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Pleomorphic rhabdomyosarcoma (PRMS) is a rare
and controversial tumor of skeletal muscle pheno-
type. Diagnostic criteria for PRMS by combined his-
tology and currently available immunohistochem-
istry have not been clearly defined. We report 38
pleomorphic rhabdomyosarcomas in adults, ex-
plore morphologic variants, and discuss our expe-
rience with both specific and nonspecific skeletal
muscle markers in these tumors. Clinical data, mor-
phology, and immunohistochemistry were re-
viewed. Electron microscopy was performed. Of 38
cases, there were 28 males and 10 females. Patient
ages ranged from 21 to 81 years (median 5 54 y;
mean 5 51 y). Tumors were located in the lower
extremity (n 5 18), abdomen/retroperitoneum (n 5
6), chest/abdominal wall (n 5 5), spermatic cord/
testes (n 5 4), upper extremity (n 5 3), and one each
in the mouth and orbit. Tumor sizes ranged from
1.5 to 15.0 cm (mean 5 7.3 cm; median 5 6.8 cm).
The cases were divided into three variants, each
with large, atypical, pleomorphic polygonal rhab-
domyoblasts (PRMB) with abundant eosinophilic
cytoplasm in varying numbers and different mor-
phologic backgrounds of round or spindled rhab-
domyoblasts (RMB).1. Classic PRMS: Predomi-
nantly atypical PRMB in sheets (n 5 8).2. Round cell
PRMS: Clusters of PRMB throughout the tumor
with a background of slightly atypical, medium-
sized, round, blue RMB (n 5 13).3. Spindle cell
PRMS: Scattered PRMB in a predominance of atyp-
ical spindled RMB arranged in a storiform growth

pattern (n 5 17).Immunohistochemistry revealed
the following: myoglobin (37/38), MyoD1 (19/36),
skeletal muscle myogenin (myf4; 19/34), fast skele-
tal muscle myosin (4/5), desmin (36/38), muscle-
specific actin (MSA; 25/35), smooth muscle actin
(SMA; 15/33), and muscle specific myogenin (myf3;
25/35). Immunohistochemistry was supportive of
skeletal muscle differentiation with at least one pos-
itive skeletal muscle-specific marker (myoglobin,
MyoD1, fast skeletal muscle myosin, or myf4). In
addition, all cases had some positivity for nonspe-
cific muscle markers (desmin, MSA, SMA, myf3).
Electron microscopy (EM), performed on eight se-
lected cases from all three morphologic groups,
demonstrated definitive skeletal muscle differenti-
ation in all cases. Follow-up, available on 30 (79%)
cases, revealed that 70% of patients died of disease
(mean 20 months, range 1 month-108 months), 3%
were alive with disease at 12 months (n 5 1); and
27% had no evidence of disease (mean, 83 mo;
range, 18 to 108 mo). PRMS, a tumor of predomi-
nantly middle-aged adult males in the lower ex-
tremity, can be diagnosed by the morphologic pres-
ence of scattered PRMB with immunohistochemical
evidence of at least one skeletal muscle-specific
marker. There are three morphologic variants of
PRMS. The appropriate diagnosis of PRMS is signif-
icant as it is a high-grade sarcoma, with an aggres-
sive clinical course.
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Rhabdomyosarcoma is rare in adults (1, 2). The
most common subtype of rhabdomyosarcoma to
occur in adults, however, is the pleomorphic type.
Other rhabdomyosarcoma subtypes that occur in
adults include the predominantly juvenile alveolar
(3, 4) and embryonal (2, 5), the spindle cell subtype
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of embryonal (6), and the rare adult clear cell and
sclerosing pseudovascular subtypes (4). Several
studies have addressed PRMS during the past two
decades using immunohistochemical techniques,
but only on small numbers of tumors. The latest
cytoskeletal and noncytoskeletal muscle markers
have not yet been fully explored in these tumors.
This study defines the clinicopathologic features of
a large group of pleomorphic rhabdomyosarcomas,
emphasizes morphologic variants, and incorpo-
rates the most recent skeletal muscle immunohis-
tochemical markers.

MATERIALS AND METHODS

The records from the Soft Tissue Registry of the
Armed Forces Institute of Pathology in Washington,
DC from 1970 and from the University of Jena,
Germany (see Acknowledgments) were reviewed for
cases coded as pleomorphic rhabdomyosarcoma in
which the patient was .20 years old. None of the
cases had been previously coded as malignant fi-
brous histiocytoma.At least 123 cases were initially
evaluated. Morphologically, only cases showing at
least scattered, large, atypical pleomorphic tumor
cells with abundant eosinophilic cytoplasm were
accepted for further diagnostic studies. Immuno-
histochemical stains were performed on 81 cases
with available blocks or unstained slides, including
antibodies to desmin, myoglobin, myf4, myf3, fast
myosin, MyoD1, vimentin, keratin, S-100 protein,
CD 31, CD 34, EMA, SMA, and MSA. MyoD1, myf3,
myf4, and S100 protein are nuclear stains; S100 may
also be cytoplasmic diagnostically. Myoglobin was
required to show central tumor cell positivity and
not just edge effect or nonspecific, tea-colored–like
staining. Thirty-eight cases with immunohisto-
chemistry were eventually included in this study.
Thirty-two of these cases were studied by the avidin
biotin complex system with a diaminobenzoic acid
chromogen; six cases were studied by the alkaline-
phosphatase-antialkaline phosphatase method
(APAAP). Appropriate positive and negative con-
trols were used throughout. The primary antibodies
used and the dilutions and sources are listed in
Table 1.

Thirty-eight cases fulfilled our PRMS criteria. All
cases better diagnosed as other tumors, including
other pleomorphic sarcomas such as malignant fi-
brous histiocytoma (otherwise considered pleo-
morphic sarcoma, not otherwise specified), leiomy-
osarcoma, and malignant Triton tumor, were
excluded from this study.

Electron microscopy (see Acknowledgments) was
performed on eight selected paraffin blocks repre-
senting all three PRMS subtypes, including Cases 2,
4, 11, 12, 17, 28, 30, and 38. Specimens were re-

claimed from paraffin, rehydrated, and fixed in glu-
taraldehyde, followed by a secondary osmium tet-
roxide fixation and embedment in epoxy. Thin
sections were double stained with uranyl acetate
and lead citrate and viewed on a JEOL 100S electron
microscope.

Follow-up information was obtained on 30 (79%)
cases from the patient’s medical records, the pa-
tient’s physicians, and occasionally, the patients
themselves.

RESULTS

Clinical information and follow-up are presented
in Table 2. The 38 tumors occurred in 28 men and
10 women. Patient ages ranged from 21 to 81 years
(median 5 54 years; mean 5 51 years). Tumors
were located in the lower extremity (n 5 18), abdo-
men/retroperitoneum (n 5 6), chest/abdominal
wall (n 5 5), spermatic cord/testes (n 5 4), upper
extremity (n 5 3), and one each in the mouth and
orbit. Most patients presented with a rapidly grow-
ing, painful swelling. Two cases were described as
trauma related.

Grossly, the tumors were well circumscribed, lob-
ulated, and often surrounded by a fibrous pseudo-
capsule. The cut surface was gray, white, and firm
with variable amounts of hemorrhage. Necrosis was
identified grossly in several cases. One case, arising
in the scrotum and testes, had two separate tumor
nodules. Tumor sizes ranged from 1.5 to 15.0 cm,
with a mean of 7.3 cm and a median of 6.8 cm.

Morphology revealed large atypical, polygonal,
pleomorphic rhabdomyoblasts in all cases. These
cells varied from strap-like and spindled to racquet-
shaped or multinucleated with vesicular nuclei,
prominent nucleoli, and abundant eosinophilic cy-
toplasm. Cross striations were identified in only
one case. The background rhabdomyoblasts varied
from sheets of purely polygonal large- to medium-
sized cells to round or epithelioid cells, to sheets of
atypical, pleomorphic spindled cells in a storiform

TABLE 1. Antibodies, Clones, Dilutions and Sources

Antibody (Clone) Dilution Company

Vimentin (V9) 1:2000 Biogenex (San Ramon, CA)
Desmin (D-ER-11) 1:100 Dako (Carpinteria, CA)
SMA (1A4) 1:8000 Sigma Chemical (St. Louis, MO)
MSA (HHF35) 1:40 Enzo Diagnostics, Inc. (Farmingdale,

NY)
S-100 (polyclonal) 1:800 Dako
Cytokeratins (AE1/AE3) 1:40 Becton Dickinson (San Jose, CA)
Myoglobin (polyclonal) 1:640 Dako
MyoD1 (5.8A) 1:10 Novocastra (Newcastle, UK)
Myogenin (myf4, LO26) 1:30 Novocastra
Myogenin (myf3) 1:50 Novocastra
EMA (E29) 1:800 Dako
CD34 (Qbend10) 1:80 Biogenex
CD31 (JC/70 A) 1:40 Dako
Fast Myosin (My-32) 1:400 Sigma (Deisenhofen, Germany)
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growth pattern. The average mitotic count was 16/
10HPF. Geographic necrosis was present in 33/38
cases. Five cases exhibited perivascular tumor spar-
ing in areas of abundant necrosis.

The cases were divided into three morphologic
variants presented in Table 3. The large atypical
polygonal pleomorphic cells (PRMS) and back-
ground cells (RMS) were determined to be rhab-
domyoblasts by skeletal muscle-specific markers,

as outlined in the immunohistochemical results be-
low (Fig. 1):

1. Classic PRMS: sheets of large, atypical and of-
ten multinucleated polygonal pleomorphic rh-
abdomyoblasts (PRMB; n 5 8; Fig. 2).

2. Round cell PRMS: clusters of large, atypical
PRMB throughout the lesion with a back-
ground of slightly pleomorphic medium-sized,
round, blue rhabdomyoblasts (RMB; n 5 13;
Fig. 3).

3. Spindle cell PRMS: a predominance of pleo-
morphic spindled RMB arranged in a sto-
riform growth pattern with scattered large
PRMB (n 5 17; Fig. 4).

Immunohistochemical results are presented in
Table 4. The immunoprofiles established all PRMS
cases as having skeletal muscle phenotype, since
the large polygonal PRMB and the background
RMB were positive for at least one skeletal muscle-
specific marker. The immunohistochemical results
include the following: myoglobin (37/38; 97%),

TABLE 2. Clinical Features of 38 Patients with Pleomorphic Rhabdomyosarcoma, with Follow-Up

Case
Age
(y)

Sex Location Size (cm) Recurrences, Metastases Status

1 adult M abdominal wall 4.0 LTF LTF
2 21 F upper extremity unknown unknown DOD (1 y)
3 26 M thigh unknown none NED (7 y)
4 26 M lower extremity 6.5 none NED (13 y)
5 29 M thigh unknown recurrence (9 mo), multiple metastases DOD (1 y)
6 29 M spermatic cord 10.0 unknown LTF
7 30 M thigh 3.5 none NED (21 mo)
8 32 M retroperitoneum 12.0 unknown DOD (1 y)
9 33 M thigh 8.0 LTF LTF

10 34 M abdominal wall 10.0 unknown DOD (,2 mo)
11 35 F thigh 3.5 none NED (8 y)
12 37 F groin 10.0 metastases to lungs DOD (2 y)
13 40 M testes 2.0 multiple metastases DOD (8 mo)
14 41 M lower extremity unknown metastasis (1 mo) DOD (1 mo)
15 43 M thigh 1.5 recurrence (1 y) DOD (7 y)
16 45 F thigh unknown recurrence (6 mo), metastases (7 mo) DOD (28 mo)
17 48 M spermatic cord and testes unknown unknown DOD (9 y)
18 52 M thigh unknown LTF LTF
19 52 M back (deep) 5.0 none NED (18 mo)
20 55 M chest wall 8.0 none NED (9 y)
21 58 M retroperitoneum unknown recurrence (2 mo) DOD (1 y)
22 60 F abdominal cavity 15.0 none NED (8 y)
23 61 M scrotum and testes 3.5 and 2.0 unknown DOD (1 y)
24 61 F thigh 6.0 LTF LTF
25 63 M thigh 7.0 none NED (7 y) Died lung

cancer
26 64 M chest wall unknown multiple metastases DOD (3 y)
27 64 M retroperitoneum unknown seeding at time of diagnosis DOD (2 mo)
28 65 M thigh unknown recurrence (3 mo), multiple metastases DOD (2 y)
29 65 F thigh unknown LTF LTF
30 70 F orbit unknown LTF LTF
31 70 M thigh 7.0 LTF LTF
32 72 M upper extremity unknown multiple metastases (3 mo) DOD (4 mo)
33 72 M lower extremity 3.5 unknown DOD (6 mo)
34 74 M thigh unknown metastases to ST and axillary nodes DOD (15 mo)
35 77 M floor of mouth 5.0 unknown DOD (6 mo)
36 77 M thigh 9.0 none DOD (1 mo)
37 81 F upper extremity 5.0 recurrence 3 2 (1 y) AWD (1 y)
38 81 F retroperitoneum 15.0 recurrence 3 2 (10, 14 mo) DOD (1.5 y)

M, male; F, female; LTF, lost to follow-up; DOD, died of disease; NED, no evidence of disease; AWD, alive with disease.

TABLE 3. Morphologic Variants of Pleomorphic

Rhabdomyosarcoma (PRMS)

Type Morphology

Classic PRMS Sheets of large atypical, polygonal pleomorphic
rhabdomyoblasts with abundant eosinophilic
cytoplasm (PRMB)

Round-cell PRMS Clusters of PRMB; medium sized, slightly
pleomorphic, round RMB in background; no
areas of true embryonal RMS

Spindle-cell PRMS Scattered PRMB; MFH-like spindled
background of RMB

RMB, rhabdomyoblasts; RMS, rhabdomyosarcoma; MFH, malignant
fibrous histiocytoma.
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myoD1 (19/36; 53%), skeletal muscle myogenin
(myf4; 19/34; 56%), fast skeletal muscle myosin
(4/5; 80%), desmin (36/38; 95%), MSA (25/35; 71%),
SMA (15/33; 45%), and myf3 (25/35; 71%).

The two desmin-negative cases were positive for
myoglobin and nuclear MyoD1 and one addition-
ally for myf4. The cases with purely cytoplasmic
positivity for MyoD1 (n 5 14) were considered neg-
ative for this marker, although they were included
in the group of PRMS by other skeletal muscle-
specific markers and electron microscopy. The one
case that was negative for myoglobin was positive
for myogenin (myf4) and the actins (SMA and

MSA), myf3, and desmin. Skeletal muscle-specific
markers included myoglobin (if interpreted care-
fully, see Materials and Methods), MyoD1 (nuclear
only), myf4, and fast myosin. Of the skeletal
muscle-specific markers, 11 cases had myoglobin-
only positive, 1 had myf4-only positive, 13 cases
had two skeletal muscle-specific markers positive,
11 cases had three skeletal muscle-specific markers
positive, and 2 cases had all four skeletal muscle-
specific markers positive. Antibody to fast skeletal
muscle myosin was available on only 5 cases.

Electron microscopy was performed from
paraffin-embedded tissue on eight cases from this

FIGURE 1. An example of a pleomorphic rhabdomyosarcoma (classic variant; left) and diffusely positive desmin reactivity (right; A); myoglobin
positivity (B); MyoD1 (nuclear, left) and fast myosin (cytoplasmic, BI) positivity (C); and myogenins myf 3 (nuclear, left) and myf4 (nuclear, BI)
positivity (D).

FIGURE 2. Representative examples of Type 1 (classic variant) pleomorphic rhabdomyosarcoma, with sheets of atypical, bizarre, large, polygonal
pleomorphic rhabdomyoblasts with abundant eosinophilic cytoplasm (A–D).
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study, including at least one case from each mor-
phologic subtype. The six electron microscopy
cases from Group three (spindle cell PRMS) re-
vealed findings as follows: large aggregates of
Z-band material and thick myosin and thin actin
filaments (four cases), haphazardly arranged sarco-
meres with M bands (one case), and ribosome-
myosin complexes (one case). Of the remaining
three cases from Categories 1 and 2, all showed
evidence of skeletal muscle differentiation as thick
myosin filaments, myosin-ribosome complexes, or
rudimentary sarcomere formation (Fig. 5).

Follow-up, available on 30 (79%) cases, revealed
that 70% patients died of disease (mean, 20 mo;
range, 1 to 108 mo), 3% were alive with disease at 12
months (n 5 1); and 27% had no evidence of dis-
ease (mean, 83 months; range, 18 to 108 mo). Forty-
five percent of patients had their first known local
recurrence within a mean of 9 months (range, 2 to
24 mo), with up to two recurrences reported. Fifty-
five percent of patients had known metastases
within a mean follow-up of 15 months (range, 36
mo). Follow-up for the three morphologic variants
was as follows: Type I (Classic PRMS): 5/8 died of
disease (DOD; 63%; average time 29 mo), 2/8 had

no evidence of disease (NED; 25%). Type II (round
cell PRMS): 10/13 DOD (76%; average time, 21 mo),
3/13 NED (23%). And Type III (spindle cell PRMS):
9/17 DOD (53%; average time, 33 mo), 4/17 NED
(24%).

DISCUSSION

Historically, Stout first introduced pleomorphic
rhabdomyosarcoma (PRMS) into the literature in
1946 (7) as “classical” rhabdomyosarcoma. For the
next three decades, the diagnosis was based on
morphology alone and probably included other sar-
comas (including malignant fibrous histiocytoma
and pleomorphic leiomyosarcoma), with cross and
longitudinal striations (3, 5, 7–13). In 1958, Horn
and Enterline outlined four subtypes of rhabdo-
myosarcoma and called the classical ones “pleo-
morphic rhabdomyosarcoma.” The popularity of
PRMS waxed and waned with the introduction of
electron microscopy (14 –16, 18, 19) and the entity
of malignant fibrous histiocytoma (20), respec-
tively. Immunohistochemical antibodies were ap-
plied to these tumors in the early 1980s, predomi-
nantly using myoglobin, desmin, creatinine kinase
subunit M, and various actins to detect skeletal

FIGURE 3. Representative examples of Type 2 (round-cell variant)
pleomorphic rhabdomyosarcoma, with scattered pleomorphic
rhabdomyoblasts among a background of medium sized, slightly
angulated round-to-epithelioid rhabdomyoblasts (A). Higher
magnification of this variant (B, left); note the geographic necrosis
(common to all morphologic variants; B, right).

FIGURE 4. Representative examples of Type 3 (spindle cell variant)
pleomorphic rhabdomyosarcoma, with scattered large polygonal
pleomorphic rhabdomyoblasts and a spindled, storiform background of
rhabdomyoblasts (A–B, left); the atypia, atypical mitoses, and bizarre
giant cells are common to all variants (B, right).
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muscle differentiation (18, 19, 21–26). With the ex-
ception of myoglobin, a protein found late in em-
bryonic muscle development and requiring experi-
enced interpretation, all other antibodies were
found to be nonspecific for skeletal muscle pheno-
type. In the most recent decade, several series have
used an immunohistochemical approach to iden-
tify PRMS (15, 17, 27–31). In 1993, fast myosin, a
skeletal muscle-specific marker, was added to the
repertoire for PRMS (15). MyoD1, the product of a
gene activated early in myogenesis, was discussed
as a skeletal muscle-specific marker but was not
applied to pleomorphic rhabdomyosarcoma until
1995 (31–33). Myf4, a skeletal muscle-specific myo-
genin, has only been studied on four cases of PRMS
in the literature (27, 34). The current study reports
38 adult cases of PRMS, from the 1970s to the
present, diagnosed by using a current morphologic
and immunohistochemical approach, the latter
aforementioned specific and nonspecific striated
muscle markers.

Clinically, our study reveals that pleomorphic
rhabdomyosarcoma is an aggressive sarcoma, aris-
ing predominantly in the extremities of adult males
with a mean age of 49 years. Our clinicopathologic
findings are similar to those cases reported in the
literature (3, 5, 7–13, 15, 21, 23, 25, 27, 29, 31. The
overall prognosis in the literature for PRMS is poor,
with survival rates of 12.5 to 50% of 1-year to 20-
month disease-free survival, (3, 5, 7–11, 13, 15, 17,
18, 29) similar to our 27% rate of 5-year disease free
survival. On the basis of our follow-up, 72% of pa-
tients died within 2.0 years of diagnosis. Compara-
tively, storiform pleomorphic type of malignant fi-
brous histiocytoma, another pleomorphic sarcoma,
has overall 5-year survival rates varying from 36 to
50% (35, 36). Pleomorphic liposarcoma has a 5-year
survival of 56% (37), and deep extremity leiomyo-
sarcomas a 64% 5-year survival rate (38). However,
these latter tumors were not all pleomorphic sub-
type. Therefore, pleomorphic rhabdomyosarcoma
in adults has a significantly worse prognosis than
that for other pleomorphic sarcomas. Thus, the cor-
rect diagnosis of pleomorphic rhabdomyosarcoma
is important.

Morphologically, all of our pleomorphic rhab-
domyosarcomas were composed of large, atypical,
polygonal pleomorphic rhabdomyoblasts with
abundant eosinophilic cytoplasm. These large
rhabdomyoblasts are often arranged in clusters,
sheets, or scattered individual cells. Atypical, vesic-
ular nuclei with prominent nucleoli predominate.
The rhabdomyoblasts in the background that sur-
round the large, pleomorphic rhabdomyoblasts
vary from round to spindled. The morphologic fea-
tures of the large atypical rhabdomyoblasts in ple-
omorphic rhabdomyosarcoma have been previ-
ously described by Stout (7) and others (3, 5, 8 –13,

TABLE 4. Immunohistochemical Results and Subtype

for Pleomorphic Rhabdomyosarcomas (PRMS)

Case Des MGL MyoD1 myf3 myf4 FM MSA SMA
PRMS

Subtype

1 1 1 1 2 1
2 1 1 1 1 1 1 2
3 1 1 1 1 1 1 1 3
4 1 1 2a 1 1 1 1 2
5 1 1 1 2 2 2 1 2
6 1 1 1 1 1 1 1
7 1 1 1 1 2 1 1 2 3
8 1 1 2 1 2 2 2 2
9 1 1 1 2 1 1 1 3

10 1 1 1 1 2 1 2 1
11 1 1 2a 1 1 1 1 3
12 1 1 1 1 1 1 2
13 1 1 2a 2 2 1 1 3
14 1 1 1 2 2 2 2 3
15 1 1 2a 2 2 2 2 3
16 1 1 2 1 2 2 1 1 3
17 1 1 1 1 1 1 2 3
18 1 1 1 2 2 1 2
19 1 1 2a 1 1 1 1 1 3
20 1 1 2 2 1
21 1 1 2a 2 2 1 2 2
22 1 1 2a 1 1 1 2 1
23 1 1 1 1 1 1 2
24 1 1 2a 1 1 2 1 3
25 1 1 2a 1 1 1 2 2
26 2 1 1 3
27 1 1 1 2 2 1 1 1
28 1 1 2a 1 2 1 2 3
29 1 1 2a 2 2 2 2 2
30 2 1 1 1 1 2 2 1
31 1 1 1 1 2 2 1 3
32 1 1 2a 1 1 1 1 1
33 1 1 2a 2 2 1 2 3
34 1 2 2 1 1 1 1 2
35 1 1 1 1 1 1 2 3
36 1 1 1 1 1 1 1 1 2
37 1 1 2a 2 2 2 2 3
38 1 1 1 1 1 1 2 2

DES, desmin; MGL, myoglobin; MSA, muscle-specific actin; SMA,
smooth-muscle actin.

a Strong, diffuse cytoplasmic staining only.

FIGURE 5. Representative electron microscopy of a pleomorphic
rhabdomyosarcoma that confirms skeletal muscle phenotype by thick
and thin filaments forming rudimentary Z bands.
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15, 21, 29, 31). However, with the exception of one
group (29), who described a background of larger
round cells, presumably rhabdomyoblasts, mainly
only spindled and polygonal background cells have
been previously recognized in the literature (15–18,
29). The above morphologic characteristics of the
cases in the current study, with atypical large po-
lygonal pleomorphic rhabdomyoblasts and two ad-
ditional types of background rhabdomyoblasts, dis-
tinguish our proposed recognized morphologic
variants of pleomorphic rhabdomyosarcoma as
classic, round cell, and spindle cell variants,
respectively.

The immunoprofiles of our PRMS reveal that all
cases have at least one skeletal muscle-specific
marker positive (myoglobin, nuclear MyoD1, nu-
clear myf4, and fast myosin) in addition to positiv-
ity for nonspecific myoid markers, including
desmin, myogenin (myf3) or MSA. Although not
enough material was available to test all of the
antibodies on every case, myoglobin (95%) and fast
skeletal muscle myosin (80%) appeared to be the
most sensitive markers for PRMS in our series.
These findings compare similarly with those of
myoglobin and fast skeletal muscle myosin on
PRMS in the literature (15, 23, 28, 29). Although
myoglobin is often a difficult stain to interpret due
to its high background, in this study, we found
myoglobin to be highly sensitive for these poorly
differentiated rhabdomyosarcomas, if interpreted
carefully. We required tumor cell cytoplasm within
the center of the tumor (not just edge effect) and
stronger than just background “tea-color” to call a
tumor positive. Fast skeletal muscle myosin was
only studied on five of our cases; additional cases
would need to be examined with this marker for
further data.

MyoD1 and the myogenins (including myf4 and
myf3) belong to a family of closely related genes
encoding a series of DNA binding proteins that are
thought to control myogenesis (27, 32, 34). MyoD1
and myf4 were less sensitive for PRMS, in our ex-
perience. However, we also used strict criteria for
MyoD1, i.e., requiring nuclear reactivity. Interest-
ingly, fourteen additional PRMS cases, included by
other skeletal muscle specific markers and electron
microscopy, showed only cytoplasmic positivity for
MyoD1. If these fourteen were counted as true pos-
itives, it would increase the sensitivity of MyoD1
from 51 to 89%. Cytoplasmic positivity therefore
should be used as a supportive but nonspecific
finding for PRMS. The sensitivity of MyoD1 is as
high as 90% in the literature, yet only ten cases have
been tested (27, 31). Myf4, myogenin, a supportive
skeletal muscle marker, was only 53% sensitive for
PRMS, in our experience. The experience in the
literature, on only four cases of pleomorphic rhab-
domyosarcoma, is 75% specificity (27). Myf4, how-

ever, has been previously identified as being more
specific for skeletal muscle differentiation than
myf3, in rhabdomyosarcomas in general. In one
abstract (39), myf3 also stained 70% of leiomyosar-
comas, 67% of malignant fibrous histiocytomas,
100% of Wilm’s tumors, 55% of other small round
cell tumors, and 10% of other tumors. Whereas,
myf4 was specific for rhabdomyosarcomas with no
other staining, except for one case of Wilm’s tumor,
of the above mentioned tumors. Further informa-
tion on myf4, from a recent publication, reveals that
it is highly sensitive and specific for rhabdomyosar-
coma compared with other pediatric tumors (40).

Electron microscopy, with a minimal criterium of
ribosome-myosin complexes, was supportive of
skeletal muscle phenotype in all eight cases stud-
ied, representing all three of our subtypes of PRMS.

We propose three morphologic variants. All three
of these variants of PRMS are required to have at
least one skeletal muscle specific marker positive in
addition to other muscle markers. Type I or “classic
PRMS” is defined morphologically by sheets of
large, atypical polygonal, pleomorphic rhabdomyo-
blasts (PRMB). Our series included 8 such cases.
Type II, also termed “round cell PRMS,” was com-
posed morphologically of these large PRMB among
medium sized slightly pleomorphic round rhab-
domyoblasts. These comprised 13 of our cases. Al-
though one may consider this morphologic variant
to have similarities to embryonal rhabdomyosar-
coma, there are several reasons why these cases are
better classified as the round cell variant of pleo-
morphic rhabdomyosarcoma. These tumors are all
in adults. The round cells are larger than the round
cells of embryonal rhabdomyosarcoma, and there
are more numerous and more atypical pleomorphic
rhabdomyoblasts within these tumors. Solid alveo-
lar rhabdomyosarcoma subtype can be distin-
guished from this round cell variant of PRMS by its
t(2;13) or variant t(1;13) chromosomal transloca-
tions. The same PAX7 site on chromosome 1 ap-
pears to be involved in the genetic changes of em-
bryonal rhabdomyosarcoma (41). Comparatively,
not much is known about the genetics of PRMS.
Further genetic studies would aid in our under-
standing of the relationship of PRMS to other RMS
subtypes. Type III, or spindle cell PRMS, accounted
for the majority of our cases (n 5 17). It was com-
posed of large, atypical pleomorphic rhabdomyo-
blasts with highly spindled and often storiform
backgrounds. These tumors mimic storiform pleo-
morphic malignant fibrous histiocytoma, yet have
large, atypical rhabdomyoblasts and immunophe-
notypic evidence for skeletal muscle differentiation
in polygonal and spindled cells. These cases were
highly pleomorphic and could easily be separated
from the spindle cell variant of embryonal rhabdo-
myosarcoma, also described in adults (6).
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Our morphologic variants of pleomorphic rhab-
domyosarcoma are based on the predominant mor-
phologic pattern and do not differ substantially
with respect to prognosis, although there is a
slightly worse prognosis for the round cell variant.
On the other hand, our numbers are small, and
therefore statistically significance cannot be deter-
mined. All three groups have relatively poor prog-
nosis. We believe that it is important to recognize
this morphologic spectrum of pleomorphic rhabdo-
myosarcoma for diagnostic purposes and in order
to help separate pleomorphic rhabdomyosarcoma
from other tumors.

Along with interpretation of myogenic immuno-
histochemical stains, a broad panel of nonmyoid
markers should be evaluated to rule out poorly
differentiated carcinomas, rhabdoid tumors, Triton
tumors, and malignant melanoma. Although rhab-
domyosarcomas, like other sarcomas, may occa-
sionally express keratin, lack of epithelial markers
may help to separate PRMS from carcinomas and
extrarenal rhabdoid tumors. Lack of focal S100 pro-
tein and GFAP and presence of myoid markers in
the background spindled rhabdomyoblasts help to
identify the spindled component of spindle cell
PRMS as separate from the malignant peripheral
nerve sheath tumor component of malignant Triton
tumor. Malignant melanoma often has diffuse pos-
itivity for S100 protein as well as possible positivity
for melanocytic markers, including HMB-45,
melan-A, and tyrosinase.

Malignant fibrous histiocytoma (MFH) (some-
times considered “pleomorphic sarcoma, not oth-
erwise specified”) and pleomorphic leiomyosar-
coma (LMS) may also considered in the differential
diagnosis. MFH, although known to occasionally
express both desmin and MSA (42) should not ex-
press other specific skeletal muscle markers, such
as MyoD1, fast skeletal muscle myosin, myf4, or
myoglobin. LMS, a myoid tumor with desmin ex-
pression, morphologically has intersecting fasci-
cles, lacks the presence of large polygonal rhab-
domyoblasts, and also does not express skeletal
muscle specific markers.

In conclusion, this study reviews 38 cases of
PRMS. PRMS occurs most often in the extremities
of adult males and typically follows an aggressive
clinical course with an overall poor prognosis.
Three morphologic variants have been identified
based on the presence of large, polygonal, atypical
pleomorphic rhabdomyoblasts with two additional
shapes of background rhabdomyoblasts: classic,
round cell, and spindle cell pleomorphic rhabdo-
myosarcoma, respectively. Immunohistochemical
analysis should include both specific skeletal mus-
cle markers and nonspecific myoid markers. There
may be a spectrum of differentiation in PRMS, as
evidenced by variable myoregulatory protein ex-

pression, which does not appear to be detected on
a purely morphologic basis.
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