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Abstract

Introduction Dedifferentiated liposarcoma (DDLPS) is a rare and aggressive subtype of soft tissue sarcoma, characterized
by limited treatment options and poor prognosis. Despite surgical resection being the only potentially curative treatment
for localized DDLPS, the recurrence rate remains high, and systemic chemotherapy, typically anthracycline-based, shows
limited efficacy in advanced stages. While immune checkpoint inhibitors (ICIs) have shown promise in various sarcoma
subtypes, including DDLPS, their role as a first-line treatment remains unclear.

Methods We conducted a systematic meta-analysis to evaluate the efficacy of ICIs in treating patients with DDLPS. A total
of 25 studies encompassing 245 patients were included. Data on overall response rate (ORR), progression-free survival, and
grade III-V treatment-related adverse events were analyzed. We assessed treatment efficacy based on the line of therapy and
treatment regimens, including ICI monotherapy, dual ICI therapy, and ICI combinations with other modalities.

Results The pooled ORR for all ICI-based treatments was 7%. First-line ICI therapy yielded a significantly higher ORR of
22%, compared to 4% in later-line treatment. The combination of ICI with anthracyclines demonstrated the highest ORR
of 52%. In contrast, ICI regimens combined with trabectedin or other agents showed limited efficacy. Sensitivity analysis
confirmed the stability of results, and publication bias was not detected.

Conclusion This meta-analysis supports the potential role of ICIs, particularly in combination with anthracyclines, as a first-
line therapeutic strategy for DDLPS. These results provide a foundation for future prospective studies aimed at optimizing
immunotherapy approaches for this rare and challenging malignancy.
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MLPS Myxoid liposarcoma

MPLPS Myxoid pleomorphic liposarcoma
MSI Microsatellite instability
NSCLC  Non-small-cell lung cancer

OR Odds ratios

ORR Overall response rate

oS Overall survival

PD-1 Programmed cell death protein 1
PFS Progression-free survival

PLPS Pleomorphic liposarcoma

RFS Recurrence-free survival

STS Soft tissue sarcoma

TLS Tertiary lymphoid structures
T™B Tumor mutational burden

TRAE Treatment-related adverse events
WDLPS  Well-differentiated liposarcoma
WHO World Health Organization
Introduction

Soft tissue sarcomas (STSs) represent a heterogeneous
group of malignancies arising from mesenchymal tissues,
including muscle, fat, blood vessels, nerves, and tendons [1].
According to the 2020 World Health Organization (WHO)
classification, bone tumors and STSs comprise over 100 dis-
tinct pathological entities, many of which are ultrarare with
incidences of less than 1 per million [2].

Liposarcoma (LPS) is a rare and heterogeneous malig-
nancy of adipocytic origin. It remains the most prevalent
histologic subtype of soft tissue sarcoma (STS), accounting
for approximately 20% of all cases [3]. Based on the 2020
WHO Classification of Soft Tissue Tumours, LPS is cat-
egorized into five subtypes: well-differentiated liposarcoma
(WDLPS), dedifferentiated liposarcoma (DDLPS), myxoid
liposarcoma (MLPS), pleomorphic liposarcoma (PLPS), and
myxoid pleomorphic liposarcoma (MPLPS) [4]. DDLPS,
which accounts for the majority of liposarcomas, most often
occurs in the retroperitoneum. Both WDLPS and DDLPS
are nontranslocation-associated sarcomas characterized by
the amplification of genes on chromosome 12q13-15, par-
ticularly MDM2 and CDK4 [5, 6].

For patients with localized DDLPS—whether arising in
the retroperitoneum or the extremities—surgical resection
remains the only potentially curative treatment option [7].
However, even after complete macroscopic resection, the
disease is marked by a local recurrence rate of up to 70% at
5 years [8] and a metastatic rate ranging from 15 to 30% [9].
Comprehensive analyses further indicate that patients with
DDLPS experience the poorest long-term outcomes among
liposarcoma subtypes, with 5- and 10-year survival rates of
approximately 50% and 35%, respectively [10, 11].
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For advanced or metastatic disease, systemic chemother-
apy, typically an anthracycline-based regimen, remains the
standard first-line treatment, despite its limited efficacy [12].
For example, a randomized controlled trial in STS demon-
strated a response rate of 14% for doxorubicin monotherapy
compared to 26% for a combination of doxorubicin and
ifosfamide, though without a corresponding improvement
in overall survival [13-15]. Second-line treatment options,
including regimens such as gemcitabine plus docetaxel, tra-
bectedin, and eribulin, have yielded only modest benefits.
Moreover, multi-tyrosine kinase inhibitors have repeatedly
failed to show clinical benefit in DDLPS across multiple
trials [16-18].

The role of radiotherapy in managing DDLPS, particu-
larly for retroperitoneal tumors, remains controversial.
The recent EORTC-STRASS trial, which randomized 266
patients with primary resectable retroperitoneal sarcoma to
receive either preoperative radiotherapy (50.4 Gy) followed
by surgery or surgery alone, found no significant improve-
ment in abdominal recurrence-free survival with the addition
of radiotherapy [19]. Although post hoc analyses suggested
a potential benefit for low-grade LPS, high-grade DDLPS
did not show a similar advantage, reaffirming that complete
surgical resection remains the cornerstone of treatment for
retroperitoneal sarcomas [20]. These challenges underscore
the pressing need for more effective therapeutic strategies
for DDLPS.

Over the past decade, immune checkpoint blockade (ICB)
has revolutionized cancer therapy [21]. Certain sarcomas,
such as alveolar soft part sarcoma (ASPS), have shown
exceptional responses to ICB, leading to the US Food and
Drug Administration approving first-line PD-L1 inhibitors
for ASPS [22]. Emerging evidence also suggests that ICB
agents targeting programmed cell death protein 1 (PD-1)
and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-
4) may be active in metastatic DDLPS. In the multicenter,
prospective SARCO28 trial investigating pembrolizumab in
advanced soft tissue and bone sarcomas—including DDLPS,
leiomyosarcoma, undifferentiated pleomorphic sarcoma,
synovial sarcoma, Ewing sarcoma, osteosarcoma, and
chondrosarcoma—objective responses were observed only
in patients with DDLPS and undifferentiated pleomorphic
sarcoma [23]. In addition, some studies have shown that
ICBs have no obvious adverse effects [24]. Despite these
promising signals, the intrinsic heterogeneity of STS has
meant that most clinical trials to date have enrolled mixed
histologies, and dedicated prospective studies exclusively
focusing on ICB in DDLPS remain lacking [25, 26].

In light of these challenges and the emerging role of
immunotherapy, the objective of our study is to systemati-
cally evaluate the efficacy of ICIs in patients with DDLPS.
By comprehensively reviewing the available literature—
including 25 studies encompassing 245 patients—we aim
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to elucidate the overall response rate (ORR) and the differen-
tial efficacy observed among various ICI regimens (e.g., ICI
monotherapy, dual ICI therapy, ICI combined with anthra-
cyclines, ICI plus trabectedin, and ICI with other agents)
as well as the impact of treatment line. We hope that our
findings will provide critical insights into the role of ICIs
in DDLPS and guide future clinical research in this under-
studied malignancy.

Methods
Data sources and search strategy

We obtained all relevant data for this study from the Pub-
Med, EMBASE, and Cochrane Library databases. In addi-
tion, we incorporated the latest unpublished clinical trial
data on ICI treatment for LPS presented at international
conferences such as the American Society of Clinical
Oncology (ASCO) and the European Society for Medical
Oncology (ESMO). A comprehensive search was conducted
across these databases, covering all records published up
to February 8, 2025. The search strategy utilized keywords
related to “liposarcoma” and “checkpoint inhibitors” (for a
detailed description of the search strategy, please refer to the
Supplementary Data). This meta-analysis was registered in
INPLASY (registration no. INPLASY202520047).

Inclusion and exclusion criteria
Inclusion criteria

Full-text articles were screened according to the following
criteria to identify studies for inclusion in the meta-analysis:

i. Articles must be published in English.

ii. The primary study subjects must be patients with
histologically confirmed LPS, excluding those with
MLPS, PLPS, and MPLPS.

iii. Clinical trials evaluating ICIs that provided ORR were
included, regardless of randomization status. ICIs
could be administered as monotherapy or in combi-
nation with other therapeutic modalities (e.g., radio-
therapy, chemotherapy, surgery, or targeted therapy).

Exclusion criteria
The exclusion criteria were as follows:
i.  Studies that did not address the key outcomes relevant
to this meta-analysis.

ii. Non-original research articles, including case reports,
reviews, letters, or editorials.

iii. Studies with overlapping or repeating data.
iv. Retrospective studies or cohort studies.
v. Studies that, at the design phase, exclusively enroll
patients based on a specific biomarker positivity (e.g.,
only high TMB or PD-L1 positive patients).

Data extraction and quality assessment

Three researchers (ABZ, XZ, and WGL) individually exam-
ined the eligible studies and evaluated their risk of bias.
Any differences in opinion were settled either through dis-
cussion or, if needed, by involving a designated arbitrator
(WGL). The data were directly obtained from the included
articles and conference abstracts. In addition, the parameters
were extracted in a uniform format, including first author,
year of publication, sample size, ClinicalTrials.gov identi-
fier, accepted line of therapy, medications of intervention,
primary endpoint, and outcome. Since the majority of the
relevant studies were single-arm clinical studies, the meth-
odological index for non-randomized studies (MINORS)
checklist was used to assess the quality of the included stud-
ies. Each item was scored O (not reported), 1 (reported but
inadequate), or 2 (reported and adequate), with the global
ideal score being 16 for non-comparative studies and 24 for
comparative studies [27].

The primary outcome was the efficacy of ICIs in the
treatment of LPS, as measured by the ORR. The secondary
outcomes included progression-free survival (PFS), and the
incidence of grade III-V treatment-related adverse events
(TRAE).

Statistical analysis

All statistical analyses were performed using STATA ver-
sion 15.1 (STATA, College Station, TX, USA). The meta-
analysis of the non-comparative binary outcomes was suit-
able for the included studies, which were single-arm clinical
trials [28]. The metaprop command was used to perform the
meta-analysis, pooling data to calculate odds ratios (OR)
and 95% confidence intervals (CI), and generating a forest
plot for visualization. A Q test with P>0.05 or I> <50%
indicated that there was no significant heterogeneity among
the studies, so a fixed-effect model was adopted; otherwise, a
random-effects model was used [29, 30]. Subgroup analyses
were conducted based on accepted line of therapy (0 or> 1),
medications of intervention (ICI monotherapy, dual ICI ther-
apy, ICI combined with anthracyclines, ICI combined with
trabectedin, and ICI combined with other treatments), and
grade III-V TRAE (%). Sensitivity analysis was performed
using the metainf command to assess the reliability of the
data. Publication bias was assessed by Begg’s and Egger’s
linear regression test, and visualization by funnel plot [31,
32]. P <0.05 was considered statistically significant.
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Result
Study selection

This review included 25 articles, corresponding to 23 clini-
cal trials shown in Table 1. The selection process is shown in
the PRISMA flow diagram (Fig. 1). Of these, three articles
reported phase I studies [33—35]. Additionally, three studies
were phase I/II trials [36-38], and 19 articles were phase 11
studies, which included three randomized controlled trials
with two treatment arms [39—41] and 16 single-arm studies
[23, 42-56]. Four of the records were abstracts from con-
ferences [44, 45, 49, 52]. Among the 25 studies, 11 were
multicenter trials [23, 34, 35, 37-39, 41, 47, 49, 52, 53]. All
studies were rated as moderate-to-high quality based on the
MINORS criteria (Table 1).

Characteristics of included studies

A comprehensive summary of the 25 studies included in the
review, involving 245 patients (median 7, interquartile range
3-11), is provided in Table 1. The overall pooled ORR for all
treatment regimens was 0.07 (95% CI 0.03-0.12) (Fig. 2). Of
the studies, only four provided data on the safety outcomes
specific to the DDLPS group, with the incidence of grade
ITI-V toxicities reported as 0.14 (95% CI 0.05-0.24) (Sup-
plementary Fig. 3). The median PFS across studies ranged
from 3.9 to 6.2 months. In all the pooled results, heterogene-
ity was 0, which represents high confidence in the results.

Subgroup analysis: treatment line

A subgroup analysis was conducted to evaluate the effi-
cacy of treatment based on the line of therapy. The analysis
included 245 patients: 33 in the first-line treatment group
and 212 in the later-line treatment group. First-line treatment
was assessed in five studies, yielding an ORR of 0.22 (95%
CI 0.12-0.35) (Supplementary Fig. 4A). The role of ICIs
in later-line treatment was investigated in 20 studies, with
a pooled ORR of 0.04 (95% CI 0.00-0.09) (Supplementary
Fig. 4B).

Subgroup analysis: per treatment group

The efficacy of different treatment regimens was analyzed
based on treatment groups. The ICI monotherapy group
included 72 patients, yielding an ORR of 0.09 (95% CI
0.02-0.18) (Supplementary Fig. 5SA). The dual ICI therapy
group consisted of 34 patients, showing an ORR of 0.02
(95% CI10.00-0.13) (Supplementary Fig. 5B). In the ICI plus
trabectedin group, 25 patients were treated, with an ORR of
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0.03 (95% CI 0.00-0.18) (Supplementary Fig. 5C). The ICI
plus anthracyclines group included 24 patients, yielding an
ORR of 0.52 (95% CI 0.29-0.74) (Supplementary Fig. 5SD).
Finally, the ICI plus other modalities group comprised 90
patients, with an ORR of 0.03 (95% CI 0.00-0.11) (Sup-
plementary Fig. SE).

Sensitivity analysis and publication bias

Sensitivity analysis was performed by STATA. The sensitiv-
ity analysis of the group found that the results were stable
(Supplementary Data). Besides, we used STATA to detect
publication bias. The funnel plots are shown in Supplemen-
tary Data. Egger’s test indicated no publication bias in the
results (P=0.75).

Discussion

This meta-analysis represents, to our knowledge, the first
comprehensive synthesis of ICI therapy in DDLPS. By
pooling data from 25 studies comprising 245 patients, we
determined an ORR of 7% for ICI-based treatments in this
rare malignancy. Our subgroup analyses revealed significant
heterogeneity in treatment efficacy across different regimens.
While ICI monotherapy and dual ICI therapy yielded mod-
est ORRs of 9% and 2%, respectively, the combination of
ICI with anthracyclines achieved a markedly higher ORR
of 52%, suggesting a potential synergistic interaction. In
contrast, regimens combining ICI with trabectedin or other
agents resulted in limited efficacy, with ORRs of only 3%
each. Our analysis also indicated that treatment line signifi-
cantly influenced outcomes, with first-line ICI therapy asso-
ciated with a substantially higher ORR of 22%, compared
to just 4% in later-line settings. Collectively, these findings
underscore the promise of specific ICI-based combination
strategies—particularly when deployed as first-line treat-
ments—in enhancing therapeutic outcomes for patients
with DDLPS, while also highlighting the need for further
investigation into optimizing treatment regimens and patient
selection.

Our meta-analysis demonstrated a striking difference in
the ORR between patients with DDLPS receiving first-line
ICI therapy versus those treated in later lines. This finding
is consistent with trends observed in other malignancies.
For example, in non-small-cell lung cancer (NSCLC), the
KEYNOTE-024 trial showed that first-line pembrolizumab
significantly improved ORR, PFS, and OS compared to
platinum-based chemotherapy in patients with high PD-L1
expression [57]. Similarly, in melanoma, studies such as
CheckMate-067 have reported that the use of first-line
combination immunotherapy (nivolumab plus ipilimumab)
results in markedly higher response rates and more durable
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Fig.1 Preferred Reporting Items for systematic reviews and meta-
analyses (PRISMA) 2020 flow diagram illustrating the selection
of studies included in meta-analysis. A total of 651 records were
retrieved through the PubMed, EMBASE and Cochrane Library
database, and there were 174 duplicate articles. After excluding lit-
erature types such as reviews, editorial comments, case report, letters,
477 literatures remained (including the latest unpublished clinical
trials on ICIs for LPS from the American Society of Clinical Oncol-
ogy (ASCO), European Society of Medical Oncology (ESMO) and
other international tumor congresses). According to the inclusion and
exclusion criteria, the records that did not meet the requirements were
excluded after reading the full text one by one, and finally 25 target
articles were confirmed

survival outcomes than later-line applications [58]. These
parallels suggest that the timing of immunotherapy is a criti-
cal determinant of its clinical success. Patients receiving
first-line treatment generally have a more intact immune
system and lower tumor burden, which may enhance the
antitumor immune response elicited by ICIs. In contrast,
heavily pretreated patients often have compromised immune
function and a more immunosuppressive tumor microenvi-
ronment, factors that likely contribute to the lower efficacy
observed in later-line settings [59].

In selecting an ICI-based regimen, the combination of
ICI with anthracyclines has emerged as particularly prom-
ising. Our analysis incorporated four studies that evaluated
this combination in patients with unresectable or meta-
static STS, including cohorts of DDLPS. In the study by
Pollack et al. (NCT02888665) [35], patients with unresect-
able or metastatic STS who had not previously received
anthracycline therapy were treated with doxorubicin plus
pembrolizumab. Among the four evaluable patients, two
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achieved an objective response. The safety profile in a
broader cohort of 37 STS patients was favorable, with no
grade 5 toxicities reported; the only grade 4 events were
neutropenia (n = 6), leukopenia (n=1), and febrile neutro-
penia (n=1), all of which resolved. Notably, two patients
experienced grade 3 reductions in ejection fraction attrib-
utable to doxorubicin. Similarly, the study by Livingston
et al. (NCT03056001) [51] evaluated this combination as
a first-line treatment for unresectable STS, and within the
subset of DDLPS patients (n=7), one patient achieved
a complete response and another an objective response.
Although 56.7% (17/30) of the overall cohort experienced
at least one serious adverse event, the study met its pri-
mary safety endpoint, underscoring the regimen’s feasibil-
ity even in this challenging patient population. In another
investigation by Zhichao Tian (ChiCTR1900027009) [47],
patients with unresectable or metastatic STS who had pre-
viously failed systemic therapy received up to six cycles of
doxorubicin combined with sintilimab, a PD-1 inhibitor.
Notably, all three DDLPS cases in this study achieved an
objective response. The most recent data from Liuxin et al.
(NCT04356872) [42], presented at the 2024 ASCO meet-
ing, further support these findings. In this first-line setting
for advanced STS, sintilimab combined with doxorubicin
and ifosfamide was administered to 46 patients, including
10 with DDLPS, yielding an impressive ORR of 50% in
the DDLPS subgroup. The most frequent grade 3 adverse
events in the overall cohort were leucopenia (50.0%),
neutropenia (45.7%), thrombocytopenia (21.7%), anemia
(21.7%), and febrile neutropenia (21.7%). Collectively,
although the current analysis of the ICI plus anthracycline
regimen in DDLPS includes only 24 patients, the safety
profile appears manageable and the therapeutic efficacy is
notably superior compared to other ICI-based approaches.
Pending the completion of ongoing studies, these encour-
aging results may provide robust evidence to support the
incorporation of ICI plus anthracycline combinations as
a first-line treatment option for patients with advanced,
unresectable DDLPS.

While the combination of ICI with anthracyclines has
demonstrated an outstanding ORR, it is undeniable that
the overall efficacy of ICI treatment remains modest at 7%.
Consequently, accurately selecting patients who are most
likely to benefit from ICI therapy is imperative. In this
context, identifying robust predictive biomarkers becomes
paramount. Below, we summarize and discuss several can-
didate biomarkers—including tertiary lymphoid structures
(TLS), PD-L1 expression, immune infiltration, tumor
mutational burden (TMB)/microsatellite instability (MSI),
gene fusions, mutation subclonality, and other emerging
markers—that may guide patient selection for ICI therapy
in sarcomas, particularly in DDLPS.
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Fig.2 Pooled objective
response rates for all subjects.
Objective response rate was
defined as the number of
responses (complete response
(CR) + partial response (PR))
divided by the evaluable
subjects in the study. ES, effect
size; CI, confidence interval

%

ES(95%C)  Weight

050(007.093) 174
008(000,038) 483
017(002.048) 483

012(000,053) 328

000(000.034) 367

015(003.038) 792

000(000,097) 058

014(004.033) 11.00

050(0.19,081) 405

000(000,052) 212

000(000,097) 058

000(000.071) 135

014(002.043) 560

000(000,084) 097

000(000,084) 097

000(000,031) 405

100(029,100) 135

*

000000034 367
000(000.046) 251
006(000,029) 676

000(000,084) 097

029(004,071) 290

050(007.093) 174
010(003,02¢) 1525

000(0.00.084) 097

000(0.00.071) 135

000(000.084) 097

020(003,056) 405

007(003,012) 10000

Tertiary lymphoid structures (TLS)

Mature TLS are defined by the presence of a germinal
center B cell zone containing follicular dendritic cells, with
T cells predominantly localized at the periphery [60]. Sev-
eral frameworks have been developed to describe the tumor
microenvironment associated with immunotherapy response
in sarcoma. For example, Petitprez and colleagues estab-
lished an immune-based classification of sarcoma-immune
classes and showed that the “immune-high” group—charac-
terized by the presence of B cell-rich TLS—demonstrated a
high response rate to PD-1 immunotherapy [61].

DDLPS, although baseline intratumoral B cells with
TLS features (assessed by immunohistochemistry) were not
associated with recurrence-free survival (RFS) or overall
survival (OS), patients whose surgical specimens exhibited
these features had significantly improved OS (median 29.1
months vs. no response; 5 of 8 vs. 0 of 8; log-rank P=0.045)
and a trend toward longer RFS (median 40 months vs. 13.4
months; 7 of 8 vs. 4 of §; log-rank P=0.14) [62]. Further-
more, additional clinical studies have confirmed that TLS-
positive DDLPS patients achieved an ORR as high as 30%
[63].

PD-L1 expression

PD-L1 expression as a predictive biomarker for ICB in sar-
comas is controversial. For example, one study of DDLPS
found that 80% (12 out of 15) of tumors exhibited PD-L1
expression > 1% at baseline, yet this was not associated
with outcomes such as hyalinization at surgery, pathologic

response (> 30% hyalinization), early relapse, ORR, or
RFS [62]. Other studies report a wide range of PD-L1
expression (12-65%), depending on sarcoma histology,
sample timing, and assay used. Moreover, clinical data
suggest that patients may benefit from ICIs, regardless of
tumor cell PD-L1 status. Notably, PD-L1 expression on
immune cells such as dendritic cells and tumor-associated
macrophages might better correlate with clinical response
[64]. Overall, tumor cell PD-L1 expression alone may not
serve as a reliable predictor of ICI response in DDLPS;
however, PD-L1 expression on other cells within the tumor
microenvironment might hold predictive potential [65].

Immune infiltration

Assessment of immune cell infiltration via multiplex
THC and deconvolution algorithms (e.g., CIBERSORTX)
has provided insights into the tumor microenvironment.
In DDLPS, a higher baseline proportion of cytotoxic T
lymphocytes (CD3+CD8+cells) has been associated with
improved RFS who received ICIs, whereas increased
Treg (CD3+FoxP3+CD8-) infiltration correlates with
shorter RFS [62]. Data from the SARCO028 trial indicate
that responders exhibit a higher density of various tumor-
associated immune cell phenotypes, including PD-L1-ex-
pressing macrophages and cytotoxic T cells [65]. Yet, not
all immune markers (e.g., CD4, CD68) show consistent
associations across studies, suggesting that a composite
evaluation of the immune contexture is necessary.

@ Springer
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Tumor mutational burden (TMB) and microsatellite
instability (MSI)

Liposarcomas generally exhibit low TMB (median~ 1.7
Mut/Mb) [66], and high TMB (> 10 Mut/Mb) is exceed-
ingly rare. Likewise, MSI is infrequent in these tumors, and
MSI scores have not been associated with ICI response [39].
Despite FDA and EMA approvals of PD-L1, MSI/dMMR,
and TMB as biomarkers in other cancers, their utility in
sarcomas is limited by low overall mutation rates and poor
stratification.

Gene fusions and mutation subclonality

Emerging genomic analyses suggest that the presence of
gene fusions may correlate with improved clinical outcomes
for who had IClIs across soft tissue sarcoma histologies. In an
RNA-sequencing cohort, tumors harboring any gene fusion
were more likely to achieve a PFS > 12 weeks, and further
analyses associated fusion presence with longer PFS and
OS [39]. In addition, within DDLPS, a higher proportion of
subclonal mutations (despite similar total mutation counts)
has been independently associated with better PFS and OS,
highlighting the potential role of intratumoral heterogeneity
as a predictive marker [39].

Additional emerging biomarkers

Other potential biomarkers include circulating cytokines,
angiogenic factors, and peripheral immune parameters. For
instance, responders have been observed to exhibit higher
levels of IFNa and IL4 at both pretreatment and on-treat-
ment timepoints, along with increased posttreatment IFNy
and granzyme B expression in specific immune subsets. Fur-
thermore, higher CD31+ vessel density (P=5.18 X 1073 and
lower peripheral IL-6 levels have been linked to improved
outcomes [33, 47]. Additionally, a baseline neutrophil-to-
lymphocyte ratio greater than 5 has been associated with
progressive disease [55].

Potential of this study and future directions

This study holds significant potential for advancing the
treatment landscape of DDLPS, particularly by highlight-
ing the promising role of immune checkpoint inhibitors ICIs,
especially when combined with anthracyclines, as a first-
line therapy. By synthesizing data from a variety of clinical
trials, our findings suggest that ICIs may offer a valuable
alternative to the traditional chemotherapy regimens that
have shown limited efficacy in advanced stages of DDLPS.
The demonstrated higher ORR in first-line treatment groups
underscores the need to explore this therapeutic combination
further in larger, more robust clinical trials. Despite these

@ Springer

promising results, there are still notable knowledge gaps in
the understanding of the full potential of ICIs in DDLPS.
First, the variability in treatment outcomes based on differ-
ent ICI combinations, such as the limited efficacy observed
in combinations with trabectedin, points to the necessity
for a deeper exploration of which specific combinations
work best for different patient subgroups. Additionally, the
lack of dedicated prospective studies on DDLPS and the
frequent inclusion of mixed sarcoma histologies in clinical
trials complicates our ability to draw definitive conclusions
about the efficacy of IClISs for this specific malignancy. Fur-
thermore, there remains an urgent need to identify predictive
biomarkers that can help clinicians select the right patients
for ICI therapy, ensuring optimal responses while minimiz-
ing unnecessary treatment exposure. Looking ahead, with
ongoing clinical trials focused on DDLPS and other sar-
coma subtypes, we anticipate more refined strategies that
could optimize the timing and combination of ICIs with
other modalities, like chemotherapy and targeted therapies.
Moreover, advancements in biomarker discovery, including
immune infiltration analysis and genetic profiling, are likely
to revolutionize personalized treatment plans, enabling tai-
lored immunotherapy approaches for DDLPS. As we gain
a better understanding of the tumor microenvironment and
immune evasion mechanisms, the integration of combina-
tion therapies that modulate both the immune system and
tumor characteristics will likely emerge as a cornerstone of
treatment. Overall, these developments could significantly
improve outcomes for patients with this rare and aggressive
cancer, making it a focal point for future research and clini-
cal innovation.

Despite the promising findings of this meta-analysis,
several limitations must be acknowledged. One key chal-
lenge is the small sample size and the heterogeneity of the
selected trials. Many of the included studies had limited
patient cohorts, which can affect the generalizability of the
results. Additionally, the variability in treatment regimens
and patient populations further complicates the ability to
draw definitive conclusions about the optimal use of ICIs
in DDLPS. Another notable limitation is the lack of trans-
lational endpoints in many studies, such as biomarkers or
immune response data, which are critical for understanding
the mechanisms of treatment efficacy and patient selection.
Additionally, while our analysis demonstrated the potential
of ICI combinations, the overall efficacy remains modest,
with an ORR of just 7%. This highlights the need for more
effective treatment strategies and underscores the impor-
tance of identifying patients who are more likely to respond
to ICI therapy. The mixed histologic subtypes included in
the trials further complicate the interpretation of the data, as
treatment responses may differ significantly between differ-
ent sarcoma subtypes. The inclusion of WDLPS patients in
some trials, despite its generally poor response to treatments,
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may have diluted the observed efficacy of ICIs in DDLPS
specifically. Finally, the lack of long-term follow-up data
in many studies is another limitation. Most of the studies
included in our analysis did not provide sufficient informa-
tion on long-term survival outcomes, such as overall survival
and progression-free survival, particularly in the DDLPS
cohort. These endpoints are crucial for determining the
true potential of ICI therapies and assessing the durabil-
ity of responses over time. Therefore, further studies with
extended follow-up periods and more robust data on long-
term outcomes are needed to fully evaluate the impact of
ICIs in DDLPS treatment.

These limitations not only impact the current analysis
but also reflect broader challenges in clinical research on
DDLPS. The rarity of DDLPS and its frequent grouping
with other soft tissue sarcomas have contributed to a scarcity
of disease-specific data. Consequently, there is an urgent
need for dedicated clinical studies that focus exclusively on
DDLPS to better characterize both the safety and efficacy
profiles of ICI therapies in this patient population.

Conclusion

This study represents the first meta-analysis evaluating the
use of ICIs in DDLPS. Our findings highlight the prom-
ising potential of combining ICIs with anthracyclines, as
this strategy achieved notably higher response rates. The
data also indicate that ICI therapy is more effective when
administered as a first-line treatment compared to later-line
settings. Despite challenges posed by incomplete data, these
results provide a valuable reference point and underscore
the need for dedicated prospective clinical studies to fur-
ther refine and optimize ICI-based treatment strategies for
DDLPS.
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