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Chapter 12
Rare Sinonasal and Skull Base Tumors

Kelly R. Magliocca and Christopher C. Griffith

Teratocarcinosarcoma

Teratocarcinosarcoma (TCS) is an aggressive malignant neoplasm described in
1983 by Shanmugaratnam et al [1] as teratoid carcinosarcoma. The following year,
Heffner and Hyams [2] delineated the histologic features and clinical behavior of 20
cases under the designation of teratocarcinosarcoma, a term that remains accepted
to this day. TCS most commonly affects adults at a median age of 60 years and
reported range of 18-79 years. An 8:1 ratio with a predilection for male patients is
reported [2]. The presenting symptoms for patients with TCS are often non-specific
and may include nasal obstruction, epistaxis, and headache. Depending on the ana-
tomic site and extent of involvement, eye or facial pain, proptosis, and/or focal
neurologic deficits, including loss of olfaction can occur [2-5]. Syndrome of inap-
propriate antidiuretic hormone secretion has been noted, but is rare [6, 7]. The nasal
cavity and ethmoid sinus are most frequently reported as sites of origin, although
with large destructive tumors, extension to the orbit, cranial cavity, and/or facial
skin can occur [1, 2]. Histologically, tumors are heterogeneous and composed of
epithelial, neuroectodermal, and mesenchymal components, with a spectrum of
maturation and cellular atypia [1, 2]. The epithelial elements may be cuboidal or
columnar epithelium with mucous cells arranged in irregular glandular structures
and microcysts, and often appear overtly malignant (Fig. 12.1a). Keratinizing or
non-keratinizing squamous epithelium in nests, or sheets may be seen in transition
with glandular epithelium. Squamous epithelium exhibiting a characteristic clear
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Fig. 12.1 Teratocarcinosarcoma: Histologic features of teratocarcinosarcoma (TCS). (a) TCS is
characterized by glandular structures (arrow) (H&E, 200x). (b) Immature neuroctodermal ele-
ments (long arrow), clear “fetal-type” changes in epithelium (short arrow), and respiratory epithe-
lium with mucous cells (arrowhead) (¢) Rosette formation in immature neuroectodermal tissue. (d)
Pale neurofibrillary matrix (arrow) (Hematoxylin and eosin/H&E, 200x)

cell appearance, similar to that found in fetal mucosal squamous epithelium, is
thought to be a helpful diagnostic clue to TCS [2]. Neuroectodermal elements are
cellular and show indistinct cell borders and a primitive appearance with rosette
formation (Fig. 12.1b, c). Admixed neurofibrillary matrix may be seen (Fig. 12.1).
Variable amounts of muscle (smooth or skeletal), cartilage, or rarely bone form the
mesenchymal components of TCS, but moderately cellular fibrous stroma, imma-
ture adipose tissue, and/or angiomatous areas can be present and most likely repre-
sent a bland appearing mesenchymal component of TCS. Smooth muscle irregularly
surrounding epithelial aggregates to impart an organoid appearance similar to prim-
itive bronchial or intestinal structures is variably present in TCS [2].
Immunohistochemical analysis reveals the cellular primitive-appearing component
in TCS expresses CD99, synaptophysin, and may express S100. While alpha-
fetoprotein (AFP) has been reported to stain occasional cells [2], this result is non-
specific and has been reported in other sinonasal tract neoplasms [8]. Epithelial
elements show positive cytokeratin staining, neurofibrillary matrix is highlighted
with GFAP, and in cases with skeletal muscle, desmin, and/or smooth muscle actin
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will be positive. Recently, the recurrent immunohistochemical loss of SMARCA4
expression (partial or complete) was noted in 18 of 22 cases (82%) of sinonasal
TCS, with corresponding genetic inactivation in a subset of tumors tested. The exact
histogenesis of TCS remains unclear, although a neural crest or other pluripotential
cell group with either the capability for multidirectional differentiation or a process
of differentiation modulated by the microenvironment are hypothesized [6]. The
recently identified loss of SMARCA4 and corresponding genetic inactivation of
SMARCA4 suggests that TCS is likely driven by recurrent molecular events rather
than stem cell or germ cell origin [9]. From a practical point, it is worth noting that
TCS can be challenging to accurately diagnose on a small incisional biopsy speci-
men [10].

This occurs not only because the neoplasm is extremely rare making it infre-
quently considered, but also occurs is in part due to partial sampling of a neoplasm
known for marked histologic heterogeneity. Areas of TCS may microscopically
resemble olfactory neuroblastoma, adenocarcinoma, sarcomatoid carcinoma or
even rhabdomyosarcoma on limited biopsy sampling [1, 2]. Loss of SMARCA4
immunostaining may provide a helpful clue in distinguishing between a considered
list of differential diagnostic entities, and in some cases may point directly to the
diagnosis of TCS [9]. Radiologic features are non-specific. TCS is inherently
aggressive and is surgically treated. Involvement of skull base, cranial cavity or
orbit can complicate surgical management. Radiation therapy often follows surgery
and some have suggested improved survival and reduced rate of metastatic disease
with the combined treatment using surgery, radiation and chemotherapy, although
this has not been widely studied [5]. Disease recurrence approaches 40%, with a
30-40% mortality rate [5, 6].

Biphenotypic Sinonasal Sarcoma

Sarcomas including rhabdomyosarcoma, Ewing sarcoma, chondrosarcoma, and
osteosarcoma are known to occur in the sinonasal and skull base region, but they are
not unique to this location. In contrast, a recently described entity, biphenotypic
sinonasal sarcoma (BSNS) appears to be a site-specific neoplasm within the sinona-
sal tract. This monomorphic, low grade spindle cell sarcoma described in 2012 by
Lewis et al. [11] was originally designated as low-grade sinonasal sarcoma with
neural and myogenic features, until the same group renamed the entity as BSNS in
2014 [12]. BSNS is a rare sarcoma with approximately 150 cases described thus far,
is of uncertain histogenetic origin, and merits separation from other sarcomas occur-
ring in the sinonasal tract due to its relatively indolent clinical course without reports
of regional or distant metastasis [13, 14]. Within the cases described, BSNS shows
a predilection for involvement of the superior sinonasal tract including the upper
nasal cavity and ethmoid region, singly or in combination with a notable predilec-
tion for middle aged females. A peak incidence is reported to occur in the fifth
decade of life, with a range from 24 to 85 years. Clinically, patients present with
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relatively non-specific mass related symptoms such as obstruction/congestion, epi-
staxis, or rhinorrhea [11]. These tumors are rare, though there may be a collection
of imaging features that, when identified as a unilateral mass with an epicenter in
the nasal cavity/ethmoid sinus of a middle aged female patient, could potentially
warrant inclusion of BSNS in the radiographic differential diagnosis: hyperostosis
on computed tomography (CT), combined with a magnetic resonance imaging
(MRI) T2 signal isointense to cerebral gray matter and heterogenous gadolinium
enhancement [15, 16]. Histologically, BSNS is an unencapsulated, cellular spindle
cell neoplasm arranged in fascicles that may demonstrate a “herringbone” pattern.
Approximately 20% of tumors invade regional bone [11]. The spindled tumor
cells, while elongate and overlapping, are bland and uniform in appearance, with no
significant atypia or marked hyperchromasia, infrequent mitoses and no necrosis.
Intercellular collagen is arranged in delicate strands. Gaping, so-called staghorn
blood vessels dispersed within the tumor are not uncommon. A subset of tumors
will show rhabdomyoblastic differentiation appearing as ample, brightly eosino-
philic cytoplasm with cross-striations. A helpful microscopic finding is benign pro-
liferative invagination of the surface epithelium into the underlying spindle cell
sarcoma leading to the appearance of small cystic, epithelial lined spaces “invert-
ing” into the mesenchymal neoplasm (Fig. 12.2a, b). Rarely, this proliferation is

.\I<
.,
oty TR P

Fig. 12.2 Biphenotypic sinonasal sarcoma: Histologic features of biphenotypic sinonasal sar-
coma (BSNS). (a) BSNS is characterized by spindle cells, often within a proliferative surface
epithelial invagination (short arrows), and small patulous vascular channels (long arrows). (b)
Spindle cell component (arrowheads) abutting invaginated surface epithelium (short arrow).
(H&E, 200x). (¢) Immunohistochemical stain desmin is positive in tumor cells (Desmin, 200x).
(d) S100 immunostain is positive in tumor cells (S100, 200x)
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striking and has the potential to lead to tumor misclassification as a sinonasal
(inverted) papilloma on superficial biopsy.

BSNS tumor cells will characteristically demonstrate at least focal biphenotypic
immunopositivity for both S100, and smooth muscle actin (Fig. 12.2¢, d). Variable
and focal expression of desmin, beta-catenin, CD34, EMA, cytokeratin is present.
Tumors lack immunoreactivity to SOX10. Myogenin is most commonly reported as
negative [11, 12], although cells with rhabdomyoblastic differentiation may react
with myogenin [17]. In challenging cases, a positive nuclear reaction with monoclo-
nal PAX3 immunohistochemistry and/or molecular testing may be required to sup-
port the diagnosis [18]. The vast majority of BSNS show PAX3 rearrangements,
most commonly with MAML3 occurring as t(2;4)(q35;q31.1) [11]. Fusions of PAX3
and FOXOI, NCOAI, or NCOA2 occur less frequently [17]. Prior to identification
of BSNS as a distinct entity in 2012, tumors had been misclassified as benign and
malignant lesions including fibrosarcoma, leiomyosarcoma, low-grade malignant
peripheral nerve sheath tumor, synovial sarcoma, and cellular schwannoma. The
primary treatment modality for this low-grade sarcoma is surgical resection without
elective neck dissection as there are no known cases with regional metastasis. Bone
invasion is possible with surgical excision of involved bone required for complete
excision. BSNS has rate of local recurrence that is reported in approximately 40%
of cases, usually within the first 5 years. Death is rarely reported and appears to be
related to intracranial extension [11, 19, 20]. The role of radiation therapy versus
re-excision remains unclear, in part due to the rarity of the tumor.

Chondrosarcoma

Chondrosarcoma represents the second most common primary bone sarcoma after
osteosarcoma and most commonly affects the appendicular skeleton [21].
Involvement of the head and neck region is uncommon with approximately 10-12%
of all chondrosarcomas occurring in this general area [22]. Within the head and
neck, chondrosarcoma can arise in the paranasal sinuses, skull base, gnathic sites,
and larynx and tend to show a lower stage and improved prognosis when compared
to chondrosarcoma in non-head and neck sites [23]. Conventional chondrosarcoma
of the paranasal sinus and skull base shows a peak incidence in the fourth decade of
life, with a wide variation in age affecting patients in the range between late child-
hood to the elderly. No significant male or female predominance has been demon-
strated. Conventional chondrosarcoma is classified as primary when it arises de
novo, that is without evidence of a pre-existing lesion. Secondary chondrosarcoma
arises in the setting of a pre-existing lesion such as osteochondroma or enchon-
droma often in association with Ollier disease, Maffucci syndrome, or multiple
hereditary exostoses/osteochondromas [24]. Secondary chondrosarcoma can rarely
arise in synovial chondromatosis. In addition to conventional sarcoma (primary or
secondary) several variants of chondrosarcoma exist: dedifferentiated, clear cell and
mesenchymal chondrosarcoma. The vast number of chondrosarcomas are primary
conventional chondrosarcoma, which represents the focus of this review.



254 K. R. Magliocca and C. C. Griffith

On MRI examination, conventional chondrosarcoma appears isointense on T1,
hyperintense on T2 weighted images, and chondrosarcoma usually enhances with
gadolinium contrast. This pattern of MRI imaging is similar to chordoma, although
in most cases chondrosarcoma is located eccentric to the midline in contrast to mid-
line chordoma [25]. Large radiographic tumor size is not viewed as a negative prog-
nostic factor in chondrosarcoma [26]. Computed tomography (CT) imaging will
detect stippled or coarse “popcorn” calcifications, which can show organization into
ring and arc calcifications [27]. Microscopically, conventional chondrosarcoma is
composed of lobular abnormal hyaline cartilage but flocculent myxoid change is
also possible. Chondrosarcoma infiltrates adjacent medullary bone and encases pre-
existing bony trabeculae. In grade 1 chondrosarcoma (also called atypical cartilagi-
nous tumor) the neoplastic chondrocytes within lacunae are bland, show little atypia
and overall these neoplasms are of low cellularity. Increase in nuclear size, hyper-
chromasia, degree of cellularity, and atypia are parameters used in grading chondro-
sarcoma, with the highest histological grade correlating with a more aggressive
neoplasm [28] (Fig. 12.3a, b). Formation of metaplastic bone within cartilaginous
matrix can be seen in chondrosarcoma; however, malignant osteoid would be unex-
pected. The latter would be indicative of chondroblastic osteosarcoma. Most chon-
drosarcoma in the sinonasal/skull base region represent grade 1 or 2 conventional
which can recur locally but rarely metastasize [21]. A subset of recurrent chondro-
sarcoma will show a higher grade in the recurrent material, making it important to
compare and evaluate new and old material in the case of clinical recurrence.
Immunohistochemical markers are most useful in excluding mimics of chondrosar-
coma, specifically chordoma in view of the clinical implications (see Chordoma).
Just over half of conventional chondrosarcoma are characterized by mutations in the
isocitrate dehydrogenase isoforms IDH1 and IDH2. Sequencing to detect IDH1/2
mutations can be useful if positive in distinguishing chondrosarcoma (i.e., positive)
from chondroblastic osteosarcoma [24]. Treatment of sinonasal and skull base
chondrosarcoma involves surgical excision; however, an “en bloc” resection is often
precluded by the critical structures in the skull base region. Low grade conventional
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Fig. 12.3 Chondrosarcoma: Histologic features of chondrosarcoma. (a) Chondrosarcoma is char-
acterized by cellular aggregates within chondroid matrix (H&E, 200x). (b) Variation in nuclear
size, hyperchromasia and nuclear membrane irregularity (H&E, 400x)
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chondrosarcoma, a relatively indolent tumor, is therefore treated with a maximally
safe surgical resection and the extent of surgery is based upon lesion location,
involvement of cranial nerves and extent of pre-existing nerve deficits, and surgical
experience [29]. The use of adjuvant modern radiotherapy techniques, such as par-
ticle therapy, following excision of skull base conventional chondrosarcoma has
been shown to decrease tumor recurrence and improve overall survival [30, 31].
Conventional chondrosarcoma is resistant to chemotherapy, but targeted therapy
may have a role in the future. For patients with skull base chondrosarcoma, the
overall 5-year survival is greater than 80%, with an 80% rate of progression free
survival [32, 33].

Chordoma

Chordoma is a malignant primary bone tumor thought to originate from notochord
remnants [28]. They arise in the midline anywhere along the axial skeletal from the
spheno-occiput to the sacrococcygeal region, with cranial chordoma accounting for
approximately 30% to 40% of cases [34]. In the recently released fifth edition of the
World Health Organization Classification of Soft Tissue and Bone Tumors [28],
chordoma is classified into three subtypes: conventional/chondroid, dedifferentiated
and poorly differentiated. Conventional chordoma is the most common subtype rep-
resenting three quarters of cases, and this subtype is the focus of the current review
with respect to skull base/clival chordomas. Patients with cranial chordoma present
in the 5th to 6th decades of life with headache, diplopia, and depending on location
cranial nerve palsies. Either gender can be affected, although some studies describe
a male predominance [34-36]. The majority of chordoma arise as isolated tumors,
though a rare familial form is known [37]. CT and MRI are the methods of choice
to identify the extent of the lesion, bone destruction and tumor relation to regional
structures. Chordoma and chondrosarcoma have a similar appearance on these
imaging modalities [34]. The primary histologic characteristic of conventional
chordoma is the proliferation of highly vacuolated but otherwise uniform tumor
cells (physaliferous cells) arranged in syncytial cords and/or nests with abundant
mucoid intercellular material (Fig. 12.4a). Chondroid chordoma is defined by vari-
able amounts of cartilage-like matrix supporting cords and lobules of physaliferous
cells. Immunohistochemical markers cytokeratin, EMA, S100, and brachyury are
positive in chordoma and this pattern of positivity aids in distinguishing chordoma
from chondrosarcoma and the rare differential diagnosis of choroid meningioma, as
the latter two entities are negative for brachyury [38, 39] (Fig. 12.4b). With respect
to chordoma subtypes in brief: dedifferentiated chordoma demonstrates a biphasic
appearance of conventional chordoma with juxtaposed high-grade sarcoma. It can
occur de novo and after treatment. The dedifferentiated subtype is aggressive and
associated with poorer survival outcomes, therefore in the setting of recurrent chor-
doma, the sample should be compared to primary tumor to assess whether the
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Fig. 12.4 Chordoma: Histologic features of Chordoma. (a) Chordoma characterized by the pres-
ence of highly vacuolated tumor cells (physaliferous cells) arranged in cords and nests (H&E,
400x). (b) Nuclear positive reaction in neoplastic cells with brachyury immunostain
(Brachyury, 400x)

histologic features have changed over time [40]. Poorly differentiated chordoma
(PDC) on the other hand occurs in children and young adults, histologically lacks
physaliferous cells, yet highlights with brachyury. PDC is exceptionally rare, and
genetically distinct, often harboring SMARCB1 abnormalities [28]. Although the
optimal treatment protocol for skull base chordoma remains controversial, surgical
resection of the tumor followed by radiotherapy is accepted and most commonly
performed.

Chemotherapy does not routinely form a component of standard chordoma
treatment, as most are not susceptible to cytotoxic chemotherapy. In cases where
loss of SMARCBI (identified using INI-1 immunostain) is identified, the possibil-
ity of EZH?2 inhibitors could potentially be considered [40]. Five-year survival for
chordoma is reported at 65-70% [33, 34]. Local recurrence is the most common
form of treatment failure and an important predictor of mortality, with recurrence
within a biopsy site tract (“seeding”) occurring only rarely [25]. Although more
commonly associated with sacral chordoma, approximately 12% of patients with
skull base chordoma will go on to develop distant metastases, most commonly to
the lung [41].

NUT Carcinoma (Nuclear Protein in Testis)

NUT carcinoma is a rare aggressive malignancy most commonly occurring in mid-
line structures. Mediastinum and lung are the most common primary sites closely
followed by head and neck primaries. With the increasing recognition of this tumor
type in the head and neck, NUT carcinoma was added to the most recent 4th edition
of the World Health Organization Classification of Head and Neck Tumours [42]. In
the head and neck, NUT carcinoma most commonly occurs in the sinonasal tract but
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other rare head and neck sites include the larynx (particularly the supraglottis) [43]
and salivary glands [44].

Head and neck NUT carcinoma occur in a wide age range (0.1-81.7 years) but
continue to show a trend toward younger patients with a median age of 21.9 years
[45]. NUT carcinoma tends to effect younger patients and while this continues to be
true, it is increasingly being recognized in older patients as more pathologists
become familiar with this entity and consider it in the differential diagnosis of high-
grade carcinomas.

NUT carcinoma is defined by chromosomal rearrangement of the NUTM I gene,
most frequently with BRD4 as a result of a t(15;19)(q14;p13) chromosomal rear-
rangement. Less commonly, the NUTM 1 gene is fused to BRD3 or other partners.
One theory related to the molecular activity of these rearrangements is that the
fusion product blocks transcription of pro-differentiation genes resulting in an
undifferentiated phenotype which is an important histomorphologic feature that can
aid in the pathologic recognition of this tumor entity [46].

By imaging, NUT carcinoma typically demonstrates a locally aggressive tumor
with invasion and destruction of surrounding structures. However, this finding is not
specific and can be seen with a variety of aggressive primary sinonasal tumors.

The histologic features of NUT carcinoma are fairly characteristic but not spe-
cific for the diagnosis. Tumors showing a predominant component of undifferenti-
ated or poorly differentiated carcinoma should prompt consideration of NUT
carcinoma (Fig. 12.5a, b). Foci of abrupt squamous differentiation and/or keratini-
zation (Fig 12.5¢) can be a helpful feature but are not seen in all cases and can also
be seen in other tumor types. In addition to these foci of abrupt keratinization, NUT
carcinoma is frequently immunophenotypically positive for markers of squamous
differentiation such as p63. Given the common squamous phenotype of NUT carci-
noma it is not uncommon for patients with such tumors to be initially diagnosed
with poorly differentiated squamous cell carcinoma when the possibility of NUT
carcinoma is not considered and investigated. Likewise, cases of NUT carcinoma
may also be diagnosed as sinonasal undifferentiated carcinoma (SNUC) in some
cases. Fluorescence in situ hybridization is an excellent specific and sensitive test
for demonstrating the presence of a NUTM gene rearrangement but NUT immuno-
histochemistry has emerged as a more readily available tool with high sensitivity
and specificity for the diagnosis. NUT immunohistochemistry has been reported to
have a sensitivity of 87% and specificity of 100% [47].

While other tumors included in the differential diagnosis of NUT carcinoma are
also aggressive, it is increasingly important for patient management that the correct
diagnosis of NUT carcinoma be made. NUT carcinoma is generally more aggres-
sive with a poorer response to conventional treatments than poorly differentiated
squamous cell carcinoma. NUT carcinoma has a median overall survival of only 6.7
months and a 2-year overall survival of only 19% in all sites [48]. Tumors in the
head and neck are reported to have a slightly better 2-year overall survival of
27-30% compared to those in the mediastinum [45]. Surgery continues to be the
mainstay of treatment with negative margins being a significant predictor of
improved overall survival [45]. Most importantly though, studies are now underway
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Fig. 12.5 NUT carcinoma: Histologic features of NUT carcinoma. (a) NUT carcinoma is charac-
terized by the presence of undifferentiated tumor cells as a result of molecular pathways which
block differentiation. Tumor cells in this image do not demonstrate any differentiation and have
open vesicular chromatin (H&E, 400x). (b) Speckled nuclear pattern of NUT immunohistochemi-
cal stain (NUT immunohistochemistry, 400x). (¢) Some cases show abrupt squamous differentia-
tion as in this image in which more basaloid undifferentiated tumor cells are surrounded by tumor
cells with abundant clear to eosinophilic cytoplasm indicative of squamous differentiation
(H&E, 200x)

to examine the utility of target therapies with the hope of improving outcomes in
patients with NUT carcinoma. BET inhibitors aimed at inhibiting BRD4-NUT
binding to chromatin are being investigated and may be useful in patients with NUT
carcinoma as well as other tumor types in which bromodomains are important in the
molecular carcinogenesis [49, 50]. Histone deacetylase inhibitors are also being
tested [51, 52].

SMARCBI1 (INI-1)-Deficient Carcinoma

SMARCBI is a tumor suppressor gene located on chromosome 22q11.2 and its loss
of expression has been linked to carcinogenesis in several tumor types including
atypical teratoid/rhabdoid tumors of the kidney and epithelioid sarcoma.
Interestingly, rhabdoid morphology is a common feature for malignancies showing
aloss of SMARCBI. Recently, a small subset of sinonasal tumors, many previously
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classified as sinonasal undifferentiated carcinoma (SNUC), have been found to
show loss of SMARCBI1 [53, 54]. Fewer than 100 cases of sinonasal SMARCBI1-
deficient sinonasal carcinoma have been reported in the literature at the time of this
writing and the entity is currently included in the WHO classification of SNUC [42].
Further study is ongoing to determine if this represents a distinct tumor entity.
SMARCB 1-deficient carcinomas have also been reported more rarely in other head
and neck sites including oral cavity, larynx, and pharynx [55]. A case of SMARCA4
(BRG1)-deficient sinonasal carcinomas has also been reported with similar mor-
phologic features to those with SMARCBI1 loss [56].

Up to 6% of sinonasal carcinomas show loss of SMARCBI [57].
Epidemiologically, SMARCB I-deficient sinonasal carcinoma has been reported in
a wide age range (11-89 years) and affects men approximately twice as frequently
as women (M:F 1.8:1).

Histologically, rhabdoid morphology is seen in most examples but basaloid
tumor cells with scant cytoplasm tend to be the predominant cell type (Fig. 12.6a) [58].

Fig. 12.6 SMARCBI-deficient carcinoma: Histologic features of SMARCB 1-deficient sinonasal
carcinoma. (a) SMARCB 1-deficient carcinoma most commonly shows a prominence of basaloid
tumor cells having scant cytoplasm. Despite the predominance of this basaloid morphology, close
examination can show occasional tumor cells with rhabdoid differentiation with an eccentric
nucleus and a large eosinophilic cytoplasmic inclusion (arrow) (H&E, 400x). (b, ¢) Loss of INI-1
expression by immunohistochemistry is a diagnostic feature of this tumor as seen in this example
invading bone (b, H&E, 200x; ¢, INI-1 immunohistochemistry, 200x)
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SMARCB1-deficient carcinomas commonly grow in a nested pattern and while
they often have an exophytic papillary component they tend to be locally destructive
with infiltration into surrounding structures. High-grade features including necrosis
and high mitotic activity are common.

Immunophenotypically, keratin expression is present but may be weak in some
cases. The squamous marker p63 is also commonly positive and neuroendocrine
markers may also be expressed in some cases. A small number of SMARCBI-
deficient sinonasal carcinomas have been reported with focal to prominent glandu-
lar differentiation [8]. p16 has been reported to be strong and diffuse in some cases
which could cause one to consider the possibility of a human papillomavirus (HPV)
associated carcinoma [58]. However, HPV and Epstein—Barr virus (EBV) have not
been detected in any case that has been tested for these viral associations.

A defining feature of these carcinomas is demonstration of a loss of SMARCBI1
expression by immunohistochemistry (Fig. 12.6b, c¢). Other immunohistochemical
findings could potentially be misleading and result in a variety of other diagnoses.
For example, germ cell markers such as SALL4 and AFP have been noted and
reports of SMARBI-deficient sinonasal carcinomas have been described with
showing yolk sac differentiation [8, 59].

SMARCB1-deficient sinonasal carcinoma is an aggressive malignancy with fre-
quent locoregional recurrence, distant metastasis in approximately a third of patients
and death due to disease in approximately half of patients [60, 61]. Loss of SMARBI1
may represent a potential target in the future but currently these tumors are highly
aggressive and commonly lethal. At least two patients were reported to show a good
response to chemotherapy and radiation [62].

HPV-Related Multiphenotypic Sinonasal Carcinoma

High-risk human papillomavirus (HPV) infection is now linked to an increasing
number of head and neck carcinomas with those of the oropharynx being most com-
mon. HPV-related multiphenotypic sinonasal carcinoma is a recently identified
entity that shows histologic overlap with adenoid cystic carcinoma and an associa-
tion with high-risk HPV infection. Initial descriptions of this tumor applied the term
“HPV-related carcinoma with adenoid cystic-like features” to reflect the biphasic
growth pattern with ductal and abluminal myoepithelial cell differentiation seen in
many cases [63]. This entity was included as a provisional diagnosis under the
rubric of non-keratinizing squamous cell carcinoma of the sinonasal tract in the
most recent WHO but further study may result in a separate classification in the
future [42].

HPV-related multiphenotypic sinonasal carcinoma most commonly presents as
a large nasal mass causing nasal obstruction and epistaxis [64]. Tumors arising in
the paranasal sinuses and/or involving both nasal cavity and sinuses also occur.
There is a slight female predominance and a wide age range (28-90 years; mean
54 years).
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Fig. 12.7 HPV-related multiphenotypic sinonasal carcinoma: Histologic features of HPV-related
multiphenotypic sinonasal carcinoma (HMSC): (a) HMSC carcinoma is characterized by the pres-
ence of surface squamous dysplasia (H&E, 400x); (b) Underlying basaloid nests of tumor with
solid architecture, ductal differentiation (H&E, 200x); and (c¢) Higher magnification of tumor
islands in b (H&E, 400x); (d) Immunostain p16 strongly and diffusely positive in tumor cells,
HPYV in situ hybridization—positive not shown (p16 immunostain, 400x)

Surface squamous dysplasia is present in some cases which may represent evi-
dence of a surface epithelial derivation or colonization by a tumor arising in under-
lying minor salivary glands (Fig. 12.7a). These underlying tumors grow in large,
highly cellular nests of basaloid tumor cells most commonly with solid architecture.
High-grade cytologic features including high nuclear to cytoplasmic ratios,
increased mitotic activity, apoptosis and necrosis are usually present. Myoepithelial
and ductal differentiation are common with squamous differentiation identified in
some cases (Fig. 12.7b, c). Immunostains are helpful to identify the biphasic growth
pattern of these tumors with myoepithelial markers (smooth muscle actin, SOX10,
p40, calponin, etc.) highlighting abluminal basaloid tumor cells.

HPV-related multiphenotypic sinonasal carcinoma is associated with high-risk
HPYV infection, predominantly HPV type 33. Rare cases have been reported in asso-
ciation with other HPV types, including types 16, 35, and 52 [65-67]. As a result of
this close association with high-risk HPV infection, immunohistochemistry for p16
is strongly and diffusely positive in the same manner as seen in HPV-associated
squamous cell carcinoma of the oropharynx (Fig. 12.7d). However, due to the low
incidence of this tumor type in the sinonasal tract there is a lower positive predictive
value for pl16 as a surrogate marker of HPV infection and more specific direct
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testing for high-risk HPV (such as PCR or in situ hybridization) are required to
confirm an association with high-risk HPV in sinonasal sites. Despite the similar
appearance to adenoid cystic carcinoma, MYB rearrangements are not present in
HPV-related multiphenotypic sinonasal carcinoma.

Despite the high-grade histologic appearance of these tumors, the clinical behav-
ior has been more indolent than other high-grade sinonasal tumors in most patients.
HPV-related multiphenotypic sinonasal carcinoma commonly show locally aggres-
sive growth with a high T stage and frequent recurrences but only rare metastases.
A patient with late recurrences after 30-years of a disease-free period has been
reported [68]. Despite this generally indolent prognosis, rare cases have been
reported with a more rapidly progressive course and metastases. One patient who
was treated surgically with negative margins and adjuvant radiation suffered from
lung metastases 23 months after resection and showed continued disease progress
despite subsequent chemotherapy and immunotherapy [67]. Two other patients
experienced distant metastases by 96 and 144 months [64]. While these occasional
more aggressive tumors have been reported in the literature, some authors have
reported apparent cures with surgery alone [66, 69]. No deaths due to disease have
been reported.

Sinonasal Neuroendocrine Carcinoma

Sinonasal neuroendocrine carcinoma (SNEC) is a rare, aggressive malignancy of
the sinonasal tract representing approximately 5% of all sinonasal cancers. Given
the rarity of these tumors and the challenges in classification, demographic data is
challenging to determine but SNEC appears to occur in older adults (mostly above
50 years of age). Unlike high grade neuroendocrine carcinomas in other sites, SNEC
lacks a strong association with tobacco use. Rare cases are reported to show an
association with high-risk HPV [70-72]. Additionally, more well differentiated neu-
roendocrine neoplasms, so called “carcinoid” and “atypical carcinoid” tumors, of
the sinonasal tract have only been anecdotally reported. One study demonstrated
better survival for patients classified as having moderately differentiated SNEC
(i.e., atypical carcinoid) compared to those with poorly differentiated SNEC [73].
An association with squamous cell carcinoma or adenocarcinoma can also be seen
[74]. Rare cases have been reported to result in a paraneoplastic syndrome due to
hormone secretion [75].

SNEC occurs in paranasal sinuses (particularly the ethmoid sinus) and nasal cav-
ity [76]. Location in the superior nasal cavity is not uncommon and raises the dif-
ferential diagnosis of olfactory neuroblastoma. SNEC is locally aggressive with
most patients presenting with stage IV tumors; however, lymph node metastases are
uncommon at presentation [76].

Morphologically, SNEC is similar to high grade neuroendocrine carcinomas
with small cell and large cell variants being recognized as is the case in pulmonary
sites. Immunostains for neuroendocrine markers are typically positive and helpful
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in the diagnosis, including the more recently introduced INSM1 stain which shows
more sensitivity than traditional neuroendocrine markers such as chromogranin,
synaptophysin and CD56 [77]. A challenging differential diagnosis can be pre-
sented between SNEC and high-grade olfactory neuroblastoma. Morphologically,
SNEC lacks neurofibrillary stroma but such stroma is also often scant in high grade
olfactory neuroblastoma. The finding of significant keratin expression can be useful
to favor a diagnosis of SNEC over olfactory neuroblastoma. Sinonasal undifferenti-
ated carcinoma (SNUC) also enters the differential diagnosis but SNUC should not
demonstrate significant neuroendocrine marker expression.

SNEC is an aggressive tumor and therefore multimodality therapy with a combi-
nation of surgery, radiation, or chemotherapy is commonly used. One study demon-
strated a 5-year disease specific survival of 43.8% [76].

Sinonasal Renal Cell-Like Adenocarcinoma

Sinonasal renal cell-like adenocarcinoma is a very rare tumor first described in 2002
and considered a subtype of sinonasal non-intestinal type adenocarcinoma [78]. A
recent review of the literature shows a female predominance (female to male ratio
of 9:4) and a wide age range (22-77 years) [79]. Most cases have been reported to
arise in the nasal cavity with fewer numbers occurring in paranasal sinuses and
nasopharynx.

As this entity’s name implies, this tumor of the sinonasal tract demonstrates
close histologic similarity with clear cell renal cell carcinoma. The tumors are com-
posed of cells with abundant clear to slightly eosinophilic cytoplasm in follicular or
solid growth patterns. Papillary architecture has rarely been reported to be promi-
nent. Nuclei are fairly monotonous with mild to, at most, moderate nuclear
pleomorphism.

Prominent vascularity and hemorrhage are commonly reported.

Due to this extensive morphologic overlap with renal cell carcinoma, one of the
most challenging differential diagnoses is the possibility of metastatic renal cell
carcinoma. Metastatic renal cell carcinoma is a potential source of metastasis to the
sinonasal tract and can occasionally initially present with an isolated solitary sino-
nasal metastasis [80]. Morphologic distinction between these entities can be chal-
lenging but aided through the use of immunohistochemical stains. Sinonasal renal
cell-like adenocarcinoma is typically negative for pax-8, vimentin and RCC; in con-
trast, clear cell renal cell carcinoma is frequently positive for these markers [79, 81].
Seromucinous markers (S100, SOX-10, and DOG-1) have been reported to be posi-
tive in primary sinonasal renal cell-like adenocarcinoma but are typically negative
in renal cell carcinoma. Of note, carbonic anhydrase IX staining can be a pitfall in
this differential diagnosis as it is also commonly positive in both sinonasal renal
cell-like adenocarcinoma and metastatic clear cell renal cell carcinoma if other
markers are not examined [82]. Variants of other primary tumors that can show clear
cell morphology, such as squamous cell carcinoma, acinic cell carcinoma,
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myoepithelial carcinoma, mucoepidermoid carcinoma, and hyalinizing clear cell
carcinoma, should also be excluded morphologically and immunophenotypically.

Since the first description, approximately 20 cases have been reported in the
English language literature. These tumors are histologically low-grade and usually
lack aggressive features such as perineural and vascular invasion [81]. Surgery and/
or radiation have been used for therapy in many of the reported cases. No metastases
have been reported and a single case showed recurrence 35 months after resection
without adjuvant therapy [83].
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