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Abstract The diagnostic classification of small round
blue cell tumors of the sinonasal area to include diverse
malignancies of epithelial, hematolymphoid, neuroecto-
dermal, and mesenchymal origin is challenging to the
surgical pathologist using conventional histopathologic
approaches because the cytomorphologic features are often
overlapping or indistinctive. Rare or occasional clinical
presentations in atypical age groups or unusual locations, as
well as small biopsy samples may further complicate the
differential diagnosis. Immunohistochemistry represents an
extensively investigated ancillary technique that may aid in
the provision of a definitive diagnosis. In recent years,
certain small round blue cell tumors have been shown by
cytogenetic analysis to have specific and primary chromo-
somal alterations, providing clinicians with a valuable tool
to enhance their diagnostic armamentarium. The addition of
molecular cytogenetic [fluorescence in situ hybridization
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(FISH), comparative genomic hybridization (CGH)] and
molecular pathologic [polymerase chain reaction (PCR) and
reverse transcriptase (RT)-PCR] approaches has further
enhanced the sensitivity and accuracy of detecting these
genetic alterations including assessment in formalin-fixed,
paraffin-embedded tissues. Establishing an accurate diag-
nosis of a small round blue cell tumor of the sinonasal tract
frequently requires adjunctive studies including immuno-
histochemical and molecular analyses.

Keywords Sinonasal undifferentiated carcinoma -
Small round cell tumor - Olfactory neuroblastoma -
Ewing’s sarcoma - Rhabdomyosarcoma

Introduction

Head and neck malignancies account for 3—5 percent of all
cancers in the United States [1]. Those of the nasal cavity
and paranasal sinuses comprise only 0.2—0.8 percent of all
malignant neoplasms [2] and because of the close anatomic
proximity of the paranasal sinuses with the orbits and skull
base, most include disease extension into these structures.
Sinonasal malignancies most commonly arise in the max-
illary sinus (60%), followed by the nasal cavity (20-30%),
the ethmoid sinus (10-15%), and the sphenoid and frontal
sinuses (~1%) [2]. Although many different histopathol-
ogical types of cancer occur in the sinonasal cavity, the
most common is squamous cell carcinoma of the maxillary
sinus [2]. A poorly differentiated, nonkeratinizing squa-
mous cell carcinoma may be difficult to distinguish from
olfactory neuroblastoma, neuroendocrine carcinoma, or
other poorly differentiated, small round blue cell tumors of
the sinonasal area.
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The “small round blue cell tumors” (SRBCTs) consti-
tute a heterogeneous group of malignant neoplasms char-
acterized by a monotonous population of undifferentiated
tumor cells with relatively small-sized nuclei and scant
cytoplasm. An early and accurate diagnosis is imperative to
allow a patient with a paranasal sinus or nasal cavity
SRBCT to undergo the appropriate therapy. However, to
affect a definitive diagnosis of a SRBCT based solely on
the H & E light microscopic findings may be exceedingly
difficult because of the frequent absence of distinguishing
features. This diagnostic challenge may be further com-
plicated if the pathologist is confronted with a biopsy of
small or limited size. Ancillary studies to include immu-
nohistochemical, ultrastructural, cytogenetic and molecular
techniques may be used to aid in the differential diagnosis
of SRBCTs.

In this review, emphasis was placed on a diagnostic
approach to the differential diagnosis of small biopsy
samples of SRBCTs of the sinonasal area. The group of
sinonasal SRBCTs reviewed are listed in Table 1.

Epithelial SRBCTs of the Sinonasal Area

Poorly Differentiated, Nonkeratinizing Squamous Cell
Carcinoma

Squamous cell carcinoma (SCC) most frequently arises in
the maxillary sinus, followed by the nasal cavity [2].
Analogous to other neoplasms originating in paranasal
sinuses, the diagnosis is often delayed because the clinical
symptoms are similar to those experienced with chronic
sinusitis (nasal obstruction or congestion, facial pain, and
swelling). In comparison, symptoms of nasal cavity SCC
lead to earlier clinical recognition and detection of disease.
Histopathologically, SCC may be easily recognizable if
it is of the well-differentiated and/or keratinizing form.
Conversely, the poorly differentiated, nonkeratinizing
variant may exhibit histopathologic features that overlap
with other SRBCTs. Recognition of an in situ carcinoma
component and/or direct continuity to the overlying surface
epithelium of broad interconnecting or ramifying cords of
neoplastic cells are features not typically identified in the
other neoplastic entities presented in this review.
Immunohistochemically, cytokeratin immunoreactivity
may be useful for distinguishing this neoplasm from
olfactory neuroblastoma (ONB) and the lack of immuno-
reactivity for synaptophysin, chromogranin, and/or CD56
from small cell carcinoma neuroendocrine type (SCC-
NET). Franchi et al. [3] reported different cytokeratin
staining patterns in keratinizing SCC, nonkeratizing SCC,

and sinonasal undifferentiated carcinoma (SNUC). In
contrast to both keratinizing and nonkeratinizing forms of
SCC, SNUC was characterized by the exclusive expression
of cytokeratins of simple epithelia, such as CK8, CK7, and
CK19, Table 2. Moreover, SCC is almost always immu-
noreactive for EMA whereas less than 50% of SNUCs are
EMA positive [4].

Recently, an undifferentiated carcinoma with focal
squamous differentiation that may arise in the sinonasal
area among other midline locations has been described in
children and adults [5, 6]. This neoplasm, uniquely char-
acterized by rearrangements of the NUT gene may show
striking morphologic overlap with NUTwt SCC (Fig. 1a).
The NUT (nuclear protein in testis) gene is localized to
15q14. In addition to molecular or cytogenetic identification
of NUT or 15ql4 rearrangements, respectively (Fig. 1b),
nuclear expression of NUT can also be appreciated by
immunohistochemistry in this neoplasm. Interestingly, the
majority of the midline carcinomas with NUT rearrange-
ments are associated with a t(15;19)(q14;p13) that gives rise
to a BRD4-NUT chimeric oncogene. However, midline
carcinomas fusing NUT with a gene partner other than
BRD4 appear to have more prominent squamous differen-
tiation, and these patients live fourfold longer when com-
pared to patients with BDR4-NUT-positive tumors [5].

Sinonasal Undifferentiated Carcinoma (SNUC)

SNUC as defined by the World Health Organization is a
rare, highly aggressive carcinoma that typically presents
with locally extensive disease [2]. It is more common in
men and the affected age range is broad (third to ninth
decade). Although of uncertain histogenesis, SNUC does
feature unique clinicopathologic characteristics permitting
its segregation from other types of epithelial and nonepi-
thelial neoplasms with small round cells.

Clinically, SNUC patients characteristically develop
symptoms of relatively short duration (weeks to months)
and radiographically demonstrate large sinonasal lesions
that are typically locally invasive with destruction of
orbital and/or cranial bones, Fig. 2 [7]. Histopathological-
ly, the tumor has a propensity to grow along the mucosal
surface, extend into superficial mucosal glands, ulcerate,
and invade lymphovascular spaces [2, 8]. Individual cells
exhibit hyperchromatic to vesicular nuclei, poorly defined
cell membranes, high nuclear-to-cytoplasmic ratios and
often single, prominent nucleoli. Immunohistochemical
stains are not particularly helpful in establishing a diag-
nosis of SNUC. The tumor cells are immunoreactive for
pan-cytokeratins and simple keratins [2, 3]. SNUC lacks
Epstein-Barr virus (EBV) RNA by in situ hybridization.
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Table 2 Cytokeratin Expression in Sinonasal Poorly Differentiated Squamous Cell Carcinoma (SCC), Nonkeratinizing Squamous Cell
Carcinoma (NKSCC), and Sinonasal Undifferentiated Carcinoma (SNUC)

CK4 CK5/6 CK7 CK8 CK10 CK13 CK14 CK19
SCC + (3/10) =+ (9/10) + (6/10) + (9/10) - =+ (9/10) + (8/10) + (9/10)
NKSCC - =+ (9/10) - + (9/10) N + (8/10) + (8/10) + (9/10)
SNUC - - + (3/6) + (6/6) - - - + (3/6)

From Franchi et al. [3]

Fig. 1 a NUT-rearranged
midline carcinoma;
monomorphic, poorly
differentiated carcinoma with
evidence of squamous
differentiation. This neoplasm
can mimic other
undifferentiated neoplasms such
as squamous cell carcinoma,
Ewing’s sarcoma, and
lymphoma. This particular
patient initially received an
erroneous diagnosis of
squamous cell carcinoma.

b Partial G-banded karyotype,
FISH conducted with a custom-
designed BRD4-NUT dual
fusion probe set, and schematic
illustrating the
t(15;19)(q14;p13) identified in a
subset of NUT-rearranged
midline carcinomas

BRD4

15 t(15;19)(q14;p13) 19

Fig. 2 a and b Coronal and
axial magnetic resonance
images demonstrating a large
SNUC mass filling both sides
of the nasal cavity, bilateral
ethmoid sinuses, and the right
maxillary sinus in a 41-year-old
man who presented with a
6-month history of nasal
obstruction unresponsive to
decongestants, steroids, or
antibiotics. Arrows (part b)
indicate carotid arteries with
adjacent tumor involvement

Small Cell Carcinoma, Neuroendocrine Type extension into the maxillary and/or ethmoid sinuses [2].
(SCCNET) Sinonasal SCCNETSs are composed of small to intermedi-

ate sized cells with oval or round hyperchromatic nuclei
SCCNET is a high-grade neoplasm that most frequently  and absent or inconspicuous nucleoli. The tumor cells may
arises in the superior or posterior nasal cavity with frequent ~ be arranged in sheets, nests, and trabeculae and often
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exhibit extensive apoptosis, confluent necrosis, and hem-
orrhage. Crush artifact and a high mitotic rate are common
[2, 9].

SCCNETs of the nasal cavity and paranasal sinuses
display morphological and immunophenotypic features that
are dissimilar to olfactory neuroblastoma and other sino-
nasal SRBCTs discussed in this review. Distinction is
important because of the differences in prognosis and
therapeutic approach. Most are positive for cytokeratin and
may show the punctate perinuclear positivity typical of
small cell carcinomas arising in other locations [9]. CD56
staining is common whereas staining for synaptophysin,
chromogranin and NSE is variable [2]. EBV-RNA is neg-
ative by in situ hybridization.

Neuroectodermal SRBCTs of the Sinonasal Area
Olfactory Neuroblastoma

Olfactory neuroblastoma (ONB) is uncommon, accounting
for only 1-5% of malignant nasal cavity neoplasms [10].
ONB is thought to originate from the olfactory portion of
the mucous membrane lining the nasal fossa and is virtu-
ally confined to the upper nasal cavity in the region of the
cribiform plate [11, 12]. Tumors such as SCCNET, mela-
noma, sinonasal lymphoma, and SNUC can develop in the
same anatomical region as ONB and all can present with
similar clinical, histological, and radiological features [10].
Even in the hands of an experienced pathologist, arriving at
an accurate diagnosis may be challenging. Misdiagnoses

Fig. 3 a Common to all grades
of olfactory neuroblastoma is
the lobular growth pattern.

b Characteristic S100-positive
sustentacular cells

KU
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are most commonly encountered in poorly sampled cases
or with cases exhibiting extensive crush artifact or diver-
gent differentiation [10, 13]. When present, features
regarded as diagnostic of ONB and useful in distinguishing
ONB from the aforementioned SRBCTs include the pres-
ence of fibrillary cell processes, Homer Wright rosettes,
and S100-positive sustentacular cells, Fig. 3 [11, 13].

Early cytogenetic studies that have subsequently been
disproven suggested that ONB was a peripheral primitive
neuroectodermal tumor family member. In contrast to
pPNET, ONB is not immunoreactive for CD99. Most
recently, array comparative genomic hybridization (aCGH)
studies have shown complex gene copy number profiles
with gain of 13q, 20q, and loss of Xp as most frequent in
high stage tumors [14].

Sinonasal Mucosal Malignant Melanoma

The histologic appearance of sinonasal malignant mela-
nomas may be variable; however, it is the amelanotic
variant with small cell morphology that may be especially
prone to misclassification, resulting in inappropriate clini-
cal management [15]. Malignant melanoma occurs within a
wide age range and arises more commonly in the nasal
cavity than in the paranasal sinuses [2, 15]. Most are
grossly polypoid and approximately half will demonstrate a
brown or black pigmented surface [10]. Diffuse staining for
S-100, HMB45, and vimentin as well as the light micro-
scopic appearance of detectable melanin pigment (the latter
observed in approximately 2/3 of cases) is useful in dis-
tinguishing this high-grade malignancy [2, 10, 15].
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Extraskeletal Ewing’s sarcoma/Primitive
Neuroectodermal Tumor

Similar to ONB, Ewing’s sarcoma/peripheral Primitive
Neuroectodermal Tumor (ES/pPNET) usually affects a
younger patient. The morphologic and immunophenotypic
diversity of ES/pPNET may create diagnostic difficulties
[16]. For example, some ES/pPNETs exhibit histological,
immunohistochemical, and ultrastructural epithelial fea-
tures [17]. Others may demonstrate staining for neuroen-
docrine markers. With the exception of the rare sinonasal
desmoplastic small round cell tumor [18], synovial sar-
coma [10], or lymphoma [19] CD99 immunoreactivity is
useful in distinguishing ES/pPNET from most other sino-
nasal SRBCTs (Fig. 4a). Identification of the characteristic
t(11;22)(q24;q12) or EWSRI-FLII fusion transcript or
defined variant translocation can be invaluable in con-
firming this diagnostic entity (Fig. 4b).

Mesenchymal SRBCTs of the Sinonasal Area
Desmoplastic Small Round Cell Tumor

Notably a single case of sinonasal desmoplastic small
round cell tumor (DSRCT) has been reported [18]. The
importance of this remarkably unusual presentation could
come into play if the pathologist is presented with a biopsy
of limited size as this entity may exhibit overlapping

histological and immunohistological features with other
sinonasal SRBCTs. Recognition of the multidirectional
immunohistochemical differentiation pattern and the
tumor-specific genetic findings [t(11;22)(p13;q12) and
associated EWSRI-WTI fusion transcript] are necessary for
definitive diagnosis.

Rhabdomyosarcoma

Both embryonal and alveolar thabdomyosarcoma (ERMS
and ARMS, respectively) frequently occur in the nasal
cavity and sinuses [2]. Although these entities usually
predominate in children and young adults, a recent study
has illustrated ARMS involvement in older adults (median
age, 61 years) [20]. In this study, establishing the diagnosis
of ARMS was complicated by its rarity in this age group,
lack of an alveolar pattern, and initially misleading immu-
noprofile (CD56, cytokeratin, and synaptophysin immuno-
reactivity with lack of inclusion of myogenic markers in the
first set of immunohistochemical markers assessed), Fig. 5a
and b. In addition to synaptophysin expression, some
ARMSs also show keratin expression that may lead to a
potential misdiagnosis of SCCNET, SNUC, or ONB [21].
Distinguishing ERMS and solid pattern ARMS may be
exceedingly difficult without the use of genetic approaches
for the identification of the 2;13 and 1;13 translocations or
respective PAX3-FOXOI and PAX7-FOXOI fusion tran-
scripts, Fig. 5c. Recently, PAX3 variant translocations that
create a chimeric oncogene with one of the NCOA family

Fig. 4 a Characteristic
membranous CD99
immunoreactivity in a maxillary
sinus extraskeletal Ewing’s
sarcoma. b The pathognomonic
EWSRI-FLII fusion transcript
identified by RT-PCR analysis
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Fig. 5 a CD56 immunostaining
in a solid variant ARMS of the
ethmoid sinus. b and ¢
Synaptophysin and cytokeratin
immunostaining, respectively in
an ARMS of the nasopharynx.
d Split red and green signals
indicative of a FOXOI
rearrangement characteristic of
ARMS are identified by
interphase FISH analysis with a
FOXOI breakapart probe
(bottom left). PAX7-FOXOI and
PAX3-FOXOI fusion transcripts
identified by RT-PCR analysis
(bottom right)

D

members in place of FOXOI have been described in RMS
cases, including a skull-based lesion [22].

Poorly Differentiated Synovial Sarcoma

The head and neck region is the second most common site
of involvement for synovial sarcoma, although cases aris-
ing in the sinonasal tract are rare [10, 23]. SS has previ-
ously been described in the frontal, maxillary, ethmoid, and
sphenoid sinuses [23]. SS causes the greatest diagnostic
difficulties with other sinonasal tumors when it is poorly
differentiated with small cell morphology. In this setting,
cytokeratin, EMA, BCL2, and TLEl immunoreactivity
coupled with cytogenetic, FISH, or molecular confirmation
of the t(X;18)(p11.2;q11.2) or derived SY7T-SSX chimeric
transcripts facilitates an absolute diagnosis.

Hematolymphoid SRBCTs of the Sinonasal Area
Extramedullary Plasmacytoma

Extramedullary plasmacytoma (EMP) chiefly affects adults
older than 65 years of age and involves the sinonasal/
nasopharyngeal area in 75% of the cases [24]. Poorly dif-
ferentiated tumors (immature plasma cells) are the most
difficult to recognize and may result in diagnostic confu-
sion with other sinonasal SRBCTs. For example, due to
occasional EMA or cytokeratin positivity, EMP may be
misdiagnosed as a carcinoma. Diagnostic confirmation
can be achieved by immunohistochemistry or in situ

KU
3.« Humana Press

3 r.—’-.'g- T

To

One-step RT-PCR

M =100 bp ladder

1 = pt. sample,
PAX7-FOXOI positive
2 = PAX3-FOX01
positive control

3 = no template

hybridization for immunoglobulin mRNA with identifica-
tion of light chain restriction [2].

Extranodal NK/T Cell Lymphoma (Nasal-Type)

The second most common malignancy of the sinonasal
tract following SCC is malignant lymphoma; particularly
extranodal NK/T cell lymphoma which frequently affects
Asian and Latin American populations [13]. Necrosis,
vascular invasion/destruction, and pseudoepitheliomatous
hyperplasia are common. The latter may be mistaken for
well-differentiated SCC. Because extranodal NK/T cell
lymphoma may also be accompanied by a significant
inflammatory infiltrate, it can also be confused Wegener’s
granulomatosis and infectious disorders [25]. Demonstra-
tion of the EBV virus (present in nearly all cases) by in situ
hybridization for EBV-encoded early RNAs (EBER) in
addition to a NK-cell immunophenotype (CD2+, CD3—,
CD3e+, CD56+, CD43+, perforin and granzyme B+) is
indicative of this aggressive malignancy.

Conclusions

Malignancies arising in the nasal cavity and paranasal
sinuses are heterogeneous. Accurate classification of sino-
nasal SRBCTs may be challenging due to overlapping
clinical, radiographic and/or histopathologic features.
Diagnosis may be further complicated if the biopsy mate-
rial is limited in size or is of suboptimal quality. Advances
in immunohistochemistry and molecular genetics have
greatly assisted in these difficult differential diagnoses.
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Establishing a precise diagnosis is important not only in
determining how aggressive the tumor might be, but is
especially critical in identifying the type of treatment
needed. Moreover, a careful review with the treating cli-
nician is vital in further enhancing accuracy.
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