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Summary The field of head and neck pathology was just developing 50 years ago but has certainly come a
long way in a relatively short time. Thousands of developments in diagnostic criteria, tumor classification,
malignancy staging, immunohistochemistry application, and molecular testing have been made during this

grglp I;aryr?geal; time, with an exponential increase in literature on the topics over the past few decades: There were 3506 ar-
atho ogy., . ticles published on head and neck topics in the decade between 1969 and 1978 (PubMed source), with a
Immunohistochemistry; . . . . . . . .
. staggering 89266 manuscripts published in the most recent decade. It is daunting and impossible to narrow
Paranasal sinus neoplasms; L . .
Molecular the more than 162 000 publications in this field and suggest only a few topics of significance. However, the
ul

breakthrough in this anatomic discipline has been achieved in 3 major sites: oropharyngeal carcinoma, sal-
ivary gland neoplasms, and sinonasal tract tumors. This review will highlight selected topics in these ana-
tomic sites in which the most profound changes in diagnosis have occurred, focusing on the information
that helps to guide daily routine practice of surgical pathology.
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hook; long and detailed musical phrases; a male singer; and,
most importantly, a high-pitched male voice exhibiting palpa-
ble effort and purpose during the song (as reported via New
Musical Express, www.nme.com, accessed 01AUG2019).
Determining the best in music can be reduced to math, science,
engineering, and technology using the physics and frequencies
of sound to recognize pitch and harmony. However, the feel-
ing you get when you listen to the music remains elusive. In
this way, we hope that the presentation of what we believe to
be the most significant advances in head and neck pathology
will elude any rigid algorithm and instead stimulate the reader
to go forward with more research in this field, ungoverned by
any preconceived notions or ideas and remaining open to
whatever advancement presents itself. The review will contain
3 parts, presented alphabetically, starting with oropharyngeal
carcinoma, continuing with salivary gland neoplasms, and
closing with sinonasal tract tumors. The one vision we hope
to achieve is to highlight the staying power of methodical re-
search combined with a dose of serendipity in the procession
of one discovery built on another.

2. Oropharyngeal squamous cell carcinoma

Fifty years is a speck over the evolution of life on this
planet, but it is essentially an “eternity”” when it comes to mod-
ern medical scientific discovery. There have been enormous
changes in surgical pathology since 1970, including major
changes in key areas of head and neck pathology. Nowhere
is this more dramatic than in oropharyngeal squamous cell car-
cinoma (OPSCC). A trip down Penny Lane to the early 1970s
would show you that patients who had “oral cancer” (lumping
tumors of the oral cavity and oropharynx into the same group)
were poorly differentiated and thus assumed to be worse for
the patient, and that metastatic carcinoma of unknown primary
was frequent with an enigmatic pathophysiology. Treatment
was harsh, damaging most of the head and neck mucosa with
high doses of radiation and with no targeted therapeutic agents
available to the medical oncologist when it recurred or metas-
tasized. Fast forward to today and suddenly many tried and
true traditions, of the morphologic distinction between in situ
and invasive carcinoma, keratinizing versus nonkeratinizing
morphology, nodal metastases being a harbinger of very poor
prognosis, and smoking being the most important risk factor
for throat cancer, no longer hold true. This part of the review
delves into these most important issues about OPSCC
(Table 1) as they have been defined; refined; or, frankly, de-
bunked over the past 50 years.

Table Major changes in OPSCC

Abrogation of the term oral cancer

High-risk HPV and routine clinical practice testing
Tonsillar crypt anatomy and in situ vs invasive carcinoma
Nodal metastases and metastatic CUP

Clinical and pathologic staging

2.1. “Oral cancer”

Lumping of head and neck SCC from various sites into
clinical trials, biomarker studies, and pathology series was
very common in years past, but oropharynx has emerged as
its own unique subsite, as is proper. The term oral cancer
was used to denote carcinomas of the oral cavity and orophar-
ynx, which were largely equated and considered together. This
may have been historically acceptable but, over the last 3 de-
cades with the emergence of OPSCC as a distinct entity due
to high-risk human papillomavirus (HPV) and tumors arising
in the tonsillar crypts, is no longer acceptable. The most recent
edition of the World Health Organization (WHO) Classifica-
tion of Head and Neck Tumours (“blue book™) finally sepa-
rated the oral cavity and oropharynx into separate anatomic
site chapters [1]. This blanket terminology of oral cancer is
still found occasionally in the literature [2] but should be
avoided. In fact, particularly for oral cavity SCC, subsite-
specific studies such as those for mobile tongue, alveolar ridge,
floor of mouth, and buccal mucosa may be necessary because
the pathophysiology, etiology, and pathology of SCC even at
these closely approximated subsites are also subtly different.
Furthermore, oropharyngeal subsite stratification of OPSCC
may be necessary, as we know that tonsil and base of tongue
tumors are largely very different than those arising in the soft
palate, uvula, and posterior wall because of the presence of
tonsillar crypts in the former and not in the latter. With the tro-
pism of high-risk HPV for the reticulated tonsillar crypt epithe-
lium and the peculiar anatomy that it has, as we shall see,
OPSCC arising from it has unique and sometimes confusing
features.

2.2. High-risk HPV

Nearly all of the changes in OPSCC are driven by the so-
called epidemic [3,4] of HPV-related tumors arising in the ton-
sillar crypt epithelium. This story is so well told and so familiar
now that it bears little use to delve into great detail here. What
is clear is that this type of OPSCC is not only different but is
essentially even a separate type of SCC altogether. These tu-
mors are morphologically, molecularly, epidemiologically,
pathophysiologically, and clinically different from conven-
tional head and neck SCC [5]. The main features, many of
which are still poorly understood across the medical commu-
nity, include the following: (1) high-risk HPV is derived from
sexual exposure; (2) tumors arise in the reticulated tonsillar
crypts where HPV has ready access to the basal appearing
squamous cells; (3) smoking is a major co-carcinogen, with
more than 50% of patients with HPV-related OPSCC having
a smoking history and 20%-25% current smokers; (4) most
HPV-related OPSCCs (~85%) have a distinctive nonkeratiniz-
ing morphology; (5) mutation profiles show distinct mutations
in these tumors and less gross chromosomal aberrations; and,
finally, (6) nodal metastases are extremely common and have
a much less negative impact on patient outcomes than for
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conventional head and neck SCC. HPV-related OPSCC is usu-
ally nonkeratinizing (Fig. 1) but can show any of the described
SCC variant morphologic patterns with the exception of verru-
cous [6] carcinoma [6-8]. It must be recognized that ~5% of
HPV-related OPSCCs show a conventional (keratinizing)
SCC morphology [6,9]. Although any of the dozens of high-
risk HPV types can cause OPSCC, robust data show that
~90% of the time it is HPV 16 followed 2%-3% of the time
by HPV 33 and 35, whereas HPV 18 is uncommon (<1%)
[10-12]. The significance of individual HPV type is unclear,
but HPV 16 may be prognostically more favorable compared
to the non—HPV 16 type.

The prognosis is clearly much better for HPV-related
OPSCC patients than for those that are negative, regardless
of how they are treated. Hazard ratios for death from any cause
and death from the cancer itself are from 0.2 to 0.5 with data
derived from retrospective and prospective studies and from
large meta-analyses [13-15]. Testing for HPV is now strongly
recommended (required) for all patients with OPSCC, with
p16 immunohistochemistry emerging as a standalone test rec-
ommended by the College of American Pathologists (CAP)
[16] evidence-based guidelines and accepted by the American
Society of Clinical Oncology [17] and major cancer staging
and reporting systems such as the American Joint Committee
on Cancer (AJCC) and Union for International Cancer Control
[18-20]. Because there is lingering concern about the 5% to
10% of patients with pl6-positive OPSCC but negative
HPV-specific testing result, the recommendations may be re-
fined in the future to include HPV-specific test modalities such
as RNA in situ hybridization [21].

2.3. Tonsillar crypt anatomy and implications for tu-
mor spread

“Crypt” is indeed appropriate for what lies within the lym-
phoid rich tissue of the palatine tonsils and base of tongue. In-
deed, deep in these structures lie an anatomy and a physiology
that contradicts many of the classical dogmas of surgical pa-
thology. Foremost is the anatomy. The surface of the tonsils
and base of tongue are stratified squamous epithelium with

an intact basement membrane and without adjacent lymphoid
tissue. However, the crypts are different, comprised of a retic-
ulated epithelium [22] (Fig. 2), which, by anatomic studies and
descriptions going back to the 1950s and earlier [23], is a fen-
estrated and ill-defined epithelium that appears designed to fa-
cilitate exposure of lymphoid-rich inflammatory tissue to
antigens present in the oropharynx [22]. Unlike squamous ep-
ithelium elsewhere, it consists primarily of high nuclear to cy-
toplasmic ratio “basal” appearing squamous cells, has a
discontinuous basement membrane, and has intraepithelial
capillaries. This implies that there is no natural barrier to tumor
cell spread, which is borne out by the clinical behavior of
HPV-related OPSCC. Studies show that, regardless of T clas-
sification, HPV-related OPSCC patients have nodal metastasis
(clinical or pathologically proven) at the time of initial presen-
tation 80% to 90% of the time. Primary tumors can be ex-
tremely small (1-2 mm) with large, bulky nodal metastases.
As many as 50%-60% of patients present with neck symptoms
[24] rather than symptoms derived from the primary tumor.
Most “cancer of unknown primary” (CUP) patients with
HPV-related SCC in their lymph nodes are found to have tiny
primary tumors when the tonsil and base of tongue tissue are
resected and thoroughly examined. Although patients can
have large HPV-positive primary tumors without nodal metas-
tases, it is an exceptionally small minority.

These data support the concept that tonsillar crypt epithe-
lium has no natural barrier to spread, a barrier that must be
overcome in larynx, oral cavity, and surface pharyngeal muco-
sal SCC. This concept has profound implications for the prac-
ticing pathologist. It is very common for SCC to appear
limited to the lining epithelium of the tonsillar crypts on small
biopsies and even on resection (Figs. 2 and 3), and yet almost
all of these patients already have nodal metastatic disease.
Even the more obviously downward invading tumors typically
lack a desmoplastic stromal reaction. Pathologists, even today,
still routinely call SCC of the oropharynx as “in situ” or “at
least in situ,” applying the old maxims of in situ versus inva-
sive extrapolated from other head and neck mucosa. Experi-
enced practitioners and a great deal of indirect evidence in
the literature teach us that any SCC in the oropharynx has

Fig. 1  Typical morphology of HPV-related OPSCC. A, A case of nonkeratinizing SCC of the oropharynx with large, rounded nests of cells in
tonsillar lymphoid tissue. The nests have no stromal reaction. B, On higher power, the nonkeratinizing SCC shows cells with high nuclear to cy-
toplasmic ratios, round to oval nuclei lacking prominent nucleoli, and scant to only modest amounts of cytoplasm. In this tumor, there is no ma-
turing squamous differentiation. C, Tumor showing diffuse, strong positive nuclear and cytoplasmic staining for p16.
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Fig. 2  Tonsillar crypt anatomy and morphology of early HPV-related OPSCC. A, A very small focus of nonkeratinizing SCC arising within a
tonsillar crypt. The cells have high nuclear to cytoplasmic ratios and mitotic activity. There are smooth edges with no stromal reaction. This mimics
in situ carcinoma, but the patient already had bulky cervical nodal metastases. B, The reticulated tonsillar crypt epithelium is irregular, is highly
interdigitated with lymphocytes, and has squamous cells, most of which are basal in appearance with high nuclear to cytoplasmic ratios and round
to oval shape, morphologically similar to the nonkeratinizing SCC cells which arise there.

the potential to spread to lymph nodes or has already done so.
Thus, SCC may truly be limited to the crypt epithelium but still
be able to spread. This would have given a Sheer Heart Attack
to a practicing surgical pathologist in 1970!

This was logically argued and beautifully described by
Westra [25] in a review article in 2012 in the following
summary:

“Until the histologic progression of HPV-related neoplasia
of the tonsils is better characterized and the critical transi-
tion marking infiltrative growth is more clearly-
demarcated, an aggressive approach that regards all HPV-
related neoplasia of the tonsils as potentially malignant,
even in the absence of those histologic features that have
been traditionally used to diagnose invasion, may be
warranted.”

In the following years, practice guidelines have slowly
started to reflect this viewpoint. CAP guidelines [16] recom-
mend that there should be no diagnosis of in situ or invasive
for HPV-related OPSCC—just diagnose it as SCC with no
qualifiers. The current eighth edition AJCC and Union for In-
ternational Cancer Control staging manuals have followed suit
by removing the Tis category for p16-positive (HPV-related)
OPSCC but retaining it, appropriately, for pl6-negative
(HPV-negative) OPSCC [18-20].

2.4. Nodal metastases and CUP

As previously mentioned, HPV-related OPSCC, whether
inherently or due to the unique anatomy of the tonsillar crypt
epithelium from which it arises, has a proclivity for early nodal
metastasis from relatively small primary tumors. Given that
the tumors arise deep in the crypt epithelium with no natural
barrier to spread and generate little stromal reaction, it is com-
mon for patients to present with bulky, symptomatic nodal dis-
ease with no obvious primary tumor on clinical examination or

imaging [24]. Atleast 50% of head and neck CUPs in the mod-
ern era are metastatic HPV-related OPSCCs [26]. These pa-
tients have a very favorable prognosis if treated
appropriately, essentially equivalent to patients with proven
oropharyngeal primary HPV-related OPSCC [26]. This cer-
tainly makes sense if one assumes that their primary tumor
was so small as to be undetectable (would have to be a T1)
or already had regressed spontaneously. As will be discussed
more in the next section, when metastatic SCC of unknown
primary is shown to be p16/HPV positive, the patients are ac-
tually now staged as if they are TO primary OPSCC even if the
primary is never detected.

The lymph node metastases are commonly cystic [27-29],
sometimes exquisitely so, and approximately 90% of them
are present in upper jugular (level II and IIT) nodes [30]. These
are hallmark features of HPV-related OPSCC. Fig. 4 shows a
typical example of cystic metastatic HPV-related OPSCC.
What would a pathologist have thought of this in the early
1970s? Confusion with branchial cleft cysts was (and still is)
very common both clinically and sometimes even on patho-
logic examination. In this modern (HPV) era, however, any
cystic neck mass in an adult should be considered metastatic
SCC until unequivocally proven to the contrary.

2.5. Staging

As HPV-related OPSCC has now been clearly recognized
as a distinct entity with distinct clinical behavior, it became
clear that HPV was accounting for the lack of meaningful
prognostication when applying the seventh edition AJCC stag-
ing system to OPSCC patients [31]. The growth, spread, and
prognosis of HPV-related OPSCC are different from HPV-
negative OPSCC, and thus, a separate staging system was
needed. The eighth edition AJCC staging [18,19] began the
approach based on large numbers of institutional database pa-
tients. As p16 immunohistochemistry as a surrogate for HPV
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Fig. 3  Biopsies from HPV-related OPSCC. A, Minute biopsy
specimen showing detached fragments of nonkeratinizing SCC. B,
Higher power showing nonkeratinizing neoplastic epithelium with
apoptosis and mitoses. This can mimic in situ carcinoma or at least
has so little stroma that one may feel that a diagnosis of invasive car-
cinoma should not be rendered. However, this can and should consid-
ered invasive (ie, with potential to metastasize) by simply diagnosing
it as “OPSCC.” This patient already had bulky cervical nodal metas-
tases. C, p16 immunohistochemistry on the small biopsy specimen
showing strong, diffuse nuclear and cytoplasmic positivity.

status is widely available, highly prognostic, very reproduc-
ible, cheap, and easy to perform [18,32], the staging system
used pl6 as a standalone test to stage patients based on

Fig. 4 Metastatic HPV-related OPSCC with extensive cystic
change. A, Low power magnification shows an extensively cystic le-
sion with a few wispy bands of connective tissue crossing the cyst and
rare areas lined by viable/intact tumor cells. B, Medium power shows
the thin, flat areas of residual nonkeratinizing SCC. C, Higher power
shows the tumor cells to be nonkeratinizing with minimal maturing
squamous differentiation and with scattered anaplastic and multinu-
cleated cells.

“pl6-positive (HPV-mediated)” OPSCC. Patients are no lon-
ger immediately stage IV based on having 1 large lymph node
or multiple lymph nodes. The new classification system (1)
removes Tis and T4b and (2) simplifies nodal staging with
any ipsilateral node positivity <6 cm as N1, (3) contralateral
or bilateral nodal positivity <6 cm as N2, and (4) any lymph
node positivity >6 cm as N3 [18,33]. The improved discrimi-
nation of prognostic groups with the eighth edition system has
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now been validated in numerous follow-up studies, although
the overall stage II patients variably skew closer to I or III in
various studies rather than being consistently smoothly in be-
tween them [34-36], and low neck disease and overt radio-
graphic extranodal extension may need to be further
evaluated [37].

Another change relevant to pathologists is that there is now
a surgically resected OPSCC distinct pathologic staging
for nodal staging based only on number of involved nodes
(pNO = none, pN1 = <4 involved lymph nodes, pN2 =>4 in-
volved lymph nodes) [38]. Notably, histologic extranodal ex-
tension is not used in staging for HPV-related OPSCC. This
marks the first time in history that there is a pathology-
specific staging system (distinct from clinical staging) in head
and neck cancer. Follow-up studies published thus far have
largely validated this pathology-specific staging system as
prognostic and discriminatory of outcomes [39-41].

The final key change in staging for HPV-related SCC is that
for CUP. Another major breakthrough is that metastatic p16/
HPV-positive SCC in a cervical node where no primary can
be found is staged according the oropharynx system as a TO le-
sion [18]. Because p16 positivity loses specificity in SCC not
directly in the oropharynx, the CAP guidelines [16] suggested
that if the positive node is not both in level II (or III) of the
neck and a nonkeratinizing morphology, the HPV-specific
testing should be performed (ideally RNA in situ hybridiza-
tion). The subsequent American Society of Clinical Oncology
review guidelines [17] and the AJCC staging manual for CUP
[18,19] both suggest that, for CUP, any p16-positive SCC
should also receive HPV-specific testing, with only the
double-positive patients regarded as being metastases from
an occult oropharyngeal primary. Whatever the case, one is
reminded to be careful when performing pl6/HPV testing in
a cervical nodal specimen where there is clinically no apparent

primary.

2.6. Summary

The changes in OPSCC in the past several decades and, in-
deed, in the past 50 years have been immense. HPV has taught
us a lot about the anatomy of the tonsillar crypts and has blown
up much of the conventional wisdom regarding head and neck
pathology, including showing us that oropharyngeal tumors
are very different than oral cavity ones, that transcriptionally
active HPV-related tumors are very different than those where
only HPV DNA is detected, that tumor limited to the epithe-
lium can still spread to lymph nodes, that cancers of unknown
primary in the head and neck are mostly HPV-related tumors
obscured deep in the oropharynx, and that prognosis for
HPV-related OPSCC is substantially better than for HPV-
negative ones. Given the number of surprising revelations,
one wonders what else we hold to now as “the way things
are” will change in the coming years as we delve further into
this unique cancer type and uncover more about HPV's role
in this disease.

3. Enhancements in salivary gland tumor
classification

Salivary gland neoplasms are a morphologically heteroge-
neous group of lesions that are often diagnostically challeng-
ing because of their rarity, morphological overlap between
different entities, and a somewhat complicated classification
scheme with a tumor diversity that is arguably unparalleled
in comparison to other organs. In recent years, considerable
progress in salivary gland taxonomy has been reached by the
discovery of tumor type—specific fusion oncogenes generated
by chromosome translocations. Although conventional mor-
phology and immunohistochemical findings still serve as the
primary tools for diagnosis, recent advances in molecular pa-
thology offer new diagnostic tools for resolving difficult dif-
ferential diagnoses, as well as identifying potentially
valuable prognostic indicators and therapeutic targets.

In the past decade, many salivary gland neoplasms have
been found to demonstrate characteristic tumor type—specific
chromosomal rearrangements, such as (1) ETV6-NTRK3 and
ETV6-RET, in secretory carcinoma (also known as mammary
analogue secretory carcinoma) [42,43]; (2) EWSRI-ATFI
[44] and EWSRI-CREM [45] in hyalinizing clear cell carci-
noma (HCCC); (3) CRTC1-MAML2 and CRTC3-MAML?2 in
mucoepidermoid carcinoma (MEC) [46]; (4) ARIDIA-PRKD]1
and variant PRKDI, PRKD?2, and PRKD3 fusions in cribri-
form adenocarcinoma of minor salivary glands [47,48]; and
(5) PRKDI somatic mutations in polymorphous adenocarci-
noma [49]. The growing list of gene fusion—positive salivary
gland carcinomas now includes a subset of acinic cell carci-
noma (AciCC) with HTN3-MSANTD3 fusion transcript [50],
and intraductal carcinoma (IC) with an NCOA4-RET fusion
[51,52] and a novel TRIM27-RET fusion in a subset of IC with
apocrine morphology [52], including invasive and metastatic
carcinomas [53]. This review highlights the clinicopathologi-
cal features of a selected group of salivary gland carcinomas
with a focus on their distinctive genomic characteristics.

3.1. Discovery of “mammary analogue secretory
carcinoma”

Mammary analogue secretory carcinoma, now simplified
to secretory carcinoma (SC), is a distinctive low-grade malig-
nant salivary gland cancer that harbors a characteristic chro-
mosomal translocation, t(12;15)(p13;q25) resulting in ETV6-
NTRKS3 fusion [42]. SC was initially recognized by Skélova
et al [42] as an entity distinctly different from AciCC based
on 3 major findings. First, SC showed no basophilic granular-
ity in the cytoplasm in any of the constituent cells. This is a
hallmark of serous acinar cells of AciCC that represent cyto-
plasmic zymogen granules. Second, SC has a completely dif-
ferent immunohistochemical profile than AciCC, almost
always strongly expressing S100 protein, SOX10, and mam-
maglobin, and lacking DOG1 and p63 expression. Lastly, un-
like salivary or breast AciCC, most cases of SC were found to
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harbor an ETV6-NTRK3 fusion gene due to t(12;15)(p13,925),
a finding identical to breast secretory carcinoma [54] (Fig. 5).
Based on the morphological similarity and sharing of the iden-
tical fusion transcript ETV6-NTRK3, the authors proposed
“mammary analogue secretory carcinoma of salivary gland”
[42]. The 2017 edition of the WHO Classification of Head
and Neck Tumours standardized the terminology to secretory
carcinoma, as secretory carcinomas develop in a variety of
sites, such as thyroid gland [55,56], skin [57,58], and nasal
cavity [59,60], with identical findings no matter where they
develop.

As SCs have become more widely recognized, a small sub-
set of cases has been reported with high-grade histologic

features (Fig. 5) and aggressive clinical behavior [61-68].
These tumors tend to develop persistent local disease and ex-
tensive distant metastases despite surgical resection, radiation,
and chemotherapy, making targeted therapy an attractive treat-
ment option. Entrectinib and larotrectinib/VITRAKVT are ty-
rosine kinase inhibitors that have recently been developed to
block the activity of TrkA, TrkB, and TrkC proteins in tumors
expressing NTRK-rearrangements, including the ETV6-
NTRK3 fusion of secretory carcinoma [69].

Importantly, a small subset of cases demonstrates divergent
molecular findings [43,58,70,71]. Notably, Skalova et al [43]
recently characterized 10 cases with alternate ETV6-RET;
and Rooper et al [70], 1 case with ETV6-MET fusion,

NTRK3

AT ¢ T ® CA 0 CACAT Ta

Fig.5 Typical morphology of SC. A, Solid and microcystic growth pattern with abundant intraluminal secretory material is typical finding in SC
with ETV6-NTRK3 fusion. B, SC with ETV6-RET fusion characterized by abundant hyalinized stromal component. C, SC with high-grade trans-
formation showing perineural invasive growth. D, Part of the ETV6-NTRK3 fusion transcript sequence in SC. E, SC with mammaglobin expres-

sion. F, SC with S-100 protein expression.
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respectively. Although extremely rare, these cases complicate
the use of targeted therapies in SC and raise questions about
the definition of this entity. Although molecular testing might
not be mandatory for the diagnosis of SC with classic mor-
phology and immunoprofile (S100 protein and mammaglobin
positive and DOGI1 and p63 negative) [72,73], identification
of the exact ETV6 fusion partner is essential for selecting the
best targeted therapy option. Although ETV6-NTRK3 rear-
ranged SCs have demonstrated dramatic responses to Trk in-
hibitors entrectinib and VITRAKVI (larotrectinib), there is
no precedent for using these drugs in cases that lack NTRK3
fusions. Conversely, the findings of ETV6-RET and ETV6-

MET translocations in SCs can offer alternate use of RET
and c-Met inhibitors, respectively [74,75].

3.2. Intraductal carcinoma: defining molecular alter-
ations and recognizing invasion and the relationship
to salivary duct carcinoma

In the 2017 WHO Classification of Head and Neck Tu-
mours [76], the tumor entity originally described as low-
grade salivary duct carcinoma [77] and later called low-
grade cribriform cystadenocarcinoma [78] was renamed as

.\‘kf\l‘{\yﬂ f\'\. V'

Fig. 6 Intraductal carcinoma. A, IC is characterized by intraductal and intracystic proliferation of luminal ductal cells exhibiting solid and crib-

riform growth pattern. The neoplastic cells are bland without atypia. B, IC typically shows an intercalated duct phenotype demonstrating S100
protein positivity of luminal cells. C, The intraductal nature of IC is demonstrated by an intact myoepithelial cell layer highlighted by antibodies
to p63 protein. D, A subset of IC shows apocrine morphology. E, This is further supported by androgen receptor immunoexpression. F, Sanger
sequencing analysis of reverse-transcription PCR generated fusion transcripts NCOA4-RET (exon joining 7-12), NCOA4-RET (exon joining 8-
12), and TRIM27-RET (exon joining 3-12) (arrow shows fusion position).
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intraductal carcinoma (IC). IC is a rare low-grade salivary
gland malignancy with histomorphological features reminis-
cent of atypical ductal hyperplasia or ductal carcinoma in situ
of the breast. The tumor is, in typical cases, characterized by an
intraductal and intracystic proliferation of luminal ductal cells
exhibiting solid, cribriform, and papillary patterns (Fig. 6). Its
in situ intraductal nature is demonstrated by an intact myoe-
pithelial cell layer highlighted by antibodies to p63 protein,
calponin, and/or cytokeratin 14. IC typically shows an interca-
lated duct phenotype demonstrating S100 protein— and
SOX10-positive luminal cells (Fig. 6), whereas a subset of
IC shows apocrine morphology further supported by strong
androgen receptor immunoexpression [79] (Fig. 6). Rare le-
sions show mixed features of the 2 (hybrid types).

Recent studies investigating the molecular genetics of IC
showed recurrent rearrangements of RET gene with a predom-
inant NCOA4-RET fusion in the intercalated duct type IC
[51,52] (Fig. 6) and a TRIM27-RET fusion in the apocrine type
IC [52,80]. NCOA4-RET fusion was described in noninvasive
IC; and thus, RET was identified as an apparent early onco-
genic driver [51,52]. Interestingly, rare but well-documented
cases of IC with focal or widespread invasive growth have
been reported [52,79]. Moreover, IC cases with NCOA4-RET

9
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gene fusion and an invasive component were described re-
cently by Weinreb et al [S1] and Skédlova et al [53]. These find-
ings, in particular intercalated predominant and pure apocrine
carcinomas with widely invasive growth patterns and RET re-
arrangement, suggest that the term intraductal carcinoma
should be replaced by a more appropriate designation, as it is
a misnomer when widely invasive carcinoma is present with
abackground of in situ intraductal low-grade lesions harboring
NCOA4-RET or TRIM27-RET gene fusions [51,53].

3.3. Discovery of cribriform adenocarcinoma of sali-
vary glands

In 1999, Michal et al published a series of distinctive ade-
nocarcinomas occurring in the posterior oral tongue and the
base of tongue characterized by synchronous metastases to lat-
eral neck lymph nodes but no distant spread [81]. The tumor
was designated cribriform adenocarcinoma of the tongue and
included in the 2005 WHO Classification of Head and Neck
Tumours as a possible variant of polymorphous low-grade ad-
enocarcinoma (PLGA) [82]. Additional cases have been re-
ported arising in minor salivary glands other than in the

Fig. 7 PAC versus CASG. A, PAC typically has a wide range of architectural appearances, including tubule and fascicle formation. A partic-
ularly characteristic feature of PAC is the occurrence of streaming columns of single file or narrow trabeculae of cells forming concentric whorls,
thereby creating a target-like appearance. B, CASG consists of a solid mass, often divided by fibrous septa into irregularly shaped and sized nod-
ules composed of solid, cribriform microcystic and especially glomeruloid structures in variable proportions. C, The most prominent and charac-
teristic microscopic feature is the appearance of the nuclei. They are optically clear and vesicular with a ground glass appearance, strongly
resembling those in papillary thyroid carcinoma. D, CASG often presents with cervical lymph node metastasis.
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tongue. These cases were published with the unwieldy title of
“cribriform adenocarcinoma of minor salivary gland origin
principally affecting the tongue” [47]. PLGA and cribriform
adenocarcinoma of (minor) salivary gland (CASG) origin
seem to be related entities with differing clinicopathological
profiles despite overlap. They are the subject of an ongoing
taxonomic debate. The 2017 WHO Classification of Head
and Neck Tumours applied “polymorphous adenocarcinoma”
(PAC) to cover both entities, referring to CASG as the “cribri-
form variant of PAC” [83]. However, CASG has differences
both morphologically and behaviorally from classic PAC. Un-
like classic PAC, CASGs are more frequently extrapalatal,
commonly at the tongue base, and show a higher propensity
for lymph node metastasis [47]. Histologically, they have
more pronounced vesicular nuclei and tend to have a papillary,
glomeruloid, and cribriform growth rather than a targetoid,
whorled-fascicular pattern seen in classic PAC [47,81]
(Fig. 7). CASGs tend to demonstrate translocations involving
the PRKD -3 family of genes [48] rather than the PRKD1 hot-
spot point mutation (E710D), which is present in >70% of
cases of classic PACs [49,84].

A recent study revealed that recurrent PACs displayed the
canonical alterations affecting PRKD genes, including
PRKD1 hotspot E710D mutations or a PRKD?2 rearrangement
identified in the primary [85]. The maintenance of the highly
recurrent/pathognomonic genetic alteration that characterizes
these tumors in the recurrences and after the acquisition of
high-grade histologic features is consistent with the observa-
tions made in other tumor types driven by pathognomonic ge-
netic alterations [63] and is consistent with the notion that
these alterations constitute drivers of the neoplasms. Thus, it
seems that CASG is a distinctive tumor different from classic
PAC by location (ie, most often arising within the tongue),
by prominent nuclear clearing, and by differing alterations of
the PRKD gene family and clinical behavior with frequent me-
tastases at the time of presentation of the primary tumor. In
spite of high rates of early metastatic disease in CASG, there
is still overall an indolent behavior, a unique finding in low-
grade salivary gland tumors.

3.4. Hyalinizing clear cell carcinoma: molecular test-
ing aids diagnosis and separation from mucoepider-
moid carcinoma

Hyalinizing clear cell carcinoma (HCCC) is a rare salivary
gland malignancy with squamous differentiation and promi-
nent clear cell morphology. The 2017 WHO Classification of
Head and Neck Tumours included clear cell carcinoma
(CCCQ) as an equivalent term, defining the tumor as a low-
grade salivary gland carcinoma composed of malignant cells
with clear cytoplasm, with or without hyalinization [86]
(Fig. 8). Most CCCs have a recurrent t(12;22)(q13;q12) chro-
mosomal translocation, leading to fusion of the EWSR/I and
ATF] genes [44]. Notably, this rearrangement was not de-
tected in myoepithelioma, PAC, MEC, or epithelial-
myoepithelial carcinoma (EMC) [87].

Immunophenotypically, CCC has similarities to SCC and
MEC, with positive immunoreactivity for high-molecular
weight keratins and p40/p63 but nonreactive with myoepithe-
lial markers. The distinction from other clear cell salivary
gland tumors can be challenging, especially from MEC. The
emergence of molecular data in CCC now allows for a more
rigorous appraisal of its morphological spectrum. The
EWSRI-ATF1 fusion was detected in clear cell odontogenic
carcinoma [88]; thus, a genetic link between clear cell odonto-
genic carcinoma and CCC was proven. Molecularly proven
CCCs have also shown that cases with overt squamous differ-
entiation may still be true CCC [89]. In addition, the EWSRI-
ATF I-translocated CCCs may have mucin production, and
thus, mucin is not an exclusion criterion for CCC [88]. Re-
cently, a novel EWSRI-CREM fusion gene was discovered in
a small subset of CCCs with extensive mucinous differentia-
tion [45] (Fig. 8).

Taken together, CCC is a rare salivary gland tumor with a
specific EWSRI-ATF1 or EWSRI-CREM fusion gene with
possible mucin production. Therefore, MEC, particularly with
a clear cell component, is a morphologic mimic of CCC [90].
In most instances, the diagnosis of CCC is readily apparent,
but cases with limited biopsy material or with only focal clear
cell differentiation often require additional ancillary testing. In
such cases, EWSRI fluorescence in situ hybridization (FISH)
testing may be diagnostic. The current recommendation is that
EWSR1 FISH is not necessary in classic mucin-negative cases
of CCC. However, when abundant mucin is present or when
there is minimal clear cell differentiation or hyalinization, con-
firmation can be useful. MECs showing similar features will
generally be a higher-grade tumor than CCC and potentially
receive different treatment [89]. This is because most CCCs
lack cystic features, have highly infiltrative tumor fronts, and
tend to show significant perineural invasion. With mucinous
differentiation, these tumors would be considered at least inter-
mediate grade or even high grade when using traditional MEC
grading schemes [90].

MEC is associated with a clinically useful translocation in-
volving the MAML2 and CRTCI or CRTC3 genes [46]. A re-
current t(11;19)(q21;p13) translocation, resulting in a
CRTCI-MAML?2 fusion, was first described in MEC in 2003
[91]. Further study identified a small subset of MECs with t
(11;15)(q21;q26) translocations generating molecularly simi-
lar CRTC3-MAML?2 fusions [92]. The use of MAML2 FISH
is a useful ancillary test in the routine clinical diagnosis of sal-
ivary gland tumors in which MEC enters the differential diag-
nosis [46].

Clinically, detection of a MAML?2 rearrangement using
break-apart FISH probes is helpful in several situations. In
cases of low-grade MEC, differential diagnostic consider-
ations can often include benign entities, such as metaplastic
variant of Warthin tumor [93,94], or more rare lesions such
as lymphadenoma. In such cases, detection of MAML?2 rear-
rangement confirms the diagnosis of MEC. A particular sce-
nario in which MAML2 FISH can be extremely useful is the
oncocytic variant of MEC, in which the prominent oncocytic
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Fig.8 Hyalinizing clear cell carcinoma. A, In typical cases, HCCC is composed of solid cords and nests of clear cells in a hyalinized and myxoid
stroma. B, The stroma of HCC can be very cellular, and neoplastic cells do not have always clear cytoplasm. C, Tumor cells show nuclear staining
for p63. D, Clear cell variant of mucoepidermoid carcinoma is major differential diagnostic challenge. E, Abundant intracytoplasmic mucin is dem-
onstrated in MEC by Alcian blue/periodic acid—Schiff staining. F, Subset of HCCC with variant EWSR-CREM translocation, shows sheets and
nests of tumor cells with hyalinized stroma with focal mucinous differentiation.

morphology can mask the epidermoid or even mucinous phe-
notype and mimic Warthin tumor, oncocytic cystadenoma,
oncocytoma, or AciCC. Although p63 reactivity can be useful
in many cases to suggest a diagnosis of MEC, detection of
MAML?2 rearrangements confirms a diagnosis of MEC
[95,96].

3.5. Molecular advances in adenoid cystic carcinoma
and EMC

Adenoid cystic carcinoma (AdCC) is a common salivary
gland carcinoma of both major and minor glands, no matter

where the latter may be found (sinonasal tract, larynx, naso-
pharynx). AdCC is characterized by its slow but relentless
clinical progression. It is a morphologically bland but highly
infiltrative and aggressive biphasic basaloid tumor composed
of abluminal myoepithelial and luminal ductal cells arranged
in tubular, cribriform, and solid growth patterns. The cells tend
to have scant cytoplasm and angulated, hyperchromatic nuclei
(Fig. 9). Perineural invasion is almost invariably present with
adequate sampling.

The most significant advance in the understanding of the
molecular pathology of AdCC is the discovery and character-
ization of the t(6;9)(q22-23;p23-24) translocation resulting in
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Fig. 9  Adenoid cystic carcinoma. A, AdCC is a morphologically bland but highly infiltrative biphasic basaloid tumor composed of abluminal
myoepithelial and luminal ductal cells arranged in tubular, cribriform, and solid growth patterns. B, Less common growth pattern of AdCC with
clear abluminal cells and resemblance to EMC. C, Part of MYB-NFIB transcript fusion sequence.

MYB-NFIB gene fusion, the main genomic hallmark [97]
(Fig. 9). Recently, a small subset of MYB-NFIB negative cases
was shown to have t(8;9) translocations resulting in the closely
related MYBLI-NFIB fusion [98]. Other genomic alterations
in AdCC are variable with solid tumors showing a higher num-
ber of copy number alterations, including chromosomal losses
involving 1p and 6q [99]. Interestingly, recent studies have
shown 1p36 locus deletion correlates with poor prognosis in
AdCC [100].

AdCC is a biphasic salivary gland neoplasm consisting of a
variety of architectural patterns. The abluminal myoepithelial
cells often secrete a basement membrane-like material which
is deposited in characteristic extracellular pseudocystic/cribri-
form myxoid and hyalinized extracellular matrix deposits. Al-
though this might be a useful diagnostic clue, identical
extracellular matrix deposits can be produced also by other bi-
phasic salivary gland neoplasms, including PA, EMC, basal
cell adenoma/adenocarcinoma, and PLGA/PAC. The use of
MYRB testing serves as a robust ancillary test in the routine clin-
ical diagnosis of salivary gland tumors in which AdCC enters
the differential diagnosis. Detection of MYB-NFIB and
MYBLI-NFIB fusion may help in distinguishing AdCC from
its histomorphologic mimics and is crucial for optimal treat-
ment decisions.

EMC is a rare malignant salivary gland tumor that accounts
for less than 1% of all salivary gland epithelial neoplasms. It is
classically characterized by a biphasic glandular arrangement
of inner eosinophilic ductal epithelial cells and outer clear
myoepithelial cells [101]. However, many histological vari-
ants of EMC, such as sebaceous [102], oncocytic/apocrine
[103], and double-clear [104], have been described. In addi-
tion, some cases undergo high-grade transformation, which

is associated with a worse prognosis [101]. These histological
variations make the diagnosis of EMC difficult.

Because immunohistochemical staining is of limited value
in distinguishing EMC from other salivary gland tumors with
biphasic differentiation, additional testing to aid diagnostic ac-
curacy may be needed. Recently, HRAS mutations have been
reported in salivary gland tumors, particularly in EMC [104-
106]. Classic low-grade EMCs are genetically distinct from
AdCCs in that they do not harbor MYB fusions [107]. The
presence of an MYB fusion in EMCs showing hybrid features
of AdCC or exhibiting highly infiltrative growth suggests that
a subset of these tumors may be true AdCCs masquerading as
EMC:s [108]. The consistent absence of MYB fusions in classic
EMC supports the current concept that EMC is genetically dis-
tinct from AdCC. There is no significant correlation between
the HRAS mutation status and histologic indicators of tumor
aggressiveness, such as nuclear grade, the presence of necro-
sis, lymphovascular invasion, perineural invasion, mitotic
count, and Ki-67 index [106], but molecular testing of MYB,
MYBLI, and NFIB fusions and HRAS mutations is useful in
differential diagnosis of AdCC and EMC, respectively.

4. Classification improvements in sinonasal tract
tumors

Despite its relatively small size in @ human body, the sino-
nasal tract (SNT; nasal cavity and paranasal sinuses) gives rise
to a dizzyingly diverse group of neoplasms. Indeed, the 2017
WHO Classification of Tumours of the Head and Neck in-
cluded 40 unique neoplasms in the SNT chapter [109]. This di-
versity, combined with difficult access and often scant sample
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size with procedural artifacts, results in SNT pathology repre-
senting one of the most challenging areas of pathology. SNT
tumor classification has recently undergone several refine-
ments, with a number of additional sinonasal neoplasms de-
scribed. Most of these newly recognized entities were
defined in part on underlying viral or genetic mechanisms,
supporting their separate classification and, in some cases, of-
fering potential therapeutic targets. General surgical patholo-
gists come under pressure when approaching these
unfamiliar lesions, potentially leading to misdiagnosis. To
play the game well, the following are several of the diagnoses
that are all important to recognize as part of treatment and out-
come considerations.

4.1. NUT carcinoma

NUT carcinoma was first described in 1991 in 2 case re-
ports of mediastinal tumors harboring t(15;19) translocations
[110,111]. Only recently, however, have these tumors with
NUT translocations become better recognized [112-115], and
included in the 2017 WHO Classification of Head and Neck
Tumours [116]. NUT carcinoma was originally thought to af-
fect children and young adults exclusively, and indeed, it is
most commonly encountered in children and young adults
(mean, 22 years; median, 16 years). With increasing recogni-
tion, however, it is evident that NUT carcinoma can arise in
patients of any age [115,116]. NUT carcinoma was previously
known as NUT midline carcinoma because of its predilection
for organs along the midline of the body; the mediastinum
and sinonasal tract are most frequently affected. However,
NUT carcinoma has now been reported in several nonmidline
locations such as kidney and parotid gland, thus making mid-
line obsolete. Patients present with nonspecific symptoms such
as nasal obstruction, pain, epistaxis, and proptosis [117,118].
Imaging reveals extensive local invasion into neighboring
structures like the orbit, meninges, or brain [117,118]. Meta-
static disease at presentation is seen in ~50% of patients [115].

NUT carcinoma is defined by a chromosomal rearrange-
ment involving the NUT gene on chromosome 15q14 [119].

The most common partner is BRD4 on chromosome 19, but
a significant subset (approximately one third) has variant trans-
locations involving BRD3 or other genes. These genetic alter-
ations may be identified by FISH or polymerase chain reaction
(PCR).

At the histologic level, sinonasal NUT carcinoma grows as
nests and sheets of primitive but homogenous cells in the sino-
nasal submucosa. The neoplasm is typically highly invasive
with bone, vessel, and neural invasion and exhibits a high mi-
totic rate with frequent comedonecrosis. Although it resembles
many other tumors (see differential diagnosis below), there are
histologic clues to its diagnosis. First, NUT carcinoma is often
neutrophil rich. Second, despite its aggressive growth features,
NUT carcinoma nuclei are paradoxically monotonous, in con-
trast to what is usually seen in other high-grade carcinomas.
Finally, most but not all examples of NUT carcinoma exhibit
squamous differentiation in the form of peculiar keratinization
that is often described as “abrupt,” with undifferentiated cells
immediately adjacent to highly differentiated squamous cells
(Fig. 10A).

NUT carcinoma is part of the so-called sinonasal small
round blue cell tumor differential diagnosis that also includes
sinonasal undifferentiated carcinoma (SNUC), olfactory neu-
roblastoma, alveolar rhabdomyosarcoma, lymphoma, and
melanoma, among others. Retrospective studies have shown
that NUT carcinomas were previously most often diagnosed
as SNUC or SCC [117,120]. Immunohistochemistry is helpful
in this differential diagnosis: NUT carcinoma is positive for
cytokeratins, usually positive for p63 and p40, and usually
negative for neuroendocrine markers. CD34 is positive in
about half of cases. Ultimately, a definitive diagnosis of
NUT carcinoma requires demonstrating the defining NUT re-
arrangement. There is a highly sensitive and specific immuno-
histochemical stain for NUT protein (Cell Signaling
Technologies, Danvers, MA) that has greatly simplified the di-
agnosis [121]. Diffuse (>50%) nuclear positivity for NUT is
regarded as sufficient evidence for NUT rearrangement
(Fig. 10B), obviating the need for highly specialized genetic
testing [112,113,121]. There is an emerging group of so-

Fig. 10 A, NUT carcinoma grows as nests of undifferentiated cells with uniform nuclei, punctuated by abrupt foci of squamous differentiation.
B, Diffuse nuclear labeling for NUT protein in a granular pattern confirms the diagnosis.
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called NUT sarcomas that are cytokeratin negative; it is un-
clear whether this is a separate tumor or part of the spectrum
of NUT carcinoma [122].

Correctly diagnosing NUT carcinoma is important for
prognostic and therapeutic reasons [113]. NUT carcinoma is
highly aggressive with a dismal prognosis; conventional che-
motherapeutic agents are ineffective [115]. On the other hand,
clinical trials are open investigating targeted agents including
BET bromodomain inhibitors (https://clinicaltrials.gov/ct2/
show/NCT02516553?cond=BI+894999). Correctly identify-
ing NUT carcinoma allows affected patients to be enrolled into
the International NUT Carcinoma Registry (www.
nmcregistry.org) which follows patient outcomes and can di-
rect them to the institutions running these trials [112,113].
4.2. HPV-related multiphenotypic sinonasal
carcinoma

The rate of head and neck SCCs associated with HPV is on
the rise, and the oropharynx is the anatomic site where most
HPV-related SCCs originate [13,123]. Up to 80% of oropha-
ryngeal carcinomas harbor transcriptionally active, high-risk
HPV, compared to <5% in sites like the oral cavity and larynx
[21,124-126]. However, several studies have demonstrated
that the sinonasal tract is a second anatomic “hot spot” from
which HPV-related carcinomas can arise. Indeed, approxi-
mately 20%-25% of carcinomas arising from the sinonasal

N

Fig. 11

tract harbor high-risk HPV [125,127,128]. Most HPV-related
sinonasal carcinomas have the appearance of a nonkeratinizing
SCC, similar to their oropharyngeal counterparts. However, a
recently described variant of HPV-related sinonasal carcino-
mas closely resembles salivary gland carcinomas. These carci-
nomas were originally referred to as sinonasal HPV-related
carcinomas with adenoid cystic-like features [125] but are
now known as HPV-related multiphenotypic sinonasal carci-
noma (HMSC) [129].

More than 50 cases of HMSC have now been reported
[130-135]. HMSC has a slight female predominance, with a
peak incidence in the sixth decade (range, 28-90 years) [130-
135]. Most patients present with nasal obstruction and epi-
staxis. The vast majority of tumors affect the nasal cavity with
or without paranasal sinus involvement; only rare cases affect
sinuses without nasal involvement.

Histologically, HMSC consists of hypercellular prolifera-
tions of basaloid cells growing predominantly as solid nests,
sheets, and trabeculae (Fig. 11A). Most cases also demonstrate
a minor component of cribriform and/or tubular growth. In the
cribriform areas, basaloid tumor cells are aligned around cylin-
dromatous spaces filled with mucoid material, a pattern remi-
niscent of AdCC. The basaloid tumor cells demonstrate
histologic features of myoepithelial differentiation, including
clear cytoplasm and eosinophilic hyaline matrix deposition.
Most HMSCs also have a variably prominent subpopulation
of true ducts scattered among the basaloid cells, and the
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A, HPV-related multiphenotypic sinonasal carcinoma growing as tubules and trabeculae of basaloid cells within a myxoid stroma. B,

An abluminal pattern of p40 staining is typical. C, p16 is diffusely positive, and (D) high-risk HPV is demonstrated by RNA in situ hybridization.
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majority of cases have a surface epithelial component consist-
ing of bizarrely pleomorphic squamous epithelium. Mitotic
rates are generally high, and tumor necrosis is common. In-
creasing experience has revealed a wider histologic spectrum
than was originally realized. In some cases, HMSC does not
resemble AdCC but rather other salivary tumors such as
EMC or basal cell adenocarcinoma. In addition, squamous dif-
ferentiation has now been reported in the invasive component
of some HMSCs. Indeed, “multiphenotypic sinonasal carci-
noma” seems appropriate to emphasize its broad morphologic
spectrum and to draw a distinction from true AdCC.

HMSC shares immunohistochemical features with AdCC
and other biphasic salivary gland carcinomas. The basaloid
cells have a myoepithelial immunophenotype and are variably
positive for p40 (Fig. 11B), p63, calponin, and smooth muscle
actin. In contrast, the ductal cells are positive for CD117. Both
cell components may be positive for S100 protein and SOX10.
Pan-cytokeratin is also positive in both components, with
stronger staining in ducts and weaker staining in the
myoepithelial-like cells. All cell components (surface, ductal,
myoepithelial) are diffusely positive for the surrogate high-
risk HPV marker p16 (Fig. 11C).

One defining feature of HMSC is its positivity for high-risk
HPV, which can be demonstrated by PCR-based techniques or
by in situ hybridization for high-risk HPV DNA or RNA
(Fig. 11D). Interestingly, HMSC is only rarely positive for
HPV 16, by far the predominant HPV type in OPSCC. Instead,
most cases that have been typed have harbored the uncommon
HPV 33. Types 35, 52, and 56 have also been reported,
whereas some HMSCs have harbored high-risk HPV types
that could not be determined.

In contrast to salivary AdCC which harbors fusions of MYB
or MYBLI in 60%-70% of cases, all HMSCs tested to date
have been negative for these alterations. Notably, MYB pro-
tein is often expressed by immunohistochemistry despite the
negative molecular results, severely limiting the usefulness
of this stain for separating HMSC from AdCC [136].

HMSC may closely resemble AdCC or other salivary gland
malignancies, but it differs in important ways. First, HMSC
has only been encountered in the sinonasal tract, whereas sal-
ivary gland carcinomas like AdCC arise in any major or minor
salivary gland sites. Second, HMSC lacks MYB or MYBLI al-
terations which are seen in the majority of AdCCs. Third,
HMSC harbors high-risk HPV, which has not been demon-
strated in genuine salivary gland malignancies. Notably, p16
immunohistochemistry is not a reliable surrogate HPV marker
in this setting, as AdCC and other salivary gland carcinomas
are frequently p16 positive due to mechanisms unrelated to
HPV [137]. Finally, the presence of an intraepithelial compo-
nent of malignant squamous cells is unexpected in AdCC or
any other salivary gland neoplasm. HMSC may also be con-
fused with SCC, especially the basaloid variant. Both tumors
have a very basophilic appearance with predominantly solid
growth, and both HMSC and SCC may exhibit squamous dif-
ferentiation. Moreover, a significant number of sinonasal SCC
are HPV related. Distinguishing these tumors rests on

demonstrating myoepithelial differentiation and, in most
cases, scattered tumor ducts in HMSC. This is most easily ac-
complished with immunohistochemistry for myoepithelial
markers (eg, smooth muscle actin, calponin) and ductal
markers (eg, CD117). Although p63 and p40 are positive in
both SCC and HMSC, the pattern of labeling is helpful. SCC
is positive for p40/p63 in virtually every cell, whereas in
HMSC it is patchy. Note that SOX10 is not useful in this dif-
ferential diagnosis; basaloid variant of SCC is frequently pos-
itive for this marker [138].

Most patients with HMSC have been treated with surgical
resection with or without radiation therapy. Although many
have recurred locally (sometimes very late), only rare patients
have experienced distant metastases [129,132]. Most impor-
tantly, so far, there have been no reports of tumor-related
deaths due to HMSC. Indeed, despite the high-grade histologic
features of most HMSCs, they appear to display paradoxically
indolent clinical behavior. This indolence underscores the
need to distinguish HMSC from its more aggressive
mimickers.

4.3. SMARCB1-deficient sinonasal carcinoma

SMARCBI (also known as INI-1 or BAF47) is a tumor sup-
pressor gene on chromosome 22q11.2; its gene product is
ubiquitously expressed in all normal tissues as part of the
SWI/SNF nucleosome remodeling complex. SMARCBI inac-
tivation has been implicated in the pathogenesis of a diverse
family of neoplasms that includes pediatric atypical teratoid/
rhabdoid tumor, rhabdoid tumors of the kidney and soft tissue
[139], epithelioid sarcoma [140], renal medullary carcinoma
[141], soft tissue myoepithelial carcinoma [140], epithelioid
malignant peripheral nerve sheath tumor [140], and extraskele-
tal myxoid chondrosarcoma [142]. SMARCB I-deficient sino-
nasal carcinoma is a newly identified member of the family
[143].

More than 50 SMARCB 1-deficient sinonasal carcinomas
have been described [144,145]. They occur over a wide age
range (19-89 years, mean 52 years) with a slight male pre-
dominance. They arise primarily in the paranasal sinuses (es-
pecially ethmoid) and nasal cavity, often with extension into
the orbit. Affected patients present with pain, obstruction,
and eye symptoms.

Histologically, SMARCB 1-deficient sinonasal carcinomas
grow as highly infiltrative epithelioid nests within the sinona-
sal submucosa, frequently invading bone with tumor necrosis
and high mitotic rates. The tumor cell nuclei tend to be uni-
formly round with open chromatin and a prominent nucleolus;
significant nuclear pleomorphism is not typical. SMARCBI1-
deficient sinonasal carcinoma typically demonstrates cells that
are recognizable as rhabdoid or oncocytoid, although the ex-
tent is variable. A minority of tumors are extensively oncocy-
toid, imparting a “pink” appearance (Fig. 12A); the remainder
are basaloid appearing, with the oncocytoid cells still present
but more focal (Fig. 12B). SMARCB 1 -deficient sinonasal car-
cinomas do not exhibit overt squamous differentiation, but rare

Downloaded for Anonymous User (n/a) at KAISER PERMANENTE from ClinicalKey.com by Elsevier on May 25,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



16

L. D. R. Thompson et al.

Fig. 12

A, Some SMARCB 1-deficient sinonasal carcinomas have a “pink” appearance and are comprised entirely of cells with plasmacytoid or

oncocytoid morphology (inset). B, Many SMARCB1-deficient sinonasal carcinomas have a more basaloid low-power appearance, but close in-
spection will typically reveal scattered plasmacytoid or oncocytoid tumor cells (inset). C, In all forms, SMARCBI is entirely lost by immunohis-

tochemistry. Stromal cells serve as a useful internal control.

cases do show glandular or even yolk sac-like differentiation
[145,146]. An in situ carcinoma component is not seen, but
in occasional cases, there is striking pagetoid spread of tumor
cells into the overlying epithelium [145].

By immunohistochemistry, SMARCB1-deficient carci-
noma demonstrates strong and diffuse cytokeratin expression
along with a complete absence of SMARCB 1 immunostaining
(Fig. 12C). Other than these findings, the immunoprofile of
this tumor is inconsistent. SMARCB 1-deficient sinonasal car-
cinoma may be positive for p63 and p40 and may show weak
or focal staining with neuroendocrine markers. Interestingly,
some cases have shown diffuse positivity for p16, but all tested
cases lacked high-risk HPV by in situ hybridization or PCR.
Most, but not all, harbor mutations in SMARCB/1 gene on chro-
mosome 22q11.2 [145].

SMARCB/1-deficient sinonasal carcinoma may be con-
fused with SCC, particularly if it demonstrates diffuse p63 or
p40 immunolabeling, and diffuse p16 staining may errone-
ously suggest that the tumor is HPV related. However,
SMARCBI-deficient sinonasal carcinoma does not show
squamous differentiation or surface squamous dysplasia, and
HPV-specific testing is negative. NUT carcinoma may also
be considered due to the undifferentiated appearance of
SMARCB 1-deficient sinonasal carcinoma along with its rela-
tively monomorphic tumor cell population. However,
SMARCBI-deficient sinonasal carcinoma does not
demonstrate the abrupt keratinization characteristic of NUT
carcinoma, and it is consistently negative for NUT immuno-
histochemistry. SNUC may also be in the differential, al-
though typically exhibiting more pleomorphic tumor cells
than in SMARCB1-deficient sinonasal carcinomas, and
SNUC is regarded as a diagnosis of exclusion, only used when
other diagnoses have been removed from consideration [147].
When confronted with a basaloid carcinoma in the sinonasal
tract without clear-cut squamous differentiation, a search for
rhabdoid cells and a low threshold for SMARCB1 immuno-
staining are warranted. Finally, a single case of sinonasal car-
cinoma with loss of SMARCA4 (another member of the SWI/
SNF complex) has been reported [145]. It is unclear how this
tumor is related to SMARCB 1-deficient sinonasal carcinoma.

SMARCB 1-deficient sinonasal carcinoma appears to be an
aggressive neoplasm, with frequent local invasion into the
brain and/or skull base. The majority of patients have died of
disease (mean, 15 months) [143,144,148]. Targeted EZH2 in-
hibitor (tazemetostat) therapy is currently being investigated
for SMARCB 1-deficient neoplasms, offering promise for the
future treatment of this aggressive disease [149].

4.4, Biphenotypic sinonasal sarcoma

Lewis et al described a low-grade sarcoma arising exclu-
sively in the sinonasal tract and initially referred to it as
“low-grade sinonasal sarcoma with neural and myogenic dif-
ferentiation” [150]. In a follow-up series, the same group
renamed the entity biphenotypic sinonasal sarcoma (BSNS)
[151]. There are more than 100 cases of BSNS reported
[151-158], usually arising in the superior nasal cavity and eth-
moid sinuses of women (female-male ratio is 3:1), with a peak
in the fifth and sixth decades [151-158]. Affected patients pres-
ent with nonspecific symptoms such as nasal congestion and
facial pressure.

Histologically, BSNS grows as a poorly circum-
scribed and unencapsulated proliferation of highly
cellular, intersecting fascicles with a frequent “herring-
bone” pattern. Gaping “staghorn” vessels are also com-
mon. BSNS often entraps invaginations of native,
hyperplastic surface epithelium (Fig. 13A). The spindled
tumor cell nuclei are uniform and pale (Fig. 13B), with few mi-
totic figures and no necrosis. By immunohistochemistry,
BSNS is positive, to varying degrees, for S100 protein
(Fig. 13C) and smooth muscle actin (Fig. 13D). BSNS may
also exhibit focal staining for desmin, myogenin, EMA, and
cytokeratin, whereas it is negative for SOX10. BSNS harbors
rearrangements of PAX3, with the most frequent translocation
partner being MAML3 [151]. Several alternate fusions have
been identified, including the PAX3-NCOAI and PAX3-
FOXO1I fusions usually detected in alveolar rhabdomyosar-
coma [152,153]. PAX3 immunohistochemistry appears to be
highly sensitive and specific for tumors harboring PAX3 rear-
rangements [156].
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Fig. 13

A

PORA

A, Biphenotypic sinonasal sarcoma is an unencapsulated proliferation of spindled cells. Note the dilated vessels and entrapped invag-

inations of surface epithelium at low power. B, At high power, the tumor is made up of cells with elongated, wavy nuclei with minimal atypia or
mitotic activity. The tumor is positive to varying degrees for (C) S100 protein and (D) smooth muscle actin.

Retrospective studies have shown that before it was recog-
nized, BSNS was diagnosed as many different tumor types in-
cluding nerve sheath tumors (either schwannoma or low-grade
malignant peripheral nerve sheath tumor), solitary fibrous tu-
mor, glomangiopericytoma, fibrosarcoma, leiomyosarcoma,
and synovial sarcoma. BSNS may be distinguished from nerve
sheath tumors by its immunostaining for smooth muscle
markers (actin, calponin, sometimes desmin) and its absence
of SOX10 immunostaining. The staghorn vasculature of
BSNS raises the possibilities of glomangiopericytoma or soli-
tary fibrous tumor. The spindled cells and S100 protein posi-
tivity of BSNS argue against glomangiopericytoma which is
also typically more epithelioid than BSNS. Nuclear -catenin
is seen in both tumors and thus is not helpful in distinguishing
between these tumors. BSNS lacks the characteristic ropey
collagen and variable cellularity of solitary fibrous tumor, the
latter S100 protein negative with a strong STAT6 nuclear im-
munoreaction. Given the occasional focal cytokeratin or EMA
immunostaining and uniform nuclear features of BSNS, a
monophasic synovial sarcoma is another diagnostic consider-
ation. BSNS is negative for synovial sarcoma fusion tran-
scripts [150,151] and also lacks TLE1 immunoreactivity.
Finally, the presence of the PAX3 rearrangement characteristic
of BSNS is not found in any of the other diagnostic consider-
ations, and PAX3 immunostaining is a reliable surrogate
[156].

Clinically, BSNS appears to be a relatively indolent neo-
plasm. Although local recurrences are common, none of the
tumors have metastasized, and tumor-related deaths are rare
[151-158].

4.5. Adamantinoma-like Ewing sarcoma

Ewing sarcoma is well recognized to occur in the
head and neck, including the sinonasal tract [159].
Around 20%-30% of Ewing sarcomas demonstrate epithelial
differentiation in the form of cytokeratin immunostaining
[160-162]. Although this cytokeratin labeling is usually lim-
ited to focal staining with low—molecular weight cytokeratins,
rare forms of genetically confirmed Ewing sarcomas have ex-
hibited overt squamous differentiation at histologic, immuno-
phenotypic, and ultrastructural levels. These Ewing sarcomas
were originally encountered in the bones, where their
overlap with adamantinoma led to the diagnostic term
adamantinoma-like  Ewing  sarcoma [160,163-165].
Adamantinoma-like Ewing sarcoma has been increasingly rec-
ognized in the head and neck, which appear to be favored sites
[166-170].

In the head and neck, adamantinoma-like Ewing sarcomas
have arisen in patients ranging from 7 to 77 years in age
(mean, 42 years), who present with symptoms related to their
anatomic location [166-170]. The patients with sinonasal
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adamantinoma-like Ewing sarcomas present with epistaxis,
nasal obstruction, and proptosis.

Histologically, adamantinoma-like Ewing sarcoma has
similarities with conventional Ewing sarcoma: they are ar-
ranged as nests, sheets, and trabeculae of uniform, small
cells with clear to eosinophilic cytoplasm. The tumor nu-
clei are round to oval with finely dispersed chromatin and
a single, indistinct nucleolus. Cell spindling can be seen,
along with focal rosettes. Tumor necrosis iS common,
and mitotic rates are typically high. In other respects,
however, the histologic features of adamantinoma-like
Ewing sarcomas depart from conventional Ewing sarco-
mas: they often have a basaloid appearance in tumor nests
with peripheral nuclear palisading (Fig. 14A), they feature
prominent intratumoral fibrosis, and occasional cases exhibit
overt squamous differentiation in the form of squamous pearls
(Fig. 14B). By immunohistochemistry, adamantinoma-like
Ewing sarcoma is diffusely positive for pan-cytokeratin
(Fig. 14C) as well as the squamous markers p63 and p40.
CD99 (Fig. 14D) and NKX2.2 are consistently positive. Focal
synaptophysin expression is also common.

Adamantinoma-like Ewing sarcoma is a diagnostic chal-
lenge. The prominent nesting, occasional keratinization, and
immunostaining pattern strongly point to SCC, a far more
common neoplasm in the sinonasal tract. The most helpful
clues to the diagnosis are its nuclear monotony and consistent

CD99 and NKX2.2 immunoexpression. Indeed, finding of
CD99 or NKX2.2 immunoexpression in a sinonasal carci-
noma should prompt molecular testing for Ewing sarcoma be-
cause sinonasal SCC is almost always negative for these
antibodies [168,171]. It is also difficult to distinguish
adamantinoma-like Ewing sarcoma from NUT carcinoma;
both tumors commonly occur in young patients, exhibit mono-
morphic tumor nuclei, and may have focal squamous differen-
tiation. CD99 can occasionally be positive in NUT carcinoma
[172]. NUT immunostaining is helpful in this differential diag-
nosis, as it is consistently negative in adamantinoma-like
Ewing sarcoma. Finally, separating adamantinoma-like Ewing
sarcoma from a round cell soft tissue myoepithelial carcinoma
is problematic because of overlapping histologic and immuno-
phenotypic features. In addition, soft tissue myoepithelial car-
cinomas often harbor rearrangements of EWSRI, and as a
result, a definitive diagnosis of adamantinoma-like Ewing sar-
coma requires not only demonstration of EWSRI rearrange-
ment but also a determination of the partner gene, usually
FLII or ERG [173-175].

Because of its rarity, the behavior of adamantinoma-like
Ewing sarcoma is not yet clear. Early indications appear to in-
dicate that it is more indolent than conventional Ewing sar-
coma [168,170]. It is not clear if the adamantinoma-like
variant is best managed like conventional Ewing sarcoma or
whether it can be treated more conservatively.

Fig. 14 A, Adamantinoma-like Ewing sarcoma grows as basaloid lobules in a fibrous stroma. Necrosis is evident. B, These tumors are com-
posed of uniform small cells, and foci of squamous differentiation are often seen. These tumors are consistently positive for (C) pan-cytokeratin

and (D) CD99.
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5. Conclusions

Was it all worth it? Absolutely. The field of head and neck
pathology is doing all right, expanding rapidly and finding it-
self in good company with advancements in other anatomic
disciplines within pathology. No doubt, many additional ad-
vancements will be coming soon, as research in this discipline
grows exponentially. There is no lost opportunity for any per-
son with an interest in continuing to further development in
this field, and he or she is encouraged to do so. Now I'm here
to say: if you can't beat them, join them! The discipline wel-
comes all and trusts that the next 50 years will bring even more
amazing advances letting all enjoy a favorite Queen song: It's
a Beautiful Day.

(Hyperbaton: Pertinent italics reference Queen song titles
to harmonize the commentary.)
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