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with positive expression of S100 and smooth muscle actin 
in most cases.[4] BSS is classically associated with the 
recurrent t(2;4)(q35;q31.1) gene rearrangement resulting in 
a PAX3::MAML3 gene fusion.[5] PAX3 over-expression by 
IHC has also been shown to be a useful in distinguishing 
BSS from morphologic mimickers.[6] Subsequent studies 
have also demonstrated other chromosomal rearrangements 
in BSS, mostly with PAX3 and alternative fusion partners 
including some with unidentified partner genes. Here, we 
describe a case of BSS with a PAX3::FOXO6, a novel fusion 
that has previously not been described in BSS or any other 
tumor to our knowledge.

Case Report

A 54-year-old man with a past medical history of sarcoid-
osis and remote nasal injury initially presented with persis-
tent headaches. Over several weeks, he developed postnasal 
drip, thickened nasal secretions, and epistaxis after sneez-
ing. These symptoms were also associated with an inabil-
ity to breathe through the right side of his nose. He was 

Introduction

Biphenotypic sinonasal sarcoma (BSS) is a low-grade, 
locally aggressive sarcoma that arises exclusively in the 
sinonasal region. There is a considerable female predomi-
nance (~ 2:1) and the peak incidence is in the 5th decade.[1, 
2] BSS show both neural and myogenic differentiation and 
were originally described as “low-grade sinonasal sarcoma 
with neural and myogenic features.”[3] This pattern of dif-
ferentiation can be confirmed by immunohistochemistry 
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Abstract
Background  Biphenotypic sinonasal sarcoma (BSS) is a low-grade, locally aggressive sarcoma unique to the sinonasal 
region. BSS is most common in middle aged patients and affects women more frequently than men. It is characterized by a 
bland spindled cell proliferation with neural and myogenic differentiation. BSS are usually associated with rearrangement 
t(2;4)(q35;q31.1) resulting in a PAX3::MAML3 fusion. Less commonly, other genes are found in combination with PAX3 and 
some cases reported in the literature have an unknown fusion partner.
Methods  A 54-year-old man presented with nasal mass. Endoscopic resection showed a low-grade spindle cell neoplasm 
with morphologic features of BSS and immunohistochemical and next generation sequencing were performed to confirm 
the diagnosis.
Results  The tumor was positive for S100 and smooth muscle actin but negative for SOX10. Next generation sequencing 
demonstrated a novel PAX3::FOXO6 gene fusion.
Conclusions  Although a PAX3::FOXO6 gene fusion has never been reported, this finding combined with the morphologic 
and immunophenotypic features supports the diagnosis of supports the diagnosis of BSS.
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subsequently referred to otolaryngology. Nasal endoscopy 
was performed and showed bilateral posterior nasal polyps. 
He was started on corticosteroids with mild improvement 
in breathing.

Computed tomography of the sinuses showed a muco-
sal polyp adherent to the posterior right middle turbinate. 
Remodeling of the inferior portion of the posterior right 
ethmoid labyrinth and opacification of the posterior right 
ethmoid air cells with complete opacification of the right 
sphenoid sinus chamber were noted (Fig. 1 A and 1B). The 
sphenoid sinus appeared effaced. Magnetic resonance imag-
ing (MRI) of the face showed a polypoid sinonasal mass that 
measured 4.9 cm in greatest dimension with extension into 
the sphenoid sinus and involved the right posterior ethmoid 
air cells (Fig. 1 C). There was no evidence of osseous ero-
sion in the imaging studies. Radiographically, these findings 
raised the possibility of an inverted sinonasal papilloma.

Due to the patient’s symptoms and imaging findings, he 
underwent endoscopic removal of the mass. A frozen section 
was performed on the right nasal mass and showed a polyp-
oid lesion with atypical stromal cells. The right nasal mass 
and sphenoid sinus contents were subsequently resected 

piecemeal, along with separately submitted extended muco-
sal margins.

Pathologic findings

Histologic examination showed a submucosal spindle cell 
neoplasm with variably myxoid to collagenous background 
(Fig. 2 A). The tumor had an alternating pattern of cellu-
lar fascicles with intervening lobular myxoid hypocellular 
areas. In the more conventional cellular areas the tumor had 
fascicular and herringbone arrangement of cells in a collag-
enous background (Fig.  2B C). In contrast, lobular hypo-
cellular areas with more prominent myxoid stroma showed 
a sharp demarcation from more cellular areas (Fig.  2D) 
giving a low power appearance reminiscent to that usually 
seen in myxofibrosarcoma. Infiltrative growth was evident 
microscopically with entrapment of submucosal glands and 
pre-existing bony trabeculae (Fig. 2E). Despite the variable 
cellularity, the neoplastic cells appeared uniform throughout 
the lesion with eosinophilic to clear cytoplasm, well defined 
borders and central elongated and occasionally wavy nuclei 
with evenly distributed chromatin and inconspicuous 

Fig. 1  Pre-operative imaging findings. A CT without contrast demonstrated a mucosal mass adherent to the right middle turbinate (arrow). B MRI 
with contrast showed the mass extended into the sphenoid sinus with involvement of the right posterior ethmoid air cells, possibly compatible with 
an inverted sinonasal papilloma (arrow)
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nucleoli. The cells appeared monotonous and showed no 
significant cytologic atypia or pleomorphism. Mitotic fig-
ures were extremely rare (< 1/10 HPF) and no tumor necro-
sis was seen. Scattered, compressed, thin-walled branching 
vessels and mast cells were seen throughout. Notably, 
hyperplastic surface epithelium was not appreciated and 
there was no evidence of rhabdomyoblastic differentiation.

By immunohistochemistry (Fig. 3), the cells were focally 
positive for S100 and smooth muscle actin in the more cel-
lular areas. The tumor was negative for keratins AE1/3 and 
CAM5.2, desmin, myogenin, CD34, SOX10, and STAT6. 
Beta-catenin demonstrated membranous reactivity but 
lacked nuclear expression. Interestingly, a pan-TRK immu-
nostain showed increased cytoplasmic reactivity in tumor 
cells. See Table 1 for antibody details.

A diagnosis of BSS was favored based on the mor-
phology and immunophenotypic features but due to the 
somewhat unusual pattern of cellularity, a next-generation 

Fig. 3  Immunohistochemical stains. A typical cellular area of the 
tumor on a hematoxylin and eosin stained section (A). Neoplastic cells 
were focally positive for S100 (B) and smooth muscle actin (C). Pan-
TRK showed increased cytoplasmic expression (D)

 

Fig. 2  Histologic features. A Histologic examination showed a spindle cell neoplasm with sharply demarcated areas of myxoid to collagenous 
background. B & C The more cellular areas showed the characteristic fascicular and herringbone arrangement of uniform plump cells with cleared 
cytoplasm, prominent borders and wavy to elongated euchromatic nuclei with no cytologic atypia. D Infiltrative growth was evident microscopi-
cally with entrapment of submucosal glands (not shown) and pre-existing bony trabeculae
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activate transcription from PAX-binding sites with higher 
potency than the corresponding wild-type PAX proteins.[8].

Six weeks after surgery, the patient reported improve-
ment in symptoms. He was referred to radiation-oncology 
for further management. Given the low grade, tumor size, 
and negative margin status, the patient opted to undergo 
surveillance MRI every three months with the potential for 
salvage therapy if necessary. Signed patient consent was 
obtained for this report.

Discussion

Here, we describe the first reported case of BSS with a 
PAX3::FOXO6 fusion protein. This is the first report of 
this fusion protein in BSS, and may be the first reported 
case of this fusion protein in any tumor. The majority 
(> 50%-85%) of BSS demonstrate the t(2;4)(q35;q31.1) 
chromosomal rearrangement resulting in the fusion pro-
tein PAX3::MAML3, but other fusion partners have been 
described in smaller subsets of cases.[2, 5] PAX3 rearrange-
ments are seen in almost all cases (> 90%) but alternative 
partner genes have included FOXO1, NCOA1, NCOA2 and 
WWTR1.[2, 9–11] Larger studies examining the molecular 
findings in BSS demonstrate that up to 25% of BSS have 
PAX3 rearrangements with partners other than those previ-
ously described.[1, 2] In each of these fusions, the 5’ portion 
of PAX3 to include exons 1–7 containing the DNA binding 
domains is expressed and paired with a transcriptional acti-
vator of the partner gene. Initial studies confirmed that the 
PAX3::MAML3 fusion gene is a stronger transactivator of 
PAX3 response elements than wild type PAX3.[5] Although 
the precise role of the partner gene in these fusions is not 
clear, there is strong evidence that PAX3 activity is respon-
sible for tumorigenesis. Clinical and prognostic implica-
tions of these various fusion proteins are not entirely clear 
due to the small numbers of cases, but data suggests that 
BSS with translocations other than PAX3::MAML3 behave 
similarly to those that harbor PAX3::MAML3 with slight 
variations in average patient age and tumor size.[2] Interest-
ingly, similar, and in some cases, identical rearrangements 
(i.e. PAX3::FOXO1 and PAX3::NCOA2) are also associated 
with alveolar rhabdomyosarcoma indicating that cell of ori-
gin and/or other factors play a role in tumor morphology and 
behavior even with the same molecular changes.[12–14].

PAX3 is located on the long arm of chromosome 2 and 
is part of the PAX transcription factor family. PAX3 activ-
ity results in the downstream activation of multiple genes, 
including those involved in muscle, melanocytic, and neural 
development.[12, 15] In tumors with PAX3 fusions, tumori-
genesis is predicted to result from increased activation of 

RNA-sequencing panel (NGS) was performed in order 
to confirm this impression. This recently developed NGS 
approach is capable of analyzing fragmented RNA tran-
scripts extracted from formalin-fixed, paraffin-embedded 
tissues.[7] It uses nested polymerase chain reaction (PCR), 
with gene-specific and random PCR primers, to amplify 
cDNA of selected gene targets for sequencing. Since the 
reverse PCR primers were purposefully designed for ran-
dom priming, this method is able to identify novel fusion 
gene partners that have not been reported previously. This 
RNA-based sequencing revealed abundant sequencing 
reads spanning the fusion juncture of a PAX3::FOXO6 gene 
rearrangement. The fusion product is between PAX3 exon 
7 (NM_181459) and FOXO6 exon 2 (NM_001291281.2) 
(Fig. 4). This fusion protein has not been reported in general 
fusion gene database (COSMIC, Mitelman, or Quiver) to 
the best of our knowledge. It is predicted to consist of the 
PAX3 DNA binding domain and the FOXO6 transcriptional 
activation domain. The fusion product is also predicted to 

Table 1  Antibodies used for immunohistochemistry
Antibody Clone Source
S100 Polyclonal Agilent
Smooth muscle actin 1A4 Cell Marque
SOX10 BC34 Biocare Medical
Beta-catenin Clone 14 BD Bioscience
AE1/3 Cocktail Cell Marque
Cam 5.2 Cocktail BD Bioscience
Desmin D33 Dako
Myogenin F5D Cell Marque
CD34 QBEnd/10 Cell Marque
STAT6 YE361 AbCam
Pan-TRK EPR17341 AbCam

Fig. 4  NGS read alignment to the reference genome (Hg19) shows the 
identified PAX3::FOXO6 fusion product. The PAX3 exon 7 matched 
perfectly to the reference, while the FOXO6 exon 2 (shown in the blue 
rectangle) mis-aligned to the PAX3 intron 7 sequence. Noticed that the 
PAX3 sequence is shown on the positive DNA strand
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Ethics Approval  Not applicable per Cleveland Clinic IRB (case report 
with patient consent).

Consent to Participate  The patient has signed a consent for this case 
report.

Consent for Publication  The patient has signed a consent for this case 
report.
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