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Introduction

The management of soft tissue sarcomas has been fundamentally reshaped by a
deep integration of molecular genetics into clinical practice.

The 2020 World Health Organization (WHO) classification represents a critical
turning point, moving beyond traditional morphology to incorporate specific ge-
netic alterations into the very definition of tumor entities.

This updated framework introduces new classifications, such as CIC-rearranged
sarcomas, and redefines others based on new molecular insights, creating a more
objective and reproducible basis for diagnosis that directly impacts prognosis and
therapeutic decisions [1].

This molecular approach is essential because it allows for a far more accurate
categorization of these diverse tumors than histology alone can provide.

By identifying specific genetic drivers like gene fusions, mutations, or amplifica-
tions, clinicians can create a genetic fingerprint for each tumor.

This is not merely an academic classification; it serves as a powerful predictive tool
for patient outcomes and reveals vulnerabilities that can be targeted with precision
drugs, paving the way for truly personalized cancer treatment [2].

Nowhere is the success of this model more evident than in the treatment of Gas-
trointestinal Stromal Tumors (GISTs), which are often driven by mutations in the
KIT or PDGFRA genes.

The development of tyrosine kinase inhibitors (TKIs) that specifically target these
mutations has transformed patient outcomes, establishing GISTs as a paradigm
for successful targeted therapy in solid tumors [10].

This principle of molecular subtyping is now essential across the sarcoma spec-
trum, as illustrated by liposarcoma.

Treatment strategies for liposarcoma are dictated by its specific genetic profile;
well-differentiated and dedifferentiated types are characterized by MDM2 and
CDK4 gene amplifications that can be targeted with specific inhibitors, while myx-
oid liposarcoma’s FUS-DDIT3 gene fusion makes it uniquely sensitive to certain
chemotherapies [4].

This molecular focus is equally crucial in pediatric cases, where soft tissue tumors
are often defined by characteristic gene fusions that drive their growth.

Identifying these molecular signatures is now a standard and vital part of the diag-
nostic process, essential for accurate classification, risk stratification, and guiding
the use of targeted therapies designed for the cancer’s specific vulnerabilities [6].

While targeted therapy has advanced significantly, immunotherapy’s role has been

more selective.

Immune checkpoint inhibitors have shown effectiveness, but only in specific sub-
types like undifferentiated pleomorphic sarcoma and alveolar soft part sarcoma.

Consequently, current research is focused on identifying reliable biomarkers within
the tumor microenvironment to better predict which patients will respond to treat-
ment [3].

Alongside systemic therapies, localized treatments remain a cornerstone of care.

Modern radiotherapy is critical for treating soft tissue sarcomas of the limbs, with
a common strategy being pre-surgical radiation to reduce long-term side effects.

Advanced techniques like Intensity-Modulated Radiation Therapy (IMRT) allow for
precise dose sculpting, protecting healthy tissue while ensuring effective local tu-
mor control [5].

For anatomically complex tumors like retroperitoneal sarcomas, treatment remains
a significant surgical challenge best handled by a multidisciplinary team at a high-
volume center.

The consensus approach emphasizes aggressive upfront surgery to achieve com-
plete tumor removal with clear margins, which is considered the best chance for a
cure and remains the absolute cornerstone of treatment [8].

To complement these diagnostic and therapeutic strategies, advanced imaging
and monitoring techniques are improving patient care.

Advanced Magnetic Resonance Imaging (MRI) techniques, such as Diffusion-
Weighted Imaging (DWI) and Dynamic Contrast-Enhanced (DCE) MRI, provide
functional data on water diffusion and blood flow, helping to differentiate between
benign and malignant masses with greater confidence [7].

Looking forward, liquid biopsy is emerging as a powerful, non-invasive technology.

By analyzing circulating tumor DNA (ctDNA) from a blood sample, clinicians can
detect a tumor’s specific genetic mutations, monitor its response to therapy in real-
time, and identify recurrence earlier than with standard imaging, positioning it to
become a key tool in personalized sarcoma management [9].

Description

The landscape of soft tissue sarcoma diagnosis and treatment is undergoing a
profound transformation, driven by the integration of molecular biology into ev-
ery aspect of patient care. This shift has moved the field from a heavy reliance
on traditional morphology to a more precise, genetically informed approach. The
cornerstone of this new era is the updated 2020 WHO classification, which for-
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mally incorporates specific genetic alterations to define and reclassify tumor en-
tities [1]. This molecular fingerprinting provides a far more objective and repro-
ducible framework than histology alone, directly improving diagnostic accuracy,
prognostic predictions, and the selection of targeted therapies designed to exploit
a tumor’s specific genetic vulnerabilities [2]. This evolution is particularly vital in
pediatric cases, where tumors are often defined by characteristic gene fusions that
guide both classification and treatment [6].

The impact of this molecular understanding is most powerfully demonstrated by
the success of targeted therapies in specific sarcoma subtypes. Gastrointestinal
Stromal Tumors (GISTs) serve as the classic model, where the discovery of driv-
ing mutations in KIT or PDGFRA genes led to the development of tyrosine kinase
inhibitors (TKIs) that dramatically improved survival [10]. This principle extends
to other sarcomas, such as liposarcoma, where treatment is now critically depen-
dent on its molecular subtype. For instance, the presence of MDM2 and CDK4
amplifications allows for the use of specific inhibitors, while the FUS-DDIT3 fusion
in myxoid liposarcoma confers sensitivity to particular chemotherapies, making
accurate molecular subtyping essential for effective treatment [4].

While molecularly targeted drugs represent a major advance, the broader thera-
peutic approach to sarcoma remains multimodal and nuanced. Immunotherapy,
for example, has shown promise but its effectiveness is limited to select subtypes
like undifferentiated pleomorphic sarcoma. The central challenge lies in identify-
ing reliable biomarkers to predict which patients will benefit, making it an area of
active investigation [3]. In parallel, established modalities like radiotherapy con-
tinue to play a crucial role, especially for limb sarcomas. The use of pre-operative
radiation, delivered with advanced techniques like IMRT, helps preserve function
by reducing long-term side effects while maintaining excellent local tumor control
[5]. This highlights that optimal care often involves a sophisticated combination of
systemic and local treatments.

Furthermore, the management of certain sarcomas underscores the continued im-
portance of specialized, high-level surgical expertise. Retroperitoneal sarcomas,
due to their complex anatomical location, present a formidable surgical challenge.
The consensus from expert working groups confirms that the best opportunity for
a cure lies in aggressive, complete surgical resection performed at a high-volume
center by a multidisciplinary team. This often requires the en bloc removal of adja-
cent organs and remains the undisputed cornerstone of treatment for these tumors
[8]. This reality emphasizes that despite molecular advances, expert surgical in-
tervention is irreplaceable for achieving curative outcomes in complex cases.

Looking to the future, the field is embracing innovative technologies to further
refine personalized care. Advanced diagnostic imaging, such as functional MRI
techniques like DWI and DCE-MRI, offers quantitative data that helps distinguish
between benign and malignant masses with greater confidence before a biopsy is
even performed [7]. Perhaps most exciting is the emergence of liquid biopsy. This
non-invasive technology analyzes circulating tumor DNA (ctDNA) from a simple
blood test to detect a tumor’s genetic mutations. It holds immense potential for
monitoring treatment response in real-time, detecting disease recurrence earlier
than conventional imaging, and guiding therapeutic decisions, poised to become
an indispensable tool in the ongoing management of sarcoma patients [9].

Conclusion

The management of soft tissue sarcomas is rapidly evolving from a morphology-
based system to one centered on molecular genetics. The 2020 WHO classifica-
tion codifies this shift, using specific genetic alterations to define and reclassify
tumors, which improves diagnostic accuracy and guides therapy [1, 2]. This ap-
proach has led to major breakthroughs, such as the use of targeted tyrosine kinase

inhibitors for GISTs driven by KIT/PDGFRA mutations and subtype-specific in-
hibitors for liposarcomas with MDM2/CDK4 amplifications [10, 4]. A similar molec-
ular focus is critical in pediatric sarcomas, which are often defined by specific gene
fusions [6].

While targeted therapy is a cornerstone, the treatment landscape is diverse. Im-
munotherapy shows promise but is currently effective only in select subtypes,
prompting a search for predictive biomarkers [3]. Established treatments like ra-
diotherapy remain vital, especially for limb sarcomas, where pre-operative IMRT
helps preserve function [5]. For complex cases like retroperitoneal sarcomas, ag-
gressive surgery at specialized centers is the primary curative modality [8].

Advancements in diagnostics are also key. Functional MRI techniques improve
the differentiation of malignant and benign tumors [7], while emerging technologies
like liquid biopsy offer a non-invasive way to monitor treatment response and de-
tect recurrence by analyzing circulating tumor DNA [9]. This integrated approach,
combining molecular insights with advanced therapies and diagnostics, is paving
the way for more personalized and effective sarcoma care.
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