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Abstract Sclerosing rhabdomyosarcoma is a unique
rhabdomyosarcoma variant, characterized by a prominent
hyalinizing matrix. A notable pitfall is the potential for the
unusual matrix and often pseudovascular growth pattern of
this lesion to lead to confusion with other sarcoma types,
including osteosarcoma, chondrosarcoma, and angiosar-
coma. Here we report a case of sclerosing rhabdomyosar-
coma arising in a 40-year old male. The tumor was
centered in the pterygomaxillary fossa with extensive
infiltration into adjacent structures. Fine needle aspiration
yielded a preliminary diagnosis of high-grade pleomorphic
undifferentiated sarcoma, for which he received neoadju-
vant chemotherapy and surgical resection. Microscopic
examination showed a malignant spindled to round cell
neoplasm with prominent osteoid-like, hyaline stroma.
Focal rhabdomyoblastic differentiation and diffuse immu-
noreactivity for desmin and myogenin aided in diagnosis.
Nineteen months status post primary resection, the patient
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expired with multiple lung and bony metastases. Among 39
cases reported thus far (including the present case), there is
a broad age range (0.3-79 years), with an average age at
presentation of 27 years. The most commonly involved
sites are the extremities (n = 19) and head and neck
(n = 15). Most cases have been treated by resection, often
combined with radiation and/or chemotherapy. Out of 31
cases with follow-up information provided, 6 patients
developed local recurrence, 7 patients developed regional
or distant metastasis, and 5 patients died of disease. Herein
we discuss the ongoing controversy regarding how scle-
rosing rhabdomyosarcoma might best fit into existing
rhabdomyosarcoma classification schemes, based upon
current clinicopathologic and molecular genetic evidence.

Keywords Sclerosing rhabdomyosarcoma -
Rhabdomyosarcoma - Sarcoma - Head and neck

Introduction

Rhabdomyosarcoma comprises a group of malignant soft
tissue neoplasms with skeletal muscle differentiation. The
current World Health Organization classification system
combines both histologic and molecular features to cate-
gorize thabdomyosarcoma into three main types: embryo-
nal, alveolar, and pleomorphic [1]. Most commonly seen in
young children, embryonal rhabdomyosacoma (ERMS)
includes botryoid and spindle cell variants, which collec-
tively possess no distinct molecular signature. Alveolar
rhabdomyosarcoma (ARMS) is diagnosed most often in
older children and young adults, has a poorer prognosis
than ERMS, and often has an associated fusion product
involving the FOX0Ia gene. Pleomorphic rhabdomyosar-
coma (PRMS) typically occurs in adults, also carries a poor
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prognosis, and demonstrates complex cytogenetic aberra-
tions [2].

Sclerosing rhabdomyosarcoma (SRMS) is an unusual
variant of rhabdomyosarcoma that was first described in
2000 by Mentzel and Katenkamp [3]. These authors
reported a series of unusual rhabdomyosarcoma cases,
exhibiting prominent hyaline sclerosis and a pseudovas-
cular growth pattern. Additional cases have been reported
since in both adult and pediatric patients, with a marked
predilection for the extremities and head and neck region
[4-17]. Here we report a new case of SRMS, centered
within the pterygomaxillary fossa of an adult male. In
addition, we review the literature regarding the clinico-
pathologic features and emerging molecular genetic char-
acterization of this rare entity.

Case Presentation

A 40 year-old black male was referred by the emergency
department to a dentist for extraction of a right mandibular
molar. The dentist noted swelling of the adjacent mucosa,
which was thought to represent an abscess. However,
despite tooth extraction, the swelling worsened; over the
course of a month, the patient developed headaches, nau-
sea, vomiting, throbbing cheek pain, dysphagia, shortness
of breath, and chills.

The patient was admitted to the hospital for further
evaluation. His past medical history was significant for
facial radiation more than 20 years prior for an unknown
type of nasopharyngeal cancer. He also had a 20 pack-year
history of cigarette smoking. Clinical examination showed
a large, right facial swelling. Intraorally, a necrotic mass
involving the right buccal mucosa, retromolar region, and
palate was evident (Fig. la). A panoramic radiograph
showed marked resorption of the right mandibular ramus,
coronoid process, and condyle (Fig. 1b). Magnetic reso-
nance imaging (MRI) revealed a 7.6 cm mass centered in
the right pterygomaxillary fossa, with extension into the
lateral skull base, infratemporal fossa, masticator space,
lateral pterygoid plate, buccal soft tissue, and mandible
(Fig. 1c). Full body computed tomography (CT) demon-
strated no metastatic disease. Fine needle aspiration
showed pleomorphic, spindled to epithelioid malignant
cells. Immunohistochemical stains performed on a core
needle biopsy exhibited positivity for vimentin, an
increased Ki-67 proliferation index, and negativity for p63
and cytokeratin (AE1/AE3). A preliminary diagnosis of
high-grade pleomorphic undifferentiated sarcoma was
rendered.

The patient received two cycles of gemcitabine and
docetaxel followed by composite resection with recon-
struction. Gross examination of the surgical specimen
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Fig. 1 a Intraoral examination showed an extensive necrotic mass
involving the right buccal mucosa, retromolar region, and palatal
mucosa. b Panoramic radiograph showing marked resorption of the
right mandibular ramus, coronoid process, and condyle. ¢ Magnetic
resonance imaging showed an infiltrative 7.6 cm mass centered in the
right pterygomaxillary fossa

showed an infiltrative, firm, lobulated mass. The cut sur-
face was tan-yellow and focally hemorrhagic. Microscopic
examination showed a proliferation of spindle-shaped to
ovoid cells within a prominent hyalinizing matrix, often
mimicking osteoid or chondroid (Fig. 2a). In some areas,
the dense stroma compressed the tumor cells into cords or
microalveolar structures. In addition, tumor cells were
found within or lining cleft-like spaces between hyalinized
bands; however, a prominent pseudovascular growth pat-
tern was not evident. In focal areas, there was a fascicular
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growth pattern without a hyaline matrix (Fig. 2b). The
tumor cells often exhibited abundant eosinophilic cyto-
plasm, ovoid nuclei, and vesicular chromatin. Focal “strap
cells” with rhabdomyoblastic differentiation and cross
striations were identified (Fig. 2c). Also noted were occa-
sional cells with small, round nuclei and scant cytoplasm.
Scattered osteoclast-like giant cells were identified as well.
The mitotic count was 4 per 10 high-power fields.

Immunohistochemical stains showed the neoplastic cells
to be diffusely positive for desmin and myogenin, focally
positive for CD99 and WT-1, and negative for epithelial
membrane antigen and cytokeratin (AE1/AE3) (Fig. 2d, e).
The Ki-67 proliferation index was 60 %. Fluorescence in
situ hybridization (FISH) was negative for translocations
involving the FOXOla, EWSRI and SSI8 loci. Based on
the above findings, a diagnosis of sclerosing rhabdomyo-
sarcoma was made.

Per his request, the patient initially received only one
cycle of doxorubicin and 1 week of radiotherapy. Two
months later, multiple lung metastases were detected. His
disease continued to progress despite additional therapy,
including two cycles of doxorubicin/ifosfamide/mesna,
eight cycles of decarbazine, and a clinical trial with tra-
bectedin. Nineteen months status post primary resection,
the patient expired as a result of complications from widely
metastatic disease.

Review of the Literature

A review of the English language literature reveals 38
previously reported cases of sclerosing rhabdomyosarcoma
[3-17]. A summary of clinicopathologic features for the 39
total cases (including the current case) is provided in
Tables 1 and 2.

Characteristic histopathologic findings included spindle-
shaped, round, or polygonal tumor cells embedded in a
prominent hyalinizing matrix. The lesions typically were
infiltrative, although one case exhibited well-demarcated
borders [14]. A pseudovascular growth pattern was noted
in 11 cases [3, 6, 9, 10, 12, 17]. Fascicular, nested, cordlike,
trabecular, solid, and rarely alveolar architectural patterns
also were observed. The hyalinized collagenous stroma
often mimicked osteoid or chondroid. In fact, in one of the
cases reported by Zambrano et al. [10], tumor cells were
observed in empty spaces within a densely collagenized
background, thereby simulating cartilaginous lacunae. The
round or polygonal tumor cells typically were small, with
scant cytoplasm, hyperchromatic nuclei, and inconspicuous
nucleoli. In approximately one-third of cases, there were
spindle cells with rhabdomyoblastic features, including
abundant granular eosinophilic cytoplasm and eccentric to
centrally placed nuclei. Focal cross striations and nuclear

pseudoinclusions were noted as well. Rhabdomyoblastic
strap cells were described in a few cases [4, 10, 12], and
spider rhabdomyoblasts were identified in a single case [3].
In one of the cases reported by Zambrano et al. [10], there
were occasional large, anaplastic cells with prominent
microvesicular steatosis, mimicking lipoblasts. Multinu-
cleated giant cells were seen in the current case and one
case described by Zambrano et al. [10]. Necrosis was
present in 6 cases and was more often focal than diffuse
[4, 7, 9, 11, 17]. Mitotic activity ranged from 0.5 to 25
mitoses per 10 high-power fields.

Immunohistochemical stains showed the neoplastic cells
to exhibit variable degrees of positivity for muscle markers,
including desmin, MyoD1, myogenin, myoglobin, sarco-
meric actin, fast myosin, smooth muscle actin, and muscle
specific actin (Table 1). In addition, the tumor cells often
demonstrated positivity for vimentin, WT-1, and CD99; in
rare cases, expression of CD56, calponin, p53, MDM2, and
Bcl-2 was reported as well [13, 14, 16]. The neoplastic
cells were negative for cytokeratins, EMA, vascular
markers, neuroendocrine markers, and melanoma markers.
The Ki-67 proliferation index ranged from 10 to 60 %,
with the highest index reported in the current case.

Discussion

There is some debate in the literature whether SRMS
represents a distinct rhabdomyosarcoma type versus a
variant of ERMS or ARMS. Indeed, the clinicopathologic
features of SRMS overlap with those of both ERMS and
ARMS. Similar to ERMS, SRMS exhibits a peak in the first
decade. However, SRMS occurs over a broad age range,
and the mean age at diagnosis is somewhat older for SRMS
(27 years) and ARMS (16 years) than ERMS (7 years)
[18]. In addition, both SRMS and ARMS exhibit a predi-
lection for the extremities, although the head and neck
region is the second most commonly involved site in
SRMS and is a favored site in ERMS as well. Morpho-
logically, the observation of overt myogenesis with the
presence of rhabdomyoblasts in one-third of SRMS cases
would favor an association with ERMS. However, alveolar
or microalveolar architecture likened to ARMS occasion-
ally has been reported in SRMS as well [4, 6, 12]. Although
prominent extracellular matrix production generally is rare
in RMS, some cases of ARMS have thin fibrous bands,
which somewhat resemble the hyalinizing matrix in SRMS
[2, 4]. Furthermore, in two cases of SRMS, including the
present case, multinucleated giant cells have been identi-
fied [10]; such cells occasionally may be seen in ARMS but
are rare in ERMS.

Because there are so many shared clinicopathologic
features among SRMS, ARMS, and ERMS, there is
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Fig. 2 a Prominent hyalinizing matrix, mimicking osteoid (hema-
toxylin and eosin, original magnification x400). b Proliferation of
malignant spindle-shaped to ovoid cells arranged in intersecting
fascicles. The tumor cells exhibited abundant eosinophilic cytoplasm
(hematoxylin and eosin, original magnification x200). ¢ Focal “strap

growing interest in how molecular genetic characterization
of SRMS may aid in its classification. Molecular and
cytogenetic studies performed on a limited number of
SRMS cases exhibit complex and varied profiles; this lack
of a distinct molecular genetic signature favors but does not
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cells” with rhabdomyoblastic differentiation and cross striations were
identified (hematoxylin and eosin, original magnification x600).
d Immunohistochemical stain showing diffuse positivity for desmin
(original magnification x400). e Immunohistochemical stain showing
diffuse positivity for myogenin (original magnification x400)

allow for definitive classification as a variant of ERMS. Six
SRMS cases have been karyotyped and found to exhibit
aneuploidy with multiple nonspecific losses and gains of
chromosomes [5, 7, 10]. In addition, by reverse transcrip-
tase polymerase chain reaction, Chiles et al. [5] found that
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> - § 'g only one of six SRMS cases poss.essed the 1?AX3-F 0OXOla
= E 5 é % Efo 8 _‘:;‘ e or PAX7-FOXO]Ia fusion Fra'rlscrlptj which is most closely
g 5) & ?@ g ‘3 E = associated with ARMS. Similarly, in the present case, we
= E g é z 7\ §~ ES ] ) were unable to detect a FOXOla translocation by FISH. A
£ % 3 :é » g —g é g complicating factor is a report by Ku.hr.len .et al. [9],.wh0
P i - g ; 3 90 q; i’u:;; performed comparative genomic hybridization analysis on
é é% f E E‘é’ }:» “E 5 ;::c;) a single case of SRMS; these investigators.demonstrated
g é é E % § & % é% % = losses of 10q22 and chromosome Y and iam (Lf chro(ring—
© & & 28w some 18, which is a pattern similar to that observed in
wE 5 uE % % :g PRMS. Of additional interest, single nucleot%de polymor-
w8 2 iﬁ £ E 2 - g % Z phism microarray analysis performed on a single case‘of
Z 5 Qf % S i s E % - =R % SRMS by Bouron-dal Solgio et al. [14] showed amplifi-
g % S35 3 %3 %ﬁ 2 g 5 é g% §° cation of MDM2 and HMGA2, which also .has b.een
2 C2 fg § ; ‘E ) ;‘ég\ S g | described in well-differentiated and dedifferentla}tefl lipo-
~ g .‘3 E : 8 i é % z28% gg : sarcoma. In summary, current evidence is too 11m1t§d to
T é £38 “:‘ E*é = &7 g 2 'Eg g3 support the use of testing for FQXOla tran.slocz.ltlons,
= é 3 E EEEE § 22 ; % & specific chromosomz;{l lossecs1 or gains, fog lz;rl\r/llpshﬁcatlon of
B g 8 specific genes in making a diagnosis o .
v . E é %‘ ’ It is important for pathologists to be familiar with
£5 § % é g SRMS, because it potentially may be mistaken for otl.ler
5 i é E .§ § bt ' entities. Indeed, in 5 previously reported case.s, Fhe ost$:01d—
% I% 3 £ 3 2 :é like or chondroid-like matrix led to a misdiagnosis of
E 5 * % B §«§ g osteosarcoma or chondrosarcoma [4, 10, 11]. In seyeral
L= cases, a pseudovascular growth pattern has been described,
E a%‘ :5 which Mentzel and Katenkamp commented may lead to
% E i 1S3 confusion with angiosarcoma [3]. In addition, Folpe et al.
_ ¥ g gvow [4] commented that areas of SRMS with ?ords anfi indi-
3 E § ~ % S Vi vidual tumor cells embedded within a hyaline matr'n'( may
=) - * :<Z: g Z % mimic sclerosing epithelioid fibrosarcoma. Recognmonlof
2 EE at least focal rhabdomyoblastic differentiation and inclu-
§ J, E §0§ % sion of muscle markers in the immunohistochemical panel
g % % & T é £ 2 should help to differentiate SRMS from these other
= Z + 2 o entities.
| » Z § "§ With regard to immunohistochemical markers support-
E 2 %E é EE ive of skeletal muscle differentiation, MyoD1 generally
g é 52T + < 5 Eo has been viewed as a more sensitive marker fgr SRMS than
S desmin and myogenin, based upon observations by Folpe
£ % 3 @ % § = et al. and subsequent authors [4, 6, 9, 12, 17]. Nevertheless,
Z23% EE EEIES 2 ion that strong, diffuse reactivity for MyoD1 is not
§ 25 &. 32|s:E:Z wec'autlont ’ g, ivity ot
g =22 2 z S2 == $ 28 a uniform finding (focal or weak staining: n = 9, negative:
3 85" ° 7577 g £z n = 1) (Table 1). Furthermore, strong or diffuse expres-
5 f % % sion of desmin has been reported in a substantial minority
A = = ) ; ; of cases (n = 17) (Table 1). Therefore, when considering a
o E g 2 i diagnosis of SRMS, we recommend the inclusion of sev-
<2 & s E‘ g < eral muscle markers in the immunohistochemical panel.
8 g% E MyoD1 and desmin appegr to be the most sensitive among
k) § }; f:; Y these markers; however, in the current case, MyoD1 W?IS
- g ke E E f 5 ;E not available in our laboratory, and so we selected desmin
% RS - g éﬂé and myogenin.
% = 2 “6 An intriguing ﬁndu?g in the present. case was the
2. 3= g 5 Q;zd patient’s history of radiation therapy. during adc?lescer.lce
= g é = £ E’ g = for treatment of a nasopharyngeal malignancy. Th1§ finding
S 3 § K g ° 523 may be incidental, and we were unable to determine what
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Table 2 Summary of clinicopathologic data for 39 reported cases
(including the current case) of sclerosing rhabdomyosarcoma [3-17]

Feature Value

Age at presentation
Mean 27 years
Range 0.3-79 years

Peak decades 1st decade (n = 13),

2nd decade (n = 9)

Sex
Males 22
Females 17

Most common primary
locations

Head and neck n=15
Lower extremity n=11
Upper extremity n=238

Maximum diameter “bean sized” to 11.8 cm
Signs and symptoms

pain or discomfort

dysphagia

dysarthria

overlying skin ulceration
nerve paralysis

induration

nasal obstruction

difficulty opening mouth

Il
e e e e N NG B 'e)

2 B B 5 B3 B B B B

headache, nausea,
vomiting, and chills

Patient outcomes

Follow-up information
provided

Local recurrence n==6

Development of regional n=7
or distant metastasis

Died of disease

type of nasopharyngeal malignancy the patient had. Nev-
ertheless, considering the possible scope of the radiation
field and the passage of an adequate latency period, one
might conjecture that in this case SRMS developed as a
radiation-induced sarcoma. The development of RMS as a
sequela of radiation therapy is exceedingly rare, with
pleomorphic undifferentiated sarcoma (malignant fibrous
histiocytoma) and osteosarcoma representing the most
common types of radiation-induced sarcoma [19, 20]. The
etiology of RMS is largely unknown, although in some
cases genetic factors have been implicated by an associa-
tion with various heritable conditions, such as Li Fraumeni
syndrome, Beckwith-Wiedemann syndrome, and neurofi-
bromatosis type 1[18]. Interestingly, a single case of radi-
ation-induced RMS in a patient with neurofibromatosis
type 2 has been described as well [21]. Therefore, the

possibility that environmental factors, such as ionizing
radiation, may contribute to tumor formation in conjunc-
tion with genetic factors may be considered.

In summary, we have presented an additional case of
SRMS, arising in the head and neck of an adult. SRMS
exhibits a predilection for the head and neck and extremi-
ties. A prominent hyalinized matrix is characteristic of these
lesions and potentially may lead to confusion with other
neoplasms, such as osteosarcoma or chondrosarcoma.
Based upon current evidence, it is unclear whether SRMS is
best regarded as a distinct type of RMS or a variant of
ERMS or ARMS. Clinicopathologic and molecular genetic
characterization of additional cases may help resolve how to
classify this lesion in the future.
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