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 SUMMARY

Rhabdomyosarcoma is a soft tissue pediatric sarcoma composed of cells which show morphological, 
immunohistochemical and ultrastructural evidence of skeletal muscle differentiation. To date four major 
subtypes have been recognized: embryonal, alveolar, spindle cell/sclerosing and pleomorphic. All these 
subtypes are defi ned, at least in part, by the presence of rhabdomyoblasts, i.e. cells with variable shape, densely 
eosinophilic cytoplasm with occasional cytoplasmic cross-striations and eccentric round nuclei. It must be 
remembered, however, that several benign and malignant pediatric tumours other than rhabdomyosarcoma 
may exhibit rhabdomyoblaststic and skeletal muscle differentiation. This review focuses on the most common 
malignant pediatric neoplasm that may exhibit rhabdomyoblastic differentiation, with an emphasis on the most 
important clinicopathological and differential diagnostic considerations.
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INTRODUCTION

Rhabdomyosarcoma (RMS) is a relatively common soft tissue sarcoma 
that frequently affects children and adolescents, deϐined by morphological, 
immunohistochemical and ultrastructural evidence of skeletal muscle differentiation. 
To date four major subtypes have been recognized: embryonal, alveolar, spindle cell/
sclerosing and pleomorphic [1]. All these subtypes are deϐined, at least in part, by 
the presence of rhabdomyoblasts, i.e. cells with variable shape, densely eosinophilic 
cytoplasm with occasional cytoplasmic cross-striations and eccentric round nuclei 
[2]. Rhabdomyoblasts are primitive mesenchymal cells showing variable degrees 
of differentiation towards skeletal muscle. The detection of this cells on histological 
examination is considered one of the main parameters though not essential for the 
diagnosis of rhabdomyosarcoma. Rhabdomyoblasts assume a variety of histologic 
appearances depending on their stage of differentiation [3]. The most primitive forms 
are stellate cells with amphophilic cytoplasm and central oval nuclei. Gradually this 
cells acquire more cytoplasmic eosinophilia and show a variety of elongated shapes 
described as “tadpole”, “strap” and spider cells. In the end stage of differentiation, 
rhabdomyoblasts assume a bright eosinophilic cytoplasm with evident cross-striation. 
Multinucleated giant cells derived from the fusion of several myoblasts and myotube 
forms may also be seen. Immunohistochemically, rhabdomyoblastic differentiation 
can be identiϐied with desmin, myogenin and MyoD1, which are currently considered 
the most reliable immunomarkers of skeletal muscle differentiation [2]. It must 
be remembered, however, that a heterologous rhabdomyoblastic component may 
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occur in tumors with sarcomatous differentiation, tumors of neuroectodermal 
derivation, tumors with epithelial components and tumors with germ cell or sex cord 
elements. Among soft tissue sarcomas, rhabdomyoblastic elements are described 
not only in rhabdomyosarcoma but also in several sarcomas, especially those 
undergoing dedifferentiation, including chondrosarcoma, liposarcoma and malignant 
mesenchymoma [4]. The awareness that rhabdomyoblastic and skeletal muscle 
differentiation may occur in pediatric tumors other than rhabdomyosarcoma is 
crucial in order to avoid confusion with other neoplasms in the differential diagnosis. 
This review will focus on the most common malignant pediatric neoplasm that may 
exhibit rhabdomyoblastic differentiation, with an emphasis on the most important 
clinicopathological and differential diagnostic considerations.

Rhabdomyosarcoma 

Rhabdomyosarcoma is a malignant tumor that frequently affects children and 
adolescents. The most common sites of occurrence are the head and neck region, the 
genitourinary tract, the limbs and the trunk [2]. Rhabdomyosarcoma is composed 
of neoplastic cells which show variable morphologic, immunohistochemical and 
ultrastructural evidence of skeletal muscle differentiation. Based on morphological, 
immunohistochemical and genetic features, four major subtypes have been recognized: 
embryonal, alveolar, spindle cell/sclerosing and pleomorphic [5]. Embryonal 
rhabdomyosarcoma (ERMS), the most common subtype, consists of a proliferation of 
round or spindle shaped undifferentiated mesenchymal cells admixed with a variable 
number of rhandomyoblasts alternating with zones of loose, myxoid, paucicellular 
stroma. Rhabdomyoblasts may become the predominant cell population following 
chemotherapy for rhabdomyosarcomas. The number of cells with rhabdomyoblastic 
features varies each case, and some possess a large amount of differentiated cells that 
closely resemble rhabdomyoma. Embryonal rhabdomyosarcomas arising beneath a 
mucosal surface (bladder, vagina, biliary tract, pharynx, conjunctiva, auditory canal) 
and growing as grape-like, nodular or polypoid excrescences, are labeled “botryoid 
rhabdomyosarcoma” [6]. Spindle cell rhabdomyosarcoma, most commonly arises 
in the head and neck and paratesticular soft tissues and shows a striking male 
predilection. This rare subtype of ERMS is composed almost exclusively of fascicles 
of elongated spindle cells arranged in whorls or in a fascicular/stroriform growth 
pattern [7]. Sclerosing rhabdomyosarcoma is a tumor closely related to the spindle 
cell subtype, characterized histologically by a prominent hyaline or pseudochondroid 
stroma [8]. Certain cases of spindle cell and sclerosing RMS, especially those occurring 
in the paratesticular region, display histological features of embryonal RMS, including 
the presence of rhabdomyoblasts. Spindle cell/ sclerosing RMS, is associated with 
a relatively better clinical outcome, when compared with other subtypes of RMS. 
However, recent studies identiϐied a speciϐic MYOD1 (L122R) mutations in a subset 
of sclerosing/spindle cell RMS, which correlate with a relatively aggressive clinical 
course [9]. Alveolar rhabdomyosarcoma is a distinct subtype of rhabdomyosarcoma 
associated with aggressive behavior. It is a highly cellular neoplasm composed of 
undifferentiated round cells admixed with variable number of rhabdomyoblasts and 
multinucleated giant cells with peripheral nuclei [2]. The classical histological growth 
pattern, referred as “alveolar” is characterized by nests of round cells separated by 
ϐibrous septa that tend to peripheral discohesion so that the cells appear to ϐloat in 
alveolar spaces. Pleomorphic rhabdomyosarcoma is a high-grade sarcoma with 
poor prognosis affecting almost exclusively adults. On histological examination is 
characterized by a pattern less architecture with no evidence of embryonal or alveolar 
component and consist of large, bizarre polygonal, round and spindle cells which 
show skeletal muscle differentiation [10]. Immunohistochemically, desmin, myogenin 
and MyoD1 are currently considered the most reliable markes, being positive, with a 
variable intensity and extension, in all the subtypes of rhabdomyosarcoma. In addition, 
an important feature for the diagnosis of the alveolar subtype, is its strong and diffuse 
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nuclear myogenin expression, with up to 80-100% of tumor cells positive, unlike the 
patchy, heterogeneous pattern often seen with embryonal rhabdomyosarcoma, with 
few to 80% of tumor cells positive [11].

Infantile Rhabdomyofi brosarcoma
Infantile Rhabdomyoϐibrosarcoma (IRMFS) is an exceedingly rare pediatric 

sarcoma observed in children from 3 months to 3 years of age. This tumor shows 
overlapping features between spindle cell rhabdomyosarcoma and congenital/infantile 
ϐibrosarcoma [12]. It was ϐirst reported in 1993 by Lundgren et al. who described three 
cases initially diagnosed as infantile ϐibrosarcoma (IFS). These tumors, in contrast to 
the favorable clinical course of infantile ϐibrosarcoma, showed an aggressive clinical 
behavior in terms of distant metastasis and local recurrence [13]. Microscopically, 
IRMFS displays a variable number of rhabdomyoblastic cells scattered within a spindle 
cell proliferation with desmoplastic portions simulating infantile ϐibrosarcoma. The 
neoplastic cells show positive immunohistochemical stain for vimentin, smooth muscle 
actin, and desmin but no myoglobin, myoD1 or myogenin stain is observed. Since 
reports of rhabdomyoϐibrosarcoma cases are limited in the literature, the exact nature 
of this tumor s still not clear. However, although rare, IRMFS must be differentiated 
from IFS since the prognosis and treatment of these neoplasms is different.

Malignant Peripheral Nerve Sheath Tumors
Malignant peripheral nerve sheath tumors (MPNST) represent a rare group of 

soft tissue sarcomas with aggressive clinical behavior and high incidence of distant 
metastases. They often arise from peripheral nerves and show differentiation toward 
one of the cellular components of the nerve sheath (Schwann cells, ϐibroblasts, and 
perineurial cells) [14]. They can originate either de novo or from a preexisting benign 
nerve sheath tumor (usually neuroϐibroma) In addition, approximately 50% of these 
neoplasms arise in patients with neuroϐibromatosis type 1 syndrome (NF1). When 
associated with NF1, MPNSTs tend to present at a younger age (28-36 years) than the 
sporadic counterpart (40-44 years) [15]. Patients often present with a rapidly enlarging 
mass that may cause pain and/or neurological symptoms. The proximal portion of the 
upper and lower extremities and the trunk, are the most common locations of these 
tumors. These neoplasms lack of speciϐic morphological, immunohistochemical and 
molecular features and display a variety of architectural patterns and cell morphology. 
On histological examination, some MPNSTs show areas of divergent mesenchymal or 
even epithelial differentiation. Neoplastic cells showing skeletal muscle differentiation, 
in the form of rhabdomyoblasts, represents the most common line of divergent 
differentiation encountered in MPNSTs [14]. Rhabdomyosarcomatous elements within 
MPNSTs were ϐirst described by Masson in patients with neuroϐibromatosis [16]. For 
these neoplasms Woodruff et al. proposed the descriptive term of “Triton Tumor” on the 
basis of the discovery that supernumerary limbs containing bone, neural and muscular 
elements were induced to grow on the backs of triton salamanders by transplantation 
of the sciatic nerve into the soft tissues of the back [17]. Malignant triton tumor (MTT) 
is a subtype of MPNST presenting rhabdomyoblastic differentiation. The majority 
of reported cases are described in patients with NF1 but the tumor may also occur 
in sporadic form. In the latter eventuality, other spindle cell sarcomas such as the 
ϐibrosarcoma, rhabdomyosarcoma, osteosarcoma, chondrosarcoma, and liposarcoma 
should be included in the differential diagnosis. On histological examination, MTTs are 
composed of a variable number of rhabdomyoblasts scattered throughout a stroma 
with the typical features of MPNSTs. Rhabdomyoblasts are usually relatively mature 
with abundant eosinophilic cytoplasm and show polygonal, spindled or bizarre 
shapes. This cells should be distinguished from benign skeletal muscle inϐiltrated by 
an otherwise typical tumor of peripheral nerves. Approximately 15% of MTTs show 
additional mesenchymal or epithelial areas, a phenomenon called “pluridirectional 
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differentiation” [14]. Immunohistochemically, the morphologic suspicion of 
rhabdomyoblastic differentiation is conϐirmed with positive staining for skeletal muscle 
markers such as desmin, myoglobin, or muscle actin. MTT have a worse prognosis and 
an aggressive clinical behavior compared to other forms of MPNST. The 2year and 
5year survival rates of MTTs are respectively of 15 % and 11%. For comparison, the 2 
year and 5-year survival rates for MPNSTs, included those with heterologous elements 
are reported to be 57% and 39% respectively [17].

Malignant Ectomesenchymoma
Malignant ectomesenchymoma (MEM) is a rare multiphenotypic pediatric sarcoma 

consisting of neuroectodermal and mesenchymal neoplastic elements. This unusual 
and rapidly progressing sarcoma is believed to originate from the ectomesenchyme, 
which is the term used for neural crest tissue that shows mesenchymal differentiation 
during embryogenesis [18]. Approximately 64 cases of MEM have been so far reported 
in the literature, the majority of which have arisen in young infants with a marked male 
predominance. The most common sites of occurrence include retroperitoneum, abdomen 
and pelvic-perineal area followed by intracranial region, head and neck, extremities, 
and mediastinum [19]. Histologically, MEM displays areas of rhabdomyosarcoma, most 
frequently of embryonal phenotype, with evident rhabdomyoblastic differentiation. 
The admixed neuroectodermal component displays features of ganglioneuroma, 
neuroblastoma, or malignant peripheral nerve sheath tumor (MPNST). However, a 
variety of other mesenchymal or neuroectodermal elements have been reported in 
the literature. To date, due to the limited number of studies, the pathogenesis of MEM 
and its relationship with embryonal rhabdomyosarcoma and malignant peripheral 
nerve sheath tumor (MPNST) has not yet been elucidated. However, the latest reports 
suggest that MEM might represent a variant of embryonal rhabdomyosarcoma [19].

Nephroblastoma (Wilms Tumor)
Wilms tumor (WT) is a malignant pediatric embryonal neoplasm that occurs as 

a result of abnormal cellular differentiation during organogenesis and is thought to 
originate from nephrogenic blastemal cells. This neoplasm replicates the histology of 
developing kidneys and often shows divergent lines of differentiation [20]. WT is the 
most common genitourinary tumor of childhood affecting approximately 1 per 8000-
10000 children with a peak incidence between 2 and 5 years of age. Both kidneys are 
equally affected, the incidence of synchronous or metachronous bilateral involvement 
being 5-10% [21]. Clinically, Wilms tumors present as an abdominal mass felt by a 
parent, associated in some cases with abdominal pain, hematuria and hypertension. 
Abdominal crisis and other symptoms related to traumatic rupture are also common. 
On gross examination, most WTs are solitary large masses measuring more than 5 cm in 
diameter with a median weight of 500 g. usually a ϐibrous pseudo-capsule demarcates 
the tumor from the adjacent renal parenchyma. The cut surface shows a grayish or 
yellowish, solid or ϐirm mass depending on the percent of mature stromal elements 
presents, with foci of hemorrhage, necrosis. Areas of cystic degeneration are frequently 
seen, while rare cases are extensively cystic. Occasionally, polypoid protrusion 
of tumor into renal pelvis is seen [22]. This feature is associated with prominent 
skeletal muscle differentiation and raises problems of differential diagnosis with 
rhabdomyosarcoma. Histologically, most Wilms tumors exhibit triphasic histological 
components, consisting of blastema, epithelium and stroma, however biphasic and 
monophasic tumors are not uncommon. The blastematous areas consist of densely 
packed small round cells with scanty cytoplasm, dark staining nuclei and frequent 
mitotic ϐigures. Blastemal cells display several growth patterns, the most frequent 
being diffuse, nodular and cord-like. The epithelial component is often composed 
of tubules and glomerular structures that closely recapitulate the normal stages 
of nephrogenesis (Figure 1A). Primitive rosette-like structures representing early 
tubular forms and cysts lined by primitive columnar or cuboidal cells are usually seen. 
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The stromal component exhibits a variety of patterns of differentiation. Most of tumors 
are composed of a spindle cell component set in a myxoid background, resembling 
embryonal mesenchyme. Heterologous stromal elements including skeletal muscle, 
cartilage, bone, fat, neuroglia and mature ganglion cells are frequently observed in 
WT. Skeletal muscle in various stages of differentiation, including rhabdomyoblasts 
(Figure 1B, C) represents the most common divergent line of differentiation [23]. Rare 
cases of WT showing diffuse and predominant rhabdomyoblastic differentiation have 
been reported in the literature under the descriptive term of fetal rhabdomyomatous 
nephroblastoma [24]. This exceedingly rare variant of Wilms’ tumour shows little or no 
response to preoperative chemotherapy and is associated with a generally favourable 
outcome in most of all unilateral cases when treated by surgery. The majority of 
nephroblastomas carry a favorable outcome and an excellent prognosis with limited 
local growth and metastatic potential. The most important clinical and morphological 
criteria to establish the prognosis and the therapeutic strategies for patients with 
WT are as follows: (i) age; (ii) stage; (iii) histology [25]. The assessment of anatomic 
extent of the tumor (stage) represents the most important prognostic factor. Capsular 
invasion, surgical margins, involvement of renal sinus vessels, tumor implants, lymph 
node metastases, distant metastases, and bilaterality are the main parameters used 
to establish the stage. Age at diagnosis is another important prognostic indicator. 
WTs diagnosed in children under two year of age show a favorable outcome and a 
lower metastatic potential compared to those diagnosed over 2 years. On the basis 
of the absence or presence of anaplasia, Wilms tumors are divided in two categories: 
favorable and unfavorable histology. Anaplastic cells show a combination of nuclear 
enlargement, hypercromasia and multipolar mitotic ϐigures. Anaplasia, is distinguished 
in focal and diffuse, based on its extent, and is found in about 5% of WTs. This feature 
is associated with a poor prognosis and increased risk of treatment failure, especially 
when is diffuse [26].

Pleuropulmonary Blastoma
Pleuropulmonary blastoma (PPB) is a malignant tumor of infancy and early 

childhood which belongs to the group of dysontogenic neoplasm such as Wilms 
tumor, hepatoblastoma, neuroblastoma, and embryonal rhabdomyosarcoma [27]. 
PPB occurs almost exclusively in children, younger than 5 years, as a pulmonary and/

Figure 1: Nephroblastoma (Wilms tumor). (A) Histological examination showing a proliferation of primitive tubular 
ad glomerular-like structures (black arrows) admixed with rabdomyoblats of variable size and shape (red arrow). 
(B) Elongated and oval rhabdomyoblasts with eccentric round nuclei and densely eosinophilic cytoplasm with 
occasional cytoplasmic cross-striations (arrows). (C) Diffuse and intense cytoplasmic immunoreactivity for desmin 
in the rhabdomyoblastic component.
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or pleural-based mass with cystic, solid, or combined cystic and solid features. There 
is evidence of a hereditary tumor predisposition syndrome in approximately 25% of 
cases [28]. The most common clinical manifestations include respiratory distress with 
or without pneumothorax, non-productive cough and fever, chest pain. Three main 
pathologic types of PPB have been described, each with different clinical presentation 
and prognostic features. Type I is purely cystic tumor, type II is mixed cystic and solid, 
type III is purely solid. Several studies suggest that type I PPB can progress to type II 
and type III PPB as the cysts are replaced by solid malignant tissue [29]. According 
to this model, the three types of PPB represent a continuum spectrum of lesions. The 
natural history suggests that many PPB begin as a lung cyst with a condensation of 
primitive mesenchymal element beneath the epithelium (type I). In subsequent stages, 
the mesenchymal cells expand and overgrow the cyst septa and replace the cyst with a 
cystic and solid (type II) or purely solid (type III) sarcomatous neoplasm. Not all type 
I PPBs progress to type II or III PPBs, and to date, no clinical or biological markers can 
predict which cysts will progress to sarcoma. Type I PPB is a purely cystic neoplasm 
with clinical and radiographic features indistinguishable from congenital lung cysts 
or congenital lobar emphysema. This neoplasm occurs in infants and young children 
(median age 8 months) and show a favorable prognosis. On gross examination, type I 
PPB presents as unilocular or more often multilocular cysts located at the periphery 
of the lung. On histological examination, the cysts are lined by respiratory epithelium 
with cuboidal or columnar ciliated cells. A proliferation of small, round to spindle 
shaped mesenchymal cells (blastema) is present beneath the epithelium. These 
malignant mesenchymal cells, diagnostic of type 1 PPB, may be localized to a limited 
focus, several foci or may grow in a diffuse band beneath the epithelium, resembling 
the cambium layer of a botryoid rhabdomyosarcoma. Scattered cells with prominent 
eosinophilic cytoplasm, consistent with rhabdomyoblastic differentiation and small 
nodules of immature cartilage may be observed in the wall of the cysts. Type II PPB 
are partly solid and partly cystic tumors. Microscopically the cysts are identical to 
those observed in type I PPB, but the tumor cells within the cysts proliferate creating 
a grossly visible thickening of the septa or formation of a solid mass. Type III PPB are 
entirely solid neoplasms. The median ages at diagnosis for types II and III PPB are 35 
and 41 months, respectively. Children with type II or III PPB typically present with 
weight loss, fever, chest pain, shortness of breath, and opacity on chest radiograph. 
Pneumothorax can also occur in type II PPB. Microscopically, the solid areas of type II 
and III PPB are characterized histologically by a mixture of primitive blastematous and 
sarcomatous elements (Figure 2). The blastematous component is composed of small 
undifferentiated cells with scanty cytoplasm, round to ovoid nuclei and numerous 
mitoses. The mesenchymal component can show one or more sarcomatous patterns, 
including undifferentiated sarcoma, EMRS, spindle cell sarcoma and cartilage, usually 
with malignant features. Rhabdomyosarcomatous pattern is the most common and 
consists of a proliferation of polygonal or elongated rhabdomyoblasts with prominent 
eosinophilic cytoplasm occurring singly or in clusters and sheets [30]. Area of necrosis, 
hemorrhage and myxoid degeneration are variably present. In contrast to type I PPB, 
75% of type II PPB and in 85% of type III PPB, show foci of anaplasia, especially in 
the undifferentiated and rhabdomiosarcomatous areas. Immunohistochemistry is 
not essential for the diagnosis but can be used to conϐirm the rhabdomyoblastic or 
cartilagineous differentiation. Type I PPB has no metastatic potential and a 5 years’ 
disease free survival of 80-90%. Type II or III PPB can present with metastasis to 
the brain, bone, local thoracic lymph nodes, and liver. These neoplasms have a poor 
prognosis with a 5 years’ survival rate of less than 50%, even after multimodality 
therapy [31].

DISCUSSION

Rhabdomyoblasts are primitive mesenchymal cells showing variable degree of 
skeletal muscle differentiation. The detection of these cells on histological examination 
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is considered one of the main parameters for the diagnosis of rhabdomyosarcoma. In 
this review, we emphasized that rhabdomyoblastic differentiation may be encountered 
in several pediatric neoplasms other than RMS, including nephroblastoma, 
pleuropulmonary blastoma, malignant triton tumour, infantile rhabdomyoϐibrosarcoma 
and malignant ectomesenchymoma. The awareness that rhabdomyoblastic and skeletal 
muscle differentiation are not limited to rhabdomyosarcoma, is crucial not only to 
correctly classify these neoplasms but also because the chemotherapy protocols used 
to treat patients with RMS may be different than those of other pediatric tumours in the 
differential diagnosis. Clinicopathological features as well as prognostic and treatment 
strategies for pediatric neoplasms showing rhabdomyoblastic differentiation are 
provided in table 1.

A

C

B

D

Figure 2: Pleuropulmonary Blastoma type III. Histological examination showing a solid tumor composed of a mixture 
of blastemal and mesenchymal neoplastic cells (hematoxylin-eosin). (A) Large areas of the tumor consisted of 
spindle cells arranged in intersecting fascicles with a brosarcoma-like growth pattern. (B) Other elds of the tumor 
showed a proliferation of blastemal cells and rhabdomyoblasts in a myxoid stroma. (C) Rhabdomyoblasts displayed 
an oval shape, eccentric nuclei and a densely eosinophilic cytoplasm. (D) Diuse cytoplasmic immunohistochemical 
staining for desmin in rhabdomyoblastic foci.

Table 1: Clinical and prognostic features of Pediatric Soft Tissue neoplasms showing rhabdomyoblastic differentiation.

Age of presentation Prognosis
(5year survival rates) Treatment

RMS 0-20 years
Embryonal 66%

Alveolar 54%
Spindle cell/sclerosing 88%

CT/ RT/WLE

MPNST 28–36 years 39% WLE/ RT

MEM 0-5 years ND WLE/ RT

WT 0-15 anni 90% WLE/CT

PPB 0-5 years ND WLE/ RT

IRMFS 3 months to 3 years ND WLE/ CT

Abbreviations: WLE, wide local excision; CT, chemotherapy; RT, radiotherapy
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