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Abstract

We report a case of a 67-year-old male patient with a sinonasal tumor that showed areas of classic biphenotypic sinonasal
sarcoma (BSNS) which in some sections sharply transitioned into high-grade rhabdomyosarcoma. Immunohistochemically,
the conventional BSNS parts showed S100 protein, SMA, PAX7, and focal MyoD1 expression, whereas desmin and myogenin
were negative. In contrast, the cells in high-grade areas expressed desmin, MyoD1, myogenin, and PAX7, while being nega-
tive for S100 protein and SMA. Using the Archer FusionPlex assay, the classical PAX3::MAML3 gene fusion was detected.
FISH for PAX3 and MAML3 confirmed a break of these genes in both components. Despite aggressive therapy, the tumor
progression resulted in the patient’s death. The herein presented case, together with 2 previously published cases of BSNS
with high-grade transformation, helps to better understand this novel phenomenon. Although the risk for such transformation
appears low, it has important clinical and diagnostic implications which are discussed.
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Introduction

Biphenotypic sinonasal sarcoma (BSNS) was initially
described by Lewis et al. in 2012 as a low-grade sarcoma
with neural and myogenic features [1]. Clinically, these
tumors usually follow an indolent course with frequent
recurrences but no reported metastases and only exceptional
disease-related mortality [1-4]. Morphologically, BSNS typ-
ically consists of an infiltrative hypercellular proliferation of
uniform spindle cells arranged in fascicles, often with a her-
ringbone pattern and frequent invaginations of hyperplastic
surface mucosa. Mitotic activity is usually minimal. The vast
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majority of cases co-express smooth muscle actin (SMA)
and S100 protein, while a minority of cases may also exhibit
morphological and/or immunohistochemical signs of skel-
etal muscle differentiation [1, 3-5]. Fusions of PAX3 gene
are the molecular hallmark of BSNS, with MAML3 being
the fusion partner in the majority of cases [3, 4, 6]. Herein,
we present a unique case of high-grade rhabdomyosarcoma
(RMS) emerging from a typical BSNS with an aggressive
clinical course.

Case presentation

The patient was a 67-year-old male with Parkinson’s dis-
ease and a history of septoplasty, bilateral frontal sinu-
sotomy, and removal of right middle turbinate concha bul-
losa 3 years before presenting with nasal congestion and
epiphora. MRI showed a soft tissue mass involving the
right ethmoid, maxillary, and frontal sinuses and invad-
ing the extraconal orbit causing mild asymmetric right-
sided ocular proptosis (Fig. 1A,B). Endoscopic evaluation
revealed a soft tissue mass measuring 4.4 X 3.4 X 2.2 cm
which obscured the nasal airway and centered around the
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Fig.1 MRI on axial flair (A)
and on coronal T2 short tau
inversion recovery (B) showed
a soft tissue mass involving the
right ethmoid, maxillary, and
frontal sinuses and invading the
extraconal orbit causing mild
asymmetric right-sided ocular
proptosis

middle turbinate. Biopsy revealed a high-grade sarcoma
with myogenic differentiation by immunohistochemistry,
diagnosed as embryonal RMS. Staging PET was negative
for metastatic disease. The patient initiated neoadjuvant
chemotherapy with vincristine-dactinomycin-cytoxan.
Repeated imaging after three cycles showed local pro-
gression and increased FDG avidity without metastatic
disease.

Fig.2 The resection speci-
men showed a proliferation of
uniform spindled cells with
moderate to high cellularity,
occasional fascicular arrange-
ment, minimal atypia and no
mitotic activity (B). In some
areas, invaginations of the
hyperplastic surface mucosa
were enveloped by the tumor
cells (A). Immunohistochemi-
cally, the conventional BSNS
areas showed patchy SMA (C)
and diffuse S100 protein (D)
expression. There was also a
diffuse strong positivity with
PAX?7 (E) and patchy expres-
sion of MyoD1 (F)

@ Springer

The resection specimen showed a proliferation of uni-
form spindled cells with moderate to high cellularity,
occasional fascicular arrangement, minimal atypia, and no
mitotic activity (Fig. 2B). In some areas, invaginations of the
hyperplastic surface mucosa were enveloped by the tumor
cells (Fig. 2A). No rhabdoid differentiation was noted by
morphological examination in this area. However, in some
sections, this typical BSNS morphology sharply transitioned
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to a high-grade sarcoma with rhabdoid features, very high
mitotic activity, and areas of necrosis (Fig. 3A,B).

Immunohistochemically, the conventional BSNS areas
showed patchy SMA (Fig. 2C) and diffuse S100 protein
(Fig. 2D) expression. There was also a diffuse strong posi-
tivity with PAX7 (Fig. 2E) and patchy expression of MyoD1
(Fig. 2F), while desmin and myogenin were completely neg-
ative. In contrast, the high-grade areas were completely neg-
ative for S100 protein and SMA, and there was only patchy
positivity with PAX7 (Fig. 3D), whereas the expression of
desmin (Fig. 3C), MyoD1 (Fig. 3E), and myogenin (Fig. 3F)
was diffuse in these parts.

Based on the presence of the typical BSNS areas,
molecular studies were performed using Archer FusionPlex
assay as described previously [7]. This analysis revealed
PAX3(exon7)::MAML3(exon2) fusion which was confirmed
by FISH, using MAML3 (4q31.1 ) and PAX3 (2q36.1) break-
apart probes (both from SureFISH, Agilent). Of note, the
FISH analysis confirmed the presence of the rearrangement
(with a cut-off defined as at least 10% cells with a break) in
both the conventional and high-grade components.

Postoperatively, the patient received 5040 cGy in 28
fractions. Imaging studies 4 months after resection dem-
onstrated recurrence along the right medial orbital wall and
orbital floor. He was initiated on vincristine-urinotecan-
temozolamide. Imaging after three cycles again showed

Fig. 3 In some sections, this
typical BSNS morphology
sharply transitioned to a high-
grade sarcoma with rhabdoid
features, very high mitotic activ-
ity, and areas of necrosis (A, B).
There was only patchy positiv-
ity with PAX7 (D), whereas

the expression of desmin (C),
MyoD1 (E), and myogenin (F)
was diffused in these parts

local progression. Clinically, the tumor caused total vision
loss in the right eye and started to protrude from the right
nare. Due to continued progression on maximal therapy, the
patient transitioned to hospice and died 15 months after his
initial diagnosis.

Discussion

BSNS with morphologically evident rhabdomyoblastic dif-
ferentiation has been described in approximately 10% of
cases [1-3, 5]. However, as the 2 largest studies have shown,
at least focal immunohistochemical expression of desmin or
MyoD1 is common, with the percentage of immunopositive
cases ranging from 35 to 66% and 26 to 91%, respectively.
Myogenin expression is the least frequent and is encountered
in only 20% of cases [3, 4]. PAX7 expression in BSNS has
not been extensively studied but was noted previously as
well [8]. The skeletal muscle phenotype of BSNS is in line
with its molecular background, which is most commonly
characterized by fusions of PAX3 with either MAML3 or
(less commonly) with FOXO1 or NCOAI. Very rarely, other
fusions partners may be involved, including RREB::MRTFB
(MKL2) [3-6, 9-11]. However, the nosological classification
of the latter as BSNS is somewhat controversial as iden-
tical gene fusions have been described in other head and
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neck mesenchymal tumors [10—12]. During development, ER
PAX3 determines the cell fate of melanocytic, neuronal, § % s e
and skeletal muscle differentiation and regulates normal é % ; ‘:2 % %
myogenesis and postnatal muscular regeneration [5, 6, 13], E§ = g2 a
while MAML3 has been shown to function as a potent trans- £ g ;‘5 g :g % g
activator of PAX3 response elements [6]. Gene expression E mg §§ % a § § ;qé
profiling of BSNS with PAX3::MAMLS3 fusion also showed E3E% % % é § Em
altered expression of several genes and signaling networks é 5:; é g 2 g g - 5
involved in neural crest, skeletal system, and general embry- E‘g S éb%“ %D 72 ; ; % 2%
onic development, including the myogenic genes MYOCD ig ‘_; g g “é é g 22
and MYODI [6]. Interestingly, the PAX3::FOXO1 and EER RN E §~ 3
PAX3::NCOAI fusions were also described in rare cases of a gé $:5¢ %D £% % & E
alveolar RMS [5]. It has been speculated that the differences % 3 :-i ; éﬂ % E u“; § § %E § E
in clinicopathological features between BSNS and alveolar g s 5 re g g %3 £ g?%; 58 82
RMS are probably determined by the cell of origin and cel- GlS s E°=~"%3F 2% 3
lular environment and by additional genetic aberrations [4]. - 8
Nevertheless, the case we are presenting herein shows E gu g, £
that a very small subset of BSNS may progress towards a %% § 48 §
high-grade RMS. After review of the literature, we found 2 § g8 «5; g §_
recently reported cases of molecularly confirmed BSNS with g E L% . § %’ =
high-grade transformation, their clinicopathological features é :i g’ :1;’ % g é
together with our case are summarized in Table 1. From the E E E g e 2 g
available description and figures, it seems that both cases g % & § § § g g
showed a high-grade spindle cell morphology without the 2 £ g E %5 % £ E
rhabdoid features detected in our case. Unfortunately, the £ g,, % E g 2 3 g‘j 2
first case was not tested for skeletal muscle markers at all 3 & E E B é = é .
[14], and the other was tested only for desmin and myogenin, 2 %% = 1‘5 E & & = E
both of which were focally positive in the high-grade areas T 2 E 2 o £ ::f "qé g %)
of this case, suggesting differentiation into spindle cell RMS % L §‘§ Z éﬂ 3 é ;; 5 R
[15]. SR zZ & & T £ S
The differential diagnosis of ordinary BSNS includes = 3 9
a list of other neoplasms with uniform spindle cell mor- % § sg g
phology occurring in this anatomic area such as malignant %D ?E g*g §
peripheral nerve sheath tumor (including malignant Tri- & £ g é 5 g
ton tumor when rhabdomyoblastic differentiation is pre- %é %2 £ % 2
sent), cellular schwannoma, monophasic fibrous synovial ;" é v‘% g% 2:
sarcoma, sinonasal glomangiopericytoma, and solitary 2 gg %g L £
fibrous tumor. However, the distinction is usually possi- 5-; g E R F
ble using a carefully selected panel of immunohistochemi- % Eﬂg § é _? Z
cal stains [1-4]. In contrast, the rhabdomyosarcomatous g = E“g % g § g §
component in our case could be mistaken for embryonal Z 5 - éﬂ g I “T’ g % Z
RMS or pleomorphic RMS. If this area is sampled with- % % S E g % % g Z: é g
out the conventional BSNS component (as happened in c | 3 E z % E g B 23 =
the initial probatory biopsy in our case), the distinction is % % § § § E E 22 EO g g §
impossible without molecular genetic methods. Since the 8 ‘
clinical behavior and/or response to treatment of embryo- §
nal and pleomorphic RMS might differ from RMS aris- %ﬂ 2
ing from BSNS, we believe it is reasonable that molecu- = 2 %
lar investigation of such cases in the sinonasal area with § . é 7;:0 %
either PAX3 FISH probe or preferably using an adequate £ 3 2 5 B
RNA-sequencing panel is carried out. Significant prognos- Q _ = § g E» i"
tic differences have already been noted between several 2 g g é § ;; % :§
molecular subgroups of spindle cell RMS. For example, "3 e E S & 5 LE) s
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spindle cell RMS with VGLL2 and VGLL3 fusions has a
relatively favorable prognosis which is in contrast to the
very aggressive subset harboring MYODI mutations [16].
Importantly, spindle cell RMS with VGLL3 fusions and
MYOD]I mutations has a predilection for the head and neck
area [16]. As the other published case of BSNS with high-
grade transformation featured spindle cell RMS pattern,
a comprehensive molecular investigation for this mor-
phological variant of RMS is warranted as well. Lastly,
the herein presented case emphasizes the importance of
careful follow-up of patients with BSNS and a throughout
sampling of every case to prevent a delayed detection of
high-grade transformation.

With regard to the case presented herein, it is interest-
ing to note the significantly different expression of skeletal
muscle markers in the conventional BSNS areas compared
to the high-grade areas. Even though the former areas were
diffusely positive for PAX7 and MyoD1, they were com-
pletely negative for desmin and myogenin. In contrast, the
high-grade areas were moderately to diffusely positive for
all these markers. Both PAX7 and MyoD1 regulate earlier
stages of mammalian myogenesis than myogenin [17], and
all these 3 transcriptional factors are expressed significantly
earlier in myogenesis than the structural protein desmin [18].
This suggests that the cells in conventional BSNS areas were
arrested at earlier stages of myogenesis which would be also
in line with a generally more frequent expression of MyoD1
compared to the expression of desmin and myogenin in the
previous studies [3, 4]. In contrast, possibly due to additional
molecular aberrations, the cells in the high-grade areas,
although being highly anaplastic, were apparently able to
differentiate further along the myogenic pathway as also
evidenced by their rhabdoid morphology.

In conclusion, we presented a unique case of BSNS with
transformation into high-grade RMS which together with 2
previously published cases of BSNS with high-grade trans-
formation helps to better understand this novel phenomenon.
Although the risk for high-grade transformation of BSNS
appears low, it has important clinical and diagnostic implica-
tions. Besides advocating for a careful follow-up of patients
with BSNS and a throughout sampling of every case, we
believe that molecular profiling of sinonasal RMS of any
type is warranted.
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