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Abstract

Background: Sarcomas are rare, aggressive malignancies with limited therapeutic options in
advanced stages. This is the first real-world study in the MENA region evaluating the clinical
utility of Next-Generation Sequencing (NGS) in guiding sarcoma treatment and improving
outcomes. Methods: We retrospectively reviewed sarcoma patients who underwent NGS at a
major referral center (2021–2024), comparing clinical and molecular outcomes between those
who received NGS-based treatment adjustments (NBTA) and those who did not. Results:
Seventy-eight patients were included (60% male; median age 44 years). Soft tissue sarcomas
accounted for 70.5% of cases (n = 55), while bone sarcomas represented 29.5% (n = 23). Prior
to NGS, 64.1% of patients had received a median of one line of systemic therapy. NGS was
performed late in the disease course in 73% of cases. At least one mutation was detected in 87%
(median 3 mutations). Targetable alterations were identified in 33% at the time of testing, rising
to 42% with updated genomic knowledge and therapeutic advances. Overall, 20.5% received
NBTA. Among non-NBTA patients, 67% had no actionable targets, 17% had no detectable
mutations, and 16% were ineligible due to cost, limited access, or clinical deterioration. Tumor
Mutational Burden was low in 79%, intermediate in 19%, and high in 2%, and all tumors were
microsatellite stable. Patients receiving NBTA had a longer median Progression-Free Survival
(9 vs. 2 months; p = 0.023). Median Overall Survival was longer in the NBTA group (74 vs.
48 months), though not statistically significant (p = 0.207). Genomic alterations were subtype-
specific: EWSR1 rearrangements (Ewing and Desmoplastic small round cell tumors), CDK4 and
MDM2 amplifications (Liposarcoma and Osteosarcoma), TP53 and RB1 mutations (Leiomyosar-
coma), CDKN2A/B deletions (Undifferentiated Pleomorphic Sarcoma and Chondrosarcoma),
and SS18 rearrangements (Synovial Sarcoma). Conclusions: Genomics-guided therapy in sar-
coma is feasible and impactful. Expanding timely access to molecular profiling is essential for
advancing precision oncology in the MENA region.

Keywords: sarcoma; next-generation sequencing; precision oncology; molecular profiling;
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1. Introduction
Next-generation sequencing (NGS) has transformed cancer research by enabling com-

prehensive molecular profiling of tumors, allowing for the detection of genetic mutations
and potential therapeutic targets. In sarcomas, a rare and heterogeneous group of malig-
nant tumors originating from mesenchymal tissues such as bone, muscle, and fat, NGS
holds particular promise. Sarcomas account for approximately 1% of adult cancers and are
classified into soft tissue sarcomas (STS) and bone sarcomas (BS) [1,2]. These tumors often
present a poor prognosis, with about one-third of patients experiencing disease-related
mortality [3]. Their heterogeneity, with over 100 subtypes, complicates the prediction of
outcomes such as metastasis, recurrence, and overall survival [2,4].

Traditional diagnostic and management approaches rely heavily on tissue biopsy,
which provides only a static view of tumor biology and often fails to capture spatial and
temporal heterogeneity. Moreover, actionable biomarkers to guide treatment selection or
monitor disease dynamics are lacking for most sarcoma subtypes [5]. To address these chal-
lenges, comprehensive molecular characterization has emerged as a critical tool. The Cancer
Genome Atlas (TCGA) profiled 206 adult soft-tissue sarcomas, revealing low rates of highly
recurrent somatic mutations but pervasive copy-number alterations and diverse structural
variants, highlighting complex tumor evolution and the need for tailored strategies [6].

Enterprise-wide implementation of NGS in oncology has demonstrated that universal
clinical tumor sequencing is feasible and can accelerate therapeutic advances when inte-
grated with robust informatics and multidisciplinary review [7]. In a real-world cohort
spanning 50,000 samples, comprehensive genomic profiling (CGP) achieved a 96.2% success
rate, with clinically actionable alterations identified in nearly half of cases across tumor
types [8]. Specifically in sarcoma, CGP in over 100 diverse cases uncovered druggable
alterations ranging from PI3K pathway mutations to kinase fusions, identified in 41%
of tumors, with about 7.5% of patients experiencing clinical benefit when treated with
matched therapies [9].

For example, in leiomyosarcoma, a “BRCA-like” mutational pattern suggests sensi-
tivity to PARP inhibitors (e.g., Olaparib) combined with cisplatin. Additionally, targeted
therapies for oncogenic fusions, such as Larotrectinib for NTRK-rearranged sarcomas, are
under investigation, as are epigenetic vulnerabilities, such as BET inhibitors for rhab-
domyosarcoma and synovial sarcoma [3]. While some progress has been made, such as the
use of tyrosine kinase inhibitors (TKIs) like imatinib for gastrointestinal stromal tumors
(GISTs), the scarcity of effective targeted therapies for most sarcoma subtypes highlights
the need for continued exploration of molecular and genomic drivers. Immunotherapy,
including immune checkpoint inhibitors such as anti-PD-1 and anti-PD-L1, has shown
limited success, though tumor mutational burden (TMB) and microsatellite instability (MSI)
are emerging as potentially useful biomarkers [3,10].

Initially, access to NGS was limited to research settings due to high cost and technical
complexity, but declining costs and technological advances have now made it increasingly
accessible in routine practice. This shift has expanded opportunities to identify actionable
mutations, optimize patient care, and support clinical trial enrollment. Despite these
advances, the clinical application of NGS in sarcoma remains underexplored, particularly
in the Middle East and North Africa (MENA) region, where access to molecular profiling
and targeted therapies is restricted. This study aims to evaluate the role of NGS in sarcoma
management at the American University of Beirut Medical Center (AUBMC), a leading
tertiary referral center in Lebanon.

This study will identify sarcoma patients who underwent NGS, determine the fre-
quency and types of actionable mutations found, assess treatment modifications and their
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clinical impact, evaluate patient access to targeted therapies, and analyze outcomes such as
response rates, morbidity, and survival.

A unique feature of this study is its focus on how molecular profiling translates into
therapy matching and treatment decisions and how these, in turn, influence outcomes
and prognosis within the Lebanese cancer population. By also identifying barriers to NGS
implementation and therapy access, the study seeks to inform future strategies to advance
precision oncology in the region. Ultimately, our goal is to demonstrate the potential of
NGS in optimizing personalized care and improving outcomes for sarcoma patients in the
MENA context.

2. Materials and Methods
This retrospective real-world chart review study analyzed data from patients’ medical

and electronic health records at the American University of Beirut Medical Center, a
tertiary healthcare institution and major cancer referral center in Lebanon. The study
included patients with a histologically confirmed diagnosis of bone or soft tissue sarcoma
who underwent molecular profiling via NGS between January 2021 and December 2024.
Patients with insufficient tumor tissue or failed sequencing were excluded. In the whole
cohort, most patients underwent tissue-based sequencing, while only three were profiled
using liquid biopsy.

Molecular profiling was performed using a combination of commercial and locally
available platforms. The commercial platforms included assays from Foundation Medicine
(Boston, MA, USA), namely FoundationOne Liquid CDx, which interrogates 324 genes, and
FoundationOne Heme, which interrogates 406 genes and is specifically designed to include
genes known to be somatically altered in hematologic malignancies and sarcomas. In
addition, Guardant360 TissueNext (Guardant Health, Palo Alto, CA, USA) was used, which
sequences 84 cancer-associated genes to identify somatic alterations. These commercial
assays are considered CGP platforms and routinely report multiple classes of alterations
(single-nucleotide variants, insertions/deletions, copy-number changes, and rearrange-
ments), as well as TMB and MSI status.

Locally, sequencing was performed on the Illumina NextSeq 550 platform using the
AVENIO Roche assay (Roche, Basel, Switzerland) which is compatible with FoundationOne
and interrogates 324 cancer-related genes. This assay evaluates multiple variant classes,
including single-nucleotide variants (SNVs), indels, fusions, and copy-number variations
(CNVs), and also provides validated assessment of TMB and MSI. In addition, a sarcoma-
specific targeted panel, ARCHER FusionPlex (63 genes; ArcherDx, Boulder, CO, USA) was
used for detection of clinically relevant fusions and mutations; this assay does not provide
TMB or MSI results.

This study was conducted in accordance with the ethical principles outlined in the
Declaration of Helsinki (2013). Ethical approval was obtained from the Institutional Review
Board at AUBMC (IRB ID: BIO-2025-0004), with a waiver of informed consent due to
the retrospective nature of the study. All patient data were de-identified to maintain
confidentiality, and no personally identifiable information was accessible to the researchers.
Data collected included demographic characteristics, sarcoma subtype and staging, type
of NGS test received, prior lines of systemic therapy, and disease status before and after
NGS testing.

Early NGS was defined as molecular testing performed at diagnosis or prior to initia-
tion of first-line systemic therapy. Late NGS was defined as testing performed after at least
one prior line of systemic therapy or during disease progression in the metastatic setting.
These definitions were applied consistently across all patients.
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Genomic alterations were reported by the performing laboratories, which classify
variants for actionability based on regulatory approvals, international clinical guidelines
(e.g., NCCN, ESMO), and supporting peer-reviewed literature. In this study, actionability
was further defined using a standardized framework integrating: (1) on-label regulatory
approvals (FDA, EMA), (2) guideline-supported biomarker–therapy associations, and
(3) strong biological or clinical evidence from peer-reviewed data.

Descriptive statistics were used to summarize patient characteristics. Continuous variables
were reported as means ± standard deviations or medians with interquartile ranges (IQR),
while categorical variables were presented as frequencies and percentages. Survival outcomes,
including overall survival (OS) and progression-free survival (PFS), were estimated using the
Kaplan–Meier method. Comparisons between patients who received NGS-based treatment
adjustments (NBTA) and those who did not were made using the log-rank test. PFS was defined
as the time from the date of NGS testing to the date of documented disease progression.

All data were managed using REDCap (Research Electronic Data Capture) version 15.9.1,
and statistical analyses were performed using SPSS version 29. A p-value < 0.05 was considered
statistically significant.

3. Results
3.1. Patient Characteristics

A total of 78 patients with histologically confirmed sarcoma underwent next-
generation sequencing between January 2021 and December 2024. Baseline demographic
and clinical characteristics according to NGS-guided treatment status are summarized in
Table 1. The median age at diagnosis was 44 years (range: 8–81), with a predominance
of males (60.3%, n = 47), while females accounted for 39.7% (n = 31). Most tumors were
soft tissue sarcomas (70.5%, n = 55), with the remaining 29.5% (n = 23) classified as bone
sarcomas.

Table 1. Baseline characteristics according to NGS-guided treatment (NBTA) status (N = 78).

Characteristic No NBTA (n = 62) NBTA (n = 16) p Value

Age at diagnosis, mean ± SD (years) 41.68 ± 20.69 44.38 ± 14.73 0.555
Sex 0.713

Female 24 (38.7%) 7 (43.8%)
Male 38 (61.3%) 9 (56.3%)

Sarcoma type 0.128
Bone 21 (33.9%) 2 (12.5%)
Soft tissue 41 (66.1%) 14 (87.5%)

Stage at diagnosis 0.258
Localized (Stages I–III) 37 (59.7%) 12 (75%)
Metastatic (Stage IV) 25 (40.3%) 4 (25%)

Tumor grade 0.503
High grade 60 (96.8%) 15 (93.8%)
Low/Intermediate grade 2 (3.2%) 1 (6.3%)

Prior systemic treatment before
profiling 0.881

No 22 (35.5%) 6 (37.5%)
Yes 40 (64.5%) 10 (62.5%)

Prior systemic therapy lines 0.087
0–1 line 36 (58.1%) 13 (81.3%)
≥2 lines 26 (41.9%) 3 (18.8%)

Timing of molecular profiling 0.210
Early 19 (30.6%) 2 (12.5%)
Late 43 (69.4%) 14 (87.5%)
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The distribution of histologic subtypes is presented in Table 2. The most common
subtypes were liposarcoma (17.9%), Ewing sarcoma (14.1%), leiomyosarcoma (11.5%), and
osteosarcoma (11.5%). Less frequent subtypes included angiosarcoma, synovial sarcoma,
pleomorphic undifferentiated sarcoma, chondrosarcoma, rhabdomyosarcoma, desmoplas-
tic small round cell tumor (DSRCT), and unclassified sarcomas. The cohort was predomi-
nantly high-grade, with 75 patients harboring high-grade tumors, one intermediate-grade
tumor, and two low-grade tumors. At initial diagnosis, 4 patients (5.1%) had stage I dis-
ease, 19 (24.4%) had stage II disease, 26 (33.3%) had stage III disease, and the remaining
29 patients (37.2%) presented with stage IV disease.

Table 2. Median Number of Genomic Alterations per Patient by Sarcoma Histological Subtype.

Histological Subtype Number of Patients Median Alterations Detected per Patient (Range)

Angiosarcoma 5 2 (0–19)
Chondrosarcoma 3 3 (1–4)
Desmoplastic Small Round Cell Tumor 2 3.5 (3–4)
Ewing Sarcoma 11 1 (1–4)
Leiomyosarcoma 9 2 (2–8)
Liposarcoma 14 4.5 (0–8)
Osteosarcoma 9 4 (0–8)
Pleomorphic Undifferentiated Sarcoma (PUS) 3 3 (0–10)
Rhabdomyosarcoma 3 5 (3–6)
Sarcoma (Unspecified) 13 3 (0–8)
Synovial Sarcoma 6 4 (0–5)

Systemic therapy prior to molecular profiling was documented in 64.1% of patients
(n = 50), with a median of one prior line of treatment (range: 0–4). NGS was performed late
in the disease course in the majority of patients (73.1%), whereas only 26.9% underwent
molecular testing early in their clinical trajectory.

3.2. Molecular Testing and Alterations

A total of 78 patients underwent molecular profiling using both commercial and lo-
cally available assays. FoundationOne Heme was performed in 61 patients (78.2%), of
whom 21 (34.4%) had a targetable alteration identified. FoundationOne Liquid CDx was
used in 3 patients (3.8%). Sequencing on the Illumina NextSeq 550 platform (AVENIO
assay) was performed in 5 patients (6.4%), with one (20%) harboring a targetable alter-
ation. Guardant360 TissueNext was used in 1 patient (1.3%) and identified a targetable
alteration. ARCHER FusionPlex was performed in 8 patients (10.3%) but did not yield
targetable findings.

The median number of mutations detected per patient was 3, ranging from 0 to 19.
Subtype-level differences in mutation burden are shown in Table 2. Rhabdomyosarcoma
and liposarcoma showed the highest median number of alterations per patient, while
Ewing sarcoma demonstrated the lowest. MSI and TMB assessments were available for
67 patients. All were microsatellite stable (MSS), with no cases of microsatellite instability
detected. Among the 67 with TMB results, 79% were classified as low, 19% as intermediate,
and 2% as high.

Figures 1 and 2 present tile plots illustrating the most frequently altered genes in
STS and BS, respectively. Alterations in CDK4, PIK3CA, NF1, and ALK genes were more
commonly observed in STS, whereas BS samples exhibited fewer targetable alterations
overall. Genomic alterations were frequently subtype-specific. EWSR1 gene rearrangements
were consistently observed in Ewing sarcoma and desmoplastic small round cell tumors.
CDK4 and MDM2 gene amplifications were identified in liposarcoma and osteosarcoma.
TP53 and RB1 gene mutations were common in leiomyosarcoma. Deletions in CDKN2A/B
genes were noted in undifferentiated pleomorphic sarcoma and chondrosarcoma. SS18 gene
rearrangements were exclusively found in synovial sarcoma. Additional tile plots depicting
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the mutational landscape in individual subtypes, including Ewing sarcoma, osteosarcoma,
liposarcoma, and leiomyosarcoma, are provided in Supplementary Figures S1–S4.

Figure 1. Tile Plot of Frequently Altered Genes in Bone Sarcomas (BS).

Figure 2. Tile Plot of Frequently Altered Genes in Soft Tissue Sarcomas (STS).
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At the time of molecular profiling, targetable alterations were identified in 33% of
patients. When reassessed with updated genomic knowledge and therapeutic approvals,
this proportion increased to 42%.

3.3. Treatment Modifications and Drug Utilization

A total of 16 patients (20.5%) received a treatment adjustment based on NGS findings,
referred to as NGS-Based Treatment Adjustment (NBTA). Among the remaining 62 patients
who did not receive NBTA, the reasons included the absence of actionable targets in 67%
of cases, the presence of no detectable mutations in 17%, and ineligibility due to clinical
deterioration, financial constraints, or lack of drug access in 16%.

Among patients who received NBTA, responses varied. Partial responses were
achieved in two cases: a liposarcoma patient with a BRCA2 mutation treated with PARP
inhibitors (Olaparib and Talazoparib; PFS 29.5 months) and a patient with an NTRK1 fusion
who received Larotrectinib (PFS 57.7 months). Stable disease was observed in several
patients treated with ALK, CDK4/6, or PI3K/mTOR inhibitors, with PFS ranging from 5.2
to 20.5 months. However, the majority of patients (n = 8) experienced progressive disease
as their best response, typically within the first 2–3 months of therapy. Access to targeted
treatments was predominantly through self-funding, with only two patients able to secure
drugs via compassionate access programs. These outcomes are summarized in Table 3.

Table 3. Actionable Genomic Alterations and Clinical Outcomes of Targeted Therapies Across
Sarcoma Subtypes (n = 78).

Histological Subtype Actionable Mutations Treatment Best Response Access PFS (Months)

Chondrosarcoma PIK3CA, NF2 Everolimus PD Self-Funding 1.4
Leiomyosarcoma NF1 Trametinib PD Self-Funding 5.5
Liposarcoma ALK Crizotinib SD Self-Funding 5.2

Liposarcoma BRCA2 Olaparib
Talazoparib PR

Compassionate
access
Self-Funding

29.5

Liposarcoma CDK4 Palbociclib PD Self-Funding 1.9
Liposarcoma CDK4 Ribociclib SD Self-Funding 7.0
Liposarcoma CDK4 Abemaciclib SD Self-Funding 15.6
Liposarcoma CDK4 Abemaciclib SD Self-Funding 20.5

Liposarcoma MET Cabozantinib
Crizotinib PD Self-Funding 3.3

Liposarcoma PIK3CA, PTEN Everolimus PD Self-Funding 1.8
Liposarcoma CDK4 Abemaciclib PD Self-Funding 0.9
Osteosarcoma CDK4 Palbociclib PD Self-Funding 0.7
Sarcoma ALK Alectinib SD Self-Funding 6.8

Sarcoma NTRK1 Lortrectinib PR Compassionate
access 57.7

Sarcoma PTEN Everolimus SD Self-Funding 7.3
Synovial Sarcoma KIT, PDGFRA Imatinib PD Self-Funding 2.2

Abbreviations: PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

3.4. Patients with Actionable Findings Who Did Not Receive Therapy

Despite the identification of actionable alterations or immunotherapy biomarkers,
10 patients did not receive NBTA. The reasons included rapid clinical deterioration, lack of
access to targeted drugs, or ongoing response to standard therapy. These cases are detailed
in Table 4.
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Table 4. Patients with Actionable Mutations or Immunotherapy Biomarkers Who Did Not Receive
Molecularly Directed Treatment.

Histological Subtype Actionable Mutations Reasons Not Pursued

Angiosarcoma TMB High Rapid Progression
Angiosarcoma NRAS Rapid Progression
Desmoplastic Small Round Cell Tumor PDGFRB No Access to Medication
Ewing Sarcoma NTRK1 No Access to Medication
Liposarcoma ATM, CDK4 No Access to Medication
Liposarcoma CDK4, NF2 No Access to Medication
Osteosarcoma NTRK1 Responding to Standard Therapy
Pleomorphic Undifferentiated Sarcoma
(PUS)

CD274 (PD-L1), PDCD1LG2
(PD-L2), PDGFRA Rapid Progression

Sarcoma KIT, PDGFRA Rapid Progression
Sarcoma TSC2 Responding to Standard Therapy

Abbreviations: TMB, tumor mutational burden.

3.5. Survival Outcomes

At the time of last follow-up, 68 patients (87.1%) had metastatic disease, and 30 patients
(38.5%) had died. Among patients who received NBTA, the median PFS was 9.0 months
compared with 2.0 months in patients who did not receive molecularly guided therapy
(p = 0.023). Favorable outcomes within the NBTA group were primarily observed in a
limited subset of patients with biologically well-defined, actionable alterations and access to
matched therapies. These included a patient with liposarcoma harboring a BRCA2 mutation
treated with PARP inhibitors (PFS 29.5 months) and a patient with an NTRK1 fusion treated
with larotrectinib (PFS 57.7 months). Additional patients achieved disease stabilization
with CDK4/6, ALK, or PI3K/mTOR inhibitors, with variable durations of benefit. In
contrast, the majority of patients receiving NBTA experienced disease progression. Overall
survival was numerically longer in the NBTA group (median 74.0 months vs. 48.0 months),
although this difference did not reach statistical significance (p = 0.207).

4. Discussion
NGS has emerged as a transformative tool in the genomic characterization of sarco-

mas [2]. In our cohort, NGS provided valuable molecular insights across a broad range
of histologic subtypes, including both common entities such as liposarcoma and Ewing
sarcoma, as well as rare forms like undifferentiated pleomorphic sarcoma and synovial
sarcoma. Consistent with global data, our findings reinforced the heterogeneity in the mu-
tational landscape of sarcomas [6,11]. Subtype-specific alterations were observed, including
EWSR1 fusions in Ewing sarcoma and CDK4 and MDM2 amplifications in liposarcoma,
reflecting well-established pathogenic mechanisms [12,13]. Additionally, the identification
of potentially actionable mutations across multiple subtypes demonstrates the broad utility
of NGS beyond diagnostic refinement. These findings echo international efforts highlight-
ing the value of comprehensive genomic profiling in guiding precision oncology efforts for
sarcoma patients [14].

Beyond validating known biological patterns, our results align closely with emerg-
ing international recommendations advocating for broad molecular characterization of
mesenchymal tumors. The Italian Sarcoma Group’s 2025 consensus paper emphasizes
that extended molecular profiling is now considered essential not only for therapeutic
stratification but also for improving diagnostic accuracy in morphologically ambiguous
sarcomas, particularly through the detection of structural variants, copy-number alter-
ations, and gene fusions [15]. These capabilities were reflected in our cohort, where
alterations such as CDK4/MDM2 amplifications, EWSR1 rearrangements, TP53/RB1 muta-
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tions, and CDKN2A/B deletions were consistently detected and, in several cases, directly
informed treatment decisions. Importantly, the consensus recommends early molecular
testing, ideally at diagnosis or first relapse, to maximize clinical utility. In contrast, 73%
of patients in our cohort underwent NGS late in the disease course, highlighting a signifi-
cant implementation gap between guideline recommendations and real-world practice in
resource-limited settings.

Similarly, our findings parallel those of the ACC Sarcoma Working Group, which
demonstrated the central role of NGS in identifying pathognomonic fusion transcripts
across diverse sarcoma subtypes [16]. Systematic detection of canonical fusions such as
EWSR1–FLI1, SS18–SSX, CIC–DUX4, and BCOR rearrangements has been shown to en-
hance diagnostic precision and may identify patients eligible for targeted or investigational
therapies [17]. Fusion-driven tumors in our cohort, including Ewing sarcoma, desmoplastic
small round cell tumor, and synovial sarcoma, were reliably detected, reinforcing fusion
profiling as a cornerstone of modern sarcoma diagnostics.

The choice of NGS platform remains an important and unresolved question in sar-
coma care. Sarcomas are characterized by complex genomic architecture, often driven
by structural variants rather than recurrent point mutations. As such, platforms limited
to hotspot mutation detection may be insufficient. Current evidence supports the use
of hybrid-capture, DNA-based panels capable of detecting copy-number alterations and
structural rearrangements, complemented by RNA sequencing when feasible, to optimize
fusion detection [16]. In this context, both platforms used in our study (324- and 406-gene
panels) were able to capture clinically relevant alterations; however, differences in gene
content and fusion coverage may influence diagnostic yield.

Whole-genome sequencing (WGS), while comprehensive, is not currently necessary for
routine clinical sarcoma management due to cost, data complexity, and limited incremental
therapeutic yield over large, targeted panels in most cases [18]. Instead, disease-focused
large panels (≥300 genes) represent a pragmatic balance between breadth and feasibility,
particularly in centers with constrained resources.

Resource availability should guide platform selection. In high-income settings, in-
tegrated DNA/RNA profiling with broad panels or whole-exome sequencing may be
justified, particularly for rare or diagnostically challenging sarcomas. In contrast, in low-
and middle-income countries, including the MENA region, a stepwise approach, start-
ing with targeted panels enriched for sarcoma-relevant genes and fusions, may offer the
greatest clinical value while maintaining cost-effectiveness.

Panel design may also be tailored according to sarcoma subtype. While bone and soft-
tissue sarcomas share overlapping genomic alterations, certain diagnoses warrant focused
coverage (e.g., fusion-heavy panels for Ewing sarcoma, copy-number-oriented panels for
liposarcoma). Nevertheless, given the frequent diagnostic uncertainty at presentation, a
unified sarcoma panel covering both bone and soft-tissue entities is generally preferable in
routine practice [19].

Importantly, our study highlights the tangible impact of NGS on clinical decision-
making in real-world sarcoma care. In 20.5% of patients, NGS findings directly informed a
change in management, resulting in next-generation sequencing-based treatment adjust-
ment (NBTA), a rate comparable to or slightly higher than those reported in retrospective
series from other academic centers [20–23]. Survival outcomes were analyzed descriptively.
Patients who received NBTA demonstrated a longer median progression-free survival
(9.0 months) compared with those who did not receive NGS-guided therapy (2.0 months).
However, given the small NBTA cohort, histologic heterogeneity, and the inherent non-
comparability of treatment groups, these findings should be interpreted cautiously and
considered exploratory and hypothesis-generating rather than confirmatory. Overall sur-
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vival differences did not reach statistical significance, although a numerical trend favoring
NBTA was observed. Together, these observations suggest a potential clinical relevance of
integrating molecular profiling into therapeutic planning and highlight the need for ade-
quately powered prospective studies to define the true impact of NGS-guided interventions
in sarcoma care [24,25].

Despite identifying actionable alterations in 33–42% of patients, only 20.5% ultimately
received matched therapies. This gap reflects persistent real-world barriers, including
limited access to targeted agents, high drug costs, rapid clinical deterioration following
late testing, and infrastructure constraints affecting turnaround time and multidisciplinary
interpretation [26,27]. Addressing these challenges will be critical to translating molecular
insights into meaningful clinical benefit. Potential strategies include regional genomic
databases, expansion of compassionate-use programs, and formal molecular tumor boards
to optimize treatment matching [28–32]. The financial burden of NGS testing remains a
global concern due to inconsistent reimbursement policies.

This study represents one of the first real-world evaluations of precision oncology
implementation in sarcoma care within the MENA region, where comprehensive molecular
profiling remains underutilized [33]. Our findings demonstrate the feasibility of integrating
NGS into routine clinical practice and highlight its potential clinical value even in resource-
constrained settings. By providing real-world data from an underserved region, this study
adds to the growing body of evidence supporting broader access to genomic testing and
molecular diagnostics as a critical component of equitable cancer care worldwide [34].

Nevertheless, several limitations must be acknowledged. The retrospective design
and modest sample size may constrain the generalizability of our findings. Additionally,
molecular profiling was frequently performed late in the disease course, reducing the likeli-
hood of patients benefiting from genomic-guided therapies. Variability in the NGS assays
used (FoundationOne vs. Guardant360) may also introduce inconsistencies in mutation
detection and reporting. Furthermore, access to targeted agents was often restricted by cost
and limited availability, which likely led to an underestimation of the true clinical impact
of NGS-guided treatment in this cohort.

Looking forward, our findings support future initiatives aimed at integrating molec-
ular testing earlier in the treatment trajectory, ideally at diagnosis or after the first line of
therapy [33]. Prospective studies are needed to clarify the survival impact of NBTA and to
define optimal sequencing strategies. International collaboration will be essential to harmo-
nize panel design, improve access to targeted agents, and ensure equitable implementation
of precision oncology across diverse healthcare systems [35].

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/medsci14010046/s1, Figure S1: Tile Plot of Frequently
Altered Genes in Ewing Sarcoma; Figure S2: Tile Plot of Frequently Altered Genes in Osteosarcoma;
Figure S3: Tile Plot of Frequently Altered Genes in Liposarcoma; Figure S4: Tile Plot of Frequently
Altered Genes in Leiomyosarcoma.

Author Contributions: Conceptualization, T.D., S.S., R.M. and H.I.A.; Data curation, T.D., A.T., G.J.,
C.R., N.Z. and L.K.; Formal analysis, T.D. and A.H.; Investigation, T.D., A.T., G.J., C.R., N.Z., L.K.,
S.S., R.M. and H.I.A.; Methodology, T.D., A.T., G.J., C.R., N.Z., L.K. and H.I.A.; Project administration,
T.D., A.T., G.J., C.R., N.Z., L.K., S.S., R.M. and H.I.A.; Resources, S.S., R.M. and H.I.A.; Software, T.D.
and A.H.; Supervision, S.S., R.M. and H.I.A.; Validation, H.I.A.; Visualization, S.S., R.M. and H.I.A.;
Writing—original draft, T.D., A.T., G.J., C.R., L.K. and M.B.; Writing—review and editing, T.D., M.B.,
R.M. and H.I.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://doi.org/10.3390/medsci14010046

https://www.mdpi.com/article/10.3390/medsci14010046/s1
https://doi.org/10.3390/medsci14010046


Med. Sci. 2026, 14, 46 11 of 12

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of American University of Beirut
(protocol code BIO-2025-0004 and approval date on 24 January 2024).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study, and all data were anonymized to ensure patient confidentiality.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Materials. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Pollack, S.M.; Ingham, M.; Spraker, M.B.; Schwartz, G.K. Emerging Targeted and Immune-Based Therapies in Sarcoma. J. Clin.

Oncol. Off. J. Am. Soc. Clin. Oncol. 2018, 36, 125–135. [CrossRef] [PubMed]
2. McConnell, L.; Houghton, O.; Stewart, P.; Gazdova, J.; Srivastava, S.; Kim, C.; Catherwood, M.; Strobl, A.; Flanagan, A.M.;

Oniscu, A.; et al. A novel next generation sequencing approach to improve sarcoma diagnosis. Mod. Pathol. 2020, 33, 1350–1359.
[CrossRef] [PubMed]

3. Grünewald, T.G.; Alonso, M.; Avnet, S.; Banito, A.; Burdach, S.; Cidre-Aranaz, F.; Di Pompo, G.; Distel, M.; Dorado-Garcia,
H.; Garcia-Castro, J.; et al. Sarcoma treatment in the era of molecular medicine. EMBO Mol. Med. 2020, 12, e11131. [CrossRef]
[PubMed]

4. Bui, N.Q.; Przybyl, J.; Trabucco, S.E.; Frampton, G.; Hastie, T.; van de Rijn, M.; Ganjoo, K.N. A clinico-genomic analysis of soft
tissue sarcoma patients reveals CDKN2A deletion as a biomarker for poor prognosis. Clin. Sarcoma Res. 2019, 9, 12. [CrossRef]

5. Wei, J.; Liu, X.; Li, T.; Xing, P.; Zhang, C.; Yang, J. The new horizon of liquid biopsy in sarcoma: The potential utility of circulating
tumor nucleic acids. J. Cancer 2020, 11, 5293–5308. [CrossRef]

6. Lazar, A.J.; McLellan, M.D.; Bailey, M.H.; Miller, C.A.; Appelbaum, E.L.; Cordes, M.G.; Fronick, C.C.; Fulton, L.A.; Fulton, R.S.;
Mardis, E.R.; et al. Comprehensive and Integrated Genomic Characterization of Adult Soft Tissue Sarcomas. Cell 2017, 171,
950–965.e28. [CrossRef]

7. Cheng, M.L.; Berger, M.F.; Hyman, D.M.; Solit, D.B. Clinical tumour sequencing for precision oncology: Time for a universal
strategy. Nat. Rev. Cancer 2018, 18, 527–528. [CrossRef]

8. Tomlins, S.A.; Hovelson, D.H.; Suga, J.M.; Anderson, D.M.; Koh, H.A.; Dees, E.C.; McNulty, B.; Burkard, M.E.; Guarino, M.;
Khatri, J.; et al. Real-World Performance of a Comprehensive Genomic Profiling Test Optimized for Small Tumor Samples. JCO
Precis. Oncol. 2021, 5, 1312–1324. [CrossRef]

9. Groisberg, R.; Hong, D.S.; Holla, V.; Janku, F.; Piha-Paul, S.; Ravi, V.; Benjamin, R.; Kumar Patel, S.; Somaiah, N.; Conley, A.;
et al. Clinical genomic profiling to identify actionable alterations for investigational therapies in patients with diverse sarcomas.
Oncotarget 2017, 8, 39254–39267. [CrossRef]

10. Cote, G.M.; He, J.; Choy, E. Next-Generation Sequencing for Patients with Sarcoma: A Single Center Experience. Oncologist 2018,
23, 234–242. [CrossRef]

11. Soupir, A.; Ospina, O.E.; Hampton, O.; Churchman, M.; Radmacher, M.; Hedges, D.; McKean, D.; Agius, P.; Zeeshan, S.; Seligson,
N.D.; et al. Genomic, transcriptomic, and immunogenomic landscape of over 1300 sarcomas of diverse histology subtypes. Nat.
Commun. 2025, 16, 4206. [CrossRef]

12. Mo, J.; Tan, K.; Dong, Y.; Lu, W.; Liu, F.; Mei, Y.; Huang, H.; Zhao, K.; Lv, Z.; Ye, Y.; et al. Therapeutic targeting the oncogenic
driver EWSR1::FLI1 in Ewing sarcoma through inhibition of the FACT complex. Oncogene 2023, 42, 11–25. [CrossRef]

13. Cassinelli, G.; Pasquali, S.; Lanzi, C. Beyond targeting amplified MDM2 and CDK4 in well differentiated and dedifferentiated
liposarcomas: From promise and clinical applications towards identification of progression drivers. Front. Oncol. 2022, 12, 965261.
[CrossRef]

14. Carmagnani Pestana, R.; Groisberg, R.; Roszik, J.; Subbiah, V. Precision Oncology in Sarcomas: Divide and Conquer. JCO Precis.
Oncol. 2019, 3, 1–16. [CrossRef] [PubMed]

15. D’Ambrosio, L.; Sbaraglia, M.; Merlini, A.; Rabino, M.; Grignani, G.; Appolloni, V.; Badalamenti, G.; Baldi, G.G.; Bellan, E.; Benelli,
M.; et al. Extended molecular profiling in mesenchymal tumors: A consensus paper from the Italian Sarcoma Group. Crit. Rev.
Oncol. Hematol. 2025, 216, 104960. [CrossRef] [PubMed]

16. Racanelli, D.; Brenca, M.; Baldazzi, D.; Goeman, F.; Casini, B.; De Angelis, B.; Guercio, M.; Milano, G.M.; Tamborini, E.; Busico, A.;
et al. Next-Generation Sequencing Approaches for the Identification of Pathognomonic Fusion Transcripts in Sarcomas: The
Experience of the Italian ACC Sarcoma Working Group. Front. Oncol. 2020, 10, 489. [CrossRef]

17. Miettinen, M.; Felisiak-Golabek, A.; Luiña Contreras, A.; Glod, J.; Kaplan, R.N.; Killian, J.K.; Lasota, J. New fusion sarcomas:
Histopathology and clinical significance of selected entities. Hum. Pathol. 2019, 86, 57–65. [CrossRef]

https://doi.org/10.3390/medsci14010046

https://doi.org/10.1200/JCO.2017.75.1610
https://www.ncbi.nlm.nih.gov/pubmed/29220291
https://doi.org/10.1038/s41379-020-0488-1
https://www.ncbi.nlm.nih.gov/pubmed/32047232
https://doi.org/10.15252/emmm.201911131
https://www.ncbi.nlm.nih.gov/pubmed/33047515
https://doi.org/10.1186/s13569-019-0122-5
https://doi.org/10.7150/jca.42816
https://doi.org/10.1016/j.cell.2017.10.014
https://doi.org/10.1038/s41568-018-0043-2
https://doi.org/10.1200/PO.20.00472
https://doi.org/10.18632/oncotarget.16845
https://doi.org/10.1634/theoncologist.2017-0290
https://doi.org/10.1038/s41467-025-58678-6
https://doi.org/10.1038/s41388-022-02533-1
https://doi.org/10.3389/fonc.2022.965261
https://doi.org/10.1200/po.18.00247
https://www.ncbi.nlm.nih.gov/pubmed/32914012
https://doi.org/10.1016/j.critrevonc.2025.104960
https://www.ncbi.nlm.nih.gov/pubmed/40998028
https://doi.org/10.3389/fonc.2020.00489
https://doi.org/10.1016/j.humpath.2018.12.006
https://doi.org/10.3390/medsci14010046


Med. Sci. 2026, 14, 46 12 of 12

18. Serrano, C.; Bauer, S.; Blay, J.Y.; Casali, P.G.; Cicala, C.M.; Dei Tos, A.P.; Digklia, A.; Gelderblom, H.; Italiano, A.; Jones, R.L.; et al.
Guidelines for Next-Generation Sequencing in Sarcoma Diagnosis and Treatment: A Consensus Review. JAMA Oncol. 2025, 11,
1527. [CrossRef]

19. Gounder, M.M.; Agaram, N.P.; Trabucco, S.E.; Robinson, V.; Ferraro, R.A.; Millis, S.Z.; Krishnan, A.; Lee, J.; Attia, S.; Abida, W.;
et al. Clinical genomic profiling in the management of patients with soft tissue and bone sarcoma. Nat. Commun. 2022, 13, 3406.
[CrossRef]

20. Gusho, C.A.; Weiss, M.C.; Lee, L.; Gitelis, S.; Blank, A.T.; Wang, D.; Batus, M. The clinical utility of next-generation sequencing for
bone and soft tissue sarcoma. Acta Oncol. 2022, 61, 38–44. [CrossRef]

21. van der Laan, P.; van Houdt, W.J.; van Boven, H.; Snaebjornsson, P.; Bosch, L.J.W.; Monkhorst, K.; Schrage, Y.M.; Heimans, L.;
Kerst, J.M.; Steeghs, N.; et al. The role of whole-genome sequencing for guiding systemic therapy in patients with soft tissue
sarcoma. ESMO Open 2025, 10, 105287. [CrossRef]

22. Gounder, M.; Ali, S.; Robinson, V.; Bailey, M.; Ferraro, R.; Patel, N.; Krishnan, A.; Millis, S.; Dickson, M.; D’Angelo, S.; et al. Impact
of next-generation sequencing (NGS) on diagnostic and therapeutic options in soft-tissue and bone sarcoma. J. Clin. Oncol. 2017,
35, 11001. [CrossRef]

23. Jin, G.; Wang, C.; Jia, D.; Qian, W.; Yin, C.; Wang, D.; Yang, Q.; Li, T.; Zheng, A. Next Generation Sequencing Reveals Pathogenic
and Actionable Genetic Alterations of Soft Tissue Sarcoma in Chinese Patients: A Single Center Experience. Technol. Cancer Res.
Treat. 2021, 20, 15330338211068964. [CrossRef] [PubMed]

24. Morganti, S.; Tarantino, P.; Ferraro, E.; D’Amico, P.; Viale, G.; Trapani, D.; Duso, B.A.; Curigliano, G. Role of Next-Generation
Sequencing Technologies in Personalized Medicine. In P5 eHealth: An Agenda for the Health Technologies of the Future; Pravettoni,
G., Triberti, S., Eds.; Springer International Publishing: Cham, Switzerland, 2020; pp. 125–154. [CrossRef]

25. Kattan, C.; Kattan, J. Accommodation with anticancer drug shortage: A Lebanese harmful solution. Front. Oncol. 2022, 12,
1055113. [CrossRef] [PubMed]

26. Mohr, A.E.; Ortega-Santos, C.P.; Whisner, C.M.; Klein-Seetharaman, J.; Jasbi, P. Navigating Challenges and Opportunities in
Multi-Omics Integration for Personalized Healthcare. Biomedicines 2024, 12, 1496. [CrossRef]

27. Quinn, R.; Patel, R.; Sison, C.; Singh, A.; Zhu, X.H. Impact of Precision Medicine on Clinical Outcomes: A Single-Institution
Retrospective Study. Front. Oncol. 2021, 11, 659113. [CrossRef]

28. Cronin, T.K.; Ronayne, C.; O’Donovan, N.; McGuinness, E.; Cooke, K.; Dennehy, M.; Dennehy, C.; Power, D.G.; Cahill, M.R.;
Collins, D.C.; et al. The impact of expanded access programs for systemic anticancer therapy in an Irish cancer centre. Ir. J. Med.
Sci. 2024, 193, 2171–2177. [CrossRef]

29. Gerasimov, E.; Donoghue, M.; Bilenker, J.; Watt, T.; Goodman, N.; Laetsch, T.W. Before It’s Too Late: Multistakeholder Perspectives
on Compassionate Access to Investigational Drugs for Pediatric Patients with Cancer. Am. Soc. Clin. Oncol. Educ. Book 2020, 40,
e218–e227. [CrossRef]

30. Mano, M.S.; Çitaku, F.T.; Barach, P. Implementing multidisciplinary tumor boards in oncology: A narrative review. Future Oncol.
2022, 18, 375–384. [CrossRef]

31. Ahmad, R.M.; Ali, B.R.; Al-Jasmi, F.; Sinnott, R.O.; Al Dhaheri, N.; Mohamad, M.S. A review of genetic variant databases and
machine learning tools for predicting the pathogenicity of breast cancer. Brief. Bioinform. 2024, 25, bbad479. [CrossRef]

32. El Helali, A.; Lam, T.C.; Ko, E.Y.L.; Shih, D.J.H.; Chan, C.K.; Wong, C.H.L.; Wong, J.W.H.; Cheung, L.W.T.; Lau, J.K.S.; Liu,
A.P.Y.; et al. The impact of the multi-disciplinary molecular tumour board and integrative next generation sequencing on clinical
outcomes in advanced solid tumours. Lancet Reg. Health West. Pac. 2023, 36, 100775. [CrossRef]

33. Ghoreyshi, N.; Heidari, R.; Farhadi, A.; Chamanara, M.; Farahani, N.; Vahidi, M.; Behroozi, J. Next-generation sequencing in
cancer diagnosis and treatment: Clinical applications and future directions. Discov. Oncol. 2025, 16, 578. [CrossRef]

34. Mahfouz, R.; Abou Zeidane, R.; Diab, T.; Tarhini, A.; Sbaity, E.; Kazarian, H.; El Zibaoui, Y.; Naji, N.S.; Barake, M.; Assi, H.I.
Real-World Data: Implementation and Outcomes of Next-Generation Sequencing in the MENA Region. Diagnostics 2025, 15, 1183.
[CrossRef]

35. Tfayli, A.H.; El-Halabi, L.N.; Khuri, F.R. Global disparities in cancer care: Bridging the gap in affordability and access to
medications between high and low-income countries. Cancer 2025, 131, e35590. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medsci14010046

https://doi.org/10.1001/jamaoncol.2025.3608
https://doi.org/10.1038/s41467-022-30496-0
https://doi.org/10.1080/0284186X.2021.1992009
https://doi.org/10.1016/j.esmoop.2025.105287
https://doi.org/10.1200/JCO.2017.35.15_suppl.11001
https://doi.org/10.1177/15330338211068964
https://www.ncbi.nlm.nih.gov/pubmed/34939467
https://doi.org/10.1007/978-3-030-27994-3_8
https://doi.org/10.3389/fonc.2022.1055113
https://www.ncbi.nlm.nih.gov/pubmed/36741703
https://doi.org/10.3390/biomedicines12071496
https://doi.org/10.3389/fonc.2021.659113
https://doi.org/10.1007/s11845-024-03701-w
https://doi.org/10.1200/EDBK_278995
https://doi.org/10.2217/fon-2021-0471
https://doi.org/10.1093/bib/bbad479
https://doi.org/10.1016/j.lanwpc.2023.100775
https://doi.org/10.1007/s12672-025-01816-9
https://doi.org/10.3390/diagnostics15101183
https://doi.org/10.1002/cncr.35590
https://doi.org/10.3390/medsci14010046

	Introduction 
	Materials and Methods 
	Results 
	Patient Characteristics 
	Molecular Testing and Alterations 
	Treatment Modifications and Drug Utilization 
	Patients with Actionable Findings Who Did Not Receive Therapy 
	Survival Outcomes 

	Discussion 
	References

