Skeletal Muscle Tumors

Histologically, skeletal muscle cells are distinguished by eosinophilic cytoplasm
containing light and dark striations that correspond to the alternating arrangement of
thin and thick myofilaments (Fig. 8.1). These cells can be seen in varying degrees in
soft tissue tumors with skeletal muscle differentiation. However, in tumors that are
poorly differentiated, rhabdomyoblastic differentiation must sometimes be confirmed
by immunohistochemical stains for skeletal muscle markers (e.g., myogenin) [1].

8.1 Rhabdomyoma

Rhabdomyomas are rare and benign neoplasms of skeletal muscle differentiation.
These are divided into cardiac, adult, fetal, and genital types. Cardiac rhabdomyo-
mas typically arise as single or multiple tumors in the right or left heart ventricles
and are often associated with tuberous sclerosis. Patients can present with symp-
toms of arrhythmia or cardiac dysfunction [2, 3]. Adult rhabdomyomas arise as
slow-growing lesions in the head and neck in adults after the fifth decade of life.
Patients can present with problems swallowing or experience vocal cord dysfunc-
tion [4—6]. Fetal rhabdomyomas predominantly occur in the head and neck in chil-
dren and have been reported in patients with nevoid basal cell carcinoma syndrome
[7, 8]. Genital rhabdomyoma usually arises as a slowly growing polypoid mass in
the vagina or vulva in middle-aged women (average age of 45 years) [9].

Pathology

The histologic appearance of rhabdomyomas depends on the subtype. Cardiac rhab-
domyomas contain sheets of polygonal cells that are highly vacuolated, otherwise
known as “spider cells” (Fig. 8.2). Adult rhabdomyomas show polygonal cells with
eosinophilic and granular cytoplasm. Scattered vacuolated cells can also be seen.
Fetal rhabdomyomas demonstrate spindle cells with thin and elongated nuclei
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Fig. 8.2 Cardiac rhabdomyoma with “spider cells”

(Figs. 8.3 and 8.4). Depending on the morphologic maturity of the tumor, these
tumor cells may contain cytoplasmic cross striations. Genital rhabdomyomas dem-
onstrate an aggregate of muscle cells with scattered cross striations (Fig. 8.5) [6].

Ancillary Studies

* Consistent with their myogenic nature, rhabdomyomas stain with desmin.
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Fig. 8.4 Fetal rhabdomyoma with spindle cells with very focal cross striations (arrow). These
cells can sometimes be difficult to distinguish from a rhabdomyosarcoma

Differential Diagnosis

e Hibernoma
¢ Embryonal rhabdomyosarcoma
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Fig

.8.5 Genital rhabdomyoma with skeletal muscle cells containing cross striations

Comment

. While hibernomas can have cells with eosinophilic cytoplasm, they usually con-

tain scattered adipocytes that indicate their lipogenic differentiation. Unlike
rhabdomyomas, hibernomas are negative for muscle markers such as desmin.

. Rhabdomyomas with particularly immature cells, such as fetal rhabdomyoma,

can be difficult to discern from embryonal rhabdomyosarcoma.
Embryonal rhabdomyosarcoma is typically more infiltrative and has increased
mitosis and necrosis compared to a rhabdomyoma [6].

. Adult rhabdomyomas are treated by simple excision. Up to 40% of lesions can

recur, but these are typically treated with re-excision [4].

. Given that cardiac thabdomyomas often spontaneously regress, surgical exci-

sion is only performed in patients who are experiencing arrhythmias or hemody-
namic compromise.

. Patients who are diagnosed with cardiac rhabdomyoma should be assessed for

tuberous sclerosis [6, 10].

. Fetal rhabdomyomas are typically cured by simple excision. Less than 10% recur [7].

8.2 Embryonal Rhabdomyosarcoma

Embryonal rhabdomyosarcoma is a malignant soft tissue sarcoma of skeletal mus-
cle differentiation that predominantly occurs in young children, often under 10 years

of

age [11]. Frequent sites of occurrence include the head and neck and hollow

organs, such as the nasopharynx, bladder, and vagina [6, 12].
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Fig. 8.6 Embryonal rhabdomyosarcoma with highly immature tumor cells with limited
cytoplasm

Pathology

Grossly these tumors have a white and friable appearance [9]. Microscopically, they
are composed of highly immature cells in a variably myxoid background (Fig. 8.6).
The neoplastic cells have scant cytoplasm, and only occasionally contain skeletal
muscle type striations, otherwise known as rhabdomyoblasts (Fig. 8.7). These rhab-
domyoblasts are increased in tumors that have been previously treated with chemo-
therapy (Fig. 8.8) [13]. In the botryoid variant of embryonal rhabdomyosarcoma,
the tumor cells approach but do not overrun the overlying squamous or urothelial
mucosa (Fig. 8.9).

Ancillary Studies

e The tumor cells are positive for desmin, consistent with their myogenic nature.
e Additionally, the neoplastic cells show nuclear expression of myogenin and
MyoDl1.

Differential Diagnosis

e Alveolar rhabdomyosarcoma

¢ Ewing sarcoma

e Pleomorphic rhabdomyosarcoma
¢ Fetal rhabdomyoma
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Fig.8.7 Rare rhabdomyoblast demonstrating eosinophilic cytoplasm and cross striations (arrow)
in an embryonal rhabdomyosarcoma

Fig. 8.8 Rhabdomyosarcoma previously treated with chemotherapy showing multiple
rhabdomyoblasts

Comment

e Embryonal rhabdomyosarcoma lacks the characteristic translocations involving
the EWSRI gene or FOXO1I gene seen in Ewing sarcoma or alveolar rhabdomyo-
sarcoma, respectively.
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Fig. 8.9 The tumor cells in this botryoid variant of embryonal rhabdomyosarcoma condense
around the adjacent urothelium

e Although embryonal rhabdomyosarcoma can exhibit focal areas of pleomor-
phism, pleomorphic rhabdomyosarcoma is diffusely anaplastic and typically
arises in the extremities of adults.

e Although fetal rhabdomyoma can have immature cells, these tumors lack the
mitosis and necrosis seen in embryonal rhabdomyosarcoma.

* Botryoid rhabdomyosarcoma has an overall 5-year survival rate of approxi-
mately 95% [14].

* Non-botryoid embryonal rhabdomyosarcoma has an overall 5-year survival rate
of approximately 67% [14].

e Treatment consists of a combination of chemotherapy and surgical resection.
Radiation therapy can be used in cases of nodal metastasis, positive margins, or
poor response to chemotherapy [6].

8.3  Alveolar Rhabdomyosarcoma

Alveolar rhabdomyosarcoma is a malignant soft tissue tumor that frequently arises
during the second and third decades of life. Common sites of involvement include
the extremities, head, neck, and trunk [14].

Pathology

Histologically, alveolar rhabdomyosarcoma shows highly immature tumor cells
with very little cytoplasm that are partitioned by fibrous septae (Fig. 8.10). Although
tumor cells adhere to these fibrous bands, the more centrally located neoplastic cells
drop out and give the tumor an “alveolar” appearance similar to lung parenchyma
(Figs. 8.11 and 8.12). Scattered neoplastic giant cells can also be seen (Fig. 8.13).
Only rare if any rhabdomyoblasts can be identified (Fig. 8.14) [15].
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Fig. 8.10 Alveolar rhabdomyosarcoma showing poorly differentiated tumor cells partitioned by
fibrous septa
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Fig.8.11 The tumor cells in this alveolar rhabdomyosarcoma are adherent to the fibrous septa

Ancillary Studies

e Alveolar rhabdomyosarcomas are positive for desmin, myogenin, and MyoD1
immunohistochemical stains.

e Approximately 60% of alveolar rhabdomyosarcomas manifest a t(2;13) translo-
cation that results in a PAX3-FOXO0IA fusion transcript.

e Approximately 20% of alveolar rhabdomyosarcomas demonstrate a t(1;13)
translocation that results in a PAX7-FOXO0IA fusion transcript [16].
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Fig. 8.12 Central dropout of tumor cells (arrows) among the fibrous septa creates an “alveolar”-
like appearance in the tumor

Fig. 8.13 Scattered neoplastic giant cells (arrow) are often present in an alveolar
rhabdomyosarcoma

Differential Diagnosis

e Ewing sarcoma
¢ Desmoplastic round cell tumor
¢ Embryonal rhabdomyosarcoma
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Fig. 8.14 Scattered rhabdomyoblasts are rarely found in alveolar rhabdomyosarcoma

Comment

e Alveolar rhabdomyosarcoma can be difficult to distinguish from other poorly
differentiated round cell tumors such as Ewing sarcoma or desmoplastic round
cell tumor.

e Ewing sarcoma and desmoplastic round cell tumor characteristically manifest
mutations involving the EWSRI gene.

e Although alveolar rhabdomyosarcoma and embryonal rhabdomyosarcoma can have
the same immunohistochemical staining pattern, alveolar rhabdomyosarcoma can be
diagnosed by detection of the PAX3-FOX01A or PAX7-FOX0IA fusion transcripts.

e The distinction of alveolar rhabdomyosarcoma from embryonal rhabdomyosar-
coma is relevant as alveolar rhabdomyosarcoma has a poorer survival (5-year
survival of 54%) [14].

e The prognosis is better in alveolar rhabdomyosarcomas with a PAX7-FOX01A
fusion transcript than a PAX3-FOX0IA fusion transcript [17].

* Frequent sites of metastasis include the lung and lymph nodes.

e Treatment usually includes chemotherapy and radiation therapy. Second-line che-
motherapy is administered for tumors that do not respond to initial treatment [9].

8.4 Pleomorphic Rhabdomyosarcoma

Pleomorphic rhabdomyosarcoma is a malignant soft tissue neoplasm that arises later
than other rhabdomyosarcomas, typically after the fourth decade of life. These most
commonly arise in the deep extremities, such as the thigh, but can arise in other sites.
When diagnosed, these tumors are usually greater than 10 cm in size [6, 18].
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Fig. 8.15 Pleomorphic rhabdomyosarcoma with highly atypical tumor cells

Pathology

In contrast to embryonal and alveolar rhabdomyosarcomas which are predomi-
nantly composed of immature cells with scant cytoplasm, pleomorphic rhabdomyo-
sarcomas are composed of cells with abundant eosinophilic cytoplasm and bizarre
nuclei (Fig. 8.15).

Ancillary Studies

e The tumor cells are positive for desmin, myogenin, and MyoD1 (Fig. 8.16).

Differential Diagnosis

e Embryonal or alveolar rhabdomyosarcoma
e Undifferentiated pleomorphic sarcoma
e Pleomorphic leiomyosarcoma

Comment

* Embryonal and alveolar rhabdomyosarcoma can focally have pleomorphic areas,
but these are limited to only a portion of the tumor. Also, pleomorphic rhabdo-
myosarcoma usually occurs in older adults.

e Pleomorphic rhabdomyosarcomas can look similar to other pleomorphic sarcomas,
such as undifferentiated pleomorphic sarcoma or pleomorphic leiomyosarcoma.
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Fig.8.16 The tumor cells in this pleomorphic rhabdomyosarcoma are positive for MyoD1, con-
sistent with skeletal muscle differentiation

By definition, these other tumors lack the morphologic or immunohistochemical
features of skeletal muscle differentiation.

e Pleomorphic rhabdomyosarcoma is a highly aggressive tumor. The majority will
metastasize and the median survival is approximately 20 months [6, 15].

e Treatment usually consists of wide excision and adjuvant radiation therapy [9].

Facts to Remember

1. Rhabdomyomas are rare soft tissue tumors that manifest skeletal muscle differ-
entiation. Different subtypes of rhabdomyomas have specific clinical and mor-
phologic features.

2. Embryonal rhabdomyosarcoma often arises in infants and children in the head
and neck and genitourinary area. The botryoid variant of rhabdomyosarcoma has
a particularly good prognosis.

3. Alveolar rhabdomyosarcoma occurs in young adults, frequently in the extremities.
This type of rhabdomyosarcoma is more aggressive than embryonal rhabdomyo-
sarcoma and contains either PAX3-FOX0IA or PAX7-FOXO0IA fusion transcripts.

4. Pleomorphic rhabdomyosarcomas arise in older adults and contain bizarre tumor
cells. These tumors are highly aggressive and carry a poor prognosis.
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