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Clinicopathologic assessment of twenty-six cases
of rhabdomyosarcoma

Evap CuatTYy, M.D.*

WirLiam A. Hawg, M.D.

Division of Pathology

N 1854, according to Stout,! Weber reported a case of rhabdomyosar-

coma in the tongue of a young man. In 1946, Stout! reviewed 107 previ-
ously reported cases, added 17 new ones, and clarified the characteristics of
the neoplasm for the first time. In 1950, Stobbe and Dargeon? reported 15
cases, classifying the neoplasms as embryonal rhabdomyosarcomas. In 1956,
Riopelle and Theriault? reported six cases of a peculiar, but distinctive, form
that they called alveolar rhabdomyosarcoma. In 1958, Horn and Enterline*
reported 39 cases, and classified these tumors into four categories: embryonal,
alveolar, pleomorphic, and botryoid.

Rhabdomyosarcoma was believed to be a rarity, but in the last decade it
has been reported to occur in almost every part of the body: extremities,» 4-2
trunk,» 4 5. 7.8 abdomen,: % 5% 7 8 lunga0 soft tissues of the head and
neck,l- 4 8 7. 8, 11, 12 orbjt,13-15 major salivary glands,'¢ soft palate,1” middle
ear and mastoid,!8 bladder,19-21 testis,?? ovary,23 and the common bile duct.*
It was also reported to occur in every age group from birth* to the age of
90 years.’® Prognosis and methods of treatment were discussed recently by
Burgert and Mills?* and by Martin, Butler, and Albores-Saavedra.?s

We have studied 26 cases at the Cleveland Clinic, and the series is the
basis of this report. Cases of sarcoma botryoides of the female genital tract
and of other sites have not been included, because we believe that those
tumors should be called mixed mesodermal tumors.

METHODS AND MATERIAL

During the years 1945 through 1967, 26 cases of rhabdomyosarcoma were
diagnosed at the Cleveland Clinic. The ages of the patients ranged from
eight months to 81 years. The majority of the resected specimens were
fixed in Zenker’s solution; a few were fixed in formalin. All slides were
stained with hematoxylin and eosin and phosphotungstic acid and hema-
toxylin. The majority of the slides were also stained with Masson’s tri-
chrome stain. Periodic acid—Schift preparations, both digested and undi-

* Fellow, Division of Pathology.
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gested with diastase, and those treated with reticulum stain, pyronine,
toluidine blue, Verhoefl’s stain, Sudan IV, and Prussian blue were also used.

Macroscoric FEATURES

Sarcomas arising from skeletal muscle were pleomorphic in their gross
appearance. Most of the rhabdomyosarcomas were grayish-pink, soft, and
rather fleshy. Sizes ranged from several millimeters to 15.0 cm in diameter;
the large lesions were located in the buttock. Some neoplasms were nodular
or lobulated, and a few were each well circumscribed and partially sur-
rounded by a pseudocapsule of compressed adjacent fibrous tissue. Necrosis
and hemorrhage were extensive in some neoplasms, particularly the large
tumors. A portion of the embryonal tumors were myxomatous, while most
of the alveolar tumors were somewhat solid.

Microscopric FEATURES

Rhabdomyosarcoma is composed of primitive striated muscle cells that
are quite similar to the skeletal muscle cells of the human fetus and em-
bryo ranging in age from 6 to 10 weeks. This resemblance had been pre-
viously reported by Patton and Horn.2® These cells may assume one of two
main types: undifferentiated mesenchymal cells, and rhabdomyoblasts.

The mesenchymal cells appear in five subtypes: small round, large
round, spindle, oval, and syncytial. The small round cells have a central
hyperchromatic nucleus surrounded by a small amount of cytoplasm that
stains lightly basophilic with hematoxylin and eosin stain. A distinct cy-
toplasmic border is seen in the majority of cells. The large round cells
each contain a central nucleus, usually rather vesicular with scattered
chromatin, often with a prominent nucleolus. The cytoplasm is moderate in
quantity and of a pink tint. The borders range between definite and vague.
The oval cells are like the large round cells, usually with ill-defined bor-
ders. Spindle cells are elongate and fusiform each with a central nucleus
that usually expands the cell in the center, but in some instances is present
at one pole of the cell, imparting a racquet shape. The nucleus is vesicular
with scattered chromatin and a nucleolus, but it may be hyperchromatic.
There is a moderate amount of cytoplasm and it is basophilic with a pink
tint. The syncytial cells have multiple, usually hyperchromatic nuclei,
and abundant basophilic cytoplasm with well-defined borders.

Rhabdomyoblasts also appear in five subtypes: round, straplike, racquet-
shaped, giant, and spider cells. All of these have an eosinophilic cytoplasm
because of the presence of myoglobin. They may all have cross and longi-
tudinal striations, and the borders are usually well defined. The most com-
mon type of rhabdomyoblasts are round cells, usually large, and with cen-
tral or eccentric hyperchromatic nuclei with a moderate to strikingly
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Fig. 1. Case 7 (Table I). Multinucleated strap-shaped cells with cross striations in a speci-
men of pleomorphic rhabdomyosarcoma. Hematoxylin and cosin stain; magnification x750.

abundant amount of cytoplasm. The most characteristic rhabdomyoblasts
are straplike cells, elongated, often with multiple nuclei arranged in tan-
dem, with cross striations more often than any other rhabdomyoblast (Fig.
I). The racquet-shaped cells each have a hyperchromatic nucleus at one
end, with a tapering cytoplasmic body extending outward. The giant cells
are composed of a large mass of eosinophilic cytoplasm with multiple
nuclei scattered throughout. The spider cells are large, each with a central,
hyperchromatic nucleus with cytoplasmic stripes extending from it to the
outer cellular border. These stripes are separated by large cytoplasmic
vacuoles. The spider cells are also characteristic of rhabdomyosarcoma, but
arc only occasionally present (I'ig. 2).

Historocic TYPES

Three microscopic types of rhabdomyosarcoma are well known: embry-
onal, alveolar, and pleomorphic. A fourth type may be added, which is a
combination of the first two, and is listed as embryonal-alveolar in this
report. The diagnosis of each of these four types is based upon the pre-
dominant type of mesenchymal and rhabdomyoblastic cells present, as
well as on the arrangement of the cells. Any type of mesenchymal cells
and rhabdomyoblasts may be present in a specific rhabdomyosarcoma, but
there is always one type of undifferentiated cell as well as one type of
rhabdomyoblast which predominates. In cases of great pleomorphism, and
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Fig. 2. Case 17 (Table I). Spider cells in a specimen of embryonal rhadbomyosarcoma.
Hematoxylin and cosin stain, magnification x400.

in the absence of a predominant cell, the diagnosis of the pleomorphic type
is appropriate.

Longitudinal and cross striations frequently are rare in a tumor. Stria-
tions were present in 13 of 26 tumors. In 11 of these tumors the cross
striations were found on hematoxylin and eosin preparations, while phos-
photungstic acid—hematoxylin was the only stain helpful in regard to two
tumors. The Masson trichrome stain demonstrates the alveolar type. A few
periodic acid—Schift positive granules were found in some unevenly dis-
tributed cells, mainly in the embryonal type of tumor. These granules were
diastase sensitive, which suggests that they contained glycogen. The fluores-
cent antibody technic?® demonstrated that these cells also contain myosin.

Embryonal rhabdomyosarcoma. This tumor was composed mainly of
spindle-shaped to oval cells with round rhabdomyoblasts, a few racquet-
shaped blasts, and rarely giant cells and spider cells. The background was
myxomatous, but solid sheets of cells were also present (Fig. 3). The cells
were arranged in parallel or interlacing bundles. The cambium layer of
Nicholson was present in some of these tumors. Cross striations were present
in 7 of the 14 embryonal tumors.

Alveolar rhabdomyosarcoma. In this neoplasm the predominant cells
were round, occasionally oval, while the blasts were a mixture of the large
round cells and giant cells, racquet-shaped cells, and a few straplike cells
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Fig. 3. Case 28 (Table I). Embryonal rhabdomyosarcoma. Phosphotungstic acid and he-
matoxylin stain; magnification x400.

Fig. 4. Case 16 (Table I). Alveolar rhabdomyosarcoma. Masson trichrome stain; magnifi-
cation X100.

101

Downloaded from www.ccjm.org on August 9, 2025. For personal use only.
All other uses require permission.


http://www.ccjm.org/

CHATTY AND HAWK

with multiple nuclei. The most characteristic feature was the arrangement
of the small round cells in one or two rows on the inside aspect of the
connective tissue septa that formed the template for the alveolar pattern
(Fig. 4). It has been suggested that these septa possibly are composed of im-
mature muscle fibers, and that the round cells are nuclei that are budding
from these fibers.* Our observations show that the septa stained green
with the Masson trichrome stain, a characteristic of connective tissue, and
not light brown in the manner of muscle fibers. Cross striations were found
in one of these four neoplasms.

Pleomorphic rhabdomyosarcoma. Typically, this tumor consisted pre-
dominantly of spindle-shaped cells. All other types of mesenchymal cells
were present, but in various proportions. Rhabdomyoblasts were present,
the predominant types being the straplike cells and spider cells (Fig. 5).
Cross striations were demonstrated in five of the six tumors.

Embryonal-alveolar rhabdomyosarcoma. This neoplasm was a mixture
of the first two types, with predominance of the embryonal pattern (Fig. 6).
No cross striations were seen in the two examples of this type in the series.

CLINICOPATHOLOGIC CORRELATION

Embryonal rhabdomyosarcoma. Fourteen patients, seven males and seven
females, had embryonal rhabdomyosarcoma. The youngest patient was eight
months of age and the oldest 69 years old. The average age at the onset of
symptoms was 22 years, while the average length of survival after diagno-
sis was 21 months. The longest period before diagnosis was 20 months.

The site of the primary neoplasm was the genitourinary tract in three
patients. The lower extremities, the maxillary and mandibular regions,
the orbit, and the right upper abdominal cavity were the sites of two tu-
mors each. One patient each had a tumor in the back, the soft tissues of the
head and neck, and the prostate.

The best method of treatment of these patients was a combination of
wide surgical excision followed by radiation and chemotherapy. This
method resulted in a five-year survival of a 69-year-old woman (case 11,
Table 1) with a lesion in the urethra. A combination of wide surgical ex-
cision and radiation resulted in a four-year survival of a four-year-old boy
(case 20, Table I) with a lesion in the nose.

Cross striations were demonstrated in seven of these 14 tumors.

Alveolar rhabdomyosarcoma. Four patients, three males and one female,
had alveolar rhabdomyosarcoma. Their ages ranged from 8 to 68 years.
The interval between onset of symptoms and diagnosis was between one
month and two months. In one patient the prostate was affected, whereas in
the other three patients, the tumors were in the head and neck: one in the
soft tissue of the neck, one in the paranasal region, and one in the mandib-
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Fig. 5. Case 21 (Table I). Pleomorphic rhabdomyosarcoma. Hematoxylin and cosin stain;
magnification X400.
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Fig. 6. Case 14 (Table I). An alveolar pattern is in both upper right and upper left cor-
ners of the photomicrograph, while a diffuse embryonal pattern is in the lower half. Masson
trichrome stain; magnification x100.
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ular region. These patients survived between eight months and six years.
Wide surgical excision and radiation resulted in the six-year survival of a
12-year-old girl (case 24, Table I) with a lesion in the neck. Cross stria-
tions were found in only one tumor.

Pleomorphic rhabdomyosarcoma. Six patients, four women and two
men, had pleomorphic rhabdomyosarcoma. Their ages at the time of
diagnosis ranged from 43 to 81 years.

Four of the tumors affected a lower extremity, and one tumor each the
back and the abdominal cavity. The onset of the disease ranged from one
month to six months before diagnosis. The patients survived from 18
months to 8 years. The best method of treatment was also a combination
of wide surgical excision and chemotherapy. Cross striations were demon-
strated in five of the six tumors.

Embryonal-alveolar rhabdomyosarcoma. Two tumors met the criteria for
the diagnosis of embryonal-alveolar rhabdomyosarcoma. One patient, a
two-year-old boy (case 14, Table I) with a lesion in the temple, of five
months’ duration, was treated with local excision, and radiation with
chemotherapy. He died 20 months later, after having had three recur-
rences and, terminally, widespread dissemination of the tumor.

The other patient was a 14-year-old girl (case 26, Table 1) with a
periadrenal lesion of four months’ duration. She was treated with radiation
and chemotherapy. Surgical excision was impossible because of widespread
metastasis in the abdomen found at the time of laparotomy performed for
diagnosis. She died 11 months postoperatively.

No cross striations were found in either of the two tumors.

ExXPERIMENTAL AND CLINICAL TissUE CULTURES
OF RHABDOMYOSARCOMA

Specimens for tissue cultures were obtained from experimentally induced
rhadbomyosarcoma in rats, and from surgical material removed from hu-
man beings.

Rat tissues. Investigations on metal carcinogenesis have revealed that, in
rats, single intramuscular injections of sulfides and oxides of nickel and
cobalt will produce a high incidence of fast-growing tumors at the sites
of injection. The majority of such tumors exhibited the histologic features
of rhabdomyosarcoma. The neoplastic cells were maintained in continu-
ous cultures and subcultures, on Connaught’s H596 medium supple-
mented with 20 percent inactivated calf serum, 0.08 percent sodium bicar-
bonate, and 100 international units per milliliter of potassium penicillin
G.

Primary cultures were supplied with fresh medium 24 hours after being
seeded, and again whenever the pH of the medium decreased to less than
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7.1. Subcultures were made by the trypsin-digestion method. Primary cul-
tures and early subcultures of rhabdomyosarcomas produced medium-sized
cells that were round to oval, and each contained one elongate hyper-
chromic nucleus. At this stage, rhabdomyoblasts might or might not be
seen. In later subcultures, the majority of cells became spindling, and
rhabdomyoblasts, mainly multinucleate and straplike, appeared with defi-
nite cross striations, thus confirming the diagnosis of rhabdomyosarcoma.
Chromosomal studies on those cells showed counts ranging from 42 to 206.
The majority of cells were diploid, but heteroploid and polyploid cells
were also present.

Human tissues. Tissue culture was carried out on a nasal embryonal
rhabdomyosarcoma excised from a four-year-old boy (case 20, Table I).
A segment of nasal neoplasm approximately 1.0 by 0.5 by 0.5 cm, was ob-
tained under sterile conditions, and was cultured in roller tubes by means
of standard tissue culture technics. The medium was composed of 60 ml of
Hank’s balanced salt solution, 30 ml of human serum, and 10 ml of chick
embryo extract (1:50), 2.5 ml of penicillin-streptomycin solution[5,000 units
each per milliliter, and 2 ml of glutamine (200 mm3)].

Within three days there was growth around most of the explants. The
medium was changed every other day, and on the twenty-seventh day the
growth was moderately heavy, and second-generation transplants were made.
The cultures were harvested by firm scraping of the tube with a rubber
policeman; the ceils were then trypsinized in a solution of trypsin (1 to
5000) for five minutes. The cells were then washed in Hank’s solution, and
resuspended in medium that was then inoculated into roller tubes. Growth
.of the second-generation transplants was generally of excellent quality;
transplanting of subsequent generations was continued, so that, by the
seventy-fifth day of the culture, five generations of the cultured neo-
plastic cells had been obtained.

At the time of preparation of the second generation of tubes, photo-
graphs of the explants magnified 125 and 400 times were made (Fig. 7 and
8, respectively). In these photographs it is possible to identify some faint
cross striations in the cytoplasm of the cells at the periphery of the ex-
plant. Preparations stained with toluidine blue in horse serum demon-
strated striations in the cytoplasm of the fusiform cellular elements (Fig. 9).

COMMENT

The 26 patients with rhabdomyosarcoma were equally divided between
the sexes, with a predominance of males in the first two decades of life
and of females in the older age groups (Table 2). Nine patients were in the
first decade, and 14 were in the first two decades of life. The 26 tumors
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Fig. 7. Case 21 (Table I). Tissue culture obtained from a nasal embryonal rhadbdomyo-
sarcoma, a second generation of the culture. Not stained; magnification X125,

Fig. 8. Case 21 (Table I). Tissue culture shows faint cross striations in two cells at the left
side of the photomicrograph. Not stained; magnification x400.

108

Downloaded from www.ccjm.org on August 9, 2025. For personal use only.
All other uses reguire permission.


http://www.ccjm.org/

CLINICOPATHOLOGIC STUDY OF RHABDOMYOSARCOMA

Fig. 9. Case 21 (Table I). Preparations from tissue culture stained with toluidine blue in
horse serum demonstrate the presence of striations in the fusiform cellular elements. Mag-
nification X900.

Table 2.—Age at diagnosis and sex distribution of 26 patients with rhabdomyosarcoma;
correlated with survival times after diagnosis

Patients Rhabdomyosarcoma, type

Age Embry-  Survival,
range, Num- Embry- Pleo- onal- months
years ber  Iemale Male onal  Alveolar morphic alveolar (average)

0-10 9 3 6 7 1 0 1 17
11-20 ] 2 3 2 2 0 1 33
21-40 0 0 0 0 0 0 0 —
41-50 4 3 1 3 0 1 0 9
51-60 4 2 2 1 0 3 0 38
61-70 3 2 1 1 1 1 0 34
71-80 0 0 0 0 0 0 0 —
81-90 1 1 0 0 0 1 0 Not known
Total 26 13 13 14 4 6 2

were classified in our groups according to their histologic appearance, a dis-
tinction that is of great clinical and practical importance.

The average age of onset was 30 years, 23 years for the males (the median
was 11 years), and 38 years for the females (the median was 43 years). The
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average length of survival after diagnosis was 26 months: 18 months for
males and 35 months for females.

The average survival time after diagnosis correlated well with the average
age of patients at the onset of disease. The pleomorphic neoplasms had the
most favorable prognosis, the average survival time of the patients being 44
months. The average age of the patients at the onset of pleomorphic neo-
plasms was 60 years, the greatest number of years among the four groups.
The alveolar rhabdomyosarcoma had the second best prognosis, the pa-
tients surviving an average of 31 months. The average age of the patients
at onset was 25 years. The most common tumor was the embryonal variety.
The average length of survival of patients was 21 months, while the aver-
age age of onset was 22 years. There were only two embryonal-alveolar
neoplasms. One patient was a two-year-old boy who lived 20 months after
diagnosis, the other was a 14-year-old girl who died 11 months after the
diagnosis was established.

The survival data for the 26 patients indicate that the best prognosis is
that for the pleomorphic tumor, followed by the alveolar, the embryonal,
and the alveolar-embryonal tumors. This order also correlates well with
the average ages of patients at the onset of the various types of tumor. The
average length of survival of those patients in the older age group was
much longer than that for those in their first decade.

The average lengths of survival and average ages of patients at onset of
disease were almost similar for patients whose tumors had cross striations
(83 years, and 24 months, respectively), and for patients whose tumors
were without cross striae (27 years, and 28 months, respectively).

Methods of treatment were planned according to location, local spread,
and metastasis of rhabdomyosarcoma. The least successful method of treat-
ment was that combining radiation and chemotherapy, which gave an
average survival of eight months. Local excision with radiation alone or
combined with chemotherapy gave an average survival of 12 months. Radi-
ation alone gave a 17-month survival. Local excision, which was the only
method of treatment in four patients, resulted in a maximum survival of
19 months for the three patients whose progress was followed. The most
successful method of treatment, when early diagnosis was achieved, was
wide local excision of the neoplasm and postoperative chemotherapy or
radiation, or both drugs and radiation. Five patients were treated by such
a regimen. Four patients lived four, five, six, or eight years, while one is
still living 18 months postoperatively, with no evidence of recurrence or
metastasis of the tumor.

Patients in whom the neoplasms were located where wide local excision
was technically possible, such as the back, and the soft tissues of the head
‘and neck, had a high average of length of survival; whereas, patients in
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whom the neoplasms were in deep hidden areas, such as the prostate, and
maxillary and mandibular regions, where extensive surgical procedures
could be mutilating, especially when the tumor was of a rather long
duration, had a considerably lower average of length of survival (Table 3).

The diagnosis of rhabdomyosarcoma is not justified in regard to tumors
in which only undifferentiated mesenchymal cells are present, and rhabdo-
myoblasts are absent, for such lesions are equally representative of highly
undifferentiated fibrosarcoma or liposarcoma. However, the presence of
rhabdomyoblasts should not alone be considered justification for the
diagnosis of rhabdomyosarcoma, because rhabdomyoblasts associated with
other types of mesenchymal tissues are diagnostic of a mixed mesodermal
tumor. We agree with Ober and Edgcomb,?” and Albores-Saavedra, Butler,
and Martin? that sarcoma botryocides of the female genital tract is a mixed
mesodermal tumor and a neoplasm should only be called a rhabdomyosar-
coma when no other mesodermal tissues are present.

SUMMARY

Twenty-six cases of rhabdomyosarcoma were studied and a clinico-
pathologic assessment is reported. On the basis of histopathologic char-
acteristics, the tumors were grouped into four categories: embryonal,
alveolar, pleomorphic, and embryonal-alveolar. The embryonal was the
most common (14) followed by the pleomorphic (6), alveolar (4), and the
embryonal-alveolar (2). The tumors occurred in equal numbers in both

Table 3.—Anatomic sites of rhabdomyosarcoma correlated with the average age and sur-
vival time of 26 patients

Rhabdomyosarcoma, type

Patients — L
< <= <
g 5 g 5. Survival
Age o <= g o] after
Num- range, E 4 4 'g ¢ diagnosis,
Site ber years &) < A Mde months
Lower extremities 6 3-81 2 0 4 19
Abdomen 4 24-48 2 0 1 7
Head and neck soft 3 4-12 1 2 0 60
tissues
Maxilla, mandible 3 8-19 2 1 0 0 11
Genitourinary tract 3 114-69 3 0 0 0 33
Back 2 42-57 1 0 1 0 96
Orbit 2 3-11 2 0 0 0 >18
Prostate 2 43-68 1 1 0 0 8
Temple i 2 0 0 0 1 Not known
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sexes, with more males affected in the younger age groups, and more
females of the older patients.

The survival times of the patients correlate well and correspond with
the average ages of patients and the histologic types of tumor. The
pleomorphic type developed in patients at an average age of 60 years;
their survival time averaged 44 months. The alveolar type of tumor
developed in patients at an average age of 25 years; they survived an
average of 31 months. The embryonal type of tumor developed in patients
at an average age of 22 years; they survived an average of 21 months.
The embryonal-alveolar type of tumor developed in two patients only;
they survived 20 months and 11 months. Females had a much better
prognosis than males, with an average survival time after diagnosis of
35 months, as opposed to 18 months in males.

Five types of mesenchymal cells were present in rhabdomyosarcoma:
spindle, small round, large round, oval, and syncytial. Five types of
rhabdomyoblasts also were present: round cells, straplike cells, racquet-
shaped cells, giant cells, and spider cells.

Early diagnosis of rhabdomyosarcoma, with rapid, wide surgical excision,
and chemotherapy alone or combined with radiation, offer hope for
improved results in the future.
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