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Sinonasal Tumors With Neuroepithelial Differentiation
(Olfactory Carcinoma)

Delineation of Their Pathologic and Clinical Features With Insights into
Their Relationship to Olfactory Neuroblastoma and Sinonasal Carcinoma
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Abstract: Olfactory carcinoma is one of many names applied to
sinonasal malignancies with histologic similarity to olfactory
neuroblastoma (ONB) but cytokeratin expression or gland for-
mation. It is unclear whether these neuroepithelial tumors repre-
sent a unified category and if they are separate from ONB and
currently-recognized sinonasal carcinomas. This study aims to
explore their clinicopathologic characteristics based on a large
collective experience. A total of 53 sinonasal tumors with neuro-
epithelial differentiation were identified affecting 41 men and 12
women, median age 47 years (range: 12 to 82 y). The vast majority
arose in the superior nasal cavity and presented at the high
Kadish-Morita stage. Frequent histologic findings included (1)
lobulated and solid growth, (2) rosettes and/or neurofibrillary
stroma, (3) high-grade cytology, (4) complex, often ciliated glands,
(5) nonfocal pancytokeratin expression, (6) neuroendocrine pos
+itivity, and (7) variable S100-positive sustentacular cells. Twelve

patients with available follow-up (48%) developed progressive
disease at a median 8 months (range: 0 to 114mo to progression),
and 7 (28%) died of disease. Despite disparate historical termi-
nology, neuroepithelial differentiation is a recurrent and recog-
nizable histologic pattern that is associated with aggressive
behavior in sinonasal tumors. While tumors with this phenotype
may originate from olfactory mucosa, well-developed epithelial
features warrant separation from conventional ONB and neural
elements distinguish them from most sinonasal carcinomas.
Although their full histogenesis remains uncertain and some het-
erogeneity may exist, we propose that this pattern is sufficiently
distinctive to merit separate recognition as olfactory carcinoma.
Use of consistent nomenclature may facilitate greater recognition
of tumors with this phenotype and understanding of their patho-
genesis and classification.

Key Words: nasal neoplasms, olfactory neuroblastoma, olfactory
carcinoma, neuroendocrine carcinoma, adenocarcinoma, ter-
atocarcinosarcoma, immunohistochemistry
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Across anatomic sites, neuroendocrine neoplasms are cus-
tomarily divided into separate categories based on epi-

thelial or neural differentiation. In the sinonasal tract, 3
specific high-grade malignancies are defined along these lines,
with small cell neuroendocrine carcinoma and large cell neu-
roendocrine carcinoma regarded as epithelial neoplasms, and
olfactory neuroblastoma (ONB) thought to be of neural
lineage.1–3 While these entities are straightforward to dis-
tinguish in their most classic forms, this simplistic taxonomy
belies broader ambiguities across the sinonasal neuro-
endocrine spectrum. Not only do a significant subset of si-
nonasal tumors with neuroendocrine differentiation display
equivocal histologic features and immunoprofiles that pre-
clude assignment to one of these discrete categories4–7 but
contradictory historical literature on the degree of cytokeratin
positivity acceptable in ONB and neuroendocrine differ-
entiation allowable in other high-grade sinonasal malignancies
has blurred the diagnostic boundaries themselves.8–16 Recent
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recognition of common molecular drivers in phenotypically
diverse sinonasal tumors, including IDH2 mutations in both
large cell neuroendocrine carcinoma and sinonasal un-
differentiated carcinoma17–20 and SMARCA4 inactivation in
a group of carcinomas with neuroendocrine features as well as
teratocarcinosarcoma,21–23 has begun to explain some of this
overlap and clarify the classification of malignancies with
neuroendocrine differentiation. However, many nuances of
this differential diagnosis remain poorly understood.

One particularly perplexing phenomenon is a group
of sinonasal neuroendocrine tumors that defy the tradi-
tional epithelial/neural dichotomy by showing neuro-
epithelial differentiation, including histologic similarities
to ONB suggestive of olfactory neuronal derivation, but
with clear-cut epithelial features in the form of cytokeratin
positivity or gland formation. The name olfactory carci-
noma has previously been proposed for such tumors to
reflect their overlapping neuroepithelial elements.24,25

However, the lack of any meaningful consensus regarding
the nature of these tumors is reflected in a plethora of
alternative designations, including ONB with divergent
epithelial differentiation,13,26–29 mixed ONB and
carcinoma,30–33 olfactory neuroepithelioma,12,34–37 mixed-
lineage ONB,24 and blastomatous variant of high-grade
sinonasal adenocarcinoma.38 This taxonomic hodgepodge
is almost entirely informed by isolated case reports or
small series. It is currently unclear whether these disparate
descriptions reflect a heterogenous amalgamation of rare
events or a unified clinicopathologic category—and, if so,
if these tumors truly represent ONB with divergent dif-
ferentiation, another type of sinonasal carcinoma, or an
entirely separate entity. Lack of uniformity, in turn, has
resulted in confusion regarding clinical behavior and ap-
propriate treatment. By assembling a large number of
cases from the collective experience of several expert head
and neck pathologists, this study aims to systematically
characterize the clinicopathologic features of a large group
of sinonasal malignancies that show neuroepithelial dif-
ferentiation to better understand the pathogenesis and
classification of these unusual tumors.

MATERIALS AND METHODS

Case Selection
Sinonasal tumors with overlapping features of ONB

and sinonasal carcinoma were identified from the authors’
consultation files and surgical pathology archives. For
inclusion in this study, tumors were required to demon-
strate (1) histologic similarities to ONB, (2) im-
munohistochemical expression of at least 1 specific
neuroendocrine marker including synaptophysin, chro-
mogranin, or INSM1, and (3) epithelial differentiation in
the form of either nonfocal (> 10%) cytokeratin positivity
or overt glandular or squamous elements. Tumors that
had diagnostic histologic features of small cell or large cell
neuroendocrine carcinoma were excluded, as were tumors
with stromal or fetal elements that raised consideration of
sinonasal teratocarcinosarcoma. As this study was in-
tended to document the full spectrum of tumors recog-

nized to have a neuroepithelial phenotype, no consensus
review was performed to limit inclusion. All available
histologic sections were reviewed for all cases, and the
morphologic features of all tumors were documented in
detail. Any available clinical and follow-up information
was documented from the electronic medical record.

Immunohistochemistry
The results of all existing immunohistochemical stains

were tabulated for all cases. Although there was some var-
iability between institutions, antibodies used in the majority
of cases included AE1/AE3 (clone pck-26; prediluted; Ven-
tana Medical Systems, Tucson, AZ), Cam 5.2 (clone Cam
5.2, prediluted; Ventana Medical Systems), synaptophysin
(clone 27G12, prediluted; Leica Biosystems, Buffalo Grove,
IL), chromogranin (clone LK2H10, prediluted; Ventana
Medical Systems), INSM1 (clone A8, 1:200 dilution; Santa
Cruz Biotechnology, Dallas, TX), CD56 (clone 123C3.D5;
prediluted; CellMarque, Rocklin, CA), S100 protein (clone
4C4.9, prediluted; Ventana Medical Systems), calretinin
(clone SP65, prediluted; Ventana Medical Systems), p63
(clone 4a4, prediluted; BioCare Medical, Pacheco, CA), p40
(clone BC28; 1:100; BioCare Medical), IDH2 (clone
MABC1103, 1:50 dilution; MilliporeSigma, Burlington,
MA), NUT (clone C52B1, 1:50 dilution; Cell Signaling
Technologies Inc., Danvers, MA), SMARCA4 (BRG1)
(clone EPNCIR111A, 1:00 dilution; Abcam, Cambridge,
MA), and SMARCB1 (INI1) (clone 25/BAF47, 1:00 dilu-
tion; BD Pharmingen, San Diego, CA). In most cases,
staining was performed using standardized, automated
protocols on Ventana BenchMark Ultra autostainers
(Ventana Medical Systems) in the presence of appropriate
controls, and signals were visualized using the ultraView
polymer detection kit (Ventana Medical Systems).

RESULTS

Clinical Presentation
Clinical and demographic information is summarized

in Table 1. A total of 53 tumors were identified that met
inclusion criteria. Affected patients included 41 men and 12
women with a median age of 47 years (range: 12 to 82 y).
Twenty-one patients (40%) were younger than 40 years.
Two patients had been treated with radiation to the
sinonasal tract for childhood retinoblastoma and
medulloblastoma 44 and 14 years, respectively, before
presentation with the current sinonasal tumor.
Information about presenting symptoms were available for
31 patients, all of whom displayed various sequelae of mass
effect or local invasion, including nasal congestion, nasal
obstruction, epistaxis, nasal or orbital pain, headache,
altered mental status, or new-onset seizures. The vast
majority of the tumors were centered in the superior
aspect of the nasal cavity (n= 44; 83%), frequently with
cribriform plate involvement, with a small subset centered in
the ethmoid sinus (n= 6; 11%) or sphenoid sinus (n= 1; 2%).
The median tumor size was 4.9 cm (range: 1.9 to 9.2 cm).
Kadish-Morita stage at presentation was available for 35
patients. Two (6%) had stage A disease confined to the nasal
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cavity, 13 (37%) had stage B disease with involvement of the
paranasal sinuses, 18 (51%) had stage C disease with
extension beyond the sinonasal tract, and 2 (6%) had stage
D disease with lymph node or distant metastases. Stage C
and D tumors frequently extended intracranially.

Original Diagnoses
These neuroepithelial tumors were originally classi-

fied using a broad range of terminology. The most com-
mon single diagnosis used was olfactory carcinoma, which
was applied in 15 cases (28%). There were also 17 cases
diagnosed with variable terminology under the ONB
umbrella, including 8 cases (15%) called ONB with
divergent epithelial differentiation, 7 cases (13%) with top-
line diagnoses of ONB and comments describing cyto-
keratin positivity or epithelial differentiation, and 2 cases
(4%) called mixed ONB and carcinoma. An additional 10
cases (19%) were diagnosed as blastomatous variant of
high-grade sinonasal adenocarcinoma. Finally, 11 cases
were signed out descriptively, including 8 cases (15%)
called high-grade carcinoma of probable olfactory neu-
roepithelial origin, 1 case (2%) called high-grade carcino-
ma with glandular and neuroendocrine features, 1 case
(2%) called high-grade carcinoma with neuroendocrine
features, and 1 case (2%) called high-grade basaloid tumor
with glandular features.

Histologic Findings
All neuroepithelial tumors were centered in the sub-

mucosa without evidence of surface epithelial dysplasia. All

cases demonstrated histologic features that were at least
partially reminiscent of ONB. Tumors generally displayed a
dominant neuroendocrine component with lobulated to
nested architecture (Fig. 1A), confluent growth that
conferred a more solid appearance (Fig. 1B), and variable
amounts of highly vascular stroma (Fig. 1C). These areas
also showed frequent evidence of overt neural differentiation,
with prominent rosette formation (Fig. 1D) in 33 cases (62%)
and neurofibrillary stroma (Fig. 1E) in 11 cases (21%); rare
cases also had scattered ganglion-like cells with abundant
eosinophilic cytoplasm and round nuclei (Fig. 1F). Tumor
cells generally displayed a syncytial appearance with scant
cytoplasm and indistinct cytoplasmic borders (Fig. 2A) and
often showed a streaming pattern of growth (Fig. 2B).
Occasional tumors had intermixed areas of peripheral
palisading (Fig. 2C) or ribbon-like architecture with a
bipolar nuclear distribution (Fig. 2D). While a minority of
cases had round to oval nuclei with speckled chromatin and
indistinct nucleoli (Fig. 3A), most displayed enlarged,
angulated, and hyperchromatic nuclei (Fig. 3B). A subset
of tumors showed more prominent nuclear enlargement and
pleomorphism, with nuclear molding and prominent cell-cell
wrapping (Fig. 3C) as well as markedly elevated mitotic rate
with numerous apoptotic bodies (Fig. 3D) and zones of
tumor necrosis. According to Hyams grading criteria for
conventional ONB, the majority of cases would be grade
3 (n=26, 52%) or grade 4 (n= 19, 38%).

Histologic evidence of epithelial differentiation was
also seen in 35 cases (66%), including 34 (64%) with well-
formed glands and 4 (8%) with occasional squamous
pearls. The epithelial nature of the remaining tumors was
evident via immunohistochemistry alone. The glands
generally consisted of large cells with a moderate amount
of eosinophilic cytoplasm and variable degrees of mucin
production (Fig. 4A). In 17 cases (32%), the surface of
the glands displayed terminal bars with prominent cilia
formation (Fig. 4B). Even in cases that demonstrated
extremely high-grade neuroendocrine components, the
glandular elements generally had round to oval nuclei
with less pleomorphism and lacked significant mitotic
activity or necrosis (Fig. 4C). Although these features
raised the possibility that the glands could represent
entrapped surface epithelium, they consistently showed
some degree of cytologic atypia, complex proliferative
architecture, and intimate admixture with the
neuroendocrine cells (Fig. 4D), consistent with true
tumor constituents. A few cases only demonstrated
focal gland formation (Fig. 4E), while in others, it was
challenging to distinguish whether luminal spaces
represented glands or rosettes (Fig. 4F). Squamous
pearls were much less frequently seen and tended to be
small with a compact morular appearance (Fig. 5A).
They were often closely intermixed with areas of
glandular differentiation (Fig. 5B).

Immunohistochemistry
Results of immunohistochemistry are summarized in

Table 2. All tumors demonstrated immunohistochemical
expression of at least 1 cytokeratin, including AE1/AE3 in

TABLE 1. Clinical and Demographic Information
Sex
Male 41 (77)
Female 12 (23)

Age (y)
Median 47
Range 12-82

Tumor location
Nasal cavity 44 (83)
Ethmoid sinus 6 (11)
Sphenoid sinus 1 (2)
Unspecified sinonasal 2 (4)

Size
Median 4.9
Range 1.9-9.2

Kadish-Morita stage
A 2 (6)
B 13 (37)
C 18 (51)
D 2 (6)

Treatment
Surgery 23 (92)
External beam radiation 23 (92)
Chemotherapy 14 (56)

Clinical course
Persistent local disease 3 (12)
Local recurrence 7 (28)
Lymph node metastasis 5 (20)
Distant metastasis 5 (20)

Last known status
No evidence of disease 15 (60)
Alive with disease 3 (12)
Dead of disease 7 (28)
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51 cases (100%, Fig. 6A) and Cam 5.2 in 24 cases (100%,
Fig. 6B). The vast majority of cases displayed nonfocal
(positivity in > 10% of cells) expression of AE1/AE3,
which tended to be stronger in the glands than in
neuroendocrine cells, while a few cases showed focal

AE1/AE3 but had diffuse Cam 5.2 positivity or prominent
glandular elements. The tumors also were positive for at
least 1 specific marker of neuroendocrine differentiation,
including synaptophysin in 43 cases (86%, Fig. 6C),
chromogranin in 25 cases (58%), and INSM1 in 13 cases

FIGURE 1. Tumors demonstrated notable resemblance to ONB, with lobulated to nested growth (A) that in areas became more
confluent and solid (B) and prominent vascular stroma (C). They displayed well-developed neural differentiation, including
abundant rosette formation (D), variable amounts of neurofibrillary stroma (E), and occasional ganglion-like cells (F).
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(93%, Fig. 6D). Although less specific, CD56 was also
positive in 26 cases (93%). In the majority of cases, the
intensity of staining of all of the neuroendocrine markers
tended to be lower than seen in conventional ONB.
Twenty-two cases (51%) displayed at least focal
sustentacular S100 protein positivity (Fig. 6E), with
occasional concomitant weak expression in tumor cells.
There were 6 cases tested (75%) that were positive for
calretinin. Patchy p63 or p40 expression was seen in 10
cases tested (37%), frequently with basal accentuation
(Fig. 6F). All cases tested were also negative for IDH2
(n= 6) and NUT (n= 12) with intact expression of
SMARCA4 (n= 21) and SMARCB1 (n= 18).

Treatment and Follow-up Information
Detailed treatment and follow-up information was

available for 25 patients with a median duration of
11 months (range: 2 to 160mo), as also summarized in
Table 1. Most patients were treated with multimodality
therapy, including surgery, external beam radiation, and
chemotherapy in 12 cases (48%) and surgery and external

beam radiation in 8 cases (32%). Notably, 3 patients treated
with induction chemotherapy demonstrated dramatic
response with minimal residual viable tumor at resection,
although 2 of those patients later recurred. There were 12
patients (48%) who developed persistent, recurrent, or
metastatic disease at a median interval of 8 months (range:
0 to 114mo). This included 3 patients (12%) who had
persistent local disease after original therapy and 7 patients
(28%) who developed local recurrence. Lymph node
metastasis were identified in 5 patients (20%), including 1
that was found at presentation. There were also distant
metastasis to sites including the lung, spine, chest wall, liver,
pancreas, adrenal gland and lacrimal gland in 5 patients
(20%), 1 of whom had multifocal metastases at
presentation. At the last follow-up, 15 patients (60%) had
no evidence of disease, 3 patients (12%) were alive with
disease, and 7 patients (28%) had died of disease.

DISCUSSION
Classification of neuroendocrine tumors that arise in

the sinonasal tract is plagued by persistent ambiguities.

FIGURE 2. Most tumor cells had a syncytial appearance with indistinct cytoplasmic borders (A) and frequently demonstrated a
streaming pattern (B). Occasional cases showed peripheral palisading (C) or ribbon-like growth with a bipolar nuclear
distribution (D).
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While molecular reclassification of sinonasal carcinomas
has clarified some points in this differential diagnosis, a
subset of tumors still remain poorly understood. Partic-
ularly problematic is a rare subgroup of malignancies that
show hybrid neuroepithelial differentiation, including
both neural elements suggestive of ONB as well as clear-
cut epithelial features in the form of cytokeratin positivity
and/or gland formation. With only limited cases reported
in the literature under a wide range of designations, it is
unclear whether these overlapping neoplasms represent
rare events or a unified group—and, if so, whether they are
true ONB with divergent epithelial differentiation, a si-
nonasal carcinoma with incidental neural elements, or an
entirely separate entity. Moreover, the absence of any
guiding diagnostic criteria and consensus terminology has
handicapped efforts to appraise the pathologic and clinical
features of these unusual tumors. In this study, we eval-
uated the clinicopathologic features of a large cohort of
sinonasal neuroepithelial neoplasms to better establish
their pathologic features and understand their classi-
fication and pathogenesis.

First, our findings highlight a constellation of his-
tologic findings that define a neuroepithelial pattern in
sinonasal tumors and suggest that it is a recurrent phe-
nomenon. The majority of cases in this series displayed
several key histologic and immunohistochemical charac-
teristics: (1) a mix of nested, lobulated, and solid archi-
tecture, (2) overt neural differentiation in the form of
rosette formation, neurofibrillary stroma, and occasional
ganglion-like cells, (3) cytologically high-grade neuro-
endocrine cells with enlarged and hyperchromatic nuclei,
(4) intermixed complex, often ciliated glands with eosi-
nophilic cytoplasm, (5) nonfocal pancytokeratin ex-
pression that is strongest in the glandular component, (6)
at least focal positivity for neuroendocrine markers, and
(7) variable S100 protein-positive sustentacular cells. Al-
though previous reports of tumors with overlapping fea-
tures of ONB and epithelial differentiation were described
using a diverse range of names,12,13,24,26–40 rereview of
histologic descriptions and photomicrographs of these
published cases suggests that most also share similar
features to those in our series regardless of original

FIGURE 3. While a subset of cases had round to oval nuclei with speckled chromatin (A), most had angulated, and hyperchromatic
nuclei (B) with areas of nuclear molding and cell-cell wrapping (C) as well as increased mitoses and abundant apoptotic debris (D).
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terminology. Importantly, despite these common features,
sinonasal neuroepithelial tumors are not entirely uniform
across all of these parameters, with a spectrum of overt
neural elements, gland formation, cytokeratin expression,

and grade in our cohort as well as in previous literature.
As such, it is quite likely that these neuroepithelial
neoplasms may represent a heterogenous group rather
than a single entity. However, these findings suggest that

FIGURE 4. A majority of tumors included prominent glands with eosinophilic cytoplasm and variable mucin production (A), often
with well-developed cilia (B). These glands had less cytologic atypia than intermixed neuroendocrine cells (C) but showed complex
proliferative architecture (D). In a few cases, the glandular component was quite focal (E), while in others, it was difficult to
distinguish glands from rosettes (F).
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neuroepithelial differentiation does comprise a recogniz-
able histologic and immunohistochemical pattern in the
sinonasal tract. Moreover, although this phenotype has
never been systematically characterized in the literature,
the consistent findings across a large number of cases in
this series suggest that neuroepithelial differentiation is a

recurrent phenomenon worthy of formal recognition
rather than a rare aberration.

In addition to distinctive pathologic findings, our
results also indicate that sinonasal tumors with neuro-
epithelial differentiation have characteristic clinical
features—most notably a tendency toward aggressive
behavior. Although tumors arose across the lifespan, they
were most common in young to middle-aged adults, with
40% of cases occurring in patients under 40 years. Men
were also disproportionately affected, with a 3.4:1 male:
female ratio. Furthermore, these neuroepithelial tumors
almost exclusively originated in the superior nasal cavity
or ethmoid sinus with frequent involvement of the cribri-
form plate. Importantly, 57% of tumors demonstrated
Kadish-Morita stage C or D disease with extension be-
yond the sinonasal tract at the time of presentation,
including intracranial involvement in many cases. Multi-
modality therapy, including surgery and external beam
radiation in 92% of cases and additional chemotherapy in
56%, was frequently needed to achieve disease control,
with a subset of patients showing dramatic response to
neoadjuvant chemotherapy. Nevertheless, 48% of patients
developed rapidly progressive disease, and, in limited
follow-up, 28% died of disease. These clinical character-
istics also closely parallel those previously reported in
similar tumors under assorted names.12,13,24,26–40 Of
course, this aggressive behavior is not unexpected given
the high histologic grade of most of these tumors and by
itself does not confirm the presence of a unique category or
differentiate these neuroepithelial neoplasms from other
high-grade sinonasal tumor types. However, these findings
do confirm that these neuroepithelial neoplasms have a
recurrent clinical as well as histologic phenotype.

Even with comprehensive documentation of their
hybrid clinicopathologic profile, the full relationship of
these neuroepithelial neoplasms to ONB remains un-
certain. There are undoubtedly strong parallels between
these groups of tumors that at least suggest that they have
a common cell of origin. By definition, sinonasal tumors
with neuroepithelial differentiation show significant over-
lap with ONB at the morphologic level, including neuro-
fibrillary stroma, S100-positive sustentacular cells, and
rosette formations—features traditionally considered spe-
cific for an ONB diagnosis. They also show frequent lo-
calization to the superior aspect of the nasal cavity, which
is lined by the highly specialized olfactory mucosa that
also gives rise to ONB. Although olfactory nerve cells and
supporting sustentacular cells are histologically and
functionally distinct, they are believed to share a common
progenitor stem cell—the olfactory basal cell.41 As such,
the epithelial differentiation of neuroepithelial neoplasms
may well be within the differentiating potential of the ol-
factory basal cell in addition to the neural differentiation
of ONB, raising the possibility that all of these tumors
arise from the same cell type. However, there are also
significant differences that seem to warrant a distinction
between these neuroepithelial malignancies and ONB. In
particular, the degree of cytokeratin positivity seen in si-
nonasal tumors with neuroepithelial differentiation is not

FIGURE 5. Rare cases showed nests of squamous differ-
entiation, which generally had a compact morular pattern (A)
and were closely intermixed with glands (B).

TABLE 2. Immunohistochemical Results
Stain No. Positive Cases, n (%)

AE1/AE3 51/51 (100)
Cam 5.2 24/24 (100)
Synaptophysin 43/50 (86)
Chromogranin 25/43 (58)
INSM1 13/14 (93)
CD56 26/28 (93)
S100 (sustentacular) 22/43 (51)
Calretinin 6/8 (75)
p63 or p40 10/27 (37)
IDH2 0/6 (0)
NUT 0/12 (0)
SMARCA4 (intact) 18/18 (100)
SMARCB1 (intact) 21/21 (100)
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universally acceptable within current diagnostic bounda-
ries of ONB. While pancytokeratin positivity was histor-
ically reported in up to 40% of ONB,8,10–15 a few of these
studies explicitly included the neuroepithelial neoplasms at

question here, and it is unclear how other cases would
be classified with the benefit of modern immuno-
histochemistry and molecular genetics. Although this issue
remains controversial, 2017 WHO Classification of Head

FIGURE 6. Tumors were consistently positive for AE1/AE3 (A) and Cam 5.2 (B), with stronger staining in the glandular than
neuroendocrine cells. They also showed consistent but variable expression of specific neuroendocrine markers such as synapto-
physin (C) and INSM1 (D). A majority of cases had at least focal sustentacular S100 staining (E), and a subset displayed p63 and
p40 in a basal distribution (F).
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and Neck Tumours only allows for focal positivity for low
molecular weight cytokeratin cocktails such as Cam 5.2 in
ONB.1,6,42 Instead of blurring conventional diagnostic
boundaries by accepting extensive gland formation and
cytokeratin positivity within the conventional ONB cat-
egory, we believe it is prudent to recognize those orphan
tumors with nonfocal epithelial differentiation as a sepa-
rate histologic pattern. However, it is still not clear
whether this pattern should be considered a variant of
ONB or 1 or more separate entities.

Attempts to fit these neuroepithelial malignancies into
other established and emerging sinonasal tumor categories
are also unsatisfactory. The high-grade cytology, cytokeratin
positivity, and expression of neuroendocrine markers seen in
these tumors all raise consideration of a high-grade neuro-
endocrine carcinoma, but overt neural differentiation would
be unprecedented in either small cell or large cell neuro-
endocrine carcinoma.2,43 Primitive tumors showing glan-
dular and neuroendocrine differentiation have previously
been described as blastomatous variant of high-grade sino-
nasal adenocarcinoma,38 but true neuroendocrine compo-
nents are not generally accepted in pure adenocarcinomas at
any site and has precluded widespread adoption of this
classification. Furthermore, despite reports of other ciliated
head and neck malignancies,44–46 the presence of ciliated
cells are relatively unique in the sinonasal tract and have not
yet been documented in sinonasal adenocarcinomas. The
presence of intermixed neuroepithelial and glandular differ-
entiation is reminiscent of sinonasal teratocarcinosarcoma.
However, the neuroepithelial neoplasms in this cohort uni-
formly lack the additional stromal or fetal elements that
define teratocarcinosarcoma, and none of the cases tested
demonstrated loss of SMARCA4 expression, which is fre-
quently seen in teratocarcinosarcoma.23 Interestingly, a
subset of sinonasal tumors with IDH2 mutations have been
reported as ONB or ONB-like17,47,48 and appear to fit within
the neuroepithelial spectrum, with lobulated growth and
S100-positive sustentacular cells as well as cytokeratin pos-
itivity. Although broader evaluation would likely identify
more neuroepithelial malignancies with IDH2 alterations,
the few cases in this series screened with IDH2 mutation-
specific immunohistochemistry were negative, suggesting
that neuroepithelial differentiation is not limited to this cat-
egory. Overall, while molecular genetic testing may help
further define the boundaries of these tumors and align them
with the evolving sinonasal tumor classification moving
forward, neuroepithelial neoplasms do not perfectly conform
to any single existing category at this point.

In summary, this study highlights the existence of a
rare but recurrent group of sinonasal malignancies with
combined neural and epithelial differentiation that have
previously been poorly characterized in the literature. De-
spite some heterogeneity within this cohort, these findings
demonstrate that the majority of these neuroepithelial ne-
oplasms do share a recognizable pathologic profile and
frequently display aggressive clinical behavior. However,
their classification remains challenging with key similarities
and differences to both ONB and other sinonasal
tumor types that show neuroendocrine and glandular

differentiation. Instead of forcing these tumors into existing
categories—and, in doing so, blurring the boundaries of
those diagnoses—we propose that these tumors should be
separately recognized as a distinctive histologic pattern of
uncertain histogenesis. The term olfactory carcinoma,
which has prominently been used in previous literature24,25

and was most commonly applied to them in this coh
ort, seems to best reflect the unique histologic, im-
munohistochemical, and clinical features of tumors with
this phenotype. Certainly, additional clinicopathologic and
molecular analysis will be necessary to better define the
limits of this pattern, evaluate for potential heterogeneity
within the group, and determine whether it deserves rec-
ognition as 1 or more independent entities or variants of
another tumor type. However, consistent use of the olfac-
tory carcinoma designation may allow for greater recog-
nition of sinonasal tumors with a neuroepithelial phenotype
and facilitate more complete understanding of their classi-
fication, pathogenesis, and treatment.
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