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ABSTRACT

Introduction and Objective: Rhabdomyosarcoma (RMS) is the third most common solid and extracranial malignant
tumour in children. It originates from mesenchymal tissue and is a heterogeneous tumour in terms of location, histology,
clinical presentation and prognosis. The aim of this paper is to provide a comprehensive review of the current state of
knowledge on this disease.

Description of The State of Knowledge: The total incidence rate of RMS is approximately 4.5 patients per million people
under the age of 20. The tumour is most commonly located in the head and neck, less frequently in the urinary tract, limbs
and trunk. Histologically, the embryonal type is the most common, accounting for 60-80% of all RMS cases. The symptoms
of the disease depend primarily on the location of the primary tumour and may include exophthalmos, visual disturbances,
pain and tissue swelling, nosebleeds, haematuria, visible tumours and general symptoms in advanced forms, i.e. weakness,
fever and weight loss. One of the key factors influencing the prognosis is the presence of distant cancer metastases.
Summary: The diagnosis of RMS is difficult due to the rare occurrence of the disease and non-specific symptoms. Although
the cure rate for local disease is generally > 70% of patients, metastatic disease is still associated with low overall survival
despite intensive treatment strategies. Therefore, early diagnosis of the disease is very important for achieving the best
possible treatment outcomes and full recovery.
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Introduction and Objective

Cancers are rare in the paediatric population. However, they pose a serious clinical problem for both
doctors and patients and their families, as they are a common cause of death in children. One of the cancers
that can occur in this age group is thabdomyosarcoma (RMS), which originates from primitive mesenchymal
cells. Due to the non-specificity of its symptoms and aggressive course, it poses a major diagnostic and
therapeutic challenge.

The aim of this article is to provide a comprehensive review of the current state of knowledge on the
epidemiology, symptoms, diagnosis, treatment and prognosis of RMS in the paediatric population.

Methodology

The review was based on articles from PubMed and Google Scholar databases. Key search terms
included: rhabdomyosarcoma, children, epidemiology, diagnosis, treatment, prognosis. The time frame was
selected to ensure a comprehensive analysis of the above topic, using the most recent articles available.

Description of The State of Knowledge

Epidemiology

Rhabdomyosarcoma (RMS) is a highly malignant tumour originating from primitive mesenchymal cells
that differentiate into striated skeletal muscle cells. [1,2] RMS is the most common soft tissue sarcoma in
children. It is also the third most common solid, extracranial tumour in pre-pubertal children, after Wilms'
tumour and neuroblastoma. It accounts for 5-10% of all childhood cancers. [3] In the United States,
approximately 350 cases are reported annually. [4] The overall incidence rate of RMS is approximately 4.5
patients per million people under the age of 20. [5]

More than two-thirds of cases are diagnosed in the first decade of life. (Approximately 90% of all RMS
cases occur in people under the age of 25, and nearly 70% of patients are children under the age of 10). There
are two distinct peaks in RMS incidence: between the ages of 2 and 6 and between the ages of 10 and 18.
Rhabdomyosarcoma is slightly more common in male children and in Caucasians. [6]

Most cases occur sporadically. The factors predisposing to the development of this cancer are not fully
understood. An increased incidence of soft tissue sarcomas can be observed in genetic syndromes such as: Li-
Fraumeni syndrome (associated with a mutation in the TP53 gene, the main tumour suppressor gene),
Gardner's syndrome (mutation in the APC tumour suppressor gene), type I neurofibromatosis (deletions in the
NF1 gene), Beckwith-Wiedemann syndrome, and Costello syndrome (mutation in the HRAS gene). [3,5,7]
Certain environmental factors may also predispose a child to developing RMS, including: intrauterine exposure
to X-rays, parental drug use. [7]

RMS can occur in any soft tissue in the body. It is most commonly located in the head and neck area
(35-45%), followed by the genitourinary system (20-25%) and the limbs (15-20%). [3]
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Histology

RMSs are a histologically diverse group. The World Health Organisation (WHO) has classified RMSs
based on histological and molecular characteristics, distinguishing the following types:

- Embryonal rhabdomyosarcoma

e Dbotryoides variant

e anaplastic variant

- Alveolar rhabdomyosarcoma

solid variant,

e anaplastic variant

- Pleomorphic rhabdomyosarcoma

- Spindle cell/sclerosing rhabdomyosarcoma [3]

Embryonal rhabdomyosarcoma (ERMS) accounts for approximately 70% of all paediatric RMS cases.
It is the most common form of this cancer in early childhood, especially in children under 10 years of age. [5,6]
It is most commonly located in the head and neck region (particularly often involving the orbit [6]) and in the
genitourinary system (in the bladder, prostate, vulva/vagina, cervix, soft tissues of the paratesticular viscera
and bile ducts). More often than in patients with alveolar rhabdomyosarcoma (ARMS)), this group is associated
with genetic diseases that predispose to the development of cancer. [d] ERMS has a better prognosis than
ARMS, and the granular subtype has a better prognosis than the anaplastic subtype. [8]

The tumour is composed of immature ‘rhabdomyoblasts’ with poor cytoplasm and round/oval nuclei.
The histological picture looks like a combination of stages of striated muscle development occurring in
embryonic and foetal development. During rhabdomyoblastic differentiation, primitive oval cells become
elongated - referred to as ‘tadpole’ cells - until they become fully differentiated cells. [3,9] In the granular
subtype, there are linear aggregates of tumour cells closely adhering to the epithelial surface. The anaplastic
subtype is characterised by enlarged, atypical cells with hyperchromatic nuclei. [8]

Alveolar rhabdomyosarcoma (ARMS) accounts for approximately 20% of all paediatric RMS cases. It
is a highly malignant tumour. It can occur at any age, but a higher incidence is observed in older children,
adolescents and young adults. It most often develops in the limbs, in the form of a rapidly growing tumour, as
well as in the paravertebral region, paranasal sinuses and perineum. It can metastasise to regional lymph nodes.
[8] Approximately 80% of tumours morphologically classified as ARMS have a FOXO1 fusion gene (PAX3-
FOXO1 or PAX7-FOXO1), while more than 95% of tumours morphologically classified as ERMS do not have
FOXOI fusion. [4] The prognosis for ARMS is often worse due to the presence of these fusion genes, as they
disrupt normal cell differentiation.

This tumour is composed of monomorphic primary cells with round, large nuclei, sparse cytoplasm and
features of inhibited myogenesis. Numerous small, densely packed cells are separated into distinct clusters by
fibrous-vascular septa, resembling alveoli. The alveolar appearance provides high cohesion in the centre of the
cluster and less cohesion at the periphery. [8]

Pleomorphic rhabdomyosarcoma rarely occurs in children; it is most commonly detected in adults, often
on the limbs. [5] It is characterised by the presence of pleomorphic cells — cells of irregular size and shape. It
is associated with a poor prognosis due to its more aggressive clinical course. [10]

Spindle cell/sclerosing rhabdomyosarcoma is also rare in children. It is characterised by spindle-shaped
cells and a sclerotic background. Its most common locations are the head and neck, limbs and, of particular
note, the perinuclear region in paediatric patients. [10]

Symptoms

The symptoms of RMS in paediatric patients can vary greatly due to the multitude of locations where
the tumour can develop. They result primarily from local tumour growth, although they may also be
accompanied by general symptoms. This is especially true in advanced stages.

A tumour located in the head and neck (including the nasopharynx, sinuses, middle ear, and parotid
space) is characterised by: chronic or acute sinusitis, bloody or purulent discharge from the nose or ear,
recurrent obstruction, headache, facial swelling, cranial nerve palsy, proptosis, eye movement disorders and
diplopia. [11] A tumour in the orbit typically manifests itself as proptosis, i.e. bulging of the eye, eye movement
disorders, visual disturbances or strabismus. In the case of RMS in the urogenital system and abdominal cavity,
haematuria, difficulty in urination, abdominal pain and constipation may be observed, and palpable tumour
masses may also be present in the vagina or rectum. [5] In addition, changes in the limbs are noticeable,
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characterised by a harder, rapidly growing mass in the limbs, swelling, pain when pressure is applied to nerve
or vascular structures, and the early appearance of a movable superficial or deep tumour. [12]

RMS growth in the mandible and lung is an unusual location for this tumour. [13,14] Mandibular
involvement may be accompanied by swelling, a palpable tumour and facial asymmetry. [13,14] A tumour in
the lung may cause coughing, shortness of breath and chest pain. [13,14]

Distant metastases to the lungs, bones and bone marrow, present at the time of diagnosis in
approximately 20-30% of patients, may manifest as shortness of breath, bone pain or cytopenias, e.g.
infections, anaemia and bleeding. [5,15]

Diagnostics

Imaging tests and biopsy play a key role in the diagnosis of RMS, but recently the importance of tumour
markers and molecular diagnostics has been growing.

Magnetic resonance imaging (MRI) remains the basis for imaging in the diagnosis of primary RMS
tumours: thanks to its excellent soft tissue contrast, MRI allows for the assessment of tumour size, the degree
of infiltration of adjacent structures (muscles, tendons, fascia, canal spaces), contact with vessels and nerves,
and the presence of foci of necrosis and bleeding. The standard protocol includes T1-, T2-weighted, T1
contrast-enhanced, and fat-suppressed sequences, and diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) maps are now routinely added for quantitative assessment of cellularity and
response to treatment. MRI is also crucial for planning surgical treatment and radiotherapy. [16] In RMS,
quantitative ADC metrics correlate with cellular density and can be used for early assessment of response to
chemotherapy — an increase in ADC after treatment suggests cell disintegration/decreased cellularity, while
stable/decreasing ADC may indicate disease persistence. However, the accuracy of the method depends on
MR parameters, tumour segmentation methods and the presence of necrosis — hence international validation
studies emphasise the need to standardise protocols and segmentation quality. [17] There is growing evidence
that ADC histogram analyses and morphological/textural features may provide prognostic information and
correlate with mutation/fusion status (e.g. FOXOI1). In clinical practice, these techniques require
standardisation and multicentre validation before widespread implementation. [18] Computed tomography
(CT) is mainly a complementary tool in the diagnosis of RMS. It is mainly used to assess possible metastases,
especially in the lungs, which are a common site of metastasis for this type of cancer. CT is also used to assess
bone lesions, detect calcifications and in situations where MRI is not possible. However, it is worth noting that
tests such as PET/CT or PET/MRI can detect metastases with metabolic activity before they become
morphologically apparent. [19] Both F-18 FDG PET/CT and PET/MRI are highly sensitive in detecting
metabolically active distant metastases and lymph node lesions, and allow for the assessment of tumour
metabolic heterogeneity. In selected centres, the use of PET/MRI reduces the number of imaging tests required
and provides information on the anatomical structure and location of the tumour as well as its metabolic activity.
PET/MRI has particular advantages in paediatric patients due to lower exposure to ionising radiation than
PET/CT and better soft tissue imaging. [20]

A biopsy should also be performed to diagnose RMS, which provides material for histopathology,
immunohistochemistry, cytogenetic/FISH/RT-PCR and molecular testing. In practice, core needle biopsy is
preferred as it provides high sensitivity and specificity and sufficient tissue in most paediatric cases, with less
invasiveness than open biopsy. where core needle biopsy is insufficient (e.g. extensive necrosis, difficult access,
need for more material), open biopsy is considered. The procedure should be planned by a multidisciplinary
team consisting of surgeons, oncologists and radiologists so that the puncture site does not compromise the
possibility of resection. [21,22]

Among the immunohistochemical markers that may indicate the presence of RMS, myogenin, MyoD1
(Myogenic Differentiation 1) and desmin are key. A study conducted on a large number of cases showed that
both myogenin and MyoD1 have a sensitivity of 97% in the diagnosis of RMS and a specificity of ~90-91%.
The concentration of both markers was significantly elevated in the ARMS subtype, which emphasises their
diagnostic value. [23] In a study of 119 tumours (including ARMS, ERMS and other tumours), all 69 RMS
cases showed negative nuclear staining with myogenin, with ARMS showing positivity in 75-100% of cells
and ERMS significantly less (usually <25%). This makes myogenin one of the most reliable markers of
myogenic differentiation of tumours. [24] Desmin is a highly sensitive muscle marker, detected in RMS in
approximately 89% of paediatric cases — however, its specificity is limited because it is also present in smooth
muscles and myofibroblasts, as well as in other tumours. For this reason, it should not be used alone, but in
combination with the simultaneous determination of other markers. [25] In molecular diagnostics, FISH
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(fluorescent in situ hybridisation) and RT-PCR (reverse-transcription polymerase chain reaction) tests are
particularly useful, especially when specific fusions are suspected (e.g. PAX3-FOXO1, PAX7-FOXO1). In
the ARMS subtype, the key molecular events are translocations leading to the formation of PAX3-FOXO1
(t(2;13)) and PAX7-FOXO1 (t(1;13)) fusion genes. FISH can be used not only to confirm the fusion status,
but also to detect amplification of the FOXO1 locus — this was observed in 93% of PAX7-FOXO1 cases, but
only in 9% of PAX3-FOXOI1 cases. [26] The RT-PCR method also allows the detection of fusion transcripts
in archived paraffin-embedded materials, as confirmed by the available literature — in one of the available
studies, all cases with confirmed fusions (both PAX3-FKHR and PAX7-FKHR) were correctly identified, and
cases without fusions remained negative. [27]

The diagnosis of RMS in children requires an integrated approach combining histopathological and
immunohistochemical assessment, advanced molecular biology methods and comprehensive imaging
diagnostics. Imaging tests, primarily magnetic resonance imaging and computed tomography, play a key role
in assessing the location of the tumour, its extent, its relationship to critical structures, and the presence of
metastases, especially to the lungs or bones. Positron emission tomography using 18F-FDG (PET-CT) can
increase the sensitivity of detecting metastatic lesions and is sometimes helpful in monitoring response to
treatment. The morphological classification of the tumour, obtained on the basis of a biopsy, is the starting
point for diagnosis, but due to the significant similarity of the microscopic image to other sarcomas, it is
necessary to use immunohistochemical markers such as desmin, myogenin and MyoD1, which confirm muscle
differentiation. Final confirmation of the molecular type of the tumour requires genetic analysis, including
detection of characteristic PAX3-FOXO1 or PAX7-FOXOI fusions in alveolar RMS using FISH and RT-PCR
techniques. The integration of imaging, morphological, immunohistochemical and molecular test results not
only allows for the precise diagnosis of RMS, but also provides key information for risk stratification and
individualisation of treatment in paediatric oncology protocols.

Treatment

The treatment of rhabdomyosarcoma (RMS) is based on a multimodal approach. Treatment decisions
depend on many factors, including the location, stage of the tumour, extent of infiltration, lymph node
involvement and the presence of distant metastases. [28] Surgical treatment and/or radiotherapy play a key
role. Radical removal of the primary tumour, also in the case of neoadjuvant induction chemotherapy, which
reduces tumour volume and combats micrometastatic disease, improves prognosis and allows further treatment
to be adjusted. It has been found that primary resection has a positive effect even in cases of metastatic disease.
[28,29,30] In situations where resection would be associated with functional impairment of the operated site
or significant aesthetic impairment, radical radiotherapy is an effective alternative due to the radiosensitivity
of rhabdomyosarcoma cells. Optimal results are achieved through complete macroscopic resection
supplemented with an appropriately selected dose of radiotherapy, which avoids the need for repeat procedures.
[28] Research is currently being conducted on optimising the sequence and timing of surgical interventions
and the role of preoperative radiotherapy in order to improve treatment effectiveness and reduce complications.

Chemotherapy for the treatment of rhabdomyosarcoma (RMS) in adolescents and young adults is based
on multi-drug regimens, mainly using combinations of drugs such as VAC (vincristine, actinomycin D,
cyclophosphamide) commonly used in North America and IVA (ifosfamide, vincristine, actinomycin D) in
Europe. [31,32,33] The effectiveness of systemic therapy is high. However, treatment outcomes in young
adults are worse than in children, due to both the biology of the tumour (more frequent aggressive subtypes
and mutations, e.g. the presence of FOXOI1 fusion genes) and physiological factors specific to adolescence
that affect the pharmacokinetics and toxicity of drugs. [31] Chemotherapy is associated with side effects, with
vincristine-related neuropathies being more common in adolescents, while haematological complications
(neutropenia, anaemia) are less common than in children. [33] High doses of alkylating drugs increase the risk
of infertility, which is important in the context of the young age of patients. [33] The treatment of RMS requires
individualised dosing and the integration of modern diagnostic methods, including genetic testing, with classic
chemotherapy and local therapy (surgery, radiotherapy) in order to balance the efficacy and toxicity of the
therapy and reduce long-term complications. [31] The long-term side effects of therapy remain a significant
challenge — patients treated for RMS have a higher risk of death compared to the general population, even
many years after the end of treatment. [32]

In response to these problems, innovative therapeutic methods are being developed, such as
immunotherapy, precision drug delivery and gene therapy, which aim to increase the effectiveness of treatment
while reducing toxicity and improving patients' quality of life. [32] They are playing an increasingly important
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role in the treatment of thabdomyosarcoma (RMS), especially in advanced cases that are resistant to standard
treatment or recurrent. Targeted therapies focus on the molecular mechanisms involved in the pathogenesis of
RMS, such as tyrosine kinase receptor signalling pathways (including IGFR1) and mTOR, which influence
the proliferation and survival of cancer cells. [33] Molecularly targeted drugs, such as IGFR1 inhibitors, mMTOR
inhibitors, and other small molecule kinase inhibitors, are being intensively studied as potential agents to
improve the effectiveness of therapy. [32,33,34]

Immunotherapy in RMS is based on modulating the body's immune response to cancer cells. Immune
checkpoint inhibitors, such as PD-1 and CTLA-4 inhibitors, which can increase T-cell activation against RMS
cells, are currently in clinical trials. [24] In addition, adaptive therapies are being developed — TCR and CAR-
T therapies, which involve modifying the patient's lymphocytes for more precise recognition and elimination
of tumour cells. [33] Although immunotherapy is still an experimental option, it offers hope for improving the
prognosis in patients with difficult-to-treat forms of RMS. [32,33,34]

The integration of targeted therapies and immunotherapy with conventional treatment methods offers
prospects for more personalised and effective treatment of RMS, although more clinical trials are needed to
fully confirm their efficacy and safety. [34]

Prognosis

Children and adolescents with RMS constitute a heterogeneous population with varying overall survival
rates, ranging from approximately 6% to 100% depending on defined risk factors. The most important
prognostic factors for RMS are: patient age, disease stage (stage and clinical group), FOXO1 gene fusion status,
tumour location and the presence of metastases. A poorer prognosis was observed in children aged >10 years
and in cases where the tumour size was >5 cm. [4,35,36] No significant differences in DSS (disease-specific
survival) and OS (overall survival) were observed between female and male patients. Paediatric patients had
significantly better DSS and OS. [37] Locations with a favourable prognosis include the orbit, head and neck
(excluding the meninges, sinuses and nose), and the urinary tract (excluding the bladder and prostate).
Locations with a poor prognosis include the limbs, retroperitoneal space, bile ducts, meninges, sinuses, nose,
bladder and prostate. [4,37]

The presence of FOXO1 fusion is a critical prognostic marker, associated with poorer prognosis and
more aggressive disease progression. Patients with ARMS have a poorer prognosis than patients with ERMS.
(Approximately 80% of tumours morphologically classified as ARMS have FOXO1 fusion). Mutations in the
MYODI and TP53 genes are strong negative prognostic factors associated with a very unfavourable course of
RMS. [2] Based on clinical and pathological features, a risk group is assigned, which determines the treatment
approach. In the treatment of low- and medium-risk RMS, multimodal regimens combining surgery,
chemotherapy and radiotherapy are used, resulting in a 5-year survival rate of approximately 70-90%. In
advanced, high-risk cases, systemic therapy is based on multi-drug chemotherapy combinations, but despite
the intensification of treatment, overall survival remains low, at less than 20%. [4,38]

The introduction of molecular classification and risk assessment (e.g., FOXO1 fusion testing) allows for
better tailoring of therapy, enabling milder treatment in patients with a good prognosis and intensification in
patients with negative prognostic factors. It is important to conduct further research on molecular biomarkers
that will improve the accuracy of prognosis and help in the implementation of targeted therapies.

Summary

RMS is the most common malignant soft tissue tumour in children and the third most common
extracranial solid tumour in the paediatric population, after Wilms' tumour and neuroblastoma. RMS originates
from mesenchymal cells that have the ability to differentiate into striated muscle. It occurs mainly in children
under 10 years of age, with two peaks in incidence: between 2—6 and 10—18 years of age.

This tumour is highly heterogeneous in terms of location (most commonly head and neck, genitourinary
system, limbs), histological features (four main subtypes: embryonal — ERMS, alveolar — ARMS, spindle cell
and pleomorphic), clinical symptoms and prognosis. The most common histological subtype in children is
ERMS (60-80% of cases), which is associated with a better prognosis than the more aggressive ARMS, often
correlated with the presence of FOXO1 gene fusion — an important prognostic factor.

The symptoms of RMS are non-specific and depend on the location of the tumour. In the head and neck
area, symptoms include exophthalmos, visual disturbances, nosebleeds, neurological symptoms and unilateral
facial pain. Changes in the genitourinary system cause haematuria, difficulty urinating, and tumours of the
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vagina or anus. Tumours of the limbs manifest as painful swelling or a rapidly growing mass. Due to the non-
specific nature of the symptoms and the rarity of the disease, the diagnosis of RMS is often delayed, especially
in primary care.

The diagnosis of RMS requires a multi-step approach, including imaging (MRI, CT), biopsy and
thorough histopathological analysis using immunohistochemical markers such as MyoD1, myogenin, desmin
or vimentin. In addition, molecular diagnostics enable the identification of gene mutations and fusions, which
is of significant prognostic and therapeutic importance.

RMS treatment is based on a multimodal strategy — surgery, chemotherapy and radiotherapy. Classic
chemotherapy regimens are VAC (vincristine, actinomycin D, cyclophosphamide) used mainly in North
America and IVA (ifosfamide, vincristine, actinomycin D) in Europe. In low- and medium-risk RMS,
treatment achieves a 5-year overall survival rate of 70-90%. In advanced or metastatic disease, despite
intensified treatment, the survival rate falls below 20%.

Modern therapies, such as immunotherapy (e.g. PD-1 inhibitors, CTLA-4 inhibitors, CAR-T therapies)
and targeted therapies (IGFR1 inhibitors, mTOR inhibitors), are becoming a promising alternative in resistant
or recurrent cases. Early studies indicate their potential to improve prognosis and quality of life for patients,
although they are still the subject of intensive clinical research.

The prognosis depends on many factors, such as the patient's age, tumour location, size, presence of
metastases, histological subtype and molecular status (e.g. presence of FOXO1 fusion, TP53 mutation,
MYOD1). The best prognosis is for tumours located in the orbit and head and neck (outside the meninges),
and the worst for tumours in the limbs, retroperitoneal space, sinuses and urogenital system (bladder, prostate).

In summary, despite significant advances in the diagnosis and treatment of RMS, the disease remains
both a diagnostic and therapeutic challenge, especially in cases with metastases or unfavourable molecular
factors. Early diagnosis, interdisciplinary care and further development of targeted therapies and
immunotherapy are of key importance. Raising awareness of this disease among primary care physicians and
paediatricians may improve early detection and prognosis.

Conflict of interest: The authors declare that they have no conlicts of interest to disclose
Funding Statement: This research received no external funding

REFERENCES

1. Coérdoba Rovira, S. M., & Inarejos Clemente, E. J. (2016). Childhood rhabdomyosarcoma. Rabdomiosarcoma
infantil. Radiologia, 58(6), 481—490. https://doi.org/10.1016/j.rx.2016.09.003

2. Hettmer, S., Linardic, C. M., Kelsey, A., Rudzinski, E. R., Vokuhl, C., Selfe, J., Ruhen, O., Shern, J. F., Khan, J.,
Kovach, A. R., Lupo, P. J., Gatz, S. A., Schifer, B. W., Volchenboum, S., Minard-Colin, V., Koscielniak, E.,
Hawkins, D. S., Bisogno, G., Sparber-Sauer, M., Venkatramani, R., ... Shipley, J. (2022). 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. European  journal — of  cancer  (Oxford, England 1990), 172, 367-386.
https://doi.org/10.1016/j.ejca.2022.05.036

3. Dziuba, I., Kurzawa, P., Dopierala, M., Larque, A. B., & Januszkiewicz-Lewandowska, D. (2018).
Rhabdomyosarcoma in children - current pathologic and molecular classification. Polish journal of pathology :
official journal of the Polish Society of Pathologists, 69(1), 20-32. https://doi.org/10.5114/pjp.2018.75333

4. Haduong, J. H., Heske, C. M., Allen-Rhoades, W., Xue, W., Teot, L. A., Rodeberg, D. A., Donaldson, S. S., Weiss,
A., Hawkins, D. S., & Venkatramani, R. (2022). An update on rhabdomyosarcoma risk stratification and the
rationale for current and future Children's Oncology Group clinical trials. Pediatric blood & cancer, 69(4), €29511.
https://doi.org/10.1002/pbc.29511

5. Skapek, S. X., Ferrari, A., Gupta, A. A., Lupo, P. J., Butler, E., Shipley, J., Barr, F. G., & Hawkins, D. S. (2019).
Rhabdomyosarcoma. Nature reviews. Disease primers, 5(1), 1. https://doi.org/10.1038/s41572-018-0051-2

6. Yahaya, J. J., & Mremi, A. (2021). Primary intratesticular rhabdomyosarcoma in children: a case report and review
of the literature. Journal of medical case reports, 15(1), 37. https://doi.org/10.1186/s13256-020-02599-z

7. Markiz, S. N., Khan, S., Wagley, Z. B., Vigaruddin, M. K., Khafaga, Y. M., AlFawaz, 1. A., AlAnazi, A. E.,
AlKofide, A., Khoja, H. A., & Ali, A. A. (2023). Rhabdomyosarcoma in children: Retrospective analysis from a
single tertiary care center in Saudi Arabia. Cancer reports (Hoboken, N.J.),6(1), el1683.
https://doi.org/10.1002/cnr2.1683

8. Agaram N. P. (2022). Evolving classification of rhabdomyosarcoma. Histopathology, 80(1), 98-108.
https://doi.org/10.1111/his.14449

e-ISSN: 2544-9435 7



3(47) (2025): International Journal of Innovative Technologies in Social Science

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Wei, Y., Qin, Q., Yan, C., Hayes, M. N., Garcia, S. P., Xi, H., Do, D., Jin, A. H., Eng, T. C., McCarthy, K. M.,
Adhikari, A., Onozato, M. L., Spentzos, D., Neilsen, G. P., lafrate, A. J., Wexler, L. H., Pyle, A. D., Suva, M. L.,
Dela Crugz, F., Pinello, L., ... Langenau, D. M. (2022). Single-cell analysis and functional characterization uncover
the stem cell hierarchies and developmental origins of rhabdomyosarcoma. Nature cancer, 3(8), 961-975.
https://doi.org/10.1038/s43018-022-00414-w

Martu, C., Tirnovanu, S. D., Martu, ., Ferariu, D., Martu, D., Jitdreanu, A., & Radulescu, L. (2025). Alveolar
Rhabdomyosarcoma of Nasopharynx and Paranasal Sinuses in Children Diagnosis and Treatment-Review of the
Literature and Case Report. Medicina (Kaunas, Lithuania), 61(1), 80. https://doi.org/10.3390/medicina61010080
Eomiak, M., Switaj, T., Spatek, M., et al. (2023). Diagnosis and treatment of rhabdomyosarcomas. Oncology in
Clinical Practice,19(4), 250-279. https://doi.org/10.5603/0cp.2022.0034

Smolle, M. A., Andreou, D., Tunn, P. U., Szkandera, J., Liegl-Atzwanger, B., & Leithner, A. (2017). Diagnosis and
treatment of soft-tissue sarcomas of the extremities and trunk. EFORT open reviews, 2(10), 421-431.
https://doi.org/10.1302/2058-5241.2.170005

Tao, Y., Cheng, W., Zhen, H., Shen, J., Guan, H., & Liu, Z. (2025). Clinical features, treatment and prognosis of
primary  pulmonary  rhabdomyosarcoma: A systemic  review. BMC  pediatrics, 25(1), 185.
https://doi.org/10.1186/s12887-025-05521-y

Mashhadi, S., Garajei, A., & Aminishakib, P. (2025). A Primary Intraosseous Rhabdomyosarcoma of Mandible:
Report of a Rare Case and Review of  Literature. Frontiers in  dentistry, 22, 4.
https://doi.org/10.18502/fid.v22i4.17543

Schloemer, N. J., Xue, W., Qumseya, A., Luo, L. Y., Hiniker, S. M., Lautz, T. B., Rhee, D. S., Arnold, M. A, &
Venkatramani, R. (2023). Prognosis of children and young adults with newly diagnosed rhabdomyosarcoma
metastatic to bone marrow treated on Children's Oncology Group studies. Pediatric blood & cancer, 70(12),e30701.
https://doi.org/10.1002/pbc.30701

de Vries, I. S. A., van Ewijk, R., Adriaansen, L. M. E., Bohte, A. E., Braat, A. J. A. T., Fajardo, R. D., Hiemcke-
Jiwa, L. S., Hol, M. L. F., Ter Horst, S. A. J., de Keizer, B., Knops, R. R. G., Meister, M. T., Schoot, R. A., Smeele,
L. E., van Scheltinga, S. T., Vaarwerk, B., Merks, J. H. M., & van Rijn, R. R. (2023). Imaging in rhabdomyosarcoma:
a patient journey. Pediatric radiology, 53(4), 788—812. https://doi.org/10.1007/s00247-023-05596-8

van Ewijk, R., Chatziantoniou, C., Adams, M., Bertolini, P., Bisogno, G., Bouhamama, A., Caro-Dominguez, P.,
Charon, V., Coma, A., Dandis, R., Devalck, C., De Donno, G., Ferrari, A., Fiocco, M., Gallego, S., Giraudo, C.,
Glosli, H., Ter Horst, S. A. J., Jenney, M., Klein, W. M., ... Schoot, R. A. (2023). Quantitative diffusion-weighted
MRI response assessment in thabdomyosarcoma: an international retrospective study on behalf of the European
paediatric Soft tissue sarcoma Study Group Imaging Committee. Pediatric radiology, 53(12), 2539-2551.
https://doi.org/10.1007/s00247-023-05745-z

Ghosh, A., Li, H., Towbin, A. J., Turpin, B. K., & Trout, A. T. (2024). Histogram Analysis of Apparent Diffusion
Coefficient Maps Provides Genotypic and Pretreatment Phenotypic Information in Pediatric and Young Adult
Rhabdomyosarcoma. Academic radiology, 31(6), 2550-2561. https://doi.org/10.1016/j.acra.2024.01.011

Sheng, J., Li, T. T., Zhang, H. H., Xu, H. F., Cai, X. M., Xu, R, Ji, Q. Q., Wu, Y. M., Huang, T., & Yang, X. J.
(2023). CT and MR imaging features of soft tissue rhabdoid tumor: compared with rhabdomyosarcoma in
children. Frontiers in pediatrics, 11, 1199444 https://doi.org/10.3389/fped.2023.1199444

Baratto, L., Hawk, K. E., States, L., Qi, J., Gatidis, S., Kiru, L., & Daldrup-Link, H. E. (2021). PET/MRI Improves
Management of Children with Cancer. Journal of nuclear medicine : official publication, Society of Nuclear
Medicine, 62(10), 1334—1340. https://doi.org/10.2967/jnumed.120.259747

Loganathan, A. K., Jacob, T. J., Matthew, L. G., Moses, V., Keshava, S. K. N., Priscilla, A. J., & Kurian, J. J. (2022).
Efficacy of Core Needle Biopsy in the Diagnosis of Pediatric Extracranial Solid Malignancies: A 10-Year
Study. Journal of Indian Association of Pediatric Surgeons, 27(1), 60—64.
https://doi.org/10.4103/jiaps.JIAPS 319 20

Cernakova, M., Hobusch, G. M., Amann, G., Funovics, P. T., Windhager, R., & Panotopoulos, J. (2021). Diagnostic
accuracy of ultrasound-guided core needle biopsy versus incisional biopsy in soft tissue sarcoma: an institutional
experience. Scientific reports, 11(1), 17832. https://doi.org/10.1038/s41598-021-96953-w

Morotti, R. A., Nicol, K. K., Parham, D. M., Teot, L. A., Moore, J., Hayes, J., Meyer, W., Qualman, S. J., &
Children's Oncology Group (2006). An immunohistochemical algorithm to facilitate diagnosis and subtyping of
rhabdomyosarcoma: the Children's Oncology Group experience. The American journal of surgical pathology, 30(8),
962-968. https://doi.org/10.1097/00000478-200608000-00005

Kumar, S., Perlman, E., Harris, C. A., Raffeld, M., & Tsokos, M. (2000). Myogenin is a specific marker for
rhabdomyosarcoma: an immunohistochemical study in paraffin-embedded tissues. Modern pathology : an official
journal of the United States and Canadian Academy of Pathology, Inc,13(9), 988-993.
https://doi.org/10.1038/modpathol.3880179

Kodet R. (1989). Rhabdomyosarcoma in childhood. An immunohistological analysis with myoglobin, desmin and
vimentin. Pathology, research and practice, 185(2), 207-213. https://doi.org/10.1016/S0344-0338(89)80253-5

e-ISSN: 2544-9435 8



3(47) (2025): International Journal of Innovative Technologies in Social Science

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Arnold, M. A., & Barr, F. G. (2017). Molecular diagnostics in the management of rhabdomyosarcoma. Expert review
of molecular diagnostics, 17(2), 189—194. https://doi.org/10.1080/14737159.2017.1275965

Edwards, R. H., Chatten, J., Xiong, Q. B., & Barr, F. G. (1997). Detection of gene fusions in rhabdomyosarcoma by
reverse transcriptase-polymerase chain reaction assay of archival samples. Diagnostic molecular pathology : the
American journal of surgical pathology, part B, 6(2), 91-97. https://doi.org/10.1097/00019606-199704000-00004
Rogers, T., Schmidt, A., Buchanan, A. F., Scharschmidt, T., Dasgupta, R., Onwuka, E. A., & Rodeberg, D. A. (2025).
Rhabdomyosarcoma  Surgical = Update. Pediatric ~ blood &  cancer,72  Suppl 2,  e31496.
https://doi.org/10.1002/pbc.31496

De Salvo, G. L., Del Bianco, P., Minard-Colin, V., Chisholm, J., Jenney, M., Guillen, G., Devalck, C., Van Rijn, R.,
Shipley, J., Orbach, D., Kelsey, A., Rogers, T., Guerin, F., Scarzello, G., Ferrari, A., Cesen Mazic, M., Merks, J. H.
M., Bisogno, G., & European Pediatric Soft Tissue Sarcoma Study Group (2024). Reappraisal of prognostic factors
used in the European Pediatric Soft Tissue Sarcoma Study Group RMS 2005 study for localized rhabdomyosarcoma
to optimize risk stratification and generate a prognostic nomogram. Cancer, 130(13), 2351-2360.
https://doi.org/10.1002/cncr.35258

Ben Arush, M., Minard-Colin, V., Mosseri, V., Defachelles, A. S., Bergeron, C., Algret, N., Fasola, S., André, N.,
Thebaud, E., Corradini, N., Bernier, V., Martelli, H., Ranchére, D., & Orbach, D. (2015). Does aggressive local
treatment have an impact on survival in children with metastatic rhabdomyosarcoma?. European journal of cancer
(Oxford, England : 1990), 51(2), 193-201. https://doi.org/10.1016/j.ejca.2014.11.009

Makimoto A. (2022). Optimizing Rhabdomyosarcoma Treatment in Adolescents and Young Adults. Cancers, 14(9),
2270. https://doi.org/10.3390/cancers14092270

Morel, V. J., Rossler, J., & Bernasconi, M. (2024). Targeted immunotherapy and nanomedicine for
rhabdomyosarcoma: The way of the future. Medicinal research  reviews, 44(6), 2730-2773.
https://doi.org/10.1002/med.22059

Chen, C., Dorado Garcia, H., Scheer, M., & Henssen, A. G. (2019). Current and Future Treatment Strategies for
Rhabdomyosarcoma. Frontiers in oncology, 9, 1458. https://doi.org/10.3389/fonc.2019.01458

Wachtel, M., & Schifer, B. W. (2010). Targets for cancer therapy in childhood sarcomas. Cancer treatment
reviews, 36(4), 318-327. https://doi.org/10.1016/j.ctrv.2010.02.007

Gupta, A. A., Xue, W., Harrison, D. J., Hawkins, D. S., Dasgupta, R., Wolden, S., Shulkin, B., Qumseya, A., Routh,
J. C., MacDonald, T., Feinberg, S., Crompton, B., Rudzinski, E. R., Arnold, M., & Venkatramani, R. (2024).
Addition of temsirolimus to chemotherapy in children, adolescents, and young adults with intermediate-risk
rhabdomyosarcoma (ARST1431): a randomised, open-label, phase 3 trial from the Children's Oncology Group. The
Lancet. Oncology, 25(7), 912-921. https://doi.org/10.1016/S1470-2045(24)00255-9

Crane, J. N., Xue, W., Qumseya, A., Gao, Z., Arndt, C. A. S., Donaldson, S. S., Harrison, D. J., Hawkins, D. S.,
Linardic, C. M., Mascarenhas, L., Meyer, W. H., Rodeberg, D. A., Rudzinski, E. R., Shulkin, B. L., Walterhouse,
D. O., Venkatramani, R., & Weiss, A. R. (2022). Clinical group and modified TNM stage for rhabdomyosarcoma:
A review from the Children's Oncology Group. Pediatric blood & cancer, 69(6), ¢29644.
https://doi.org/10.1002/pbc.29644

Rohde, J., Henssen, A., Eggert, A., & Scheer, M. (2025). Rhabdomyosarcoma of head and neck varies in
aggressiveness  depending on  the  specific site of  origin. Oral  oncology, 164, 107263.
https://doi.org/10.1016/j.oraloncology.2025.107263

Shern, J. F., Selfe, J., Izquierdo, E., Patidar, R., Chou, H. C., Song, Y. K., Yohe, M. E., Sindiri, S., Wei, J., Wen,
X., Rudzinski, E. R., Barkauskas, D. A., Lo, T., Hall, D., Linardic, C. M., Hughes, D., Jamal, S., Jenney, M.,
Chisholm, J., Brown, R., ... Khan, J. (2021). Genomic Classification and Clinical Outcome in Rhabdomyosarcoma:
A Report From an International Consortium. Journal of clinical oncology : official journal of the American Society
of Clinical Oncology, 39(26), 2859-2871. https://doi.org/10.1200/JC0O.20.03060

e-ISSN: 2544-9435 9



