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A B S T R A C T   

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children and adolescents under the age of 
20. The current World Health Organization (WHO) classification for soft tissue and bone tumors recognizes 4 
distinct subtypes of RMS based on clinicopathological and molecular genetic features: embryonal, alveolar, 
spindle cell/sclerosing and pleomorphic subtypes. However, with the increased use of molecular techniques, the 
classification of rhabdomyosarcoma has been evolving rapidly. New subtypes such as osseus RMS harboring 
TFCP2/NCOA2 fusions or RMS arising in inflammatory rhabdomyoblastic tumor have been emerging within the 
last decade, adding to the complexity of diagnosing skeletal muscle tumors. This review article provides an 
overview of classically recognized distinctive subtypes as well as new, evolving subtypes and discusses important 
morphologic, immunophenotypic and molecular genetic features of each subtype including recommendations for 
a diagnostic approach of malignant skeletal muscle neoplasms.   

1. Introduction 

The diagnosis of rhabdomyosarcoma (RMS) has undergone signifi
cant evolution over the past decade. Historically, clinical and research 
efforts primarily focused on the histologic and immunophenotypic fea
tures of RMS. However, we now recognize that morphology is shaped by 
underlying molecular alterations. Ongoing studies are also actively 
seeking additional molecular markers that can inform risk stratification 
and guide the treatment of patients with RMS. Consequently, molecular 
diagnostics are becoming increasingly crucial in the field of RMS. Over 
the next ten years, we can expect to identify more prognostic biomarkers 
as clinical and research tools continue to advance, and pathology will 
need to adapt accordingly. 

The evolution of RMS diagnosis has moved from the gross recogni
tion of sarcoma botryoides [1], to the histologic identification of prog
nostically significant RMS subtypes, including embryonal and alveolar 
patterns [2], and now includes the standard consideration of significant 
cytogenetic and molecular markers, such as the presence or absence of a 
FOXO1 gene fusion in specific cases [3–5]. 

The aim of this article is to provide a current overview of the state of 
RMS diagnosis, what pathologists need to understand for accurate 
diagnosis and risk assessment, and to anticipate the changes that may lie 

ahead in the future. 

2. Embryonal rhabdomyosarcoma 

Embryonal Rhabdomyosarcoma (ERMS) constitutes 70–80 % of all 
RMS diagnoses [6,7]. While one-third of ERMS cases are diagnosed 
within the first 5 years of life, they can manifest at any age, including 
adulthood. Notably, around half of ERMS cases originate in the head and 
neck region, including the orbit, while the other half occur in the 
genitourinary system. Although ERMS can occasionally occur in the 
biliary tract, liver, retroperitoneum, and abdomen, it is infrequently 
found in the extremities. 

ERMS derives its name from its morphological resemblance to em
bryonic skeletal muscle development [8]. Similar to embryonic skeletal 
muscle, ERMS is typically characterized by primitive, stellate mesen
chymal cells within a myxoid stroma (Fig. 1A–B), often displaying var
iable tumor cellularity with regions of densely packed cells. In some 
cases, these dense areas can predominate, leading to potential mimicry 
of Alveolar Rhabdomyosarcoma (ARMS) [9]. Nevertheless, ERMS nuclei 
often exhibit more angulation, and rhabdomyoblastic differentiation is 
more frequently observed. This differentiation can manifest as strap cells 
(characterized by elongated tails of eosinophilic cytoplasm with 
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cross-striations) or terminal differentiation, which includes myotube 
formation. Occasionally, tumors, particularly those in the paratesticular 
region, present with a predominant spindle cell pattern [10]. Histori
cally, these tumors have been variably diagnosed as the spindle cell 
variant of ERMS or spindle cell RMS, but they are more appropriately 
classified as ERMS with a spindle growth pattern. ERMS occurring in the 
uterine cervix, uterine corpus, ovary, fallopian tube, and vagina often 
contain heterologous cartilage, especially those arising in the cervix. 
This group of tumors has recently been recognized to share histological, 
immunophenotypic, genetic, and epigenetic similarities with other 
DICER1-altered tumors, including pleuropulmonary blastoma [11,12]. 

A subset of RMS cases may exhibit anaplasia, with ERMS being the 
most common subtype to display this feature. Anaplasia in RMS is 
characterized by the presence of enlarged (more than four times the size 
of typical tumor nuclei) and hyperchromatic tumor nuclei (Fig. 1C) and/ 
or atypical mitotic figures [13]. According to this definition, recent re
views have reported that up to 25 % of RMS cases exhibit at least focal 
anaplasia. Although anaplasia itself has not demonstrated significant 
prognostic value in multivariate analyses, it is more frequently observed 
in tumors with TP53 mutations [13]. 

ERMS exhibits a distinctive immunohistochemical staining pattern. 
The expression of myoD1 and myogenin serves to confirm skeletal 
muscle differentiation, even when not evident morphologically. 
Notably, myogenin expression can vary (Fig. 1D), ranging from 10 % to 
80 %, though it does not approach the near-universal expression seen in 
ARMS; see discussion below [14]. 

In terms of genetic characteristics, ERMS is typically aneuploid, often 
featuring whole chromosome gains of 8, 2, 11, 12, 13, and/or 20, along 
with frequent losses of chromosomes 10 and 15 [15,16]. Furthermore, 
most ERMS cases exhibit loss of heterozygosity at several loci on chro
mosome 11, resulting from chromosome loss, deletion, or uniparental 
disomy [17]. Among these loci, 11p15.5 is one of the most frequently 
implicated. This region encompasses genes encoding IGF2 and other 
growth factors, as well as tumor suppressors like CDKN1C [18]. In 
addition to these prominent genomic alterations, somatic driver 

mutations are identified in up to 75 % of ERMS cases [19,20]. These 
mutations involve the RAS pathway (including NRAS, KRAS, HRAS, 
NF1, and FGFR4), effectors of the PI3K pathway (PTEN and PIK3CA), 
genes controlling the cell cycle (FBXW7 and CTNNB1), and epigenetic 
modifiers (BCOR). While some of these mutations are more prevalent in 
specific patient groups (e.g., KRAS or HRAS mutations are found in 70 % 
of infants under one year of age), none have demonstrated prognostic 
significance [20,21]. A recent study has suggested a correlation of 
chromosome 3q loss with a worse outcome in a small subset of 
fusion-negative RMS [22]. 

As previously mentioned, a subset of tumors classified as ERMS ex
hibits DICER1 mutations. These mutations may be somatic or germline. 
Several genetic syndromes predispose individuals to ERMS, including 
the RAS-opathies (Costello syndrome, neurofibromatosis type 1, and 
Noonan syndrome), DICER1 syndrome, Beckwith-Wiedemann syn
drome, and Li-Fraumeni syndrome [23]. 

To date, the only potential prognostic biomarker in ERMS is the 
presence of a TP53 mutation, identified in approximately 10 % of ERMS 
cases [19] and if present, is associated with worse outcome [13]. While 
limited data is available on immunohistochemistry to assess underlying 
TP53 mutations in ERMS, strong, diffuse nuclear reactivity or a complete 
absence of nuclear reactivity in tumor cells may justify further 
sequencing studies [24,25]. 

Currently, the diagnosis of ERMS relies on morphological and/or 
immunophenotypic criteria and does not mandate additional molecular 
or cytogenetic testing. However, in cases where the diagnosis is unclear, 
such as when a “dense” ERMS pattern raises the possibility of ARMS, 
FOXO1 fusion status assessment is recommended. Similarly, when 
considering other RMS subtypes like spindle cell/sclerosing RMS, 
diagnostic molecular evaluation for MyoD1 alterations is advisable. 
TP53 sequencing should also be considered, particularly in the presence 
of morphologic anaplasia (discussed below). 

Fig. 1. Embryonal Rhabdomyosarcoma 1 A: Classic ERMS often shows hypercellular areas alternating with hypocellular areas. 1 B: High-power photograph of 
primitive ovoid to spindled cells with scattered rhabdomyoblasts. 1C: Up to 25 % of ERMS may show areas of anaplasia. Note the presence of strap cells. 1D: 
Myogenin expression is usually focal but strong. 
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2. Alveolar Rhabdomyosarcoma 

ARMS constitutes around 20 % of all diagnoses of RMS [6]. ARMS is 
more frequently diagnosed in adolescents and young adults, although it 
can manifest at any age, including in older adults. ARMS tends to 
develop with a preference for anatomical locations such as the extrem
ities, head and neck region, as well as the perineal and paraspinal re
gions [7]. 

Histologically, ARMS exhibit a monomorphic round cell appearance 
(Fig. 2A). These cells can be arranged in sheets (solid pattern) or may be 
found adhering to thin fibrovascular septae (alveolar pattern) [26] 
(Fig. 2B). While multinucleated cells with a wreath-like arrangement of 
nuclei are common (Fig. 2C), well-differentiated rhabdomyoblasts are 
encountered infrequently, and frank anaplasia is uncommon [13]. Early 
studies of rhabdomyosarcomas (RMS) demonstrated that ARMS were 
associated with a poor prognosis [27]. Approximately 25–30 % of pa
tients with ARMS present with metastatic disease, which may include 
bone marrow involvement, mimicking leukemia in presenting symp
toms [7]. 

ARMS have a characteristic immunohistochemical staining pattern. 
Most notably, ARMS show strong diffuse staining for myogenin [14,28, 
29]. Nearly all ARMS show nuclear myogenin staining in >50 % of 
tumor nuclei (Fig. 2D), with many tumors show closer to 100 % staining 
of tumor cells making this a key diagnostic feature [9]. Desmin and 
MyoD1 will show variable expression, supporting skeletal muscle dif
ferentiation, but are less useful in aiding in distinguishing ARMS from 
other subtypes. 

While not commonly employed by authors (JLD and CAD), addi
tional immunohistochemical stains may also be useful in confirming the 
subtype, including AP2beta, HMGA2, P-cadherin, and EGFR [14,28,29]. 
Several studies, including both gene expression arrays and immuno
histochemical techniques, have shown that AP2beta and P-cadherin are 
strongly expressed in ARMS that harbor the characteristic FOXO1 gene 
rearrangement (discussed below), while HMGA2 and EGFR are weakly 
expressed, if at all [14,28]. In this context, a panel of stains may serve as 

a reliable surrogate for the presence or absence of a gene fusion, and 
these tools are widely utilized by various pediatric cooperative oncology 
research groups, including the Children’s Oncology Group, European 
Pediatric Soft Tissue Sarcoma Group, and Cooperative 
Weichteilsarkom-Studiengruppe [6,30]. 

ARMS are well-characterized molecularly. The majority (80–90 % of 
cases) harbor translocations involving FOXO1 (13q14.11) with either 
PAX3 (2q36.1) or PAX7 (1p36.13) [18, 19]. PAX3::FOXO1 fusions are 
found in 60–70 % of ARMS, and PAX7::FOXO1 fusions are found in 
10–20 %; the final 10–20 % do not show evidence of a FOXO1 gene 
fusion by traditional testing methods (see below for more details on this 
subset of ARMS) [31]. 

Multiple cooperative group studies have demonstrated that it is the 
presence of this FOXO1 gene rearrangement that is associated with a 
worse prognosis, while ARMS lacking evidence of a FOXO1 gene fusion 
far more favorably and have an outcome similar to ERMS [3,5]. 
Therefore, the analysis of FOXO1 fusion status is a key component of the 
diagnosis of ARMS. It remains unclear whether the specific FOXO1 
fusion partner conveys prognostic significance. Some studies suggest 
that PAX3::FOXO1 fusions convey a worse prognosis, while PAX7:: 
FOXO1 fusions may have a better outcome [5,32]. However, this has not 
yet been confirmed in large prospective clinical trials. 

Additionally, a minority of ARMS have variant gene fusions, 
including PAX3 with FOXO4, NCOA1, INO80D, or FOXO1 with FGFR1 
[3,19,33–35]. Little is known about the histologic features of these 
fusion variant tumors or whether they behave more like fusion-positive 
or fusion-negative RMS. In some reports, individual cases show a poor 
outcome [34], while others suggest these tumors may also behave more 
like ERMS [36]. Given the increasing detection of these fusion variants 
with current sequencing techniques, results of sequencing studies per
formed as part of current clinical trials will hopefully inform how best to 
identify tumors that harbor variant fusions, how variant fusion partners 
may affect prognosis, and whether identification of the specific fusion 
partners is necessary to appropriately guide therapy. Additionally, 
ongoing studies currently are looking at epigenetic profiles of ARMS 

Fig. 2. Alveolar Rhabdomyosarcoma 2 A: Low power demonstrates sheets of cells arranged in an alveolar pattern. 2 B: Intermediate power of the alveolar 
arrangement of numerous variably differentiated rhabdomyoblasts. 2C: High-power demonstrate predominantly round cells with occasional pleomorphic and 
multinucleated forms. 3D: Myogenin is usually diffusely positive in ARMS. 
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with conventional FOXO1 gene fusions in comparison to these more 
unusual variant fusions; further analysis is needed to better understand 
their relationship. 

Other molecular alterations may also be encountered in ARMS. In 
approximately 90 % of ARMS with a PAX7::FOXO1 fusion, the 1p36 
locus (which includes the PAX7 gene) and the 13q13 locus (which 
contains FOXO1 and LOC646982) are amplified, while it is only 
amplified in approximately 10 % of PAX3::FOXO1 ARMS [37]. Identi
fication of this amplification may suggest that PAX7 is the partner with 
FOXO1 when this is encountered on break-apart fluorescence in situ 
hybridization (FISH) studies. Some studies have suggested that it is this 
amplification that is associated with an improved prognosis in PAX7:: 
FOXO1 ARMS, but this has not been proven to be a prognostic marker in 
multivariate analysis and may reflect the predominance of PAX7:: 
FOXO1 fusions in this subgroup [37]. Approximately 10–15 % of ARMS 
have amplifications of 2p24 (including MYCN) [38] and 12q13-q14 
(including CDK4), most commonly in the setting of PAX3::FOXO1 fu
sions [20]. These amplifications may be associated with a worse prog
nosis, but larger analyses are needed to confirm this finding. 
Interestingly, TP53 mutations are rarely found in ARMS (<4 %), but 
when present, they convey an extremely poor outcome [20]. 

In the authors’ experience, the diagnosis of ARMS may be accom
plished through morphology and immunohistochemistry (with >50 % of 
cells showing nuclear myogenin expression). However, the key prog
nostic marker in ARMS remains the presence or absence of the FOXO1 
gene fusion. Therefore, molecular analysis for FOXO1 gene fusion is 
necessary in all cases for prognosis, and in the future, knowledge of 
specific fusion partners and the incorporation of other markers 
(including MYCN or TP53) may also become a part of risk stratification. 

3. Spindle cell rhabdomyosarcoma 

The first mention of “spindle cell RMS” was in 1992 [39] as a 
morphologically distinct variant of ERMS based on its spindled 
morphology, predilection for the paratesticular region and the favorable 
outcome. Subsequent studies showed that while the spindle cell rhab
domyosarcomas occurring in childhood and within the paratesticular 
region had a favorable outcome, spindle cell rhabdomyosarcomas in 
other locations and in adults had an aggressive biologic behavior [10, 
40–43]. A few years later, sclerosing RMS was recognized to be part of 
the morphologic spectrum of spindle cell RMS [42,44]. Based on this 
data, the group of spindle cell/sclerosing RMS (ssRMS) was 

Fig. 3. Spindle cell Rhabdomyosarcoma 3 A: Classic spindle cell RMS demonstrates fascicles of spindle cells with areas of prominent hyalinization seen in 3 B. 3C: A 
pseudoalveolar pattern is occasionally encountered. 3D: This is an example of an osseous tumor harboring a MEIS1::NCOA2 fusion; 3 E: High power of the MEIS1:: 
NCOA2 tumor demonstrates spindled to epithelioid cells arranged in a whorled pattern. 3 F: This is an example of a FUS::TFCP2-rearranged osseous tumor with mixed 
spindled and epithelioid features that was diffusely positive for ALK by immunohistochemistry (inlet). 
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characterized in the 2013 WHO as a distinctive entity [45]. Since then, 
our understanding and the biologic classification of SSRMS has rapidly 
transformed. We now recognize at least 3 distinct clinicopathologic and 
molecular subclasses of spindle cell RMS with likely more subclasses 
coming in future years. And at least a significant subset of the tumors of 
the paratestis first to be dubbed “spindle cell rhabdomyosarcoma” are 
now thought by many pathologists including the current authors to 
represent a spindle cell variant of ERMS (see above). 

3.1. MyoD1 mutated spindle cell/sclerosing RMS 

MyoD1 mutated ssRMS typically arise in adolescents and young 
adults (but have been described in children as young as 2 years of age) 
and most commonly involves the head and neck region, trunk, and ex
tremities [46,47]. Morphologically, this subgroup tends to show both 
spindled and/or sclerosing patterns (Fig. 3A–B) with a variable degree of 
rhabdomyoblastic differentiation. High-grade morphologic features 
such as increased mitotic count and the presence of tumor necrosis are 
often encountered. In the case of predominantly spindled morphology, 
these tumors may resemble leiomyosarcoma. In contrast, cases of pre
dominantly to purely sclerosing morphology may display microalveolar 

features (Fig. 3C), some with variably differentiated rhabdomyoblasts 
[48]. By immunohistochemistry, this subgroup of ssRMS tends to show 
weak to absent myogenin staining and variable (including minimal) 
desmin expression. However, MyoD1 staining is typically strong and 
diffuse. These tumors uniformly show an L122R mutation in MyoD1, 
which has been shown to convey MYC-like properties [49]. Accordingly, 
these tumors have a poor prognosis. 

3.2. Infantile spindle cell RMS 

Infantile spindle cell RMS [7] which, as the name suggests, occurs in 
patients under 2 years of age and has a predilection for the neck and 
trunk, followed by the extremities [47,50]. On histology, some of these 
tumors tend to resemble infantile fibrosarcoma (and some of these tu
mors may have been reported in earlier studies as so called infantile 
rhabdomyofibrosarcoma [51]). They are composed of relatively mono
morphic spindle cells with scant eosinophilic cytoplasm and rare, small 
nucleoli growing in short intersecting fascicles. In some cases, the 
hypercellular spindle cell areas occur in turn with hypocellular areas 
comprised of collagen bundles with only scattered tumor cells. Other 
tumors are more reminiscent of leiomyosarcoma with elongated nuclei 

Fig. 4. Uncommon subtypes of Rhabdomyosarcoma 4 A, B: Pleomorphic RMS is usually characterized by loosely arranged sheets of pleomorphic cells with bizarre 
nuclear features and brightly eosinophilic cytoplasm. 4C, D: Epithelioid RMS presents as a distinctly epithelioid neoplasm with frequent mitotic figures and is only 
focally positive for myogenin (inlet of 4D). It shows diffuse MyoD1 expression (4 E). 4 F: This is an example of a case of RMS that arose within IRMT. Note the 
monotonous appearing relatively small rhabdomyoblasts with scattered admixed lymphocytes. 
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nomenclature recognizes EM as a subtype of RMS, defined morpholog
ically by areas of embryonal RMS-like tumor intermixed with neuro
blastic elements. Immunohistochemistry can highlight these two 
respective components with desmin/myogenin expression in the RMS 
component and synaptophysin in the neuroblastic elements; however, 

the diagnosis relies on morphological features and should not be made 
based on immunohistochemical staining alone (as RMS may express 
S100 or synaptophysin). Clinically, these tumors behave similar to 
ERMS [80,81] with patients ≤3 years of age, tumor size <10 cm and 
superficial location showing a favorable outcome. Tumors are staged 

Fig. 5. A suggested algorithm for differentiating skeletal muscle neoplasms. Red: RNA-based alterations; blue: DNA-based alterations; * FISH tests available for 
FOXO1 and FUS/EWSR1 R = retained; SRMS = spindle cell rhabdomyosarcoma; NOS = Not otherwise specified; seq = sequencing; CNV = copy number variation; ex- 
IRMT = arising in inflammatory rhabdomyoblastic tumor. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 

Table 1 
Overview of currently recognized rhabdomyosarcoma subtypes.  

RMS subtype Morphology Immunohistochemistry Genetic features 

Embryonal RMS Primitive ovoid, angulated to spindle cells, scattered 
rhabdomyoblasts; subset with diffuse anaplasia 

Desmin +++

Myogenin +/++

Frequent chromosomal gains and losses; LOH at 11p15.5; 
Mutations in HRAS, NRAS, KRAS, FGFR4, PIK3CA, NF1, FBXW7, 
BCOR, MYC; additional TP53 mutation 

Alveolar RMS Monotonous round cells; may be arranged in an 
alveolar pattern 

Desmin +++

Myogenin +++

PAX3::FOXO1/PAX7::FOXO1 fusions 

Spindle cell RMS of 
MYOD1-mutated type 

Fascicles of spindle cells; Primitve round cells with 
dense sclerosis and pseudoalveolar pattern; 
rarerhabdomyoblasts 

Desmin ++/++++

MyoD1 +++

Myogenin +

MyoD1 L122R mutation 

Osseous spindle cell 
RMS 

Mixed spindled to epithelioid; less frequently purely 
spindled or epithelioid 

Desmin ++/+++

MyoD1 ++

Myogenin +

FUS/EWSR1::TFCP2 fusions (~90 %), MEIS1::NCOA2 fusions 
(~10 %) 

Fusion-driven spindle 
cell RMS of varying 
type 

Variable morphological features Desmin variable 
MyoD1 variable 
Myogenin variable 

Various 

Spindle cell RMS, NOS Non-descript spindle cell sarcoma with 
rhabdomyoblastic differentiation 

Desmin variable 
MyoD1 variable 
Myogenin variable 

TBD 

Pleomorphic RMS Pleomorphic, large rhabdomyoblasts, high-grade 
features 

Desmin +/++

MyoD1 ++

Myogenin +

Frequent chromosomal gains and losses 

Epithelioid RMS Distinctly epithelioid morphology, reminiscent of 
carcinoma or melanoma 

Desmin +/++

MyoD1 ++

Myogenin +

TP53 mutations; TBD 

RMS arising in IRMT Epithelioid to rhabdoid or undifferentiated spindled 
to epithelioid 

Desmin +/++

MyoD1 +
Myogenin +

Near haploid genome, retained heterozygosity of chr5 and 22; 
additional gains and losses involving CDKN2A and CDKN2B 

RMS = rhabdomyosarcoma; IRMT = inflammatory rhabdomyoblastic tumor; TBD = to be determined; chr = chromosome; + focal, ++ moderate; +++ diffuse. 

C.A. Dehner et al.                                                                                                                                                                                                                               

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



http://refhub.elsevier.com/S0046-8177(23)00251-4/sref1
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref1
https://doi.org/10.1097/PAP.0b013e3182a92d0d
https://doi.org/10.1097/PAP.0b013e3182a92d0d
https://doi.org/10.1002/pbc.24532
https://doi.org/10.1200/JCO.2011.38.5591
https://doi.org/10.1200/JCO.2011.38.5591
https://doi.org/10.1200/JCO.2009.26.3814
https://doi.org/10.1200/JCO.2009.26.3814
https://doi.org/10.1002/pbc.28798
https://doi.org/10.1002/pbc.28798
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref7
https://doi.org/10.1038/modpathol.3880339
https://doi.org/10.1038/modpathol.3880339
https://doi.org/10.1309/AJCPA1WN7ARPCMKQ
https://doi.org/10.1309/AJCPA1WN7ARPCMKQ
https://doi.org/10.1097/00000478-199303000-00002
https://doi.org/10.1097/00000478-199303000-00002
https://doi.org/10.1097/PAS.0000000000001933
https://doi.org/10.1097/PAS.0000000000001933
https://doi.org/10.1002/gcc.22913
https://doi.org/10.1016/j.ejca.2020.10.018
https://doi.org/10.1097/PAS.0000000000000195
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref15
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref15
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref15
https://doi.org/10.1002/gcc.10026
https://doi.org/10.1002/ajmg.a.37949
https://doi.org/10.1002/gcc.23194
https://doi.org/10.1158/2159-8290.CD-13-0639
https://doi.org/10.1200/JCO.20.03060
https://doi.org/10.1111/his.14449
https://doi.org/10.1200/PO.23.00037
https://doi.org/10.1200/PO.23.00037
https://doi.org/10.1200/PO.20.00218
https://doi.org/10.1590/s0103-64402010000100011
https://doi.org/10.1590/s0103-64402010000100011
https://doi.org/10.1097/00043426-199701000-00007
https://doi.org/10.1097/00043426-199701000-00007
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref26
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref26
https://doi.org/10.1002/1097-0142(195801/02)11:1<181::aid-cncr2820110130>3.0.co;2-i
https://doi.org/10.1002/1097-0142(195801/02)11:1<181::aid-cncr2820110130>3.0.co;2-i
https://doi.org/10.1111/j.1365-2559.2009.03303.x


�+�X�P�D�Q �3�D�W�K�R�O�R�J�\ ������ ������������ �����²����

80

[29] Wachtel M, Runge T, Leuschner I, et al. Subtype and prognostic classification of 
rhabdomyosarcoma by immunohistochemistry. J Clin Oncol 2006;24(5):816–22. 
https://doi.org/10.1200/JCO.2005.03.4934. 

[30] Hettmer S, Linardic CM, Kelsey A, et al. Molecular testing of rhabdomyosarcoma in 
clinical trials to improve risk stratification and outcome: a consensus view from 
European paediatric Soft tissue sarcoma Study Group, Children’s Oncology Group 
and Cooperative Weichteilsarkom-Studiengruppe. Eur J Cancer 2022;172:367–86. 
https://doi.org/10.1016/j.ejca.2022.05.036. 

[31] Barr FG, Smith LM, Lynch JC, et al. Examination of gene fusion status in archival 
samples of alveolar rhabdomyosarcoma entered on the Intergroup 
Rhabdomyosarcoma Study-III trial: a report from the Children’s Oncology Group. 
J Mol Diagn 2006;8(2):202–8. https://doi.org/10.2353/jmoldx.2006.050124. 

[32] Sorensen PH, Lynch JC, Qualman SJ, et al. PAX3-FKHR and PAX7-FKHR gene 
fusions are prognostic indicators in alveolar rhabdomyosarcoma: a report from the 
children’s oncology group. J Clin Oncol 2002;20(11):2672–9. https://doi.org/ 
10.1200/JCO.2002.03.137. 

[33] Barr FG, Qualman SJ, Macris MH, et al. Genetic heterogeneity in the alveolar 
rhabdomyosarcoma subset without typical gene fusions. Cancer Res 2002;62(16): 
4704–10. 

[34] Liu J, Guzman MA, Pezanowski D, et al. FOXO1-FGFR1 fusion and amplification in 
a solid variant of alveolar rhabdomyosarcoma. Mod Pathol 2011;24(10):1327–35. 
https://doi.org/10.1038/modpathol.2011.98. 

[35] Sumegi J, Streblow R, Frayer RW, et al. Recurrent t(2;2) and t(2;8) translocations 
in rhabdomyosarcoma without the canonical PAX-FOXO1 fuse PAX3 to members of 
the nuclear receptor transcriptional coactivator family. Genes Chromosomes Cancer. 
Mar 2010;49(3):224–36. https://doi.org/10.1002/gcc.20731. 

[36] Tanaka R, Inoue K, Yamada Y, et al. A case of primary CNS embryonal 
rhabdomyosarcoma with PAX3-NCOA2 fusion and systematic meta-review. 
J Neurooncol 2021;154(2):247–56. https://doi.org/10.1007/s11060-021-03823- 
6. 

[37] Duan F, Smith LM, Gustafson DM, et al. Genomic and clinical analysis of fusion 
gene amplification in rhabdomyosarcoma: a report from the Children’s Oncology 
Group. Genes Chromosomes Cancer 2012;51(7):662–74. https://doi.org/10.1002/ 
gcc.21953. 

[38] Barr FG, Duan F, Smith LM, et al. Genomic and clinical analyses of 2p24 and 
12q13-q14 amplification in alveolar rhabdomyosarcoma: a report from the 
Children’s Oncology Group. Genes Chromosomes Cancer 2009;48(8):661–72. 
https://doi.org/10.1002/gcc.20673. 

[39] Cavazzana AO, Schmidt D, Ninfo V, et al. Spindle cell rhabdomyosarcoma. A 
prognostically favorable variant of rhabdomyosarcoma. Am J Surg Pathol 1992;16 
(3):229–35. https://doi.org/10.1097/00000478-199203000-00002. 

[40] Rubin BP, Hasserjian RP, Singer S, Janecka I, Fletcher JA, Fletcher CD. Spindle cell 
rhabdomyosarcoma (so-called) in adults: report of two cases with emphasis on 
differential diagnosis. Am J Surg Pathol 1998;22(4):459–64. https://doi.org/ 
10.1097/00000478-199804000-00011. 

[41] Nascimento AF, Fletcher CD. Spindle cell rhabdomyosarcoma in adults. Am J Surg 
Pathol 2005;29(8):1106–13. 

[42] Mentzel T, Katenkamp D. Sclerosing, pseudovascular rhabdomyosarcoma in adults. 
Clinicopathological and immunohistochemical analysis of three cases. Virchows 
Arch 2000;436(4):305–11. https://doi.org/10.1007/s004280050451. 

[43] Mentzel T, Kuhnen C. Spindle cell rhabdomyosarcoma in adults: 
clinicopathological and immunohistochemical analysis of seven new cases. 
Virchows Arch 2006;449(5):554–60. https://doi.org/10.1007/s00428-006-0284- 
4. 

[44] Folpe AL, McKenney JK, Bridge JA, Weiss SW. Sclerosing rhabdomyosarcoma in 
adults: report of four cases of a hyalinizing, matrix-rich variant of 
rhabdomyosarcoma that may be confused with osteosarcoma, chondrosarcoma, or 
angiosarcoma. Am J Surg Pathol 2002;26(9):1175–83. https://doi.org/10.1097/ 
00000478-200209000-00008. 

[45] Fletcher CDMBJ, Hogendoorn PCW, Mertens F. WHO classification of tumours of 
soft tissue and bone. Pathology and genetics of tumours of soft tissue and bone. 
fourth ed. 2013. 

[46] Agaram NP, LaQuaglia MP, Alaggio R, et al. MYOD1-mutant spindle cell and 
sclerosing rhabdomyosarcoma: an aggressive subtype irrespective of age. A 
reappraisal for molecular classification and risk stratification. Mod Pathol 2019;32 
(1):27–36. https://doi.org/10.1038/s41379-018-0120-9. 

[47] Alaggio R, Zhang L, Sung YS, et al. A molecular study of pediatric spindle and 
sclerosing rhabdomyosarcoma: identification of novel and recurrent VGLL2-related 
fusions in infantile cases. Am J Surg Pathol 2016;40(2):224–35. https://doi.org/ 
10.1097/PAS.0000000000000538. 

[48] Kohashi K, Kinoshita I, Oda Y. Soft tissue special issue: skeletal muscle tumors: a 
clinicopathological review. Head Neck Pathol 2020;14(1):12–20. https://doi.org/ 
10.1007/s12105-019-01113-2. 

[49] Van Antwerp ME, Chen DG, Chang C, Prochownik EV. A point mutation in the 
MyoD basic domain imparts c-Myc-like properties. Proc Natl Acad Sci U S A 1992; 
89(19):9010–4. https://doi.org/10.1073/pnas.89.19.9010. 

[50] Mosquera JM, Sboner A, Zhang L, et al. Recurrent NCOA2 gene rearrangements in 
congenital/infantile spindle cell rhabdomyosarcoma. Genes Chromosomes Cancer 
2013;52(6):538–50. https://doi.org/10.1002/gcc.22050. 

[51] Lundgren L, Angervall L, Stenman G, Kindblom LG. Infantile 
rhabdomyofibrosarcoma: a high-grade sarcoma distinguishable from infantile 
fibrosarcoma and rhabdomyosarcoma. Hum Pathol 1993;24(7):785–95. https:// 
doi.org/10.1016/0046-8177(93)90017-b. 

[52] Cyrta J, Gauthier A, Karanian M, et al. Infantile rhabdomyosarcomas with VGLL2 
rearrangement are not always an indolent disease: a study of 4 aggressive cases 

with clinical, pathologic, molecular, and radiologic findings. Am J Surg Pathol 
2021;45(6):854–67. https://doi.org/10.1097/PAS.0000000000001702. 

[53] Karanian M, Pissaloux D, Gomez-Brouchet A, et al. SRF-FOXO1 and SRF-NCOA1 
fusion genes delineate a distinctive subset of well-differentiated 
rhabdomyosarcoma. Am J Surg Pathol 2020;44(5):607–16. https://doi.org/ 
10.1097/PAS.0000000000001464. 

[54] Dehner CA, Broski SM, Meis JM, et al. Fusion-driven spindle cell 
rhabdomyosarcomas of bone and soft tissue: a clinicopathologic and molecular 
genetic study of 25 cases. Mod Pathol 2023;36(10):100271. https://doi.org/ 
10.1016/j.modpat.2023.100271. 

[55] Smith BF, Doung YC, Beckett B, Corless CL, Davis LE, Davis JL. Intraosseous spindle 
cell rhabdomyosarcoma with MEIS1::NCOA2 fusion - case report with substantial 
clinical follow-up and review of the literature. Cancer Invest 2023;41(8):704–12. 
https://doi.org/10.1080/07357907.2023.2255668. 

[56] Chrisinger JSA, Wehrli B, Dickson BC, et al. Epithelioid and spindle cell 
rhabdomyosarcoma with FUS-TFCP2 or EWSR1-TFCP2 fusion: report of two cases. 
Virchows Arch 2020;477(5):725–32. https://doi.org/10.1007/s00428-020-02870- 
0. 

[57] Le Loarer F, Cleven AHG, Bouvier C, et al. A subset of epithelioid and spindle cell 
rhabdomyosarcomas is associated with TFCP2 fusions and common ALK 
upregulation. Mod Pathol 2020;33(3):404–19. https://doi.org/10.1038/s41379- 
019-0323-8. 

[58] Koutlas IG, Olson DR, Rawwas J. FET(EWSR1)-TFCP2 rhabdomyosarcoma: an 
additional example of this aggressive variant with predilection for the gnathic 
bones. Head neck pathol. Mar 2021;15(1):374–80. https://doi.org/10.1007/ 
s12105-020-01189-1. 

[59] Ochsner AR, Foss RD. Epithelioid and spindle cell rhabdomyosarcoma of the oral 
mucosa with FUS rearrangement. Head Neck Pathol 2022;16(3):823–7. https:// 
doi.org/10.1007/s12105-022-01424-x. 

[60] Gallagher KPD, Roza A, Tager E, et al. Rhabdomyosarcoma with TFCP2 
rearrangement or typical Co-expression of AE1/AE3 and ALK: report of three new 
cases in the head and neck region and literature review. Head Neck Pathol 2023;17 
(2):546–61. https://doi.org/10.1007/s12105-022-01507-9. 

[61] Stock N, Chibon F, Binh MB, et al. Adult-type rhabdomyosarcoma: analysis of 57 
cases with clinicopathologic description, identification of 3 morphologic patterns 
and prognosis. Am J Surg Pathol 2009;33(12):1850–9. https://doi.org/10.1097/ 
PAS.0b013e3181be6209. 

[62] Furlong MA, Fanburg-Smith JC. Pleomorphic rhabdomyosarcoma in children: four 
cases in the pediatric age group. Ann Diagn Pathol 2001;5(4):199–206. https://doi. 
org/10.1053/adpa.2001.26970. 

[63] Carvalho SD, Pissaloux D, Crombe A, Coindre JM, Le Loarer F. Pleomorphic 
sarcomas: the state of the art. Surg Pathol Clin 2019;12(1):63–105. https://doi. 
org/10.1016/j.path.2018.10.004. 

[64] Mertens F, Fletcher CD, Dal Cin P, et al. Cytogenetic analysis of 46 pleomorphic 
soft tissue sarcomas and correlation with morphologic and clinical features: a 
report of the CHAMP Study Group. Chromosomes and MorPhology. Genes 
Chromosomes Cancer 1998;22(1):16–25. https://doi.org/10.1002/(sici)1098- 
2264. 

[65] Clay MR, Patel A, Tran Q, et al. Methylation profiling reveals novel molecular 
classes of rhabdomyosarcoma. Sci Rep 2021;11(1):22213. https://doi.org/ 
10.1038/s41598-021-01649-w. 

[66] Jo VY, Marino-Enriquez A, Fletcher CD. Epithelioid rhabdomyosarcoma: 
clinicopathologic analysis of 16 cases of a morphologically distinct variant of 
rhabdomyosarcoma. Am J Surg Pathol Oct 2011;35(10):1523–30. https://doi.org/ 
10.1097/PAS.0b013e31822e0907. 

[67] Seidal T, Kindblom LG, Angervall L. Rhabdomyosarcoma in middle-aged and 
elderly individuals. APMIS 1989;97(3):236–48. https://doi.org/10.1111/j.1699- 
0463.1989.tb00783.x. 

[68] Suarez-Vilela D, Izquierdo-Garcia FM, Alonso-Orcajo N. Epithelioid and rhabdoid 
rhabdomyosarcoma in an adult patient: a diagnostic pitfall. Virchows Arch 2004; 
445(3):323–5. https://doi.org/10.1007/s00428-004-1076-3. 

[69] Fujiwaki R, Miura H, Endo A, Yoshino N, Iwanari O, Sawada K. Primary 
rhabdomyosarcoma with an epithelioid appearance of the fallopian tube: an adult 
case. Eur J Obstet Gynecol Reprod Biol 2008;140(2):289–90. https://doi.org/ 
10.1016/j.ejogrb.2008.02.016. 

[70] Bowe SN, Ozer E, Bridge JA, Brooks JS, Iwenofu OH. Primary intranodal 
epithelioid rhabdomyosarcoma. Am J Clin Pathol 2011;136(4):587–92. https:// 
doi.org/10.1309/AJCPRQES4NFDQ0XC. 

[71] Marburger TB, Gardner JM, Prieto VG, Billings SD. Primary cutaneous 
rhabdomyosarcoma: a clinicopathologic review of 11 cases. J Cutan Pathol 2012; 
39(11):987–95. https://doi.org/10.1111/cup.12007. 

[72] Feasel PC, Marburger TB, Billings SD. Primary cutaneous epithelioid 
rhabdomyosarcoma: a rare, recently described entity with review of the literature. 
J Cutan Pathol 2014;41(7):588–91. https://doi.org/10.1111/cup.12340. 

[73] Zin A, Bertorelle R, Dall’Igna P, et al. Epithelioid rhabdomyosarcoma: a 
clinicopathologic and molecular study. Am J Surg Pathol 2014;38(2):273–8. 
https://doi.org/10.1097/PAS.0000000000000105. 

[74] Yu L, Lao IW, Wang J. Epithelioid rhabdomyosarcoma: a clinicopathological study 
of seven additional cases supporting a distinctive variant with aggressive biological 
behaviour. Pathology 2015;47(7):667–72. https://doi.org/10.1097/ 
PAT.0000000000000321. 

[75] Jokoji R, Ikeda J, Tsujimoto M, Morii E. Epithelioid Rhabdomyosarcoma; a case 
report with immunohistochemical and molecular study. Diagn Pathol 2015;10:124. 
https://doi.org/10.1186/s13000-015-0349-2. 

C.A. Dehner et al.                                                                                                                                                                                                                               

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1200/JCO.2005.03.4934
https://doi.org/10.1016/j.ejca.2022.05.036
https://doi.org/10.2353/jmoldx.2006.050124
https://doi.org/10.1200/JCO.2002.03.137
https://doi.org/10.1200/JCO.2002.03.137
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref33
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref33
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref33
https://doi.org/10.1038/modpathol.2011.98
https://doi.org/10.1002/gcc.20731
https://doi.org/10.1007/s11060-021-03823-6
https://doi.org/10.1007/s11060-021-03823-6
https://doi.org/10.1002/gcc.21953
https://doi.org/10.1002/gcc.21953
https://doi.org/10.1002/gcc.20673
https://doi.org/10.1097/00000478-199203000-00002
https://doi.org/10.1097/00000478-199804000-00011
https://doi.org/10.1097/00000478-199804000-00011
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref41
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref41
https://doi.org/10.1007/s004280050451
https://doi.org/10.1007/s00428-006-0284-4
https://doi.org/10.1007/s00428-006-0284-4
https://doi.org/10.1097/00000478-200209000-00008
https://doi.org/10.1097/00000478-200209000-00008
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref45
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref45
http://refhub.elsevier.com/S0046-8177(23)00251-4/sref45
https://doi.org/10.1038/s41379-018-0120-9
https://doi.org/10.1097/PAS.0000000000000538
https://doi.org/10.1097/PAS.0000000000000538
https://doi.org/10.1007/s12105-019-01113-2
https://doi.org/10.1007/s12105-019-01113-2
https://doi.org/10.1073/pnas.89.19.9010
https://doi.org/10.1002/gcc.22050
https://doi.org/10.1016/0046-8177(93)90017-b
https://doi.org/10.1016/0046-8177(93)90017-b
https://doi.org/10.1097/PAS.0000000000001702
https://doi.org/10.1097/PAS.0000000000001464
https://doi.org/10.1097/PAS.0000000000001464
https://doi.org/10.1016/j.modpat.2023.100271
https://doi.org/10.1016/j.modpat.2023.100271
https://doi.org/10.1080/07357907.2023.2255668
https://doi.org/10.1007/s00428-020-02870-0
https://doi.org/10.1007/s00428-020-02870-0
https://doi.org/10.1038/s41379-019-0323-8
https://doi.org/10.1038/s41379-019-0323-8
https://doi.org/10.1007/s12105-020-01189-1
https://doi.org/10.1007/s12105-020-01189-1
https://doi.org/10.1007/s12105-022-01424-x
https://doi.org/10.1007/s12105-022-01424-x
https://doi.org/10.1007/s12105-022-01507-9
https://doi.org/10.1097/PAS.0b013e3181be6209
https://doi.org/10.1097/PAS.0b013e3181be6209
https://doi.org/10.1053/adpa.2001.26970
https://doi.org/10.1053/adpa.2001.26970
https://doi.org/10.1016/j.path.2018.10.004
https://doi.org/10.1016/j.path.2018.10.004
https://doi.org/10.1002/(sici)1098-2264
https://doi.org/10.1002/(sici)1098-2264
https://doi.org/10.1038/s41598-021-01649-w
https://doi.org/10.1038/s41598-021-01649-w
https://doi.org/10.1097/PAS.0b013e31822e0907
https://doi.org/10.1097/PAS.0b013e31822e0907
https://doi.org/10.1111/j.1699-0463.1989.tb00783.x
https://doi.org/10.1111/j.1699-0463.1989.tb00783.x
https://doi.org/10.1007/s00428-004-1076-3
https://doi.org/10.1016/j.ejogrb.2008.02.016
https://doi.org/10.1016/j.ejogrb.2008.02.016
https://doi.org/10.1309/AJCPRQES4NFDQ0XC
https://doi.org/10.1309/AJCPRQES4NFDQ0XC
https://doi.org/10.1111/cup.12007
https://doi.org/10.1111/cup.12340
https://doi.org/10.1097/PAS.0000000000000105
https://doi.org/10.1097/PAT.0000000000000321
https://doi.org/10.1097/PAT.0000000000000321
https://doi.org/10.1186/s13000-015-0349-2


�+�X�P�D�Q �3�D�W�K�R�O�R�J�\ ������ ������������ �����²����

81

[76] Freitas AB, Aguiar PH, Miura FK, et al. Malignant ectomesenchymoma. Case report 
and review of the literature. Pediatr Neurosurg 1999;30(6):320–30. https://doi. 
org/10.1159/000028818. 

[77] Nael A, Siaghani P, Wu WW, Nael K, Shane L, Romansky SG. Metastatic malignant 
ectomesenchymoma initially presenting as a pelvic mass: report of a case and 
review of literature. Case Rep Pediatr 2014;2014:792925. https://doi.org/ 
10.1155/2014/792925. 

[78] Floris G, Debiec-Rychter M, Wozniak A, et al. Malignant ectomesenchymoma: 
genetic profile reflects rhabdomyosarcomatous differentiation. Diagn Mol Pathol 
2007;16(4):243–8. https://doi.org/10.1097/PDM.0b013e3180645105. 

[79] Huang SC, Alaggio R, Sung YS, et al. Frequent HRAS mutations in malignant 
ectomesenchymoma: overlapping genetic abnormalities with embryonal 
rhabdomyosarcoma. Am J Surg Pathol 2016;40(7):876–85. https://doi.org/ 
10.1097/PAS.0000000000000612. 

[80] Boue DR, Parham DM, Webber B, Crist WM, Qualman SJ. Clinicopathologic study 
of ectomesenchymomas from intergroup rhabdomyosarcoma study groups III and 
IV. Pediatr Dev Pathol 2000;3(3):290–300. https://doi.org/10.1007/ 
s100249910039. 

[81] Dantonello TM, Leuschner I, Vokuhl C, et al. Malignant ectomesenchymoma in 
children and adolescents: report from the cooperative Weichteilsarkom 
studiengruppe (CWS). Pediatr blood cancer. Feb 2013;60(2):224–9. https://doi. 
org/10.1002/pbc.24174. 

[82] Michal M, Rubin BP, Kazakov DV, et al. Inflammatory leiomyosarcoma shows 
frequent co-expression of smooth and skeletal muscle markers supporting a 

primitive myogenic phenotype: a report of 9 cases with a proposal for 
reclassification as low-grade inflammatory myogenic tumor. Virchows Arch 2020; 
477(2):219–30. https://doi.org/10.1007/s00428-020-02774-z. 

[83] Cloutier JM, Charville GW, Mertens F, et al. Inflammatory leiomyosarcoma" and 
"Histiocyte-rich rhabdomyoblastic tumor": a clinicopathological, 
immunohistochemical and genetic study of 13 cases, with a proposal for 
reclassification as "inflammatory rhabdomyoblastic tumor. Mod Pathol 2021;34 
(4):758–69. https://doi.org/10.1038/s41379-020-00703-8. 

[84] Merchant W, Calonje E, Fletcher CD. Inflammatory leiomyosarcoma: a 
morphological subgroup within the heterogeneous family of so-called 
inflammatory malignant fibrous histiocytoma. Histopathology 1995;27(6):525–32. 
https://doi.org/10.1111/j.1365-2559.1995.tb00323.x. 

[85] Dehner CA, Geiersbach K, Rowsey R, et al. Rhabdomyosarcoma arising in 
inflammatory rhabdomyoblastic tumor: a genetically distinctive subtype of 
rhabdomyosarcoma. Mod Pathol 2023;36(6):100131. https://doi.org/10.1016/j. 
modpat.2023.100131. 

[86] Geiersbach K, Kleven DT, Blankenship HT, Fritchie K, Folpe AL. Inflammatory 
rhabdomyoblastic tumor with progression to high-grade rhabdomyosarcoma. Mod 
Pathol 2021;34(5):1035–6. https://doi.org/10.1038/s41379-021-00791-0. 

[87] Odate T, Satomi K, Kubo T, et al. Inflammatory rhabdomyoblastic tumor: 
clinicopathological and molecular analysis of 13 cases. Mod Pathol Oct 21 2023: 
100359. https://doi.org/10.1016/j.modpat.2023.100359. 

C.A. Dehner et al.                                                                                                                                                                                                                               

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1159/000028818
https://doi.org/10.1159/000028818
https://doi.org/10.1155/2014/792925
https://doi.org/10.1155/2014/792925
https://doi.org/10.1097/PDM.0b013e3180645105
https://doi.org/10.1097/PAS.0000000000000612
https://doi.org/10.1097/PAS.0000000000000612
https://doi.org/10.1007/s100249910039
https://doi.org/10.1007/s100249910039
https://doi.org/10.1002/pbc.24174
https://doi.org/10.1002/pbc.24174
https://doi.org/10.1007/s00428-020-02774-z
https://doi.org/10.1038/s41379-020-00703-8
https://doi.org/10.1111/j.1365-2559.1995.tb00323.x
https://doi.org/10.1016/j.modpat.2023.100131
https://doi.org/10.1016/j.modpat.2023.100131
https://doi.org/10.1038/s41379-021-00791-0
https://doi.org/10.1016/j.modpat.2023.100359

	Rhabdomyosarcoma: Updates on classification and the necessity of molecular testing beyond immunohistochemistry
	1 Introduction
	2 Embryonal rhabdomyosarcoma
	2 Alveolar Rhabdomyosarcoma
	3 Spindle cell rhabdomyosarcoma


