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ARTICLE INFO ABSTRACT
Keywords: Background: Soft tissue sarcomas (STS) are a heterogeneous group of tumors with diverse clinical and molecular
Soft-tissue sarcoma characteristics, characterized by limited treatment options and poor prognosis. Inmune checkpoint inhibitors

Immune checkpoint inhibitors
Meta-analysis
Efficacy

(ICIs) have emerged as promising therapies for STS, yet comprehensive evaluations of their efficacy, especially in
combination with other treatments, are scarce.

Methods: We conducted a systematic review and meta-analysis of clinical trials on ICIs in STS treatment, sourced
from PubMed, Embase, and the Cochrane Central Register of Controlled Trials up to May 31, 2024. The studies
included both monotherapy and combination therapies with ICIs. We assessed the methodological quality using
the Cochrane Risk of Bias 2 tool and the Methodological Index for Non-Randomized Studies. Data synthesis
involved random-effects meta-analysis to determine pooled proportions and 95% confidence intervals (CIs) for
objective response rates (ORR), disease control rates (DCR), and high-grade treatment-related adverse events
(TRAES).

Results: The analysis included 38 studies with 1349 patients covering 24 STS subtypes. The overall ORR was 16%
(95% CI 0.12-0.21), DCR was 64% (95% CI 0.57-0.70), and the rate of Grade 3-5 TRAEs was 19% (95% CI
0.13-0.27). Treatments combining ICIs with tyrosine kinase inhibitors (TKIs) showed the highest efficacy (ORR
28%, 95% CI 0.18-0.40), albeit with increased adverse events. ORRs in first-line treatments were substantially
higher (28%) compared to second-line treatments or beyond (11%). Subtypes like alveolar soft part sarcoma
(ASPS), angiosarcoma (AS), and epithelioid sarcoma (ES) exhibited favorable responses exceeding 30%.
Conclusions: This systematic review and meta-analysis indicate that ICIs, particularly when combined with TKIs,
provide substantial therapeutic benefits in treating STS, significantly enhancing response rates in specific sub-
types such as ASPS and AS. The results underscore the transformative potential of ICIs in STS treatment stra-
tegies. However, the variability across subtypes and treatment lines emphasizes the need for further randomized
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controlled trials to refine and personalize therapeutic approaches, ensuring optimal outcomes for patients with

these diverse malignancies.

1. Introduction

Sarcomas, a heterogeneous group of tumors with distinct clinical and
molecular characteristics, account for 1 % of adult malignancies and 15
% of pediatric oncological cases, predominantly classified into soft tissue
sarcomas (STS) and sarcoma of bone. Soft tissue sarcomas can develop
from fat, muscle, nerve, vascular, and other connective tissues, pre-
dominantly occurring in the trunk, limbs, viscera, and retroperitoneum.
Currently, more than 60 histological subtypes of soft tissue sarcoma
have been identified [1,2]. Common subtypes of STS include lip-
osarcoma (LPS), leiomyosarcoma (LMS), and undifferentiated pleo-
morphic sarcoma (UPS); however, 20 % of patients are diagnosed with
ultra-rare STS that have an annual incidence of fewer than 1 cases per
million [3].

The cornerstone of STS management remains surgical intervention,
yet many patients present with advanced stages where surgery is un-
feasible, thus resorting to chemotherapy as the first-line treatment,
including single-agent chemotherapy (dacarbazine, doxorubicin, epi-
rubicin, or ifosfamide) or anthracycline-based combination regimens
[1,4]. However, most sarcomas exhibit low sensitivity to chemotherapy
drugs [5]. Previous studies indicate that the median survival for first-
line chemotherapy ranges from 8 to 13 months, while for second-line
chemotherapy, it is only between 2 and 6.6 months [6]. This un-
derscores a pressing need for novel therapeutic strategies.

Immune checkpoint inhibitors (ICIs) targeting programmed death-1
(PD-1), its ligand (PD-L1), and cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA-4) have achieved significant results in solid tumors,
prompting increased research into their application in the field of sar-
comas [7]. Pembrolizumab has been recommended for subsequent
treatment in patients with certain subtypes of advanced or metastatic
STS, including myxofibrosarcoma (MFS), UPS, cutaneous angiosarcoma,
and undifferentiated sarcomas [1]. Advancements in genetic
sequencing, targeted therapy, and the development of novel chemo-
therapy agents have also driven improvements in treatment protocols
[8]. To enhance efficacy, combination therapies involving dual ICIs, ICIs
with chemotherapy, targeted treatments, and other immunotherapies
are continually being developed.

Despite the proliferation of clinical trials examining the utility of ICIs
in STS, a cohesive synthesis of these studies, particularly those con-
trasting monotherapies and combination therapies across diverse sar-
coma subtypes, remains lacking. A meta-analysis published in July 2021
on a similar topic [9], made an initial attempt to address this, but more
than half of the studies included were conference abstracts, which may
compromise the quality assessment. Moreover, a substantial amount of
new primary research has been published since that analysis. Therefore,
we conducted an updated systematic review and meta-analysis to
assimilate recent studies, providing a refined perspective on the efficacy
and safety of ICIs in STS treatment, and to guide clinical decision-
making by identifying subtypes most responsive to immunotherapy.

2. Materials and methods

This systematic review and meta-analysis was reported in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [10]. The detailed protocol has been
registered on PROSPERO (CRD42024544710). The main outcome was
the objective response rate (ORR), while secondary outcomes included
disease control rate (DCR), progression-free survival (PFS), 3-month and
6-month PFS rates, overall survival (OS), and toxicity.

2.1. Eligibility criteria

Articles meeting the following criteria were considered for inclusion:
@ Studies focusing on patients with histopathologically confirmed
diagnosis of unresectable locally advanced or metastatic STS, including,
but not limited to alveolar soft part sarcoma (ASPS), epithelioid sarcoma
(ES), MFS, malignant peripheral nerve sheath tumor, rhabdomyosar-
coma, LPS, angiosarcoma (AS), synovial sarcoma (SS), solitary fibrous
tumor, clear cell sarcoma, LMS, and UPS. @ The intervention should be
ICIs, used either alone or in combination with other treatments such as
chemotherapy or targeted therapy. For single-arm trials, there is no
control group; in two-arm or multi-arm trials, the control group should
receive monotherapy with ICIs. ® Outcome measures included ORR,
DCR, PFS, rates of PFS at 3 and 6 months, OS, and related toxicities.
Studies involving other types of tumors but providing separate subgroup
analyses for STS with the necessary outcome measures can also be
included. @ The study design was clinical trials, whether randomized or
not. ® The publication language was limited to English.

Animal models, cell lines, case reports, case series, reviews, confer-
ence abstracts, and protocols were excluded.

2.2. Information sources and search strategy

We searched the following databases: PubMed, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL), with the last
update on May 31, 2024. The detailed search strategy is provided in
Appendix Table §1-S3, primarily focusing on the keywords “sarcoma”
and “immune checkpoint inhibitor”. Additionally, references from the
included studies were also screened.

2.3. Literature selection

All records from the three databases were imported to the Endnote
21 (USA, Clarivate Analytics) for selection. Titles and/or abstracts, fol-
lowed by full texts of these potentially eligible studies were indepen-
dently assessed by two review team members (Y.C. and Y.G.). Any
disagreements were resolved through discussion.

2.4. Data collection process and data items

Data extraction from all studies was conducted using a standardized
form by two review team members (Y.C. and M.W). Y.C. handled the
initial data extraction, while M.W. verified the accuracy of the collected
data. Extracted details included the author, publication year, study
design, median follow-up period, number of patients, patient de-
mographics (median age (range) and percentage of female patients),
tumor subtype, and specific treatment interventions (regimen, dosage,
and duration). Outcome data collected comprised the ORR, DCR, PFS, 3-
month and 6-month PFS rates, OS, and treatment-related adverse events
(TRAE). The Response Evaluation Criteria in Solid Tumours (RECIST)
was utilized as the evaluation method. For the time-related outcomes
such as PFS, OS, and median follow-up, durations expressed in weeks
were converted to months using the formula: months = weeks x 0.23.

Notably, the ORR was calculated as the number of responses (com-
plete response (CR) + partial response (PR)) divided by the number of
evaluable patients in the study, rather than by the total number of
subjects (intent-to-treat analysis). This approach (per-protocol analysis)
would provide a more accurate measure of treatment efficacy under
ideal conditions [11].
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2.5. Risk of bias assessment

The methodological quality of randomized trials was assessed by two
reviewers (Y.C. and M.W.) using the Cochrane Risk of Bias 2 tool (RoB2)
[12]. For non-randomized studies, we utilized the Methodological Index
for Non-Randomized Studies (MINORS) [13]. Two reviewers indepen-
dently conducted the assessments. Any disagreements between them
were resolved through discussions with the involvement of a third
researcher (Y.G.).

2.6. Synthesis methods

In our analysis, when at least three studies used the same type of
intervention and comparator with the same outcome measure, a
random-effect meta-analysis was conducted to pool the effect size with
95 % Confidence Intervals (CIs).

Due to the inclusion of only two randomized controlled trials (RCT),
a meta-analysis was not performed for these studies. For ORRs, DCRs and
Grade 3-5 TRAE (%), we used the metaprop function in Stata 16 (USA,
StataCorp LLC) to calculate the pooled proportions and their 95 % Cls.
The Freeman-Tukey double arcsine transformation was applied to
compute the weighted aggregate estimates and to perform back-
transformation on these estimates, ensuring that results with zero
events were included [14]. This facilitated the inclusion and accurate
analysis of all relevant data, regardless of the study’s event rates. For 3-
month and 6-month PFS rates, we used the metan function. The findings
from these analyses were visualized through forest plots. Heterogeneity
among the study outcomes was assessed using the I? statistic, with a
value greater than 50 % indicates substantial heterogeneity [15].

Subgroup analyses were conducted to explore potential reasons for
heterogeneity, specifically focusing on intervention types, lines of
therapy, and patient characteristics where feasible. In our meta-analysis,
we included studies covering both first-line and >2nd-line treatments.
However, some studies included mixed patient populations across
treatment lines, complicating clear classification. To address this,
studies were categorized as first-line if <20 % of patients were receiving
>2nd-line treatments and as >2nd-line if <20 % were in first-line
therapy.

Additionally, we conducted six sensitivity analyses: @ ORR calcu-
lated by dividing the number of responses (CR + PR) by the total number
of subjects in the study. @ Exclusion of smaller trials with fewer than 40
participants; ® Exclusion of Phase I, I/II studies, and randomized Phase

Studies identified via database searches
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1I studies, thus only analyzing Phase II single-arm studies; @ Exclusion
of studies that did not use the RECIST v.1.1 criteria to assess the best
tumor response; ® Exclusion of studies where any patients received
first-line treatments, focusing our analysis exclusively on studies that
enrolled patients undergoing > second line therapies; ® Exclusion of
studies that used unapproved drugs.

3. Results
3.1. Study selection

The study selection process is illustrated in Fig. 1. The database
search initially identified 1918 citations. After removing duplicates,
1604 citations were screened by titles and abstracts, with 1490 studies
being excluded. The remaining 114 full texts were examined in more
detail, resulting in 34 studies included. Additionally, one eligible study
identified through the backward citation searches. Ultimately, 35
studies were included in the review. The final sample included seven
phase I studies [16-22], three phase I/1I studies [23-25], two random-
ized phase II studies each with two treatment arms [26,27], and 23
single-arm phase II studies [6,28-49].

3.2. Study characteristics

Table 1 offers a detailed overview of the 35 studies. It details each
treatment arm of the two RCT separately, and separately describes the
Phase I and Phase II study results of Broto (2020). Consequently, these
were treated as individual studies in the analysis, leading to a total of 38
distinct studies being evaluated.

The collective dataset encompasses 1349 patients. The median age
ranged from 30 to 69 years, with the proportion of females varying
between 30 % and 66.7 %. The included studies primarily originated
from the US (n = 18), followed by China (n = 7). Of the 1140 patients
with clearly defined histological subtypes, a total of 24 different sub-
types were covered. LMS emerged as the most common subtype (231
patients, 20.3 %), followed by ASPS (168 patients, 14.7 %), and UPS
(162 patients, 14.2 %). LPS was also frequently observed, comprising
159 patients (13.9 %), including subtypes such as dedifferentiated lip-
osarcoma (DDLPS) with 62 patients (5.4 %). Most studies were con-
ducted in settings of second-line treatment or beyond (n = 24, 63.2 %).
Additionally, a significant number of studies included treatment regi-
mens with pembrolizumab (n = 10, 26.3 %).

Studies identified via backward citation searches

1918 records identified
PubMed (273), Embase (1,448), CENTRAL (197

21 records identified from the reference list of
included studies

—H[ Duplicates removed (314)

H[ Records excluded (1,490)

—>{ Duplicates removed (17) }

) ’
[ Records screened by title and abstract (1,604) ]

[ Articles assessed for eligibility (114)

[ Articles assessed for eligibility (4) }

Articles excluded (80)
-observational studies (15)
-no drug of interest (12)
-other study population (37)
-protocols, case reports or
abstracts (16)

>
-abstracts (3)

Articles excluded (3)

35 articles included in final analysis

Fig. 1. Flow diagram for study selection.



Table 1
Overview of included studies.
Study Design Patients Sample Median Female Histologic subtype Treatment Treatment Primary end- ORR DCR
size age percentage line point (%)° (%)
(range) (%)
ICI monotherapy
Lakhani phase I dose advanced Sarcoma 35 44 46.0 SS (14/35)UPS >second retifanlimab 3 mg/kg Q2W; safety 3.70 40.74
2024 escalation and (18-86) (6/35) line continued for < 2 years
expansion Rhabdomyosarcoma
(3/35)Others
(12/35)
Day 2023 phase I dose advanced STS 20 57 50.0 NA unknown nofazinlimab 200 mg Q3W; ORR 25.00 68.75
escalation and (26-85) continued for < 2 years
expansion
Blay 2023 phase II single- unresectable locally 97 51 45.0 Chordoma (34/97) >second pembrolizumab 200 mg Q3W; 12-week ORR 17.53 53.61
arm advanced or metastatic (35-65) ASPS line continued for < 2 years
sarcomas, (14/97)SMRT
(12/97)DSRCT
(8/97)CCS
(3/97)
SFT (3/97)ES
(6/97)MLS
(3/97)U-LMS
(2/97)AS
(1/97)FS
(1/97)
others (10/97)
Chen 2023 phase II single- advanced ASPS? 52 NA 50.0 ASPS (52/52) unknown atezolizumab 15 mg/kg Q3W ORR 36.54 90.38
arm
Chawla phase II locally advanced, relapsed, 44 NA 43.2 MLS (14/43)SS >second atezolizumab 1200 mg Q3W; PFES, OS 0.00¢ 40.50
2022 randomized or metastatic SS or MLS (29/43) line continued for < 2 years
Naing 2021 dose-finding advanced UPS 20 63 40.0 UPS (20/20) unknown pacmilimab 10 mg/kg Q2W; safety, ORR 5.88 29.41
and first-in- (33-80) until confirmed disease progression,
human study unacceptable toxicity, voluntary
withdrawal or end of the study
Shi 2020 phase II single- unresectable, recurrent, or 37 30 59.5 ASPS (37/37) unknown geptanolimab 3 mg/kg Q2W; ORR 37.84 86.49
arm metastatic ASPS (19-52) until confirmed disease progression,
unacceptable toxicity, voluntary
withdrawal or end of the study
Yang 2020 phase I dose metastatic or recurrent 12 NA NA ASPA (12/12) unknown toripalimab 3 mg/kg or 10 mg/kg Q2W; safety 25.00 91.67
escalation and ASPS until confirmed disease progression,
expansion unacceptable toxicity, voluntary
withdrawal or end of the study
Tamura phase II single- STS not curable by surgical 21 51 (36- 52.0 DDLPS (2/21)MLS >second nivolumab 240 mg Q2W; ORR 0.00 47.62
2019 arm or radiation therapy 77) (2/21)PLS line until confirmed disease progression,
(1/21)other LPS unacceptable toxicity, voluntary
(3/21)LMS withdrawal or end of the study
(3/21)
Myofibrosarcoma (2/
21)UPS
(1/21)AS
(1/21)others
(6/21)
D’Angelo phase II locally advanced 43 56 48.8 LMS (15/43)LPS >second nivolumab 3 mg/kg Q2W; ORR 7.90 NA
2018 randomized unresectable or metastatic (21-76) (3/43)SS line until confirmed disease progression,
STS (2/43)UPS unacceptable toxicity, voluntary
(5/43)ASPS withdrawal or end of the study

(continued on next page)
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Table 1 (continued)

Study Design Patients Sample Median Female Histologic subtype Treatment Treatment Primary end- ORR DCR
size age percentage line point (%)° (%)
(range) (%)
(1/43)ES
(1/43)SFT
(1/43)MPNST
(1/43)
others (14/43)
Ben-Ami phase II single- advanced Leiomyosarcoma 12 55 NA LMS(12/12) >second nivolumab 3 mg/kg Q2W; ORR 0.00 NA
2017 arm of the Uterus (29-73) line until confirmed disease progression,
unacceptable toxicity, voluntary
withdrawal or end of the study
Tawbi 2017 phase II single- metastatic or surgically 42 53 36.0 LMS(10/40)DDLPS >second pembrolizumab 200 mg Q3W; ORR 17.50 55.00
arm unresectable locally (18-81) (10/40)UPS line until confirmed disease progression,
advanced sarcoma (10/40)SS unacceptable toxicity, voluntary
(10/40) withdrawal or end of the study
Maki 2013 phase II single- advanced synovial 6 38 66.7 SS(6/6) >second ipilimumab 3 mg/kg Q3W; ORR 0.00 0.00
arm sarcomas (23-57) line for three cycles
Dual Checkpoint Inhibitors
Kelly 2023 phase II single- metastatic or locally 30 54 40.0 LMS (5/30)UPS >second epacadostat 100 mg bid + 24-week ORR 3.33¢ 46.67
arm advanced sarcoma (24-78) (5/30)MFS line pembrolizumab 200 mg Q3W;
(2/30)DDLPS continued until patients had CR, PD, or
(2/30) unacceptable toxicity or after 12 months
PLS (1/30)EHE of therapy
(3/30)AS
(2/30)SFT
(1/30)DSRCT
(1/30)other
(8/30)
Xie 2023 phase Ib single- refractory ASPS 6 NA NA ASPS(6/6) >second TQB2858 1200 mg Q3W; ORR 33.30 66.70
arm line until confirmed disease progression,
unacceptable toxicity, voluntary
withdrawal or end of the study
Somaiah phase II single- advanced or metastatic 57 48 46.0 LPS (6/57)ASPS >second durvalumab 1500 mg + tremelimumab 12-week PFS rate 12.28° 47.37
2022 arm sarcoma (35-59) (10/57)Chordoma line 75 mg for four cycles, followed by
(5/57)UPS durvalumab Q4W for up to 12 months
(5/57)
SS (5/57)AS
(5/57)LMS
(5/57)other
(16/57)
Wagner phase II single- metastatic or unresectable 16 68 38.0 AS(16/16) unknown nivolumab 240 mg Q2W + ipilimumab 1 ORR 28.57 42.86
2021 arm angiosarcoma (25-81) mg/kg Q6W;
until tumor progression
D’Angelo phase I locally advanced 42 57 54.8 AS (3/42)LMS >second nivolumab 3 mg/kg and ipilimumab 1 ORR 12.20 NA
2018 randomized unresectable or metastatic (27-81) (14/42)LPS line mg/kg Q3W followed by nivolumab 3
STS (2/42)SS mg/kg Q2W;
(2/42) until confirmed disease progression,
UPS (6/42)ASPS unacceptable toxicity, voluntary
(1/42)MPNST withdrawal or end of the study
(1/42)MFS
(1/42)Others
(12/42)

(continued on next page)
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Table 1 (continued)

Study

Design

Patients Sample

size

Median
age
(range)

Female
percentage
(%)

Treatment
line

Histologic subtype

Treatment

Primary end- ORR DCR
point (%)° (%)

Anti-PD1 + TKI

Cho 2024

Liu 2022

Broto 2020

Broto 2020

Wilky 2019

phase II single-
arm

phase II single-
arm

phase Ib single-
arm

phase II single-
arm

phase II single-
arm

Anti-PD1 + chemotherapy

Haddox
2024

phase II single-
arm

locally advanced or 47
metastatic STS

locally advanced or 30
metastatic STS

advanced STS 16

advanced STS 52

advanced or metastatic 33
sarcomas

locally advanced or 57
metastatic STS

51
(22-72)

33
(19-67)

38
(25-78)

43
(19-77)

44
(27-62)

NA
(29-80)

53.2

46.7

37.0

42.0

45.0

57.9

LMS (12/47)MPNST >second
(5/47)SS line
(4/47)MFS
(4/47)DSRCT
(4/47)UPS
(4/47)DDLPS
(3/47)CCS
(2/47)ESS
(2/47)ASPS
(2/47)

AS (2/47)Other
(3/47)

ASPS (12/30)SS
(7/30)UPS
(5/30)LMS
(4/30)

FS (1/30)ES
(1/30)

SS (2/16)UPS
(2/16)CCS
(4/16)AS
(2/16)ASPS
(3/16)Other
(3/16)

SS (9/52)UPS
(8/52)

CCS (7/52)SFT
(7/52)ES
(7/52)AS
(5/52)ASPS
(4/52)EMC
(4/52)

EHE (1/52)
ASPS(12/33) >second
UPS(5/33) line
ULMS(4/33 )

Non-ULMS(2/33 )

DDLPS(2/33 )

ES(1/33)

MPNST (1/33)

EHE (1/33)

AS(1/33)

SS (1/33)

other(3/33 )

unknown

unknown

unknown

DDLPS(17/57)PLS unknown
(2/57)MLS

(1/57)LMS

(19/57)UPS

(8/57)AS

(3/57)

pazopanib 800 mg Qd + durvalumab
1500 mg Q3W until confirmed disease
progression, unacceptable toxicity,
voluntary withdrawal or end of the study

anlotinib 12 mg Qd + TQB2450 1200 mg
Q3W;

until confirmed disease progression,
unacceptable toxicity, voluntary
withdrawal or end of the study

nivolumab 3 mg/kg Q2W + sunitinib
37.5 mg or 25 mg

sunitinib 37.5 mg as induction and then
25 mg + nivolumab 3 mg/kg Q2W

axitinib 5 mg bid + pembrolizumab 200
mg Q3W thereafter for up to 2 years

pembrolizumab 200 mg + eribulin 1.4
mg/m2

(day 1, 8) Q3w;

until progression, unacceptable toxicity,
or completion of 2 years of treatment

ORR 30.43 89.13

ORR 36.67 76.67

the recommended  50.00 71.43

dose for phase II

6-month PFS rate 13.04 84.78

3-month PFS rate 25.00 53.13

12-week PFS rate 19.64 58.93

(continued on next page)
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Table 1 (continued)

Study Design

Patients

Sample
size

Median
age
(range)

Female
percentage
(%)

Treatment
line

Histologic subtype

Treatment Primary end-

point

ORR
(%)°

DCR
(%)

Tian 2024 phase II single-

arm

Gordon phase II single-
2023 arm

Tian 2022 phase II single-

arm

Toulmonde phase Ib single-
2022 arm

Wagner phase I/11
2022 single-arm

locally advanced or
metastatic STS

locally advanced
unresectable or metastatic
STS

locally advanced or
metastatic STS

locally advanced or
metastatic STS

metastatic or unresectable
LMS or LPS

40

92

38

16

35

NA

NA

NA

66
(25-75)

59 (NA,
NA)

30.0

47.4

62.5

57.0

MPNST (1/57)MFS

(1/57)Other

(5/57)

UPS(10/40)ES >second
(8/40)FS line
(7/40)AS

(5/40)

MFS (3/40)MPNST
(2/40)LMS
(2/40)SS
(2/40)DDLPS
(1/40)
LPS(12/92)LMS
(23/92)UPS

(9/92)
Rhabdomyosarcoma
(5/92)sS
(5/92)CCS

(4/92)

MEFS (4/92)MPNST
(3/92)MLS
(3/92)DSRCT
(1/92)others
(23/92)

UPS (16/38)SS >second
(4/38)DDLPS line
(3/38)LMS

(3/38)MFS

(2/38)MLS

(2/38)

AS(2/38)ES

(2/38)

Rhabdomyosarcoma
(1/38)MPNST

(1/38)CCSS

(1/38)

others(1/38)

LMS (6/16)DDLPS >second
(2/16)UPS line
(2/16)SS

(1/16)MPNST

(1/16)SFT

(1/16)PLS

(1/16)ES

(1/16)Others

(1/16)

ULMS(6/35)non- >second
ULMS line
(18/35)DDLPS

(9/35)MLS

(1/35)PLS

(1/35)

First-Line

nab-paclitaxel 260 mg/m2 Q3W for up to
six cycles + camrelizumab 200 mg Q3W
for up to 1 year

ORR, PFS, safety

ipilimumab 1 mg/kg + ORR
nivolumab 3 mg/kg +

trabectedin 1.2 mg/m2;

until confirmed disease progression,

unacceptable toxicity, voluntary

withdrawal or end of the study

sintilimab 200 mg + doxorubicin 35
mg/m2 Q3W up to six cycles while
sintilimab treatment continued for up to 2
years

safety, ORR

trabectedin 1.2 mg/m2 + durvalumab ORR
1120 mg Q3W;

until confirmed disease progression,

unacceptable toxicity, voluntary

withdrawal or end of the study

1.5,1.2,1.0 mg/m2 trabectedin +
avelumab 800 mg

safety, ORR

22.50

25.32

39.47

7.14

12.12

50.00

87.34

71.05

64.29

60.61

(continued on next page)
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Table 1 (continued)

Study Design Patients Sample Median Female Histologic subtype Treatment Treatment Primary end- ORR DCR
size age percentage line point (%)° (%)
(range) (%)
Italiano phase II single- advanced nonresectable/ 35 69 45.7 LPS(12/35)LMS unknown cyclophosphamide 50 mg bid + 6-month PFS rate 30.00 63.33
2022 arm metastatic STS with tertiary (20-89) (4/35)UPS pembrolizumab 200 mg Q3W;
lymphoid structures (6/35) until confirmed disease progression,
ES(3/35)others unacceptable toxicity, voluntary
(10/35) withdrawal or end of the study
Livingston phase II single- unresectable or metastatic 30 NA 53.3 LMS (10/30)LPS first-line doxorubicin (60 mg/m2 on cycle 1 with safety 36.67 80.00
2021 arm STS (7/30)UPS escalation to 75 mg/m2 on cycle 2 as
(4/30)AS tolerated) + pembrolizumab 200 mg Q3W
(2/30)Ss for 24 months
(1/30)
Rhabdomyosarcoma
(1/30)EAS
(1/30)others
(4/30)
Pollack phase I/11 metastatic/unresectable 37 58 41.0 LMS (11/37)DDLPS unknown pembrolizumab 200 mg + doxorubicin 45  ORR 19.44 80.56
2020 single-arm sarcoma (26-80) (4/37) or 75
UPS (3/37)EHE mg/m2 Q3W for up to 6 cycles,
(2/37)ES pembrolizumab treatment continued for
(1/37)ASPS up to 2 years
(1/37)AS
(1/37)PLS
(1/37)MFS
(1/37)
SFT (2/37)others
(10/37)
Toulmonde phase II single- locally advanced or 57 60 42.0 LMS (15/57)UPS >second cyclophosphamide 50 mg bid + 6-month ORR, 6- 2.00 34.00
2018 arm metastatic STS (19-84) (16/57)GIST line pembrolizumab 200 mg Q3W month DCR
(10/57)ESS
(3/57)
MEFS (2/57)SFT
(1/57)Ss
(1/57)AS
(1/57)MLS
(1/57)PLS
(1/57)DDLPS
(2/57)
Others (4/57)
ICI + immunomodulator
Toulmonde phase II single- advanced, ‘cold’ STS, 14 63 57.2 LMS(6/14)AS >second JX-594 + Cyclophosphamide 50 mg bid +  6-month PFS rate 7.14 42.86
2024 arm characterized by an (37-79) (2/14)DDLPS line avelumab10 mg/kg Q2W;
absence of tertiary (1/14)MLS until confirmed disease progression,
lymphoid structures (1/14)ES unacceptable toxicity, voluntary
(1/14)ESS withdrawal or end of the study
(1/14)UPS
(1/14)others
(1/14)
Chawla phase II single- metastatic or locally 50 NA 54.0 UPS(3/50)LMS >second trabectedin 1.2 mg/m2 Q3W + 12-month PFS 7.69 84.62
2023 arm advanced sarcoma (15/50)SS line nivolumab 3 mg/kg Q2W + intratumoral rate
(8/50)DDLPS talimogene laherparepvec Q2W
(4/50)MLS
(4/50)CCCs
(1/50)

(continued on next page)
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Table 1 (continued)

Study Design Patients Sample Median Female Histologic subtype Treatment Treatment Primary end- ORR DCR
size age percentage line point (%)° (%)
(range) (%)
DSRCT (1/50)ES
(1/50)
Rhabdomyosarcoma
(1/50)others
(12/50)
Zhou 2023 phase I unresectable recurrent or 13 NA NA NA >second MASCT-I + camrelizumab 200 mg Q3W +  safety 30.77 76.92
metastatic soft-tissue line apatinib 250 mg Qd;
sarcoma until confirmed disease progression,
unacceptable toxicity, voluntary
withdrawal or end of the study
Chawla phase I locally advanced, relapsed, 45 NA 42.2 MLS(12/45)SS >second CMB305 + atezolizumab 1200 mg Q3W; PFS, OS 2.30°¢ 55.80
2022 randomized or metastatic SS or MLS (33/45) line continuing up to 2 years
Kelly 2020 phase II single- metastatic or locally 20 64 60.0 LMS(5/20)AS >second pembrolizumab 200 mg + T-VEC Q3W; 24-week ORR 35.00 70.00
arm advanced sarcoma (24-90) (3/20)UPS line until confirmed disease progression,
(2/20)ASPS unacceptable toxicity, voluntary
(1/20)SS withdrawal, end of the study or had
(1/20)MPNST received the maximum duration of
(1/20) therapy (12 months)
ES (1/20)MFS
(1/20)others
(5/20)

STS: Soft tissue sarcoma; ASPS: Alveolar soft-part sarcoma; AS: Angiosarcoma; CCS: Clear cell sarcoma; DSRCT: Desmoplastic small round cell tumor; DDLPS: Dedifferentiated liposarcomas; ES: Epithelioid sarcoma; EAS:
Epithelioid angiosarcoma; EMC: Extraskeletal myxoid chondrosarcoma; EHE: Epithelioid hemangioendothelioma; ESS: Endometrial stromal sarcoma; FS: Fibrosarcoma; GIST: Gastrointestinal stromal tumour; HE:
Hemangioendothelioma; LMS: Leiomyosarcoma; ULMS: Uterine leiomyosarcoma; MFS: Myxofibrosarcomas; MPNST: Malignant peripheral nerve sheath tumor; MLS: Myxoid liposarcoma; PLS: Pleomorphic liposarcoma;
SS: Synovial sarcoma; SFT: Solitary fibrous tumor; SMRT: SMARCA4-deficient malignant rhabdoid tumour; UPS: Undifferentiated pleomorphic sarcoma; ORR: objective response rate; DCR: disease control rate; NA: not
available;

a: Three pediatric patients were enrolled; their ages ranged from 12 to 17 years.

b: Best tumor response per RECIST v.1.1 in evaluable patients.

c: On the basis RECIST v1.1 modified to use irRC.

d: The best ORR at 24 weeks by RECIST v1.1.

e: Best overall response was reported by irRECIST.
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Y. Cao et al.
Table S6 provides the additional outcomes included in this review. It
reports the PFS (34 studies), 3-month PFS rates (8 studies), 6-month PFS

rates (15 studies), OS (21 studies), and grade 3-5 treatment-related
adverse events percentage (G3-5 TRAE %) (20 studies).

3.3. Risk of bias in studies

Appendix Tables S4 and S5 presents the results of risk of bias
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assessments. For the single arm trials, the overall risk of bias is generally
low. However, the scores for “unbiased assessment of the study
endpoint” were notably low, indicating that most studies did not strictly
adhere to blind evaluations of objective endpoints or double-blind
evaluations of subjective endpoints. The highest scores were awarded
for “prospective collection of data” and “endpoints appropriate to the
aim of the study”. Regarding the two RCTs, D’Angelo et al. (2018) was
assessed as low risk, while Chawla et al. (2022) showed some concerns.

Study Treatment Total CR PR ES (95% Cl) Weight (%)
ICI monotherapy :
Chawla 2022 atezolizumab 42 0 0 m: 0.00(0.00,0.08) 8.67
Tamura 2019 nivolumab 21 0 0 m— 0.00(0.00,0.16) 7.57
Ben-Ami 2017 nivolumab 12 0 0 m— 0.00(0.00,0.26) 6.38
Maki 2013 ipilimumab 6 0 0 m— 0.00(0.00,0.46) 4.74
Lakhani 2024 retifanlimab 27 0 1 == 0.04 (0.00,0.19) 8.02
Naing 2021 pacmilimab 17 0 1 = 0.06 (0.00,0.29) 7.15
D'Angelo 2018 nivolumab 38 0 3 = 0.08 (0.02,0.21) 8.54
Tawbi 2017 pembrolizumab 40 1 6 -m— 0.17 (0.07,0.33) 8.61
Blay 2023 pembrolizumab 97 2 15 = 0.18 (0.11,0.27) 947
Day 2023 nofazinlimab 16 0 4 B 0.25(0.07,0.52) 7.02
Yang 2020 toripalimab 12 1 2 —m— 0.25(0.05,0.57) 6.38
Chen 2023 atezolizumab 52 1 18 :-m 0.37(0.24,0.51) 8.93
Shi 2020 geptanolimab 37 0 14 = 0.38 (0.22,0.55) 8.51

Subtotal (12 =80.66%, p = 0.00) < 0.11(0.04,0.20) 100.00
Dual Checkpoint Inhibitors
Kelly 2023 pembrolizumab+epacadostat 30 0 1 m= 0.03 (0.00,0.17) 2241
D'Angelo 2018 nivolumab-+ipilimumab 41 2 3 = 0.12(0.04,0.26) 26.05
Somaiah 2022 durvalumab+tremelimumab 57 2 5 - 0.12(0.05,0.24) 29.78
Wagner 2021 nivolumab+ipilimumab 14 1 3 —— 0.29 (0.08,0.58) 14.16
Xie 2023 TQB2858 6 0 2 ——m—— 033(0.04,0.78) 7.60

Subtotal (12 =44.51%, p =0.13) <& 0.12(0.05,0.21) 100.00
ICI + TKI :
Broto 2020 nivolumab+sunitinib 46 1 5 - 0.13 (0.05,0.26) 23.10
Wilky 2019 pembrolizumab+axitinib 32 0 8 —m— 0.25(0.11,0.43) 20.34
Cho 2024 durvalumab+pazopanib 46 1 183 = 0.30(0.18,0.46) 23.10
Liu 2022 TQB2450+anlotinib 30 1 10 —m— 0.37 (0.20,0.56) 19.83
Broto 2020 nivolumab+sunitinib 14 0 7 :—a— 0.50(0.23,0.77) 13.64

Subtotal (12 =60.79%, p = 0.04) <> 0.28 (0.18,0.40) 100.00
ICI + chemotherapy :
Toulmonde 2018  pembrolizumab+cyclophosphamide 50 0 1 ®: 0.02 (0.00,0.11) 10.85
Toulmonde 2022 durvalumab+trabectedin 14 0 1 = 0.07 (0.00,0.34) 7.04
Wagner 2022 avelumab+trabectedin 33 0 4 -m— 0.12(0.03,0.28) 9.77
Pollack 2020 pembrolizumab+doxorubicin 36 0 7 - 0.19(0.08,0.36) 10.01
Haddox 2024 pembrolizumab+eribulin 56 1 10 = 0.20(0.10,0.32) 11.10
Tian 2024 camrelizumab+nab-paclitaxel 40 1 8 e 0.22(0.11,0.38) 10.29
Gordon 2023 ipilimumab+nivolumab+trabectedin 79 6 14 = 0.25(0.16,0.36) 11.78
Italiano 2022 pembrolizumab+cyclophosphamide 30 0 9 —m— 0.30(0.15,0.49) 9.49
Livingston 2021 pembrolizumab+doxorubicin 30 1 10 :—=— 0.37 (0.20,0.56) 9.49
Tian 2022 sintilimab-+doxorubicin 38 3 12 :—=m— 0.39(0.24,0.57) 10.16

Subtotal (12 =74.19%, p = 0.00) (o] 0.20(0.13,0.29) 100.00
ICI + immunomodulator :
Chawla 2022 atezolizumab+CMB305 43 0 1 = 0.02(0.00,0.12) 23.17
Toulmonde 2024 avelumab+JX-594 +cyclophosphamide 14 0 1 = 0.07 (0.00,0.34) 17.46
Chawla 2023 nivolumab+T-VEC+trabectedin 39 0 3 = 0.08 (0.02,0.21) 2279
Zhou 2023 camrelizumab+MASCT-I+apatinib 13 0 4 —-—— 0.31(0.09,0.61) 17.00
Kelly 2020 pembrolizumab+T-VEC 20 0 7 —a— 0.35(0.15,0.59) 19.58

Subtotal (12 =74.45%, p = 0.00) < 0.13(0.03,0.28) 100.00
Heterogeneity between groups: p = 0.110 :
Overall (I1*2 =75.52%, p = 0.00); 0 0.16 (0.12, 0.21)

| | |
0 4 8

Fig. 2. Objective response rates per treatment group. Objective response rate was defined as the number of responses (complete response (CR) + partial response

(PR)) divided by the evaluable subjects in the study.
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Y. Cao et al.
3.4. The efficacy of ICIs in the treatment of sarcomas

All studies were included in the meta-analysis of ORR, resulting in a
pooled ORR of 0.16 (95 % CI 0.12-0.21), with significant heterogeneity
(12 = 75.52 %) (Fig. 2). Additionally, 35 studies were included in the
meta-analysis of DCR, yielding a pooled DCR of 0.64 (95 % CI
0.57-0.70), also with significant heterogeneity (12 = 82.24 %) (Fig. S1).

Table S6 presents additional outcomes. Median progression-free
survival (mPFS) was reported in 34 studies, with a median mPFS of
4.1 months (range: 1.4 to 20.8 months). Median overall survival (mOS)
was reported in 21 studies, with a median mOS of 18 months (range: 8.8
to 34.7 months). Grade 3-5 TRAEs were reported in 20 studies, with a
median incidence of 18.75 % (range: O to 57.1 %). Fig. S2 presents the
results of the meta-analysis for 3-month and 6-month PFS rates. The
pooled 3-month PFS rate was 60.32 % (95 % CI 50.18-70.46, 8 studies,
12 = 67.8 %). The pooled 6-month PFS rate was 37.21 % (95 % CI
24.68-49.74, 15 studies, 12 = 93.2 %).

This review included only two RCTs. D’Angelo et al. (2018) evalu-
ated nivolumab alone and combined with ipilimumab, finding that
while nivolumab alone was minimally effective, the combination ther-
apy was beneficial for certain subtypes like UPS, LMS, and MFS, with a
manageable safety profile [26]. Chawla et al. (2022) found that
combining CMB305 with atezolizumab did not significantly improve
mPFS (2.6 vs. 1.6 months) or OS (18 months for both) over atezolizumab
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alone in SS or myxoid liposarcoma patients [27].

3.4.1. Subgroup analysis: Response rates per treatment group

Fig. 2 and Fig. S1 shows the subgroup analyses stratified by treat-
ment groups. In this review, 30 treatment regimens were divided into
five groups. ICI monotherapy achieved an ORR of 0.11 (95 % CI
0.04-0.20, 13 studies, 12 = 80.66 %) and a DCR of 0.57 (95 % CI
0.42-0.72, 11 studies, 12 = 87.29 %). The efficacy of dual checkpoint
inhibitors and the combination of ICIs with immunomodulators appears
similar to that of ICI monotherapy. Regimens that combined ICIs with
chemotherapy agents resulted in an ORR of 0.20 (95 % CI 0.13-0.29, 10
studies, I? = 74.19 %) and a DCR of 0.66 (95 % CI 0.54-0.77, 10 studies,
12 = 83.3 %). ICI combined with tyrosine kinase inhibitor (TKI) had the
best curative effect, with ORR and DCR of 0.28 (95 %CI 0.18-0.40, 5
studies, 12 = 60.79 %) and 0.77 (95 %CI 0.63-0.88, 5 studies, 12=172.48
%), respectively. Aside from the Dual Checkpoint Inhibitors group,
substantial heterogeneity exists within other groups and between
different groups.

Fig. S3A displays the subgroup analysis results for the ICI mono-
therapy group, which was segmented into three categories: anti-PD L1,
anti-PD 1, and anti-CTLA-4. Among these, the anti-PD 1 group demon-
strated an ORR of 0.13 (95 % CI 0.05-0.22, 9 studies, I? = 72.44 %).
Fig. S3B showed that the anti-PD 1 + chemotherapy subgroup achieved
an ORR of 0.22 (95 % CI 0.12-0.35, 7 studies, I? = 80.63 %). Fig. S3C

Study Treatment Total CR PR ES (95% Cl) Weight (%)
2second line :
Chawla 2022 ICI monotherapy 42 0 0 l 0.00 (0.00, 0.08) 4.72
Tamura 2019 ICI monotherapy 21 0 0 == 0.00 (0.00, 0.16) 3.90
Ben-Ami 2017 ICI monotherapy 12 0 0 l{— 0.00 (0.00, 0.26) 3.1
Maki 2013 ICI monotherapy 6 0 0 m= 0.00 (0.00, 0.46) 2.15
Toulmonde 2018 ICI + chemotherapy 50 0 1 == 0.02 (0.00, 0.11) 4.89
Chawla 2022 ICI + immunomodulator 43 0 1 I* 0.02 (0.00, 0.12) 4.75
Kelly 2023 Dual Checkpoint Inhibitors 30 0 1 == 0.03 (0.00, 0.17) 4.35
Lakhani 2024 ICI monotherapy 27 0 1 Iv 0.04 (0.00, 0.19) 4.23
Toulmonde 2022 ICI + chemotherapy 14 0 1 = 0.07 (0.00, 0.34) 3.33
Toulmonde 2024 ICI + immunomodulator 14 0 1 - 0.07 (0.00, 0.34) 3.33
Chawla 2023 ICl + immunomodulator 39 0 3 = 0.08 (0.02, 0.21) 4.65
D'Angelo 2018 ICI monotherapy 38 0 3 l— 0.08 (0.02, 0.21) 4.62
Wagner 2022 ICI + chemotherapy 33 0 4 B 0.12 (0.03, 0.28) 4.46
D'Angelo 2018 Dual Checkpoint Inhibitors 41 2 3 l~ 0.12 (0.04, 0.26) 4.70
Somaiah 2022 Dual Checkpoint Inhibitors 57 2 5 l— 0.12 (0.05, 0.24) 5.01
Tawbi 2017 ICI monotherapy 40 1 6 -— 0.17 (0.07, 0.33) 4.67
Blay 2023 ICI monotherapy 97 2 15 = 0.18 (0.1, 0.27) 5.38
Tian 2024 ICI + chemotherapy 40 1 8 0.22 (0.11, 0.38) 4.67
Wilky 2019 ICI + TKI 32 0 8 0.25 (0.1, 0.43) 4.43
Cho 2024 ICI + TKI 46 1 13 0.30 (0.18, 0.46) 4.81
Zhou 2023 ICI + immunomodulator 13 0 4 0.31 (0.09, 0.61) 3.23
Xie 2023 Dual Checkpoint Inhibitors 6 0 2 0.33 (0.04, 0.78) 2.15
Kelly 2020 ICI + immunomodulator 20 0 7 0.35 (0.15, 0.59) 3.83
Tian 2022 ICI + chemotherapy 38 3 12 0.39 (0.24, 0.57) 4.62

Subtotal (12 =73.96%, p = 0.00) 0.11 (0.06, 0.16) 100.00
first line
Gordon 2023 ICI + chemotherapy 79 6 14 = 0.25 (0.16, 0.36) 72.27
Livingston 2021 ICI + chemotherapy 30 1 10 = 0.37 (0.20, 0.56) 27.73

Subtotal (1"2=.%,p=.) O 0.28 (0.20, 0.37) 100.00
Heterogeneity between groups: p = 0.001 :
Overall ("2 =76.20%, p = 0.00); 0 0.12 (0.08, 0.18)

T I I
0 4 8

Fig. 3. Objective response rates by treatment line.
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revealed that the combination of ICI with doxorubicin was more effec-
tive, with an ORR of 0.31 (95 % CI 0.19-0.45, 3 studies, 1%NA).

3.4.2. Subgroup analysis: Response rates by treatment line

Fig. 3 and Fig. S4 display the efficacy of first-line and >second-line
treatments. For first-line treatments, the ORR was 0.28 (95 % CI
0.20-0.37, 2 studies, 1%: NA) and the DCR was 0.86 (95 % CI 0.78-0.92, 2
studies, I% NA). In contrast, for >second-line treatments, both ORR and
DCR were significantly lower, at 0.11 (95 % CI 0.06-0.16, 24 studies, I?
= 73.96 %) and 0.56 (95 % CI 0.48-0.64, 21 studies, 12 = 75.65 %),
respectively.

3.4.3. Subgroup analysis: Response rates per histologic subtypes
Subgroup analysis of histological subtypes involved 24 subtypes,
encompassing 1140 patients. Data for each subtype were extracted and
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pooled according to treatment groups: ICI monotherapy, Dual Check-
point Inhibitors, ICI + TKI, ICI + chemotherapy, and ICI + immuno-
modulator. The pooled results for all subtypes are displayed in Fig. 4.
No objective responses were observed in patients with Epithelioid
Hemangioendothelioma, MFS, or Rhabdomyosarcoma, likely due to the
small sample sizes in these subtypes. Although one patient with
Epithelioid Angiosarcoma achieved a PR, this outcome is not statistically
significant due to the limited number of patients. The highest ORR
among histological subtypes was observed in ASPS at 0.41 (95 % CI
0.22-0.62), while among treatment groups, the combination of ICI with
TKI therapy demonstrated the most effective results, achieving an ORR
of 0.64 (95 % CI 0.45-0.80) (Fig. S5A). AS and ES both showed favorable
ORRs of 0.31. AS treatments with ICI + immunomodulator were
particularly effective, achieving an ORR of 0.60 (95 % CI 0.15-0.95)
(Fig. S5B). For ES, the highest efficacy was seen with ICI +

Histology nof study Total CR PR ORR (95% CI) I Pfor heterogeneity
EHE 4 7 0 0 = 0.00 (0.00, 0.28) 0.00 0.99
Myofibrosarcoma 1 2 0 0 = 0.00 (0.00, 0.84) NA NA
Rhabdomyosarcoma 5 11 0 0 = 0.00 (0.00, 0.14) 0.00 0.88
MLS 11 44 0 1 = 0.01 (0.00, 0.08) 19.40 0.29
SFT 7 16 0 1 L 0.00 (0.00, 0.19) 0.00 0.59
SS 21 147 1 9 ] 0.06 (0.00, 0.18) 69.38 0.01
CCSs 7 22 0 2 - 0.02 (0.00, 0.20) 0.00 0.82
MFS 10 21 1 1 ] 0.08 (0.00, 0.55) 62.19 0.05
LMS 24 231 3 22 ] 0.08 (0.03, 0.15) 46.94 0.11
MPNST 10 17 0 2 L 0.04 (0.00, 0.30) 0.00 1.00
PLS 7 8 0 1 [ ] 0.05 (0.00, 0.47) 0.00 0.97
Chordoma 2 39 0 5 L] 0.11 (0.01, 0.24) 0.00 NA
LPS 20 159 3 19 ] 0.06 (0.00, 0.18) 66.60 0.02
ESS 3 6 0 1 - 0.07 (0.00, 0.55) 0.00 0.44
DDLPS 14 62 1 10 ] 0.14 (0.04, 0.26) 0.00 0.78
DSRCT 5 15 1 2 - 0.11 (0.00, 0.43) 0.00 0.75
UPS 25 162 5 29 - 0.19 (0.12, 0.28) 25.61 0.25
FS 3 9 0 2 ] 0.14 (0.00, 0.58) 0.00 0.84
EMC 1 4 0 1 L] 0.25 (0.01, 0.81) NA NA
SMRT 1 12 0 3 ] 0.25 (0.05, 0.57) NA NA
AS 18 57 3 15 = 0.31 (0.14, 0.50) 32.22 0.21
ES 13 34 1 10 [ ] 0.31 (0.15, 0.50) 0.00 0.49
ASPS 15 168 6 66 - 0.41(0.22, 0.62) 50.01 0.09
EAS 1 1 0 1 = 1.00 (0.03, 1.00) NA NA
I I I
0 4 .8

Fig. 4. Objective response rates per histologic subtypes. ASPS: Alveolar soft-part sarcoma; AS: Angiosarcoma; CCS: Clear cell sarcoma; DSRCT: Desmoplastic small
round cell tumor; DDLPS: Dedifferentiated liposarcomas; ES: Epithelioid sarcoma; EAS: Epithelioid angiosarcoma; EMC: Extraskeletal myxoid chondrosarcoma; EHE:
Epithelioid hemangioendothelioma; ESS: Endometrial stromal sarcoma; FS: Fibrosarcoma; LMS: Leiomyosarcoma; MFS: Myxofibrosarcomas; MPNST: Malignant
peripheral nerve sheath tumor; MLS: Myxoid liposarcoma; PLS: Pleomorphic liposarcoma; SS: Synovial sarcoma; SFT: Solitary fibrous tumor; SMRT: SMARCA4-
deficient malignant rhabdoid tumour; UPS: Undifferentiated pleomorphic sarcoma; LPS: Liposarcoma. Unknown or unspecified subtypes were not calculated.
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chemotherapy, with an ORR of 0.47 (95 % CI 0.21-0.73) (Fig. S5C). For
UPS, ICI combined with an immunomodulator achieved the highest ORR
of 0.50 (95 % CI 0.12-0.88) (Fig. S5H).

LMS and SS exhibited ORRs below 10 %. However, some treatment
regimens demonstrated superior efficacy over others. For LMS, ICI +
chemotherapy and Dual Checkpoint Inhibitors showed better efficacy
with ORRs of 0.15 (95 %CI 0.09-0.23) and 0.13 (95 %CI 0.03-0.32),
respectively (Fig. S5D). For SS, ICI + TKI and ICI + chemotherapy were
more effective, with ORRs of 0.17 (95 %CI 0.05-0.39) and 0.29 (95 %CI
0.08-0.58), respectively (Fig. S5G). LPS treatments typically had low
efficacy, with an overall ORR of 0.06 (95 %CI 0.00-0.18). The ICI +
chemotherapy regimen was more effective, achieving an ORR of 0.23
(95 %CI 0.14-0.33) and significantly outperforming other strategies
(Fig. S5E). For specific subtypes, myxoid liposarcoma had a minimal
response (ORR 0.01 [95 %CI 0.00-0.08]), while DDLPS responded
better, especially to ICI 4+ chemotherapy (ORR 0.21 [95 %CI 0.10-0.37])
and ICI 4+ immunomodulator (ORR 0.20 [95 %CI 0.01-0.72]) treatments
(Fig. S5F).

3.4.4. Subgroup analysis: G3-5TRAE (%) per treatment group

Safety analysis included 20 studies and 659 patients. Across all
treatment groups, the rate of G3-5 TRAEs was 0.19 (95 % CI 0.13-0.27,
20 studies, I? = 80.09 %) (Fig. 5). For ICI monotherapy and ICI +
immunomodulator, the toxicity was manageable, with G3-5 TRAE rates
of 0.11 (95 % CI 0.04-0.21) and 0.14 (95 % CI 0.06-0.24) respectively.
Dual Checkpoint Inhibitors showed slightly higher toxicity at 0.19 (95 %
CI 0.11-0.28). ICI + TKI and ICI + chemotherapy groups experienced
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substantial toxicity, with rates of 0.39 (95 % CI 0.30-0.49) and 0.31 (95
% CI 0.22-0.41) respectively. For the ICI + TKI treatment combination,
common grade 3-4 TRAEs include neutropenia and transaminitis.

3.4.5. Sensitivity analysis

Sensitivity analysis excluding studies where any patients received
first-line treatments, focusing exclusively on studies enrolling patients
undergoing > second-line therapies, resulted in a decreased ORR of 0.09
(95 % CI 0.04-0.17, 15 studies, 12 =77.69 %), indicating poorer efficacy
in >second-line treatments (Fig. S10). Results from other sensitivity
analyses did not significantly alter (Fig. S6-9, 11).

4. Discussion

This review included 38 studies with 1349 patients. We compre-
hensively evaluated the efficacy of ICI therapy for STS, including the use
of ICI alone and in combination with chemotherapy, targeted therapy,
and other treatment regimens. The meta-analysis found that the overall
ORR of all treatment combinations was 16 %. Compared with single-
drug therapy, combination therapy shows better efficacy, especially
the combination of ICI and TKI, with an ORR of 28 %. However, the
incidence of adverse events is also relatively high. In addition, our study
also revealed that there were significant differences in the efficacy of ICI
treatment among different treatment lines and sarcoma subtypes, with
first-line treatment being more effective than second-line or more-line
treatment, and the efficacy of ASPS, AS, and ES subtypes being better
than other subtypes. These findings provide important references for

Study Treatment Total G3-5TRAE ES (95% CI) Weight (%)
ICI monotherapy :
Naing 2021 pacmilimab 20 0 — 0.00 (0.00, 0.17) 10.12
Tamura 2019 nivolumab 21 0 — 0.00 (0.00, 0.16) 10.27
D'Angelo 2018  nivolumab 42 3 L 0.07 (0.01,0.19) 12.17
Tawbi 2017 pembrolizumab 42 3 L 0.07 (0.01, 0.19) 12.17
Chawla 2022 atezolizumab 44 4 L 0.09 (0.03, 0.22) 12.28
Chen 2023 atezolizumab 52 8 = 0.15(0.07, 0.28) 12.63
Shi 2020 geptanolimab 37 6 L 0.16 (0.06, 0.32) 11.87
Ben-Ami 2017 nivolumab 12 3 B 0.25 (0.05, 0.57) 8.37
Day 2023 nofazinlimab 20 11 i = 0.55 (0.32,0.77) 10.12
Subtotal (12 =76.38%, p =0.00) (o] 0.11 (0.04, 0.21) 100.00
Dual Checkpoint Inhibitors
D'Angelo 2018  nivolumab+ipilimumab 42 6 = 0.14 (0.05, 0.29) 47.49
Kelly 2023 pembrolizumab+epacadostat 30 7 = 0.23 (0.10, 0.42) 34.08
Wagner 2021 nivolumab+ipilimumab 16 4 - 0.25(0.07, 0.52) 18.44
Subtotal (I'2=.%,p=.) & 0.19 (0.11, 0.28) 100.00
ICI + TKI :
Liu 2022 TQB2450+anlotinib 30 11 —= 0.37 (0.20, 0.56) 27.35
Wilky 2019 pembrolizumab+axitinib 33 13 —m 0.39 (0.23, 0.58) 30.04
Cho 2024 durvalumab+pazopanib 47 19 P 0.40 (0.26, 0.56) 42.60
Subtotal (I'2=.%,p=.) 1O 0.39 (0.30, 0.49) 100.00
ICI + chemotherapy :
Toulmonde 2018 pembrolizumab+cyclophosphamide 57 10 % 0.18 (0.09, 0.30) 61.83
Wagner 2022 avelumab+trabectedin 35 20 : = 0.57 (0.39, 0.74) 38.17
Subtotal (I'2=.%,p=.) > 0.31 (0.22, 0.41) 100.00
ICI + immunomodulator :
Chawla 2022 atezolizumab+CMB305 45 4 m 0.09 (0.02, 0.21) 52.23
Kelly 2020 pembrolizumab+T-VEC 20 4 L 0.20 (0.06, 0.44) 27.50
Toulmonde 2024 avelumab+JX-594 +cyclophosphamide 14 3 & 0.21 (0.05, 0.51) 20.27
Subtotal (I'2=.%,p=.) & 0.14 (0.06, 0.24) 100.00
Heterogeneity between groups: p = 0.000 :
Overall (1*2 = 80.09%, p = 0.00); o 0.19 (0.13,0.27) .

I I I

0 4 8

Fig. 5. G3-5TRAE (%) per treatment group.
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more precise selection of treatment options in clinical practice.

In the context of metastatic or unresectable diseases, standard
treatment typically includes single-agent doxorubicin, or chemotherapy
in combination with gemcitabine and docetaxel, with reported response
rates between 10 % and 25 % [46]. A meta-analysis conducted in 2018
found that, compared to single-agent chemotherapy, multi-drug
chemotherapy regimens were associated with improved OS (HR: 0.79)
and PFS (HR: 0.86). This analysis included 3210 patients with assessable
responses, 631 (19.6 %) of them achieved partial or complete remission,
which is comparable to the ORR (20 %) of the ICI plus chemotherapy
treatment plan in this study, but lower than the ORR (31 %) of ICI
combined with doxorubicin [50]. Additionally, another meta-analysis
explored the effects of TKIs in advanced sarcoma patients, showing that
TKIs have advantages in improving ORR, DCR, as well as PFS and OS.
However, only 67 out of 911 patients (7.4 %) achieved objective
remission, which is significantly lower than the ORR (28 %) of ICI
combined with TKIs in our study [51]. A meta-analysis reported in 2021
on the activity of ICIs in STS indicated an ORR of 14 % for all treatment
plans, including single-agent as well as combinations with chemo-
therapy and targeted therapies [9], slightly lower than the conclusion of
our study. This discrepancy may arise from the inclusion of novel
combination treatment plans in our study, and additionally, our study
included more clinical trials and patients, which may also have influ-
enced the results of analysis.

The EORTC 62012 study compared the efficacy of doxorubicin alone
versus doxorubicin combined with ifosfamide as first-line treatment for
patients with advanced STS, showing an ORR of 26 % for the combi-
nation group and 14 % for the monotherapy group [52]. Another single-
arm phase II clinical study of anlotinib combined with doxorubicin as
first-line treatment for advanced STS patients showed an ORR of 13.3 %
[53]. Both are lower than the ORR (28 %) of first-line treatment in this
study, suggesting the potential of immunotherapy (especially ICI com-
bined with chemotherapy) for first-line treatment of STS.

A randomized phase II study comparing gemcitabine combined with
dacarbazine versus dacarbazine alone for STS patients previously
treated showed an ORR of only 4 % for the monotherapy group, while
the combination therapy group had an ORR of 12 % [54], comparable to
the ORR (11 %) of second-line treatment in this study. Pazopanib,
anlotinib, and regorafenib can be considered as second-line treatment
options for unresectable or advanced STS [1]. The PALETTE (EORTC
62072) study included 369 patients with metastatic STS who had failed
standard chemotherapy and had not received treatment with angio-
genesis inhibitors, with ORRs of 6 % and 0 % for the pazopanib and
placebo groups, respectively [55]. In the REGOSARC study, the ORRs for
regorafenib and placebo groups were 4.5 % and 1.1 %, respectively [56].
Both are lower than the ORR (11 %) of second-line treatment in this
study. In a phase II study of anlotinib as second-line treatment for
advanced STS, the ORR of anlotinib was 13 % [57], which is comparable
to the results of this study. In summary, the efficacy of chemotherapy
and targeted monotherapy is poor in the context of second-line treat-
ment, and immunotherapy is worth further exploration.

The analysis of this study highlights the potential of combining ICIs
with TKIs in the treatment of STS, especially in the ASPS subtype, where
a significant therapeutic advantage is demonstrated. Vascular endo-
thelial growth factor not only promotes tumor angiogenesis, leading to
tumor growth and metastasis, but also suppresses immune responses in
the tumor microenvironment [41]. Anti-angiogenic therapy can
normalize blood vessels in a short time and reduce the number of im-
mune cells that exert immunosuppressive functions [40]. Therefore, the
strategy of combining anti-angiogenic and immunotherapy provides
new clinical prospects for the treatment of specific subtypes of soft tissue
sarcoma. ASPS is a rare type of soft tissue sarcoma, accounting for <1 %
of all soft tissue sarcomas, and it shows significant resistance to tradi-
tional chemotherapy [3,30]. Strong evidence suggests that the immu-
nological characteristics of ASPS include a high level of tumor-
infiltrating immune cells, which is closely related to the clinical
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efficacy of immunotherapy [39], Chen AP et al. reported that atezoli-
zumab was effective at inducing sustained responses in approximately
one third of patients with advanced ASPS [30]. However, it is important
to acknowledge the limited activity of ICI monotherapy in ASPS. The
OSCAR study, a phase Il trial evaluating nivolumab monotherapy in CCS
and ASPS, demonstrated a low ORR (4.0 %) in the ASPS cohort (n = 14)
[58]. This observation highlights the need for more effective treatment
strategies in this subtype. In our analysis, the ORR for ASPS was the
highest among all histological subtypes, at 41 %. Among treatment
combinations, the combination of ICI and TKI showed the best effect,
with an ORR of 64 %. The ORR for ASPS patients treated with TQB2450
in combination with anlotinib reached 75 % [40]. A phase II trial pub-
lished in 2024 showed that the ORR further increased to 79.3 % in ASPS
patients who had not previously received TKI or immunotherapy with
this combined treatment regimen [59]. Future clinical trials need to
further verify the efficacy of the combination of ICI and TKI in ASPS.

Advanced-stage AS is composed of an aggressive subgroup of sar-
comas, characterized by poor prognosis and short duration of sustained
response [60]. A study of sorafenib in recurrent or metastatic angio-
sarcoma showed an ORR of 14 % [61]. In this study, the efficacy of ICIs
in AS reached 31 %, ICIs combined with immunomodulators were
particularly effective, achieving an ORR of 60 %. The efficacy of ICIs
combined with TKIs was also good, reaching 50 %, significantly higher
than previous results, indicating that further exploration of combined
immunotherapy modalities in AS is valuable. However, the primary
tumor site influences ICI efficacy in AS. The Angiosarcoma Project has
shown that AS of the head, neck, face, and scalp (HNFS) may be more
sensitive to ICI treatment due to high tumor mutation burden and a
dominant ultraviolet damage mutational signature, with two cases of
exceptional response to anti-PD-1 therapy reported in HNFS patients
[62]. The primary site, especially HNFS, should be considered when
evaluating ICI treatment for AS. Future research should explore the
relationship between primary site, tumor mutation burden, mutational
signatures, and ICI response.

ES is a rare sarcoma, the incidence of which is <1 % of all sarcomas.
It mainly occurs in young and middle-aged men aged 20-40 years [63].
The largest retrospective series of systemic therapy in ES included 115
patients from 17 sarcoma centers and found a response rate of 22 % for
anthracycline-based regimens and 27 % for gemcitabine-based regi-
mens, with pazopanib showing no objective response [64]. A retro-
spective multicenter real-world study involving 74 patients with ES
demonstrated the actual effectiveness of conventional chemotherapy
with an ORR of 15 % for first-line treatment and 9 % for second-line and
beyond [65]. These studies suggest that the efficacy of chemotherapy is
limited, whereas in this study, ES showed a more favorable ORR of 31 %.
Moreover, the highest efficacy was observed with the combination of
ICIs and chemotherapy, with an ORR of 47 %, thus future research can
further explore the integration of chemotherapy with immunotherapy in
ES.

LMS accounts for 15 %20 % of all newly diagnosed soft tissue tu-
mors in adults. It is common in retroperitoneum and uterus [66]. A
phase III study involving 423 patients with advanced LMS compared the
efficacy of trabecotidine and dacarbazine. The results showed that the
ORR of the two groups were 10 % and 7 % respectively [67], which was
equivalent to the ORR (8 %) of LMS in this study. However, this study
also found that ICI plus chemotherapy and dual checkpoint inhibitors
showed relatively good efficacy with ORR of 15 % and 13 %, respec-
tively, suggesting that there is a certain potential to explore the treat-
ment of immune combination in LMS.

LPS are among the more common STS subtypes, accounting for
approximately 15 %-20 % of all STSs [68]. A Phase III study involving
154 patients with advanced LPS compared the efficacy of trabecotidine
and dacarbazine, and showed that the ORR of the two groups was 9 %
and 6 %, respectively, which was comparable to the ORR of 6 % in this
study [67]. However, the ICI + chemotherapy regimen was found to be
the most effective in LPS patients in this study, achieving an ORR of 23
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%, much higher than other treatment regiments. This study also
analyzed the histological subtype of DDLPS, which is a high-grade and
aggressive disease insensitive to radiotherapy and chemotherapy [68].
Our results showed that patients with DDLPS also achieved a good ORR
(21 %) using ICI plus chemotherapy. Therefore, it is very valuable to
further explore the combination of immunotherapy combined chemo-
therapy in patients with LPS.

SS represent a unique subset of STS and account for 5-10 % of all
STS, differs from other STS by the relatively young age at diagnosis and
clinical presentation [69]. Pooled data from 15 trials on advanced STS
demonstrated significantly better response to chemotherapy compared
to other STS (27.8 vs 18.8 %) [70]. In this study, the ORR of SS was only
6 %, even though the combination of ICI + chemotherapy achieved 29 %
ORR. Therefore, whether to provide immunotherapy for SS needs
careful consideration.

For UPS, Maki and colleagues studied 19 patients diagnosed with
UPS who received gemcitabine or gemcitabine combined with doce-
taxel, and 32 % of them had documented responses [71]. In the multi-
center phase II study (SARC028), the ORR for UPS patients treated with
pembrolizumab was 40 %, whereas in a subsequent cohort expansion
trial, the ORR declined to 23 % [72]. In this study, the ORR of UPS is 19
%, and the highest ORR of ICI combined with immunomodulators is
0.50, which is applied to 6 patients, representing a small sample size. ICI
plus chemotherapy ORR 26 % but equivalent to immunotherapy or
chemotherapy alone, but may cause greater toxicity due to combination
therapy.

5. Strengths and limitations

This article comprehensively incorporates the latest research and
employs systematic methodologies to select studies, assess their quality,
and synthesize data, providing a holistic overview of the efficacy and
safety of ICI in the treatment of STS. However, despite stringent inclu-
sion and exclusion criteria, the evidence relied upon exhibits certain
limitations. Primarily, this study predominantly relies on single-arm
phase II clinical trials designed for preliminary evaluation of treat-
ment regimens. These trials often lack a randomized control group,
which may lead to results being influenced by patient selection bias or
other uncontrolled confounding factors. Additionally, the typically
small sample sizes of these trials might result in insufficient statistical
power, limiting the generalizability of the conclusions. Secondly, due to
the distinct heterogeneity in trial design and execution, such as varia-
tions in drug dosages, treatment combinations, and baseline character-
istics of patients, these factors can affect the reliability and consistency
of the results. Although we conducted extensive subgroup analyses on
treatment regimens, lines of therapy, and disease subtypes, substantial
heterogeneity still exists among the subgroups. Furthermore, while we
conducted literature searches across three major databases to cover
relevant studies as broadly as possible, limitations due to language and
database scope might have prevented the inclusion of all pertinent
research.

6. Future directions

The findings of this study provide important insights for future
research directions. Our research reveals the following key points, which
are instructive for the design and implementation of future research:

Firstly, this study mainly relies on data from single-arm phase II
clinical trials. Although such studies can provide preliminary efficacy
information, there are obvious limitations. Therefore, future research
should include RCTs, which can not only verify short-term efficacy, but
also explore the long-term efficacy and safety of different treatment
options, thereby ensuring the broad applicability and reliability of
research results. In addition, future research should explore more
innovative treatment combinations, such as combining existing drugs
with emerging targeted drugs or immune modulators, especially for
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those subtypes that have poor traditional treatment effects, new treat-
ment options may bring breakthrough therapeutic effects. Further
research is needed to explore the appropriate drug dose to balance the
safety and effectiveness of treatment. Several randomized controlled
clinical trials are currently underway in sarcoma patients, including the
treatment regimen of PD-1 blockade combined with pazopanib
compared to pazopanib alone (NCT05679921), the treatment regimen
of nivolumab combined with ipilimumab compared to pazopanib (RAR-
Immune, NCT04741438), and the treatment regimen of pembrolizumab
combined with radiotherapy compared to radiotherapy alone (SU2C-
SARC032, NCT03092323).

Future studies should also prioritize the exploration of biomarkers.
Although our data demonstrate significant differences in efficacy be-
tween various treatment regimens and subtypes, the specific underlying
reasons remain unclear. Shi et al. found that the proportion of CD4" T
cells at baseline was negatively correlated with patient response [31].
Cho et al. found that the infiltration of CD20™ B cells was the only in-
dependent predictor of prolonged PFS [39]. Another study found that
the presence of tumor-infiltrating lymphocytes in tumors is associated
with poor PFS [25]. There is also evidence that the tertiary lymphoid
structure (TLS) may become a potential predictor for evaluating the
efficacy of immunotherapy in patients with sarcoma. In the PEM-
BROSARC study, TLS was observed in tumor samples from all patients
who achieved PR [45]. However, although the expression of PD-L1 is
associated with improved ORR, it does not improve OS or PFS [6,46]. In
addition, higher serum levels of IFN« and IL4 are associated with clinical
benefit [42]. Future research should focus on identifying biomarkers
that can predict treatment efficacy, which is crucial for personalized
therapy. By pinpointing patients who are likely to benefit from specific
treatment plans, we can optimize treatment strategies to enhance effi-
ciency and cost-effectiveness. Further studies on biomarkers will also
deepen our understanding of sarcoma biology and pathogenic mecha-
nisms, thereby advancing the development of new targeted therapies.

7. Conclusions

In conclusion, this systematic review and meta-analysis reveals that
ICIs, particularly when combined with other drugs, offer significant
promise in treating STS. The superior efficacy of these combinations in
specific sarcoma subtypes highlights the potential for ICIs to transform
treatment paradigms. However, the variability in response across
different subtypes and treatment lines underscores the need for more
comprehensive, randomized controlled trials to refine and personalize
treatment strategies, ensuring optimized outcomes for patients with
these diverse and challenging malignancies.
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