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Abstract
Background: Rhabdomyosarcoma (RMS) is a soft tissue malignant tumor of mesenchymal cell origin, which 
usually shows variable differentiation of muscle cells. It is the most common solid sarcoma in children. The 
most usual site of occurrence are the head and neck regions. RMS presents a variety of histologic features, and 
so differential diagnosis with other small round cell tumors is needed. Hence, it has been very useful to the field 
to undertake additional immunohistochemical studies to determine the diagnosis and, on occasions, to assign 
subtype tumors.
Material and Methods: A systematic review of three databases (Medline, Biological Science Collection and Health 
& Medical Collection) was carried out with the purpose of analyzing rhabdomyosarcoma cases reported in the 
literature, specifically with localization in the head and neck regions in children. This strategy allowed us to 
identify the main anatomical site of appearance, the subtype of RMS, average age, histologic characteristics and 
immunohistochemistry markers used in a usual and any additional way.
Results: According to the selection criteria in this systematic review, twelve articles, and fourteen cases were 
identified that highlight that the histological diagnosis usually presents cellular heterogeneity. Therefore, immu-
nohistochemistry is needed to confirm the diagnosis.
Conclusions: Histologic characterization is not always sufficient for a conclusive diagnosis of RMS. Therefore, 
immunohistochemistry is helpful to determine the subtype and consequently, sometimes the behavior, treatment 
and prognosis. Additional markers may vary according to the institution and the need of particular cases.
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Introduction
Rhabdomyosarcoma (RMS) is a soft tissue malignant 
tumor of mesenchymal cell origin with cellular diver-
sity and variable differentiation of muscle cells. It rep-
resents approximately 5% of malignant neoplasms in 
children, being the most common sarcoma in pediatric 
age (1). More than 50% of RMS are diagnosed within 
the first decade of life. According to the World Health 
Organization classification, four main RMS subtypes 
can be identified: embryonal, alveolar, pleomorphic, 
and spindle/sclerosing RMS (2). The most common site 
of occurrence are the head and neck regions, followed 
by the genitourinary tract and the extremities (3).
It is reported in previous literature that RMS can pres-
ent a variety in their histologic features: especially the 
embryonal and alveolar subtypes can show cellularity 
with appearance of small and round, primitive cells. 
Consequently differential diagnosis with other small 
round cell tumors is needed. In this regard, it is neces-
sary to take advantage of techniques with immunohis-
tochemical markers in order to obtain an accurate and 
specific diagnosis (4). 
The aim of this study was to review the cases reported 
in the literature of rhabdomyosarcomas with localiza-
tion in the head and neck regions in the pediatric age. 
This review allows to describe the main anatomical 
structures involved, the RMS subtypes, and the aver-
age age of presentation. Furthermore, in this study, we 
can highlight the importance of the histological features 
description found in the included cases, and in the most 
recent classification, as well as the immunohistochemi-
cal analysis, in order to obtain an accurate diagnosis, 
which will have repercussion and improvement in clini-
cal practice.

Material and Methods
- Search strategy
An advanced search was performed in the MEDLINE 
database using the words “pediatric” AND “rhabdo-
myosarcoma” AND “head and neck.” This search was 
applied to any section of the document, limited to case 
reports, clinical studies, and clinical trials, and pub-
lished between 2015 and 2022. The result was 34 ar-
ticles, of which 10 were excluded due to title and ab-
stract: 4 of them dealt with cases in children, but not in 
the region of interest; 5 more dealt with cases in adult 
patients, and two more were review articles. Finally, ac-
cording to inclusion criteria, we selected 10 articles.
A new advanced search was introduced in the HEALTH 
& MEDICAL COLLECTION database. The same 
terms were used in the Medical Subject Headings 
(MeSH) “pediatric,” “rhabdomyosarcoma,” and “head 
and neck”. These three terms were combined with the 
Boolean command AND, published between 2015 and 
2022, in the English language. A result of 54 articles 

was obtained: 31 articles were ruled out by the title; 1 
was duplicated; 9 of them dealt with cases out of the 
anatomical region of interest; 11 more dealt with cases 
in adult patients, and 2 remaining were included by title 
and abstract.
An advanced search of the BIOLOGICAL SCIENCE 
COLLECTION database was conducted to find docu-
ments of the type case study and article, published be-
tween 2015 and 2022, in the English language, using the 
words “pediatric” AND “rhabdomyosarcoma” AND 
“head and neck.” 44 articles were found, of which 18 
were excluded due to title, 11 were duplicated, 6 articles 
dealt with cases out of the anatomical region of interest, 
8 more dealt with cases in adult patients, and one more 
was a review article. We eliminated from the analysis 
all of the articles found in this database for the reasons 
mentioned above, so only 12 articles from the first two 
databases form part of this systematic review.
- Inclusion criteria
Overall, the following inclusion criteria were used to 
select the articles for the systematic review:
1) Case reports, clinical studies, and clinical trials type 
of articles.
2) Cases with histological confirmation of the diagnosis 
of rhabdomyosarcoma.
3) Immunohistochemical and/or molecular analysis.
4) Localization of the primary tumor in the head and 
neck area.
5) Presentation in pediatric age (children from birth to 
adolescence, up to eighteen years of age).
6) Articles published in the period from 2015 to 2022.
- Exclusion criteria
The following deviations from the inclusion criteria 
served as a reason to exclude articles from the review:
1) Pure literature review articles without original re-
search.
2) Articles of cases in adults, even when the location of 
the tumor is in the region of interest.
3) Cases were excluded where there is a diagnosis of 
RMS in children, but the location of the neoplasm is in 
a part of the body other than the head or neck.
4) Articles with no mention of histological or immuno-
histochemical diagnostic confirmation.

Results
According to the selection criteria, twelve articles were 
included in this systematic review (Fig. 1) (5) represents 
the PRISMA flow chart of the literature and article se-
lection. We analyzed a total of fourteen RMS cases de-
scribed in the twelve articles reviewed.
The included articles describe case reports of rhabdo-
myosarcoma in the head and neck region in patients of 
pediatric age. In these articles, the authors report the 
following anatomical locations of occurrence of prima-
ry tumors: 4 in paraspinal muscles of the neck, 3 in re-
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the cells are separated by fibrovascular septae. And in 
the spindle cell subtype, a myxoid stroma contained 
round and spindled cells with hyperchromatic nuclei 
and scanty cytoplasm.
Particularly, in the paper by Karanian et al. (14) they 
report three cases of rhabdomyosarcoma in paraspinal 
neck muscles and describe them as a homogeneous type 
of well-differentiated RMS with translocations of the 
SRF gene. According to the report just mentioned, the 
reason the cases are not classified as alveolar or spindle 
cell/sclerosing types is that this histologic pattern de-
scribed as well-differentiated is not usual in those types 
of RMS. In the case of embryonal RMS type, in fact, 
it is commonly composed of mesenchymal cells at dif-
ferent stages of myogenesis, with rhabdomyoblasts, and 
mixed with less differentiated cells. That could well de-
scribe those three cases. However, within the molecu-
lar analysis, they found new fusion genes, SRF-FOXO1 
and SRF-NCOA1, and these anomalies cast doubt on the 
classification of embryonal RMS. Thus, the authors re-
port that histological and genomic analyses suggest that 
the SRF-fused RMS may be a new specific subtype of 
skeletal muscle tumor.
Regarding the immunohistochemical markers used, 
summatively the authors of the sample of articles report 
a strong positivity for vimentin, desmin, myoglobin, 
and muscle specific actin in the alveolar type (Shruta et 
al., 2015). The authors found cytoplasmic positivity for 
desmin and nuclei positivity for myogenin, in embryo-
nal rhabdomyosarcoma, and also in one case positivity 
for MyoD1 (Peters S., Silva J., Morales L., Beghdad M., 
Bhandarkar A.,and Shahidatul-Adha M.). 

gions of the temporal bone, 2 in paranasal sinuses (one 
of them involving right sphenoid and ethmoidal sinus-
es, with extension to the right medial orbital wall; the 
second of them, with a wide invasion, was occupying 
the left sinonasal area, with intracranial extension, in-
volving the cavernous sinus, bifrontal extradural space, 
and left temporal lobe; the mass also extended to both 
orbits, the left nasopharynx, and the oropharynx part), 
1 in the maxilla, 1 in the mandible, 1 in the buccal mu-
cosa, 1 in the conjunctiva, and 1 in the left dorsal aspect 
of the tongue (Table 1).
In terms of tumor subtype, the following are found: 2 al-
veolar; 3 spindle cell/sclerosing, 6 embryonal RMS, and 
finally 3 cases described as a homogenous type of well-
differentiated RMS, characterized by specific translo-
cations of the SRF (Serum Response Factor) gene.
Table 2 summarizes this information for each case re-
ported in the twelve articles, (6-17) taking into account 
the histological description with hematoxylin and eosin 
(H&E) staining and the WHO classification. The age 
range of patients at diagnosis is from six weeks to thir-
teen years. Six of the cases reported in the sample oc-
curred in girls and eight in boys.
The dimensions of the tumors at diagnosis are shown in 
Table 1 (6-17). The smallest tumor measured 1.2 cm and 
the largest tumor was 6.5 cm in diameter.
For the histologic description, each case presents some 
particularity, especially according to the location. How-
ever, they share some common characteristics. For ex-
ample, in the embryonal subtype, small round and blue 
cells with hyperchromatic nuclei and eosinophilic cyto-
plasm were observed. In the case of the alveolar type, 

Fig. 1: PRISMA flow chart of the literature and article selection.



e572

Med Oral Patol Oral Cir Bucal. 2022 Nov 1;27 (6):e569-77. Head and neck rhabdomyosarcoma in children

Author Year Tumor subtype Tumor location Tumor size Age Gender

Shrutha S. (6) 2015 Alveolar Left side maxilla 5x6 cm 1 year Male

Peters S. (7) 2017 Embryonal Right side mandible 7.5x5.9x3.1cm 7 years Male

Silva J. (8) 2018 Embryonal Left buccal mucosa 2.5 cm 13 years Female

Morales L. (9) 2019 Embryonal Right conjunctiva NS <5cm 5 years Female

Beghdad M. (10) 2020 Embryonal Left mastoid 5.8x4.5x3.7cm 3 years Male

Masoudi M. (11) 2020 Spindle cell
Right petrus temporal bone 
with posterior extension to 

cerebellopontine angle
4.6x4.4cm 6 years Male

Bhandarkar A. (12) 2020 Embryonal Right middle ear and 
mastoid NS 5 years Female

Kumar A. (13) 2021 Alveolar

Right sphenoid and eth-
moidal sinuses, with ex-

tension to the right medial 
orbital wall.

4.8x2.5x2.9 
cm 13 years Male

Karanian M. (14) 2020

Well-differenti-
ated RMS, char-
acterized by 
specific trans-
locations of the 
SRF gene

Para-spinal muscles of the 
neck

6cm
6.5 cm
6 cm

1 year
10 months

3 years

Male
Female
Male

Fung C.K. (15) 2022 Spindle cell/
sclerosing

Left dorsal aspect of the 
tongue 1.2 cm 10 years Male

Shahidatul-Adha 
M. (16) 2021 Embryonal

Left sinonasal area, with 
intracranial extension to 
cavernous sinus, bifron-
tal extradural space, and 
left temporal lobe. Also to 
both orbits, left nasophar-
ynx and oropharynx part.

NS 4 years Female

Waldman L. (17) 2018 Spindle cell/
sclerosing

Para-spinal muscles of the 
neck 3.2x1.4x2.1 6 weeks Female

NS (Not specified) Reference: direct source. Information extracted from the articles selected for the systematic review.

Table 1: Summary of relevant data extracted from the articles included in the review.  
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Author Country Tumor 
subtype Histologic description Immunohistochemistry

Shrutha S. 
(6) India ARMS

H&E showed clusters of small round cells with hy-
per chromatic nuclei and eosinophilic cytoplasm 
separated by fibrovascular septae.

Strongly positive for vimentin, 
desmin, myoglobin and muscle 
specific actin. 

Peters S. 
(7) U.S.A ERMS

Small round to spindle shapes cells with hyper-
chromatic nuclei and pale eosinophilic cytoplasm 
with background of collagenized stroma. 

Positive for desmin, MyoD1 and 
myogenin 

Silva J. (8) Brazil
ERMS

(Botryoid 
type)

Ovoid cells with eosinophilic cytoplasm and pleo-
morphic nuclei, arranged in subepitelial cambium 
layer. Areas of reactional hyperplasia of extranod-
al lymphoid tissue. The mucosal surface presented 
a polypoid appearance. 

Strongly and diffusely positive for 
desmin and myogenin. Positive 
for Ki-67 was approximately 80% 
of parenchymal cells. 

Morales 
L. (9) Colombia ERMS

Small round and blue cells with atypia, mitosis, 
fusocellular cells and myxoid areas with the sub-
epitelial layer phenomenon, creating a polypoid 
appearance.

Positive for desmin and myogenin
Negative for LCA, WT-1, 
PAX5,TdT, CD99

Beghdad 
M. (10) Morocco ERMS

H&E dense cellularity of monomorphic, ovoid or 
slightly angular nuclei diffuse tumor proliferation 
with finely granular chromatin. The cytoplasm is 
scanty ill defined. The stroma is thin including 
slightly thickened wall vessels. 

Cytoplasmic positive for desmin 
and nuclei for myogenin 

Masoudi 
M. (11) Iran ScRMS

H&E hypo and hypercellular areas with myxoid 
stroma containing round and spindled cells with 
hyperchromatic nuclei and scanty cytoplasm. 

Strongly positive for desmin and 
MyoD1

Bhan-
darkar A. 

(12)
Iran ERMS

Small round hyperchromatic, pleomorphic nu-
clei, abundant mitosis and spindle-shaped cells 
arranged diffusely in a fibromyxoid stroma with 
congested vessels. Occasional cells with eccentric 
nuclei and eosinophilic cytoplasm. 

Positive for desmin and myogenin 

Kumar A. 
(13) London ARMS

Cells with hyperchromatic nuclei and pale eo-
sinophilic cytoplasm, with occasional presence of 
rhabdomyoblasts. 

Immunohistochemistry studies 
are not specified. But molecular 
analysis is reported. They iden-
tified PAX3/FOXO1 gene rear-
rangement.

Karanian 
M. (14) France

Well-dif-
ferentiated 
RMS, with 

specific 
transloca-
tions of the 
SRF gene

All three cases were characterized by infiltrative 
borders, well-differentiated rhabdomyoblastic 
atypical cells, and a zonal pattern with small nod-
ules at the periphery and large cellular areas at the 
center. 

The three tumors expressed dif-
fusely desmin and heterogeneous 
staining for myogenin and myoD1. 

Fung C.K. 
(15) 

Hong 
Kong ScRMS

Fascicles and focally whorls of spindle cells in a 
collagenous or myxoid stroma, some ectatic blood 
vessels. The spindle cells showed oval or elongated 
nuclei with hyperchromatic chromatin, small dis-
tinct nucleoli, and pale eosinophilic cytoplasm. 

The neoplastic cells expressed 
actin, desmin, MyoD1 and myo-
genin. 

Shahida-
tul-Adha 
M. (16)

Malaysia ERMS
Section of the nasal mass showed tumor infiltra-
tion arranged haphazardly, moderately pleomor-
phic oval to spindle cells with hyperchromatic nu-
clei and mitoses. A myxoid background. 

Focal positivity to desmin and 
myogenin. High proliferative in-
dex- Ki67 of more than 80%.

Waldman 
L. (17) U.S.A ScRMS

Discrete nodules of spindle cells as well as indi-
vidual spindle cells infiltrating among variably 
atrophic skeletal muscle fibers and collagenized 
stroma. Mitoses were conspicuous, and there was 
no anaplasia or significant pleomorphism. 

Scattered nuclear positivity with 
myogenin and strong cytoplas-
mic positivity with desmin. Ki-67 
proliferative index 40% approxi-
mately. 

ARMS (alveolar rhabdomyosarcoma) ERMS (embryonal rhabdomyosarcoma) ScRMS (Spindle cell rhabdomyosarcoma) Reference: direct 
source. Information extracted from the articles selected for the systematic review.

Table 2: Histologic features reported in the articles included in this review.
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And finally, in the spindle cell subtype, strong positivity 
was observed for desmin and MyoD1 (Masoudi M. et 
al.), as well as positivity for myogenin in two other cases 
(Fung C.K., and Waldman L.). The cases described as 
well-differentiated RMS, with specific translocations of 
the SRF gene, diffusely expressed desmin and hetero-
geneous staining for myogenin and myoD1 (Karanian 
M. et al.). It should be noted that the antibody mostly 
observed was myogenin. Therefore, we cannot affirm, 
in the sample of these cases, that an immunomarker is 
specific or more commonly positive in a certain subtype 
of rhabdomyosarcoma.

Discussion
This systematic review of literature allows us now to 
closely examine the following RMS characteristics: an-
atomical location, histologic subtypes and characteris-
tics, immunohistochemical analyses, and clinicopatho-
logical and molecular features.
Anatomical location
Rhabdomyosarcoma (RMS) is the most common soft 
tissue sarcoma of pediatric onset. According to Iatrou et 
al. (18) report, head and neck RMS represent approxi-
mately 35% of the conjunctive tissue malignancies in 
children under nine years of age. The most common 
ones for children and adolescents are those of the ex-
tremities, paratesticular, and genitourinary tract.
The anatomical location in the head and neck region 
can be either parameningeal or non-parameningeal. 
The former are located either in the nasopharynx, nasal 
cavities, paranasal sinuses, infratemporal and pterygo-
palatine fossae, and middle ear. The non-parameningeal 
regions may include any other sites within the head and 
neck (19). In this review, primary tumors were most fre-
quently found in paraspinal muscles of the neck, fol-
lowed by temporal bone sites. The anatomical location 
is relevant, since it influences the prognosis and choice 
and course of treatment. In general, parameningeal 
RMS commonly presents with advanced disease and 
poor prognosis.
Histologic subtypes and characteristics
The main two histologic subtypes are embryonal and 
alveolar. The embryonal subtype represents the most 
common RMS, accounting for approximately 70% of 
cases reported; and typically appears in younger chil-
dren. And the alveolar subtype tends to occur in older 
children and adolescents. Also, it is reported that the 
region of the head and neck used to be more affected by 
embryonal RMS as well, but less common by spindle 
cell RMS (20). In this revision, the main rhabdomyo-
sarcoma subtype diagnosed in the reported cases was 
the embryonal type, followed by spindle cell/sclerosing 
RMS.
With respect to histological characteristics, and as it 
is summarized in Table 2 (6-17); according to the sub-

type, they share the main microscopic description. Mi-
croscopic findings with H&E staining described in a 
detailed manner in the 5th edition of the World Health 
Organization (WHO) soft tissue and bone tumors clas-
sification are as follows: For the embryonal subtype, 
typical ERMS are composed of variable differentiated 
rhabdomyoblasts within loose, myxoid mesenchyme, 
with alternating areas of dense and loose cellularity. 
The relative amount of myxoid matrix and spindled 
cells is highly variable. Occasional poorly differentiated 
ERMSs consist largely of primitive round cells. ARMS 
is highly cellular and composed of primitive round cells 
with scant cytoplasm and hyperchromatic nuclei. Tumor 
cells are arranged in nests separated by fibrovascular 
septa, which frequently exhibit loss of cellular cohesion 
in the center, conferring a pattern of irregular alveolar 
spaces. The spindled neoplastic cells have pale eosino-
philic cytoplasm and blunted, ovoid fusiform, centrally 
located nuclei with small inconspicuous nucleoli. Mi-
totic figures, nuclear atypia, and hyperchromatic nuclei 
are often present (21).
Within the WHO classification; since 2013, and later 
in the 2020 version, rhabdomyosarcomas were classi-
fied as follows according to their histological patterns: 
embryonal rhabdomyosarcoma, with botryoid and ana-
plastic variants; alveolar rhabdomyosarcoma, including 
a solid variant; spindle cell/sclerosing rhabdomyosar-
coma and pleomorphic rhabdomyosarcoma, the latter 
occurs mostly in adults.
Immunohistochemical analyses
On the other hand, after histopathological diagnosis, 
immunohistochemical studies are a very useful tool. 
Alveolar rhabdomyosarcoma is recognized by staining 
strongly for myogenin (>50% of tumor cell nuclei), ei-
ther in its classical or solid variants. Embryonal rhabdo-
myosarcomas use to be heterogeneous in their histologi-
cal patterns; as well as the variable myogenin staining 
that they could show (ranging from 10% to 90% of tu-
mor cells nuclei). Spindle cell/sclerosing rhabdomyosar-
coma, generally has weak to absent myogenin staining, 
but strong nuclear MYOD1 staining (22). In the cases 
of this review there was observed strongly positive for 
vimentin, desmin, myoglobin, and muscle specific actin 
in the alveolar case. Cytoplasmic positive for desmin 
and nuclei positive for myogenin in embryonal rhab-
domyosarcoma. And strongly positive for desmin and 
MyoD1 in the spindle cell rhabdomyosarcoma case. In 
the consensus reported by Rudzinsky et al. the main 
markers in the three groups are myogenin, desmin, and 
MyoD, which are expected to be positive.
Clinicopathological and molecular features
Interestingly, in addition to having already been consid-
ered as a separate subtype in the 2013 WHO classifica-
tion, spindle cell/sclerosing rhabdomyosarcoma, in the 
2020 update, there have been described three subgroups 
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taking into account clinicopathological and molecular 
features. So now there can be identified tumors with 
mutations in MYOD1, mostly seen in adolescents and 
young adult patients. Then, there are tumors with gene 
fusions which includes VGLL2, NCOA2 or CITED2 
that mainly is found in pediatric patients and it has been 
related to a better prognosis. And the last one, tumors 
with no one of these alterations. And also recent charac-
terization of spindle cell/sclerosing rhabdomyosarcoma 
with TFCP2 rearrangement or MEIS-NCOA2 fusion 
that have been related to bone tumors (23).
In this review we found three cases with a diagnosis of 
spindle cell/sclerosing rhabdomyosarcoma, one of them 
does not report molecular findings. The case described 
by Fung et al. (15) report a DCTN1::ALK fusion, join-
ing exon 26 of the DCTN1 gene and exon 20 of the ALK 
gene. And they did not find a mutation in the MYOD1 
L122 region. Waldman et al. (17) report the presence 
of VGLL2 gene rearrangement, and no abnormalities in 
the NCOA2 gene.
Agaram et al. (24) reported the identification of re-
current mutations in MYOD, related to an aggressive 
tumoral behavior. Alaggio and coworkers (25) identi-
fied VGLL-2-related fusions in spindle cell/sclerosing 
rhabdomyosarcoma in children. And also Mosquera et 
al. (26) reported a gene rearrangement in spindle cell 
rhabdomyosarcoma in pediatric patients. To mention a 
few, and which are currently taken into consideration, 
in specific cases as part of the molecular diagnosis, and 
as an important point in the therapy to be followed.
Immunohistochemistry markers used by the main study 
groups in the field
In order to enrich the present review, we include infor-
mation reported by Rudzinski et al. (22) in their publi-
cation about a consensus of diagnostic criteria compiled 
from the leading study groups in the field: Children ś 
Oncology Group (COG), European Paediatric Soft 
Tissue Sarcoma Study Group (EpSSG), and the Coop-
erative Weichteilsarkom Studiengruppe (CWS). These 
three groups use the 2020 WHO RMS histological clas-
sification. Also, as used in the cases reported in this re-
view, the following immunohistochemical markers are 
employed for diagnosis confirmation: myogenin, des-
min, and MyoD1. All three groups report strong posi-
tivity for myogenin >50% of ARMS nuclei. According 
to them, ARMS also require FISH analysis for detection 
of the PAX3/PAX7-FOXO1 fusion gene.
All groups employ additional immunohistochemical 
analysis in order to determine the subtype, and they 
present slight differences between tests. According to 
their logarithms and according to histological patterns, 
in the case of embryonal type, variable myogenin stain-
ing may be present, ranging from 10% to 90% of neo-
plastic cell nuclei. For ERMS, COG includes nuclear 
HMGA2 positivity and relatively weak staining for AP-

2beta. In the same subtype, EpSSG includes HMGA2 
and EGFR positivity and the absence of staining for 
AP2beta and P-Cadherin. And lastly, CWS uses posi-
tivity for EGFR and negative staining for P-Cadherin. 
COG for ARMS confirmation diagnosis uses and rec-
ognizes strong diffuse nuclear AP2beta staining, with 
weak to absent HMGA2 staining. EpSSG employs the 
same two last for ARMS, and additionally positivity 
for P-Cadherin and negative for EGFR. CWS, on the 
other hand, requires P-Cadherin positivity and negativ-
ity for EGFR. In the case of the spindle cell/sclerosing 
subtype the staining for myogenin use to be weak or 
even absent, but it shows strong nuclear MYOD1 stain-
ing (summarized in Table 3), information adapted from 
the article by Rudzinski E. et al. (22).
Although there are certain particularities as to how 
each group assigns the tumor subtype, there is a gen-
eral consensus among pathologists as to what are con-
sidered minimal or standard clinical diagnostic criteria, 
addressing the criteria and characteristics described by 
the WHO. Consideration will only be necessary in those 
special cases where the histology is ambiguous (i.e. Ka-
ranian M. et al.) or a specific marker is suggested to in-
fluence the tumor behavior, prognosis, or plan of treat-
ment. It should also be noted that it has been possible to 
identify an increasing variety of molecular anomalies 
in this type of sarcomas with the use of molecular tech-
niques.

Conclusions
Rhabdomyosarcomas (RMS) are soft tissue sarcomas, 
which more frequently occur in the pediatric age, and 
a large percentage within the first decade of life. A sys-
tematic review of relevant literature has been conducted, 
identifying and analyzing fourteen cases across twelve 
comparable scientific articles. About half of RMS cases 
are diagnosed in the head and neck region. The most 
frequent subtype is embryonal. In the histological diag-
nosis, they usually present cellular heterogeneity, dis-
tinctively the phenotype of cells with differentiation to 
skeletal muscle and primitive round and hyperchromat-
ic cells. This sometimes makes an accurate diagnosis 
difficult. In most cases, as seen in the reviewed sample, 
histomorphologic analysis by hematoxylin and eosin 
staining with additional myogenin immunohistochem-
istry is sufficient to confirm the diagnosis and define 
the subtype. On occasions, other markers or molecular 
analysis will be necessary to recognize the histologic 
subtype and its potential incorporation into diagnostic 
and prognostic tests, as well as their possible influence 
on therapeutic options. We could highlight the impor-
tance of the histological features description, as well as 
the immunohistochemical and molecular analysis, in 
order to obtain an accurate diagnosis, which will have 
repercussion and improvement in clinical practice.
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Children ś Oncology Group (COG) European Paediatric Soft Tissue 
Sarcoma Study Group (EpSSG)

Cooperative Weichteilsarkom Studi-
engruppe (CWS)

ERMS (+) Myogenin, desmin and MyoD
(-) AP2 beta
(+) HMGA2
Do not perform fusion status test-
ing (If adequate clinicopathological 
features)

(+) Myogenin, desmin and MyoD
(-) AP2 beta
(+) HMGA2
(-)P-cadherin
(+) EGFR
FISH/RT-PCR:
(-)PAX3/7 and FOXO1

(+) Myogenin, desmin and MyoD
(+) EGFR
(-) P-cadherin
Do not perform fusion status test-
ing (If adequate clinicopathological 
features)

ARM (+) Myogenin, desmin and MyoD
(+) AP2 beta
(-) HMGA2
FISH for FOXO1, if negative, FISH 
for PAX3/7

(+) Myogenin, desmin and MyoD
(+) AP2 beta
(-) HMGA2
(+)P-cadherin
(-) EGFR
FISH/RT-PCR:
PAX3/7 and FOXO1

(+) Myogenin, desmin and MyoD
(-) EGFR
(-) P-cadherin
FISH for FOXO1, if negative, PAX3. 
If negative, RT-PCR for FOXO1, 
PAX3

ScRMS (+) Myogenin, desmin and MyoD
(+/-) AP2 beta
(+/-) HMGA2
If MyoD1 strongly +:
●	 Infant>1year of age, RT-PCR 

for MYOD1 mutation
●	 Infant <1 year of age, test for 

VGLL2/NCOA2

(+) Myogenin, desmin and MyoD
(-) AP2 beta
(+/-) HMGA2
(-)P-cadherin
(+) EGFR
If MyoD1 strongly +:
●	 Infant>1year of age, RT-PCR 

for MYOD1 mutation
●	 Infant <1 year of age, test for 

VGLL2/NCOA2

(+) Myogenin, desmin and MyoD
(+) EGFR
(-) P-cadherin
If + for MyoD1 :
●	 Infant>1year of age, RT-PCR 

for MYOD1 mutation
●	 Infant <1 year of age, FISH for 

VGLL2/NCOA2

ARMS (alveolar rhabdomyosarcoma) ERMS (embryonal rhabdomyosarcoma) ScRMS (Spindle cell rhabdomyosarcoma), (+) Positive, (-) Nega-
tive. Minimal immunohistochemistry tests are highlighted in bold letters.

Table 3: Diagnostic algorithm used by the three leading groups in the field of RMS diagnosis.
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