
EXCLI Journal 2024;23:727-762 – ISSN 1611-2156 

Received: January 24, 2024, accepted: April 26, 2024, published: May 14, 2024 

 

 

 

727 

Review article: 

MOLECULAR PATHWAYS AND THERAPEUTIC STRATEGIES  

IN DERMATOFIBROSARCOMA PROTUBERANS (DFSP):  

UNRAVELLING THE TUMOR’S GENETIC LANDSCAPE 
 

Harpreet Singh1* , Heena Bholaram Choudhary2, Deepa Satish Mandlik2 ,  

Manoj Subhash Magre2 , Sourav Mohanto3 , Mohammed Gulzar Ahmed3 ,  

Bhuvnesh Kumar Singh4 , Arun Kumar Mishra5 , Arvind Kumar1 , Amrita Mishra6, 

T. Venkatachalam7 , Hitesh Chopra8  

 
1  School of Pharmaceutical Sciences, IFTM University, Moradabad, Uttar Pradesh,  

244102, India 
2  Department of Pharmacology, BVDU, Poona College of Pharmacy, Pune, 411038,  

Maharashtra, India 
3  Department of Pharmaceutics, Yenepoya Pharmacy College & Research Centre,  

Yenepoya (Deemed to be University), Mangalore, Karnataka, 575018, India 
4 Faculty of Pharmacy, Moradabad Educational Trust, Moradabad, Uttar Pradesh,  

244001, India 
5 SOS School of Pharmacy, IFTM University, Moradabad, Uttar Pradesh, 244102, India 
6 School of Pharmaceutical Sciences, Delhi Pharmaceutical Sciences and Research  

University, New Delhi, 110017, India 
7 Department of Pharmaceutical Chemistry, JKKMMRFs-Annai JKK Sampoorani Ammal 

College of Pharmacy, Komarapalayam, The Tamil Nadu Dr. MGR Medical University, 

Chennai, Tamil Nadu, 638183, India 
8 Department of Biosciences, Saveetha School of Engineering, Saveetha Institute of  

Medical and Technical Sciences, Chennai - 602105, Tamil Nadu, India 

 

* Corresponding author: Harpreet Singh, School of Pharmaceutical Sciences, IFTM Uni-

versity, Moradabad, Uttar Pradesh, 244102, India. E-mail: harpreetproctor@rediffmail.com 

 

 
https://dx.doi.org/10.17179/excli2024-7164 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License  
(http://creativecommons.org/licenses/by/4.0/). 
 

 

ABSTRACT 

Dermatofibrosarcoma Protuberans (DFSP) is a rare soft tissue sarcoma distinguished by its infiltrative growth 

pattern and recurrence potential. Understanding the molecular characteristics of DFSP is essential for enhancing 

its diagnosis, prognosis, and treatment strategies. The paper provides an overview of DFSP, highlighting the sig-

nificance of its molecular understanding. The gene expression profiling has uncovered unique molecular signatures 

in DFSP, highlighting its heterogeneity and potential therapeutic targets. The Platelet-Derived Growth Factor Re-

ceptors (PDGFRs) and Fibroblast Growth Factor Receptors (FGFRs) signaling pathways play essential roles in 

the progression and development of DFSP. The abnormal activation of these pathways presents opportunities for 

therapeutic interventions. Several emerging therapies, i.e., immunotherapies, immunomodulatory strategies, and 

immune checkpoint inhibitors, offer promising alternatives to surgical resection. In DFSP management, combina-

tion strategies, including rational combination therapies, aim to exploit the synergistic effects and overcome re-

sistance. The article consisting future perspectives and challenges includes the discovery of prognostic and 
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predictive biomarkers to improve risk stratification and treatment selection. Preclinical models, such as Patient-

derived xenografts (PDX) and genetically engineered mouse models, help study the biology of DFSP and evaluate 

therapeutic interventions. The manuscript also covers small-molecule inhibitors, clinical trials, immune checkpoint 

inhibitors for DFSP treatment, combination therapies, rational therapies, and resistance mechanisms, which are 

unique and not broadly covered in recent pieces of literature. 

 

Keywords: Dermatofibrosarcoma Protuberans, DFSP, cancer, genome, immunotherapy 

 

 

 

Figure 1: Graphical abstract 

 

 

INTRODUCTION 

Dermatofibrosarcoma Protuberans 

(DFSP) is a rare form of skin cancer originat-

ing from fibroblast connective tissues. It is 

characterized by tumors that develop in the 

deep layers of the skin, particularly in the der-

mis and grow gradually (Llombart et al., 

2018). DFSP is primarily embodied in indi-

viduals within the young to middle-aged adult 

population, although it has the potential to oc-

cur in individuals of any age group. Despite 

being categorized as a low-grade malignancy, 

DFSP can potentially invade the surrounding 

tissues and recur following surgical removal 

(Baranov et al., 2020). The precise etiology of 

DFSP remains elusive; nevertheless, it is pos-

tulated that genetic aberrations play a role in 

its pathogenesis. In most instances, the 

occurrence is sporadic, implying no identifia-

ble predisposing factors involved (Jaju et al., 

2016). However, several DFSP cases have 

been linked to a specific chromosomal trans-

location involving the Collagen Type I Alpha 

1 (COL1A1) and Platelet-Derived Growth 

Factor Beta (PDGFB) genes (Bhavani et al., 

2023). Genetic modification leads to the pro-

liferation of cells and the development of tu-

mors as a consequence of the excessive pro-

duction of growth factor receptors (Bhavani et 

al., 2023). Clinically, DFSP presents as a skin 

mass that is firm, slow-growing, and without 

any noticeable symptoms (Zhou et al., 2020). 

The tumor typically appears as a raised, red-

dish-brown, or purple patch with a rubbery or 

woody consistency and evolves more elo-

quently and protuberantly, assuming a 
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nodular or dome-like appearance. DFSP tends 

to affect specific body areas, i.e., the trunk, 

limbs, head, and neck (Bogucki et al., 2012). 

The diagnosis of DFSP involves a compre-

hensive assessment that includes clinical 

evaluation, imaging modalities, and histo-

pathological examination. The standard pro-

cedure involves performing a skin biopsy to 

acquire a tissue specimen for subsequent mi-

croscopic analysis (Ashrafzadeh and Fedeles, 

2023). DFSP is histologically distinguished 

by the presence of spindle-shaped cells that 

exhibit a storiform pattern resembling the 

shape of a cartwheel (Sirvent et al., 2003). Im-

munohistochemistry is often used to confirm 

a diagnosis of DFSP by checking for specific 

markers, i.e., CD34 and vimentin in DFSP 

cells (Fuertes et al., 2013). The primary ther-

apeutic approach for DFSP involves the sur-

gical excision of the tumor. The standard pro-

cedure involves the complete removal of the 

tumor and a surrounding healthy tissue mar-

gin, intending to minimize the likelihood of 

tumor recurrence (Paradisi et al., 2008). In ad-

dition to surgical resection, radiation therapy 

can be used as an adjunct or alternative treat-

ment for DFSP when complete removal is un-

attainable. Chemotherapy is usually reserved 

for advanced or metastatic cases (Wilder et 

al., 2015). 

When emphasis is laid on geographical 

distribution of DFSP, it is said that in the age 

group of 20 to 50 years, DFSP may occur and 

its occurrence is almost nil in new born and 

aged persons of 80 years and above age. Gen-

eral assumption is associated with the fact that 

approximately 16 thousands new cases and 

approx. 6 thousands deaths will be associated 

with death in United States itself.  An esti-

mated 0.8 to 4.5 cases per million individuals 

per year are associated with DFSP (Kreicher 

et al. 2016; Rouhani et al. 2008). No obvious 

racial bias has been shown in prior investiga-

tions, and it has been documented in people of 

all ethnicities. It has been found that Black in-

dividuals are more likely to develop Bednar 

tumor, a rare pigmented type of DFSP (Simon 

et al. 1997).  

In general, the prognosis for DFSP is fa-

vorable as it has a low metastatic potential. 

The primary challenge, however, is prevent-

ing local recurrence, which can occur in 10–

20 % of cases (Brahmachari et al., 2021). It is 

crucial to have regular follow-up appoint-

ments to detect any recurrence or spread of 

the disease. In certain instances, targeted ther-

apeutic interventions that effectively suppress 

aberrant platelet-derived growth factor 

(PDGF) receptor function have exhibited en-

couraging outcomes in managing recurrent or 

untreatable DFSP (Pierotti et al., 2010). Com-

prehending the molecular attributes of DFSP 

is of paramount importance for a multitude of 

reasons, encompassing the realms of diagno-

sis, prognosis, and therapeutic approaches. By 

elucidating the underlying molecular mecha-

nisms and genetic alterations associated with 

DFSP, researchers and healthcare profession-

als can gain valuable insights into the dis-

ease's behavior and develop more targeted 

and effective treatments (Mohammed et al., 

2021). It has been observed that any change 

in epigenesis impacts on various physiologi-

cal and pathological aspects of human body. 

Also the modification in genetics has gained 

significant importance in the area of skin can-

cer research especially DFSP. In case of 

DFSP, the fusion of COL1A1–PDGFB has 

been identified. For pathogenesis of DFSP, 

this fusion variant employs exons 25, 32 and 

47 also. Methylation of histone on 27 lysine 

to form H3K27Me3 is done by this fusion and 

it is ultimately required for initial silencing of 

target genes. Apart from this, studies on tran-

scriptome sequencing analysis have shown a 

strong upregulation of EZH-2 in DFSP which 

is related to epithelial mesenchymal transi-

tion. This suggests that EZH-2-mediated 

methylation may lead to transcriptional re-

pression of p53 genes, which in turn favors 

the development of DFSP (Li et al. 2018).  

Phosphoproteomics has been extensively 

used as a preclinical research tool to charac-

terize the phosphorylated components of the 

cancer proteome. Advancement in the phos-

phoproteomics resulted into insights of new 

drug target, mode of action associated with 
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disease progression, and lastly biomarker dis-

covery. Studies on phosphoproteomics have 

investigated various signaling pathways and 

also examined the kinase network cycle, 

which was not covered by transcriptomic 

technologies. It is pertinent to mention that in 

studies related with expression related profil-

ing 5520 genes at the mRNA level by employ-

ing microarrays has explored distinct molec-

ular signatures for number of sarcoma includ-

ing DFSP thus in turn providing new markers 

with importance of diagnosis (Noujaim et al. 

2016). 

The precise diagnosis is crucial for under-

standing the molecular aspects of DFSP. Clin-

ically, DFSP can mimic other skin lesions, 

making it challenging to distinguish it from 

benign conditions or other sarcomas 

(Trøstrup et al., 2022). Nevertheless, highly 

precise molecular markers exist in the form of 

the specific chromosomal translocation t 

(17;22) (q22; q13), leading to the fusion of 

COL1A1 and PDGFB genes that can be found 

in cases of DFSP (Zhu et al., 2021). Molecu-

lar techniques, such as FISH and PCR, can fa-

cilitate the identification of this genetic mod-

ification. These methods are crucial in verify-

ing the diagnosis and differentiating DFSP 

from other neoplasms that share similar char-

acteristics (Hao et al., 2020). In addition, un-

derstanding the molecular characteristics of 

DFSP can shed light on its biological behav-

ior and prognosis. Different genetic subtypes 

of DFSP, such as the classic variant with 

COL1A1-PDGFB fusion and rare variants 

with alternative fusion partners, may manifest 

with diverse clinical manifestations (Lee et 

al., 2022). Identifying and characterizing spe-

cific fusion types can help healthcare profes-

sionals predict the course of the disease, per-

sonalize treatment, and provide appropriate 

surveillance strategies for patients with 

DFSP. These molecular subtypes are associ-

ated with a high risk of recurrence or metas-

tasis, making their identification crucial for 

accurate treatment and follow-up care 

(Trøstrup et al., 2022). 

The molecular understanding of DFSP 

can also guide the development of targeted 

therapies. The fusion of COL1A1 and 

PDGFB causes overexpression of PDGF re-

ceptor beta (PDGFR-B), which plays a crucial 

role in the pathogenesis of DFSP (Tsagozis et 

al., 2020). This understanding has led to the 

investigation of targeted therapies that specif-

ically inhibit PDGFR-B signaling, depicted in 

Figure 2. By inhibiting PDGFRs activity, the 

tyrosine kinase inhibitor imatinib has shown 

promising results in feasting advanced, recur-

rent, or unresectable DFSP cases (Koseła-

Paterczyk and Rutkowski, 2017). Other tar-

geted therapies, i.e., nilotinib and sorafenib, 

have shown efficacy in a subset of patients 

with DFSP (Widmer et al., 2014). In addition, 

molecular research on DFSP can contribute to 

ongoing efforts to elucidate the mechanisms 

underlying tumor progression, invasion, and 

metastasis (Liu et al., 2023). By investigating 

the molecular alterations associated with 

DFSP, researchers can identify the critical 

pathways and signaling cascades that drive 

the growth and spread of tumors (Peng et al., 

2022). This paper explores the molecular as-

pects of DFSP, including genetic changes, 

chromosomal translocations, and signaling 

pathways that contribute to its development. 

Additionally, potential molecular targets for 

treating DFSP are discussed, including tar-

geted and immunotherapeutic approaches. 

The study also examines small-molecule in-

hibitors, clinical trials, immune checkpoint 

inhibitors for DFSP treatment, combination 

therapies, rational therapies, and resistance 

mechanisms. The article highlights the chal-

lenges and prospects of DFSP research, such 

as identifying prognostic and predictive bi-

omarkers, developing preclinical models, 

overcoming targeted therapy resistance, and 

improving personalized medicine for DFSP. 
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Figure 2: Mechanisms of tumor progression targeting PDGFR-B signaling pathway, contributed to the 
pathogenesis of DFSP (created with Biorender.com). 

 

GENOMIC PROFILING OF DFSP 

FISH 

The Fluorescence in situ hybridization 

(FISH) is a genomic profiling technique that 

has proven extremely useful in studying 

DFSP. The utilization of FISH analysis plays 

a pivotal role in confirming the diagnosis of 

DFSP and in differentiating this particular tu-

mor from other similar neoplasms 

(Chrzanowska et al., 2020). FISH utilizes flu-

orescently labeled DNA probes that bind to 

specific target DNA sequences within tumor 

cells. FISH probes for DFSP were designed to 

target the COL1A1 and PDGFB genes or the 

breakpoints caused by their fusion. These 

probes were labeled with different fluorescent 

dyes, allowing specific genetic alterations to 

be visualized and identified under a fluores-

cence microscope (Schram et al., 2017). In 

general, pathologists can detect the presence 

of the COL1A1-PDGFB fusion gene in DFSP 

tissue samples through FISH analysis (Segura 

et al., 2011). The fusion gene was identified 

by juxtaposing fluorescent signals from the 

COL1A1 and PDGFB genes. The presence of 

the fusion gene, which is highly specific to 

DFSP, confirmed the diagnosis of DFSP 

(Segura et al., 2011). The FISH analysis pro-

vided additional information regarding the 

genetic profile of DFSP. It can determine the 

frequency and distribution of the COL1A1-

PDGFB fusion gene within tumor cells, 

which may differ between patients. This in-

formation can be used to assess tumor aggres-

siveness and predict the likelihood of recur-

rence (Karanian et al., 2015). FISH analysis 

can also differentiate DFSP from other histo-

logically similar tumors, such as benign fi-

brous histiocytoma or cellular dermatofi-

broma (Hornick, 2020). Pathologists can uti-

lize FISH to accurately diagnose DFSP tu-

mors that do not have the COL1A1-PDGFB 

fusion gene, distinguishing them from other 

entities (Henry et al., 2023). 

 

CMA 

The Comprehensive genomic profiling 

(CMA) is a concise genomic profiling tech-

nique with numerous applications in DFSP re-

search. It is essential to understand the genetic 

alterations and molecular characteristics of 

DFSP to develop targeted therapies and per-

sonalized treatment strategies (Dufresne et 

al., 2018). By detecting copy number varia-
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tions (CNVs) and loss of heterozygosity 

(LOH) across the entire genome, CMA ena-

bles researchers to gain valuable insights into 

the genomic landscape of DFSP (Peng et al., 

2022). In CMA, tumor tissue-extracted DNA 

is hybridized with microarrays containing 

thousands to millions of DNA probes (Levy 

and Wapner, 2018). These probes are de-

signed to target specific genomic regions. A 

patient's DNA sample was tagged with one 

fluorescent dye, whereas a reference DNA 

sample was tagged with another. CMA can 

identify regions of the genome exhibiting 

CNVs and LOH by comparing the fluores-

cence signals from the patient's DNA to the 

reference DNA (Shao et al., 2021).  

The identification of CNVs and LOH in 

DFSP using CMA provides essential infor-

mation about the genomic imbalances 

(Sharma et al., 2021). The amplifications or 

deletions of distinct genes or genomic regions 

may indicate the involvement of critical genes 

in the pathogenesis of DFSP (Bridge, 2014). 

For instance, identifying amplified genes may 

reveal potential oncogenes that drive the 

growth and progression of DFSP. In contrast, 

identifying deleted genes may reveal tumor 

suppressor genes that normally regulate cell 

division and growth (Bridge, 2014). The iden-

tification of genomic alterations in DFSP can 

offer valuable insights into the disease's mo-

lecular mechanisms and aid the development 

of targeted therapies. CMA also contributes to 

the classification of DFSP subtypes at a mo-

lecular level. In most cases, DFSP is charac-

terized by specific gene fusion events involv-

ing the COL1A1-PDGFB fusion gene (Saab 

et al., 2017). However, only a small percent-

age of DFSP cases lack this fusion gene. 

CMA can assist in identifying alternative 

gene fusions or genomic rearrangements that 

may be present in these instances. The identi-

fication of these transformations can contrib-

ute to the enhancement of the molecular cate-

gorization of DFSP subtypes, potentially im-

pacting prognosis and treatment alternatives 

(Linn et al., 2003). 

 

PCR 

The Polymerase Chain Reaction (PCR) is 

a fundamental technique in molecular biology 

with numerous applications in DFSP re-

search. PCR permits the amplification of spe-

cific DNA sequences, enabling researchers to 

examine genetic alterations, mutations, and 

gene expression patterns related to DFSP 

(Tan et al., 2007; Buteau al., 2018). A series 

of heating and cooling cycles facilitated the 

denaturation of the DNA template, primer an-

nealing, and DNA synthesis by a DNA poly-

merase enzyme during PCR. A small segment 

of DNA, known as the target sequence, is se-

lectively amplified using primers that flank 

the target region. Typically, the PCR mixture 

consists of a DNA template, DNA polymer-

ase enzyme, nucleotides, and primers 

(Lorenz, 2012). Multiple applications of PCR 

have been reported in DFSP research. The 

identification and characterization of specific 

gene mutations or genetic alterations associ-

ated with the disease are distinct applications 

(Jain et al., 2010). By targeting the mutated or 

altered regions of interest with designed pri-

mers, PCR can amplify and detect variations. 

PDGFB mutations are identified in DFSP 

genes, and through PCR, mutations in patient 

samples can be detected and analyzed (Hong 

et al., 2013). 

In addition, PCR can detect gene fusion 

events in DFSP. The COL1A1-PDGFB fu-

sion gene is a defining characteristic of DFSP, 

and PCR-based techniques, such as reverse 

transcription PCR or multiplex PCR, can be 

used to detect the fusion transcript (Bridge 

and Cushman-Vokoun, 2011). PCR can am-

plify and identify the presence of the fusion 

gene using primers that target the fusion junc-

tion, which diagnoses and classifies DFSP 

subtypes (Cerrone et al., 2014). PCR can also 

be employed to investigate gene expression 

patterns in DFSP (Takahira et al., 2007). The 

utilization of reverse transcription polymer-

ase chain reaction (RT-PCR) enables the con-

version of RNA molecules into their comple-

mentary DNA counterparts, facilitating sub-

sequent amplification and quantification pro-

cesses (Garibyan and Avashia, 2013). Thus, 
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this approach promotes the analysis of gene 

expression levels for specific genes of inter-

est, including oncogenes, tumor suppressor 

genes, and other genes linked to DFSP. PCR-

based gene expression analysis can offer val-

uable insights into the molecular mechanisms 

that underlie DFSP by comparing the expres-

sion levels of genes in normal and tumor tis-

sues (Wu et al., 2019). 

 

RNA-seq  

The RNA-seq (RNA sequencing) is a 

transformative genomic profiling technique 

with significant quantitative analysis in the 

study of DFSP (Gounder et al., 2022). RNA-

seq permits comprehensive analysis of the en-

tire transcriptome, revealing gene expression 

levels, alternative splicing events, and gene 

fusion transcripts associated with DFSP (Xu 

et al., 2018). The extraction of RNA mole-

cules from DFSP tumor tissues is the first step 

in RNA-seq (Hofvander et al., 2019). These 

RNA molecules encapsulate all cell tran-

scripts, including protein-coding and non-

coding RNAs. The extracted RNA was re-

verse-transcribed into complementary DNA 

(cDNA), which was then sequenced using 

high-throughput sequencing platforms 

(Talkish et al., 2014). 

RNA-Seq has numerous applications in 

DFSP research. RNA-seq allows for identify-

ing differentially expressed genes in DFSP tu-

mor tissues versus normal tissue samples 

(Hofvander et al., 2020). Researchers can 

identify genes upregulated or downregulated 

in DFSP by comparing the abundance of tran-

scripts, providing insights into the dysregu-

lated molecular pathways and processes. This 

information can facilitate the identification of 

therapeutic targets and enhance our compre-

hension of the underlying biological mecha-

nisms of DFSP (Laginestra et al., 2017). Fur-

thermore, RNA-seq enables the detection of 

alternative splicing events in DFSP (Ho et al., 

2020). Alternative splicing is a process by 

which various exon combinations within a 

gene are included or excluded, resulting in the 

production of multiple mRNA isoforms from 

a single gene (McAlinden et al., 2005). RNA-

seq analysis provides a comprehensive pic-

ture of DFSP alternative splicing patterns, 

identifying specific isoforms that may have 

functional implications for the disease. These 

isoforms can help DFSP development and 

progression by changing the protein structure, 

function, or expression levels (Rajagopal et 

al., 2022). RNA-seq can also detect gene fu-

sion transcripts, essential aspects of DFSP. 

DFSP is distinguished by the COL1A1-

PDGFB fusion gene, which results from chro-

mosomal translocation (Abbott et al., 2006; 

Olson et al., 2018). RNA-seq helps to confirm 

the presence of DFSP and contributes to the 

molecular classification of DFSP subtypes by 

detecting and characterizing fusion transcripts 

(Olson et al., 2018). 

 

NGS & WES 

The Next generation sequencing (NGS) is 

a cutting-edge genomic profiling technology 

that has revolutionized research on DFSP. 

NGS enables a thorough examination of the 

complete genome or specific regions of inter-

est, providing valuable insights into the ge-

netic modifications and molecular attributes 

associated with this ailment (Jin et al., 2021). 

Whole-genome sequencing (WGS), whole-

exome sequencing (WES), and targeted gene 

panel sequencing (TGPS) represent promi-

nent examples of NGS methodologies (Han 

and Lee, 2020). WGS entails sequencing the 

entire genome, providing a comprehensive 

view of the DFSP genetic landscape (Nguyen 

et al., 2023). This method helps to identify 

various types of genetic changes, including 

single-nucleotide variants (SNVs), insertions 

and deletions (indels), CNVs, and structural 

variants (Nguyen et al., 2023). WGS has the 

potential to reveal new mutations and changes 

in the DNA structure, leading to a better un-

derstanding of the genetic processes involved 

in DFSP (Wang et al., 2022a). 

In addition, WES primarily emphasizes 

the sequencing of the exome, which refers to 

the protein-coding regions of the genome 

(Suwinski et al., 2019). Despite accounting 

for only a small portion of the genome, the ex-

ome contains a vast majority of disease-
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causing variants (Vinuesa et al., 2023). WES 

allows the identification of SNVs and indels 

in DFSP protein-coding genes by sequencing 

the exome. This method is beneficial for de-

tecting mutations in well-known cancer-re-

lated genes and pathways, shedding light on 

the genetic changes that drive DFSP develop-

ment and progression (Cortes-Ciriano et al., 

2023). TGPS refers to the systematic identifi-

cation and arrangement of a distinct group of 

genes that are recognized to be linked to 

DFSP or involved in pathways associated 

with cancer (Gounder et al., 2022). This 

method enables focused analysis of relevant 

genes, providing in-depth coverage and de-

tecting low-frequency mutations and fusion 

transcripts. Targeted gene panel sequencing is 

a cost-effective and efficient strategy 

(Gounder et al., 2022). Figure 3 depicts vari-

ous genomic profiling methodologies em-

ployed in the analysis of DFSP. 

 

NGS can help identify DFSP-specific 

driver mutations, oncogenic pathways, and 

therapeutic targets in research (Cassinelli et 

al., 2016). NGS can also help with the molec-

ular classification of DFSP subtypes by de-

tecting fusion genes, such as the COL1A1-

PDGFB fusion gene, which is common in 

DFSP (Wei et al., 2022). Furthermore, NGS 

can reveal patterns of genomic alterations that 

may be diagnostic or prognostic, thereby as-

sisting in personalized treatment approaches 

(Cassinelli et al., 2016). NGS data analysis in 

DFSP research requires sophisticated bioin-

formatics pipelines to identify and interpret 

genetic alterations accurately. Integrating 

NGS data with other genomic and clinical 

data can help provide a more complete under-

standing of DFSP biology and aid in develop-

ing targeted therapies (Wei et al., 2022). Ta-

ble 1 comprehensively summarizes the ad-

vantages, limitations, and applications of var-

ious genomic profiling techniques in the con-

text of DFSP. 

 
 

Figure 3: Schematic representation of different technologies for detecting DFSP by genomic profiling 
(created with Biorender.com). 
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Table 1: Summarization of various genomic profiling techniques, their characteristics, and limitations for DFSP genetic landscape 

 
Tech-
niques 

Description Advantages Limitations Application in DFSP References 

FISH 

FISH is a cytogenic tech-
nique that uses fluorescent 
probes for analysis where it 
binds to only those parts of 
the chromosomes with a 
high degree of sequence 
complementarity. 

• Scores large number 
of cells in short time 

• High efficiency, sensi-
tivity and specificity 

• Provides data even 
from poor samples 
having a smaller num-
ber of cells 

• Analyzes only one or 
very few abnormalities 
simultaneously 

• Not a perfect technique 
for cytogenetically het-
erogeneous disease 

• Detection of the COL1A1-
PDGFB fusion gene, which con-
firms the presence of DFSP 

• Distinguishes other tumors with 
DFSP 

Asif et al., 
2018 

CMA 

CMA is a microchip-based 
testing method which in-
cludes automated simulta-
neous analysis of many 
genes.  

• Rapid and easy 
method 

• Provides data for thou-
sands of different 
genes 

• Has higher resolution 

• Provides higher diag-
nostic yield 

• Multiple parts of DNA 
can be studied for 
gene expression 

• Does not detect single 
gene mutations 

• Inability to detect bal-
anced rearrangements 

• Analyzes only pre-de-
fined gene sequences 

• Hybridization potentially 
non-specific 

• Classification of DFSP subtypes 
at the molecular level 

• Detection of CNVs and LOHs 

• Identification of cell proliferative 
genes and tumor suppressor 
genes  

Vickers and 
Gibson, 2019 

PCR 

PCR amplifies a small seg-
ment or copy of DNA into 
millions of identical copies 
of DNA to aid the analysis 

• Small amount of DNA 
is required 

• Wide dynamic range of 
quantification 

• Higher sensitivity and 
better precision 

• Usage of radioactive 
compounds can be 
avoided 

• Detection is capable 
down to <2-fold 
change  

• Variation increases 
with cycle number 

• Cannot discriminate 
between viable and 
non-viable or infectious 
and non-infectious cells 

• Non-specific binding 

• Risk of false negative 
and false positive re-
sults 

• Detection of gene fusions 

• Analysis of gene expression 
patterns 

• Gains valuable information 
about molecular characteristics 
of DFSP 

Joshi and 
Deshpande, 
2010 
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RNA-seq 

RNA-seq is a powerful mo-
lecular biology technique 
used to study the transcrip-
tome of an organism, tis-
sue, or cell at a given mo-
ment in time. 

• High dynamic range 

• Hybridization not 
needed 

• Paralogous genes can 
be defined 

• Non-dependence on 
reference gene 

• Detects novel gene as 
well 

• Complex analysis of 
splice variants 

• Protocols aren’t fully 
optimized yet 

• Requires higher power 
computing facility 

Identification of 

• Disease-associated differentially 
expressed genes 

• Alternative splicing events 

• Gene fusion transcripts 

Kukurba and 
Montgomery, 
2015 

NGS 

NGS is a new technology 
which determines the se-
quence of DNA/RNA for 
whole genome or a particu-
lar site of interests in very 
less cost as compared to 
the conventional sequenc-
ing techniques 

• Simultaneous detec-
tion of multiple genes 
in multiple samples 

• Parallel sequencing 
capabilities 

• Quantitative and sensi-
tive detection of ge-
nomic aberrations 

• Detection of population 
specific variants 

• Single input of 
DNA/RNA 

• Accuracy depends on 
sequencing coverage 

• Informatics challenges 
for analysis and clinical 
reporting  

• High complexity of 
workflow and results 

• Genome-wide analysis 

• Detection of genetic alterations 

• Identification of fusion genes 

• Molecular classification of DFSP 
subtypes 

Serratì et al., 
2016 
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UNDERSTANDING ON GENE  

EXPRESSION AND SIGNALING  

PATHWAYS ASSOCIATED IN DFSP 

Gene expression profiling in DFSP has 

emerged as a valuable tool for identifying po-

tential therapeutic targets and understanding 

the molecular characteristics of the disease 

(Merry et al., 2021). Gene expression profil-

ing entails the concurrent assessment of the 

activity of numerous genes, thereby offering 

a comprehensive perspective on the genes that 

are either activated or inactive in DFSP tu-

mors (Pennacchioli et al., 2012). The main 

objective of gene expression profiling in 

DFSP is to gain a comprehensive understand-

ing of the biological mechanisms and path-

ways involved in the initiation and advance-

ment of this disease (Beck et al., 2010). By 

comparing gene expression profiles between 

DFSP tumors and normal skin or other types 

of sarcomas, researchers have successfully 

identified significantly dysregulated genes 

and pathways specific to DFSP (Lai et al., 

2017). The dysregulated genes often contrib-

ute to cellular growth, proliferation, angio-

genesis, and extracellular matrix remodeling, 

all of which are vital processes involved in the 

development and advancement of tumors 

(Winkler et al., 2020). Multiple studies have 

reported the differential expression of specific 

genes and pathways in DFSP. Genes involved 

in the PDGF signaling pathway, including 

PDGFRB, PDGFB, and PDGFRA, are typi-

cally upregulated in DFSP (McCarthy et al., 

2010). The observed result aligns with the ex-

istence of the COL1A1-PDGFB fusion gene 

in most cases of DFSP, leading to abnormal 

activation of PDGF signaling. In addition, 

gene expression profiling has helped classify 

DFSP into distinct molecular subtypes, shed-

ding light on the disease's heterogeneity. 

Based on gene expression patterns, one study 

identified two distinct subtypes of DFSP: the 

fibrosarcomatous subtype and the typical sub-

type (Bahrami and Folpe, 2010). The fibrosar-

comatous subtype exhibited elevated levels of 

gene expression related to fibroblast activa-

tion, extracellular matrix remodeling, and cell 

migration. These findings are consistent with 

its more aggressive behavior and heightened 

susceptibility to metastasis (Ulisse et al., 

2009). 

The gene expression profiling technique 

was additionally employed in identifying pro-

spective therapeutic targets in the context of 

DFSP. Through the examination of gene ex-

pression profiles in DFSP tumors, researchers 

have successfully identified specific genes 

that exhibit unique expression patterns or are 

excessively expressed in DFSP. These find-

ings indicate the potential of these genes to 

serve as viable targets for therapeutic inter-

ventions (Bertucci et al., 2013). For example, 

the fibroblast growth factor receptor 1 

(FGFR1) gene is highly expressed in DFSP 

tumors, indicating that FGFR1 inhibitors may 

effectively target DFSP tumors (Roskoski, 

2018). Furthermore, gene expression profil-

ing has not only facilitated the identification 

of potential therapeutic targets but has also 

enabled the prediction of patient outcomes 

and the guidance of treatment decisions. By 

analyzing gene expression signatures, re-

searchers have developed gene expression-

based prognostic models that can predict the 

likelihood of recurrence, metastasis, or over-

all survival in DFSP patients. These models 

may aid clinicians in determining the most ap-

propriate treatment strategies and monitoring 

protocols for specific patients (Beck et al., 

2010). 

 

PDGF receptor signaling pathway 

Role of PDGFRs in DFSP development and 

progression 

The PDGFRs are essential for the growth 

and progression of DFSP (Chen et al., 2021). 

PDGFRs are cell surface proteins that bind to 

platelet-derived growth factors, which are 

specific growth factors (Wang et al., 2022c). 

These growth factors control cell division, 

proliferation, and migration and their abnor-

mal activation has been linked to developing 

cancers such as DFSP (Yuan et al., 2021a). As 

previously mentioned, a notable characteristic 

of DFSP is a chromosomal translocation 

event leading to the fusion of two specific 

genes, namely COL1A1 and PDGFB. The 
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fusion gene gives rise to a chimeric protein, 

which is accountable for the constitutive acti-

vation of PDGFRs (Köster et al., 2020). Ab-

errant activation of the PDGFRs leads to un-

regulated cellular proliferation and division, 

thereby playing a significant role in the path-

ogenesis and advancement of DFSP 

(Timbergen et al., 2019). Upon activation of 

the PDGFRs, a signaling cascade is initiated, 

subsequently activating multiple downstream 

pathways associated with cellular processes 

such as proliferation, survival, and migration 

(Li et al., 2021). The Rat Sarcoma - Mitogen-

Activated Protein Kinase (Ras-MAPK) path-

way plays a crucial role in regulating cellular 

proliferation and differentiation, representing 

a significant signaling cascade activated by 

the PDGFRs. The persistent activation of this 

pathway, induced by the signaling of PDG-

FRs, facilitates the ongoing proliferation of 

DFSP cells, leading to the development of tu-

mor nodules and skin protuberances 

(Rezatabar et al., 2019). In addition, the acti-

vation of the PDGFRs triggers the phospho-

inositide 3-kinase (PI3K)-Akt pathway, 

which is crucial in promoting cell survival 

and conferring resistance against apoptosis 

(Wang et al., 2022b). The activation of the 

pathway by the PDGFRs enhances the sur-

vival of DFSP cells and enables them to evade 

apoptosis, thereby facilitating tumor progres-

sion and conferring resistance to therapeutic 

interventions (Esteban-Villarrubia et al., 

2020). 

Targeting PDGFRs as a therapeutic  

approach 

Targeting the PDGFRs has emerged as a 

promising therapeutic strategy for treating 

DFSP (Zou et al., 2022). DFSP is a rare form 

of skin cancer characterized by a chromoso-

mal translocation that activates the PDGFRs 

constitutively (Ugurel et al., 2019). The aber-

rant activation described is crucial for the ad-

vancement and growth of DFSP, thereby es-

tablishing the PDGFRs as a favorable target 

for therapeutic intervention. Inhibitors of 

small molecules specifically targeting the 

PDGFRs have demonstrated promise in treat-

ing DFSP (Yesilkanal et al., 2021). Imatinib 

is one such inhibitor that has shown efficacy 

in inhibiting the abnormal PDGFRs signaling 

pathway (Zou et al., 2022). The activation and 

downstream signaling of the PDGFRs are ef-

fectively suppressed by imatinib binding to 

the ATP-binding site (Tsioumpekou et al., 

2020). The specific inhibition of PDGFRs ef-

fectively suppresses cellular growth, prolifer-

ation, and viability, leading to the regression 

of tumors observed in individuals diagnosed 

with DFSP. According to clinical studies, the 

use of PDGFRs inhibitors in treating DFSP 

has yielded encouraging results (Pandey et al., 

2023) due to crosstalk between PDGFRs with 

other cellular pathways, shown in Figure 4. 

Imatinib has been found to be effective in re-

ducing tumor size, alleviating tumor-related 

symptoms, and increasing the overall survival 

rate of DFSP patients (Lee et al., 2023). It has 

been especially useful in cases where surgical 

resection is difficult due to the tumor's loca-

tion or its extensive involvement. Further-

more, the utilization of PDGFRs inhibitors 

has been observed as a potential approach for 

neoadjuvant therapy, aiming to diminish the 

size of tumors before surgical intervention 

and adjuvant therapy to prevent tumor recur-

rence subsequent to surgical removal (Nevola 

et al., 2023). 

However, it is essential to note that not all 

DFSP patients may react similarly to PDG-

FRs inhibitors. Individual factors, such as the 

specific molecular alterations in the tumor 

and the degree of PDGFRs activation, can in-

fluence the treatment response (Schneider et 

al., 2017). Patients most likely to benefit from 

PDGFRs-targeted therapies can be identified 

through genetic testing and molecular profil-

ing of DFSP tumors, allowing for a more per-

sonalized and effective treatment plan 

(Kondapalli et al., 2005). In addition, the op-

timal treatment duration and long-term effi-

cacy of PDGFRs inhibitors in DFSP are still 

under investigation (Rutkowski et al., 2017). 

Over time, resistance to PDGFRs inhibitors 

can develop, resulting in tumor progression 

and recurrence (Weigel et al., 2013). Various 

ongoing research focuses on understanding 

the resistance mechanisms and developing  
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Figure 4: Understanding the cross-connection between PDGF/PGDFR signaling with other cellular sig-
naling pathways in cancer progression, has further exhibited adequate consequences in DFSP treat-
ment (Pandey et al., 2023). 

 

strategies to overcome them, such as combi-

nation therapies or developing next-genera-

tion inhibitors with enhanced potency and se-

lectivity (Park et al., 2018). Targeting the 

PDGFRs represents a promising therapeutic 

strategy for treating DFSP, as previously 

stated (Cuppens et al., 2017). Small-molecule 

inhibitors, such as imatinib, have effectively 

inhibited the abnormal PDGFRs signaling 

pathway and induced tumor regression in pa-

tients with DFSP. To maximize the benefits 

of PDGFRs-targeted therapies in DFSP, how-

ever, additional research is required to opti-

mize treatment approaches, identify predic-

tive response markers, and overcome re-

sistance mechanisms (Rössler et al., 2008). 

 

FGFR signaling pathway 

Involvement of FGFRs in DFSP  

pathogenesis 

The FGFRs are a family of receptor tyro-

sine kinases important for cell growth, differ-

entiation, and tissue development (Gavine et 

al., 2012). According to contemporary re-

search, activating FGFRs signaling abnor-

mally has been linked to various cancers, in-

cluding DFSP (Heldin et al., 2018). Autocrine 

or paracrine activation is one mechanism by 

which FGFRs contribute to DFSP pathogene-

sis (Cassinelli et al., 2016). DFSP cells have 

been found to express FGFRs, specifically 

FGFR1 and FGFR2, as well as their ligands, 

fibroblast growth factors (FGFs) (Zhou et al., 

2016). When DFSP cells produce FGFs, auto-

crine activation occurs as the produced FGFs 

bind to FGFRs in the same cells. This results 

in continuous FGFR signaling, promoting cell 

proliferation, survival, and migration, ulti-

mately leading to tumor growth (Burger, 

2011). The paracrine activation of FGFRs sig-

naling in DFSP has been observed in addition 

to autocrine activation (Baird et al., 2005). 

FGFs are produced by stromal cells, such as 

fibroblasts and endothelial cells, which can 

activate FGFRs on DFSP cells (Cao, 2013). 

This paracrine activation enhances DFSP 

cells' malignant behavior by stimulating their 

growth and invasiveness. In addition, the fu-

sion protein formed by the COL1A1-PDGFB 

translocation in DFSP has been shown to en-

hance FGFRs signaling (Esteban-Villarrubia 
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et al., 2020). This fusion protein has been 

shown to interact with FGFRs and increase 

their phosphorylation, resulting in increased 

downstream signaling cascades that promote 

tumor growth and survival. The signaling 

pathway of FGFs and FGFRs in the pathogen-

esis of DFSP is depicted in Figure 5. 

Potential targeting of FGFRs for therapeutic 

intervention in DFSP 

The role of FGFRs signaling in the patho-

genesis of DFSP has important implications 

for potential therapeutic strategies 

(Madhusudan and Ganesan, 2004). Targeting 

FGFRs and their downstream signaling path-

ways could pave the way for developing 

novel DFSP therapies (Roskoski, 2018). Sev-

eral FGFR inhibitors are being studied in pre-

clinical and clinical trials, demonstrating their 

potential as DFSP-targeted therapies 

(Demicco et al., 2012; Sethi and Keedy, 

2016). The mechanism of action of small-

molecule inhibitors targeting FGFRs involves 

their binding to the ATP-binding site of the 

receptor, thereby impeding the process of 

phosphorylation and subsequent activation of 

downstream signaling pathways (Sethi and 

Keedy, 2016). In the context of DFSP models, 

the inhibitors mentioned above demonstrate a 

notable capacity to impede the signaling of 

FGFRs effectively. This consequential effect 

manifests as a reduction in cellular prolifera-

tion, apoptosis induction, and tumor growth 

inhibition (Alvarez et al., 2006). The preclin-

ical findings, which have shown promise, 

have established a foundation for conducting 

clinical trials to assess the safety and effec-

tiveness of FGFR inhibitors in patients with 

DFSP (Wilding et al., 2019). 

Various clinical trials reported that using 

FGFR inhibitors in sarcoma has yielded 

promising results, further summarized in Fig-

ure 6. These trials resulted at response rates, 

duration of response, and overall survival in 

patients who have been given FGFR-targeted 

therapies (Yashiro and Matsuoka, 2016). 

Early-stage clinical trials have shown promis-

ing results, with significant tumor shrinkage 

and disease stabilization observed in DFSP 

patients treated with FGFR inhibitors 

(Yashiro and Matsuoka, 2016). In some cases, 

complete responses have been reported, indi-

cating that FGFR inhibitors can potentially in-

duce tumor regression in DFSP (Mendel et 

al., 2003). Targeted therapies offer a new 

treatment alternative for patient’s ineligible 

for surgery or who have advanced or meta-

static DFSP that cannot be effectively man- 

Figure 5: Understanding of FGFs/FGFR signaling pathway in pathogenesis of DFSP (created with Bio-
render.com) 
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Figure 6: Depicted are various types of sarcomas (i.e., 100 subtypes), which are characterized by high 
heterogeneity in molecular profiles. However, certain sarcomas exhibit typical molecular and genetic 
features, which have led to the development of drugs approved for their treatment. Early targeted ther-
apies for sarcomas have included anti-angiogenesis, which has shown favorable outcomes, particularly 
in highly vascularized tumors such as ASPS. Other translational targeted drugs have been developed 
based on signals from molecules such as PARP, IGF-1R, CDK4/6, mTOR, and c-MET, which are clini-
cally evaluated for sarcomas with corresponding signals. Some previously untraceable targets, such as 
TP53 and fusion proteins, have also progressed. Notably, the EWS/FLI1 in Ewing sarcomas and the 
NTRK in infantile fibrosarcoma have shown encouraging developments. Additionally, promising strate-
gies in sarcomas include epigenetic drugs and drugs targeting metabolism. Advancements in the bio-
logical exploration of sarcomas have also led to significant therapeutic potential in ADC drugs, anti-
tumor antibodies, cytokine-antibody drugs, and drugs for CRM1, GPR20, and integrin (Tang et al., 
2021). 

 

aged with other treatment methods (Iqbal and 

Iqbal, 2014). However, it is important to note 

that the response to FGFR inhibitors varies 

between patients. DFSP tumor genetic profil-

ing can aid in identifying specific alterations 

in FGFR genes, providing valuable infor-

mation on the potential efficacy of FGFR-tar-

geted therapies (Sborov and Chen, 2015). 

Furthermore, resistance mechanisms to 

FGFR inhibitors are a concern, emphasizing 

the importance of ongoing research to over-

come therapeutic resistance and improve 

treatment strategies (Tang et al., 2021). 

Clinical trials are also looking into FGFR in-

hibitor-based combination therapies (Mahipal 

et al., 2020). These combinations aim to im-

prove treatment efficacy by targeting multiple 

signaling pathways involved in DFSP patho-

genesis at the same time (Aggarwal et al., 

2009). Synergistic effects may be achieved by 

combining FGFR inhibitors with other tar-

geted therapies or conventional chemotherapy 

agents, leading to improved tumor regression 

and patient outcomes (Li et al., 2023; 

Rutkowski et al., 2010; Steeghs et al., 2007). 
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EMERGING THERAPEUTIC STRATE-

GIES FOR DFSP MANAGEMENT 

Surgical resection 

Surgical resection is the primary thera-

peutic approach for the management of 

DFSP. The primary objective of this surgical 

procedure is to achieve complete removal of 

the tumor while minimizing the likelihood of 

its reoccurrence and maintaining favorable 

functional and aesthetic results (Alshaygy et 

al., 2023; Monnier et al., 2006; Vukadinovic 

et al., 2007). A thorough preoperative assess-

ment is performed before surgical resection 

(Saiag et al., 2015). In order to establish a de-

finitive diagnosis, medical professionals em-

ploy various diagnostic methods, including a 

physical examination, imaging techniques 

such as ultrasound or MRI, and a biopsy 

(Saiag et al., 2015). In order to ascertain the 

optimal surgical methodology, an evaluation 

is conducted to assess the magnitude of the tu-

mor and its interrelation with adjacent ana-

tomical components (Zheng et al., 2015; Ge 

et al., 2009). Once the surgical plan has been 

developed, the procedure is performed under 

general anesthesia to ensure patient comfort 

and safety (Yu et al., 2008). The surgical pro-

cedure commences with the surgeon initiating 

an incision in the integument, guided by per-

tinent factors such as the precise anatomical 

site, dimensions, and extent of the neoplasm. 

The surgical incision is carefully strategized 

to ensure sufficient visibility and entry to the 

tumor (Yu et al., 2008).The goal is to achieve 

clear margins, meaning the tumor is com-

pletely excised and surrounded by a rim of 

healthy tissue. The extent of resection may 

differ depending on the characteristics of the 

tumor and its proximity to critical structures 

(Veronese et al., 2017). The surgeon may em-

ploy different techniques, such as end bloc re-

section or Mohs micrographic surgery, to 

achieve comprehensive tumor cell removal 

and mitigate the potential for residual cells 

(Madani et al., 2000). The surgeon may send 

tissue samples from the tumor bed to the pa-

thology laboratory for frozen section analysis 

at any time during the surgical resection (Cui 

et al., 2022). This allows for intraoperative 

margin assessment. If the margins are positive 

(tumor cells at the edges), additional tissue re-

moval may be required to achieve clear mar-

gins (Loghdey et al., 2014). Through this iter-

ative process, the tumor is guaranteed to be 

entirely removed. 

After the tumor has been removed, the 

surgeon will begin reconstruction. The recon-

struction technique used will be determined 

by the size and location of the defect as well 

as the needs of the individual patient (Snow et 

al., 2004). Primary closure (bringing the sur-

rounding tissue together), skin grafts, local 

flaps (moving nearby tissue to cover the de-

fect), and even more complex procedures 

such as free tissue transfer may be options for 

reconstruction (Bonomi et al., 2018). Patients 

will need close monitoring and follow-up care 

after surgery to ensure proper wound healing 

and detect any signs of recurrence (Thornton 

et al., 2005). 

 

Immunomodulatory approaches for DFSP 

management 

The immunomodulatory approaches have 

emerged as promising DFSP management 

strategies. While surgical resection is the pri-

mary treatment option, alternative therapies 

are required in cases where surgery is not pos-

sible, or the tumor has advanced or metasta-

sized (Grimer et al., 2010). Immunomodula-

tion is the deliberate alteration of the immune 

system to enhance its ability to recognize and 

combat cancerous cells (Wagle et al., 2011). 

This method seeks to activate and strengthen 

the body's natural defences to recognize and 

eliminate cancer cells more effectively 

(Dancsok et al., 2019). Adoptive cell therapy 

is one of the immunomodulatory approaches 

being investigated in treating DFSP 

(Fujimura, 2022). This method entails inject-

ing immune cells, such as tumor-infiltrating 

lymphocytes (TILs), specifically selected and 

expanded in the lab to target cancer cells 

(Sousa et al., 2021). Adoptive cell therapy 

seeks to boost the anti-tumor immune re-

sponse by supplying many potent immune 

cells capable of recognizing and attacking 

DFSP cells (Kerrison et al., 2022). While 
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research is still in its early stages, adoptive 

cell therapy shows promise as a potential 

treatment option for DFSP. Immunomodula-

tion can also be accomplished through the use 

of cytokines. Cytokines are signaling mole-

cules that regulate the behavior of immune 

cells and can be used to modulate the immune 

response to DFSP (Tazzari et al., 2017). Inter-

feron-alpha and interleukin-2 are two cyto-

kines studied in the treatment of DFSP. They 

have demonstrated some efficacy in control-

ling tumor growth and preventing recurrence, 

but their use may be restricted due to potential 

side effects (Chen et al., 2016). 

Immune checkpoint inhibitors in DFSP  

treatment 

Although surgery is frequently employed 

as the primary therapeutic approach for 

DFSP), recent studies have demonstrated the 

potential efficacy of immune checkpoint in-

hibitors in managing advanced or metastatic 

cases of DFSP (Yuan et al., 2021b). Immune 

checkpoint inhibitors represent a pharmaco-

logical class of agents that elicit an enhanced 

immune response within the human body, 

thereby facilitating the identification and tar-

geted elimination of malignant cells 

(Dufresne et al., 2018). Pembrolizumab is one 

of the most extensively studied immune 

checkpoint inhibitors in DFSP treatment 

(Ascierto and Schadendorf, 2022). It inhibits 

the interaction between the programmed 

death-1 (PD-1) receptor on immune cells and 

the programmed death ligand-1 (PD-L1) on 

cancer cells (Choi et al., 2020). Typically, this 

interaction suppresses the immune response 

and enables cancer cells to evade detection. 

Pembrolizumab enhances the ability of an im-

mune system to recognize and eliminate 

DFSP cells by inhibiting this interaction 

(Forsythe et al., 2022). The results of clinical 

trials evaluating the use of pembrolizumab in 

advanced DFSP are encouraging. Pembroli-

zumab demonstrated a high objective re-

sponse rate in a phase II trial, with a signifi-

cant proportion of patients experiencing tu-

mor shrinkage (Jimenez et al., 2020). In addi-

tion, the responses were long-lasting, with 

several patients maintaining disease control 

for an extended period. Pembrolizumab 

shows promise as a potential treatment option 

for patients with advanced DFSP who are in-

eligible for surgery or other standard therapies 

(Blume-Peytavi et al., 2019). 

Nivolumab is an additional immune 

checkpoint inhibitor that has shown promise 

in the treatment of DFSP (Stătescu et al., 

2023). Nivolumab, like pembrolizumab, tar-

gets the PD-1 receptor and has demonstrated 

efficacy in treating various cancers. In a case 

report, a patient with metastatic DFSP who 

had previously received multiple treatments 

was administered nivolumab as salvage ther-

apy. The patient experienced a substantial de-

crease in tumor size and disease stabilization, 

highlighting the potential benefit of 

nivolumab in advanced DFSP cases (Janssens 

et al., 2021). Atezolizumab, a form of im-

mune checkpoint inhibitor, has demonstrated 

potential in the therapeutic management of 

various types of cancer (Zhu et al., 2020). Alt-

hough there is limited research on using ate-

zolizumab in the context of DFSP, ongoing 

investigations explore its potential applica-

tion in this particular condition. Atezolizumab 

effectively hinders the interaction between 

the PD-L1 expressed in cancer cells and the 

PD-1 receptor in immune cells (De Leo et al., 

2020). Atezolizumab functions by inhibiting 

the interaction between cancer cells and the 

body's immune system, thereby facilitating 

the restoration and augmentation of the im-

mune response against cancer cells (Zhong et 

al., 2022). 

Various preliminary evidence suggests 

that atezolizumab may be helpful in the treat-

ment of DFSP (Blay et al., 2020). In one case 

report, a patient with metastatic DFSP was 

given atezolizumab after failing other treat-

ments. The patient responded partially to ate-

zolizumab therapy, with tumor regression and 

an improved overall condition (Yen and 

Chen, 2018). This demonstrates atezoli-

zumab's potential as a viable treatment option 

for advanced DFSP cases where surgery may 

be impractical (Yen and Chen, 2018). How-

ever, it is crucial to acknowledge that the uti-

lization of atezolizumab or any immune 
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checkpoint inhibitor in dermatofibrosarcoma 

protuberans (DFSP) is still in the experi-

mental stage (Lopes-Brás et al., 2022). Con-

tinuing investigations are underway to ascer-

tain the optimal dosage, duration, and poten-

tial synergistic effects when combined with 

other therapeutic approaches (Dematteo et al., 

2002). In addition, it is important to note that 

the response to immune checkpoint inhibitors 

may vary among patients, indicating the ne-

cessity for further investigation in order to 

identify biomarkers or predictive factors that 

can aid in the selection of patients who are 

more likely to derive therapeutic benefits 

from these treatments (Havel et al., 2019). 

Several clinical trials are being conducted bet-

ter to understand the efficacy and safety of 

atezolizumab in DFSP, and participation in 

these trials may provide eligible patients with 

access to this novel therapy (Lalan et al., 

2021). 

 

Combinatorial approaches in DFSP 

Rational combination therapies in DFSP 

The treatment of DFSP has evolved, and 

rational combination therapies have emerged 

as a promising approach to improving out-

comes for patients with this rare disease 

(Dangoor et al., 2016). One of the most effec-

tive DFSP combination therapies combines 

surgery and radiation (Lembo et al., 2021). 

Surgical resection is the primary treatment for 

DFSP. However, because DFSP is infiltrative, 

achieving clear surgical margins can be diffi-

cult (Wacker et al., 2004). Radiation therapy 

is frequently used as an adjuvant treatment in 

such cases to reduce the risk of local recur-

rence (Fassnacht et al., 2006). Clinicians can 

improve local control rates and overall sur-

vival in DFSP patients by combining surgery 

and radiation therapy, reducing the risk of tu-

mor regrowth and disease progression (Kepka 

et al., 2005). 

Imatinib, a tyrosine kinase inhibitor, is an-

other promising combination therapy for 

DFSP (Kondapalli et al., 2005). Imatinib has 

shown impressive anti-DFSP activity by ex-

plicitly targeting the PDGFRs pathway, 

which is frequently activated in DFSP due to 

a chromosomal translocation. Before surgery, 

neoadjuvant imatinib therapy can shrink the 

tumor, making complete resection easier and 

reducing the required surgery (Gold and 

Dematteo, 2006; Lorenz, 2012). Adjuvant 

imatinib therapy following surgery has also 

reduced the risk of local recurrence and dis-

tant metastasis (Kondapalli et al., 2005). This 

rational combination approach improves 

long-term disease control and patient out-

comes significantly. In addition to surgery 

and imatinib, researchers are investigating the 

possibility of combining other targeted thera-

pies with traditional treatment modalities in 

DFSP (Frankel et al., 2011). For example, in 

many patients, the combination of imatinib 

and methotrexate, a chemotherapy agent, has 

shown promising results. Methotrexate can 

improve the response to imatinib therapy by 

increasing the cytotoxic effect on DFSP cells 

(George et al., 2006). This approach may be 

especially useful in cases where imatinib 

alone is not producing the best results. It is 

imperative to acknowledge that the imple-

mentation of rational combination therapies 

in treating DFSP necessitates a personalized 

approach that considers various factors, in-

cluding tumor size, location, and molecular 

characteristics. Moreover, further investiga-

tion and clinical trials are necessary to exam-

ine the effectiveness and safety of different 

combination strategies and identify bi-

omarkers that can aid in predicting the re-

sponse to particular treatments. Ultimately, 

integrating rational combination therapies ex-

hibits significant potential in DFSP treatment. 

The integration of surgical procedures and ra-

diation therapy, alongside the administration 

of targeted therapy imatinib, has demon-

strated substantial advancements in local con-

trol rates, overall survival, and disease-free 

intervals (Wang et al., 2012). The combina-

tion of imatinib with other agents, such as 

methotrexate, can potentially improve treat-

ment outcomes even further. Continued re-

search and collaboration between clinicians 

and researchers are critical for refining and 

expanding the repertoire of rational combina-

tion therapies for DFSP, ultimately improving 
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the prognosis and quality of life for patients 

suffering from this rare disease (Atkinson and 

Gilbertson, 2011). Furthermore, the ad-

vantages and disadvantages of various treat-

ment approaches for DFSP are summarized in 

Table 2. 

Synergistic effects and overcoming  

resistance 

Synergistic effects and overcoming re-

sistance are important DFSP management 

considerations (Imai and Takaoka, 2006). 

Synergistic effects occur when two or more 

treatment modalities or drugs enhance each 

other's therapeutic efficacy and tumor control. 

The development of strategies to circumvent 

or combat the mechanisms that lead to treat-

ment resistance in DFSP is required to over-

come resistance (Bikker et al., 2009). These 

factors are crucial for optimizing treatment 

outcomes and enhancing the long-term prog-

nosis of DFSP patients. In the context of 

DFSP, combining different treatment modali-

ties that target multiple pathways involved in 

tumor growth and progression can have syn-

ergistic effects (Miller et al., 2005; Park et al., 

2018). It has been demonstrated that combin-

ing surgery and radiation therapy improves 

local control rates and overall survival in 

DFSP patients (Li et al., 2020). Radiation 

therapy can target residual tumor cells and 

micrometastases, reducing the risk of local re-

currence, whereas surgery aims to remove the 

tumor mass. By integrating these modalities, 

clinicians can achieve a more comprehensive 

and effective approach to tumor control (Li et 

al., 2020). Similarly, targeted therapy combi-

nations can produce synergistic effects in 

DFSP (Nishida et al., 2011). Targeting the 

PDGFR pathway, the tyrosine kinase inhibi-

tor imatinib has exhibited remarkable activity 

against DFSP (Nishida et al., 2011). How-

ever, not all DFSP tumors respond equally to 

imatinib, and over time, resistance can de-

velop. Combining imatinib with other agents, 

such as methotrexate or chemotherapy drugs, 

may overcome resistance and improve treat-

ment outcomes (Wunder et al., 2007). These 

combination strategies can act on various mo-

lecular targets or pathways, thereby increa-

sing the likelihood of achieving a durable re-

sponse and overcoming drug resistance. 

In order to effectively address resistance 

in DFSP, it is imperative to thoroughly com-

prehend the underlying mechanisms that con-

tribute to treatment resistance (Chen et al., 

2022). Resistance in DFSP can arise from var-

ious genetic and molecular changes, such as 

PDGFRB gene mutations and alternative sig-

naling pathways activation (Capdeville et al., 

2002). Through the identification of these 

mechanisms of resistance, researchers can 

formulate targeted therapeutic approaches or 

combination strategies to counteract them ef-

fectively. An illustration of this can be seen in 

the advancement of second-generation tyro-

sine kinase inhibitors and the utilization of a 

combination of multiple targeted agents with 

distinct mechanisms of action. These ap-

proaches have the potential to effectively ad-

dress resistance and improve treatment out-

comes in the context of DFSP (Ghione et al., 

2020). In addition, current research focuses 

on identifying biomarkers or predictive fac-

tors that can guide treatment selection and en-

hance patient outcomes (Cheng et al., 2021). 

These biomarkers can assist in identifying pa-

tients who are more likely to respond to par-

ticular therapies or combinations, allowing 

for a more individualized and tailored treat-

ment approach (Cheng et al., 2021). In addi-

tion, developments in genomic profiling and 

molecular characterization of DFSP tumors 

may help identify novel therapeutic targets 

and pathways, enhancing treatment efficacy 

and overcoming resistance. 

 

FUTURE PERSPECTIVES AND  

CHALLENGES 

The perspectives and challenges in DFSP 

research associated with potential prognostic 

markers and predictive biomarkers are essen-

tial provinces of research that hold great 

promise in advancing the management of this 

rare soft tissue sarcoma (Blay et al., 2020). 

Prognostic markers predict the course of the 

disease, whereas predictive biomarkers iden-

tify patients who are more likely to respond to 

specific therapies (Nicolini et al., 2018). In 
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Table 2: Summarization of various therapeutic/ treatment strategies and their advantages, and disadvantages in DFSP management 

Treatment  
approaches in 
DFSP 

Characteristics/ Advantages Disadvantages/Limitations References 

Surgical resection 

• Complete removal of tumor in single operation 

• The procedure is simple and precise 

• Cost effective for patients 

• Ideal method for DFSPs 

• Lower rate of local recurrence 

• Mohs micrographic surgery has higher chances of curing 
the patient. 

• There are chances of reoccurrence of tu-
mors. 

• After the surgical excision of tumor, patient 
has to undergo reconstructive surgery to re-
store the excised body part. 

Vitiello et al., 
2022 

Immunomodulatory 
approaches 
 

• The drugs like pembrolizumab, nivolumab, and atezoli-
zumab have shown immunomodulatory action. 

• Strengthening the immune system will trigger the fast im-
mune response against the tumor cell and most likely will 
cease the tumor growth. 

• Limited scientific evidence regarding spe-
cific immunomodulatory effects in DFSP 

• The immune response may also trigger 
other activity which may be deadly for the 
patient. 

• The immune response varies from person 
to person; this approach may not be useful. 

Badhey et al., 
2021 

Immune checkpoint 
inhibitors 

• Immune checkpoint inhibitors work by blocking the signals 
that cancer cells use to evade the immune system. 

• It shows durable response and potential long-term control in 
tumorigenesis. 

• They are administered systematically, means, they can po-
tentially target cancer cells throughout the body. 

• It may not work for all patients or all types 
of cancer. 

• The success of this therapy depends on 
specific characteristics of tumor and patient 
immune response. 

• The treatment can be expensive. 

• It may also trigger some autoimmune re-
sponse and attack on healthy tissue. 

• The therapy may take longer duration of 
time to show response. 

Ugurel et al., 
2019 
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Rational combination 
therapies 

• The combination therapy can also include surgical interven-
tion with drug therapy. Different treatment can target various 
aspects of the tumor, potentially leading to better control 
and even eradication of disease. 

• The combination of apanib and chemotherapeutic drug are 
in clinical phase which can be used as potential treatment 
for DFSP. 

• Imatinib mesylate is the only potential treatment available 
for DFSP. 

• The combination therapy can increase the 
side effect and toxicities impacting the pa-
tient’s quality of life. 

• Careful monitoring is required in combining 
therapy which can be a complex procedure 
for patient and healthcare provider. 

• Therapy can be costly and not well estab-
lished. 

• Not all patients require aggressive combi-
nation therapy. 

• There might be some unknown long term 
side effects. 

Tazzari et al., 
2017 
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this section, the prospects and challenges as-

sociated with the identification and use of 

these markers in DFSP will be discussed. One 

promising future direction is identifying and 

validating novel prognostic markers for DFSP 

(Huang et al., 2022). Currently, tumor size, 

location, and invasion depth are crucial prog-

nostic factors in DFSP (Bowne et al., 2000). 

These factors, however, do not fully capture 

the disease's heterogeneity and variable clini-

cal behavior. As a result, additional molecular 

markers or genetic alterations that can predict 

disease progression, recurrence, and overall 

survival are required. Comprehensive ge-

nomic profiling, transcriptomic analyses, and 

other high-throughput techniques may be 

used to identify specific alterations or gene 

expression patterns linked to aggressive dis-

ease demeanor.  

Furthermore, predictive biomarker devel-

opment is critical for guiding treatment deci-

sions and optimizing therapy in DFSP 

(Twomey et al., 2017). Currently, identifying 

patients who are likely to respond to targeted 

therapies such as imatinib is difficult. While 

specific genetic changes, such as PDGFB 

gene rearrangements, are linked to imatinib 

sensitivity, there is still significant treatment 

response heterogeneity within this subgroup 

(Mertens et al., 2016). To guide treatment se-

lection and personalize therapy for DFSP pa-

tients, future research should aim to identify 

additional predictive biomarkers, such as 

changes in downstream signaling pathways or 

markers of drug sensitivity or resistance. The 

disease's rarity is one of the challenges in 

identifying and utilizing prognostic and pre-

dictive markers in DFSP (Beck et al., 2010). 

Because DFSP accounts for a small propor-

tion of soft tissue sarcomas, large cohorts of 

patients for robust analyses are difficult to ob-

tain. Collaborative efforts, data sharing, and 

multicentered studies are critical to overcome 

this challenge and ensure an adequate sample 

size for meaningful analyses (Mahony et al., 

2006). Furthermore, establishing interna-

tional registries and biobanks dedicated to 

DFSP can facilitate the collection of clinical 

and molecular data, thereby accelerating re-

search progress in this area. 

Another challenge is the molecular and 

histological heterogeneity of DFSP (Hao et 

al., 2020). DFSP has several subtypes, includ-

ing fibrosarcomatous and myxoid variants, 

each with distinct molecular and clinical char-

acteristics. This heterogeneity should be con-

sidered when identifying prognostic and pre-

dictive markers and subtype-specific markers 

(Xing et al., 2023). Integrating molecular and 

histopathological data can improve prognosis 

and prediction accuracy, but standardized ap-

proaches and guidelines are required to ensure 

consistency across different centers. Finally, 

translating prognostic and predictive markers 

into clinical practice is critical. To demon-

strate their utility in guiding treatment deci-

sions and improving patient outcomes, bi-

omarkers must be validated in independent 

cohorts and subjected to rigorous clinical tri-

als (Dobbin et al., 2016), summarized in Ta-

ble 3. In addition, companion diagnostic tests 

capable of detecting these markers in routine 

clinical practice are required for widespread 

adoption. Overcoming difficulties associated 

with the rarity and heterogeneity of DFSP and 

translating markers into clinical approaches is 

critical for their successful implementation. 

Collaboration, standardization, and multicen-

tered studies are critical to furthering our un-

derstanding of DFSP and improving patient 

care through prognostic and predictive mark-

ers (Linch et al., 2014; Jain, 2005). 

The future perspectives and challenges as-

sociated with advances in personalized medi-

cine for DFSP have the potential to signifi-

cantly improve patient outcomes, but they 

must be carefully considered (Avramescu et 

al., 2021). The goal of personalized medicine 

is to tailor treatment plans to specific patient 

characteristics, such as the molecular profile 

of the patient's tumor. While significant pro-

gress has been made in this field for DFSP, 

several future perspectives and challenges 

must be addressed (Wang et al., 2023). The 

identification of additional molecular altera-

tions and biomarkers associated with DFSP 

represents one perspective for the future. Ad-
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Table 3: Various recent investigations on DFSP management and treatment via conventional and combinatorial therapeutics 

S.No. 
Type of 
study 

Model Drug and Dose Duration Results References 

1. In vitro 

Human 
DFSP cell 
line 
(DFSP105) 

160 nM of PD-
0332991 and 276 nM 
of LEE011 

24 hrs. 
The use of short hairpin RNA (shRNA) to induce the down-
regulation of cyclin-dependent kinase 4 (CDK4) led to a sig-
nificant reduction in the proliferation of DFSP105 cells. 

Eilers et al., 
2015 

2. In vitro 
5A- and 4A- 
transformed 
cell lines 

1 – 10 mM of STI571 Not Specified 

In NIH3T3 cells that have undergone transformation due to 
the COL1A1/PDGFB rearrangement, the autocrine loop of 
PDGFB facilitates a persistent signaling mechanism for cell 
division by reducing the need for external mitogens, rather 
than completely eliminating it. 

Greco et al., 
2001 

3. In vitro 

Normal fibro-
blasts from 
human skin 
and primary 
cultures of 
DFSP and 
GCF cells 

1 mM of STI571 48 hrs. 

The growth of DFSP cells was observed to be decreased 
upon treatment with STI571, whereas the growth of normal 
human fibroblast cells remained unaffected by the admin-
istration of STI571. 

Sjöblom et al., 
2001 

4. In vitro 

Human 
DFSP cells 
from human 
subject 

Adipose tissue-de-
rived stem cell 
(ADSC) culture 

28 days 
The ADSC treatment facilitated the enhancement of prolifer-
ation, migration, invasion, and angiogenic characteristics of 
DFSP cells. 

Yuan et al., 
2021b 

5. In vivo 

Xenograft fe-
male Fox-
Chase SCID 
mice 

200 mg/kg of STI571 Not Specified 
The primary mechanism by which growth-inhibitory effects 
were observed in vivo was through the induction of apopto-
sis. 

Sjöblom et al., 
2001 

6. In vivo 
Female CD-
1 nu/nu mice 

50 and 200 mg/kg 
twice/day for 5 
days/week of STI571 

3 weeks 
Significant inhibition of tumor growth was observed in nude 
mice harboring tumors induced by DP-transformed cells fol-
lowing treatment with STI571. 

Greco et al., 
2001 

7. In vivo 
Xenograft 
athymic 
nude mice 

75 mg/kg of Imatinib 
and 150 mg/kg of 
PD-0332991 

10 weeks 

The administration of PD-0332991 resulted in a significant 
reduction in the growth of DFSP105 xenografts when com-
pared to both the absence of treatment and the use of 
imatinib. Conversely, the growth of tumors treated with 
imatinib did not exhibit a significant difference when com-
pared to the control group that received no treatment. 

Eilers et al., 
2015 
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8. 
Clinical 
study 
phase II 

23 patients 
with unre-
sectable 
DFSP 

800 mg of pazopanib 
daily 

Between July 
2010 and 
February 
2014 

The patients who experienced clinical benefit from pazo-
panib demonstrated a notable suppression of CDK4 expres-
sion, indicating that exploring the therapeutic potential of tar-
geting the CDK4/CDK6 axis is warranted for further investi-
gation. 

Delyon et al., 
2021 

9. 
Case 
Study 

Single hu-
man subject 

800 mg of sorafenib 5 months 

The tumor exhibited a near-complete regression, resulting in 
significant clinical improvement in the patient's condition. 
This case study indicates that Sorafenib may hold significant 
potential as a targeted therapy for DFSP, particularly in in-
stances of disease recurrence or metastasis. 

Kamar et al., 
2013 

10. 
Clinical 
study 

603 patients 
WLE (wide local exci-
sion) and Mohs Mi-
crographic Surgery 

10 years 
The incidence of local recurrence was found to be signifi-
cantly low, observed exclusively following WLE. 

Durack et al., 
2021 

11. 
Clinical 
study 

367 patients 

Imatinib mesylate at 
an initial dose of 400 
mg and escalated to 
800 mg daily after 
they developed 
imatinib resistance 

January 2009 
to October 
2014 

The administration of imatinib as a neoadjuvant therapy for 
locally advanced or metastatic DFSP has been shown to en-
hance surgical outcomes and potentially aid in the resection 
of challenging tumors. 

Wang et al., 
2015 

12. 
Clinical 
study 

218 patients 
Standard surgery 
consisted of a wide 
local excision 

April 1983 and 
December 
2003 

The study provided confirmation of the excellent long-term 
outcomes, encompassing both local and distant control, fol-
lowing a wide excision procedure with negative margins. 

Fiore et al., 
2005 
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ditional genetic mutations, alterations in gene 

expression patterns, or modifications in epi-

genetic mechanisms may potentially contrib-

ute to the pathogenesis and advancement of 

DFSP (Mashima and Sawada, 2021). The uti-

lization of comprehensive genomic profiling 

and transcriptomic analyses can be instru-

mental in the identification of these altera-

tions, thereby facilitating a more profound 

comprehension of the disease's underlying bi-

ology. The integration of multi-omics data, 

such as genomics, transcriptomics, and prote-

omics, can provide a more complete view of 

DFSP and guide the development of person-

alized treatment strategies (Nassar et al., 

2020). 

The advancement of functional character-

ization of identified molecular alterations is 

an additional outlook for the future (Lee et al., 

2023). Understanding the functional conse-

quences of genetic alterations and their effect 

on the biology of tumors can provide insight 

into potential therapeutic targets. Preclinical 

studies utilizing patient-derived models, such 

as PDX or organoids, can assist in elucidating 

the mechanisms by which specific alterations 

contribute to tumor growth and in identifying 

novel vulnerabilities (Sampson et al., 2013). 

The integration of functional investigations 

and molecular profiling has the potential to 

enhance the advancement of targeted thera-

peutic interventions and facilitate the custom-

ization of treatment strategies for individual 

patients (Harris et al., 2016). Moreover, the 

integration of artificial intelligence (AI) and 

machine learning algorithms holds promise 

for enhancing the precision and effectiveness 

of DFSP's personalized medicine (Peleva et 

al., 2023). Large datasets, such as clinical, ge-

nomic, and imaging data, can be analyzed by 

AI to identify patterns, predict treatment re-

sponses, and guide treatment decisions. By 

leveraging AI algorithms, clinicians have ac-

cess to comprehensive and real-time data, al-

lowing for more precise and individualized 

treatment strategies (Yoon et al., 2022). How-

ever, data quality, standardization, and the in-

terpretability of AI models must be addressed 

to ensure their ethical and dependable appli-

cation in clinical practice. 

Despite these future prospects, DFSP still 

faces obstacles in the advancement of person-

alized medicine (Balmaña et al., 2011). The 

disease's rarity makes obtaining sufficient pa-

tient samples and constructing large-scale da-

tasets challenging. Collaborative efforts, data 

sharing, and the establishment of international 

registries can aid in addressing this challenge 

and facilitate the collection of data required 

for effective personalized medicine ap-

proaches (Khleif et al., 2010). Furthermore, it 

is imperative to validate the identified bi-

omarkers and therapeutic targets through pro-

spective clinical trials in order to guarantee 

their clinical applicability and facilitate the 

translation of research discoveries into en-

hanced patient care. The cost and accessibility 

of advanced technologies, such as compre-

hensive genomic profiling and AI algorithms, 

are another obstacle (Mateo et al., 2022). It is 

possible that these technologies are not 

widely accessible or affordable in all 

healthcare settings, limiting their widespread 

adoption. Efforts should be made to increase 

accessibility, reduce costs, and establish 

guidelines and standards for the routine clini-

cal integration of personalized medicine ap-

proaches (Golubnitschaja et al., 2012). 

 

CONCLUSION 

The DFSP is a rare cancer with unique 

molecular characteristics. It is crucial to com-

prehend the molecular aspects of DFSP to en-

hance diagnosis, prognosis, and treatment 

methods. Various techniques such as FISH, 

CMA, PCR, RNA-seq, and NGS have pro-

vided valuable insights into the genetic alter-

ations and gene expression patterns associ-

ated with DFSP. Gene expression profiling in 

DFSP has identified specific molecular signa-

tures, indicating the disease's heterogeneity 

and potential therapeutic targets. The PDGFR 

and FGFR signaling pathways play signifi-

cant roles in the development and progression 

of DFSP. Targeting these pathways as a treat-

ment for DFSP has shown promise. Surgical 
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resection is the primary treatment for DFSP, 

but emerging therapeutic strategies such as 

immunotherapies, immunomodulatory ap-

proaches, and immune checkpoint inhibitors 

are being investigated as potential options. 

Combination approaches such as rational 

combination therapies aim to exploit syner-

gistic effects and overcome resistance in 

DFSP management. 
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