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Abstract

Biphenotypic sinonasal sarcoma is an anatomically restricted low-grade malignant neoplasm with dual neural and myogenic
differentiation composed of a monotonous population of spindled cells with herringbone/fascicular architecture. These tumors
demonstrate a unique immunoprofile with relatively consistent S100-protein and actin expression in conjunction with more
variable desmin, myogenin and myoD1 staining. SOX10 is uniformly negative. Genetically, the majority of tumors harbor
PAX3-MAMLS3 fusions, with alternate PAX3 partners including FOXOI, NCOAI, NCOA2 and WWTRI. Although the dif-
ferential diagnosis of BSNS is broad, careful morphologic inspection together with targeted ancillary studies is often suf-
ficient to arrive at the correct diagnosis. As these tumors have significant local recurrence rates but lack metastatic potential,
awareness and accurate diagnosis of this rare and newly described neoplasm is critical for appropriate management.
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Introduction

Biphenotypic sinonasal sarcoma (BSNS) is a rare locally
aggressive site-specific sarcoma that arises in the sinona-
sal tract and is characterized by PAX3 rearrangements. First
recognized as “low grade sinonasal sarcoma with neural
and myogenic differentiation” by Lewis et al., this tumor
had undoubtedly been previously misdiagnosed as various
benign and malignant mesenchymal neoplasms due to its
morphologic and immunophenotypic diversity [1]. As these
tumors are low-grade sarcomas with propensity for local
recurrence but not distant metastasis, accurate classification
is critical for management. This review will highlight the
key clinicopathologic features of BSNS with emphasis on
its morphologic differential diagnosis to facilitate accurate
diagnosis and appropriate treatment.
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Clinical Features

A little over one hundred cases of BSNS have been reported
in the literature since its initial description less than a dec-
ade ago [2-10]. There is a distinct female predominance
(female to male ratio of 2:1), and the majority of affected
individuals are in the fifth decade of life (age range: 24—87
years; mean 47 years). BSNS typically arises from the upper
nasal cavity and ethmoid sinus with fewer cases occurring
in the frontal, maxillary and sphenoid sinuses. Intracranial
extension or involvement of the orbit or cribriform plate
is not uncommon [1, 2]. Consequently, the most common
presenting symptoms include nasal congestion or obstruc-
tion, epistaxis, pain, sinusitis or purulent rhinorrhea [1, 4].
Magnetic resonance imaging and computed tomography
generally show an enhancing soft tissue mass with infiltra-
tive growth associated with hyperostotic bone [11].

Gross and Morphologic Features

Tumor sizes range from 1 to 9 cm (mean approximately 4
cm), and macroscopic examination typically reveals poly-
poid fragments of firm, reddish-pink to tan-gray tissue [1,
4,7, 10]. Histologically, BSNS is characterized by an infil-
trative proliferation of elongated and monotonous spindle
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cells arranged in medium to long fascicles creating a her-
ringbone architecture often with involvement of adjacent
bone (Fig. 1a, b). The nuclei may be wavy or focally buck-
led, reminiscent of the cytologic features of Schwann cells.
Although most tumors are predominantly hypercellular,
mitotic figures are often difficult to identify (ranging 0—1
mitotic figure/10 high power fields). Only rare cases with
increased mitotic activity or focal nuclear pleomorphism
have been described, and necrosis is exceedingly rare [4,

7]. Most tumors harbor entrapped invaginations of hyper-
plastic respiratory epithelium sometimes with squamous
metaplasia (Fig. 1c). A minority of cases show areas of
rhabdomyoblastic differentiation composed of larger cells
with abundant brightly eosinophilic cytoplasm and cross
striations (Fig. 1d) [1, 2, 4, 5, 7]. The background stroma
often contains foci of prominent vasculature, which may
be “hemangiopericytoma-like,” and occasional foci of
wispy, delicate collagen (Fig. le, f).

Fig. 1 Histologic examination of biphenotypic sinonasal sarcoma
(BSNS) shows a monotonous population of spindle cells with her-
ringbone/fascicular architecture (a). Infiltration into surrounding bone
(b) and an associated proliferation of benign respiratory epithelium
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(c) are common findings. Rare cases may show rhabdomyoblastic
differentiation (d). Other characteristic histologic features of BSNS
include branching and hyalinized blood vessels (e) and foci of stromal
hyalinization (f)
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Immunophenotypic Findings

BSNS expresses of a combination of neural and myogenic
markers with the vast majority of tumors demonstrating
immunoreactivity for both S100 and smooth muscle mark-
ers (smooth muscle actin, muscle specific actin or cal-
ponin), although the intensity and extent of staining spans
from patchy to diffuse (Fig. 2) [1-5, 7, 8, 10]. Other myo-
genic markers including desmin, myoD1 and myogenin

show patchy to focal staining at best [2—-5, 7—10]. Notably,
SOX10 is consistently negative [4, 7, 8]. The overwhelm-
ing majority of BSNS harbor PAX3 rearrangements, and
recently Jo and colleagues showed that monoclonal PAX3
is a sensitive and specific marker for this tumor [5]. PAX8
and polyclonal PAX3 expression are highly sensitive for
BSNS but lack specificity [5, 8]. Variable staining for
nuclear beta-catenin may be appreciated in up to approx-
imately 90% of cases with weak to moderate intensity,
while both Wang and Jo showed expression of NTRK3

Fig.2 BSNS shows relatively consistent expression of S100 protein
(a) and smooth muscle actin (b), although the intensity of staining
is heterogeneous. SOX10 is uniformly negative (c). Patchy to focal
immunoreactivity for other myogenic markers including desmin
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(d) and myoD1 (e) is common. Monoclonal PAX3 is also a reliable
marker of the diagnosis of BSNS (f) (Photo credit to Dr. Vickie Jo,
Brigham and Women’s, Boston, MA)
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protein and pan-TRK, respectively, in the majority of cases
tested [5, 7-9]. H3K27me3 appears to show at least partial
staining in BSNS, and focal positivity for other markers
such TLE1, cytokeratin, CD34 and EMA may be seen on
occasion [1, 5, 7, 10].

Molecular Genetics

Cytogenetic studies performed on two cases in the senti-
nel series of BSNS by Lewis et al. demonstrated the recur-
ring translocation t(2;4) (q35q31.1). Subsequent work by
the same group showed that these tumors harbor a novel
PAX3-MAMLS3 transcript [1, 9]. While PAX3-MAML3 rep-
resents the most common fusion identified (approximately
60% of cases), alternate PAX3 partners include FOXOI,
NCOAI, NCOA2 and most recently WWTRI [3, 4, 7, 10].
A small subset of cases appears to harbor isolated PAX3 or
MAMLS3 rearrangements or no detectable fusions [3]. The
PAX3-MAML3 fusion protein results in increased activity
of PAX3 response elements, and the presence of alternate
fusions involving FOXOI1, NCOAI and NCOA2 is not sur-
prising given their structural and functional overlap [3, 9].
PAX3 plays a critical role in neural and skeletal muscle dif-
ferentiation and development helping to promote lineage
commitment and impede terminal differentiation, likely
accounting for the dual phenotype of BSNS [12—15]. Addi-
tionally, despite the consistent absent of SOX10 staining,
gene expression profiles have demonstrated alterations of
numerous genes involved in neurogenic development includ-
ing NTRK3, ALX1-4, DBX1, GREMI and NUROG?2, sup-
porting the tumor’s biphenotypic designation [9].

Differential Diagnosis

As BSNS displays both neural and myogenic features, its dif-
ferential diagnosis includes peripheral nerve sheath tumors
as wells as neoplasms with skeletal muscle or myoid dif-
ferentiation (Table 1). Additional considerations include
spindle cell mesenchymal neoplasms with oncogenic
fusions including solitary fibrous tumor and synovial sar-
coma. Since BSNS is anatomically restricted to the sinonasal
region, careful morphologic inspection in conjunction with
a targeted immunohistochemical work-up usually allows for
accurate classification.

One of the primary diagnostic considerations when evalu-
ating a spindle cell neoplasm with some degree of S100 pro-
tein expression is a peripheral nerve sheath tumor. Conse-
quently, it is not surprising that a subset of BSNS have likely
been erroneously classified as schwannomas or malignant
peripheral nerve sheath tumors [1, 16—18]. Both conven-
tional and cellular schwannomas may be differentiated from
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BSNS by the presence of circumscribed growth, hyalinized
vasculature, and diffuse S100 protein/SOX10 staining, while
the former will also display alternating Antoni A/B zones
and Verocay bodies (Fig. 3a, b). These features contrast with
BSNS which shows infiltrative growth, variable S100 pro-
tein expression and lack of SOX10 staining.

High-grade malignant peripheral nerve sheath tumors
show some combination of a high mitotic rate, cytologic
atypia and necrosis which are features lacking in BSNS
(Fig. 3c). Additional clues to the diagnosis of high-grade
malignant peripheral nerve sheath tumors include a mar-
bled low power appearance with alternating hyper- and
hypocellular zones and increased perivascular cellularity.
Low-grade malignant peripheral nerve sheath tumors, on
the other hand, show considerable histologic overlap with
BSNS (Fig. 3e). Up to 50% of malignant peripheral nerve
sheath tumors occur in patients with neurofibromatosis type
1 (NF1), and this clinical feature or identification of a pre-
cursor neurofibroma would help support the diagnosis [19].
Histone H3K27 trimethylation (H3K27me3) may be use-
ful in a subset of cases as complete loss is identified in up
to approximately 70% of high grade malignant peripheral
nerve sheath tumors[20-25]. However, loss of this marker
is not entirely specific for malignant peripheral nerve sheath
tumors, and its sensitivity in low-grade tumors is signifi-
cantly lower [21-24, 26, 27]. While limited SOX10 stain-
ing would favor malignant peripheral nerve sheath tumor as
BSNS should be negative for this marker, S100 protein is of
limited utility as focal staining may be seen in both entities
(Fig. 34, 1).

Malignant neoplasms with rhabdomyoblastic diffferentia-
tion are also included in the differential diagnosis. Similar
to BSNS, spindle cell rhabdomyosarcoma exhibits her-
ringbone/fascicular architecture, but the mitotic rate and
degree of atypia in the latter are usually more significant
(Fig. 4a, b). Furthermore, spindle cell rhabdomyosarcoma
shows more extensive desmin expression than BSNS, and
cases with MYODI mutations show diffuse myoD1 positiv-
ity (Fig. 4c, d) [28] [29, 30]. PAX3 immunohistochemis-
try may also be helpful in this setting as Jo and colleagues
showed that the majority of spindle cell rhabdomyosarcomas
are negative for this marker [5]. Heterologous rhabdomyo-
blastic differentiation may be seen in high-grade malignant
peripheral nerve sheath tumors, but, again, these lesions will
exhibit significant atypia, frequent mitotic figures and areas
of necrosis.

Sinonasal hemangiopericytoma (glomangiopericytoma)
is a rare tumor with myoid differentiation composed of
bland plump spindled or ovoid-shaped cells arranged in
short fascicles or whorls (Fig. 5a, b). Perivascular and
stromal hyalinization are common. Given their myoid phe-
notype, the tumor cells of sinonasal hemangiopericytoma
have more abundant pale eosinophilic cytoplasm compared
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Fig.3 Cellular schwannomas can often be differentiated from BSNS
by their circumscription (a) and strong and diffuse expression of S100
protein (b). High-grade malignant peripheral nerve sheath tumors
have more significant cytologic atypia and higher mitotic rates than
BSNS (c), although the pattern of S100 protein staining is compara-

to BSNS and generally show concentric growth around
blood vessels. Recent work has shown that CTNNBI muta-
tions underlie the tumorigenesis of sinonasal hemangio-
pericytomas, and, consequently, these tumors are charac-
terized by nuclear -catenin expression (Fig. 5¢) [31, 32].
B-catenin staining is typically focal and less intense in
BSNS compared to sinonasal hemangiopericytomas, and
sinonasal hemangiopericytomas should not stain for S100,
myogenin or myoD1 [8].

@ Springer

ble showing only scattered positive tumor cell (d). Low-grade malig-
nant peripheral nerve sheath tumors (e) show considerable morpho-
logic overlap with BSNS in addition to limited positivity for S100
protein (f)

As BSNS harbors an oncogenic gene fusion, it has rela-
tively monotonous cytologic features. Consequently, other
potential diagnostic mimics include fusion-associated mes-
enchymal neoplasms with spindled morphology. Monopha-
sic synovial sarcomas, characterized by SS18-SSX fusions,
exhibit considerable morphologic overlap with BSNS. Both
entities are composed of a fascicular or herringbone arrange-
ment of uniform spindled cells with variable stromal hya-
linization and a branching vasculature (Fig. 6a). In addition,
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Fig.4 While spindle cell rhabdomyosarcomas may also harbor a
herringbone or fascicular low power architecture (a), close morpho-
logic inspection reveals nuclear hyperchromasia, cytologic atypia

AL

and easily identifiable mitotic figures (b). Additionally, by immuno-

histochemistry, these tumors show robust staining for desmin (c) and

myoD1 (d)

Fig.5 Sinonasal hemangiopericytoma (glomangiopericytoma) is
characterized by plump spindled cells with eosinophilic cytoplasm
(a) arranged concentrically around blood vessels (b). Given the pres-

immunoreactivity for cytokeratins, EMA, TLE-1 (Fig. 6b)
and actins may be seen in both tumors [1, 5, 7, 10]. Expres-
sion of desmin, myogenin, myoD1 and PAX3 would favor
BSNS, but molecular testing for SS/8 rearrangement may
be necessary, especially in small biopsies. Solitary fibrous
tumors may occur in the sinonasal region but typically
lack the fascicular/herringbone architecture of BSNS, and,
instead, show tumor cells with a less organized architecture

ence of CTNNBI mutations, these tumors exhibit strong and diffuse
nuclear staining for f-catenin immunostain (c)

(so-called ‘patternless’ pattern) (Fig. 6¢). These tumors
are characterized by NAB2-STAT6 fusions, and STAT6 is
a highly sensitive and specific marker for this diagnosis
(Fig. 6d) [33].

Lewis and colleagues remarked that BSNS closely resem-
bled adult-type fibrosarcoma; however, this diagnosis is now
considered one of exclusion due to more extensive immu-
nohistochemical and genetic classification of soft tissue

@ Springer
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Fig.6 The low power appearance and cytologic features of BSNS
and synovial sarcoma (a) overlaps substantially. Even though syno-
vial sarcoma shows expression of TLE-1 (b), this marker is of limited
value in this differential as a subset of BSNS may also stain for this

tumors [1]. While adult-type fibrosarcoma may show limited
staining for actins, a panel of immunohistochemical stains
including S100 protein, SOX10, PAX3 and myogenic mark-
ers should allow for differentiation from BSNS.

Finally, a group of NTRK-rearranged spindle cell mesen-
chymal neoplasms with infiltrative growth, areas of promi-
nent keloidal-type stromal hyalinization and co-expression
of S100 protein and CD34 has recently emerged (Fig. 7)
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marker. Unlike BSNS, the tumor cells of solitary fibrous tumor have
a disorganized appearance (“patternless pattern”) (c), and STAT6 (d)
is a sensitive and specific immunohistochemical stain for this entity

[34-36]. Although the morphologic spectrum of these
tumors is still evolving, the majority described to date
appear to have a haphazard and less organized arrangement
of spindle cells, lacking the fascicular/herringbone architec-
ture characteristic of BSNS. While these NTRK-fusion neo-
plasms have features reminiscent of peripheral nerve sheath
tumors, similar to BSNS, they lack SOX10 immunoreac-
tivity. Pan-TRK immunostaining appears to be a sensitive

Fig.7 Mesenchymal neoplasms with NTRK rearrangements are composed of relatively uniform spindled cells with variable stromal hyaliniza-
tion (a). They typically show expression of S100 protein (b) and pan-TRK (c) without SOX10 staining
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marker for this group of tumors but is not specific as BSNS
may also show pan-TRK expression [5, 37].

Behavior

BSNS is a locally aggressive lesion with propensity for
recurrence in approximately 30% of cases, but distant metas-
tases have not been reported to date [2]. Recurrences typi-
cally occur within 5 years. There has been a single report of
a disease-related death secondary to persistent intracranial
growth [8]. Most cases are treated by surgical resection,
sometimes requiring orbital exenteration, with or without
radiation, and occasional patients may receive adjuvant
chemotherapy.

Conclusion

Biphenotypic sinonasal sarcomas are low-grade malignan-
cies harboring PAX3 rearrangements showing both neural
and myogenic features. Consequently, the differential diag-
nosis of these tumors is broad including peripheral nerve
sheath tumors, mesenchymal neoplasms with myoid or
rhabdomyoblastic differentiation, and other fusion-asso-
ciated sarcomas. Awareness of this entity in conjunction
with careful morphologic inspection and targeted ancillary
work-up should allow for appropriate diagnosis and clinical
management.
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