to enable appropri-
ate hematopathological analysis including at least one
paraffin block representative of tumor.1810 In addition to
performing a biopsy and histological analysis, several stud-
ies have examined laboratorymarkers, flow cytometry, and
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ICAR SINONASAL TUMORS 313

IHCworkup of the tissue in order to aid in diagnosis.While
many lesions can be biopsied in the office with adequate
topical anesthesia, biopsy under general anesthesia may
be necessary if initial biopsies are nondiagnostic, in more
vascular tumors, or if preferred by the patient.
In both BCL and ENKTL, IHC, in situ hybridiza-

tion, and flow cytometry should be used to establish
the diagnosis.1811,1812 The pattern of positive and negative
markers allows the pathologist to diagnose the lymphoma
subtype in question. Desai et al. evaluated 25 cases of
DLBCL, compared tumors arising from the nasopharynx
and maxillary sinus, and noted that primary sinonasal
DLBCL is histopathologically heterogeneous.1813 NCCN
guidelines recommend immunotyping for CD20, CD3,
CD5, CD10, CD45, BCL2, BCL6, Ki-67, IRF4/MUM1, and
MYC.1810 In addition, NCCN recommends cell surface
marker analysis by flow cytometry with peripheral blood
and/or biopsy specimens: kappa/lambda ratio,CD45,CD3,
CD5, CD19, CD10, and CD20.1810 Carreras et al. performed
a review of 29 patients with primary sinonasal DLBCL
and with DNA microarray analysis found a characteristic
genomic profile and that highRGS1 immunohistochemical
expression is associated with poor OS.1814 Murakami et al.
investigated histological subtypes of lymphoma in patients
newly diagnosed with malignant lymphoma in the human
T-cell leukemia virus type 1 (HTLV-1) endemic area of
Japan and found differing survival patterns amongDLBCL
based on presence of sinonasal tract involvement.1815 In
another analysis by Toda et al., germinal center and
nongerminal center subtypes of DLBCL were compared
and found to have no difference in OS.1816
With regard to ENKTL, multiple authors have com-

mented on the difficulty of establishing a diagnosis due
to the significant amount of tissue necrosis associated.1790
It has been suggested that biopsies with small lympho-
cytic infiltrates, chronic inflammation, surface ulceration,
and bone invasion should make the clinician suspicious
for undiagnosed ENKTL in the right clinical context.1817
Typical pathologic findings include angiocentricity and
angiodestruction.1818,1819 EBV in situ testing (EBER) and
EBV systemic viral loads are a routine part of the
workup given the etiologic role of the virus in ENKTL
development.1818,1820–1824 IHC panels should include TIA1,
CD2, cytoplasmic CD3epsilon, CD5, and CD56 to establish
the diagnosis. Flow cytometry targets include CD2, CD3,
CD4, CD5, CD7, CD8, CD56, TCR alpha/beta, and TCR
gamma/delta.1774,1775,1825–1830 Some authors have advocated
for testing β2 microglobulin (β2M) in serum as they have
noted worse survival with increasing levels of β2M.1831

Histopathologic diagnosis of sinonasal lymphoma and
subtypes

Aggregate grade
of evidence

C (Level 3: five studies; Level 4: 11 studies;
five studies BCL, 11 studies ENKTL)

Benefit Obtaining an accurate pathologic diagnosis is
critical to determining the treatment
regimen. Additional testing (e.g., IHC, ISH)
helps elucidate the correct clinical
diagnosis as determined by the pathologist.

Harm A potential delay in care or increased costs
could result from immunohistochemical
and other testing. Biopsy carries risks of
pain and bleeding and rare risk of damage
to intracranial or orbital contents
(depending on the location of the lesion).

Cost There are no clinical studies examining the
cost of obtaining a biopsy, laboratory
testing, and resulting pathologic diagnosis
in the workup of sinonasal lymphoma.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
Judgements

A head and neck and/or hematopathologist
with experience in sinonasal lymphoma
may benefit the treatment team.

Additional studies are needed examining
histopathological features predictive of
outcomes in sinonasal lymphoma.

Policy level Recommendation.
Intervention Determination of an accurate pathologic

diagnosis, particular cell type, is critical for
guiding treatment for sinonasal lymphoma.
Adjunctive laboratory and
immunohistochemical testing, specifically
flow cytometry and molecular diagnostics,
may aid in obtaining diagnosis and may
further characterize prognosis for the
patient.

E B-cell sinonasal lymphoma treatment

1 Role of chemotherapy

BCLs and the most common subtype, DLBCL, are
treated predominantly with chemotherapeutic regimens
(Table XXVI.2). The most common regimen is CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisone)
with the addition of rituximab (R-CHOP).1810 There are no
level 1 studies examining this chemotherapy regimen for
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314 KUAN et al.

TABLE XXVI . 2 Evidence surrounding sinonasal B-cell lymphoma (BCL) treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Eriksen et al.1769 2022 3 Retrospective
cohort study
with
pathological
confirma-
tion of
patients
from Danish
national
cancer
registry

205 patients with
sinonasal BCL, 163
patients with
DLBCL

1. Clinicodemo-
graphic char-
acteristics

2. Treatment
response

3. OS

1. DLBCL was the predominant
subtype (80%)

2. Sinonasal BCL incidence
0.14/100,000 person-years

3. DLBCL 5-year OS 56%
4. Immunotherapy and rituximab

increased OS for DLBCL
patients

Vahamurto
et al.1843

2019 3 Retrospective
cohort

46 patients with
sinonasal DLBCL:

21 with CHOP or
CHOP-like
chemotherapy
25 with
CHOP + Rituximab

1. Risk of
progression

2. OS

Addition of rituximab to
chemotherapy as well as
CNS-directed chemotherapy
reduced the risk of progression
and death and translated into
better OS

Lee et al.1836 2015 3 Retrospective
cohort

80 patients with
primary sinonasal
tract DLBCL treated
with R-CHOP
chemotherapy at 22
institutions in Korea

1. OS
2. Response rate
3. Relapse rate

1. No significant difference in was
found in the response rate or OS
between groups

2. Patients with sinonasal DLBCL
treated with R-CHOP have a
relatively low CNS relapse rate
and better OS compared to
previous studies with CHOP

Laskin et al.1834 2005 3 Retrospective
cohort

44 patients with
primary paranasal
sinus lymphoma

1. Response
rates

2. Sites of
relapse

3. OS

1. 5- and 10-year OSs were 48% and
41%

2. Intrathecal chemoprophylaxis
improved OS from 20% to 51%

Shikama
et al.1895

2001 3 Multicenter
retrospective
cohort

42 patients with
non-Hodgkin’s
lymphoma of the
paranasal sinuses at
25 Japanese
institutions

1. OS
2. DFS

1. 30 out of 42 patients treated with
CRT

2. 5-year OS and DFS of all patients
were 57% and 59%, respectively

Lehrich et al.1764 2021 4 Retrospective
database
study
(NCDB)

2073 patients with
sinonasal DLBCL

1. OS
2. Survival by

treatment
modality

1. Patients treated with CRT had
improved OS compared to those
treated with chemotherapy
alone.

2. Patients receiving
immunotherapy had
significantly improved OS after
2012

Brown et al.1844 2021 4 Retrospective
database
study
(NCDB)

2222 patients with
sinonasal DLBCL

1. OS
2. Survival by

treatment
modality

1. OS was 62% at 5 years and 42% at
10 years

2. CRT + immunotherapy offers
increased survival in patients
with advanced disease

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ICAR SINONASAL TUMORS 315

TABLE XXVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Varelas et al.1835 2019 4 Retrospective
database
study
(SEER)

1273 cases of DLBCL of
the sinonasal tract

1. Clinicodemo-
graphic
factors

2. OS

1. Most common primary sites
were maxillary sinus and nasal
cavity

2. OS was 70% at 2 years and 54% at
5 years

3. Chemotherapy and RT were
associated with improved
prognosis

Han et al.1840 2017 4 Retrospective
database
study
(SEER)

1119 nasopharyngeal
lymphoma cases
(77.5% BCL)

1. OS
2. DSS

1. Advanced age, higher Ann
Arbor stage, and ENKTL
histology associated with worse
OS and DSS

2. RT associated with improved OS
and DSS

Steele et al.1839 2016 4 Retrospective
case series

18 patients with
sinonasal
lymphoma

1. OS
2. Survival by

treatment
modality

1. Survival rates by lymphoma
subtype were 56% for BCL

2. CRT resulted in significantly
higher OS rates than
chemotherapy alone

Lombard
et al.1896

2015 4 Retrospective
case series

22 patients with
non-Hodgkin
lymphoma of the
sinonasal cavity

OS 1. OS was 82% at 12 months and
73% at 36 months

2. Prognosis depends on histologic
type, Ann Arbor stage at
diagnosis, and the therapeutic
options

Kanamuri
et al.1765

2014 4 Retrospective
database
study
(SEER)

852 cases of sinonasal
DLBCL in SEER

1. DSS
2. Survival by

treatment
modality

1. Survival is significantly
improved for those treated with
RT

2. Involvement of multiple sinuses
is a negative prognostic factor

Oprea et al.1833 2005 4 Retrospective
case series

14 consecutive DLBCL
cases treated with
CHOP

Complete or
partial
remission (CR
and PR)

1. With a CHOP or CHOP-like
chemotherapy regimen, 10
achieved CR and three PR

2. During 80-month follow-up,
seven relapsed or progressed
(four in the CNS)

3. Consider CNS prophylaxis in
sinonasal lymphoma

Proulx et al.1766 2003 4 Retrospective
case series

23 patients with
extranodal
non-Hodgkin’s
lymphoma of the
paranasal sinuses

OS 1. OS for the entire group at
10 years was 78%

2. Combined-modality approach
with locoregional RT and
systemic chemotherapy is
recommended

Quraishi
et al.1897

2001 4 Retrospective
case series

24 patients with
non-Hodgkin’s
lymphoma of
paranasal sinuses

OS 1. OS at 5 years was 40%
2. DSS was 62%

Hausdorff
et al.1838

1997 4 Retrospective
case series

16 consecutive patients
with paranasal sinus
lymphoma treated
with chemotherapy
and RT

1. Clinical
response

2. OS

1. Combined modality therapy
with CNS prophylaxis improves
outcome compared with RT
alone

2. 5-year OS was 29%
(Continues)
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316 KUAN et al.

TABLE XXVI . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Cooper and
Ginsberg1837

1992 4 Retrospective
case series

Four consecutive
patients with
paranasal sinus
lymphoma treated
with 6 weeks of
chemotherapy
followed by RT and
CNS prophylaxis

Clinical
resolution of
disease

1. All patients had complete
response to treatment

2. One patient developed an
osteogenic sarcoma in the
radiation field 32 months after
treatment

Abbreviations: CRT, chemoradiation therapy;DLBCL, diffuse large B-cell lymphoma;DFS, disease-free survival; DSS, disease-specific survival; ENKTL, extranodal
NK/T-cell lymphoma; NCDB, National Cancer DataBase; OS, overall survival; SEER, Surveillance, Epidemiology, and End Results.

treatment of sinonasal lymphoma. Current NCCN guide-
lines for sinonasal lymphoma chemotherapy regimens
have been extrapolated from level 1 evidence in BCLs
outside of the sinonasal tract.1810,1832 Current regimens
include R-CHOP for three cycles for nonbulky disease or
R-CHOP for five cycles for bulky disease (≥7.5 cm).1810
Oprea et al. present a case series of 14 consecutive

patients with sinonasal DLBCL treated with CHOP or
a CHOP-like regimen.1833 Ten patients achieved com-
plete remission and three achieved partial remission.
During the 80-month follow-up period, seven relapsed
or progressed (with four developing CNS disease).1833
The authors recommend considering CNS prophylaxis for
sinonasal lymphoma. Similarly, Laskin et al. reviewed
44 patients with primary paranasal sinus lymphoma and
found that intrathecal chemoprophylaxis, added to a regi-
men of chemotherapy and local irradiation, was associated
with an improved OS from 20% to 50%.1834 In an analysis of
the SEER registry, Varelas et al. found that chemotherapy
was associated with an improved prognosis in 1273 cases of
sinonasal DLBCL.1835 Future studies are needed to exam-
ine additional chemotherapeutic regimens in sinonasal
lymphoma treatment.

Role of chemotherapy: B-cell lymphoma

Aggregate grade
of evidence

B (Level 3: four studies; Level 4: eight studies)

Benefit Chemotherapy has been associated with
improved survival in patients with
sinonasal BCL.

Harm Risks of morbidity from chemotherapeutic
regimens, including R-CHOP for three or
five cycles, and any potential morbidity
from CNS prophylaxis regimens.

(Continued)

Cost There have been no clinical studies
examining the cost of chemotherapy in the
treatment of sinonasal lymphoma.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

When considering chemotherapeutic
treatment, clinicians should have a detailed
conversation with their patients about the
risks and benefits of the treatment along
with a realistic discussion of potential
treatment outcomes. CNS prophylaxis may
be considered, and some studies have
shown a potential survival benefit.

Policy level Recommendation.
Intervention Chemotherapy is the preferred option in the

treatment of sinonasal BCL. The most
common regimens include CHOP or
CHOP-like therapy.

2 Role of radiation therapy

The exact role of RT in the management of B-cell
sinonasal lymphoma is controversial. Traditionally, in
nonsinonasal localized DLBCL, RT has been used in
patients with bulky disease, partial chemotherapeutic
response, extranodal disease, or unacceptable toxicity from
prior chemotherapy.1836 In sinonasal lymphoma, RT has
been used more commonly due to the extranodal disease
presence and oftentimes bulky symptomatic tumor.
Several studies have found survival benefit in B-cell

sinonasal lymphoma patients treated with RT. In their
analysis of the SEER registry, Varelas et al. found that
RT was associated with improved prognosis in 1273 cases
of sinonasal DLBCL.1835 In another SEER analysis, Kana-
muri examined 852 patients with sinonasal DLBCL and
also found improved survival with RT.1765 In a series
of four patients with sinonasal lymphoma treated with
6 weeks of chemotherapy followed by RT and CNS pro-
phylaxis, all patients had complete treatment response,
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ICAR SINONASAL TUMORS 317

although one patient developed an osteogenic sarcoma in
the radiation field 32 months after treatment.1837 Haus-
dorf et al. reviewed 16 consecutive patients with sinonasal
lymphoma and reported that multimodal therapy with
CNS prophylaxis improved outcomes as comparedwith RT
alone.1838 Similarly, Proulx et al. recommend a combined
modality approach with locoregional RT and systemic
chemotherapy.1766 In their institutional series, Steele et al.
reviewed 18 patients with sinonasal lymphoma and found
that a combination of chemotherapy and RT resulted
in significantly higher survival rates than chemotherapy
alone (OS 70% vs. 29%).1839
In contrast, Lee et al. performed a retrospective anal-

ysis of 88 patients with sinonasal DLBCL treated with
R-CHOP alone (n = 59) or R-CHOP with RT (n = 21).1836
Despite having higher Ann Arbor stage patients in the R-
CHOP alone group, there were no significant differences
in the response rate or OS between the two groups.1836 For
nasopharyngeal lymphoma, Han et al. found in a cohort
of 1119 patients (77.5% BCL) that RT was an independent
predictor of survival.1840 Given these divergent findings,
future work should examine the precise indications and
potential benefits of RT in B-cell sinonasal lymphoma.

Role of radiation therapy: B-cell lymphoma

Aggregate grade
of evidence

C (Level 3: one study; Level 4: eight studies)

Benefit RT may help reduce the disease burden in
patients with bulky disease, partial
chemotherapeutic response, and
extranodal involvement. Some studies have
shown improved survival in sinonasal
DLBCL patients who received RT in
addition to chemotherapy.

Harm Potential morbidity from radiation treatment.
Cost There are no studies examining the cost of RT

in sinonasal BCL.
Benefits–harm
assessment

Balance of benefits and harms.

Value
judgments

RT should be considered in the treatment of
sinonasal lymphoma as an adjunct to
chemotherapy in patients with bulky,
symptomatic disease, advanced stage, or a
partial response to chemotherapy. Patients
should be counseled regarding the
potential morbidity of RT as well as the
uncertain impact on survival.

Policy level Option.
Intervention The addition of RT to chemotherapeutic

regimens should be considered for
sinonasal BCL patients with symptomatic
(i.e., cranial nerve palsies), bulky disease or
advanced stage.

3 Role of immunotherapy

The advent of immunotherapy treatments, most signifi-
cantly rituximab, an anti-CD20 monoclonal antibody, has
dramatically improved survival and related outcomes for
sinonasal BCL patients.1841 Rituximab has a relatively low
side effect profile compared to other treatment regimens
including CHOP for sinonasal lymphoma.1841 Nonethe-
less, there are severe potential side effects including
infusion-related reactions, severe skin and mouth reac-
tions, hepatitis B reactivation, or progressive multifocal
leukoencephalopathy.1842
Vahamurto et al. performed a retrospective cohort

study examining 46 sinonasalDLBCLpatients.1843 Twenty-
two patients received CHOP or CHOP-like chemotherapy
and 25 received R-CHOP (CHOP with rituximab). The
R-CHOP group had a significantly reduced risk of progres-
sion (RR 0.368, p = 0.045) and death (RR 0.245, p = 0.032)
and translated into better survival (5-year PFS, 67% vs. 38%,
p = 0.037; 5-year OS, 81% vs. 48%, p = 0.020).1843 Erik-
sen et al. reviewed 205 patients in the Danish National
Lymphoma Registry with B-cell sinonasal lymphoma and
found that immunotherapy increased survival for DLBCL
patients.1769
Lehrich et al. performed a retrospective review of

the NCDB and found that, after 2012, patients receiv-
ing immunotherapy had significantly improved OS.1764
In another NCDB analysis, multimodal therapy (e.g.,
chemotherapy, RT, immunotherapy) was found to offer
increased survival in patients with advanced disease.1844
Further studies are needed to examine the role of other
immunotherapeutics in sinonasal lymphoma.

Role of immunotherapy: B-cell lymphoma

Aggregate grade
of evidence

B (Level 3: two studies; Level 4: two studies)

Benefit The addition of rituximab to CHOP treatment
regimens significantly improves survival
for patients with sinonasal BCL.

Harm Potential morbidity, including
infusion-related reactions and severe skin
and mouth reactions, from the addition of
immunotherapy to chemotherapeutic
treatment regimens.

Cost There are no clinical studies addressing the
cost of immunotherapeutics in the
treatment of sinonasal lymphoma.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)
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318 KUAN et al.

Value
judgments

Patients should be counseled on the risks of
rituximab treatment as well as the potential
benefits including improved OS.

Policy level Recommendation.
Intervention Rituximab should be added to CHOP for the

treatment of sinonasal BCL given survival
benefits.

F Extranodal natural killer/T-cell
sinonasal lymphoma treatment

Chemotherapy and RT are the mainstays of treatment for
ENKTL. The sequence of treatment is dependent on dis-
ease stage and site. In patients with stage I or II disease,
curative therapy is determined based on the patient’s func-
tional status. In patients who cannot tolerate chemother-
apy, RT alone may be offered. There have been several
studies that suggest that RT improves LRC.1766,1839,1845 In
patients who can tolerate chemotherapy, combinedmodal-
ity therapy with both chemotherapy and RT is generally
recommended. Lehrich et al. found that CRT appeared to
confer a survival benefit when compared to chemother-
apy or RT alone, for both early- and late-stage ENKTL
patients.1846 The preferred regimen for concurrent treat-
ment is RT and three courses of DeVIC (dexamethasone,
etoposide, ifosfamide, and carboplatin). Alternatively, RT
and cisplatin followed by three cycles of VIPD (etopo-
side, ifosfamide, cisplatin, and dexamethasone) could be
considered. Other options if concurrent treatment is not
pursued are the “sandwich” regimen (pegaspargase, gem-
citabine, oxaliplatin [P-GEMOX] × two cycles followed by
RT, and then another two to three rounds of P-GEMOX)
or sequential regimen (for stage I and II, modified steroid
[dexamethasone],methotrexate, ifosfamide, pegaspargase,
and etoposide [SMILE] two to four cycles followed by
RT).1787,1847 There are no robust studies for guidance on
differential survival benefits for a particular patient and
no recommendation can be made on differential survival
by treatment regimen. For stage III/IV ENKTL, outcomes
are generally poor regardless of treatment method used.
Clinical trials, combined modality therapy (identical to
those listed for stage I/II), and asparaginase-containing
regimens with or without RT (modified SMILE four to
six cycles—steroid [dexamethasone], DDGP [dexametha-
sone, cisplatin, gemcitabine, pegaspargase]) are options for
patients with advanced disease.1848
There have been several studies that suggest anthracy-

cline regimens (e.g., CHOP) are insufficient for disease
control, resulting in the current recommendations for
treatment.1773,1777,1849–1854 In general, it has been suggested
that stage I and II diseases do not need CNS prophy-
laxis, while stages III and IV should be offered CNS
prophylaxis.1855 Several known negative prognostic factors

have been included in the Prognostic Index of Natural
Killer lymphoma (PINK) and include age >60 years, stage
III or IV disease, distant lymph node involvement, and
nonnasal disease.1856
The role of immunotherapy in ENKTL has not been

well described to date, and the primary indication
for immunotherapy has been for refractory or other-
wise untreatable disease. Current recommendations favor
enrollment in a clinical trial to allow for data collec-
tion, but pembrolizumab and nivolumab have been used
when immunotherapy is desired. Future research into
outcomes and appropriate patient selection is needed.
Table XXVI.3 summarizes evidence surrounding sinonasal
ENKTL treatment.

Role of chemotherapy: Extranodal NK/T-cell lymphoma

Aggregate grade
of evidence

C (Level 4: 24 studies)

Benefit Chemotherapy is a cornerstone to ENKTL
treatment, and current evidence suggests a
survival benefit with treatment.

Harm Chemotherapeutics are known to be toxic
with common side effects including
hematologic disturbances (e.g.,
pancytopenia), which can be severe and
life threatening.

Cost Cost of treatment is significant, especially if
several cycles of therapy are required for
effect.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

In patients with severe comorbidities, RT
alone or enrollment in clinical trials can be
considered.

Policy level Recommendation.
Intervention Chemotherapy, as the first-line treatment,

should be offered to patients with ENKTL
if they are able to tolerate treatment,
despite its known toxicities.

Role of radiation therapy: Extranodal NK/T-cell
lymphoma

Aggregate grade
of evidence

C (Level 4: 24 studies)

Benefit RT has been demonstrated to improve LRC
and recommended for almost all treatment
paradigms outside clinical trials.

Harm RT has significant potential morbidity in
terms of damage to adjacent tissue,
including risks of vision loss and brain
necrosis in extreme cases.

(Continued)
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ICAR SINONASAL TUMORS 319

TABLE XXVI . 3 Evidence surrounding sinonasal ENKTL treatment.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

He et al.1898 2021 4 Retrospective
database
study
(SEER)

714 patients treated
nationally for
ENKTL

1. OS
2. DSS

1. Nonnasal ENKTLs have shown
improved OS over time

2. There has been no change in
survival in nasal ENKTL

3. Univariate analysis showed lack
of RT was associated with
shorter OS/DSS, but this was not
significant on multivariate
analysis

Lehrich
et al.1846

2021 4 Retrospective
database
review
(NCDB)

785 patients with
ENKTL

OS 1. CRT confers OS benefit
compared to chemotherapy or
RT alone for both early- and
late-stage cohorts

2. Older age, paranasal sinus site,
more comorbidities, and higher
Ann Arbor stage predicted
worse OS

3. RT and chemotherapy
associated with improved OS

Gupta et al.1847 2018 4 Retrospective
case series

16 patients with stage I
or II disease treated
with SMILE
regimen and RT at
45–50 Gy

1. OS
2. PFS

1. 2-year OS was 74% and 2-year
PFS was 70%

2. SMILE may offer reasonable
control at the cost of significant
toxicity

Wu et al.1899 2017 4 Retrospective
case series

105 patients with
ENKTL treated with
RT (median dose
50 Gy) with 40
patients receiving
chemotherapy as
well (unspecified
regimen)

Prognostic value
of imaging
characteristics

1. 5-year OS was 72.8%
2. PFS 65.2%

Niu et al.1900 2016 4 Retrospective
case series

215 patients treated at a
single institution (all
stage IE or IIE); 211
received CRT and
four received RT.
CHOP or CHOP-like
regimen used in 175,
l-asparaginase in 31
patients, and five
received other
chemotherapy
regimen. Median RT
dose was 55 Gy

1. OS
2. Risk factors

for treatment
failure

OS was higher for nasal than
extra-nasal ENKTL (68.2 vs. 46%)
at 5 years

Steele et al.1839 2016 4 Retrospective
case series

Five ENKTL patients
treated at a single
institution, with
four patients
undergoing
combined CRT
(unspecified
regimen)

OS 1. OS for ENKTL group was found
to be 40%

2. Survival benefit was seen with
CRT compared to chemotherapy
alone

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



320 KUAN et al.

TABLE XXVI . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Michot et al.1901 2015 4 Retrospective
case series

13 patients treated at a
single institution (all
stage IE or IIE)
treated with two
cycles of ESHAP
and RT (40 Gy
dose), followed by
consolidation dose
of two to three
rounds of ESHAP

1. OS
2. Adverse side

effects

1. 2-year survival was 72%
2. 92% experienced grade 2 or 3

neutropenia

Coha et al.1849 2014 4 Retrospective
case series

Three patients with
ENKTL treated at a
single institution;
two treated with
CHOP (and RT), one
had CHOP (two
rounds) but passed
away prior to
completing
treatment

OS Anthracycline regimens (e.g.,
CHOP) are insufficient for
disease control

Youssef et al.1902 2012 4 Retrospective
case series

23 patients with
ENKTL treated at a
single institution

10 received CRT and
nine received
chemotherapy alone

Several chemotherapy
regimens included,
with some including
etoposide and
asparaginase

OS Study noted resistance to
asparaginase-based protocols

Kim et al.1855 2010 4 Retrospective
case series

208 ENKTL patients
treated at a single
center; 138 treated
with anthracycline
chemotherapy (with
or without RT), 60
patients
nonanthracycline
(IMEP, SMILE, or
VIPD) regimens,
five RT only, and
five supportive care

Development of
CNS disease

1. 12 patients developed CNS
disease (5.76%)

2. ENKTL international prognostic
index groups I and II do not
need CNS prophylaxis, while III
and IV should receive it

Ma et al.1853 2010 4 Retrospective
case series

64 patients with
early-stage sinonasal
ENKTL (stage IE or
IIE); 23 treated with
RT and 41 treated
with CRT using
anthracycline-based
chemotherapy

1. OS
2. PFS

1. 5-year OS for RT was 57.9% and
CRT was 61.5%, no significant
difference between treatments

2. Chemotherapy does not improve
survival in early-stage disease

(Continues)
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ICAR SINONASAL TUMORS 321

TABLE XXVI . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Guo et al.1850 2008 4 Retrospective
case series

57 patients with Stage I
and II disease
treated with
combined CRT
(CHOP—
cyclophosphamide,
Adriamycin,
vincristine,
prednisone), six
patients with stage
III or IV who
underwent CHOP
who underwent RT
if remission
achieved

1. OS
2. PFS

There may be benefit to PFS with
oral nitrosourea, but no
difference in OS

Wang et al.1854 2007 4 Retrospective
case series

53 patients with stage
IE/IIE disease
treated with CHOP
chemotherapy
followed by RT
(median 45 Gy)

1. OS
2. PFS

1. 2-year OS was 75.6% and 2-year
PFS was 61.8%

2. Chemotherapy followed by RT
produced suboptimal outcomes

Kim et al.1903 2006 4 Retrospective
case series

43 patients with
ENKTL (29
nasal/nasopharynx,
14 upper
aerodigestive)
treated with
CEOP-B
(cyclophosphamide,
epirubicin,
vincristine,
prednisone)

26 had chemotherapy
alone, 17 had CRT

1. OS
2. Treatment

response

1. Overall response was 67.4%
2. Local relapse higher in

chemotherapy-only group, but
RT did not improve survival

3. CEOP-B has limited role in
ENKTL treatment

Lee et al.1852 2005 4 Retrospective
case series

90 patients with
ENKTLs of any site
treated with
anthracycline
chemotherapy ± RT,
nonanthracycline
chemotherapy ± RT,
RT alone, or
supportive care only

1. OS
2. Treatment

response

Higher survival in upper
aerodigestive disease versus other
location (54% vs. 20%)

Kim et al.1851 2004 4 Retrospective
case series

84 patients with
sinonasal
lymphoma (19 B
cell, 27 T cell, 34
ENKTL); 45 patients
underwent RT alone
(median 50.4 Gy),
chemotherapy was
left to physician
discretion

1. OS
2. DSS

5-year OS was 37%, DSS 37% for
ENKTL, results not specified by
treatment type

(Continues)
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322 KUAN et al.

TABLE XXVI . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Li et al.1777 2004 4 Retrospective
case series

77 patients with
sinonasal ENKTL
treated at a single
center; 12 treated
with RT, 28
chemotherapy
alone, 37 treated
with CRT (RT
40–50 Gy;
chemotherapy
CHOP, E-CHOP, or
ESHAP)

1. OS
2. Disease

response

Achievement of complete response
only prognostic factor that was
significant

Proulx et al.1766 2003 4 Retrospective
case series

Eight patients with
ENKTL treated at a
single institution
with combined RT
(three of the total 23
patients including
other lymphomas
received
chemotherapy,
unspecified which
pathology they
represented)

OS 1. 5-year estimated OS was 88%
2. Early stage responded well to

RT, but distant failure remains a
problem

Hahn et al.1773 2002 4 Retrospective
case series

20 patients with
ENKTL treated at a
single institution (14
within the nasal
cavity or
nasopharynx). Seven
received RT only,
four chemotherapy
only, nine CRT
(chemotherapy
6 weeks
Adriamycin-
containing regimen,
RT 40–45 Gy)

1. OS
2. Treatment

response

1. Complete remission was 65% for
ENKTL

2. OS was 13 months for ENKTL
3. Difference between treatment

modalities not calculated

Ribrag et al.1845 2001 4 Retrospective
case series

20 patients with stage I
or II ENKTL treated
at a single
institution. Six
treated with RT (two
subsequently
received
chemotherapy), two
received CRT, and 12
received initial
chemotherapy
(CHOP or
CHOP-like) (nine of
which went on to
receive RT)

OS Initial chemotherapy for early
disease performed worse than
upfront RT

(Continues)
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ICAR SINONASAL TUMORS 323

TABLE XXVI . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Aviles et al.1904 2000 4 Retrospective
case series

108 patients with
ENKTL treated with
45 Gy RT followed
by combination
chemotherapy—
cyclophosphamide,
epirubicin,
vincristine,
prednisone, and
bleomycin (given
every 21 days for six
cycles)—at a single
institution

1. OS
2. DFS

1. Complete response achieved in
99 patients (91.7%) with
treatment

2. 8-year OS 82%, 90%, and 84% and
DFS 79%, 83%, and 80%

3. No prognostic factors were
found to be significant

Rodriguez
et al.1905

2000 4 Retrospective
case series

13 patients treated at a
single institution

OS 1. OS 38% at 9 years, one patient
alive with disease

2. Response to doxorubicin-based
therapeutics is worse than other
non-Hodgkin lymphomas

Sakata et al.1906 1997 4 Retrospective
case series

16 patients with
ENKTL treated at a
single institution, all
received RT and 14
also underwent
chemotherapy
(VEPA before RT in
the majority of
patients)

OS 1. 5-year OS was 22%
2. Authors suggest a more

aggressive treatment regimen
including >50 Gy RT

Senan et al.1907 1992 4 Retrospective
case series

Eight cases of ENKTL
treated at a single
institution with
45–50 Gy RT and
alkylating agents
(unspeci-
fied)/prednisolone
for relapse

OS 1. Six remained alive (at
undesignated time point), two
died of unrelated causes, four
required chemotherapy for
salvage (OS 75%)

2. No recommendation given
based on small number

Yi et al.1848 2022 N/A Nonsystematic
review

N/A N/A 1. ENKTL is resistant to
anthracycline-based
chemotherapeutics

2. l-Asparaginase therapy with or
without RT shows promise

3. Future directions include
immune-checkpoint inhibitors,
histone deacetylase inhibitors,
and monoclonal antibodies

Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; DSS, disease-specific survival; ENKTL, extranodalNK/T-cell lymphoma;NCDB,National
Cancer DataBase; OS, overall survival; SEER, Surveillance, Epidemiology, and End Results.
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324 KUAN et al.

Cost There is significant cost to the intervention
including institutional costs for equipment
and patient time and morbidity from
treatment.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Patients who have received previous head
and neck radiation deserve careful
consideration of the morbidity of
reirradiation given increased side effects.

Policy level Recommendation.
Intervention RT should be offered to all patients

undergoing treatment for ENKTL for LRC
benefits.

G Extramedullary plasmacytoma

Extramedullary plasmacytomas (EMPs) are rare malig-
nancies composed of monoclonal plasma cells. EMPs are
a subset of solitary plasmacytomas (SPs) and lie on the
disease spectrum of plasma cell dyscrasias. EMPs are
positioned between monoclonal gammopathy of undeter-
mined significance (MGUS), which is premalignant and
often clinically silent, andmultiplemyeloma (MM).1857 SPs
are characterized by their isolated, localized nature, com-
pared to MM, which is disseminated. SPs can be further
subdivided into EMPs, which arise from extraosseous soft
tissue, and solitary plasmacytoma of bone (SPB), which
has a bony origin. The chief clinical impact of EMPs and
SBPs, other than symptoms arising from the mass, is the
risk posed by their possible progression to MM.
In 2014, the International Myeloma Working Group

(IMWG) has proposed diagnostic criteria to separate
these clinicopathological entities in light of differences
in treatment options and prognostic implications. It rec-
ommended that SPs be diagnosed on the basis of (1)
biopsy-proven solitary bone (SPB) or soft tissue (EMP)
lesion showing clonal plasma cells, (2) normal bone mar-
row studies, (3) normal skeletal survey andMRI (or CT) of
the spine and pelvis, and (4) an absence of end-organ dam-
age such as hypercalcemia, renal insufficiency, anemia, or
bone lesions that can be attributed to a lymphoplasmacytic
cell proliferative disorder.1858
If marrow studies demonstrate infiltration of clonal

plasma cells, but these remain <10% of all nucleated cells,
these lesions are classified as “solitary plasmacytoma with
minimal marrow involvement” and carry a poorer progno-
sis than EMPs with no marrow involvement. The presence
of over 10% of clonal plasma cells in marrow studies raises
the suspicion of MM or smoldering MM.

1 Presentation

SPs are rare and represent less than 5% of all blood cell
dyscrasias.1859 EMPs make up about one third of these
disorders,1860 with an incidence of 0.04–3 per 100,000.1861
EMPs can occur anywhere in the body, butmost frequently
arise in the head and neck region, accounting for approx-
imately 1% of all head and neck tumors.1861 They have a
predilection for the nasal cavity, paranasal sinuses, and
nasopharynx.1862 Other sites of involvement include the
oropharynx, salivary glands, and larynx. SPs of the skull
base are most commonly found at the sphenoclival region;
other common skull base sites include the petrous apex
and orbital roof.1863
EMPs most frequently affect middle-aged patients, and

the diagnosis is usually made in the fifth decade of life.1861
Patients typically present between 30 and 60 years of age,
although EMP has been diagnosed in children as young as
5.Males are two to three timesmore likely to be affected.1861
EMPs have been reported in association with EBV and
HIV infection, although a causal relationship has not been
definitively established.1864,1865
EMPs have been found to have a lower rate of con-

version to MM (10%–30%),1866 as compared to SBPs,
which have a progression rate reported between 48% and
85%.1861 Conversion to MM appears to be most likely
within the first 2 years of diagnosis, but it has been
described up to 15 years later.1867 Once MM develops,
the 10-year OS has been reported to be under 10%.1861
That said, there are observations that the prognosis for
those who develop MM from an initial EMP could
be more favorable than those who directly developed
MM.1867
The clinical presentation of sinonasal EMPs varies with

the anatomical location of the tumor.1861 Nasal obstruction
and epistaxis are the most frequently reported symptoms.
Patients with maxillary sinus involvement may present
with facial swelling or pain, while those with tumor exten-
sion to the orbit may have diplopia, visual changes, or
proptosis. Headache can also be a feature but is less
common and nonspecific. Patients with skull base EMPs
may present with cranial nerve palsies resulting in pto-
sis, diplopia, hearing loss, or imbalance. In many of these
patients, the diagnosis may only be made in retrospect
after initial surgical resection.1863 On nasal endoscopy, the
tumors present as a fleshy, hyperemic, or hemorrhagic1868
mass with contact bleeding.1869 There may be associ-
ated superficial ulceration1870 and necrosis. Larger lesions
may cause a visible mass of the maxilla, palate, or
orbit.1871
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ICAR SINONASAL TUMORS 325

2 Workup

Traditional X-raymethods have largely been supplanted by
cross-sectional imaging modalities such as CT and MRI,
as these are superior in assessing the extent of local dis-
ease and excluding distant lesions. On CT imaging, EMPs
often appear as solitary enhancing soft tissue lesions. There
may be local remodeling of adjacent bone or lytic bone
destruction consistent with its malignant nature.1872 On
MRI sequences, EMPs are generally isointense to muscle
on T1, are iso- to hyperintense on T2, and enhance het-
erogeneously with gadolinium-based contrast.1873 Areas of
necrosis, vascular encasement, or infiltration of adjacent
structures may be seen. CT and MRI serve complemen-
tary roles as CT is better able to delineate bony anatomy
and areas of erosion or dehiscence, whereas MRI pro-
vides superior soft tissue definition and can assist in
distinguishing areas of tumor from inspissated secretions
and surrounding anatomical structures. However, imag-
ing alone is often insufficient to reliably distinguish EMPs
from other SNM and histology is required to make the
diagnosis.
Nuclear studies also play a useful role in the evalua-

tion of EMPs. Although the use of gallium and thallium
radioisotopes has been described previously,1874 recent
interest has centered on the use of PET fused with CT
(PET–CT). These are useful in confirming the diagnosis of
EMP by excluding distant lesions and were proposed as an
alternative to whole-body MRI by the IMWG in 2017.1875
PET–CTwas found to be the imaging techniquewith great-
est sensitivity and specificity for detecting clonal plasma
cells, particularly outside the bone marrow. PET–CTs
could yield prognostic information based on the degree of
18-FDG uptake, and are also useful as follow-up studies to
assess treatment response.1876
Laboratory tests are required in the diagnostic process to

exclude other diagnoses on the plasma cell dyscrasia spec-
trum. All patients suspected of having EMPs should have
a bone marrow aspiration and trephine biopsy that uses a
wide caliber needle obtaining a greater sampling. Serum
and urine protein electrophoresis are helpful in evaluating
an “M” spike that indicates monoclonal paraproteinemia.
Its persistence after initial treatment indicates a poorer
prognosis.20 Immunofixation electrophoresis can provide
further specific information on the type of “M” protein and
can be used tomonitor patients for posttreatment response
or relapse. Serum free light chains can also be quantified
and serve a similar role.1877
Histopathological analysis of biopsy specimens often

reveals a monomorphic population of neoplastic plasma
cells, which may have eccentric nuclei with chromatin
arranged in a “cartwheel pattern,”1878 cytoplasmic per-
inuclear hof, and abundant basophilic cytoplasm.1857

Immunohistochemical staining is positive for CD138 (a
protein specific to differentiated plasma cells) and epithe-
lial membrane antigen and negative for CD45 (marker for
hematopoietic cells) andCD20 (B-cellmarker not found on
plasma cells). Neoplastic cells aremonoclonal with surface
expression of kappa or lambda. These findings help distin-
guish EMPs from inflammatory processes that may be rich
in plasma cells. An anaplastic subtype of EMPs has been
described with characteristic increased number of mitotic
figures.1879 It may be difficult to distinguish EMPs from a
low-grade BCLwith significant plasma cell differentiation.
Flow cytometry may be helpful in these cases, as EMPs
rarely express CD45 and CD19.1880

3 Treatment

SPs, including EMPs, are radiosensitive, and RT is the
primary treatment modality for these tumors. The latest
NCCN guidelines recommend upfront RT with 40–50 Gy
in 1.8–2.0 Gy fractions.1881 The evidence for the effective-
ness of RT primarily stems from retrospective studies,
with the largest study showing a 5-year OS rate of 74%,
disease-free survival of 50%, and local control of 85%.1882
Surgery is recommended primarily in the setting of

spinal instability or neurological compromise due to mass
effect, but these considerations are generally less applica-
ble to sinonasal EMPs. As part of the diagnostic workup,
some patients undergo surgical excision and good out-
comes have been reported in some instances where nega-
tive margins have been achieved.1859,1861,1883 However, this
remains controversial as others have found that surgery
alone without adjuvant RT leads to poor local control.1882
Chemotherapy has an uncertain role due to mixed evi-

dence for its effectiveness. While some studies suggest that
adjuvant chemotherapy could delay progression to MM,
others have shown no benefit.1876

4 Prognosis and outcomes

Close follow-up is required to monitor for relapse and to
watch for transformation to MM in those with persistent
disease. This should be done initially on a 3- to 6-month
basis but can be lengthened subsequently, especially in
EMPs due to their better prognosis.1881 Blood and urine
tests for “M” protein are helpful as its disappearance in
patients with initially detectable levels gives further confir-
mation of successful ablation, and its reemergence could
indicate relapse. Serial imaging is an important compo-
nent of surveillance andMRI or PET–CT can be used. This
should be performed on a yearly basis, ideally with the
same modality that was used to make the initial diagno-
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326 KUAN et al.

sis. Should progression toMMoccur, systemic therapy will
then be indicated with a possible role for bone marrow
transplantation. Population-based studies have reported
generally favorable outcomes, with 5- and 10-year out-
comes greater than 80%,1884 and pooled systematic reviews
have reported somewhat lower survival rates (71.8% at
median 39 months follow-up).1861

XXVII METASTATIC TUMORS

Metastases of extranasalmalignant tumors to the sinonasal
region are extremely rare, with fewer than 200 cases
described in the literature since 1947. Due to its low
occurrence rate, the data hereby have been acquired by
retrospective case reports and small case series. Similar
to primary sinonasal tumors, the presenting symptoms of
sinonasal metastases are nonspecific and determined by
the involved sinonasal site and primary tumor pathology.
Metastases tend to be quite vascular, and the most com-
mon presenting sign is epistaxis. Metastases originating
from the nasal cavity and maxillary sinus often present
with nasal obstruction, rhinorrhea, facial pain, and numb-
ness, whereas headache, visual impairment, proptosis,
and diplopia are more common with sphenoid sinus and
orbital involvement. Skull base or cavernous sinus exten-
sion can result in cranial nerve dysfunction and visual
alterations. Sometimes, the patient will experience symp-
toms related to the primary disease (e.g., shortness of
breath for lung cancer).1908,1909
The most common metastatic tumor affecting the

sinonasal region is renal cell carcinoma (RCC), which
accounts for 50% of cases. However, most primary tumors
can result in sinonasal metastases, and the most fre-
quently reported are lung, breast, gastrointestinal tract,
liver, urogenital, thyroid, and skin malignancies. Rarely
are sinonasal metastases derived from an unknown ori-
gin. Primary sinonasal tumors and local extension of a
primary tumor involving the oral cavity, orbit, and intracra-
nial cavity should also be considered. The maxillary sinus
is involved in 36%–50% of cases, followed by the sphenoid,
ethmoid, and frontal sinuses and nasal cavity.159,1910–1914 A
very small number of cases of metastasis to the nasal tip
and septum have been reported.1915 Mean age and risk fac-
tors for patients with sinonasal metastases vary depending
on the primary tumor pathology. Sinonasal involvement
can be synchronous with the primary presentation but
can also present more than a decade after the original
tumor is diagnosed. Generally, since metastatic disease
indicates an advanced stage of the primary disease, the
prognosis is grim at the point of presentation and is often
associated with poor QOL and mortality. However, early
detection and diagnosis, coupled with aggressive treat-

ment, may improve sinonasal symptoms and, in selected
cases, prolong survival.1910–1912
Hematogenous, lymphatic, and direct spread of tumor

have been postulated as the source for sinonasal metas-
tases. Intravasation of tumor cells from the primary site
into blood vessels and through the vertebral valveless
low-pressure venous plexus (Batson plexus), which com-
municates among the deep pelvic veins, intercostal, vena
cava, and the azygos system, may allow tumor cells to
disseminate from the caval system through the valveless
epidural space and into the sinonasal region in a retro-
grade fashion.1908,1916 Additionally, tumor cells might also
travel through the arterial circulation into the head and
neck system in an anterograde fashion. The rich blood sup-
ply of themaxillary sinusmay explain its highermetastases
frequency. Lymphatic dissemination might occur when
cells spread in a retrograde fashion from regional lymph
nodes through the thoracic duct, the intercostal, medi-
astinal, or supraclavicular lymph vessels to the sinonasal
region.1912,1917 Another suggested pathway is directly from
an adjacent site, such as transcribriform spread from a
meningeal lesion.1918
Initial evaluation is similar to the workup of a pri-

mary sinonasal tumor workup and includes a thorough
history, a physical examination that includes endoscopy,
and an assessment of the oral cavity, neck, and cranial
nerves (including visual acuity and fields). As with any
sinonasal neoplasm, imaging studies should be obtained
prior to biopsy to appreciate the nasal anatomy, tumor
epicenter and extent, vascularity, and appropriate surgi-
cal approach. There are no known radiographic findings
specific to metastases. A CT with contrast can demon-
strate bony erosion and remodeling, enhancement and
vascularity, orbital, foramina, and skull base invasion,
and overall, the tumor aggressiveness. MRI can show soft
tissue involvement, tumor vascularity, neurovascular, lep-
tomeningeal, and mucosal spread. A tissue biopsy should
be obtained to establish the diagnosis. Once confirmed as
metastatic disease, appropriate evaluation within a mul-
tidisciplinary team is required. Whole-body staging scans
(e.g., PET/CT) might also be required for complete pri-
mary tumor anatomical localization, evaluation for other
metastatic spread, and staging assessment. For patients
with a known history of malignancy, lab studies includ-
ing complete metabolic panels, which may indicate a
specific extranasal origin (e.g., hyponatremia related to
RCC) or a paraneoplastic syndrome, urinalysis, and spe-
cific biomarkers such as carcinoembryonic antigen (CEA)
and prostate-specific antigen (PSA) may be useful as part
of the workup.1910,1919,1920
Several factors should be taken into account when

tailoring a patient- and disease-specific treatment strat-
egy. Significant prognostic factors include the biological
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ICAR SINONASAL TUMORS 327

behavior of the primary tumor, the extent of metastases
(oligometastatic or extensively disseminated disease), and
the availability of effective systemic therapy. The prognosis
in the majority of cases is poor. Improving patient QOL is
usually the goal of treatment with pain relief, bleeding pre-
vention, and alleviation of other symptoms. Most patients
should be treated with palliative intention.1910,1912,1921
Historically, management of sinonasal metastatic dis-

ease focused on palliative RT, and the role of surgery was
typically limited to biopsy and tumor debulking. Given the
rarity of sinonasal metastatic disease, most reported infor-
mation is limited to case reports and case series. RT has
been reported to be effective in symptom control and, occa-
sionally, improved PFS even for tumors like RCC, which
tend to be radioresistant.1922,1923 While there is an unclear
relationship between the response rate and the radiation
dose for sinonasal metastasis of any origin, various radio-
therapy regimens were reported, with no apparent benefit
to specific regimen.1912,1922–1924 A recent clinical trial sug-
gested that patients with a limited number of metastases
of diverse primary tumor origins and nonsinonasal metas-
tases sites could be cured if all lesions are eradicated
when treated with stereotactic ablative RT.1925 This con-
cept might eventually be extrapolated to the sinonasal
region but requires further investigation. In addition, RT
may be given as an urgent treatment to alleviate pain,
reduce bleeding, and shrink the lesion.1922,1926,1927
In recent years, with the evolution of EEA, a paradigm

shift toward including the option for surgical treatment,
while maintaining the oncologic principles of exposure,
adequate margins, and reconstruction, may be suitable for
selected patients with metastatic disease.1910,1912 EEA has
been reported to provide symptom relief and improved
QOLwhileminimizingmorbidity andmight be considered
for select patients.1928,1929 For instance, surgical resection
for a synchronous oligometastatic focus of disease may
prolong survival.1923,1930,1931 For disseminated metastatic
disease, surgical resection may provide symptomatic pal-
liation. Depending on the primary tumor, concomitant
systemic chemotherapy, hormonal therapy, immunother-
apy, or radioactive iodine ablation may be appropriate
adjuvant treatment.1910,1912,1922,1930 Given the relative rarity
of sinonasal metastatic disease, each case should be care-
fully assessed in a multidisciplinary fashion to determine
the best mode of treatment.

XXVIII OTHERMALIGNANT LESIONS

A variety of other malignant neoplasms may originate
within the nasal cavity or paranasal sinuses, includ-
ing malignant germ cell tumors, carcinosarcoma, and
teratocarcinosarcoma.1932–1937 These are extremely rare

tumors and can be confused with other pathologic enti-
ties before detailed histologic analysis has been completed.
Presenting signs and symptoms are often nonspecific,
mostly encompassing symptoms of nasal obstruction and
recurrent epistaxis, among other symptoms such as facial
pain and pressure.1932,1938 As with other sinonasal neo-
plasms, both CT and MRI work in concordance, delineat-
ing involvement of surrounding neurovascular and orbital
structures. PET/CT imagingmay provide some added ben-
efit to rule out the possibility of metastatic disease to the
nasal cavity and paranasal sinuses, as opposed to primary
tumor originating within the sinonasal tract.1933,1934 In this
particular group of tumors, demographics and immuno-
histochemical stains may provide value toward diagnosis
and optimal treatment selection.

A Germ cell tumors

Malignant germ cell tumors are most often found within
the testes and ovaries, as implied by the germ cell ori-
gin. Extragonadal germ cell tumors may occur in up to
20% of cases and are often found within midline structures
along the axial skeleton including the retroperitoneum,
the anterior mediastinum, and the suprasellar space, to
name but a few.1935–1938 The head and neck subsite as
a whole only accounts for roughly 1% of all extrago-
nadal malignant germ cell tumors; even less common
are primary sinonasal germ cell tumors.1939 Germ cell
tumors are classically divided into seminomatous germ
cell tumors (SGCTs) and nonseminomatous germ cell
tumors (NSGCTs), with the vast majority of extragonadal
tumors being the nonseminomatous type.1940
SGCTs encompass seminomas, which may also be

referred to as germinomas or dysgerminomas. It is quite
unusual to find these outside of the gonads as noted by very
few case reports in the literature.1941,1942 When seminoma
has been reported within the sinonasal cavity, it has been
in the setting of distant metastasis from a primary gonadal
site. Extrapolating from primary gonadal seminomatous
tumors, however, they are extremely sensitive to RT and/or
chemotherapy and should be treated accordingly.1942
NSGCTs are far more common than seminomas out-

side of the gonads and may be found within the sinonasal
cavity with no clear primary gonadal source. The most
common type of malignant germ cell tumor encountered
within the sinonasal cavity is the yolk sac tumor (YST), also
commonly referred to as endodermal sinus tumor.1943,1944
Often found in younger patients and in females, these
tumors can be pure or mixed, with most of them being
themixed type.1945–1947 Mixed YSTs are often found in con-
junction with other germ cell tumor components, such as
embryonal cell carcinoma or teratoma. A few diagnostic
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features seem to be fairly consistent with diagnosis of YST,
including the classic histologic appearance of Schiller–
Duval bodies.1706,1948–1951 These are described as sheets of
cuboidal cells with variable atypia that can be seen in sin-
gle lines surrounding blood vessels. IHCmay also elucidate
some key features, including identification of alpha feto-
protein (AFP) and SALL-4 expression.1952,1953 Serum AFP
is often elevated, which can become particularly impor-
tant as a serum biomarker for cancer surveillance.1954
Given the rarity of these tumors, treatment modalities
are widely variable. They often include multimodal treat-
ment, including surgery, RT, and chemotherapy. Many of
these are quite sensitive to chemotherapy and a variety
of agents have been previously used.1955–1958 This includes
chemotherapeutics such as bleomycin, etoposide, cis-
platin, carboplatin, ifosfamide, vincristine, 5-fluorouracil,
and others.1706,1943–1961 Although tumors may be respon-
sive to multiple forms of therapy, recurrence is commonly
local, and early metastases may be present in up to 50% of
cases.1961
Choriocarcinoma represents another form of NSGCT

that may be found within the nasal cavity or paranasal
sinuses. It can occur primarily within the sinonasal cav-
ity or be metastatic from a primary gonadal site.1962,1963
These may resemble many other tumors radiographically
and histologically, but unique to these NSGCTs is the
staining pattern and elevated serum levels of beta human
chorionic gonadotropin (ß-hCG).1946,1964 Again, this is a
particular tumor marker that can help with diagnosis
but can also aid in prognostication and cancer surveil-
lance. These are extremely rare as primary tumors in
the sinonasal cavity, but when encountered they have
been treated with maximal surgical resection followed by
systemic therapy.1964–1967 This often mimics treatment of
primary gonadal choriocarcinoma, starting with cisplatin,
etoposide, and ifosfamide (often referred to as VIP).1962–1968

B Carcinosarcoma

Carcinosarcoma represents another rare malignancy that
may occur in the sinonasal cavity.1935,1969–1974 It is consid-
ered a biphasic subtype of sarcomatoid carcinoma, with
biphasic growth patterns of both epithelial and mesenchy-
mal components (rather than a collision tumor).1975–1977
Demographically, there seems to be a slight preponder-
ance in males and elderly patients.1977 It is more often
encountered elsewhere in the head andneck, including the
laryngopharynx and salivary glands. Commonly affected
sinonasal subsites include the nasal cavity, followed by the
maxillary sinus.1975–1978 Again, as these tumors are exceed-
ingly rare, there is no standard for definitive management.
Treatment is often multimodal, including radical surgical

resection when feasible, followed by adjuvant RT.1979–1981
Local recurrence remains considerably high, with frequent
reports of distant metastatic disease.1982–1985

C Teratocarcinosarcoma

Initially referred to as nasal blastoma, teratocarcinosar-
coma is now an increasingly recognized malignant
sinonasal neoplasm that encompasses features of epithe-
lial, mesenchymal, and malignant teratoma.1986–1993 It is
often encountered in the nasal cavity and ethmoid sinus,
with 20% of tumors demonstrating intracranial exten-
sion at initial presentation.1994–2001 A triphasic growth
pattern is noted, including the benign and malignant
epithelial and mesenchymal components along with
primitive neuroectodermal (teratoid) elements.2002–2008
Microscopically, these tumors often demonstrate “fetal
appearing” squamous epithelium and clear cytoplasm
with large nucleoli, arranged in a teratoid or organoid
appearance.2009–2014 Despite the implication of the pre-
cursor “terato,” no germ cell features are encountered in
this tumor histologically.2013,2014 As such, many authors
believe these tumors are not of germ cell origin but instead
originate from totipotent cells in the olfactory fossa,
although several other postulated theories exist regarding
underlying histogenesis. Treatment is with multimodal-
ity therapy, most often reported through case reports and
case series.1434,2014–2051 However, despite the rarity of this
tumor there have been two systematic reviews published,
the most recent of which was published in January 2021
by Chapurin et al.2052 A total of 127 patients were identi-
fied after review, with outcome data only available for 58
patients. Themedian age was 50 years and there is a strong
male predilection (83%). The vast majority of patients were
treatedwith surgery plus adjuvant RT orCRT.With amean
follow-up of 21 months, the recurrence rate was 38% and
2-year OS was 55%. Kaplan–Meier analysis shows an OS
advantage for patients who are treated with multimodal
therapy, but no differences in disease recurrence. These
findings are similar to a prior systematic review published
in 2014.2053
To conclude, other rare malignant neoplasms can be

encountered within the nasal cavity or paranasal sinuses.
They often lack distinguishing clinical or radiographic fea-
tures compared to more common SNM. Demographics
may lend some clues, but ultimately the final diagnosis is
predicated on tissue biopsy. IHC and serummarkers, such
as ß-hCG and AFP, can be important not only for diagno-
sis but also for prognosis and tumor surveillance. There is
a paucity of data, and many treatment options are extrapo-
lated from case reports, case series, and systematic reviews
when available. Accordingly, these patients warrant dis-

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ICAR SINONASAL TUMORS 329

cussion atmultidisciplinary tumor conferences and should
receive comprehensive care andmultimodal therapywhen
feasible.

SECTION IV: MORBIDITY, QUALITY OF
LIFE, AND SURVEILLANCE

XXIX RISK FACTORS FOR SURGICAL
COMPLICATIONS

A Primary surgery

Surgery is part of the standard treatment for sinonasal
tumors and is also an option for salvage in cases of recur-
rence. The most common surgical complications encoun-
tered during sinonasal tumor surgery include bleeding,
infection, CSF leak, meningitis, diplopia and other visual
disturbance, orbital and intracranial injury, ORN, and sec-
ondary CRS.14,68,313,2054 Most studies involving sinonasal
tumors and its treatment outcomes are retrospective.
Research of this topic is challenging because of the low
incidence of these tumors and heterogeneous histologic
subtypes. Inmany cases, the use of suitable surgical instru-
ments and binarial access is recommended for better
execution of the procedures and allows for improved surgi-
cal performance. Both practices may reduce the incidence
of complications, especially in cases where conventional
techniques may not afford for adequate resection.68
Benign lesions, such as IP, have been preferentially

resected with endoscopic techniques with generally low
complication rate. Most complications encountered are
minor and include epistaxis, epiphora, or temporary max-
illary nerve paresthesia. Less frequently, major compli-
cations, such as CSF leak and orbital injury, are related
to tumor invasion of the orbit and skull base.674 Surgi-
cal management of vascularized tumors, particularly JNA,
has intraoperative massive blood loss as the major surgical
complication. Preoperative angiography allows for eval-
uation of tumor blood supply and possible embolization
to decrease intraoperative bleeding. According to Boghani
et al.767 in a systematic review that included 85 arti-
cles and 1047 patients who underwent primary resection
of JNA, preoperative embolization significantly reduced
intraoperative bleeding in cases operated by endoscopic or
combined approach. Another review with meta-analysis
published by Overdevest et al. analyzed 828 cases of JNA
submitted to embolization and found blood supply orig-
inating from the ICA system in 35.6% of patients and
bilateral supply in 30.8%, both associated with a significant
increase in intraoperative bleeding.2055
Dodhia et al. analyzed 448 patients who underwent

surgery for sinonasal tumors, of which 404 had an open

approach.2050 They found an overall complication rate of
36.8%, with severity reaching 13.6% in cases. The only fac-
tor associated with a higher perioperative risk of surgical
complications was advanced T stage, often represented
by orbital or intracranial invasion, although, in univariate
analysis, these factors alone were not statistically signifi-
cant for increased risk of surgical complications. A large
multicenter review conducted by Ganly et al. evaluated
1193 patients, who underwent open CFR of malignant
sinonasal tumors with skull base involvement.2056 They
reported an overall complication rate of 36.3%, with the
most frequent being those related to the surgical wound
(19.8%), followed by CNS complications (e.g., CSF leak,
meningitis, pneumocephalus) in 16.2% of cases. On mul-
tivariate analysis, the presence of comorbidities, previous
RT, and dural or cerebral invasion were the only predictors
for surgical complications. In the same study, the pres-
ence of comorbidity was the only significant risk factor for
perioperative mortality (RR 1.9, p = 0.05). Beswick et al.
prospectively followed 142 patients undergoing resection
of malignant sinonasal tumors, 69% by endoscopic access
and 31% by open or combined approach.14 They concluded
that factors such as age, sex, comorbidity status, T stage,
and chemotherapy before or after surgery were not asso-
ciated with a higher risk of early or late complications.
However, adjuvant RT was associated with a higher risk
of complications (p = 0.013) in patients undergoing open
or combined resection.
The introduction of vascularized nasoseptal flaps by

Hadad et al. for reconstruction of surgical defects in
accesses to the skull base has been effective to reduce
the risk of postoperative CSF leak.244 In cases where
the use of the nasoseptal flaps is not possible, lateral
nasal wall or pericranium flaps may be an option.141 The
rate of postoperative CSF leak is particularly frequent
in large anterior cranial fossa defects and tumors with
posterior fossa involvement.2057 Overweight and obese
patients tend to be more likely to develop postoperative
leaks when compared to patients with body mass index
<25 kg/m2.2058 Factors that lead to increased ICP, such
as patients with intracranial hypertension, are associated
with a decreased success rate in CSF leak repair. In these
patients, external CSF diversion (e.g., lumbar drainage)
could be considered for reducing ICP.2059 For a com-
prehensive discussion of the evidence surrounding skull
base reconstruction, please refer to ICSB 2019 sections X
(Reconstruction) and XI.A (Risk Factors for Postopera-
tive CSF Leaks) and associated updated reviews on this
topic.5,2060
Aggregate grade of evidence: C (Level 2: one study;

Level 3: five studies)
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330 KUAN et al.

B Patient and demographic factors

Age, sex, ethnicity, and socioeconomic status, as well as
tobacco and alcohol use, were not associated with a higher
risk of surgical complications in some series.14,2054 On the
other hand, a large retrospective cohort found a positive
association between the presence of comorbidities and
surgical complications, but the severity of comorbidities
was not rated.2056 Another review analyzed demographic
and patient factors in patients undergoing surgery for
SNM. They used the Charlson comorbidity index to strat-
ify preoperative comorbidities and Clavien–Dindo grade
to specify the level of complications, and no statistical
association was found between these variables.2054 Bash-
jawish et al. evaluated the relationship between age and
surgical complications, and concludes that there was no
significant difference in the incidence of complications
between elderly and nonelderly patients undergoing resec-
tion of nasal tumors.2061 The same conclusion about age
as a risk factor for surgical complications was reported by
Lepera et al. when analyzing 203 patients who underwent
endoscopic resection of sinonasal and anterior skull base
tumors.370 There is no consensus in the literature on demo-
graphic factors, comorbidities, and their impact on risk of
surgical complications, so the authors suggest that a care-
ful and individualized evaluation is always recommended,
considering the risks and benefits of surgical treatment.2062
Aggregate grade of evidence: C (Level 3: three studies;

Level 4: one study)

C Types of approach

Open CFR was traditionally the gold standard treatment
for sinonasal tumors. In the last three decades, the use
of endoscopic techniques, either alone or in combina-
tion with open approaches, has become more common.6
The endoscopic approach is widely used for treatment of
benign tumors and, in carefully selected cases, shown to
be a safe option with similar oncological results in the
management of malignant tumors.280 A systematic review
and meta-analysis by Lu et al. pooled 900 patients under-
going open or endoscopic surgery for treatment of SNM
and concluded that there was no significant difference in
major complication rate between the two approaches (RR
0.68; p = 0.12).313 In contrast, a systematic review and
meta-analysis published byMeccariello et al. that included
39 studies of 1732 patients with sinonasal adenocarcino-
mas treatedwith endoscopic techniques showed a different
result.259 They concluded that endoscopic and endoscopic-
assisted approaches were associated with lower rates of
major complications (6.6% and 25.9%, respectively) when
compared to open approaches (36.4%; p < 0.01).

Aggregate grade of evidence: C (Level 2: two studies;
Level 3: two studies)

D Salvage surgery

Salvage (or rescue) surgery is considered in patients with
a tumor recurrence, more commonly indicated in case of
malignant tumors with curative intent. Most studies that
address risk factors for surgical complications are focused
on primary surgery. Kaplan et al., in a case series that
analyzed 42 patients underwent salvage surgery, found an
overall complication rate of 28.6%.417 The most frequent
complications were CSF leak (n = 4), ORN (n = 2), and
epidural abscess (n= 2). One patient had a carotid blowout
and one patient required orbital decompression. Teshima
et al. analyzed the outcomes of 48 patients undergoing
surgery for malignancy involving the skull base, of which
30 were salvage cases.2063 They concluded that patients
undergoing RT or CRT had a significantly higher risk
of developing severe intraoperative complications when
compared to those who did not have prior treatment. Simi-
larly, anterolateral skull base resectionwas associated with
a higher rate of complications. Patients undergoing salvage
surgery are at higher risk of surgical complications, longer
hospital stays, and higher mortality rates compared with
those undergoing primary surgery.378
Aggregate grade of evidence: C (Level 3: two studies;

Level 4: one study)
Table XXIX.1 summarizes evidence surrounding risk

factors for surgical complications in sinonasal tumors.

XXX QUALITY OF LIFE
INSTRUMENTS

QOL is broadly defined by the WHO as an “individ-
ual’s perception of their position in life in the context
of the culture and value systems in which they live, and
in relation to their goals, expectations, standards, and
concerns.”2064 Survey instruments developed to assess
QOL may examine elements of general overall health-
related QOL, disease-specific QOL, and symptom-specific
QOL. There is no single instrument developed specifically
for all sinonasal tumors, although many questionnaires
exist that may be appropriate in certain clinical situa-
tions. For example, sinonasal tumors may involve the
anterior skull base, and several instruments exist to assess
QOL in patients undergoing skull base surgery.2065–2067
Additionally, disease-specific QOL instruments have been
developed for NPC. Ultimately, the choice of specific
instruments depends on tumor pathology, treatment type,
and goals of the assessment.
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ICAR SINONASAL TUMORS 331

TABLE XX IX . 1 Evidence surrounding risk factors for surgical complications in sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lu et al.313 2019 2 Systematic
review and
meta-
analysis

900 patients included
from 10 studies

399 (44%) Endoscopic
resection

501 (56%) open
resection

1. Types of
approach

2. Complication
rate

3. Recurrence
rate

4. Length of
stay

1. OR and ER showed comparable
complications rate (RR 0.68
p = 0.12) and recurrence
(RR = 0.84 p = 0.35)

2. ER was associated with shorter
LOS (–2, 9 days, p < 0.01)

Meccariello
et al.259

2015 2 Systematic
review and
meta-
analysis

39 articles including
1732 patients
underwent surgery
for sinonasal
adenocarcinomas

431 endoscopic
31 endoscopic-assisted
surgery

1270 open surgery

1. Types of
approach

2. Complication
rate

1. Growing evidence suggests that
endoscopic nasal resection of
nasal tumor is safe

2. Endoscopic and
endoscopic-assisted resection
showed lower rates of
complications (6.6% and 25.9%)
compared to open approaches
(36.4%, p < 0.01)

Boghani et al.767 2013 2 Systematic
review

1047 JNA patients
underwent surgery
from 85 studies

1. Types of
approach

2. Recurrence
rate

3.
Intraoperative
blood loss

Endoscopic resection was
associated with lower
intraoperative blood loss and
recurrence when compared with
open resection

Beswick et al.14 2021 3 Prospective
cohort

142 patients included
98 endoscopic
resection

44 open/combined
resection

1. Type of
surgical
approach

2. Gender
3. Adjuvant

radiation

1. A lower complication rate was
seen in male patients

2. Surgical approaches had similar
complication rates between
types

3. Open/CR was associated with
increased odds of complication
after accounting for RT

Dodhia et al.2054 2021 3 Retrospective
cohort

448 patients
underwent surgery
for Sinonasal or
skull base
malignancy

1. Mortality rate
2. Complication

rate
3.

Comorbidities
and
demographic
factors

4. T stage

1. 30-day mortality rate: 1.6%
2. Overall complication rate of

36.8%, severe complication of
13.6%

3. Advanced T stage was only
factor associated with
postoperative complications

Bashjawish
et al.2061

2019 3 Retrospective
cohort

920 patients
underwent surgery
for SNM

1. Age (Elderly)
2. Complication

rate

Elderly status was not an
independent risk factor for
surgical complications

Teshima
et al.2063

2018 3 Retrospective
cohort

30 patients underwent
salvage surgery for
tumors involving the
skull base

18 patients received RT
or CRT previously

1. Complication
rate

2. RT/CRT
status

Salvage surgery

CRT or particle RT was significantly
associated with a high risk of
severe complications after
salvage surgery

(Continues)

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



332 KUAN et al.

TABLE XXIX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Overdevest
et al.2055

2017 3 Retrospective
review and
Systematic
review and
Meta-
analysis

854 JNA cases
underwent surgery
after angiographic
embolization

1. Complication
rate

2.
Intraoperative
blood loss

3. ICA/bilateral
supply

1. ICA supply in 35.6% of tumors
and bilateral supply in 30.8%

2. ICA/bilateral arterial supply was
associated with increased
operative blood loss

3. Complex vascular contributions
to JNA are frequent,
underreported, and related with
increased blood loss

Kaplan et al.417 2015 3 Retrospective
cohort

42 patients with local
recurrence SNM
treated by salvage
surgery

1. Salvage
surgery

2. Complication
rate and
predictors

3. Histologic
subtype

Complications occurred in 28.6% of
patients and were associated only
with high-risk histologic subtype
(p = 0.04)

Suh et al.280 2013 3 Retrospective
cohort

49 patients underwent
surgery for SNM: 36
endoscopic
approach and 13
endoscopic-assisted
approach

1. Types of
approach

2. Oncological
outcomes

3. Medical
complication
rate

4. Surgical
complication
rate

1. Surgical and medical
complications were more
frequent with open approaches
than pure endoscopic ones

2. Although further studies are
required, ER may be used in
selected patients with similar
oncological results and less
morbidity

Ganly et al.2056 2005 3 Retrospective
cohort (mul-
ticenter)

1193 patients
underwent CFR for
malignant tumors of
the skull base from
17 institutions.

1. Complication
rate and
predictors

2. Mortality rate
3. Comorbidity

Factors that are predictive of
complications included medical
comorbidity, prior radiation, and
dural and brain invasion

Goshtasbi
et al.2062

2020 4 Retrospective
Database
study
(NSQIP)

95 patients underwent
skull base surgery
for ONB resection

1. Short-term
adverse event

2. ASA score
3. Time of

surgery
4. Length of stay
5. Preoperative

hematocrit
and albumin
levels

1. Postoperative morbidities in
ONB resection were associated
with longer operation time,
increased LOS, higher ASA, and
lower preoperative hematocrit or
albumin levels

Lehrich et al.378 2020 4 Retrospective
Database
Study
(NCDB)

3011 patients included
2804 primary
surgery

207 salvage surgery

1. Primary
surgery

2. Salvage
surgery

3. OS outcomes
4. Length of

stay

SS patients had longer LOS and
higher 30-day and 90-day
mortality when compared to PS

Abbreviations: CFR, craniofacial resection; ICA, internal carotid artery; JNA, nasopharyngeal angiofibroma (formerly juvenile nasopharyngeal angiofibroma);
NCDB, National Cancer DataBase; OS, overall survival; RT, radiotherapy; SNM, sinonasal malignancy.
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ICAR SINONASAL TUMORS 333

A Skull base QOL instruments

The first QOL instrument to be developed specifically
for skull base pathologies was the Anterior Skull Base
Surgery QOL questionnaire (ASBS-Q). It is a 35-item
question instrument for patients undergoing open skull
base approaches. Several sinonasal tumors including IP,
SCC, ONB, ACC, adenocarcinoma, and melanoma were
included in its initial development and analysis. It is com-
posed of six domains (performance, physical function,
vitality, pain, influence on emotions, and specific symp-
toms) and demonstrated sufficient reliability and validity.
The instrument was validated by testing its agreement
with the hypothesized effect of certain clinical variables
(e.g., malignancy, adjuvant radiation) on domain scores.
The instrument was also able to differentiate between
patient groups with different health statuses (e.g., older
patients achieved lower scores in the performance and
physical function domains than younger patients), further
demonstrating its validity. High internal consistency was
demonstrated by Cronbach’s alpha>0.8 in all domains.2068
The minimal clinically important difference (MCID) has
been determined as 0.4 (8%, score range 1–5).2069
The Skull Base Inventory (SBI) is a comprehensive

instrument of 41 items designed for patients with anterior
or central skull base pathologies undergoing endoscopic
or open surgical approaches. It was developed using a
population of 138 patients with several sinonasal tumors
such as ONB, ACC, and adenocarcinoma, in addition to
intracranial skull base pathologies such as pituitary ade-
noma, craniopharyngioma, or meningioma. There are 11
domains including cognitive, emotional, family, financial,
social, spiritual, endocrine, nasal, neurologic, visual, and
other.2070 The endocrine domain may be less relevant to
patients with sinonasal tumors, especially for those who
do not undergo adjuvant therapy. Psychometric properties
were tested in a multi-institutional study of 180 patients.
Concurrent validity was assessed by comparing the SBI
to the ASBS-Q and the nasal domain of the SBI to the
Sino-Nasal Outcomes Test-22 (SNOT-22). There was very
strong correlation with the SBI and moderate correlation
of the nasal domain with SNOT-22. In assessing construct
validity, three out of six hypotheses were satisfied and one
displayed a trend toward satisfaction. While it was hypoth-
esized that QOL would be worse in patients receiving
adjuvant therapy or in those with malignant disease, these
hypotheses were not satisfied by the SBI. Cross-cultural
and convergent validity were also found to be acceptable.
Responsiveness was demonstrated by significantmean dif-
ferences between preoperative and 2-week postoperative
total scores and among seven of the domains.2065,2070
The Endoscopic Endonasal Sinus and Skull Base

Surgery Questionnaire (EES-Q) is a multidimensional

instrument to assess general health-related QOL as well
as sinonasal morbidity following endoscopic endonasal
surgery. The EES-Q consists of 30 questions across three
domains (physical, psychological, social). It was validated
in a total sample of 300 patients undergoing endoscopic
skull base surgery predominantly for pituitary adenoma,
aswell as patients undergoing endoscopic sinus surgery.Of
note, 15 patients with IP were included and seven medial
maxillectomies were performed.2071 A subsequent study
validated the instrument by demonstrating significant pos-
itive and negative correlations between the EES-Q and the
SNOT-22 andpostoperative health status. The SNOT-22 is a
22-itemdisease-specific QOL instrument that has been val-
idated in patientswithCRS. It is widely used to assess nasal
morbidity across all pathology, despite not being validated
in patients with sinonasal or skull base tumors. The EES-Q
has also demonstrated excellent test–retest reliability with
intraclass correlation coefficients (ICCs) of 0.9 or greater
across the three domains. The instrument also demon-
strated responsiveness to clinical change when measured
preoperatively and 3 months postoperatively.2072
Sinonasal QOL is of particular importance for patients

undergoing EEA. The Sino-Nasal Outcome Test for Neu-
rosurgery (SNOT-NC) and Anterior Skull Base Nasal
Inventory (ASK Nasal-12) were developed specifically to
assess sinonasal symptom-specific outcomes and do not
assess general health-related QOL. The SNOT-NC was
modeled after the SNOT-22 and consists of 23 items across
five domains (nasal discomfort, sleep problems/reduced
productivity, ear and head discomfort, visual impairment,
and olfactory disturbance). It was validated in a sam-
ple of 102 patients with sellar pathology and found to
have good reliability, although retest reliability has not
been performed.2073 Similarly, the ASK Nasal-12 was also
validated in a sample of 104 patients with pituitary adeno-
mas undergoing endoscopic transsphenoidal approaches.
It consists of 12 items in one domain reported as a single
score.2074
De Almeida reviewed the nine QOL instruments spe-

cific to anterior and central skull base pathology includ-
ing Acromegaly QOL (AcroQOL), ASBS-Q, Quality of
Life Satisfaction Hypopituitarism (QLS-H), Pituitary ade-
noma QOL, Addison’s disease QOL (AddiQOL), QOL for
Growth Hormone Deficiency (QOL-AGHDA), Hormone
Deficiency-Dependent Quality of Life (HDQOL), Princess
Margaret Hospital Midface Dysfunction Scale (MDS), and
Cushing QOL. Seven of these instruments examined pitu-
itary pathology QOL, one measures midface dysfunction,
and another measures general skull base pathology. Three
instruments (ASBQ, QLS-H, and QOL-AGHDA) demon-
strated reliability as assessed by both internal consistency
and reproducibility. Three instruments (Pituitary QOL,
AddiQOL, and MDS) failed to demonstrate some form of
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validity as measured by responsiveness, or content, crite-
rion, concurrent, or construct validity.2075 Many of these
instruments assess QOL affected by endocrine changes
associated with pituitary pathology that may not be rele-
vant to treatment of sinonasal tumors.

B Head and neck cancer QOL
instruments

General head and neck cancer QOL questionnaires have
also been applied to patients with sinonasal tumors as
well. The European Organization for Research and Treat-
ment of Cancer (EORTC) Quality of Life Questionnaire
(QOL)-C30 and corresponding module for head and neck
neoplasms (H&N35) have been validated in many cul-
tures. The EORTC QLQ-C30 and H&N35 were developed
to measure cancer-specific and site-specific QOL and have
demonstrated good reliability and validity. The EORTC
QLQ-C30 contains 30 questions across five functional
scales, nine symptom scales, financial difficulty, and one
global health status scale. The Spanish version of the
QLQ-H&N35 applied both QLQ-C30 and QLQ-H&N35
instruments to 193 Mexican patients with tumors of the
head and neck, including tumors of the nasal cavity and
paranasal sinuses. This demonstrated internal consistency.
Each questionnaire has beneficial subscales and is more
informative about the patient’s overall status when used
together.2076

C Nasopharyngeal carcinoma QOL
instruments

NPC represents a distinct subtype of SNM given its
anatomic location, higher incidence in Asia, and accepted
first-line treatment of RT with or without chemother-
apy. QOL has been studied in patients with NPC using
generalized health QOL surveys and head and neck ques-
tionnaires including the EORTC QLQ-C30 and H&N35,
University of Washington QOL (UW-QOL), Medical Out-
comes Study 36-item short-formhealth survey (SF-36), and
functional assessment of cancer therapy (FACT) scales.
However, given the uniqueness of this tumor and popu-
lation, several QOL instruments have been developed for
and studied specifically in NPC.2077
In the initial validation of EORTC QLQ-C30 and

H&N35, NPC only represented a small percentage of the
total studied cancer population. These instruments have
been translated to Chinese and studied separately in a pop-
ulation of 100 NPC patient undergoing active treatment
or surveillance. Both questionnaires demonstrated high
internal consistency (Cronbach’s alpha >0.7 in all but one

scale) and test–retest reliability at 2 weeks (ICC 0.33–0.82
for QLQ-C30 and 0.71–0.8 for H&N35). There was mod-
erate to high correlation when compared to the Taiwan
standard version 1.0 of SF-36 implying validity.2078
Given that radiotherapy is standard-of-care treatment

for NPC, the Quality of Life Radiation Therapy Instru-
ment andHead&NeckModule (QOL-RTI/H&N) has been
translated to Chinese and studied in the NPC popula-
tion. This is a general scale of 24 items on a 0–10 Likert
scale assessing function, emotion, family/socioeconomics,
and general QOL. The H&N module contains seven more
specific symptom domains. It was studied in a series of
238 patients with NPC and found to have good test–
retest reliability (ICC > 0.8). Internal consistency was
variable (Cronbach’s alpha 0.41–0.77) with the lowest val-
ues in the emotion and family domains. Confirmatory
factor analysis was used to demonstrate construct valid-
ity. Responsiveness was tested after 28 days of treatment
with effect sizes ranging from 0.22 to 1.23. In general,
effect sizes were greater in the function and H&N domains
compared to emotion, family, and general domains. The
instrument had good operability and was completed in
an average of 9.8 min.2079 The QOL impact of oral reha-
bilitation with dental prostheses was assessed specifically
in a small sample of NPC patients in Turkey using the
Liverpool Oral Rehabilitation Questionnaire version 3
(LORQv3) and was found to have reasonable criterion
validity when compared with UW-QOL, good internal
consistency (Cronbach’s alpha 0.71–0.82), and moderate
to perfect test–retest reliability (kappa 0.62–1.00) in the
sample.2080
The FACT general scale (FACT-G) was appended

with an NPC disease-specific subscale (NPCS) to cre-
ate the Functional Assessment of Cancer Therapy—
Nasopharyngeal (FACT-NP). The FACT-NP consists of
the standard 27-item questionnaire assessing physical,
social/family, emotional, and function well-being, as well
as additional 11 items focused on NPC-specific concerns
such as swallowing, communication, neck movement,
hearing, smell, nasal blockage, and so forth. It was
demonstrated to have high internal consistency (Cron-
bach’s alpha 0.87–0.90) and test–retest reliability (ICC
0.73–0.88). It demonstrated good responsiveness to clini-
cal change when administered preoperatively and again
3 months after completion of RT (effect sizes >0.6).
The FACT-NP showed moderate to strong correlation
with the QOL-RTI/H&N inferring suggesting concurrent
validity.2081
The Quality of Life Scale of Nasopharyngeal Carci-

noma Patients (QOL-NPC-V2) is a questionnaire devel-
oped specifically for use in Chinese patients with NPC to
assess physical functioning and health status in the past
2 weeks. The updated version of the scale contains 33

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23262, W

iley O
nline L

ibrary on [02/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ICAR SINONASAL TUMORS 335

items on a 1–5 Likert scale across four domains (physi-
cal function, psychological function, social function, and
side effects).2077 In a sample of 487 patients, it was deter-
mined to have good internal consistency (Cronbach’s alpha
0.72–0.84), reliability (ICC> 0.8), and validity as evidenced
by correlation with QOL-NP, FACT-G, and FACT-H&N, as
well as by confirmatory factor analysis.2077,2082
The Chinese QOL Instruments for Cancer Patients

(QLICP v 2.0) was developed to assess QOL specifically in
Chinese patients. It contains a general module for most
patients (32 items) as well as short modules for specific
diseases, including NPC, consisting of 11 items.2083 The
structure is hierarchical and broken into items, facets,
domains, and overall. The four domains include physi-
cal, psychosocial, and social QOL, as well as common
symptoms/side effects. It generally demonstrated accept-
able overall validity and reliability; however, a large ceiling
effectwas noted in some facets and low responsivenesswas
identified in some domains, leading the authors to suggest
improvements prior to widespread use.
Additional QOL instruments have been developed

specifically for other cultures. The CV-IOR-CyC-01 is a 65-
item questionnaire of three domains and two ungrouped
questions on perceived health and health-related QOL
used to assess QOL of head and neck cancer patients. The
instrument explores health-related QOL in detail and is
adapted to Cuban society and culture. It demonstrated
acceptable internal consistency (Cronbach’s alpha 0.79–
0.90) and validity in a large sample of patients, of which
a small number had NPC.2084
Given the variety of QOL instruments available, it can

be challenging to determine which are most appropriate
(Table XXX.1). Deckard examined three validated QOL
instruments (ASBQ, SNOT-20, and European Quality-
of-Life-5 Dimension [EQ-5D]) and one endoscopy scale
(Lund–Kennedy Endoscopic [LKE]) in a cohort of 71
patients following both benign and malignant sinus and
skull base tumor resection.2085 The most common pathol-
ogy included IP, JNA, and SCC. Most surgical approaches
were endoscopic (78.8%), followed by combined endo-
scopic and open (21.1%). Forty-nine percent of patients
received a form of postoperative adjuvant therapy. A strong
correlation was found between the ASBS-Q and SNOT-20
instruments and between ASBS-Q and the EQ-5D; how-
ever, the EQ-5D did not differentiate between any of the
assessed variables in the study and may be too general for
use in this setting. The LKE correlated moderately with
SNOT-20 and weakly with the other instruments. This
highlights that there is not one ideal instrument to mea-
sure QOL in patients undergoing treatment for sinonasal
and skull neoplasms.Use ofmultiple instrumentsmay pro-
vide more useful complementary information depending
on the goals of the assessment.

Assessment of QOL in sinonasal tumors

Aggregate level
of evidence

B (Level 1: one study; Level 2: eight studies;
Level 3: nine studies; Level 4: one study)

Benefit QOL outcomes for patients with sinonasal
tumors have been studied with reliable
instruments that have been validated for
sinonasal disorders or head and neck
malignancies.

Harm No consensus has been made for the best
instrument for assessing QOL in sinonasal
tumors.

Cost Time (interviewer, patient, data entry, and
data analysis); survey fatigue especially
with multiple instruments

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Since there is no well-defined superior
metric, multiple metrices may be needed
for full evaluation of QOL outcomes. More
studies directly comparing QOL metrics
should be performed specific to sinonasal
tumor outcomes.

Policy level Recommendation.
Intervention QOL surveys should be utilized during the

management of patients with sinonasal
tumors to monitor patient outcomes, as
they have the potential to provide valid and
reliable information on outcomes for
patients with sinonasal tumors.

XXXI QUALITY OF LIFE FOR
SINONASAL NEOPLASMS

A Quality of life for benign neoplasms

1 Baseline and postoperative QOL
differences

Historically, open resection of sinonasal tumors resulted in
high morbidity with lasting impact on patients’ QOL.2088
The advent of endoscopic surgery avoids the morbidity
associated with external incisions required for open resec-
tion, but the impact on sinonasal and overall QOL was
not significantly investigated until the early 2010s. Several
recent studies have investigated the impact of minimally
invasive endoscopic resection of both benign and malig-
nant sinonasal tumors.2085,2089–2094 Early studies focused
onQOLoutcomes following endoscopic skull base surgery,
and Harrow and Batra in 2013 reported on sinonasal
QOL after endoscopic resection of sinonasal tumors. In
this series, patients with benign tumors, predominantly
IP (46%), recorded mean preoperative SNOT-20 scores of
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336 KUAN et al.

TABLE XXX . 1 Evidence surrounding quality of life instruments for sinonasal neoplasms and masses.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

de Almeida
et al.2075

2012 1 Systematic
review

Systematic review of
studies evaluating the
QOL instruments for
anterior or central
skull base pathology
(n = 9)
∙ AcroQOL
∙ ASB-QOL
∙ QLS-H
∙ Pituitary adenoma
QOL

∙ AddiQOL
∙ QOL-AGHDA
∙ HDQOL
∙ MDS
∙ Cushing QOL

Systematic
review of
anterior or
central skull
base QOL
instruments

1. Nine instruments identified
2. Seven address QOL for pituitary

pathology, one measures
symptoms for midface
dysfunction, one measures QOL
for skull base pathology in
general

3. Three instruments demonstrated
internal consistency and
reproducibility (ASB-QOL,
QLS-H and QOL-AGHDA)

Forner et al.2065 2021 2 Cross-sectional
study

Patients undergoing
endoscopic or open
anterior skull base
surgery at five
institutions (n = 180)
∙ Intracranial tumors
(n = 116)

∙ Vascular tumors
(n = 7)

∙ Other (ONB,
craniopharyngioma,
chondrosarcoma,
and others) (n = 47)

∙ Missing diagnoses
(n = 10)

Assess the
reliability and
validity of the
SBI in patients
with anterior
and central
skull base
pathology
undergoing
endoscopic
and open
approaches

The SBI has internal consistency,
reliability, and validity in patients
undergoing endoscopic and open
approaches for anterior or central
skull base pathology

Larjani et al.2086 2016 2 Cross-sectional
study

Patients surgically
treated for anterior or
central skull base
pathology (n = 52).
∙ ONB (n = 7)
∙ Craniopharyngioma
(n = 4)

∙ Pituitary adenoma
(n = 14)

∙ Adenocarcinoma
(n = 3)

∙ Meningioma (n = 5)
∙ Chordoma (n = 9)
∙ Cavernous
hemangioma (n = 2)

∙ ACC, hemangioma,
hemangiopericy-
toma,
chondrosarcoma,
JNA,
leiomyosarcoma,
osteosarcoma, SCC
(n = 1 each)

To establish the
discriminative
and evaluative
properties of
the SBI

The SBI demonstrated preliminary
reliability and validity for
discriminative use

(Continues)
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ICAR SINONASAL TUMORS 337

TABLE XXX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Su et al.2082 2016 2 Cross-sectional
study

Chinese patients with
NPC (n = 487)

Develop and
validate the
QOL-NPC
(version 2) in
the Chinese
population

The QOL-NPC (version 2) is valid,
reliable, and responsive in
Chinese patients with NPC

Chen et al.2079 2014 2 Cross-sectional
study

Chinese patients with
head and neck cancer
(n = 238)
∙ NPC (n = 170)
∙ Non-NPC (n = 68)

Develop and
validate the
Chinese
version of the
QOL-
RTI/H&N

The Chinese QOL-RTI/H&N has
good reliability, validity, and
responsiveness in Chinese
patients with head and neck
cancer

Peker et al.2080 2014 2 Cross-sectional
study

Turkish patients with
head and neck cancer
who underwent
prosthetic
rehabilitation (n= 46)
∙ Maxillary obturator
prostheses treated
by surgery alone
(n = 15)

∙ Maxillary obturator
prostheses treated
by surgery + RT,
with or without
chemotherapy
(n = 23).

∙ NPC patients
without maxillary
defects wearing
conventional dental
prosthesis treated by
RT with or without
chemotherapy
(n = 8)

1. Culturally
adapt the
LORQv3 for
Turkish-
speaking
head and
neck cancer
patients who
had
undergone
rehabilitation

2. Evaluate
psychometric
properties

The Turkish version of LORQv3 has
internal consistency and
test-retest reliability in
prosthetically rehabilitated
patients with head and neck
cancer

Carrillo
et al.2076

2013 2 Cross-sectional
study

Mexican patients with
head and neck cancer
(n = 139)
∙ Nasal or paranasal
sinus cancers
(n = 11)

∙ NPC (n = 8)
∙ Maxillary antrum
cancers (n = 4)

∙ Nonsinonasal head
and neck cancers
(n = 170)

Develop and
validate a
Mexican
Spanish
version of the
EORTC-QLQ-
H&N35 in a
Mexican
population
with H&N
cancer

The Mexican Spanish version of the
QLQ-H&N35 has good reliability
and validity in Mexican patients
with head and neck cancer

Tong et al.2081 2009 2 Cross-sectional
study

Patients with NPC
(n = 357)

Develop and
validate the
FACT-NP
survey

The FACT-NP has good reliability
and validity in patients with NPC

(Continues)
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338 KUAN et al.

TABLE XXX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Lo et al.2087 2004 2 Cross-sectional
study

Chinese patients with
head and neck cancer
(n = 138)
∙ Nasopharynx
(n = 106)

∙ Paranasal sinus
(n = 8)

∙ Nonsinonasal
(n = 24)

Validate the
QOL-
RTI/H&N for
Chinese
patients with
Head & Neck
cancer who
were treated
with radiation
therapy

The Chinese version of the
QOL-RTI/H&N survey is a
reliable and valid tool for
measuring QOL in Chinese
patients with H&N cancer

Lugo-Alonso
et al.2084

2017 3 Cross-sectional
study

Cuban patients with
head and neck cancer
(n = 520)
∙ Oral or
mesopharyngeal
cancer (n = 270)

∙ Laryngeal cancer
(n = 228)

∙ NPC (n = 22)

Construct and
validate an
instrument to
measure QOL
in Cuban
patients with
head and neck
cancer

The 65 item CV-IOR-CyC-01 survey
has good validity and
interpretability in the Cuban
population with head and neck
cancer

Wu et al.2083 2016 3 Cross-sectional
study

Chinese patients with
NPC (n = 121)

Develop and
validate a
Quality of Life
in Cancer
Patients
survey specific
to patients
with NPC in
the Chinese
population
(QLICP-NA
V2.0)

The QLICP-NA V2.0 has some
validity, reliability, and
responsiveness but needs
improvements before being
applied broadly in Chinese
patients with NPC

ten Dam
et al.2072

2018 3 Prospective
cohort

Patients with
paranasal sinus and
skull base pathology
(n = 100).
∙ Anterior skull base:
pituitary adenoma
(n = 28)

∙ Paranasal sinus
pathology: CRS,
mucocele, IP
(n = 72)

Evaluate the
test-retest
reliability,
construct
validity and
responsive-
ness of the
EES-Q

The EES-Q is a reliable and
acceptable disease specific tool
for HRQoL assessment after
endoscopic endonasal sinus or
anterior skull base surgery

ten Dam
et al.2071

2017 3 Prospective
cohort

Patients undergoing
EEA for sinonasal and
skull base pathology
∙ Sinus pathology
(n = 207)

∙ CRS (n = 165)
∙ Anterior skull base
pathology (n = 93)

Develop a multi-
dimensional
disease-
specific
HRQoL
instrument for
patients
undergoing
EEA to assess
nasal
morbidity
after
treatment

A 30-item EES-Q was developed
with high internal consistency
for all three HRQoL domains

(Continues)
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ICAR SINONASAL TUMORS 339

TABLE XXX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Deckard
et al.2085

2015 3 Prospective
cohort

Patients with sinonasal
and skull base tumors
(n = 71)
∙ Benign tumors (IP,
JNA, pituitary
adenoma, and
others) (n = 39)

Malignant tumors
(SCC, ONB,
adenocarcinoma,
ACC, and others)
(n = 32)

Evaluate
postoperative
QOL after
endoscopic
resection of
sinus and
skull base
neoplasms
using
validated
outcomes
measures
(SNOT-20,
ASBQ, EQ-5D,
and LKE
scores) and
perform
correlation of
the various
metrics

Concurrent use of multiple
instruments may better discern
QOL outcomes after endoscopic
tumor surgery

Amit et al.2069 2012 3 Systematic
review and
meta-
analysis of
retrospective
case series

Patients undergoing
endoscopic or open
extirpation of anterior
skull base tumors,
benign or malignant
(n = 118) evaluated
with ASBQ
∙ Retrospective
evaluation (n = 79)

Prospective evaluation
(n = 39)

Determine the
clinical
significance of
ASBQ scores

The MCID of the ASBQ was 0.4

de Almeida
et al.2070

2012 3 Retrospective
cohort study
with devel-
opment of
instrument

Patients who
underwent endoscopic
or open approach for
∙ An anterior or
central skull base
pathology (n = 138)

∙ Endoscopic/anterior
(n = 17; ONB,
meningioma,
encephalocele)

∙ Endoscopic/central
(n = 48; pituitary
adenoma,
chordoma,
craniopharyngioma)

∙ Open/anterior
(n = 48; ONB, SCC,
hemangiopericy-
toma,
adenocystic)

∙ open/central
(n = 25, chordoma,
chondrosarcoma,
craniopharyngioma)

Systematic
review to
identify
relevant QOL
instruments
and develop a
disease-
specific QOL
questionnaire
for anterior
and central
skull base
pathology

1. 41 questions with 11
disease-specific domains SBI
was developed

2. No reliability, validity and
responsiveness testing done

(Continues)
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340 KUAN et al.

TABLE XXX . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Gil et al.2068 2004 3 Cross-sectional
study

Patients surgically
treated for anterior
skull base tumors
(n = 35)
∙ Meningioma (n = 9)
∙ Mucocele (n = 7)
∙ IP (n = 3)
∙ Osteoma (n = 2)
∙ SCC (n = 2)
∙ ONB (n = 2)
∙ ACC (n = 1)
∙ Adenocarcinoma,
sarcoma, menin-
goencephalocele,
melanoma,
malignant
schwannoma,
plasmacytoma,
fibrous dysplasia,
epidermoid cyst,
angiofibroma (n = 1
each)

Develop and
validate a
cancer specific
multidimen-
sional
instrument for
QOL
assessment in
patients
undergoing
open anterior
skull base
surgery

A 35-question ASBQ with six QOL
domains was developed with
good internal reliability and
test–retest reliability

Chie et al.2078 2003 3 Prospective
cohort

Taiwanese patients
with NPC (n = 100)
∙ 50 NPC patients
under active
treatment

∙ 50 NPC patients
under follow-up

Validation of the
Taiwan
Chinese
version of the
EORTC-QLQ-
C30) and the
EORTC
QLQ-H&N35

The Taiwan Chinese version of the
EORTC-QLQ-C30 and the
EORTC-QLQ-H&N35 had
moderate to high test–retest
reliability and high internal
consistency in most scales and
could show expected differences
between patients in active
treatment and follow-up group

Gu et al.2077 2009 4 Prospective
cohort

Chinese patients with
NPC (n = 433)

Develop a
QOL-NPC
scale in the
Chinese
population

The QOL-NPC was created, but did
not undergo reliability or validity
testing

Abbreviations: AcroQOL, Acromegaly QOL; AddiQOL, Addison’s disease QOL; ASB-QOL, Anterior Skull Base QOL; ASBQ, Anterior Skull Base Questionnaire;
EES-Q, Endoscopic Endonasal Sinus and Skull Base SurgeryQuestionnaire; EORTC-QLQ-C30, EuropeanOrganization for Research andTreatment of CancerCore
QOLQuestionnaire; EORTC-QLQ-H&N35, EuropeanOrganization for Research and Treatment of Cancer Quality of Life Questionnaire inHead andNeckCancer;
EQ-5D, EuropeanQuality-of-life-5Dimension; FACT-NP, FunctionalAssessment of Cancer Therapy—Nasopharyngeal;HDQOL,HormoneDeficiency-Dependent
Quality of Life; LORQv3, Liverpool Oral Rehabilitation Questionnaire version 3; MDS, Princess Margaret Hospital Midface Dysfunction Scale; QLS-H, Quality
of Life Satisfaction Hypopituitarism; QOL-AGHDA, QOL for Growth Hormone Deficiency; QOL-NPC, QOL for Nasopharyngeal Carcinoma; QOL-RTI/H&N,
Quality of life Radiation Therapy Instrument for Head and Neck; SBI, Skull Base Inventory.

1.11.2089 Postoperatively, a significant reduction in over-
all mean SNOT-20 scores was identified at both 3 (−0.43;
p = 0.005) and 6 (−0.53; p = 0.002) months. The same
group in 2015 reported 2-year follow-up data among a
group of 32 patients with IP who underwent minimally
invasive endoscopic tumor resection.4 The mean preoper-
ative SNOT-20 of this cohort was 1.04, and, similar to the
prior study, at 6 months there was a significant reduction
in overall SNOT-20 scores (−0.51; p= 0.01). Despite overall
SNOT-20 scores being reduced at the 1- and 2-year follow-

ups, this failed to reach statistical significance. The authors
attribute this finding to patient dropout at these latter time
points.
Glicksman et al. prospectively enrolled patients with

benign sinonasal tumors and reported QOL data in 81
patients.2093 Most tumors were IP, similar to prior stud-
ies. Average baseline total SNOT-22was 25.9 and decreased
significantly to 15.7, 11.4, 12.8, and 12.9 at 3, 6, 12, and
24 months, respectively. Among all of these studies, rhi-
nologic and sleep subdomain scores contributed the most
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ICAR SINONASAL TUMORS 341

to baseline QOL impact.2089,2090,2093 As such, Harrow
et al. and Derousseau et al. reported the most significant
improvement in these subdomains postoperatively.2089,2090
Glicksman et al. demonstrated significant improvement in
all subdomains of the SNOT-22 in their cohort, although
the rhinologic and sleep components appeared to account
for the largest component of improvement in SNOT-22.2093
Importantly, Harrow and Batra note that the mean dif-
ference in 40% of their benign tumor cohort met the
minimal clinically important difference (MCID) for the
SNOT-20 questionnaire.2089 The mean difference of total
SNOT-22 scores in the Glicksman et al.7 cohort met the
MCID of the SNOT-22, but the authors did not specif-
ically comment on the percentage of patients who met
the MCID. Of note, the MCID of these questionnaires is
calculated for CRS patients and not tumor patients, and
it is important to make a distinction between statistical
significance and clinical significance particularly when
investigating QOL. Three other studies only reported post-
operative data, but suggested that postoperative SNOT-20
and SNOT-22 scores were comparable to those of normal
healthy controls.2085,2091,2092

2 Differences between benign and
malignant neoplasms

Comparison of QOL improvements between benign
and malignant sinonasal tumors has also been investi-
gated. Current data suggest that patients with benign
sinonasal neoplasms experience significant sinonasal
QOL improvement following minimally invasive endo-
scopic resection.2089,2090,2093 Consistently across these
studies, patients with malignant tumors tended to have
higher baseline SNOT-20 or SNOT-22 scores, and also
tended to have less consistent QOL improvement after
surgery. Improvement in SNOT-20 in patients with
malignant tumors in Harrow and Batra’s series failed to
reach statistical significance at any time point postoper-
atively. In fact, only the sleep subdomain demonstrated
a significant improvement at 6 months postoperatively.
Similarly, Derousseau et al. did not report any significant
improvement in SNOT-20 among patients with malignant
tumors.2090 However, within the sleep and psychological
subdomain, a significant reduction in SNOT-20 score was
noted at 1 and 2 years postoperatively in the malignant
tumor group. Contrary to the prior two studies, however,
Glicksman et al. recorded significant improvements in
overall SNOT-22 within both their benign and malignant
tumor cohorts at all time points.2093 Similarly, all SNOT-22
subdomain scores demonstrated significant improvement
in both groups. The authors report that the overall tra-
jectory of improvement was similar between the groups,
although the malignant group maintained relatively

higher scores at all time intervals.2093 Deckard et al. noted
that postoperative sinonasal QOL was significantly better
in benign tumor patients according to the anterior skull
base questionnaire and SNOT-20.2085 Together, these
findings suggest that patients with benign tumors tend to
have less severe QOL impacts at baseline. Additionally,
benign tumor patients consistently experience statisti-
cally significant QOL improvement after surgery, while
improvements in those with malignant tumors are less
predictable, and may be impacted by the requirement for
adjuvant therapy.

3 Morbidity related to extended maxillary
approaches

Expanded endoscopic approaches to sinonasal tumors
have allowed surgeons to extirpate progressively more
advanced tumors through a purely endoscopic approach.
How these expanded approaches affect disease outcomes,
namely, recurrence rate, complications, and survival, has
been extensively investigated (Table XXXI.A.1). However,
evaluation of QOL using validated metrics is less com-
monly reported. In their series of 37 patientswith sinonasal
IP, van Samkar and Georgalas did not find any differ-
ence in SNOT-22 scores among patients who required
medial maxillectomy for tumor resection compared to
those who underwent standard endoscopic surgical tech-
niques for tumor removal.2091 Additionally, Bertazzoni
et al. reviewed their series of 48 patients who under-
went the Sturmann–Canfield procedure (removal of the
entire medial wall of the maxillary sinus, sectioning of
the nasolacrimal duct, and enlargement of the pyriform
aperture laterally up to the infraorbital foramen, sim-
ilar to the modified endoscopic Denker technique) for
resection of maxillary sinus IP.2092,2095 The study only
included postoperative data, but the mean SNOT-22 score
in this series was 5.94. The mean follow-up in this series
was 66.3 months, though the authors do not comment
on the time point at which the SNOT-22 questionnaire
was filled out by patients. Although there is no control
group in this series, the low mean SNOT-22 score suggests
that this expanded approach may not significantly impact
overall sinonasal QOL. Finally, Lin and Chen reported
their series of 21 patients who underwent the endoscopic
prelacrimal approach for a variety of benign maxillary
sinus lesions.2094 Median postoperative SNOT-22 scores
were 8.0 in those with papillomas and 13.5 in patients with
non-papilloma pathology. Within the papilloma group,
despite a reduction in overall SNOT-22 from 17.5 preopera-
tively to 8.0 postoperatively, statistical significance was not
met. However, withmean total SNOT-22 scores of a control
population reported to be 12.0, these data would suggest
that the expanded prelacrimal approach for benign maxil-
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342 KUAN et al.

TABLE XXXI .A . 1 Evidence surrounding morbidity related to extended maxillary approaches.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Glicksman
et al.2093

2018 3 Prospective
cohort

1. Benign tumors
(n = 81)

2. Malignant tumors
(n = 64)

SNOT-22 1. Lower preoperative SNOT-22
scores in benign tumors

2. Reduction in SNOT-22 scores at
all time intervals in both benign
and malignant tumors

3. Rhinologic, sleep, and
psychological domains had
greatest impact on QOL in
benign tumors

4. Benign and malignant tumors
had similar trend in
improvement, but malignant
had higher scores at all time
points

Derousseau
et al.2090

2015 3 Prospective
cohort

1. IP (n = 32)
2. Malignant tumors

(n = 72)

SNOT-20 1. Baseline rhinologic and sleep
domains have largest impact

2. Significant reduction in
SNOT-20 at 6 months
postoperatively (1.04 > 0.53)

3. Overall and all subdomains
significantly lower in benign
compared to malignant at
6 months

Deckard
et al.2085

2015 3 Prospective
cohort

1. Benign (n = 39)
2. Malignant (n = 32)

1. SNOT-20
2. ASBQ
3. EQ-5D

1. Only postoperative data
2. Benign tumors had significantly

improved ASBQ and SNOT-20
scores as compared to malignant
tumors

Harrow and
Batra2089

2013 3 Prospective
cohort

1. Benign (n = 45)
2. Malignant (n = 49)

SNOT-20 1. Lower preoperative SNOT-20
scores in benign tumors

2. Baseline rhinologic and sleep
domains have largest impact

3. Significant reduction in mean
SNOT-20 postoperatively in
benign (1.11 > 0.58)

4. Insignificant reduction in
SNOT-20 postoperatively in
malignant tumors

Lin and
Chen2094

2020 4 Retrospective
case series

1. Papilloma (n = 9)
2. Nonpapilloma

(n = 12)

1. SNOT-22
2. VAS for

overall health

1. QOL after prelacrimal approach
to maxillary sinus

2. Preop SNOT-22 and VAS were
better in the papilloma group,
but only the nonpapilloma
group demonstrated significant
improvement postoperatively

3. No difference in postoperative
VAS or SNOT-22 between
papilloma and nonpapilloma
groups

(Continues)
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ICAR SINONASAL TUMORS 343

TABLE XXXI .A . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Bertazzoni
et al.2092

2017 4 Retrospective
case series

IP (n = 59) SNOT-22 1. Only postoperative data after
Sturmann–Canfield procedure
(modified endoscopic Denker)

2. Mean and median SNOT-22
scores consistent with general
population

3. Rhinologic and sleep
subdomains have greatest
impact

van Samkar and
Georgalas2091

2015 4 Retrospective
case series

IP (n = 34) SNOT-22 1. Only postoperative data
2. Postoperative SNOT-22 scores

comparable to general
population

3. No QOL impact in those
undergoing medial
maxillectomy compared to
standard endoscopic approaches

Abbreviations: ASB-QOL, Anterior Skull Base QO; EQ-5D, European Quality-of-life-5 Dimension; IP, inverted papilloma; QOL, quality of life; SNOT, Sino-Nasal
Outcome Test; VAS, visual analog scale.

lary sinus tumors does not significantly impair sinonasal
QOL.2096
Aggregate grade of evidence: C (Level 3: four studies;

Level 4: three studies)

B Quality of life for malignant
neoplasms

1 Baseline QOL

SNM, and its associated surgical interventions, can cause
significant morbidity.14,267,476,1199,2097–2099 With advance-
ments in surgical technique and multidisciplinary inter-
ventions, greater focus has been placed on optimiz-
ing posttreatment QOL and minimizing morbidity while
maximizing survival (Table XXXI.B.1).1513,2054 Patients
with SNM can present with variable symptoms, includ-
ing epistaxis, nasal obstruction, rhinorrhea, seizures,
orbital pathology, cranial nerve palsies, and headaches,
among others.267,2097,2098,2100 Overall, QOL research is lim-
ited by the fact that the questionnaires typically used
are validated for clinical conditions other than SNM
specifically.2085,2090,2093,2101–2103 Glicksman et al. calculated
a mean baseline total SNOT-22 score of 37 (range 0–110)
in patients with SNM, and Derousseau et al. computed
a baseline SNOT-20 score of 1.13 (range 0–5) in a cohort
of patients with sinonasal and skull base tumors.2090,2093
Deckard showed that advancedT stagewas associatedwith
worse baseline QOL.2085

Aggregate level of evidence: C (Level 3: five studies;
Level 4: two studies)

2 Postoperative QOL

Several studies have shown that QOL can improve postop-
eratively. InGlicksman’s analysis, patients who underwent
surgery experienced statistically and clinically signifi-
cant improvements in total SNOT-22 and subdomain
scores 6, 12, and 24 months postoperatively compared to
baseline.2093 While Derousseau’s study described similar
total and subdomain SNOT-20 scores at 6 months post-
operatively when compared to preoperative scores, the
SNOT-20 total score and psychological and sleep subdo-
main scores did improve 1 and 2 years after surgery.2090
Certain baseline characteristics may predict worse post-

operative QOL. Phillips et al. showed that less social
support, single relationship status, and higher T-stage
classification independently predicted more severe post-
treatment anxiety and depression.2103 Worse social support
also independently predicted lower overall QOL. Smok-
ing has also been shown to be predictive for diminished
postoperative QOL, based on the SNOT-20.2090

3 Morbidity related to orbital resection or
orbitotomy

Controversy exists regarding the indications for orbital
exenteration and orbital preservation, and management
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344 KUAN et al.

TABLE XXXI . B . 1 Evidence surrounding baseline QOL in sinonasal malignancies.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Philips et al.2103 2020 3 Retrospective
cohort

81 patients with SNM
who underwent
definitive treatment,
87% of whom
underwent surgery

1. Posttreatment
QOL

2. Predictors of
QOL

1. 34% of patients had scores
suggestive of borderline
depression or anxiety, and 14.8%
had scores associated with
significant depression or anxiety

2. Worse social support
independently predicted lower
overall QOL

Glicksman
et al.2093

2018 3 Prospective
cohort

82 patients who
underwent
endoscopic
resection of SNM

SNOT-22 scores
1. Baseline
2. Up to

24 months
after surgery

1. Mean baseline total SNOT-22
score: 37.0 (95% CI: 32.0–42.1)

2. Postoperative SNOT-22 scores:
28.5 (95% CI: 23.4–33.7) at 6
moths, 26.5 (95% CI: 20.4–32.5)
at 12 months, and 26.5 (95% CI:
20.8–32.2) at 24 months

3. Statistically significant
improvement in all SNOT-22
subdomains at all time points

Cao et al.267 2017 3 Retrospective
cohort

33 patients with
sinonasal mucosal
melanoma who
underwent resection

1. Baseline
symptoms

2. Perioperative
complications

1. Epistaxis and nasal obstruction
were the most common
presenting symptoms

2. No patients experienced severe
perioperative complications

Deckard
et al.2085

2015 3 Prospective
cohort

71 patients with
sinonasal and skull
base tumors, 39 of
which were
malignant

1. SNOT-22
2. ASBQ
3. EQ-5D
4. LKE scores

1. Patients with higher T-stage
tumors had worse SNOT-20,
ASBQ, and LKE scores than
those with lower T-stage tumors

2. Patients with malignant tumors
had worse SNOT-20, ASBQ, and
LKE scores than those with
benign tumors

Derousseau
et al.2090

2015 3 Prospective
cohort

72 patients with SNM
who underwent
endoscopic resection

1. Baseline
SNOT-20
score

2. Postoperative
change in
SNOT-20
score

1. Baseline SNOT-20 score: 1.13
2. Postoperative change in

SNOT-20 score: 0 (6 months),
–0.22 (1 year), –0.29 (2 years)

3. No statistical change in total
SNOT-22 score or rhinologic or
ear/face subdomain scores
between the preoperative and
postoperative time points

4. Statistically significant
improvement in SNOT-22
psychological and sleep
subdomain scores between the
preoperative and 1- and 2-year
postoperative time points

Goel et al.2102 2019 4 Retrospective
database
study
(National
Readmis-
sions
Database)

5346 patients who
underwent resection
of SNM

Incidence of
baseline frailty

7.4% of patients were defined as
frail at baseline

(Continues)
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ICAR SINONASAL TUMORS 345

TABLE XXXI . B . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Bisogno
et al.2100

2012 4 Retrospective
case series

Nine patients with
ONB, four of whom
underwent surgical
resection

1. Baseline
symptoms

2. Long-term
sequelae

1. Baseline symptoms included
recurrent epistaxis (2), nasal
obstruction (1), seizures (1),
exophthalmos (1), proptosis (1),
cranial nerve palsy (1), and
headache (1)

2. Long-term sequelae included
chronic sinusitis (1), hyposmia
(1), chronic headache (1), and
facial bone hypoplasia (1)

Abbreviations: ASB-QOL, Anterior Skull Base QOL; LKE, Lund–Kennedy endoscopy score; ONB, olfactory neuroblastoma; QOL, quality of life; SNM, sinonasal
malignancy; SNOT, Sino-Nasal Outcome Test; VAS, visual analog scale.

decisions intend to balance the associated morbidity of
surgery and other treatments against the risk of recurrence
(Table XXXI.B.2).166,2104 Surgical complications have been
reported with both orbital exenteration and orbital preser-
vation. Traylor et al. studied 180 patients who underwent
orbital exenteration for malignancies, 40 of which were
for sinonasal primary tumors.2105 The 30-day postoperative
complication rate was 15%, with surgical site infections,
CSF leak, and pneumonia being the most frequent. The
most common Clavien–Dindo grade was II (9%), followed
by IIIa (2%) and IVa (2%). Sugawara et al. evaluated 15
patients who underwent CFR with orbital exenteration
for SNM involving the orbital apex; they reported a post-
operative infection rate of 33% but no new neurologic
deficits in any patients postoperatively.166 Spiegel and Var-
vares described a series of four patients with intracranial
complications (three with large abscesses, one with symp-
tomatic epidural enhancement) after orbital exenteration
who were successfully treated with free flap obliteration of
the orbital cavity.2104
Rajapurker et al. studied 19 patients who underwent

resection of SNMwith orbital preservation and found globe
malposition (n = 2), enophthalmos (n = 3), and diplopia
(n = 2) among the postoperative sequelae.511 Imola et al.’s
analysis found a higher (63%) rate of globe malposition
after orbital preservation surgery.338 Stern et al. studied
18 patients who underwent orbital preservation surgery
and found that resection of the orbital floor led to a
39% rate of ectropion compared to a rate of 20% with
preservation of the floor.2106 Li et al. reported a variety
of complications after orbital exenteration or orbitotomy,
including local wound infection, CSF leak requiring reop-
eration, intracranial abscess necessitating drainage, and
intraorbital infection requiring orbital decompression.164
However, Li’s study did not clearly delineate whether the
complications were found in the orbitotomy or in the
exenteration cohorts.

Multiple authors have described the ophthalmic func-
tional outcomes associated with orbital preservation
strategies in the management of SNM. The treatment out-
comes in this population reflect either primary surgery,
neoadjuvant or adjuvant therapies, or revision surgery for
tumor recurrence.164,220,336,338,511,2106 Because many orbital
preservation patients receivemultimodal therapy, it can be
difficult to assess the relative contribution of each therapy
to specific outcomes. These ocular and orbital sequelae can
include visual loss, cataract formation, dry eye, keratitis,
keratopathy, ectropion, enophthalmos, diplopia, epiphora,
among others. Imola et al. found that 91% of patients
who underwent orbital preservation surgery had a use-
ful seeing eye (range of follow-up: 2–10.5 months after
surgery) and 74% had no change in vision.338 However,
41% had one or more ocular symptoms, two patients had
only light perception, and one had no light perception.
Looking further, Ferrari et al. reported functional eye rates
reaching 92.8% and 86.6% when measured 5 and 10 years
after orbital preservation treatment, respectively.220 Sim-
ilarly, Turri-Zanoni described a 4% rate of nonfunctional
eye after orbital preservation.165 In patients with ONBwho
had orbital invasion, Li et al. showed that 63% of patients
treated with orbital preservation and RT had no visual
impairment or grade 1 visual impairment, while 9% had
grade 2, 11% grade 3, and 13% grade 4.495 Looking specifi-
cally at outcomes after orbital floor resection, Stern found
a variety of potential functional impairments, including
ectropion, enophthalmos, diplopia, keratitis, and no light
perception.2106 Ferrari et al. found that tumor involve-
ment of extraconal fat was predictive of worse orbital
dysfunction-free survival.220 Despite these positive reports,
it should be noted that these outcomes are reported retro-
spectively with the potential for significant selection bias
in the patients offered this intervention.
While there is a fairly well-defined body of literature

on surgical complication rates and functional orbital out-
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346 KUAN et al.

TABLE XXXI . B . 2 Evidence surrounding morbidity related to orbital resection/orbitotomy for sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Traylor et al.2105 2021 3 Retrospective
cohort

180 patients who
underwent orbital
exenteration for
malignancies. 40 of
these were for
sinonasal primary
tumors

1. 30-day
postoperative
complications

2. Clavien–
Dindo
classification

1. 15% of patients had 30-day
postoperative complications,
including surgical site infections
(7%), CSF leak (2%),
pneumocephalus (<1%), cerebral
edema (<1%), epidural hematoma
(<1%), and pneumonia (3%)

2. Clavien–Dindo classification:
Grade I (0), Grade II (9%), Grade
IIIa (2%), Grade IIIb (<1%), Grade
IVa (2%), Grade IVb (0), and Grade
V (<1%)

Li et al.495 2019 3 Retrospective
case series

72 patients with ONB
who underwent
resection (53%
endoscopic) and RT

Seven (10%) had
orbital exenteration
and 65 (90%) orbital
preservation

Visual
impairment

Orbital preservation group: 63% had
no or grade 1 visual impairment, 9%
had grade 2 visual impairment, 11%
grade 3, and 13% grade 4

Imola and
Schramm338

2002 3 Retrospective
cohort

66 patients who
underwent resection
of SNM involving
the orbit: 12 orbital
exenteration and 54
orbital preservation

1. Functional
outcomes

2. Change in
vision

3. Other ocular
sequelae

1. 91% of patients had a useful seeing
eye, 41% of whom had one or more
ocular symptoms

2. 40 patients had no subjective
change in vision, nine had partial
loss of vision with continued
serviceable vision, two had partial
loss with nonserviceable residual
vision, two had only light
perception, and one no light
perception

3. 34 patients had globe malposition.
Additional findings included
ectropion (11), blepharitis (18),
corneal exposure keratopathy (6),
epiphora (7), dryness (5), optic
atrophy (2), and cataract formation
(4)

Stern et al.2106 1993 3 Retrospective
cohort

18 patients who
underwent total
maxillectomy with
resection of orbital
floor versus 10
patients with
preservation of
orbital floor

Functional
outcomes after
1. Orbital floor

resection
2. Orbital floor

preservation

1. Resection of orbital floor outcomes:
no light perception (2), ectropion
(7), enophthalmos (3), keratitis (4),
keratopathy (2), diplopia (4), and
optic atrophy (1)

2. Preservation of orbital floor
outcomes: ectropion (2), epiphora
(1), keratitis (1), and local tumor
recurrence followed by
exenteration (1)

(Continues)
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ICAR SINONASAL TUMORS 347

TABLE XXXI . B . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Ferrari et al.220 2021 4 Retrospective
case series

123 patients with SNM:
76 underwent orbital
preservation surgery
and 47 orbital
exenteration

1. Functional
outcomes

2. Predictors of
orbital
dysfunction-
free survival

1. 92.8% and 86.6% of patients at 5 and
10 years, respectively, who
underwent orbital preservation
surgery had functional eyes

2. Four patients in the preservation
group ultimately required orbital
exenteration for recurrence

3. Involvement of extraconal fat was
predictive of worse orbital
dysfunction-free survival rates

Li et al.164 2020 4 Retrospective
case series

88 patients with
sinonasal tumors: 72
underwent surgery
and radiation (seven
orbital exenteration
and 65 orbital
preservation)

Postoperative
complications

Postoperative complications included
local wound infection (2), CSF leak
requiring reoperation (1),
intracranial abscess requiring
drainage (1), and intraorbital
infection requiring orbital
decompression (1)

Rauchenwald
et al.2107

2020 4 Retrospective
case series

Two patients who
underwent orbital
exenteration with
free flap
reconstruction

Postoperative
1. SNOT-22
2. NOSE
3. Nasal

endoscopy

1. SNOT-22: responses for nasal
obstruction and need to blow nose
ranged from “none” to “moderate”

2. NOSE: one patient had mild nasal
obstruction and the second had
moderate obstruction

3. Nasal endoscopy: Patent nasal
cavities on postoperative endoscopy

Turri-Zanoni
et al.165

2019 4 Retrospective
case series

163 patients with
sinonasal tumors
involving the orbit:
38 underwent orbital
exenteration and 125
orbital preservation

Postoperative
functional
outcomes

1. 96% of patients with orbital
preservation had a functional eye,
while 4% had a nonfunctional eye

2. Enophthalmos (21), diplopia (9),
and epiphora (7) were common
sequelae

Sugawara
et al.166

2015 4 Retrospective
case series

15 patients with SNM
involving the orbital
apex treated with
CFR and orbital
exenteration

1. New
postoperative
neurological
deficits

2. Perioperative
complications

1. No new postoperative neurological
deficits

2. Five patients (33%) had
postoperative infections.

Rajapurkar
et al.511

2012 4 Retrospective
case series

19 patients with SNM
who underwent
orbital preservation
surgery

Postoperative
functional
outcomes

1. 11 out of 16 had no functional
impairments

2. Functional impairments related to
surgery included diplopia (2), globe
malposition (3), and enophthalmos
(2)

Spiegel and
Varvares2104

2007 4 Retrospective
case series

Four patients who
underwent orbital
exenteration and
developed
intracranial
complications

Postoperative
complications

1. Three patients developed had large
brain abscesses

2. One patient had epidural
enhancement and neurologic
symptoms

3. Three patients underwent free flap
obliteration of the orbital cavity
with subsequent resolution of
symptoms

Abbreviations: CRF, craniofacial resection; NOSE, Nasal Obstruction Symptom Evaluation; RT, radiation therapy; SNM, sinonasal malignancy; SNOT, Sino-Nasal
Outcome Test.
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348 KUAN et al.

comes, the literature on sinonasal outcomes associated
with orbitotomy and orbital resection is more limited. To
prevent nasal obstruction associated with free flap recon-
struction after orbital exenteration, Rauchenwald et al.
performed nasal splinting for 4 weeks after surgery.2107
Postoperatively, one patient had mild nasal obstruction
based on the NOSE questionnaire, and the second patient
had moderate nasal obstruction. Both had patent nasal
cavities on postoperative endoscopy. SNOT-22 line-item
responses for nasal obstruction and need to blow nose
ranged from “none” to “moderate.”
Aggregate level of evidence: C (Level 3: three studies;

Level 4: eight studies)

4 Morbidity related to intradural resection

Morbidity from intradural resection can include olfac-
tory dysfunction, neurocognitive symptoms (anxiety, emo-
tional burden, memory deficits, visual motor speed,
frontal lobe executive function), cerebrovascular com-
plications, intracranial infections, central endocrine dys-
function, and visual symptoms (e.g., vision changes,
diplopia) (Table XXXI.B.3).2098 Mehta et al. reviewed 252
patients with SNM involving the skull base (89% of which
required durotomy) and found an overall perioperative
complication rate of 28%, including 18% who had major
complications (Clavien–Dindo grades IIIb–V).179 Compli-
cations included symptomatic pneumocephalus, epidural
hematoma, CSF leak, diplopia, wound complications, and
infection. Yeung et al. evaluated 17 patients with T4b
SNM with intracranial extension who underwent salvage
resection and calculated a 35% perioperative complication
rate, including CSF leak (18%), free flap congestion (6%),
subcortical infarct without sequelae (6%), and death (6%,
n = 1).2108 Ziai et al. showed statistically similar rates of
complications between 21 patients who underwent dural
resection and 16 patients who had no dural resection.2109
Complications includedmeningitis (n= 1), abscess (n= 1),
other infection (n = 6), and pneumocephalus (n = 1).
Various patient-reported outcome measures have

been used to characterize the QOL impact of transdu-
ral/intradural surgery. Tyler et al. showed no difference
in postoperative QOL between extradural (n = 29) and
transdural (n = 9) resection of SNM, based on the global
EQ-5D visual analog scale.2110 Patients with extradural
versus intradural surgery had similar scores on the
disease-specific MD Anderson Symptom Inventory-Head
and Neck (MDASI-22), and Anterior Skull Base Ques-
tionnaire (ASBQ) when measured a median of 65 months
after treatment. Advanced T-stage tumors, however, were
associated with worse ASBQ total scores.2110 Based on the
MDASI-22, diminished taste (25%) and mucus in throat

(20%) were cited by patients as two of their most severe
symptoms. In the ASBQ, symptoms reported as beingmost
severe included those involving sense of smell (40% of
patients), nasal secretions (39%), and taste (39%). However,
none of these instruments are designed or able to measure
frontal lobe function and to date, no neuropsychiatric or
neurocognitive studies of this patient population exist.
Furthermore, the multimodality therapies deployed in
this T4 disease again muddy the impact of surgery and RT
on morbidity.
Postoperative hyposmia/anosmia is a specific concern in

the treatment of ONB.374,1361,2111 Sun et al. studied SNOT-22
scores in patients with Kadish stage C esthesioneuroblas-
toma a median of 42.3 months after endoscopic resection
and found worsened olfactory scores compared to pre-
operative baseline.2111 Tajudeen et al. administered the
UPSIT to 14 patientswithONBwhounderwent endoscopic
unilateral resection with preservation of one contralat-
eral olfactory bulb, followed by a full course of adjuvant
RT.1361 After a mean of 37.3 months after treatment, six
(43%) of patients had residual smell function, two (14%)
of whom had normal or only mildly reduced smell func-
tion. Schreiber et al. demonstrated that patients who
underwent transnasal craniectomy with unilateral resec-
tion had higher rates of subjective olfactory preservation
(46% vs. 0%), compared to those who underwent bilat-
eral resection.374 However, by objective UPSIT testing, 82%
of the unilateral resection group patients had anosmia,
whereas 18% had severe hyposmia. The median UPSIT
score for the unilateral resection group was 12 (range 5–
27), while scores in the bilateral resection group were
not reported. In the pediatric population, Maggiore et al.
showed in a case report that preservation of the contralat-
eral olfactory bulb enabled normal postoperative olfactory
function, with a postoperative UPSIT of 38.2112
Aggregate level of evidence: C (Level 3: three studies;

Level 4: four studies)

XXXII QOL AFTERMULTIMODALITY
TREATMENT FOR SINONASAL
MALIGNANCIES

As treatment outcomes of SNM continue to improve, there
is increasing focus on the long-term treatment side effects
and QOL of survivors. This shift is occurring through-
out oncology but is particularly important in SNM due to
the proximity of the treatment field to critical structures
(i.e., optic apparatus, cranial nerves, brain). Newer modal-
ities including proton beam therapy and immunotherapy
attempt to optimize oncologic outcomes while minimiz-
ing morbidity associated with traditional therapies, which
has increasingly led to the inclusion of QOL and functional
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ICAR SINONASAL TUMORS 349

TABLE XXXI . B . 3 Evidence surrounding morbidity related to intradural resection for sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Tyler et al.2113 2019 3 Cross-sectional
study

114 patients who
underwent
treatment (n = 38
surgical, n = 29
extradural and nine
transdural) for
sinonasal or
nasopharyngeal
carcinoma

Specific QOL
scores using
1. EQ-5D VAS
2. ASBQ
3. MDASI-22
4. Comparison of

QOL scores

1. Mean EQ-5D VAS score of 71.1
(22.3)

2. Mean ASBQ sum score of 128.3
(26.4)

3. Mean MDASI-22 composite
score of 47.3 (35.1)

4. No difference in EQ-5D, VAS,
ASBQ, and MDASI-22 scores
with extradural versus
transdural surgery

5. Patients had similar EQ-5D VAS
scores as the general population
12 months after treatment

Schreier et al.374 2018 3 Retrospective
cohort

54 patients with
sinonasal
adenocarcinoma: 27
underwent
unilateral
endoscopic resection
with transnasal
craniectomy
(uERTC) and 27
patients bilateral
(bERTC)

1. Complication
rate

2. Olfaction
3. SNOT-22 score

1. Most common complications
were epistaxis (2), postoperative
fever (3), lacrimal stenosis (4),
CSF leak (2), and pulmonary
embolism (2)

2. 46% of patients after uERTC had
olfactory function, with a
median UPSIT of 12 (range 5–27)

3. Statistically similar
postoperative SNOT-22 scores
between uERTC and bERTC
(median 13.5 vs. 11.0)

Ziai et al.2109 2018 3 Retrospective
cohort

37 patients with SNM,
21 of whom
underwent dural
resection and 16
who did not

Postoperative
complications

1. Complications included CSF
leak, infection, meningitis,
abscess, and pneumocephalus

2. Patients who underwent dural
resection had higher but
statistically insignificant
postoperative complication rates

3. Similar rate of CSF leaks
between groups

Mehta et al.179 2022 4 Retrospective
case series

252 patients with SNM
involving the
anterior skull base
with a mean
follow-up of
6.5 years

1. Complications
and associated
factors

2.
Ophthalmological
outcomes

1. 28% overall complication rate
2. Complications included

symptomatic pneumocephalus
(7%), epidural hematoma (7%),
CSF leak (5%), wound
complications (4%), and
infection (3%)—18% major
complication rate
(Clavien–Dindo classification
[grades IIIb, IV, and V])

3. 2.9% had ocular findings (5%
permanent), with the most
common being diplopia

Yeung et al.2108 2021 4 Retrospective
case series

17 patients with T4b
SNM with
intracranial
extension who
underwent salvage
resection

Perioperative
complications

Six of 17 patients had perioperative
complications, including CSF
leak (n = 3), free flap congestion
and edema (n = 1), subcortical
infarct without long-term
sequelae (n = 1), and death
(n = 1) from pneumonia and
cardiogenic shock

(Continues)
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350 KUAN et al.

TABLE XXXI . B . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Sun et al.2111 2021 4 Retrospective
case series

26 patients who
underwent
endoscopic resection
of Kadish stage C
ONB and were
evaluated a median
of 42.3 months after
surgery

Change in
SNOT-22 score

1. Improvement in postoperative
SNOT-22 question scores for
frustration/restlessness/
irritability, difficulty falling
asleep, nasal obstruction,
waking up tired, and waking up
at night

2. SNOT-22 score for olfaction
worsened after surgery

Tajudeen
et al.1361

2016 4 Retrospective
case series

14 patients with ONB
who underwent
endoscopic resection
with preservation of
one olfactory bulb
and adjuvant RT

Posttreatment
UPSIT scores

1. UPSIT scores (mean 37.3 months
after treatment) ranged from 8 to
38

2. Six (43%) patients had residual
smell function, two (14%) of
whom had normal or mildly
reduced smell

Abbreviations: ASB-QOL, Anterior Skull Base QOL; bETC, bilateral endoscopic resection with transnasal craniectomy; EQ-5D VAS, validated global [(EuroQol-
5D) Visual Analog Scale; FACT-NP, Functional Assessment Cancer Therapy—Nasopharynx; HADS, Hospital Anxiety Depression Scale; MDASI-22,MDAnderson
Symptom Inventory-Head and Neck (MDASI-HN); ONB, olfactory neuroblastoma; QOL, quality of life; SNM, sinonasal malignancy; SNOT, Sino-Nasal Outcome
Test; uERTC, Unilateral endoscopic resection with transnasal craniectomy; UW-QOL, University of Washington-Quality Life.

outcomes in trials. Here, we review the data on treatment
morbidity and QOL outcomes in SNM.

A General QOL following
multimodality treatment

As noted in a focus group study examining symptoms
that persistently affect QOL after SNM treatment, multi-
modality SNM treatment impacts multiple aspects of QOL
including visual changes, nasal crusting,memory changes,
loss of work and hobby, and change in family relationships
(Table XXXII.1).2075 In a recent review by Noel et al., the
authors found that physical QOL in survivors tended to
be affected by physical symptoms such as headache and
nasal congestion, while emotional QOL was affected by
social isolation and cognitive changes.2066 In most studies,
QOL is worse in the first several months after treatment
but improves in most domains over time.2088,2114–2116 Simi-
larly, performance status has also been shown to improve
with time after treatment.2117 A recent study by Fisher
et al. examined general health-relatedQOL (HRQOL) after
SNM treatment via the SF-36 and found HRQOL equiva-
lent to controls without SNM at a median of 9 years after
treatment.2118
Despite improvements of many general QOL metrics

over time, multiple studies have shown that symptoms
related to the sinonasal region do not completely resolve
in many patients. Recent studies by Tyler et al. and
Phillips et al. found that patients had decreased sinonasal

QOL, as measured by the Anterior Skull Base Question-
naire (ASBQ) and the FACT-NP questionnaires, respec-
tively, at a median of 2 and 5 years after completion
of therapy.2103,2113 Furthermore, both studies found that
diminished sinonasal-specific QOL was associated with
worse general QOL and symptoms of anxiety and depres-
sion. Lee et al. examined a large national database and
found that diagnoses of mental health disorders increased
from 22% to 31% after SNMdiagnosis. All treatmentmodal-
ities were associated with increased odds of development
of mental health disorder, but receipt of RT was associ-
atedwith the highest odds for development.2119 Substantial
rates of depression and anxiety are also noted in multiple
other studies.2088,2120,2121
Due to the proximity to critical brain structures, neu-

rocognitive effects frequently follow SNM treatment.
Sharma et al. found that 63% of patients experienced neu-
rocognitive deficits in at least one domain after treatment
for SNM, and patients self-reported impaired memory.490

General QOL following multimodality treatment

Aggregate level
of evidence

C (Level 1: one study; Level 3: six studies;
Level 4: two studies)

Benefit Treatment of SNM is critical to long-term
survival and disease control.

(Continued)
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ICAR SINONASAL TUMORS 351

TABLE XXXI I . 1 Evidence surrounding general QOL after treatment for SNM.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

de Almeida
et al.2070

2012 1 Retrospective
cohort and
systematic
review

138 patients
undergoing
endoscopic or open
skull base surgery
for anterior or
central lesions

1. Postoperative
physical
complaints

2. Physical and
nonphysical
QOL domains

3. Themes
identified from
focus groups

1. In the focus groups, the top
categories mentioned were sight,
lost work, hobbies, crusting,
memory, family relations,
energy, headache, smell, and
social relations

2. Of the nonphysical domains,
social and financial domains
were referenced more in the
open surgery group and
spiritual, family, emotional, and
cognitive domains more in the
endoscopic group

3. Of the physical domains, visual
was referenced more in the open
group and nasal and endocrine
more in the endoscopic group

Phillips et al.2103 2021 3 Retrospective
cohort

181 patients treated for
SNM with various
modalities (surgery,
chemotherapy,
and/or RT)

QOL as measured
by the HADS
and FACT-NP
scores

1. 15% of patients had HADS
subscale scores >11, indicating
severe anxiety or depression

2. On the FACT-NP, physical
well-being had the highest
median score and
emotional/functional well-being
had the lowest

3. Advanced T stage, single status,
and worse social support were
associated with higher HADS
scores, and worse social support
was associated with worse
FACT-NP scores

Fisher et al.2118 2021 3 Multicenter
cross-
sectional
study

1. 89 patients with
skull base
meningiomas

2. 84 patients with
convexity
meningiomas

3. 65 caregivers
(controls)

1. QOL as
measured by
the SF-36 and
EORTC
QLQ-BN20
questionnaires

2. Neurocognitive
functioning

1. General QOL on the SF-36 was
similar between patients with
skull base meningiomas and
convexity meningiomas as well
as controls at median of 9-year
follow-up

2. Patients treated with RT had
lower QOL in bodily pain and
vitality domains than patients
treated with surgery

3. 44% of skull base meningioma
patients had deficits in at least
one domain of neurocognitive
functioning

Lee et al.2119 2020 3 Retrospective
database
study
(MarketScan
database)

6760 patients with
sinonasal/skull base
cancer in the
MarketScan
database

Frequency of
mental health
disorders pre-
and
postdiagnosis

1. Mental health disorders
increased postdiagnosis versus
prediagnosis

2. Patients with mental health
disorders were more likely to be
female and have a smoking
history

3. RT was more strongly associated
with development of a mental
health disorder than surgery or
chemotherapy

(Continues)
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352 KUAN et al.

TABLE XXXI I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Tyler et al.2113 2020 3 Cross-sectional
study

114 patients with
sinonasal or
nasopharyngeal
malignancy treated
with surgery, RT,
and/or
chemotherapy

QOL as measured
by the EQ-5D
VAS, MDASI,
and ASBQ

1. On the MDASI, xerostomia was
the most burdensome symptom,
followed by problems tasting
food and difficulty
swallowing/chewing

2. On the ASBQ, poor smell had
the highest burden, followed by
nasal secretions, poor sense of
taste, and lack of energy

3. Advanced T3/T4 tumors were
associated with worse ASBQ
total scores

Abergel et al.2114 2010 3 Prospective
cohort

17 patients with
malignant skull base
tumors undergoing
open anterior skull
base surgery with or
without RT

1. QOL as
measured by
the ASBQ at
6 months

2. QOL as
measured by
the ASBQ at
12 months

1. QOL in patients with malignant
tumors decreased from
preoperatively to 6 months
postoperatively, but increased
back to baseline by 12 months
postoperatively

2. For patients with malignant
tumors, decreases in QOL at
6 months and subsequent
increases at 12 months were seen
in the role emotional, specific
symptoms, pain, vitality, and
physical function domains

Palme et al.2120 2009 3 Cross-sectional
study

27 patients with skull
base tumors (20
malignancy)
undergoing surgery
with postoperative
RT (n = 16) and
chemotherapy
(n = 2)

QOL as measured
by the
FACT-HN,
CES-D, ALHR,
and MDS at a
median
follow-up of
5 years

1. Based on the ALHR, most
patients were very satisfied with
their lives

2. Based on the CES-D, there were
higher rates of depression in this
cohort

3. On the MDS, 69% and 61%
reported disturbance of smell
and nasal crusting, respectively

4. Postop RT was associated with
reduced FACT-HN subscale
scores

Martinez-
Devesa
et al.2121

2006 3 Cross-sectional
study

18 patients treated for
skull base
malignancy with
surgery and/or RT

QOL as measured
by the UW-QOL
and HADS

1. Patients with ASB malignancy
scored lower than those with
lateral skull base malignancy on
UW-QOL scale

2. For those with ASB tumors,
taste, mood, anxiety, activity,
and recreation were the worst
individual domains

3. Three and four patients had
probable anxiety and depression,
respectively

(Continues)
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ICAR SINONASAL TUMORS 353

TABLE XXXI I . 1 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Sharma et al.490 2020 4 Retrospective
case series

27 patients previously
treated with IMRT
for SNM without
recurrence

1. Neurocognitive
function

2. Brain
abnormalities
on MRI

3. QOL as
measured by
various scales

1. 17 patients (63%) had impaired
cognitive function in at least one
domain; the most affected
domains were sustained
attention and delayed verbal
recall

2. Three participants had
structural changes on MRI, all of
whom had RT doses to the brain
>60 Gy

3. Sleep deprivation and fatigue
were the dominant factors for
QOL deterioration

4. For self-reported cognitive
function, memory was most
affected

Abbreviations: ALHR, Atkinson Life Happiness Rating; ASBQ, Anterior Skull Base Questionnaire; CES-D, Center for Epidemiological Studies Depression Scale;
EORTCQLQ-BN20, EORTCQOLQuestionnaire: Brain TumorModule; EQ-5DVAS, EuroQOL 5Dimension Visual Analogue Scale; FACT-HN, Functional Assess-
ment of Cancer Therapy: Head and Neck; FACT-NP, Functional Assessment of Cancer Therapy: Nasopharynx; HADS, Hospital Anxiety and Depression Scale;
IMRT, intensity modulated radiation therapy; MDASI, MD Anderson Symptom Inventory; MDS, Midface Dysfunction Score; QOL, quality of life; RT, radiation
therapy; SNM, sinonasal malignancy; UW-QOL, University of Washington QOL Score; VAS, visual analog scale.

Harm SNM treatment affects multiple aspects of
QOL, including physical aspects, such as
sinonasal symptoms, as well as emotional
aspects, with increased rates of mental
health disorders and neurocognitive
deficits. Most studies show that QOL is
worse in the first several months after
treatment but improves with time.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Treatment of SNM does cause long-term side
effects and decreased QOL; however, most
symptoms improve with time after
treatment. Most patients have persistently
decreased sinonasal QOL, as well as a
long-term elevated risk of mental health
disorders and neurocognitive deficits.

Policy level Recommendation.
Intervention QOL is expected to decrease following

treatment for SNM, and treating providers
should counsel patients on this
accordingly. Patients should expect to have
worse symptoms, particularly with regard
to sinonasal symptoms, in the first several
months, but these should gradually
improve with time. Providers should be
aware of increased rates of cognitive
deficits and mental health disorders in this
population.

B Morbidity following surgical
treatment

Surgery is the cornerstone of treatment for most SNM,
and its accompanying morbidity is at the forefront for
survivorship (Table XXXII.2). A multicenter collaborative
retrospective study byGanly et al. found a 36% rate of acute
postoperative complications and 5% mortality after open
CFR.2056 A recent single-institution study of primarily
open surgery for SNM revealed a 14% rate of Clavien–
Dindo complication (grade ≥3) and 30-day mortality rate
of 2%.2054 Gray et al. found that 17 out of 31 patients under-
going open CFR experienced delayed complications, most
commonly orbital.2122 However, the applicability of these
and similar studies may be limited by recent technological
and treatment innovations.185,2114,2123
Endoscopic and combined resection are thought to

reduce morbidity of the surgical approach. With the
increased adoption of endoscopic surgery, its side effect
profile has come under critical review. A review by Su
et al. concluded that endoscopic surgery is associated
with decreased complications and faster recovery.1084,2056
Amore recent multi-institutional cohort study by Beswick
et al. found that open resection was associated with a
threefold odds of complication compared to endoscopic
resection.14 On the other hand, endoscopic resection has
been associated with increased nasal morbidity, including
hyposmia, nasal crusting, thick nasal discharge, epistaxis,
and postnasal drip.2088 In addition, many patients expe-
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354 KUAN et al.

TABLE XXXI I . 2 Evidence surrounding QOL after surgical treatment for SNM.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Bhenswala
et al.2125

2019 2 Meta-analysis
of
prospective
cohort
studies

1025 patients
undergoing EEA for
skull base
pathologies,
including 137 with
SNM

SNOT-22 scores
preoperatively
and postopera-
tively up to
96 weeks

1. SNOT-22 scores initially decreased
after surgery at <4 weeks but
subsequently improved to better
than baseline by 12 weeks

2. Intranasal pathology was
associated with worse preoperative
SNOT-22 scores than intracranial
pathology alone, and this
difference persisted at 52 weeks

Beswick et al.14 2021 3 Prospective
cohort

1. 44 patients
undergoing
resection of SNM
via an
open/combined
approach

2. 98 patients
undergoing
resection of SNM
via EEA

Surgical
complications

1. 16% of patients had a complication,
including CSF leak, visual changes,
meningitis, and CRS

2. Adjuvant RT was not associated
with odds of complications

3. Male sex was associated with
decreased odds of complication and
open resection was associated with
increased odds of complication

Glicksman
et al.2093

2018 3 Prospective
cohort

145 patients with
malignant (n = 64)
or benign (n = 81)
sinonasal tumors
undergoing
endoscopic tumor
resection

SNOT-22 scores
preoperatively
and over a
2-year
follow-up
period

1. SNOT-22 scores were higher in
patients with malignant disease at
baseline

2. There was an improvement in
SNOT-22 scores from baseline to
2 years in patients with malignant
tumors

3. Much of the improvement in
sinonasal QOL was seen in
rhinologic and sleep subdomains

4. Decreased SNOT-22 scores were
seen in those who received
adjuvant RT or chemotherapy

Upadhyay
et al.2132

2017 3 Prospective
cohort

42 patients undergoing
endoscopic resection
of skull base tumors
with NSF (n = 7)
and without NSF
(n = 35)

Olfaction as
measured by
the UPSIT at
baseline and
various points
postopera-
tively

1. Patients undergoing NSF
reconstruction had deterioration of
olfaction from baseline to 6 weeks,
but this improved to baseline by
3 months postoperatively

2. Patients without NSF had no
difference between baseline and
6-week postoperative olfaction, and
had improvement by 3 months

Derousseau
et al.2090

2015 3 Prospective
cohort

1. 72 patients with
SNM undergoing
EEA

2. 32 patients with IP
(control)

SNOT-20 scores
over 2 years
after surgery

1. In the SNM group, overall and
rhinologic subdomain SNOT-20
scores did not improve over 2 years,
while they did improve in the IP
group

2. Improvement in psychologic and
sleep subdomains was seen at 1 and
2 years

3. History of smoking was associated
with higher overall scores

(Continues)
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ICAR SINONASAL TUMORS 355

TABLE XXXI I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Deckard
et al.2085

2015 3 Prospective
cohort

Patients with benign
(n = 39) and
malignant (n = 32)
sinonasal and skull
base neoplasms

QOL as
measured by
the SNOT-20,
ASBQ, and
EQ-5D

1. Malignant tumors were associated
with worse ASBQ and SNOT-20
scores

2. T3/T4 tumor stage and
postoperative CRT were associated
with worse ASBQ and SNOT-20
scores

3. There was no significant difference
between patients undergoing open
and endoscopic resection

Harvey et al.2130 2015 3 Prospective
cohort

118 patients with skull
base tumors,
including 34% with
malignant tumors
undergoing
endoscopic
resection with NSF
(n = 42) or without
NSF (n = 76)

SNOT-22 and
NSS at
baseline and at
last follow-up

1. There was no significant difference
between patients with and without
NSF on the SNOT-22 or NSS

2. Patients who received adjuvant RT
had higher postoperative SNOT-22
and NSS than those who did not

Hanson et al.2131 2015 3 Prospective
cohort

36 patients undergoing
endoscopic anterior
skull base surgery
with NSF
reconstruction

SNOT-22 scores,
NSS, and
endoscopic
evaluation at
baseline and
90 days post-
operatively

1. SNOT-22 and NSS did not
significantly change from pre- to
postoperatively

2. Endoscopic evaluation revealed
worsened postoperative scores
compared to preoperatively for
both flap- and nonflap sides,
though this did not appear to affect
QOL outcomes

Harrow and
Batra
et al.2089

2013 3 Prospective
cohort

94 patients undergoing
endoscopic
resection of benign
(n = 45) and
malignant (n = 49)
sinonasal tumors

1. Preop QOL
2. Postop QOL

1. In patients with SNM, there was no
change in mean overall SNOT-20
score from baseline to 6 months

2. Improvement was only seen in the
sleep subdomain

3. There was improvement in
SNOT-20 scores from baseline to
6 months in patients not receiving
adjuvant treatment, but not in
those who did

Cavel et al.2128 2012 3 Retrospective
cohort

41 patients with skull
base tumors
undergoing EEA

QOL as
measured by
the ASBQ
administered
within
6 months of
surgery

1. 75% had improvement or no
change in QOL postoperatively

2. Improved scores were found in the
physical symptom domain and
worse scores were found in the
specific symptom domain
postoperatively

3. Most common symptoms were
impaired smell, loss of appetite,
nasal secretions, epiphora, visual
disturbances, and interference with
social, work, and family life

4. Female patients reported lower
scores than the males in all
domains

(Continues)
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356 KUAN et al.

TABLE XXXI I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

McCoul et al.2116 2012 3 Prospective
cohort

85 patients undergoing
endoscopic skull
base surgery for a
variety of
pathologies

Health-related
QOL as
measured by
the SNOT-22
and ASBQ

1. SNOT-22 scores worsened initially
postoperatively but improved by 1
year

2. GTR and type of grafting material
predicted improved SNOT-22
scores at later follow-up

3. There was strong correlation
between SNOT-22 and ASBQ
scores

Pant et al.2115 2010 3 Prospective
cohort

51 patients undergoing
endonasal skull base
surgery for a variety
of skull base lesions

Health-related
QOL as
measured by
the ASBS and
SNOT-22

1. There was a significant
improvement in SNOT-22 scores
over time from 1 to 3 and
>12 months after surgery

2. More than 75% of patients achieved
their best postop SNOT-22 scores
by 12 months

3. Patients identified loss of
smell/taste, nasal obstruction,
postnasal drip, waking up at night,
and lack of a good night’s sleep as
the most important items affecting
their health

Ganly et al.2056 2005 3 Multicenter
retrospective
cohort

1193 patients
undergoing open
craniofacial
resection of
malignant tumors of
the skull base

Postoperative
mortality and
complications

1. There was a 5% postoperative
mortality rate and a 36%
postoperative complication rate
including wound complications
(20%), CNS complications (16%),
systemic complications (5%), and
orbital complications (2%)

2. Medical comorbidities, prior RT,
dural invasion, and brain invasion
were associated with complications

Sun et al.2111 2021 4 Retrospective
case series

26 patients undergoing
EEA of Kadish C
ONB, with RT
(n = 25) and/or
chemotherapy
(n = 16)

Preoperative and
6-month
postoperative
SNOT-22
scores

Mean SNOT scores for difficulty
falling asleep, difficulty with nasal
breathing, waking up at night,
waking up tired, and
frustration/restlessness/irritability
improved postoperatively, whereas
olfactory function worsened

Schreiber
et al.374

2018 4 Retrospective
case series

54 patients with ITAC
treated with
unilateral (n = 27) or
bilateral (n = 27)
endoscopic resection

1. Olfaction,
taste, and
QOL

2. Functional
outcomes

1. 45% of those with unilateral
surgery had preserved olfaction
versus 0% with bilateral

2. There was no association between
reconstruction technique or
adjuvant therapy with olfaction

3. Median SNOT-22 values were
equivalent in both groups

Tajudeen
et al.1361

2016 4 Retrospective
case series

14 patients undergoing
unilateral ONB
resection (seven
received
postoperative RT)

Olfaction
(UPSIT)

1. Six (43%) patients had residual
smell function, with two having
near-normal to normal function

2. No cases had disease recurrence

(Continues)
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ICAR SINONASAL TUMORS 357

TABLE XXXI I . 2 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Castelnuovo
et al.1664

2013 4 Retrospective
case series

153 patients treated for
skull base and SNM
via EEA

ASBQ scores
before,
1 month after,
and 1 year
after surgical
treatment

1. Scores decreased from baseline to
1 month postoperatively, but
increased again to baseline by 1
year

2. Lower postoperative scores were
associated with older age, extended
surgical approach, and receipt of
postoperative RT

Mine et al.185 2011 4 Retrospective
case series

32 patients with SNM
undergoing
combined CFR

1. Surgical
complications

2. KPS on
discharge

1. There was a 47% surgical
complication rate, most commonly
local infection

2. Other complications included
frontal lobe contusion, dysphagia,
speech disturbance, altered facial
sensation, visual disturbance, and
facial motor impairment

3. KPS on discharge was 90 in 13
patients, 80 in 6, and 70 or less in
the remainder

Abbreviations: ASBQ, Anterior Skull Base Questionnaire; EQ-5D, EuroQOL 5 Dimension questionnaire; EEA, endoscopic endonasal approach; KPS, Karnof-
sky Performance Scale; NSS, Nasal Symptom Score; RT, radiation therapy; SNM, sinonasal malignancy; SNOT, Sino-Nasal Outcome Test; UPSIT, University of
Pennsylvania Smell Identification Test.

rience visual complications, including diplopia, enoph-
thalmos, epiphora, dacryocystitis, and visual loss.2088 De
Almeida et al. found that those undergoing endoscopic
tumor resection were more than five times as likely
to report postoperative nasal symptoms.2075 A literature
review by the same group, however, found conflicting evi-
dence regarding the superiority of neurologic and visual
outcomes with either approach, and Deckard et al. found
no difference in sinonasal or general QOL between open
and endoscopic groups.2085,2124 Overall, the literature is
limited by selection bias, with endoscopic approaches
tending to encompass lower stage tumors, and low levels
of evidence, as RCTs are not feasible.
Examining morbidity of the endoscopic approach in

more detail, Bhenswala et al. performed ameta-analysis of
postoperative SNOT-22 scores, and found that scores ini-
tially worsened within the first month after surgery by 6.23
points, but subsequently improved to above baseline by
12 weeks (3.52 points) and 52 weeks (5.96).2125 This trajec-
tory is confirmed by multiple other reports.2090,2093,2126,2127
Pant et al. found a similar timeline of symptom dura-
tion as measured by the SNOT-22, and patients identified
loss of smell/taste, nasal obstruction, postnasal drip, wak-
ing up at night, and lack of a good night sleep as the
most important items affecting them.2115 In contrast, Har-
row et al. and Cavel et al. both found that patients
had persistent symptoms postoperatively.2089,2128 Impaired

smell, appetite loss, recurrent nasal secretions, visual dis-
turbances, and interference with work and family life
were identified by patients as most bothersome.2128 Many
patients who undergo endoscopic resection of their tumors
received postoperative RT and chemotherapy as well,
adding to their morbidity.
Olfactory disturbance has received particular attention

due to its anatomic association with surgical technique.
Schreiber et al. examined a cohort of patients with ITAC
and found, as expected, that unilateral surgery was asso-
ciated with greater olfactory preservation.374 Tajudeen
et al. reported similar findings with unilateral approach to
ONB.1361 A review of olfactory outcomes after EEA by Yin
et al. found that hyposmiawas commonly cited as a signifi-
cant patient complaint.1512 The literature is varied on exact
incidence, however, as the degree of smell loss is highly
dependent on if tumors involve the olfactory groove and
histology, with up to 100% anosmia seen in some studies
on olfactory neuroblastoma.2111,2129
The method of skull base reconstruction and NSF use

has also received considerable attention in the literature.
Pant et al. found better ASBQ scores in patients who did
not receive NSF.2115 In contrast, Harvey et al. found no dif-
ference in postoperative nasal symptom score and SNOT-
22 scores between the cohort with and without NSF.2130
Similarly, Hanson et al. found no significant difference in
sense of smell in patients undergoing NSF versus those
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358 KUAN et al.

who were not.2131 Both Upadhyay et al. and Jalessi et al.
found that NSFs were associated with temporary olfactory
loss, but that this improved by 3–6 months.2132,2133
While a detailed discussion is beyond the scope

of this review, SNM frequently presents with regional
lymph node metastases requiring upfront neck dissec-
tion and/or radiation to the neck. Common adverse
effects of neck radiation include neck tightness, fibro-
sis, pharyngoesophageal stenosis, hypothyroidism, and
weakness of neck muscles.2134 Common adverse effects
of neck dissection include neck and shoulder discom-
fort, skin numbness, lymphedema, and reduced shoulder
mobility.2135,2136 Neck morbidity has been assessed with
multiple different tools including the Disabilities of the
Arm, Shoulder and Hand scale (DASH), Neck Disabil-
ity Index (NDI), and Shoulder Disability Questionnaire
(SDQ).2137–2139 Studies have found high rates of neck and
shoulder disability following surgical and/or radiation
treatment of the neck, and that neck and shoulder dis-
ability is linked to inferior QOL.2140 Additional literature
review related to morbidity following endoscopic surgical
treatment of skull base pathologies is covered in ICSB 2019
(Section XI.C).5

Morbidity following surgical treatment

Aggregate level
of evidence

C (Level 2: one study; Level 3: 12 studies;
Level 4: five studies)

Benefit Endoscopic surgical approaches are
associated with decreased postoperative
complications and faster recovery
compared to open surgical approaches.

Harm Surgical treatment of SNM has been found to
cause long-term sinonasal symptoms and
decreased sinonasal-specific QOL.
Sinonasal symptoms are worst in the first
month after surgery but improve with time,
back to or exceeding the presurgical
baseline.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Surgical treatment of SNM is associated with
long-term side effects and morbidity. While
overall serious complications and
morbidity are lower with the endoscopic
approach, the endoscopic approach does
cause increased sinonasal morbidity, which
has been shown to affect sinonasal-specific
and general QOL.

(Continued)

Policy level Recommendation to attempt endoscopic
surgical approach when feasible in order to
preserve QOL.

Recommendation to anticipate the QOL
implications of surgical treatment when
treating SNM.

Intervention Endoscopic surgical resection of SNM is
associated with decreased postoperative
QOL, particularly in sinonasal domains.
Open surgical resection is associated with
higher rates of serious postoperative
complications. QOL tends to improve with
time after surgery and returns to baseline
in many studies.

C Morbidity following radiation
treatment

NCCN guidelines dictate the use of RT in the adjuvant
setting for all but the lowest risk tumors after surgery
or as an alternative for definitive treatment for T3/T4a
or T4b tumors, commonly integrating chemotherapy.196
Older studies examined the impact of traditional exter-
nal beam radiation therapy (EBRT), finding the potential
for severe toxicity.1213,2141,2142 With the advent of IMRT,
there has been better sparing of normal tissue compared to
conventional two-dimensional or three-dimensional con-
formal RT techniques.2143 Acute toxicities of sinonasal RT
include fatigue, dermatitis, dysgeusia, xerostomia, nasal
and orbital irritation, and mucositis, while late side effects
typically involve ocular and neurologic toxicities, perma-
nent dry mouth, hearing loss typically when given with
cisplatin chemotherapy, and hypopituitarism.476,2144,2145
Patel et al. examined a cohort of 129 patients undergo-
ing RT for SNM and found that 21% had acute grade 3 or
more toxicity, most commonly dermatologic side effects
or dysphagia, findings that are replicated in other simi-
lar studies.2145,476,550 The vast majority of studies confirm
worse sinonasal QOL and symptom burden in patients
receiving adjuvant RT versus no adjuvant treatment,
though confounded by the fact that the addition of adju-
vant RT is associated with more extensive and aggressive
tumors.2085,2089,2093,2120,2127,2130 Severe late side effects, such
as blindness and brain necrosis, are found much less com-
monly, and their incidence is proportional to the tissue
volume receiving high-dose RT.490,2144,2146
In the previously irradiated setting, themorbidities of RT

can be further intensified. Bahig et al. examined longitudi-
nal QOL via the MDASI and the ASBQ questionnaires in
a cohort of SNM patients undergoing re-irradiation. They
found initial decreases in QOL at the end of treatment, but
most scores returned to normal by the end of the 12-month
evaluation period.443 In line with these findings, Fan et al.
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ICAR SINONASAL TUMORS 359

examined palliative re-irradiation in a cohort of head and
neck cancer patients, including 21 patients with SNM, and
found an 11% rate of grade 3 toxicities but no grade 4–5
toxicities.2147

D Morbidity following proton therapy

In contrast to photon therapy, proton beam radiation’s
“Bragg peak” property has the advantage of depositing
the radiation without exit dose yielding a lower dose to
the adjacent normal tissues.2148 McDonald et al. com-
pared proton therapy in SNM and NPC patients and found
that proton therapy was associated with lower opiate pain
medication requirements and lower rates of gastrostomy
tube dependence than IMRT. Pasalic et al. examined a
cohort of 64 patients treated with protons and found that
20% of patients experienced acute severe toxicities, most
commonly dermatitis, mucositis, and pain.255 Russo et al.
found in a similar cohort of 54 patients treated with proton
therapy that 15% of patients experienced grade 3 toxicities
and 11% experienced grade 4 toxicities, most commonly
ocular toxicities and sinonasal fistulae, while Fan et al.
examined 86 patients receiving proton therapy and found
a 24% rate of acute grade 3 toxicities and a 6% rate of late
grade 3 toxicities, including ORN, soft tissue fibrosis and
necrosis, and vision loss.442,528,2149 While proton beam’s
main focus has been on toxicity reduction compared to
photon-based RT, the application of proton for SNM may
improve survival. Patel et al. performed a meta-analysis
comparing charged particle versus photon therapy and
found improved OS and DFS, with a caveat that noncom-
parative cohortswere the focus of this analysis. They found
a higher rate of neurologic side effects in the charged par-
ticle group but otherwise equivalent rates of toxicity. The
most common toxicities in both groups were hematologic,
followed by head and neck and eye-related toxicities.458
Fan et al. also showed further improvement of local control
with intensity-modulated proton therapy versus standard
three-dimensional proton therapy for SNM.442 An option
for proton therapy has been added to the most recent
NCCN guidelines.196,458
One of the more common RT complications in the

sinonasal region is the development of temporal lobe
necrosis (TLN). This was examined by McDonald et al.
in a cohort of 66 patients treated with proton therapy
for skull base and SNM, and the authors found a 3-
year TLN incidence of 12%, 6% of which was grade 2 or

higher, occurring on average 21months after completion of
therapy.2150 A more recent review by Kitpanit et al. exam-
ined patients receiving proton therapy for various head
and neck subsites in which the field included the skull
base and found a 6% rate of TLN, 2% of which was grade
2 or higher.2151 Although a promising technology with
robust retrospective evidence for its efficacy, there is lim-
ited prospective evidence for reduced toxicity with proton
therapy in SNM.Aphase two prospective study is currently
enrolling (NCT01586767).2152

E Osteoradionecrosis

An important complication of SNM RT is the develop-
ment of skull base ORN. The literature on ORN incidence
in SNM is limited due to the heterogeneity of tumors,
though most studies on NPC have found a 0.5%–1% inci-
dence in patients receiving definitive RT, with the risk
increased with larger tumors and prior surgery, as well
as RT doses over 70 Gy.2153–2155 It typically presents with
foul odor, headache, and recurrent epistaxis, with exam
showing exposed bone, surrounding necrotic tissue, and
purulent debris, and occurs with a mean latency of
3–15 years.2154,2156 Serious complications can occur, includ-
ing CSF leak, carotid blowout, meningitis, venous sinus
thrombosis, and brain abscesses.2154 Medical treatment is
typically attempted first, with both pentoxifylline and vita-
min E commonly used.2154,2157 Hyperbaric oxygen (HBO) is
also frequently attempted, and small case series have sug-
gested efficacy in treating maxillary ORN, though a large
multicenter study in mandibular ORN failed to show any
significant benefit.2154,2158,2159 In addition, there is some
concern that HBO may promote cancer growth and recur-
rence, although data are conflicting.2160 Surgical excision
is indicated for patients without improvement or at risk
for serious complications and includes thorough debride-
ment and reconstruction with local or free flaps.2154,2161
Habib et al. reported a cohort of 31 skull base ORN patients
treated surgically, with 23 out of 31 treated with free flap
reconstruction and the remainder with primary closure.
Fourteen percent of those treated with free flaps demon-
strated recurrence, in contrast with 50% of those closed
primarily (p = 0.04).2162 Mortality has been suggested to
be higher whenORN involves the sphenoid, and treatment
necessitates evaluation and management of the ICA (e.g.,
balloon occlusion testing).2163 Table XXXII.3 summarizes
evidence surrounding QOL after RT for SNM.
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360 KUAN et al.

TABLE XXXI I . 3 Evidence surrounding QOL After radiation therapy for SNM.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Patel et al.458 2014 2 Systematic
review and
meta-
analysis of
observa-
tional
studies

Patients with SNM
treated with photon
therapy (n = 1186) or
charged particle
therapy (n = 286)

Treatment
toxicities

1. Patients treated with charged
particle therapy experienced
more neurological toxic effects
than those treated with photon
therapy

2. There was no significant
difference in other toxic effects

Patel et al.476 2020 3 Retrospective
cohort

129 patients treated for
primary SNM

Posttreatment
complications
and RT
toxicity

1. 10% of patients had major
surgical complications,
including seroma, wound
infection, fistula, and
hemorrhage

2. Mucositis, xerostomia, taste
alteration, and dermatitis were
the most common low-grade RT
toxicities

3. 21% had grade 3+ acute RT
toxicity, including dysphagia or
mucositis and dermatologic,
wound, ocular, and auditory
toxicity

4. After RT, 20% of patients had
CRS requiring surgery

Adeberg
et al.2145

2020 3 Prospective
cohort

23 patients with head
and neck ACC
receiving cetuximab
and carbon ion
boost followed by
IMRT

1. Grade 2/3
CTCAEs

2. Grade 4/5
CTCAEs

1. No patients experienced grade 4
or 5 AEs

2. The most common grade 2 or 3
AEs were pain, weight loss,
fatigue, rash, dermatitis,
mucositis, dysphagia, and
xerostomia

Bahig et al.443 2020 3 Prospective
cohort

39 patients receiving
re-RT for a recurrent
or new skull base
tumor

Score on the
MDASI and
ASBQ
pretreatment
and at various
points
posttreatment

1. Patients showed worse fatigue,
lack of appetite, and drowsiness
on the MDASI and physical
function on the ASBQ at the end
of treatment versus baseline, but
these returned to baseline at
subsequent follow-up

2. There was no difference in
scores for patients treated with
fractionated RT and stereotactic
RT

Fan et al.2147 2020 3 Retrospective
cohort

166 patients with
recurrent head and
neck cancer and
previous RT treated
with palliative
quad-shot RT

Treatment
toxicities

1. The most common grade 1–2
toxicities were dermatitis and
xerostomia

2. 10% of patients experienced
grade 3 acute toxicities, most
commonly dysphagia, and 2%
experienced grade 3 late
toxicities

3. There were no grade 4 or 5
toxicities

(Continues)
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ICAR SINONASAL TUMORS 361

TABLE XXXI I . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Kitpanit
et al.2151

2020 3 Retrospective
cohort

234 patients with head
and neck cancer
receiving proton
therapy to the skull
base

Temporal lobe
RT necrosis

1. Temporal lobe RT necrosis
occurred in 6% of patients and
was grade 3+ in 1% of patients

2. Risk of temporal lobe RT
necrosis was correlated with the
volume of temporal lobe
receiving high doses of RT

Habib et al.2162 2020 3 Retrospective
cohort

31 patients with skull
base ORN following
skull base surgery
and RT

1. Treatment
modality

2. Treatment
outcomes

3. Predictors of
recurrence

1. All patients were treated
surgically, and 38% were also
treated medically (with HBO,
antibiotics, and/or dressing
changes) prior to surgery

2. 23 patients were treated with
free flaps and eight with primary
closure

3. Recurrence was seen in 14% of
patients treated with a free flap
versus 50% with primary closure

4. Ongoing cancer treatment
(p = 0.02) was associated with
increased recurrence risk

Han et al.2153 2018 3 Retrospective
cohort

1348 patients with NPC
treated with external
beam RT

Skull base ORN 1. Skull base ORN occurred in 1%
of patients at a mean latency of
46 months

2. T stage, total RT dose to the
nasopharynx, skull base
inclusion in the RT field, and
anemia were associated with
increased ORN odds

McDonald
et al.2149

2016 3 Retrospective
cohort

Patients with
sinonasal, nasal
cavity, or
nasopharyngeal
cancer receiving
proton RT (n = 14)
or IMRT (n = 26)

Opiate pain
medication
requirement
and
gastrostomy
tube
dependence

Patients receiving proton therapy
had lower opiate requirement
and lower gastrostomy tube
dependence compared to those
receiving IMRT

Jensen et al.550 2015 3 Prospective
cohort

53 patients (34%
paranasal sinus)
with malignant
salivary gland
tumors of the head
and neck treated
with IMRT and
dose-escalated
carbon ion therapy

AEs 1. Acutely, 26% of patients
experienced grade 3 mucositis,
38% of patients experienced AEs
of the ear, and 89% of patients
reported loss of taste

2. The most common late AEs
were grade 1 xerostomia, hearing
impairment, and ocular toxicity

McDonald
et al.2150

2015 3 Retrospective
cohort

66 patients treated
with proton therapy
for skull base
chordoma,
chondrosarcoma,
ACC, or SNM

Temporal lobe
RT necrosis

1. The 3-year incidence of RT
necrosis was 12.4%, and 5.7% for
grade 2 or higher

2. Median time to development
was 21 months

3. A higher volume of temporal
lobe receiving >60 Gy RT was
associated with increased odds
of developing temporal lobe RT
necrosis

(Continues)
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362 KUAN et al.

TABLE XXXI I . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Koto et al.2146 2014 3 Prospective
cohort

39 patients with skull
base tumors treated
with carbon ion RT

RIBI as assessed
by MRI and
clinical
symptoms of
brain injury

1. The 5-year likelihood of grade
2+ RIBI and grade 2+ clinical
symptoms were 25% and 7%,
respectively

2. Brain volume receiving >50 Gy
was a risk factor for
development of grade 2+ RIBI

3. RIBI most frequently developed
in the ipsilateral temporal lobe

Fan et al.442 2021 4 Retrospective
case series

86 patients with
paranasal sinus
tumors receiving
intensity-modulated
proton therapy

Treatment
toxicities

1. 21% of patients experienced
acute grade 3 toxicities, most
commonly mucositis and
dermatitis

2. 6% of patients experienced late
grade 3 toxicities, most
commonly vision loss

3. 49% of patients experienced late
grade 1–2 toxicities, most
commonly epiphora and brain
necrosis

Daoudi et al.2163 2020 4 Retrospective
case series

Seven patients with
sphenoid ORN
treated with medical
management,
endovascular
treatment, and/or
surgery

1. Management
of sphenoid
ORN

2. Survival rate
at follow-up

1. Four patients underwent ICA
occlusion due to active bleeding
or at-risk ICA

2. Five patients underwent
endoscopic endonasal
debridement with
temporoparietal fascial flap
coverage of exposed bone

3. One patient received
pentoxifylline, tocopherol, and
clodronate

4. Survival at a mean of 24 months
was 57%

Pasalic et al.522 2020 4 Retrospective
case series

64 patients with SNM
treated with proton
beam therapy

PROMs and
toxicity as
measured by
the CTCAE,
XeQoLS,
MDASI, and
FACT scales

1. The most common grade 3+
acute AEs were dermatitis,
mucositis, pain, and dysphagia

2. From baseline, the following
PROMs worsened:
acute–subacute XeQoLS
physical functioning, pain,
personal/psychological distress,
and social functioning;
acute–subacute MDADI physical
function; and acute–subacute
FACT-HN subscale

3. No PROMs were worse in the
chronic period (>90 days)
compared to baseline.

(Continues)
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ICAR SINONASAL TUMORS 363

TABLE XXXI I . 3 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Huang et al.2161 2018 4 Retrospective
case series

162 patients with skull
base ORN

1. Treatment
indications

2. Treatment
modality

3. Treatment
efficacy

1. 36% of patients required surgery
due to complications

2. Most common treatment
indications were blowout
bleeding, CNS infection, pain, or
recurrent bloody discharge

3. The majority of patients
received free vastus lateralis flap
reconstruction.

4. Surgery was effective in
managing complications in all
patients

Russo et al.528 2016 4 Retrospective
case series

54 patients with stage
3/4 sinonasal SCC
undergoing proton
beam RT with or
without prior
surgical resection

Treatment
toxicities

There were 14 grade 3+ toxicities,
including ocular toxicity,
sinonasal cutaneous fistula, facial
cellulitis, flap dehiscence
requiring revision, and trismus

Gavriel et al.2158 2016 4 Retrospective
case series

21 patients receiving
treatment with HBO
for maxillary bone
ORN that occurred
after photon RT for
tumor

1. Response to
treatment

2. Further
management
required

1. Patients received a mean
number of 26 HBO sessions

2. Four patients developed HBO
complications (three with
otologic signs requiring
myringotomy tubes)

3. 85% of patients had clinical
improvement after HBO, seen as
healing tissue over bone

4. Five patients required surgical
reconstruction during 2-year
follow-up

Huang et al.2156 2006 4 Retrospective
case series

15 patients with skull
base ORN after RT
for NPC

1. Symptoms
2. Exam and

imaging
findings

3. Treatment
options

1. Frequent symptoms included
foul odor, headache, and
epistaxis

2. CT characteristically showed
extensive bone destruction

3. Nine patients received surgery
and six patients received
conservative treatment,
including nasal rinsing,
antibiotics, and HBO

Abbreviations: ACC, adenoid cystic carcinoma; AE, adverse events; ASBQ, Anterior Skull BaseQuestionnaire; CTCAE, CommonTerminology Criteria for Adverse
Events; FACT-HN, Functional Assessment of Cancer Therapy: Head and Neck; HBO, hyperbaric oxygen; MDASI, MD Anderson Symptom Inventory; ORN,
osteoradionecrosis; RIBI, radiation-induced brain injury; RT, radiation therapy; SCC, squamous cell carcinoma; SNM, sinonasal malignancy; XeQoLS, Xerostomia
QOL Scale.
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Morbidity following radiation treatment including
osteoradionecrosis

Aggregate level
of evidence

C (Level 2: one study; Level 3: 12 studies;
Level 4: six studies)

Benefit RT is associated with improved disease
control for most pathologies and stages of
SNM. Proton beam may reduce RT
morbidity, but data are mixed.

Harm SNM RT is associated with both early and late
toxicities, including mucositis, dermatitis,
nasal morbidity, xerostomia, and
dysphagia. Severe side effects, such as
blindness and brain necrosis, are
proportional to the volume and dose of RT,
and the morbidity of RT is intensified in
the re-irradiation setting. Skull base ORN is
rare and management is primarily surgical.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Treatment of SNM with RT is frequently
indicated for improved disease control;
however, it does cause both short- and
long-term morbidities. Proton beam RT
may be considered to reduce side effects.
For ORN, medical management may be
attempted but management is typically
surgical.

Policy level Recommendation.
Intervention RT is associated with improved local control

and survival for many tumors but leads to
impaired QOL, principally affecting
sinonasal symptoms. Acute symptoms are
common, as are long-term toxicities.
Proton therapy can be considered for a
reduction in morbidity.

Skull base ORN can be managed medically or
surgically, with growing evidence
suggesting safety and efficacy.

F Morbidity following chemotherapy

For SNM, chemotherapy is usually given as either
induction or concurrently with radiation in the defini-
tive or adjuvant setting. Depending on pathology, IC is
typically with docetaxel/cisplatin/5-fluorouracil (5FU)
(TPF), cisplatin or carboplatin/etoposide, or cyclophos-
phamide/doxorubicin/vincristine. Most chemotherapy
trials include patients from all head and neck subsites,
not just SNM. In a trial comparing TPF to cisplatin/5FU
alone in the induction setting for unresectable head
and neck cancer, the most frequent severe AEs were

neutropenia, leukopenia, thrombocytopenia, anemia,
alopecia, stomatitis, infections, nausea, vomiting,
anorexia, diarrhea, and hearing loss, consistent with
the literature.2164–2166 For platin/etoposide regimens,
the most frequent severe AEs reported are secondary
to myelosuppression, with severe neutropenia seen in
many patients.2167,2168 Multiple trials have examined
cyclophosphamide/doxorubicin/vincristine, and the most
common severe AEs are myelosuppression, infection,
alopecia, and neuropathy.1832,2169,2170 A meta-analysis by
Kim et al. comparing patients receiving IC with TPF plus
CRT versus those receiving CRT alone found higher rates
of myelosuppression in the IC cohort, with no difference
in the rates of nonhematologic toxicities.2171 These authors
also found a higher risk of not completing CRT in the IC
cohort, a finding that is replicated in other studies.2172
CRT is frequently used in SNM, with a variety of

regimens used depending on tumor histology. Overall, cis-
platin is best studied and most widely applied. Typical
adverse effects of CRT are due to both the AEs from the
chemotherapeutic agents themselves as well as in-field RT
effects, and include hematologic side effects, mucositis,
stomatitis, and dermatitis.2173,2174 Ye et al. retrospectively
analyzed a multi-institutional cohort of 349 patients with
head and neck cancer of all subsites treated with CRTwith
cisplatin or cetuximab and found grade 3/4 toxicities in 58%
and 45% in each group, respectively, most commonly oral
mucositis and radiation dermatitis, as well as a 34% and
20% rate of unplanned hospital admissions, respectively,
consistent with other similar studies.2175,2176 In an RCT by
Bonner et al. comparing CRT with cetuximab versus RT
alone, the authors found no exacerbation of RT-related
AEs, including xerostomia, pain, and mucositis, with the
addition of cetuximab.2177
Intra-arterial chemotherapy for SNM is performed with

the goal of maximizing chemotherapy dose to the tumor
while minimizing systemic toxicity. An RCT by Rasch
et al. compared intra-arterial to IV cisplatin concurrent
with chemoradiation for stage IV head and neck cancer
of multiple subsites. They found lower rates of grade 3
or more renal toxicity and a higher rate of grade 3 or
more neurologic toxicity in the intra-arterial group ver-
sus the IV group, but no other significant difference in
toxicities.2178 Long-term follow-up from this trial after a
median of 7.5 years showed higher rates of dysphagia
and esophageal toxicity in the intravenous group, but no
difference in xerostomia, mucositis, or nephrotoxicity.2179
A cohort study by Homma et al. examining specifically
SNM patients similarly found moderate rates of toxic-
ity with intra-arterial chemotherapy concurrent with RT,
with the most common acute toxicities including mucosi-
tis and nausea/vomiting, and most common late toxicities
including osteonecrosis, brain necrosis, and ocular/visual
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ICAR SINONASAL TUMORS 365

problems.454 Intra-arterial treatment is technically more
difficult to apply, limited to specific centers, and in the
absence of a clear advantage in disease control and sur-
vival, IV treatment is far more commonly used.

G Morbidity following immunotherapy

Nivolumab and pembrolizumab are the principal
immunotherapy agents used in SNM. Both drugs
block the PD-1 receptor on lymphocytes, preventing
PD-L1 and PD-L2 binding and therefore upregulating
T-cell-mediated killing of cancer cells.2180 Common AEs
include fatigue, nausea, rash, pruritus, and depressed
appetite.2181–2186 Immune-related AEs (irAEs) are of
particular concern and have been found to occur in 27%
of patients, with high-grade irAEs in 6%.2181 Serious AEs
may include pneumonitis, adrenal insufficiency, hypothy-
roidism, colitis, acute liver injury, and Stevens–Johnson
syndrome.2183–2185,2187,2188 Fatal AEs have been found to
occur in 0.4% of patients treated with PD-1 and PD-L1
inhibitors, commonly pneumonitis, hepatitis, colitis,
neurologic events, and myocarditis.2181 Overall, however,
the side effects of immunotherapy on average are less
than those seen with single-agent chemotherapy agents
based on RCT data.2182,2189 Table XXXII.4 summarizes
evidence surrounding QOL after chemotherapy and
immunotherapy for SNM.

Morbidity following chemotherapy and immunotherapy

Aggregate level
of evidence

B (Level 1: two studies; Level 2: nine studies.
Level 3: eight studies)

Benefit Chemotherapy, either in the induction or
adjuvant setting, is indicated for many
SNMs to improve disease control.
Immunotherapy and intra-arterial
chemotherapy both attempt to reduce
toxicity while improving disease control.

Harm AEs from systemic chemotherapy are very
common, with almost all patients having at
least low-grade AEs and more severe AEs
occurring in approximately half of patients,
depending on the study and agent.
Intra-arterial chemotherapy spares some
systemic toxicity but may increase local
toxicity. Immunotherapy has less side
effects than conventional chemotherapy
and can have both immune-related side
effects and nonimmune-related side effects.

Cost Cost comparison analyses have not been
undertaken.

Benefits–harm
assessment

Preponderance of benefits over harms.

(Continued)

Value
judgments

Chemotherapy may improve survival in many
SNM but is associated with adverse side
effects that impact QOL. Specific side
effects vary by agent.

Policy level Recommendation.
Intervention Chemotherapy in the induction or adjuvant

setting is associated with decreased QOL,
with specific AEs varying by specific agent.
While many of the AEs are short term,
long-term toxicities that impact QOL are
common. It is important to weigh the
effects of chemotherapy on QOL against
the potential benefits for disease control.

In conclusion, various treatment modalities carry differ-
ent side effect profiles, and long-termQOL is an important
consideration in treatment planning for this group of
patients. With the increasing awareness of the importance
of long-term QOL for SNM patients, shared decision-
making must focus not only on oncologic outcomes but
also the factors that matter most to patients.

XXXIII SURVEILLANCE

A Timing and schedule

Despite the extensive literature published on the tim-
ing and schedule for the surveillance of head and neck
malignancy, there is a paucity of evidence to support a
universal schedule for surveillance of SNMand benign dis-
ease. The most recent guidelines set forth by the NCCN
suggest careful and regular follow-up for head and neck
malignancies with the option to use FDG-PET/CT for
surveillance a minimum of 12 weeks following definitive
treatment or contrast-enhanced CT or MRI between 8 and
10 weeks posttreatment.258 Evaluation with FDG-PET/CT
prior to 12 weeks increases the rate of false-positive results
due to residual inflammation from RT and/or surgical
resection.2192 In addition to imaging, routine clinical exam-
ination is recommended every 1–3 months for the first
year, then every 2–6 months for the second year, followed
by every 4–8 months for years 3 through 5, and then
annual exams after year 5. Currently, the accepted standard
is to extrapolate these recommendations to encompass
sinonasal tumors; however, these tumors generally behave
differently. Given this, the presented discussion and rec-
ommendations largely reflect SNM, though some special
consideration is given to IP, where there have been focused
studies on this topic.
While these principles have generally been adopted for

all head and neck malignancies, disease of the sinonasal
subsite encompasses a wider breadth of pathology than
classically seen in other upper aerodigestive tract sub-
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366 KUAN et al.

TABLE XXXI I . 4 Evidence surrounding QOL after chemotherapy and immunotherapy for SNM.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Kim et al.2171 2016 1 Meta-analysis
of RCTs

Patients with locally
advanced head and
neck cancer treated
with IC with TPF
plus CRT (n = 651)
or CRT alone
(n = 629)

1. Treatment
toxicities

2. Treatment
compliance

1. Patients undergoing IC plus
CRT had higher rates of grade
3/4 neutropenia, anemia, and
thrombocytopenia

2. There was no difference in the
rates of nonhematologic
toxicities

3. Patients undergoing IC were less
likely to complete CRT

Abdel-Rahman
and Fouad2188

2016 1 Meta-analysis
of RCTs

6671 patients receiving
immune checkpoint
inhibitors versus
standard
chemotherapy,
placebo, or
everolimus

Development of
pneumonitis

There was a 3.96 odds ratio of
all-grade pneumonitis and a 2.87
odds ratio for high-grade
pneumonitis following treatment
with immune checkpoint
inhibitors

Cohen et al.2189 2019 2 RCT Patients with
recurrent,
progressive, or
metastatic head and
neck SCC failing
platinum therapy,
then receiving
pembrolizumab
(n = 247) versus
standard
methotrexate,
docetaxel, or
cetuximab (n = 248)

Incidence of AEs 1. There was a lower incidence of
grade 3+ AEs in the
pembrolizumab group than the
standard therapy group

2. The most common AE in the
pembrolizumab group was
hypothyroidism and in the
standard group was fatigue

3. Four patients in the
pembrolizumab group suffered
treatment-related death versus
two patients in the standard of
care group

Ghi et al.2165 2017 2 RCT 421 patients with
locally advanced
head and neck
cancer receiving
CRT (n = 208)
versus IC TPF
followed by CRT
(n = 206)

1. Treatment
toxicities

2. Treatment
compliance

1. The most common grade 3+
toxicity during IC was
neutropenia

2. During CRT, there was
significantly higher rates of
neutropenia in the IC group, and
higher rates of skin rash (likely
due to cetuximab) in the CRT
group

3. Receipt of IC did not affect
compliance to CRT

Heukelom
et al.2179

2016 2 RCT 237 patients with
inoperable head and
neck cancer treated
with IA cisplatin
plus RT (n = 118)
versus IV cisplatin
plus RT (n = 119)

Severe late
treatment
toxicities

1. 38% of patients experienced
grade 3+ toxicity

2. Late esophageal toxicity was
more frequent in the IV group

3. There were no other differences
in toxicity rates between the IV
and IA groups

(Continues)
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ICAR SINONASAL TUMORS 367

TABLE XXXI I . 4 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ferris et al.2182 2016 2 RCT 361 patients with
recurrent head and
neck cancer failing
platinum
chemotherapy
receiving either
nivolumab (n = 236)
versus standard
systemic
chemotherapy
(methotrexate,
docetaxel, or
cetuximab; n = 111)

1. Treatment
related AEs

2. QOL as
assessed by
the QLQ-C30
and
QLQ-H&N35

1. There was a 13% rate of grade 3/4
AEs in the nivolumab group,
most commonly fatigue, versus
a 35% rate in the standard group,
most commonly neutropenia

2. During therapy, QOL was stable
in the nivolumab group but
worse in the standard group

3. The most frequent AEs in the
nivolumab group were fatigue,
nausea, rash, decreased appetite,
and pruritis

4. Two treatment-related deaths
occurred in the nivolumab
group (pneumonitis and
hypercalcemia)

Chow et al.2185 2016 2 RCT 132 patients with
recurrent/metastatic
head and neck SCC
receiving
pembrolizumab

Treatment-
related
AEs

1. AEs occurred in 62%, most
commonly fatigue,
hypothyroidism, and decreased
appetite

2. Grade 3+ AEs occurred in 9%,
most commonly decreased
appetite, facial swelling, and
pneumonitis

Paccagnella
et al.2166

2010 2 RCT 101 patients with stage
3–4 head and neck
cancer receiving
CRT (n = 50) versus
IC with TPF
followed by CRT
(n = 51)

Treatment
toxicities

1. The most common grade 3+
toxicity during IC was
neutropenia, followed by
alopecia

2. There was no difference in
toxicities during CRT between
the IC and no-IC cohorts

Rasch et al.2178 2010 2 RCT 237 patients with
inoperable head and
neck cancer treated
with IA cisplatin
plus RT (n = 118)
versus IV cisplatin
plus RT (n = 119)

Treatment
toxicities

1. The IV group had higher rates of
renal toxicity

2. The IA group had higher rates of
neurological toxicities

3. There was no difference
between the groups in the rates
of hematologic toxicities or other
toxicities

Vermorken
et al.2190

2007 2 RCT Patients with locally
advanced head and
neck cancer treated
with either IC with
TPF (n = 177) versus
IC with PF (n = 181)

Toxicity of
treatment

1. Patients receiving TPF had
higher rates of grade 3+
alopecia, leukopenia, and
neutropenia

2. Patients receiving PF had higher
rates of grade 3+
thrombocytopenia, nausea,
vomiting, stomatitis, and
hearing loss

3. There was a 2.3% death rate in
the TPF group and 5.5% rate in
the PF group

(Continues)
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368 KUAN et al.

TABLE XXXI I . 4 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Bonner et al.2177 2006 2 RCT 424 patients with
locally advanced
head and neck
cancer treated with
RT alone (n = 213)
versus CRT with
cetuximab (n = 211)

Treatment
toxicities

1. There were higher rates of grade
3+ acneiform-rash in the CRT
group

2. There was no difference in rates
of other grade 3+ toxicities

Bernadach
et al.2172

2021 3 Retrospective
cohort

113 patients treated
with IC with TPF

Treatment
toxicities

1. The most common grade 3+
toxicities were neutropenia,
nausea/vomiting, mucositis,
diarrhea, anemia, and
thrombocytopenia

2. Grade 5 febrile neutropenia
occurred in 6% of patients

Tsan et al.2174 2021 3 Prospective
cohort

54 adults with head
and neck cancer
treated with CRT

QOL, symptoms,
and hope as
measured by
the FACT-HN,
MDASI, and
HHI, pre-,
during, and
posttreatment

1. QOL declined during treatment
but rose back to baseline by
1 month after treatment and
superior to baseline at 3 months

2. Symptom interference decreased
over time after treatment

3. Symptom burden initially
increased during treatment but
declined back to pretreatment
levels at 1 and 3 months
posttreatment

4. “Hope” remained steady
throughout the study

Mehra et al.2187 2018 3 Prospective
cohort

192 patients receiving
pembrolizumab for
recurrent,
metastatic, or
persistent HNSCC

Treatment-
related
AEs

1. At a median of 9 months after
treatment, 64% of patients
experienced AEs, most
frequently fatigue, rash, pruritis,
and appetite decrease, and 13%
of patients experienced grade
3/4 AEs, most commonly ALT
and AST elevations

2. The most common
immune-related AEs were
hypothyroidism (28 patients, two
of which were grade 3) and
pneumonitis (five patients, two
grade 3)

Seiwert et al.2183 2016 3 Prospective
cohort

60 patients with
PD-L1-positive head
and neck cancer
treated with
pembrolizumab

Drug-related
AEs

1. 63% of patients had AEs of any
grade, most commonly fatigue,
pruritis, nausea, decreased
appetite, and rash

2. 17% of patients had grade 3/4
AEs, most commonly elevated
AST or ALT, or hyponatremia

(Continues)
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ICAR SINONASAL TUMORS 369

TABLE XXXI I . 4 (Continued)

Study Year LOE Study design Study groups
Clinical
endpoints Conclusion

Ye et al.2175 2013 3 Prospective
cohort

349 adults with locally
advanced head and
neck cancer treated
with CRT with
cisplatin (n = 262)
versus cetuximab
(n = 87)

Treatment
toxicities

1. There was equivalent grade 3+
mucositis, enteral feeding, and
weight loss in both groups

2. Higher rates of nausea/emesis
and unplanned or prolonged
hospitalization were seen in the
cisplatin group

3. Higher rates of RT dermatitis
and acneiform rash were seen in
the cetuximab group

4. Two patients in each group died
of treatment-related
complications

Nishimura
et al.2173

2009 3 Retrospective
cohort

Patients with
untreated stage 3/4
maxillary sinus SCC
treated with IC with
5FU, methotrexate,
and leucovorin with
IA cisplatin (n = 16)
versus CRT with
5FU, methotrexate,
and leucovorin with
IA cisplatin (n = 15)
versus RT only
(n = 9)

Treatment
toxicities

1. In the IC cohort, the most
common grade 3/4 toxicities
were nausea/vomiting, anemia,
and neutropenia

2. In the CRT cohort, the most
common grade 3/4 toxicities
were nausea/vomiting,
dermatitis, dysphagia, mucositis,
and pain

3. In the RT only cohort, the most
common grade 3/4 toxicity was
dermatitis

Homma
et al.2191

2009 3 Prospective
cohort

47 patients with T3+
nasal and SNM
treated with IA
cisplatin and EBRT

Treatment
toxicities

1. 75% of patients experienced
acute grade 3/4 toxicity, most
commonly leukopenia,
mucositis, and fevers

2. Late AEs included ORN, brain
necrosis, and ocular/visual
problems

Vermorken
et al.2164

2007 3 Prospective
cohort

103 patients with
recurrent and/or
metastatic head and
neck cancer that
failed
platinum-based
therapy and then
received cetuximab,
with or without
platinum

1. Treatment-
related
AEs

2. KPS

1. Six patients had cetuximab
infusion reactions, and one
patient died of an infusion
reaction to cetuximab

2. Median pretreatment KPS was
80 and declined during
treatment

3. 46% of patients receiving
single-agent cetuximab had
grade 3/4 AEs, most commonly
dyspnea, vomiting, and asthenia

4. No skin reactions were grade 3
or higher

Abbreviations: AE, adverse events; CRT, chemoradiation therapy; 5FU, 5-fluorouracil; HNSCC, head and neck squamous cell carcinoma; IA, intra-arterial; IC,
induction chemotherapy; PF, cisplatin and 5-fluorouracil; QLQ-C30, EORTC Core QOL Questionnaire; QLQ-H&N35, EORTC QOL Questionnaire: Head and
Neck Module; FACT-HN, Functional Assessment of Cancer Therapy: Head and Neck; HHI, Herth Hope Index; KPS, Karnofsky Performance Scale; MDASI, MD
Anderson Symptom Inventory; ORN, osteoradionecrosis; RT, radiation therapy; TPF, docetaxel, cisplatin, and 5-fluorouracil.
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370 KUAN et al.

sites and many tend to behave differently. Many of these
pathologies tend to recur locally as opposed to regionally,
though this is highly dependent on tumor biology and
local recurrence of benign disease, notably IP, is also possi-
ble. Furthermore, sinonasal inflammation can persist long
after treatment, leading to increased FDG avidity and alter-
ing the accuracy of FDG-PET/CT.2193 Given the variability
in pathology and the differences in biology of the sinonasal
mucosa, the general principles applied to head and neck
malignancies should not be universally applied. Ideally,
the posttreatment examination and surveillance practice
should be tailored to the specific tumor.
There are no studies evaluating the ideal tim-

ing for clinical follow-up in patients with sinonasal
tumors; however, many authors report their follow-up
protocols.216,369,373,402,418,419,431,1153,1161,2194,2195 Despite being
institutionally dependent, there are a few themes that may
be highlighted. Regardless of tumor biology, most authors
utilize clinical examination with nasal endoscopy every
1–6 (median 3) months in the first year with varying de-
escalation of intervals in the subsequent years. Depending
on the tumor type, posttreatment imaging is performed
between 2 and 12 months following completion of therapy
with FDG-PET/CT being used for SNM and CT or MRI
being used for benign disease.
In order to develop recommendations on timing, it

is important to consider tumor biology and recurrence
patterns. Of the 35 included studies, 22 studies reported
RFS and time to recurrence. For all tumors, the mean
time to recurrence ranged from 8 to 138.1 months, with
the majority of the recurrences occurring within the first
5 years.,216,369,373,402,418,419,431,701,720,721,741,1086,1135,1153,1161,1166,
1397,1417,1931,2194–2201 Notably this group consists of benign
and malignant tumors, including ACC and ONB, known
for late recurrence. Notably, ACC and ONB pose risks
for recurrence as up to 10 years following primary treat-
ment and this should be taken into consideration when
developing a surveillance protocol.419,430,1417 Furthermore,
for benign neoplasms (e.g., IP), the mean time to recur-
rence ranges from 8.0 to 45.5 months with a maximum
of 253.2 months, suggesting that longer follow-up is
necessary.5,15,17,19–21,24,25,27,29,2202 While there are no studies
investigating specific surveillance intervals and protocols,
it is conceivable that follow-up duration should be at least
5 years, with certain disease etiologies (e.g., IP, ACC, ONB)
requiring longer or even lifelong follow-up.

B Role of assessment based on physical
exam, signs, and symptoms

Due to the anatomy of the paranasal sinuses, tumors of
this region are often asymptomatic given the large poten-

tial space, especially in a postoperative setting. Recurrent
tumors have an opportunity to grow larger due to lack
of defined tissue planes to prevent growth, resulting in
advanced stage by the time symptoms are apparent. This
is in contrast to the majority of head and neck malig-
nancies, where new symptoms are an early indicator of
recurrence and recommendations for long-term imaging
are based on physical exam findings and symptoms.1,31,32
Three studies assessed the impact of patient symptoms
on the diagnosis of recurrence (Table XXXIII.1).7,11,12
Workman et al. assessed factors associated with recur-
rence in patients with recurrent SNM and determined
that up to 49% of patients had symptoms at the time
of recurrence diagnosis.11 Furthermore, the majority of
symptomatic recurrences were seen in stage IVB tumors
and predictedworse survival, suggesting that development
of symptoms is a late presentation in SNM recurrence.
Zocchi et al. assessed risk factors associated with recur-
rence of SNM and reported that recurrence was diagnosed
based on symptoms in only 6.3% of cases.12 Of these
cases, 25% were due to presence of distant metastases.
Despite this, there was no significant difference in timing
of diagnosis and OS between patients diagnosed symp-
tomatically compared to endoscopically or via advanced
imaging. Conversely, Nyquist et al. demonstrated that,
of 67 patients with recurrent SNM, 19 (28.4%) patients
were symptomatic, which ultimately led to a diagnosis
of recurrence in conjunction with further workup.7 Diag-
nosis was ultimately made by endoscopy in 10 patients,
physical exam in two patients, and imaging in seven
patients.
Given the unrestricted paths for tumor growth in

the paranasal sinuses, tumors generally have room for
expansion before symptoms become apparent, making
diagnosis based on difficult. Symptoms are also gener-
ally nonspecific and may be limited only to epistaxis or
nasal obstruction.33 Furthermore, without the use of nasal
endoscopy, physical exam is limited and generally only
useful for detection of regional metastases. Despite the
low yield in diagnosis, a comprehensive physical examina-
tion should be performed at each clinical visit following
treatment. Despite this, Khalili et al. demonstrated that
the presence of patient symptoms (e.g., intractable facial
pain, recurrence epistaxis, severe headache, neck masses,
cranial neuropathies) increases the PPV of both nasal
endoscopy and imaging for detection of recurrence.14
Additionally, in a cohort of SNM patients, Nyquist et al.
demonstrated that physical exam detected recurrence in
only 3.0% of cases; however, all of these patients were
symptomatic.7
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ICAR SINONASAL TUMORS 371

TABLE XXXI I I . 1 Evidence surrounding the use of physical exam and symptoms in the surveillance of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Nyquist et al.2195 2021 3 Retrospective
cohort

231 patients treated for
SNM

1. DFS
2. Recurrence

rate

Recurrence was detected on
physical examination in 2.0% of
cases

Zocchi et al.419 2020 3 Retrospective
cohort

417 patients treated for
SNM.

Recurrence rates Only 6.3% of recurrences were
detected by symptoms

Workman
et al.421

2019 3 Retrospective
cohort

55 patients with
history of definitive
treatment of SNM
with recurrence

1. DFS
2. OS
3. Recurrence

rate

Rates of symptomatology are lower
in recurrent SNM than in other
recurrent cancers of the head and
neck

Abbreviations: DFS, disease-free survival; OS, overall survival; SNM, sinonasal malignancy.

Role of surveillance based on physical exam, signs, and
symptoms

Aggregate grade
of evidence

C (Level 3: three studies)

Benefit Early detection of recurrent tumors with
possibility of timely intervention.

Harm Missing a diagnosis of a recurrent or
persistent tumor given relatively low rates
of detection.

Cost Direct costs: consultation fees and travel
costs.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Physical examination of the paranasal sinuses
is difficult given the anatomic location.
Exam findings should focus on cranial
neuropathies, ocular findings, and
new-onset lymphadenopathy.

Policy level Recommendation.
Intervention Symptoms and physical exam findings often

present in advanced disease. A complete
history and physical examination should be
performed at each posttreatment
examination. Screening of symptoms
should include presence of new onset
epistaxis, intractable facial pain, and
cranial neuropathies.

C Role of endoscopy

Postoperative nasal endoscopy is generally regarded as
the standard of care for surveillance, especially follow-
ing surgical resection. Given that the most common site
of failure in SNM is local and that external visualization
of the sinonasal tract is difficult, direct visualization of
the primary site using nasal endoscopy is important.34
Despite this hypothetical advantage, only three studies
assessed the impact of nasal endoscopy for sinonasal

tumor surveillance (Table XXXIII.2). The rates of diagnosis
of primary recurrence using nasal endoscopy ranged from
20.8% to 34.3%.7,12,14 Khalili et al. demonstrated that nasal
endoscopy had a sensitivity and specificity of 25% and 89%,
respectively, and a PPV of 13% in asymptomatic patients.
In patients with symptoms, the PPV of nasal endoscopy
increased to 85%.14 Nyquist et al. demonstrated that, in
the setting of local recurrences, half would be diagnosed
via nasal endoscopy and that nasal endoscopy diagnoses
more primary recurrences when surgical resection has
been performed.7 Furthermore, in patients with recurrent
disease, nasal endoscopy tends to identify smaller, more
superficial recurrences that may be more amenable to sal-
vage surgery, while imaging tends to identify larger sized
recurrences.14

Role of endoscopy for surveillance

Aggregate grade
of evidence

C (Level 3: two studies; level 4: one study).

Benefit Detection of a primary tumor recurrence,
assess extent of involvement, and
evaluation for feasibility of resection.

Harm Risk of local tissue trauma and potential to
miss recurrence deep to mucosa.

Cost Direct costs: procedure fees and consultation
fees.

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

Direct visualization of the paranasal sinuses
with rigid or flexible endoscopes should be
performed, especially for postsurgical
patients.

Policy level Recommendation.
Intervention Nasal endoscopy should be performed at each

surveillance visit to assess for local tumor
recurrence within the sinonasal tract, as
well as assess mucosal health and side
effects (e.g., crusting).
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372 KUAN et al.

TABLE XXXI I I . 2 Evidence surrounding the use of nasal endoscopy in the surveillance of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Nyquist et al.2195 2021 3 Retrospective
cohort

231 patients treated for
SNM

1. DFS
2. Recurrence

rate

Recurrence was detected by nasal
endoscopy in 34.3% of cases

Zocchi et al.419 2020 3 Retrospective
cohort

417 patients treated for
SNM

Recurrence rates Endoscopy identified 21% of
recurrences

Khalili et al.418 2016 4 Retrospective
case series

109 patients with
primary SNM that
underwent
successful definitive
treatment

Diagnostic utility Endoscopy has comparable
specificity and a predilection
toward identifying superficial
local recurrences highly
amenable to salvage therapy

Abbreviations: DFS, disease-free survival; SNM, sinonasal malignancy.

D Role of imaging

Imaging undoubtedly plays a vital role in tumor surveil-
lance (Table XXXIII.3). While nasal endoscopy can reveal
changes and recurrences in the visible mucosa of the
sinonasal tract, imaging provides the advantage of visual-
izing change deep to the mucosa, as can often been seen
in SNM recurrence. This includes structures of the orbit,
anterior and middle cranial fossae, and PPF/ITF.35 Struc-
tural and functional imaging studies are useful in this
scenario with the mainstay of structural imaging being
MRI. MRI offers superior soft tissue definition and allows
for evaluation of PNI.19 The use of imaging increases
the likelihood of detection of recurrent or residual dis-
ease compared to endoscopy alone, with rates of detection
ranging from 49% to 62.7%.7,12,14 Khalili et al. demon-
strated that the PPV for MRI was significantly greater
compared to FDG-PET/CT and CT (84% vs. 46% and 44%,
respectively).14 In contrast, FDG-PET/CT has an average
NPV of 94.4% ± 7.3%, which is useful in ruling out recur-
rence at primary, regional, and distant sites.4,36–40 Despite
this, the modality of choice is controversial and largely
institutionally dependent.
Controversy exists on the appropriate timing of imag-

ing in tumor surveillance. While data from head and
neck malignancy suggest a posttreatment FDG-PET/CT
at 12 weeks, there is some evidence to suggest this tim-
ing may not be appropriate in SNM given differences
in sinonasal mucosal inflammation following treatment.
Two studies retrospectively evaluated the optimal timing
of posttreatment FDG-PET/CT for the diagnosis of recur-
rence in SNM.3,41 Schwartz et al. investigated the level of
FDG avidity in FDG-PET/CT imaging and reported that
inflammation does not resolve until greater than 5 months
following completion of treatment.3 Conversely, Ozturk
et al. found that FDG-PET/CT had 100% sensitivity and
specificity for detecting recurrence at all sites when per-
formed between 1 and 3 months following completion of

treatment; however, the population and imaging intervals
were heterogeneous.38,41 There are no studies assessing the
optimal time intervals for imaging studies in surveillance
of SNT.
The type of imaging used for surveillance also depends

on the site. MRI provides superior detail for evaluation of
the primary site, while FDG-PET/CT provides improved
diagnostic information for regional and distant failure.
Only one study assessed the diagnostic accuracy of MRI
in the diagnosis of recurrence; however, only PPV was
reported. The authors noted that PPV was superior for
MRI compared to FDG-PET/CT for local recurrence (84%
vs. 46%).14 They furthermore concluded that FDG-PET/CT
has higher false-negative rates, likely due to the inflam-
matory nature of the sinonasal mucosa. Despite these
findings, the PPV for FDG-PET/CT ranges from 43%
to 97% with more consistent sensitivity, specificity, and
NPV.4,14,36–40 These findings suggest that FDG-PET/CT is
highly sensitive with a high NPV, making this an invalu-
able modality to rule out recurrence, though the PPV is
variable. A summary of the diagnostic utility measures can
be seen in Table XXXIII.4 for SNM.

Role of imaging for surveillance
Aggregate grade
of evidence

C (Level 3: seven studies; level 4: one study).

Benefit Detection of recurrent disease that cannot be
detected though physical exam or nasal
endoscopy (e.g., lateral frontal sinus,
submucosal, intracranial, intraorbital).

Harm Minimal harm of radiation and allergic
reaction from radioisotopes. Potential for
unnecessary testing leading to financial
consequences.

Cost Direct costs: variable cost depending on
institution and imaging protocols

(Continued)
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ICAR SINONASAL TUMORS 373

Benefits–harm
assessment

Preponderance of benefits over harms.

Value
judgments

FDG-PET/CT should be used for evaluation
of regional or distant metastases, while
MRI is the treatment of choice for
surveillance of the primary site (i.e.,
superior soft tissue definition). CT can be
considered but has less sensitivity
compared to MRI.

Policy level Recommendation.
Intervention Posttreatment imaging should be performed

to detect residual or recurrent disease. MRI
and/or FDG-PET/CT should be the
modality of choice. Multiple scans provide
for adequate comparison of changes across
time. The timing is left to provider
discretion, but FDG-PET/CT should be
performed 12 weeks following completion
of treatment and MRI should be performed
within 8–10 weeks following treatment.

E Differences in surveillance practices
based on histology

Therewere no studies assessing the impact of tumor histol-
ogy on the specific intervals or modalities of surveillance;
however, based on the pooled evidence, it can be implied
that histology is paramount. While tumors of the head and
neck generally consist of SCC and its subtypes, sinonasal
tumors are vastly different and tumor biology strongly dic-
tates the necessary follow-up interval and modality for
surveillance. Given the paucity of data in the literature,
it is necessary to infer recommendations by assessing the
natural course of each tumor, benign and malignant.

Differences in surveillance practices based on histology

Aggregate grade
of evidence

D (no dedicated studies)

Benefit Detection of recurrent or residual sinonasal
tumors.

Harm Missing late or early recurrence of disease;
unnecessary testing or examinations.

Cost None.
Benefits–harm
assessment

Insufficient evidence.

Value
judgments

Sinonasal tumors behave differently from
other head and neck tumors. Surveillance
should be tailored to specific tumor
histology and biologic behavior.

Policy level No recommendation.

(Continued)

Intervention Tumor histology should be taken into
consideration when determining the
appropriate surveillance protocols. Most
tumors recur within the first 5 years;
however, certain pathologies (e.g., IP, ONB)
have propensity for recurrence greater than
10 years following definitive treatment.

F Surveillance of sinonasal
malignancies

While current dogma suggests that FDG-PET/CT is use-
ful for surveillance of regional or distant metastatic
disease, this is generally based on clinical studies for
HNSCC, which has a higher propensity for regional
failure. In general, SNM tends to fail locally, though
this is dependent on the tumor histology. The median
recurrence rate for SNM in the included studies was
30.7% (range 17.6%–73.9%), with the majority of recur-
rences being local. When assessing tumor subtype,
HPC had the lowest rates of recurrence and mucosal
melanoma had the highest rates.373,402,419,1417,2197 The
DFS is also dependent on tumor subtype, with SNUC,
SNEC, and melanoma having the shortest DFS and sali-
vary gland tumors, adenocarcinomas, and ONB having
the longest.216,373,418,419,431,1086,1153,1161,1166,1397,1417,1931,2195–2197
Other than descriptions of DFS and OS, no studies eval-
uated differences in surveillance including modalities,
timing, and duration based on tumor histology.

G Surveillance of inverted papilloma

While IP is a benign tumor, there is a risk for malig-
nant degeneration and recurrence of the primary tumor,
necessitating long-term surveillance.22 Of the included
studies, 11 studies assessed long-term follow-up for
IP.369,701,720,721,741,1135,2194,2198–2201 Therewas awide range for
mean time to recurrence ranging from 8 to 45.5 months,
with maximum time to recurrence being 253.2 months.
The rates of recurrence were also variable with a mean
rate of recurrence of 16.1% ± 9.1%. The method for
diagnosis of recurrence was inconsistent across included
studies with nasal endoscopy and imaging being used.
Many authors advocated the use of nasal endoscopy for
surveillance.216,369,701,2199,2200 Both MRI and CT were used
for evaluation of recurrent lesions at variable schedules.
Only one compared different surveillance strategies.741
The authors compared findings from CT, MRI, and nasal
endoscopy on patients with recurrent IP and demonstrated
that MRI revealed the presence of the recurrent tumor in
all cases compared to the other modalities. CT was equiv-
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TABLE XXXI I I . 3 Evidence surrounding the use of imaging in the surveillance of sinonasal tumors.

Study Year LOE Study design Study groups
Clinical
endpoints Conclusions

Thakar et al.2203 2020 3 Prospective
cohort

18 patients with JNA Diagnostic utility
of MRI and
PSMA-
PET/CT

PSMA-PET/CT had higher PPV and
specificity comparted to MRI

Workman
et al.421

2017 3 Retrospective
cohort

78 patients with SNM
who underwent
treatment and had
posttreatment
FDG-PET/CT

Diagnostic utility
of
FDG-PET/CT

FDG-PET/CT can detect treatable
recurrences that can be missed
with structural imaging with
high sensitivity and NPV

Schwartz
et al.2193

2016 3 Retrospective
cohort

76 patients with
nonlocally recurrent
SNM who
underwent
FDG-PET/CT

DFS, recurrence
rates,
diagnostic
utility of
FDG-PET/CT

The posttreatment sinonasal skull
base is characterized by
prolonged periods of
hypermetabolism, which affects
FDG-PET/CT accuracy

Lamarre et al.197 2012 3 Retrospective
cohort

31 patients with SNM Diagnostic utility
of
FDG-PET/CT

FDG-PET/CT has low PPV for
detection of primary site
recurrence

Harvey et al.420 2010 3 Retrospective
cohort

34 patients with SNM Diagnostic utility
of
FDG-PET/CT

FDG-PET/CT is highly sensitive;
however, posttreatment mucosal
inflammation may alter the
accuracy

Rho et al.2204 2010 3 Retrospective
cohort

22 patients with
maxillary sinus
cancer who
underwent
FDG-PET/CT

Diagnostic utility
of
FDG-PET/CT

FDG-PET/CT is highly sensitive
and specific for the detection of
recurrence in the maxillary sinus

Gil et al.216 2007 3 Prospective
cohort

47 patients with skull
base tumors

Diagnostic utility
of
FDG-PET/CT

Postoperative follow-up using
PET/CT enables early detection
of tumor recurrence

and guides endoscopic biopsies
Khalili et al.418 2016 4 Retrospective

case series
109 patients with
primary SNM who
underwent
successful definitive
treatment

Diagnostic utility
of
FDG-PET/CT

1. Imaging is superior to
endoscopy in terms of
sensitivity, accuracy, and NPV

2. MRI more reliably predicts
sinonasal cancer recurrence
than either FDG-PET/CT or CT
alone

Abbreviations: 18F-FDG, fluorodeoxyglucose F 18; CT, computed tomography; DFS, disease-free survival; JNA, nasopharyngeal angiofibroma (formerly juvenile
nasopharyngeal angiofibroma); OS, overall survival; PET, positron emission tomography; PSMA, prostate-specificmembrane antigen; SNM, sinonasalmalignancy.

ocal in 40% of cases and nasal endoscopy only visualized
50% of tumors.Multiple factors appeared to influence rates
of recurrence and surveillance decisions. Nakayama et al.
used annual CT or MRI for surveillance when the tumor
attachment point was not identified intraoperatively.2194
Similarly, Jiang et al. used posttreatment CT for surveil-
lance when the primary site was difficult to visualize on
postoperative nasal endoscopy.2199 Furthermore, attach-
ment in the frontal sinus or to the opticocarotid recess in
sphenoid sinus IP showed increased risk for recurrence,
necessitating closer follow-up.369,720,1135

XXXIV RESEARCH OPPORTUNITIES
AND FUTURE DIRECTIONS

Despite the rarity and heterogeneity of sinonasal tumors,
the interest in investigating pathophysiology, diagno-
sis, treatment, and prognostication is increasing rapidly.
While the literature has historically classified sinonasal
tumors by anatomical subsite, there is increasing focus
on histopathology in studying and classifying each tumor
type. The current literature on specific histopathologies
primarily relies on retrospective case series and retro-
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ICAR SINONASAL TUMORS 375

TABLE XXXI I I . 4 Summary of the diagnostic utility of imaging studies for the detection of recurrence in sinonasal malignancies.

Study Date Modality Site Sensitivity Specificity PPV NPV
Gil et al.216 2007 FDG-PET/CT Primary site 77% 81% 83% 76%
Harvey et al.420 2010 FDG-PET/CT Primary site 100% 40% 54% 100%
Khalili et al.418 2016 CT Local NR NR 44% NR

FDG-PET/CT Local NR NR 46% NR
MRI Local NR NR 84% NR

Lamarre et al.197 2012 FDG-PET/CT All sites 90% 90% NR NR
FDG-PET/CT Local 77% 84% 56% 93%
FDG-PET/CT Regional 100% 89% NR NR
FDG-PET/CT Distant 83% 95% 63% 98%

Ozturk et al.2205 2019 FDG-PET/CT Local 84% 95% 84% 95%
FDG-PET/CT Regional 91% 99% 91% 99%
FDG-PET/CT Distant 81% 99% 97% 96%

Rho et al.2204 2010 FDG-PET/CT Local 86% 93% 86% 93%
Workman et al.421 2017 FDG-PET/CT All sites 75% 96% 43% 99%

spective study of publicly available databases or registries.
Prospective trials constitute only a small fraction of the
evidence base limited to more common pathologies while
neglecting rarer entities. Moreover, many principles rel-
evant to oncologic care in the sinonasal tract have been
gleaned from research focused on tumors in other sites
of the head and neck, which at best only incorporate a
subset of patients with sinonasal primaries. Recent under-
standing for need to classify sinonasal tumor types based
upon pathophysiology—for example, specific molecular
mutations—combined with the relative rarity of sinonasal
tumors underscores not only the need for more in-depth
studies but also collaborative multicenter investigations
in order to collect sufficient numbers of cases and fully
capture the breadth of each tumor type.

A Basic/translational research
opportunities

Contemporary understanding of cancer biology driven by
genomic and molecular signatures continues to evolve
across all fronts, and sinonasal oncology has benefitted
tremendously from this surge in knowledge and new tech-
niques. As part of the wave of precision medicine common
to all tumor research is understanding and providing prog-
nostic and treatment data based on tissue analysis.421,2206
This is a multidisciplinary, potentially multicenter, effort
that would require the creation and maintenance of tis-
sue biospecimen banks and an infrastructure for patient
recruitment, tissue collection and processing, molecular
analysis, and critical interpretation of the resulting data.

This approach has recently been applied to IP research,
which is more prevalent than malignancies, and has
drawn new insights in our understanding of IP pathogen-
esis and prognosis.659,669,1140 Recent developments in the
ability to perform single-cell RNA sequencing have pro-
vided novel insights into heterogeneity within skull base
tumors as well as the surrounding host tissues, which may
have value in sinonasal oncologic research as well.2207–2209
Complementary to this endeavor is the identification and
validation of novel biomarkers for sinonasal tumors, such
as predicting clinical behavior or screening for recurrence.
With increasing availability of next-generation sequenc-
ing capabilities—including single-cell sequencing—and
bioinformatic approaches, the potential for significant new
insights into pathogenesis and predictors of treatment
response and immunotherapies has never been greater.
We identify as ongoing research needs in a tumor-specific
manner:

∙ Understanding for the tumor microenvironment at the
single-cell level of the heterogeneity in tumor genetics
and epigenetics, the surroundingmucosal environment,
and the inflammatory response.

∙ Synthesis of genomic/molecular data with clinicopatho-
logic behavior, response to treatment, and long-term
outcomes.

∙ Application of new bioinformatic techniques to assimi-
late and interpret complex genomic data.

∙ Development of preclinical models (e.g., cell lines, in
vitro models, animal) of sinonasal cancer biology that
can be used to study tumor behavior and treatment
response.
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B Clinical and outcomes research
opportunities

Collaborative research is a major cornerstone of study
of oncologic outcomes, as the joint efforts of diverse
backgrounds can bring about synergistic insights, espe-
cially for rare and complex tumors like those originat-
ing from the sinonasal tract. Thus, there is a pressing
need for motivated investigators to spearhead prospec-
tive, multi-institutional, and multidisciplinary registry-
based research that provides not only highly granular
but also consistent, comparable, and compatible data.
Clear definitions of outcome measures, treatment modal-
ities, and independent variables (e.g., tumor involvement
and primary site) are paramount, facilitating statistical
reporting and meta-analyses. Additionally, the design of
outcome studies should strive to balance appropriate
representation of patient populations such as biologic
sex, race/ethnicity, and socioeconomic factors. A strong
effort should be made toward developing clinical tri-
als with the same scientific rigor as those developed by
the medical and radiation oncology communities. Sev-
eral early examples of this type of innovative research
have recently surfaced.14–16,1564,2210–2215 With multiple spe-
cialties involved in the care of these complex patients,
the sinonasal oncologic community can leverage diver-
gent backgrounds and expertise to drive the field forward.
We identify as ongoing research needs in a tumor-specific
manner:

∙ Increasing well-balanced clinical trials across all
treatment modalities (surgery, chemotherapy, RT,
immunotherapy), especially for rarer pathologies.

∙ Creation of evidence-based practice guidelines backed
by high-level clinical studies (e.g., RCTs).

∙ Improvement of data granularity, consis-
tency/compatibility across studies, reproducibility
(e.g., core outcome measures), and precision.

C Public health/policy

As sinonasal tumors are rare, the thrust of care generally
lies at the level of referral centers and subspecialists. Due
to the ability of sinonasal tumors to expand within the
nasal cavity and paranasal sinuses with only vague and
nonspecific presenting signs and symptoms, most tumors
are discovered at an advanced stage. Thus, there is a
major opportunity to educate first-line providers, thereby
increasing their awareness of these conditions. This could,
in turn, result in prompt referrals and possibly workup
whenever “danger signs” are identified. For specific condi-

tions with higher prevalence and well-defined risk factors,
enactment of evidence-based screening protocols may be
feasible. An example of this is NPC screening for first-
degree relatives of patients in Hong Kong, where the
disease is endemic.2216 Finally, further research in the areas
of disparities and differences in outcomes and access to
care based on sex, race/ethnicity, and socioeconomic status
is needed to create unique specific screening and treatment
plans for patients of various backgrounds. We identify as
ongoing research needs in a tumor-specific manner:

∙ Methods for education of providers in various specialties
and points of care (e.g., primary care, emergency depart-
ment) regarding concerning signs/symptoms and “red
flags” that may be suspicious for sinonasal tumors, thus
prompting earlier referral and/or workup/intervention.

∙ Determination of streamlined, informative, and cost-
effective means to screen, diagnose, and stage SNM
patients.

∙ Improved understanding of healthcare disparities in
sinonasal tumor care, as well as differences in incidence,
prognosis, presentation, access to care, and treatment
strategies based on sex, race/ethnicity, socioeconomic
status, and other social determinants of health.

D Diagnosis, workup, and staging

To date, comprehensive workup of the patient is confined
to assessing signs and symptoms, endoscopic examina-
tion, and radiographic studies. Despite this multimodal
approach, it remains highly challenging to diagnose
sinonasal tumors, and there are very few disease-specific
indicators that provide clinically meaningful information
upfront, with clinicians requiring tissue analysis to guide
therapy. Novel applications of imaging have been reported,
such as the use of 68Gallium-DOTATATE for detection
of ONB.2217,2218 The WHO will likely continue to refine
their tumor classification system based on new insights
in molecular/genomic analytics, biomarkers, and tumor
biology (e.g., SNUC as stratified into multiple diseases
through DNAmethylation-based classification).2219 Tradi-
tional staging systems also may not capture all meaningful
prognostic information, and there is a need to rethink
and potentially redesign informative staging systems that
integrate these critical features (e.g., Hyams grade in
ONB, mutational burden). With the rise of artificial
intelligence applications in medicine as a whole, system-
atic assessment of unique indicators of tumor behavior
based on radiology and pathology may emerge.2220–2222
We identify as ongoing research needs in a tumor-specific
manner:
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ICAR SINONASAL TUMORS 377

∙ Identification of new/alternative strategies, biomarkers,
and imaging modalities to more accurately diagnose
patients with sinonasal tumors, especially malignancies
at an earlier stage.

∙ Development of enhanced imaging modalities that eval-
uate the extent of involvement of sinonasal tumors, in
particular orbital and intracranial involvement. Tumor-
specific biomarkers may also help to determine early
metastases that are not detectedwith currentmodalities.

∙ Defining and validating radiographic and histopatho-
logic signatures of specific tumors, with refinement
of tumor biology classification. Multicenter radiomic
approaches with external validation could significantly
alter this paradigm as seen in other specialties (e.g.,
mammography).

∙ Development of novel staging systems integrating prog-
nostically relevant data for specific histopathologies.

E Treatment strategies

Many of these treatment concepts described here are
drawn from the prior ICSB 2019 document (Section XIV.B),
which have insightfully highlighted many of these gaps.
As we have pushed the boundaries and limits of surgi-
cal treatment with new techniques and approaches, the
same questions remain regarding margin analysis and
the balance between efficacy and functional preserva-
tion. We now recognize that treatment strategies should
follow a histopathologic-specific strategy, and the trend
toward a precision tumor- and patient-specific approach
will continue. IC has shown promise with treating locally
advanced tumors and has the potential for orbit and skull
base preservation. Immunotherapy has changed our treat-
ment of mucosal melanoma and may have a role for
metastatic disease. Appropriate selection of treatment can-
didates would be crucial in fitting thesemodalities into the
current paradigm. Finally, as oncologic principles evolve
and surgical techniques further develop, there will be
gradual convergence of the roles of rhinologists and head
and neck surgeons in the surgical management of these
patients, with targeted selection of open, endoscopic, and
combined approaches, likely in a team-based fashion (e.g.,
regular joint participation in tumor board conferences).
We identify as ongoing research needs:

∙ Development of precision, histopathology-specific, and
patient-specific treatment algorithms based on tumor
and patient factors.

∙ Identification of methodology for appropriate selection
of surgical candidates based on patient and tumor fac-
tors, and balancing this with nonsurgical treatment
options (e.g., chemotherapy and RT).

∙ Refining the understanding of the concept of resectabil-
ity as surgical advances progress.

∙ Developing well-designed studies comparing onco-
logically sound endoscopic versus open/combined
approaches, particularly for malignancies, to elucidate
the impact of approach on survival and QOL.

∙ Tailoring sampling of adequate margins based on
histopathology.

∙ Determining the role of induction chemotherapy in
the management algorithm for locally advanced and/or
metastatic SNM, understanding when organ preser-
vation should be attempted, and identifying which
histopathologies respond best.

∙ Determining the role of immunotherapy in manage-
ment of various SNM, particularly mucosal melanomas.

∙ Improving the understanding of how RT and/or
chemotherapy affects oncologic resection and skull
base reconstructive outcomes, with development of
algorithms that incorporate these considerations.

∙ Identifying strategies for balancing morbidity related
to different modalities of treatment, including different
forms of RT.

F Survivorship, QOL, and long-term
care

As treatment becomes more effective and patients have
a higher likelihood of long-term survival, the issues of
survivorship, managing QOL, and surveillance become
increasingly important. Unlike for other head and neck
cancers, no QOL instruments are specifically validated for
sinonasal tumors, and there is an opportunity to enrich
our understanding of QOL outcomes before, during, and
after treatment. With post-RT patients who survive longer,
radiation-related side effects, such as skull base ORN
and brain necrosis, will become more prevalent, with a
need to develop effective treatment and prevention strate-
gies whenever possible. Finally, most of the literature on
surveillance strategy has been based on nonsinonasal head
and neck mucosal tumors. As we deepen our understand-
ing of sinonasal tumor biology, seldom is “achieving cure”
simply based on patients having no evidence of disease for
5 years following treatment completion. Further work into
duration and means of long-term surveillance will be crit-
ical, especially for a class of diseases where symptoms are
not the primary means of detection of recurrence.431 We
identify as ongoing research needs in this area:

∙ Consensus identification of suitable generic and disease-
specific QOL instruments for assessing outcomes in
sinonasal tumor patients, and/or design and validation
of new instruments for this purpose.
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∙ Characterization of long-term adverse effects of treat-
ment, ranging from secondary conditions that may have
significant health risks (e.g., radiation necrosis, second
primary) to those with QOL implications (e.g., sinusitis,
chronic rhinitis).

∙ Development of optimal long-term surveillance pro-
tocols based on histopathology, and which imaging
modalities (e.g., MRI, PET) are most appropriate at
which intervals.

XXXV CONCLUSION

ICSNT represents an unprecedented, concerted effort to
bring together experts from around the world and across
disciplines to synthesize the current evidence of sinonasal
tumor care, focusing on essential topics such as general
principles, benign and malignant histopathologies, QOL,
and survivorship. The evidence level is overall highly het-
erogeneous, with many noted areas of additional investi-
gation needed, and would likely benefit from a team-based
approach given the rarity of many pathologies. As our
understanding deepens and there is increased recogni-
tion of this class of diseases, new questions and avenues
of investigation will be generated, with future versions
of ICSNT again focusing on critical updates and major
paradigm shifts.We sincerely hope that ICSNT serves as an
informative and useful resource for clinicians of all train-
ing levels and areas of expertise who are united across the
front to face the challenges of sinonasal tumors.
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