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Abstract

Introduction. Soft tissue sarcomas are a rare and heterogeneous group of mesenchymal
malignancies arising from connective tissues, including fat, muscle, nerves, and vascular
structures. They account for a small proportion of adult malignancies but demonstrate
significant biological diversity and clinical complexity. Advances in molecular biology
have significantly improved the understanding of their pathogenesis, particularly through
the identification of specific genetic alterations such as chromosomal translocations and
gene fusions.

Materials and methods. This work is based on a narrative review of recent literature
focusing on histopathological, molecular, and clinical aspects of soft tissue sarcomas.
Data were obtained from peer-reviewed articles indexed in PubMed and other scientific
databases. Emphasis was placed on studies describing genetic alterations, diagnostic
approaches, and treatment strategies published in recent years.

Results. Soft tissue sarcomas are classified into two main molecular groups: tumors with
specific chromosomal translocations and tumors with complex genomic alterations.
The first group includes entities such as Ewing sarcoma, synovial sarcoma, and myxoid
liposarcoma, characterized by fusion genes like EWSR1-FLI1, SS18-SSX, and FUS-DDIT3.
The second group comprises leiomyosarcoma, undifferentiated pleomorphic sarcoma,
and pleomorphic liposarcoma, which exhibit genomic instability and mutations in tumor
suppressor genes such as TP53 and RB1. Histologically, these tumors range from well-
differentiated lesions resembling normal tissue to poorly differentiated, highly aggressive
neoplasms with marked atypia and necrosis. Tumor grading systems such as FNCLCC are
essential for prognostic evaluation.

The management of soft tissue sarcomas requires a multidisciplinary approach. Surgical
resection with negative margins remains the cornerstone of treatment, while radiotherapy
and chemotherapy are used as adjunctive modalities depending on tumor subtype and
stage. Targeted therapies are increasingly applied in cases with identifiable molecular
alterations, supporting a shift toward personalized medicine. Prognosis is influenced by
tumor size, depth, histological grade, presence of metastasis, and surgical margin status.
Lung metastasis represents the most common and significant adverse prognostic factor.

252 "Eurasian Journal of Oncology", 2026, volume 14, Ne 2

HA NEPBYI0 HA CNEAYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO


https://doi.org/10.34883/PI.2026.14.2.001
mailto:xeyalcafarov4@gmail.com

0630pbl. Jlekymn
Reviews. Lectures

Recent advances in molecular diagnostics have improved classification accuracy and
therapeutic decision-making.

Conclusion. Soft tissue sarcomas represent a biologically and genetically diverse group
of tumors requiring integrated diagnostic and therapeutic approaches. Molecular
characterization, combined with histopathological assessment, plays a crucial role in
accurate classification and individualized treatment planning. Despite advances in
management, these tumors remain clinically challenging due to their heterogeneity and
aggressive potential.

Keywords: soft tissue sarcoma, sarcoma, molecular genetics, chromosomal translocation,
gene fusion, histopathology, FNCLCC grading system, immunohistochemistry, targeted
therapy, surgical margins
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Pesiome

BBegeHue. CapKoMbl MATKKX TKAaHEN NpPeAcTaBnsAlT COOOM pefKylo U reTeporeHHyio
rpynny 3/10KauyeCTBEHHbIX Me3eHXMMasbHbIX OMYXO0Jel, BO3HMKAIOLWNX U3 COeAVHUTENb-
HbIX TKaHel, BK/loUas XMPOBYI0, MblILIEUHYIO, HEPBHYIO 1 cocyamncTyto. OHM COCTaBnAT
HeboNbLUYI0 [0S0 3/10KaUYeCTBEHHbIX HOBOOOPA30BaHNI Y B3POC/bIX, OAHAKO XapaKTe-
PY3YI0TCA 3HAUMTESNIbHBIM GMONTOMMYECKUM Pa3HOOBPa3VeM 1 KIIMHNYECKO CIIOKHOCTbIO.
JocTKeHWs MONeKynApPHO 6VONOMN CYLLECTBEHHO PACLUMPUIN MOHVMMaHWe NaToreHe-
3a JaHHbIX onyxonei, ocobeHHO Gnarofaps BbIABNEHUIO CneundUYecknx reHeTUYeCKnX
N3MEHEHUIA, TaKMX KaK XPOMOCOMHbIE TPAHCIIOKALUW U TeHHble CITMAHNA.

Matepuanbl n metoabl. [laHHaA paboTa OCHOBaHa Ha HappaTMBHOM 0630pe CoBpeMeH-
HOW NIMTepaTypbl, NOCBALWEHHON MTMCTONATONIOMMYECKUM, MONEKYNIAPHBIM U KITMHAYECKUM
acrnekTaM CapKoOM MATKUX TKaHel. Mcnonb3oBaHbl AaHHble peLeH3npyeMblX cTaTeid, VH-
JeKkcrpyembix B 6ase PubMed n gpyrvx HaydHbix 6a3ax AaHHbIX. OCHOBHOE BHMMaHUe
yOenanocb MCCNefoBaHUAM, OMUCHIBAIOWMM FeHeTUYeCcKMe U3MeHEHUs, AuarHocTnye-
CKVE NOAXO0Abl M COBPEMEHHbIE CTPATErMU IeYeHMs, ONy6IMKOBaHHbBIM B NOC/IEAHME FOAbl.
Pesynbratbl. CapKoMbl MATKUX TKaHEN MOAPa3AeNsaioTCs Ha ABE OCHOBHble MOJIEKY-
NApHblE TPYNMbl: ONYXONW CO cChneundUYeckumMM XPOMOCOMHBIMI TPaHCIOKaLMAMU
1 OMyXONN CO CJTOXKHbBIMW FEHOMHBIMU U3MeHEHUAMM. K NepBoii rpynne OTHOCATCA Takue
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Ho3onornuveckne ¢Gopmbl, Kak capkoma lOuHra, cHoBManbHaa capkoMa M MUKCOMAHanA
NMNOCApKOMa, XapaKTepusyloLlmeca Hanauumem reHoB CnmaHuA, Takmx Kak EWSR1-FLI1,
SS18-SSX n FUS-DDIT3. Bropas rpynna Bkno4aeT neoMmocapkomy, HeguddepeHumpo-
BaHHYI0 NIEOMOPPHYI0 CapKoMy 1 NneoMopdHY0 TMMOCapKoMy, KOTOpPble XapaKTepu3y-
0TCA FeHOMHO HECTabUIIbHOCTbIO U MY TaLMAMY FeHOB-CYNPecCcopoB OMyXONeBOro pocTa,
Taknx Kak TP53 n RB1. C ructonornyeckomn Toukm 3peHnsa 3T onyxonmn BapbupyioT OT XOpo-
wo anddepeHUMpPoBaHHbIX 06pPa3oBaHMIi, HAMOMMHAKOLWMX HOPManbHble TKaHW, A0 HU3-
KoamddepeHUNPOBaHHbIX BbICOKOArPEeCCMBHbIX HOBOOOGPa30BaHWI C BbIpaXXeHHOW aTu-
nnen n Hekposom. Cuctembl rpagauun onyxonen, Takne Kak FNCLCC, nrpatoT KnioueByto
ponb B MPOrHOCTUYECKOW oLeHKe. JleueHne capkoM MATKMX TKaHel TpebyeT MynbTugmc-
LUMNAMHApPHOro nogxofa. Xvpypruyeckoe yganeHue ¢ oTpuuatesibHbIMK KpasMun pe3ek-
LMK OCTaeTcA OCHOBHbIM METOAOM fleyeHus, Torfa Kak JiyueBas Tepanus 1 XuMmoTtepanua
NPYMEHAOTCA B KaueCTBe JONONHUTENbHbIX METOAOB B 3aBUCMMOCTU OT MOATMUMNA OMyX0/u
1 cTagnm 3aboneBaHuA. TapreTHaa Tepanua BCe valle NCNonb3yeTca NPy HaNMunum NAeH-
TNOULMPOBAHHBIX MONTEKYNAPHBIX M3MEHEHMI, YUTO OTParkaeT Nepexof K NepcoHanm3npo-
BaHHOW MegmuuHe. [IPOrHo3 3aB1CKT OT pa3mepa OnyXonu, rMy6uHbl MHBa3MK, FTMCTONIOMU-
YeCKOWN CTeNeHN 3N10KauYeCTBEHHOCTH, HalMUMA METacTa3oB U COCTOAHNA XUPYPTrMuecKmx
KpaeB pe3ekuunun. MeTacTasbl B ierkue ABnAwTca Hanbonee YacTbiM U HebnaronpuATHLIM
nporHocTuyeckum daktopom. CoBpeMeHHble JOCTMXKEHUA MONEKYNAPHOW ANAarHOCTMKM
MOBbICW/IN TOYHOCTb Knaccudukaumm n 3¢deKTMBHOCTb Bbibopa Tepanuu.

3akntoueHmne. CapkoMbl MATKUX TKaHel NpeacTaBnAaT cobon 6ronornyeckn 1 reHetTmue-
CKM pa3HoobpasHylo rpynny onyxonen, TPebyloLmnx KOMMIEKCHOro AMarHoCTUYeCKoro 1
neyebHoro noaxofa. MonekynapHas xapakTeprcTiKka B COYETaHNM C FTUCTOMATONIOMMUYECKMM
aHanu3oMm MrpaeT KiloYeByHo posib B TOUHON KnaccudmKaLumm 1 MHAMBULYaNN3NPOBaHHOM
Bblbope neueHnA. HecMoTpsA Ha [OCTVMKEHNA COBPEMEHHON MeAULIMHDbI, AaHHble ONyXonu
OCTaloTCA KNVHNYECKN CIIOXKHBIMU U3-3a X FETePOreHHOCTU U arpecCUBHOIO TeUEHUA.
KnioueBble cnoBa: capkoma MArKUX TKaHel, capkoma, MosieKynapHas reHeTrKa, XpoMo-
COMHble TPaHC/IoKaLUWUK, reHHble CANAHNA, rmcTonaTonornsa, cuctema rpagaumm FNCLCC,
UMMYHOTMCTOX1MUSA, TapreTHasA Tepanus, Xnpypruyeckue Kpas

B INTRODUCTION

From a molecular standpoint, soft tissue sarcomas can broadly be divided into two
categories based on their genomic characteristics [1, 2, 4]. This molecular classification
provides an important framework for understanding tumor pathogenesis, biological
behavior, and diagnostic approaches. It also plays a crucial role in guiding modern
personalized therapeutic strategies in sarcoma management.

B MATERIALS AND METHODS

This work is based on a narrative review of recent literature focusing on
histopathological, molecular, and clinical aspects of soft tissue sarcomas. Data were
obtained from peer-reviewed articles indexed in PubMed and other scientific databases.
Emphasis was placed on studies describing genetic alterations, diagnostic approaches,
and treatment strategies published in recent years.
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Sarcomas with Specific Chromosomal Translocations
These tumors are characterized by relatively simple karyotypes and recurrent, tumor-
specific chromosomal translocations that lead to the formation of fusion genes. The
resulting fusion proteins often act as abnormal transcription factors that drive tumor
development and progression [4, 5].
®  Ewing sarcoma is typically associated with the t (11;22) (g24; q12) translocation, which
produces the EWSR1-FLI1 fusion gene.
®  Synovial sarcoma is defined by the t(X;18) (p11; g11) translocation, resulting in the
S$S18-SSX fusion gene [6].
®  Alveolar rhabdomyosarcoma commonly shows either t (2;13) or t (1;13) translocations,
leading to the formation of PAX3-FOXO1 or PAX7-FOXO1 fusion genes.
®  Myxoid liposarcoma is associated with the t (12;16) translocation, which produces the
FUS-DDIT3 fusion gene.
® |iposarcoma.
Associated with t (12;16), generating the FUS-DDIT3 fusion gene.
These sarcomas tend to occur in younger individuals and are often highly sensitive to
specific molecular diagnostic techniques such as FISH and RT-PCR.
Recent studies also show that these fusion proteins not only act as transcription factors
but also remodel chromatin structure and epigenetic regulation, contributing to lineage
reprogramming of mesenchymal cells into malignant phenotypes [7].

Sarcomas with Complex Genomic Alterations

This group is characterized by complex karyotypes, multiple chromosomal gains and
losses, and widespread genomic instability.

Leiomyosarcoma, Undifferentiated pleomorphic sarcoma, and Pleomorphic
liposarcoma are examples of soft tissue sarcomas that typically show complex genetic
alterations rather than single defining translocations.

Common genetic abnormalities in these tumors include mutations in key tumor
suppressor genes such as TP53 and RB1, which contribute to genomic instability,
uncontrolled cell proliferation, and tumor progression [3, 8.

Amplification of oncogenes like MDM2 (notably in well-differentiated and
dedifferentiated liposarcomas).

Unlike translocation-associated sarcomas, these tumors typically occur in older adults
and exhibit more aggressive biological behavior.

Additional Molecular Note

Next-generation sequencing (NGS) studies have further revealed additional recurrent
alterations in genes involved in cell cycle regulation, PI3K/AKT/mTOR signaling pathway,
and DNA damage response mechanisms, highlighting the molecular heterogeneity of this
group [9, 10].

Clinicopathological Features
Soft tissue sarcomas usually present as painless, progressively enlarging masses. Soft

tissue sarcomas most commonly arise in the extremities, particularly in the thigh, although
they can develop in any anatomical location, including the retroperitoneum.
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Clinically, they are typically characterized by a gradual increase in size and often
remain painless in the early stages. Pain usually appears later, mainly due to compression
of adjacent structures.

These tumors also have the potential for local invasion and can spread to distant sites,
with the lungs being the most common location for metastasis.

Early diagnosis significantly improves prognosis, and imaging modalities such as MRI
combined with biopsy remain the gold standard for evaluation. Increasing evidence
supports the integration of molecular profiling into routine diagnostic workup for
personalized therapy selection [11, 12].

Histopathological Characteristics

Histologically, soft tissue sarcomas display a wide spectrum of differentiation.

Well-differentiated tumors resemble normal mesenchymal tissue and generally have a
better prognosis. These tumors often maintain some degree of tissue architecture similar
to their tissue of origin, which reflects a lower level of biological aggressiveness. However,
even well-differentiated lesions may undergo dedifferentiation over time, resulting in
more aggressive behavior.

Poorly differentiated or anaplastic tumors exhibit marked cellular atypia, high mitotic
activity, and areas of necrosis, all of which indicate aggressive biological behavior and
a poorer prognosis. These tumors frequently show loss of normal tissue architecture,
increased nuclear pleomorphism, and abnormal mitotic figures, which are key indicators
of high-grade malignancy.

Major histological subtypes of soft tissue sarcomas include liposarcoma,
rhabdomyosarcoma, angiosarcoma, and fibrosarcoma, each arising from different
types of mesenchymal tissue and showing distinct pathological features. In addition to
these, entities such as malignant peripheral nerve sheath tumors (MPNST) and synovial
sarcoma also represent important diagnostic categories with specific morphological and
immunohistochemical profiles.

Tumor grading is an essential component in evaluating these neoplasms, as it helps
determine their level of aggressiveness and guides clinical management, most commonly
using systems such as the FNCLCC grading system [13].

Histological grading is a critical prognostic factor. The most widely used system is the
FNCLCC grading system, which is widely used to assess the aggressiveness of soft tissue
sarcomas. It evaluates three main parameters: tumor differentiation, mitotic count, and
the extent of tumor necrosis [14, 15].

Based on these criteria, tumors are classified into low, intermediate, or high grade,
which helps predict clinical behavior and guide treatment decisions.

Recent immunohistochemical and molecular pathology studies have significantly
improved the diagnostic accuracy of soft tissue sarcomas. Markers such as Ki-67
(proliferation index), MDM2 (liposarcoma), desmin (muscle differentiation), and CD34
(vascular tumors) are now routinely used to support histological diagnosis and refine
tumor classification [16, 17].

Furthermore, digital pathology and Al-assisted histopathology are emerging tools
that may enhance tumor grading reproducibility and reduce inter-observer variability in
sarcoma diagnosis [18].

256 "Eurasian Journal of Oncology", 2026, volume 14, Ne 2

HA NEPBYI0 HA CNEAYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO



0630pbl. Jlekymn
Reviews. Lectures

Diagnostic Approaches

Accurate diagnosis of soft tissue sarcomas requires a multidisciplinary approach:

Biopsy (core needle or excisional) is the gold standard [19].

Immunohistochemistry (IHC) helps identify lineage-specific markers [20].

Molecular genetic testing (FISH, PCR, next-generation sequencing) detects

characteristic genetic alterations [21].

Imaging studies such as MRI and CT scans assess tumor extent and metastasis [22].
The management of soft tissue sarcomas depends on several factors, including tumor
type, grade, location, and stage. Surgical resection with negative margins remains the
cornerstone of treatment, as complete removal of the tumor significantly reduces the risk
of local recurrence [23].

Radiotherapy is frequently used as an adjunct to surgery to improve local control,
particularly in high-grade or large tumors where the risk of recurrence is higher [24].

Chemotherapy is effective in certain subtypes, especially in tumors such as Alveolar
rhabdomyosarcoma and Ewing sarcoma, where it plays an important role in both localized
and metastatic disease [25].

Targeted therapy is increasingly being incorporated into treatment strategies,
particularly for tumors with identifiable molecular alterations, offering a more personalized
approach and improved therapeutic outcomes [26].

Several factors influence patient outcomes in soft tissue sarcomas. Larger tumors,
especially those deeper than the fascia, are associated with a poorer prognosis because
they have a higher risk of recurrence and metastasis.

The histological subtype and grade of the tumor also play a crucial role. High-grade
tumors, as determined by systems such as the FNCLCC grading system, tend to behave
more aggressively and are linked to worse survival outcomes; for example, tumors like
Undifferentiated pleomorphic sarcoma often show rapid progression [27].

The presence of metastases, particularly in the lungs, is one of the most important
negative prognostic indicators and significantly reduces overall survival [23, 27].

Surgical margin status is another critical factor, as complete tumor removal with
negative margins lowers the risk of local recurrence, while positive margins are associated
with poorer outcomes [24].

Finally, specific genetic alterations, including characteristic fusion genes seen in
tumors such as Synovial sarcoma, can influence tumor behavior, response to treatment,
and overall prognosis [27, 28].

B CONCLUSION

Soft tissue sarcomas are a biologically diverse group of malignancies that require
integration of genetic and clinicopathological data for optimal management. Advances
in molecular biology have significantly improved diagnostic accuracy and opened new
avenues for targeted therapies. Continued research into the genetic underpinnings
of these tumors is expected to further enhance personalized treatment strategies and
patient outcomes.
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