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Abstract

Rhabdomyosarcomas are aggressive soft tissue sarcomas that arise from primitive mesenchymal cells and often
affect children and adolescents. this review provides an overview of their pathological features, diagnostic
methods and treatment modalities, emphasizing the need for multimodal approaches that include surgery,
chemotherapy and radiotherapy. despite the advances, challenges related to prognosis and metastatic potential
underscore the importance of continued research to refine treatment strategies and improve outcomes for

patients with rhabdomyosarcoma.
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Introduction

Rhabdomyosarcoma (RMS) is the most common soft
tissue sarcoma in children. It represents a high-grade
neoplasm of skeletal myoblast-like cells. Soft tissue
sarcoma accounts for ~7% of cancers in children and
nearly 1% of cancers in adults. rhabdomyosarcoma
subtypes exist in two major types, ‘alveolar’
rhabdomyosacrcoma (ARMS) and ‘embryonal’
rhabdomyosarcoma (ERMS), which are driven by
fundamentally different mechanisms.

It presents a fascinating array of histological aspects
that feature the cytological stages of myogenesis and
the interaction of neoplastic rhabdomyoblasts with
the adjacent connective tissue matrix?. They arise at
any anatomic site of the body; however, the
extremities are the most common site in adults,
followed by the trunk, genitourinary tract, head, and
neck®. 2 Patients are assigned a risk group based on
clinicopathologic features, which then determines
treatment with bimodal therapy that may include
chemotherapy, surgery, and/or radiation therapy®.

Epidomology

Rhabdomyosarcoma is a common form of childhood
cancer and is the most. The overall incidence rate of
rhabdomyosarcoma is approximately 4 to 4.5 patients
per million individuals aged less than 20 years. In the
US, this equates to ~350 new cases per year>. On the
basis of data from the Surveillance, Epidemiology
and End Results (SEER) Program that the incidence
of rhabdomyosarcoma differs both by age and
Histology. The incidence of rhabdomyosarcoma in
Europe appears to be similar to that in the US. The
incidence of rhabdomyosarcoma appears to be lower
in parts of Asia with just over 2 Patients per million
individuals®”.

Influence of age and sex

Rhabdomyosarcoma incidence rates are determined
by several factors intrinsic to the tumor and to
individual patients. ERMS is the most common form
in early childhood but some data suggests that it may
also occur as second peak in early adolescence for
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ERMS. Rate of ARMS occurance remains unchanged
throughout childhood and adolescence®. WHO-
classified pleomorphic rhabdomyosarcoma primarily
occurs in adult males in their 60-70 years of age.
Rhabdomyosarcoma incidence also varies by gender,
as male children are more prone to ERMS Compared
to female children (male : female ratio of 1.51) .
Using data from SEER, the incidence of ERMS for
the period of 1975-2005 to have remained stable. In
contrast, a marked increase in the incidence of
ARMS was evident over the same period®*°,

Environmental factors

Many environmental exposures and other factors
have been involved in rhabdomyosarcoma risk in
children. Based on a study of people around less than
20 years of age with same culture have increased risk
for rhabdomyosarcoma when exposed to prenatal X-
ray, parental recreational drug use.

Classification
Horn-Enterline

In 1958, Horn and Enterline proposed that
rhabdomyosarcomas could be subdivided into
embryonal, alveolar, botryoid, and pleomorphic
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Alveolar rhabdomyosarcomas (ARMS) showed a
unclear resemblance to fetal alveoli. ARMS is seen
in adults mostly in parameningeal region.

Clinical Features: This subtype, which accounted for
approximately twenty percent of all
rhabdomyosarcomas in Enzinger and Shirak's
analysis of more than 100 cases, has a much earlier
onset, usually between 10 and 20 years, with a
median age of 15 years. a year . However, the age
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types.The cytoplasm was either dense or loose with
myxoid matrix appearance.

Embryonal rhabdomyosarcomas(ERMS) is the
most common subtype. ERMS arose in infants and
children of age 2 to 8 years, in the head, neck and
urogenital tract.

Clinical Features: Embryonic rhabdomyosarcoma,
which often occurs in children, accounted for 60-70%
of all rhabdomyosarcomas in that age group. These
tumors can appear anywhere, but are most often
found in the urogenital area or the head and neck. It
has been pointed out that these tumors arise mainly
from the musculature of the eye socket, face and
cervix®.

Histological Features: O'Day and colleagues
described embryonal rhabdomyosarcoma as a
mixture of four cell types:

Eosinophilic spindle cells, usually arranged in
overlapping spiral chains. Round eosinophilic cells,
large to medium-sized, with a small nucleus and
granular eosinophilic cytoplasm, usually among other
cell types. Broad, elongated eosinophilic cells with
occasional cross-striations. Small round and spindle
cells with darkly stained nuclei and little cytoplasm.
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group of that group was from 5 months to 58 years.
The majority of cases of this type also occurred on
the limbs, with approximately 18% observed in the
head and neck region18.

Histological Features: Alveolar rhabdomyosarcoma
is composed of relatively small, poorly differentiated,
round and oval cells arranged in irregular clusters or
nests separated by fibrous septa®
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Pasal
Botryoid rhabdomyosarcomas appears as grape-like

polypoid masses partially lined by epithelium also
known as “sarcoma botryoides”.

Clinical Features: It has been identified in young
children as a malignant tumor of the vagina, prostate
and bladder base. It is now widely recognized as a
variant of embryonal rhabdomyosarcoma and has
been reported to involve the sinus, nasopharynx,
common bile duct and tympanic membrane. This
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Pleomorphic ~ rhabdomyosarcoma(PRMS)  most
commonly occur in skeletal muscle of the
extremities.

Clinical features: Pleomorphic rhabdomyosarcoma
(the least common type) is a form of tumor that
occurs more often in the limbs than elsewhere and is
usually seen in older people. Depending on the
location of the lesion, the following phenomena can
be detected: eye abnormalities, speech disorders,
difficulty in swallowing, cough, ear discharge or jaw
deviation. Lesions are less often ulcerative and may
invade the underlying bone and metastasize. The
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tumor accounts for ten percent of all

rhabdomyosarcoma cases18.

Histological Features:This subtype usually occurs
under the mucosal surfaces of body openings;
therefore, it is most often seen in places such as the
vagina, bladder and nose. It is distinguished by the
formation of polypoid and grape-like tumor masses.
On histological examination, botryoid
rhabdomyosarcoma shows malignant cells in a rich
myxoid stroma.

most common location for this condition is the head
and neck area (35%)18.

Histological Features: Pleomorphic
rhabdomyosarcoma consists mostly of randomly
distributed spindle cells. These cells are usually large
and vary considerably in appearance. Nuclei are
ovoid or elongated and contain dense chromatin. A
characteristic feature of this form of tumor is the
presence of large own cells, the nuclei of which are
often found at the elongated end of the cell, the
"club™ cell. "Belt" and "ribbon™ cells usually have
long cytoplasmic processes. Mitoses, especially
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atypical ones, are common. The cytoplasm is
eosinophilic and both intracellular longitudinal fibrils
and transverse striations are seen. Cytoplasmic
vacuoles also form as a result of the large amount of

glycogen present in the cell. These tumors are
undifferentiated, so identification of the cell of origin
is impossible.

Palmer-I1RSG

Palmer et al. introduced a completely new pattern for
IRSG rhabdomyosarcomas, based on nuclear and
cytological features instead of histology. Palmer et al.

recognized two cytological types,
monomorphous round cell and anaplastic, with an
unfavorable prognosis and another cytology, “spindle
type A” with a superior prognosis. Tsokos et al
generated a new category, “solid variant” ARMS,
which had the monomorphous round cell cytology of
classical ARMS but lacked fibrous septa. Like the
monomorphous round cell sarcoma of Palmer et al.’s
classification, these tumors overlapped the survival
curve of classical ARMS, which was an unfavourable
outcome.

Immunohistochemistry

Immunohistochemistry can be used to distinguish
ARMS from ERMS and also as a surrogate marker
for fusion positivity. Dias et al. in 2000*° showed that
strong myogenin expression represented ARM
causing diffuse immunostaining inconsistent with the
variable, focal, heterogeneous pattern of ERMS. The
strong expression of myogenin in ARMS is probably
due to the downstream effects of PAX fusion
proteins with regulatory elements of the myogenin
gene 2°. However, there is considerable overlap in
staining, and even botryoid tumors can show
relatively strong expression in more than 50% of
nuclei. On the other hand, fusion-positive ARMS
tumors rarely show weak myogenin expression, and
even the most differentiated ARMS tumors usually
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show expression in virtually all tumor cell nuclei.
Gene expression analyzes revealed other proteins
whose expression corresponds to the presence or
absence of the PAX-FOXOL1 fusion. Fusion-negative
tumors preferentially express HMGA2, EGFR, and
fibrillin-2,  whereas  fusion-positive  tumors
preferentially express TFAP2p and P-cadherin %%,

Molecular Diagnostics

The advent of molecular diagnostic tools has greatly
contributed to the detection of rhabdomyosarcoma.
Specifically, ARMS is more accurately diagnosed as
FP rhabdomyosarcoma based on the detection of the
presence of the PAX-FOXO1 fusion in tumor cells
by FISH or detection of the fusion transcript by RT-
PCR analyzes®?*. Systematic application of
molecular diagnostic tests on biopsy specimens from
pathologically diagnosed ARMS patients show that
about 20% of these patients are negative for fusion
transcript?®. This finding is particularly important
because the molecular characteristics and clinical
outcomes of FN ARMS are similar to those of ERMS

Children with FN ARMS are similar to children with
ERMS??". Molecular diagnosis based on fusion
status clears up some of the confusing questions
about the usual pathology of rhabdomyosarcoma.

Molecular Factor
Almost 80% of tumors that are morphologically

ARMS have FOXO1 fusion, while more than 95% of DN
tumors that are morphologically ERMS do not have mm
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FOXO1 fusion 16 and we now understand that the
presence or absence of the FOXOL1 fusion gene
causes rhabdomyosarcoma. Recent molecular
diagnostics have discovered features in addition to
FOXO1 fusion status that describe new molecular
biomarkers not yet included in rhabdomyosarcoma
risk stratification.

Diagnosis
Clinical Presentation

The diagnosis of rhabdomyosarcoma has traditionally
been based on the identification of satellite cell
characteristics, such as tumor cells, using light and, in
some cases, electron microscopy and
Immunohistochemical (IHC) staining for skeletal
muscle proteins®?. The most common sites of
rhabdomyosarcoma depend on the histological
subtype: ERMS occurs most often in the head and
neck, including the orbit, or in urogenital sites; Hands
are usually born at points on the limbs and a smaller
part on the head and/or neck or body*’. Metastases
occur via both lymphatic and hematogenous routes
and spread to the lungs, bones and bone marrow are

very common®.

Pathological Assessment

The diagnosis of rhabdomyosarcoma requires direct
analysis of tumor tissue, either by surgical or
excisional biopsy or needle biopsy, and is subjected
to a series of histological and molecular pathological
examinations. WHO recognized three histological

variants of rhabdomyosarcoma -  Alveolar
rhabdomyosarcomas, pleomorphic
rhabdomyosarcoma and Embryonal

rhabdomyosarcoma — and ARMS and ERMS were
the most common childhood rhabdomyosarcomas. A

recent WHO update now includes spindle
cell/sclerosing rhabdomyosarcoma as a separate
entity®”.

Arms And Erms

Alveolar rhabdomyosarcomas and Embryonal
rhabdomyosarcoma can be further subdivided by

histological or molecular features. ARMS typically
consists of tightly packed small round cells lining
alveolar septa, while ERMS consists of immature
rhabdomyoblasts in a less dense, stroma-rich
background without an alveolar pattern®,

Treatments
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Treatment of locally advanced rhabdomyosarcoma is
based mainly on surgery**® although aggressive
surgery, which is often necessary to remove the
tumor and achieve negative microscopic margins, is
no longer recommended*®. This is especially true for
genital rhabdomyosarcoma to prevent significant
chronic conditions such as urinary tract infections,
infertility and especially sexual dysfunction.

In support of delayed surgery, it has been shown that
although rhabdomyosarcoma can occur even after
neoadjuvant  therapy®”*®,  the  number  of
rhabdomyoblasts found in subsequent biopsies
gradually decreases and their presence does not
indicate local recurrence®°,

Conclusion

In conclusion, rhabdomyosarcoma remains a major
challenge in pediatric oncology. This aggressive soft
tissue cancer affecting children and young adults
warrants continued research and clinical efforts.
Advances have been made in understanding its
subtypes, improving diagnostic tools, and improving
treatments. However, early detection and targeted
therapies remain urgent areas. A collaborative,
multidisciplinary approach is critical to optimizing
patient outcomes. As the genetic background of
rhabdomyosarcoma is deepened, the possibilities for
personalized treatment continue to grow. Raising
awareness, supporting research and improving access
to healthcare are important steps towards a better
prognosis and a better quality of life for people
suffering from the disease.

References:

1. Hawkins DS, Spunt SL & Skapek SX Children's
Oncology Group's 2013 blueprint for research:
Soft tissue sarcomas. Pediatric blood & cancer
60, 1001-1008 (2013). [PubMed: 23255356]

2. Adv Anat Pathol.1. Parham DM, Alaggio R,
Coffin CM. Myogenic tumors in children and
adolescents. Pediatr Dev Pathol. 2012;15:211-
238. [PubMed: 22420729]

3. Sultan 1, Qaddoumi |, Yaser S, Rodriguez-
Galindo C, Ferrari A. Comparing adult and
pediatric rhabdomyosarcoma in the surveillance,
epidemiology and end results program, 1973 to
2005: an analysis of 2600 patients. J Clin Oncol.

0 0)

()

oo

©
Ay



10.

11.

12.

2009;27:3391-3397.
doi:10.1200/JC0O.2008.19.7483

Howlader N NA KM, Miller D, Bishop K,
Kosary CL, Yu M, Ruhl J, Tatlovich Z, Mariotto
A, Lewis DR, Chen HS, Feuer EJ, Cronin KA
(eds). SEER Cancer Statistics Review, 1975-
2014,

Rudzinski ER, et al. The World Health
Organization Classification of Skeletal Muscle
Tumors in Pediatric Rhabdomyosarcoma: A
Report From the Children’s Oncology Group.
Arch Pathol Lab Med 139, 1281-1287 (2015).
[PubMed: 25989287]

Ries LAG, Smith MA, Gurney LG, Linet M,
Tamran T, Young JL, Bunin GR Cancer
incidence and Survival among children and
adolescents: United States SEER Program 1975-
1999.

National Cancer Institute, SEER Program NIH
Pub. No. 99-4649(1999).NIH Pub. No. 99-4649
Perez EA, et al. Rhabdomyosarcoma in children:
a SEER population based study. J Surg Res 170,
E243-251 (2011). [PubMed: 21529833]

Ries LAG, Smith MA, Gurney LG, Linet M,
Tamran T, Young JL, Bunin GR Cancer
incidence and Survival among children and
adolescents: United States SEER Program 1975-
1999. National Cancer Institute, SEER Program
NIH Pub. No. 99-4649(1999).NIH Pub. No. 99-
4649

Lychou SE, Gustafsson GG & Ljungman GE
Higher rates of metastatic disease may explain the
declining trend in  Swedish  paediatric
rhabdomyosarcoma survival rates. Acta Paediatr
105, 74-81 (2016). [PubMed: 26331464]

Stiller CA & Parkin DM International variations
in the incidence of childhood soft-tissue
sarcomas. Paediatr Perinat Epidemiol 8, 107-119
(1994). [PubMed: 8153013]

Horn RC Jr., Enterline HT. Rhabdomyosarcoma:
a clinicopathological study and classification of
39 cases. Cancer. 1958;11:181-199. [PubMed:
13500314].

Palmer NF, Foulkes M. Histopathology and
prognosis  in  the  second Intergroup

© 2024 1JMSCR. All Rights Reserved

13.

14.

15.

16.

17.

18.
19.

20.

21.

Rhabdomyosarcoma Study (IRS 11). International
Society for Pediatric Oncology (SIOP); 1983:229.

Palmer NF, Sachs N, Foulkes M. Histology and
prognosis in rhabdomyosarcoma: a report of the
Intergroup Rhabdomyosarcoma Study.
International Society for Pediatric Oncology
(SIOP); 1981:113.

Palmer NF, Sachs N, Foulkes M. Histology and
prognosis in  rhabdomyosarcoma  (IRS-I).
American Society of Clinical Oncology;
1982:170.

Tsokos M, Webber BL, Parham DM, et al.
Rhabdomyosarcoma. A new classification
scheme related to prognosis. Arch Pathol Lab
Med. 1992;116:847—855. [PubMed: 1497467]

Newton WA Jr., Gehan EA, Webber BL, et al.
Classification of rhabdomyosarcomas and related
sarcomas. Pathologic aspects and proposal for a
new classification--an Intergroup
Rhabdomyosarcoma Study. Cancer.
1995;76:1073-1085. [PubMed: 8625211]

Caillaud JM, Gerard-Marchant R, Marsden HB,
et al. Histopathological classification of
childhood rhabdomyosarcoma: a report from the
International Society of Pediatric Oncology
pathology  panel. Med Pediatr  Oncol.
1989;17:391-400. [PubMed: 2477674]

Shafer’s textbook of Oral Pathology

Dias P, Chen B, Dilday B, et al. Strong
immunostaining for myogenin in
rhabdomyosarcoma is significantly associated
with tumors of the alveolar subclass. Am J
Pathol. 2000;156:399-408. [PubMed: 10666368]

Khan J, Bittner ML, Saal LH, et al. cDNA
microarrays detect activation of a myogenic
transcription program by the PAX3-FKHR fusion
oncogene. Proc Natl Acad Sci U S A.
1999;96:13264-13269. [PubMed: 10557309]

Davicioni E, Anderson MJ, Finckenstein FG, et
al. Molecular classification of
rhabdomyosarcoma--genotypic and phenotypic
determinants of diagnosis: a report from the
Children’s Oncology Group. Am J Pathol.
2009;174:550-564. [PubMed: 19147825]

()

oo

©
Ay



22,

23.

24,

25.

26.

27,

28.

29.

30.

Wachtel M, Dettling M, Koscielniak E, et al.
Gene expression signatures identify
rhabdomyosarcoma subtypes and detect a novel
t(2;2)(g35;p23) translocation fusing PAX3 to
NCOA1l. Cancer Res. 2004;64:5539-5545.
[PubMed: 15313887]

Arnold MA & Barr FG Molecular diagnostics in
the management of rhabdomyosarcoma. Expert
Rev Mol Diagn 17, 189-194 (2017). [PubMed:
28058850]

Nishio J, et al. Use of a novel FISH assay on
paraffin-embedded tissues as an adjunct to
diagnosis of alveolar rhabdomyosarcoma. Lab
Invest 86, 547-556 (2006). [PubMed: 16607381]

. Rudzinski ER, et al. Dense pattern of embryonal
rhabdomyosarcoma, a lesion easily confused with
alveolar rhabdomyosarcoma: a report from the
Soft Tissue Sarcoma Committee of the Children’s
Oncology Group. Am J Clin Pathol 140, 82-90
(2013). [PubMed: 23765537]

. Missiaglia E, et al. PAX3/FOXOL1 fusion gene
status is the key prognostic molecular marker in
rhabdomyosarcoma and significantly improves
current risk stratification. Journal of clinical
oncology : official journal of the American
Society of Clinical Oncology 30, 1670-1677
(2012). [PubMed: 22454413]

Skapek SX, et al. PAX-FOXO1 fusion status
drives unfavorable outcome for children with
rhabdomyosarcoma: a children’s oncology group
report. Pediatric blood & cancer 60, 1411-1417
(2013). [PubMed: 23526739]

Rudzinski ER, et al. The World Health
Organization Classification of Skeletal Muscle
Tumors in Pediatric Rhabdomyosarcoma: A
Report From the Children's Oncology Group.
Arch Pathol Lab Med 139, 1281-1287 (2015).
[PubMed: 25989287]

Oberlin O, et al. Prognostic factors in metastatic
rhabdomyosarcomas: results of a pooled analysis
from United States and European cooperative
groups. J.Clin.Oncol 26, 2384-2389 (2008).
[PubMed: 18467730]

Ries LAG, Smith MA, Gurney LG, Linet M,
Tamran T, Young JL, Bunin GR Cancer
incidence and survival among children and

© 2024 1JMSCR. All Rights Reserved

31.

32.

33.

34.

35.

36.

37.

38.

adolescents: United States SEER Program 1975-
1999. National Cancer Institute, SEER Program
NIH Pub. No. 99-4649(1999).NIH Pub. No. 99-
4649

Oberlin O, et al. Prognostic factors in metastatic
rhabdomyosarcomas: results of a pooled analysis
from United States and European cooperative
groups. J.Clin.Oncol 26, 2384-2389 (2008).
[PubMed: 18467730]

Doyle LA Sarcoma classification: an update
based on the 2013 World Health Organization
Classification of Tumors of Soft Tissue and
Bone. Cancer 120, 1763-1774 (2014). [PubMed:
24648013]

v Rudzinski ER, et al. Dense pattern of
embryonal rhabdomyosarcoma, a lesion easily
confused with alveolar rhabdomyosarcoma: a
report from the Soft Tissue Sarcoma Committee
of the Children's Oncology Group. Am J Clin
Pathol 140, 82-90 (2013). [PubMed: 23765537]

PDQ Pediatric Treatment Editorial Board.
Childhood rhabdomyosarcoma treatment
(PDQ®): Health professional version. (2002).

Gallego S, Bernabeu D, Garrido-Pontnou M,
Guillen G, Hindi N, Juan-Ribelles A Et al. GEIS-
SEHOP clinical practice guidelines for the
treatment of rhabdomyosarcoma.Clin  Trans
Oncol (2021) 23:2460-73. Doi: 10.1007/s12094-
021-02654-1

Cecchetto G, Bisogno G, de Corti F, Dall’Igna P,
Inserra A, Ferrari A, et al.Biopsy or debulking
surgery as initial surgery for locally advanced
Rhabdomyosarcomas in children? Cancer (2007)
110:2561-7. Doi: 10.1002/Cncr.23079

Borinstein SC, Steppan D, Hayashi M, Loeb DM,
Isakoff MS, Binitie O, et al.Consensus and
controversies regarding the treatment of
rhabdomyosarcoma. Pediatr Blood Cancer (2018)
65:€26809. Doi: 10.1002/pbc.26809

Rodeberg DA, Stoner JA, Hayes-Jordan A, Kao
SC, Wolden SL, Qualman SJ, Et al. Prognostic
significance of tumor response at the end of

therapy in group Il Rhabdomyosarcoma: A
report from the children’s oncology group. J Clin
Oncol (2009) 27:3705-11. Doi:

10.1200/JC0.2008.19.5933

[$)

oo

©
Ay



39. Arndt CAS, Hammond S, Rodeberg D, Qualman

S.  Significance
rhabdomyoblasts

of
in

Persistent mature
Bladder/Prostate

rhabdomyosarcoma. J Pediatr Hematol Oncol

(2006) ~ 28:563-7.
0000212978.21372.97

© 2024 1JMSCR. All Rights Reserved

Doi:

10.1097/01.mph.

40.0Ortega JA, Rowland J, Monforte H,

Malogolowkin M, Triche T. Presence of Well-
differentiated rhabdomyoblasts at the end of
therapy  for  pelvic  Rhabdomyosarcoma:
Implications for the outcome. J Pediatr Hematol
Oncol (2000) 22:106-11. Doi:
10.1097/00043426-200003000-00005.

[$)

oo

©
Ay



