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DESCRIPTION
Pleomorphic Rhabdomyosarcoma (PRMS) is a rare and 
aggressive soft tissue malignancy predominantly affecting adults. 
PRMS is a high-grade soft tissue sarcoma that poses significant 
clinical challenges due to its aggressiveness and resistance to 
conventional therapies. While advances in cancer genomics have 
resolved the genetic bases of many malignancies, PRMS remains
unrecognized, because of its low incidence. These tumor 
suppressor genes are essential for maintaining genomic stability 
and regulating cell cycle progression. Pleomorphic 
rhabdomyosarcoma is a rare subtype of rhabdomyosarcoma 
characterized by the presence of undifferentiated, pleomorphic 
(varied in appearance) spindle cells. Unlike embryonal and 
alveolar rhabdomyosarcoma, which primarily affect children and 
adolescents, PRMS predominantly afflicts adults, typically in 
their sixth or seventh decade. PRMS presents significant clinical 
challenges due to its aggressive behavior and resistance to 
traditional therapeutic approaches, including surgery, radiation, 
and chemotherapy.

A deeper understanding of the genetic alterations driving PRMS 
is critical for developing more effective treatments. The TP53 
gene, often referred to as the "guardian of the genome," encodes 
the p53 protein, a master regulator of cell death. In response to 
cellular stress and DNA damage, p53 direct a complex network 
of cellular responses, including cell cycle arrest, DNA repair, 
senescence, or apoptosis. TP53 mutations are common in many 
cancers, leading to the loss of these essential regulatory 
functions. The RB1 gene encodes the Retinoblastoma Protein 
(pRB), a key regulator of the cell cycle. pRB prevents cell division 
by inhibiting the activity of transcription factors required for cell 
cycle progression. Loss of RB1 function releases uncontrolled 
cell growth and is associated with several cancers. These genetic 
aberrations represent defining features of PRMS and underscore 
their potential roles in disease progression. The complete loss of 
TP53 and RB1 in PRMS carries significant implications: TP53 

and RB1 are pivotal for maintaining genome stability. Their loss  
in PRMS is associated with genomic instability, characterized by a 
higher frequency of genetic mutations and chromosomal 
aberrations. RB1 loss disrupts cell cycle regulation, leading to 
uncontrolled cell proliferation—a distinguishing characteristic of 
cancer.

Dysregulated cell cycle progression contributes to the aggressive 
phenotype of PRMS. The loss of TP53 and RB1 in PRMS is 
strongly associated with increased genomic instability. Genomic 
instability manifests as structural variations, copy number 
alterations, and mutational signatures that collectively contribute 
to the heterogeneity of PRMS. These complex genomic changes 
create a heterogeneous tumor microenvironment with diverse 
cell populations. The immune microenvironment of PRMS is 
characterized by limited immune infiltrate compared to some 
other malignancies. This lack of immune cells may influence the 
disease's progression and response to treatment. The complex 
genome alterations and low immune infiltrate in PRMS may 
contribute to immune evasion mechanisms employed by the 
tumor.

These mechanisms include immune checkpoint signaling and 
tumor-induced immunosuppression, further complicating 
treatment strategies. Therapeutic strategies that target genomic 
instability, such as synthetic lethality-based approaches, hold 
potential for treating PRMS with TP53 and RB1 loss. These 
strategies utilize the increased susceptibility of genetically 
unstable cancer cells to specific treatments. Despite the low 
immune infiltrate in PRMS, immunotherapeutic approaches like 
immune checkpoint inhibitors and adoptive cell therapies should 
be explored. Combining these approaches with other treatments 
may enhance antitumor immune responses and improve 
outcomes. Further characterizing the genomic alterations and 
mutational view of PRMS to identify potential therapeutic 
vulnerabilities. Investigating novel immunotherapeutic strategies 
to overcome immune evasion mechanisms and enhance 
antitumor immune responses.
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these genetic alterations is essential for developing targeted
therapies and exploring immunotherapeutic approaches that
may improve outcomes for patients with this complex and
aggressive soft tissue sarcoma.

Huang B

CONCLUSION
Complete loss of TP53 and RB1 in PRMS represents a defining 
genetic feature associated with increased genome complexity and 
limited immune infiltrate. Understanding the implications of
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