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Abstract

Background The combination of immunotherapy and antiangiogenic therapy has shown potential in the treatment
of numerous malignant tumors, but limited evidence was available for soft tissue sarcomas (STS). Therefore, the aim of
the present study is to assess the efficacy and safety of immunotherapy in conjunction with antiangiogenic therapy in
patients diagnosed with advanced STS (aSTS).

Methods The study enrolled patients with aSTS from January 2014 to October 2022. Eligible participants had
previously received anthracycline-based chemotherapy, presented with an anthracycline-resistant sarcoma subtype,
or were ineligible for anthracycline treatment due to medical conditions. Following enrollment, these patients
received a combination of immunotherapy and antiangiogenic therapy. The primary endpoints were the objective
response rate (ORR) and progression-free survival (PFS), while the secondary endpoints included the disease control
rate (DCR), overall survival (OS), and the incidence of adverse events.

Results Fifty-one patients were included in this cohort study. The median duration of follow-up was 15.8 months.
The ORR and DCR were 17.6%, and 76.5%, respectively. The median PFS (mPFS) was 5.8 months (95% Cl: 4.8-6.8) for all
patients, and the median OS had not been reached as of the date cutoff. Multivariate analysis indicated that Eastern
Cooperative Oncology Group performance status of 0-1 and < second-line treatment were positive predictors for
both PFS and OS. Patients with alveolar soft part sarcoma or clear cell sarcoma had longer mPFS (16.2 months, 95%
Cl: 7.8-25.6) when compared to those with other subtypes of STS (4.4 months, 95% Cl: 1.4-7.5, P<0.001). Among the
observed adverse events, hypertension (23.5%), diarrhea (17.6%), and proteinuria (17.6%) were the most common,
with no treatment-related deaths reported.
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Conclusion The combination of immunotherapy and antiangiogenic agents showed promising efficacy and
acceptable toxicity in patients with aSTS, especially those with alveolar soft part sarcoma or clear cell sarcoma.

Keywords Efficacy, Safety, Immunotherapy, Antiangiogenic therapy, Soft tissue sarcoma

Introduction

As a cohort of rare malignancies, soft tissue sarcomas
(STS) constitute a mere 1% of all adult cancers, with
a prevalence of less than 6 cases per 100,000 [1, 2]. For
patients with localized STS, wide resection surgery with
negative margins is the standard treatment, and both
radiotherapy and chemotherapy are recommended for
those with a high risk of local recurrence or metasta-
sis [3]. Unfortunately, about one-third of patients with
localized STS will encounter disease relapse or metasta-
sis [3—5], resulting in unfavorable prognosis. For those
with advanced STS (aSTS), anthracycline-based che-
motherapy is commonly utilized as the initial treatment
approach. However, the objective response rate (ORR)
ranges only from 5 to 20%, with a poor median progres-
sion-free survival (mPFS) of 4.2 months [3]. Further lines
of chemotherapy including eribulin, dacarbazine, tra-
bectedin, and gemcitabine plus docetaxel also showed
limited efficacy or poor tolerance for some patients [6—
10]. Consequently, there is an urgent need for treatment
innovations to improve the prognosis of patients with
aSTS.

Recently, a few studies have explored the role of immu-
notherapy combined with antiangiogenic therapy in
patients with aSTS. A previous study has shown that the
ORR for STS receiving immunotherapy plus antiangio-
genic agents was approximately 20%, with a mPFS of 7.0
months [11]. A recent meta-analysis revealed an ORR of
24% for this combination in patients with STS, whereas
immune monotherapy alone yielded a lower pooled ORR
of only 14% [12]. Notably, the study by You et al. demon-
strated the ORR among STS treated with immune check-
point inhibitors and antiangiogenic agents reached 30%
[13], while another retrospective study conducted by Liu
and his colleagues reported a remarkable ORR of 48.1%
in patients with STS [14]. In a previous prospective phase
IT trial, the combination of axitinib and pembrolizumab
demonstrated a 3-month PFES rate of 65.6%, indicating
its preliminary effectiveness in patients with aSTS [15].
Furthermore, findings from Martin revealed that nearly
half of the patients treated with nivolumab and sunitinib
remained progression-free at the 6-month mark, under-
scoring the promising potential of this combination ther-
apy for managing aSTS [16].

To date, several studies with limited samples have
examined the efficacy and safety of combined immu-
notherapy and antiangiogenic therapy for aSTS in
real-world settings. The results also varied from differ-
ent studies. Of note, a few studies further identified the

potential patients who may benefit from this treatment
strategy. Herein, in this retrospective study, we aimed
to evaluate the efficacy and safety of immunotherapy in
conjunction with antiangiogenic therapy in aSTS, and
further explored the prognostic factors associated with
this combination strategy.

Methods and materials

This retrospective study enrolled hospitalized patients
admitted to the Department of Medical Oncology at the
Second Affiliated Hospital, Zhejiang University School of
Medicine from January 2014 to October 2022. Due to the
anonymous, retrospective, and nonintervention nature of
this study, informed consent from all patients was waived
and this study was approved by the Ethic Committee
of the Second Affiliated Hospital, Zhejiang University
School of Medicine (approve number: 20230918).

Study subjects

With the assistance of the Electronic Case Record Sys-
tem, patients with a discharge diagnosis of aSTS and
receiving immunotherapy combined with antiangiogenic
therapy were screened. Patients who met the following
criteria were included: (1) diagnosed with STS based on
histology, with metastasis at the time of initial diagnosis
or experiencing progression after previous treatment;
(2) not qualified for surgery, and were anthracycline-
resistant or not eligible for chemotherapy; (3) at least
one measurable tumor lesion as confirmed by Response
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST
1.1). Subjects were excluded if they presented (1) with a
second primary tumor; (2) with a history of immune dis-
ease; (3) with only one cycle therapy; (4) no available data
for baseline assessment and response assessment; and
(5) no available follow-up data. For patients enrolled, the
demographic and clinical profiles, including gender, age,
the Eastern Cooperative Oncology Group (ECOG) per-
formance status score, primary and metastasis site of the
tumor, the subtype of STS, and previous treatment were
collected.

Efficacy and safety assessment

The efficacy measures of this study included ORR, dis-
ease control rate (DCR), PFS (time from initial treatment
to disease progression), and overall survival (OS, time
from initial treatment to death). ORR is defined as the
percentage of patients with complete response (CR) or
partial response (PR) according to the RECIST 1.1, while
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DCR refers to the portion of patient with CR, PR or dis-
ease stable (SD) as per RECIST 1.1.

All patients were evaluated for treatment-related
adverse events (TRAEs) according to the Common
Terminology Criteria for Adverse Events, version 5.0
(CTCAE 5.0). Patients were observed for adverse events
which occurred during the treatment. The clinical mani-
festations, the occurrence and severity were recorded.

Statistical analysis

All the statistical analysis was performed with SPSS 25.0
software (IBM, SPSS, Chicago, IL, USA) and GraphPad
Prism 9.2 (GraphPad Software, San Diego, CA, USA).
The categorical variables were tested for normality by
the Shapiro-Wilk test. When variables conformed to a
normal distribution, they were presented as mean+stan-
dard deviations and compared using a one-way analysis
of variance and t-test. When data did not exhibit nor-
mal distribution, they were presented as median and
interquartile range and analyzed using a non-parametric
equivalent. Categorical variables were presented as num-
bers (frequency) and compared using the Chi-square
test. The Kaplan-Meier method was used to estimate the
median PFS and OS for each treatment group with 95%
confidence intervals (Cls). Differences in Kaplan—Meier
survival curves were assessed using the log-rank test.
Univariate analysis and a multivariate Cox regression
model were utilized to investigate the risk factors of PFS
and OS, which was estimated by Hazard ratio (HR) and
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95% CI. The statistical significance was set at P<0.05, and
all tests were 2-tailed.

Results

Demographic and clinical characteristics

In total, 51 patients with aSTS met the criteria and were
included in the final analysis (see Fig. 1). The combina-
tion strategy was conducted according to individual char-
acteristics, previous treatment, patients’ willingness, and
economic status. The basic characteristics of the included
patients are presented in Table 1. Among the included
patients, 26 patients (51.0%) were female, and the remain-
ing 25 (49.0%) were male. The median age of all patients
was 54.0 years (range: 15-80 years), and 28 patients
(54.9%) had an ECOG performance status score of 0 or 1.
Approximately half of the patients received this combina-
tion as second-line treatment (n=24, 47.1%), 12 patients
as first-line treatment, and the remaining 15 patients as
2third-line treatment. In this cohort, patients were given
different combination strategies of immunotherapy and
antiangiogenic drugs (see Supplementary Material Table
S1). Anlotinib was the most commonly used antiangio-
genic agent (=39, 76.5%), while tislelizumab was the
most frequently used immunotherapy (n=17, 33.3%), fol-
lowed by camrelizumab (n=11, 21.6%), sintilimab (n=10,
19.6%), and pembrolizumab (n=7, 13.7%).

Efficacy assessment and prognostic predictors
The patients in this study underwent radiographic evalu-
ation at an average of 7.212.9 weeks after receiving the

Patients diagnosed with soft tissue sarcoma and
received at least two cycles immunotherapy
plus antiangiogenic therapy (n=132)

Patients excluded (n=68) :

Duplicated patients (n=41)

Not advanced STS (n=13)

Corrected diagnosis as non-STS (n=7)
Non simultaneous use immunotherapy
plus antiangiogenic therapy (n=7)

A 2

Included patients (n=64)

Patients excluded (n=13):

Lost to follow-up (n=8)
Lesions not assessable or not regularly
assessed (n=5)

Patients included for analysis (n=51) |

Fig. 1 The flow chart of population selection
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Table 1 Demographic and clinical profiles of all subjects

Characteristics and previous therapeutic strategies n (%)
Gender

Male 25 (49.0)

Female 26 (51
Age

<54 years old 24 (45.1)

> 54 years old 27 (54.9)
ECOG performance status

0-1 28 (54.9)

2-3 23 (45.1)
Subtype

Leiomyosarcoma 11(21.6)

Alveolar soft part sarcoma 6(11.8)

Rhabdomyosarcoma 6(11.8)

Clear cell sarcoma 5(9.8)

Myxofibrosarcoma 5(9.8)

Synovial sarcoma 3(5.9)

Malignant peripheral nerve sheath tumor 3(5.9)

Undifferentiated pleomorphic sarcoma 3(5.9)

Others 9(17.6)
Primary site

Limb 28 (54.9)

Trunk 17 (33.3)

Others 6(11.8)
Metastasis present

Lung 33 (64.7)

Bone 18 (35.3)

Liver 6(11.8)

Pancreas 5(9.8)

Brain 3(5.9)
Treatment lines

1 12(23.5)

2 24 (47.1)

>3 15(29.4)
Prior chemotherapy

Yes 32(62.7)

No 19(37.3)
Prior radiotherapy

Yes 9(17.6)

No 42 (82.4)
Prior antiangiogenic therapy

Yes 21(41.2)

No 30 (58.8)
Prior immunotherapy

Yes 4(7.8)

No 47 (92.2)

Abbreviation: ECOG: Eastern Cooperative Oncology Group

initial combination treatment. By the time of data lock
(Feb 1st, 2023), the median duration of follow-up was
15.8 months (95% CI: 11.5-20.1). Out of the 51 patients,
1 patient (2.0%) achieved CR, 8 patients (15.7%) achieved
PR, and 30 patients (58.8%) had SD. The ORR and DCR
were 17.6% and 76.5%, respectively.
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The mPEFS for all patients was 5.8 months (95% CI: 4.8—
6.8), and the median OS (mOS) had not been reached as
of the date cut-off (see Fig. 2). We further explored the
effect of different variables on survival outcomes using
univariate and multivariate Cox regression analysis. All
variables displaying significant correlations (P<0.05) in
univariate analysis were included in multivariate analy-
sis. The results of multivariate Cox regression indicated
ECOG performance status of 2—3 and >third-line treat-
ment were negative predictors for both PFS (ECOG per-
formance status: HR: 3.26, 95% CI: 1.64—6.25, P=0.001;
treatment line: HR: 2.28, 95% CI: 1.13-4.57, P=0.021)
and OS (ECOG performance status: HR: 2.96, 95% CI:
1.00-8.70, P=0.049; treatment line: HR: 3.12, 95% CI:
1.12-8.59, P=0.030, see Tables 2 and 3). Kaplan—Meier
survival curves were performed based on the significant
prognostic factors in multivariate Cox regression analy-
sis. Patients with ECOG performance status 2-3 (7.0
vs. 2.9 months P<0.001) or >third-line treatment (6.0
vs. 2.8 months P=0.023) had significantly shorter mPFS
when compared to those without it (Fig. 3A and B). In
addition, ECOG performance status 2-3 (P=0.028) and
>third-line treatment (P=0.014) were also significantly
associated with shorter mOS (Fig. 3C and D). Further-
more, in our cohort, patients with ASPS had the longest
mPFS (not reached), followed by CCS (16.2 months, 95%
CI: 0.0-35.9). while patients with myxofibrosarcoma had
the shortest mPFS (0.8 months, 95% CI: 0.0-4.4), followed
by LMS (2.8 months, 95%CI: 0.6-5.0, see Supplementary
Material Table S2). The result of the log-rank test also
showed that patients with ASPS or CCS had longer mPFS
(16.2 months, 95% CI: 7.8—-25.6) when compared to those
with other subtypes of STS (4.4 months, 95% CI: 1.4-7.5,
P<0.001).

Safety assessment

Among the 51 patients included in this study, 39 patients
(76.5%) experienced one or more TRAEs. The most fre-
quently reported TRAEs of any grade were hypertension
(n=12, 23.5%), diarrhea (n=9, 17.6%), proteinuria (n=9,
17.6%), and anemia (=8, 15.7%). Grade 3-4 TRAEs
were observed in 15.7% of patients, with anemia (n=2,
3.9%), hand-foot syndrome (n=2, 3.9%), and hemorrhage
(n=2, 3.9%) being the most common. Notably, no deaths
related to the treatment occurred. The detailed TRAEs of
included patients are shown in Table 4.

Discussion

In this study, we assessed the efficacy and safety of com-
bining immunotherapy and antiangiogenic therapy in a
real-world group of individuals with aSTS. The overall
ORR was 17.6% and the mPFS was 5.8 months, with man-
ageable toxicity observed in all patients. Consistent with
the previous studies, our study supports the potential of



Li et al. BMC Cancer (2024) 24:1028 Page 5 of 9
_ -
X -
¢:‘; 100 ~ 100+
2 S ]
2 5
@ Median PFS: 5.8 months £ ]
o (95% Cl: 4.8-6.8) = ]
I 50 » 507 :
5 = . Median OS: Not reached
4 S i
@ 2
- (@] i
S ]
E 0 T T T T 1 0 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
PFS (months) OS (months)
A B
Fig. 2 (A) Kaplan-Meier estimates for PFS in all 51 patients; (B) Kaplan-Meier estimates for OS in all 51 patients
Abbreviation: PFS: progression-free survival; OS: overall survival; Cl: confidence interval
Table 2 Univariate analyses of factors associated with PFS and OS
Characteristic Category PFS oS
HR (95% ClI) P HR (95% ClI) P
Gender Male vs. female 1.31 (0.69-2.50) 0412 0.74 (0.27-2.04) 0.554
Age <54 vs. =54 years 0.53 (0.26-1.06) 0.071 0.72 (0.26-2.04) 0.541
ECOG performance status 0-1vs.2-3 0.32(0.16-0.63) 0.001 0.32(0.11-0.94) 0.038
Primary site Limbs vs. trunks vs. others 0.59(0.31-1.12) 0.108 0.68 (0.25-1.89) 0.464
Metastasis organs None/single vs. multiple organs 0.54 (0.26-1.12) 0.098 042 (0.12-1.48) 0.176
Lung metastasis Yes vs. no 0.85 (0.44-1.66) 0.639 1.01 (0.34-2.95) 0.991
Liver metastasis Yes vs. no 2.00 (0.74-5.36) 0171 2.39(067-8.52) 0.179
Bone metastasis Yes vs. no 1.00 (0.52-1.95) 0.989 0.84(0.30-2.38) 0.748
Treatment lines 1-2vs. >3 047 (0.23-0.92) 0.028 0.30(0.11-0.83) 0.022
Prior chemotherapy Yes vs. no 2.00 (0.99-4.04) 0.055 442 (1.00-19.62) 0.051
Prior radiotherapy Yes vs. no 2.02 (0.94-4.35) 0.074 2.24(0.76-6.57) 0.142
Prior antiangiogenic therapy Yes vs. no 1.13(0.59-2.17) 0.713 0.84 (0.28-247) 0.746
Prior immunotherapy Yes vs. no 1.10 (0.50-242) 0.806 0.36 (0.05-2.72) 0319
Abbreviation: PFS: progression-free survival; OS: overall survival; HR: hazard ratio; Cl: confidence interval; ECOG: Eastern Cooperative Oncology Group
Table 3 Multivariate analyses of factors associated with PFS and OS
Characteristic Category PFS oS
HR (95% ClI) P HR (95% ClI) P
ECOG performance status 0-1vs.2-3 0.31(0.16-0.61) 0.001 0.34 (0.12-1.00) 0.049
Treatment lines 1-2vs. >3 0.44 (0.22-0.88) 0.021 0.32(0.12-0.89) 0.030

Abbreviation: PFS: progression-free survival; OS: overall survival; HR: hazard ratio; Cl: confidence interval; ECOG: Eastern Cooperative Oncology Group

immunotherapy plus antiangiogenic therapy for patients
with advanced ASPS and CCS. In Liu’s study, the ORR
was up to 48.1%, and one of the most possible explana-
tions is that nearly one-third of the included patients
were diagnosed with ASPS, which is more sensitive to
immunotherapy. Until now a few studies have explored
factors influencing prognosis in patients with STS being
treated with immunotherapy, and our analysis revealed
that for aSTS treated with immunotherapy plus antian-
giogenic therapy, ECOG performance status of 0—1 and
treatment-line of 1-2 were positive predictors for both

PES and OS. It is noteworthy that our study included four
patients with brain metastases who received immuno-
therapy combined with antiangiogenic treatment. Dur-
ing the follow-up period, no severe adverse events such
as intracranial hemorrhage or central nervous system
changes were observed, suggesting the potential of this
combination strategy for patients with brain metastases.
In our study, the response to combination treatment
also differed among different subtypes, with patients
diagnosed with ASPS or CCS exhibiting a more favor-
able prognosis compared to other subtypes. Several



Li et al. BMC Cancer (2024) 24:1028

-
[=3
o

mPFS (95% Cl)
—— ECOG 0-1: 7.0m (3.4-10.6)

—— ECOG 2-3:2.9m (1.1-4.7)
log-rank test: p<0.001

50

Progression-Free Survival (%)

0 T T T T 1
0 10 20 30 40 50
PFS (months)
. A
1004
Q ]
© ]
R -
E ]
v 504
% ] mOS (95% Cl)
5 ] —— ECOG 0-1: not reached
6 ] —— ECOG 2-3: not reached
] log-rank test: p= 0.028
0 T T T T 1
0 10 20 30 40 50
OS (months)
C

Page 6 of 9

-
(=]
o

mPFS (95% Cl)
—— 1stand 2nd line: 6.0m (4.2-7.8)
—— 23rd line: 2.8m (0.0-9.9)

50 log-rank test: p=0.023

Progression-Free Survival (%)

0 T T T T 1
0 10 20 30 40 50

PFS (months)
B

mOS (95% ClI)

—— 1st and 2nd line: not reached

Overall Survival (%)

50 >3rd line: 8.2m (3.2-13.2)
log-rank test: p=0.014
0 I 1 I 1 1
0 10 20 30 40 50

OS (months)
D

Fig. 3 (A) Kaplan-Meier analyses for PFS based on the ECOG level; (B) Kaplan-Meier analyses for PFS based on the treatment line; (C) Kaplan-Meier analy-
ses for OS based on the ECOG level; (D) Kaplan-Meier analyses for OS based on the treatment line
Abbreviation: mPFS: median progression-free survival;, ECOG: Eastern Cooperative Oncology Group; Cl: confidence interval; mOS: median overall survival

studies have indicated that traditional chemotherapy
is not effective in treating patients with ASPS, whereas
the combination of immunotherapy and antiangiogenic
therapy significantly improves the prognosis for this sub-
type [12, 17]. In a previous phase II trial, ASPS patients
treated with axitinib plus pembrolizumab achieved ORR
of 54.5%, which was higher than the non-ASPS group
(9.5%), and the mPFS for ASPS was 12.4 months [15].
Another study demonstrated that out of 7 patients with
ASPS, 5 (71.4%) achieved PR, and 2 had SD [14]. Of note,
Liu et al. reported an ORR of 80% and an mPFS of 19.3
months for ASPS patients receiving this combined ther-
apy [11]. In our study, among 6 diagnosed ASPS patients,
1 achieved PR, and the remaining 5 patients achieved
SD. The mPFS was not reached in this subgroup. These
findings suggest that ASPS exhibits greater sensitivity to
the combination of immunotherapy and antiangiogenic
therapy, which warrants further verification. Similar to
ASPS, CCS is not recommended for chemotherapy due
to its low chemosensitivity. Previous studies have shown
that immunotherapy improves the prognosis for patients

with advanced CCS [18]. In addition, a phase II study
revealed the promising efficacy of apatinib in patients
with untreated or chemotherapy-refractory CCS, with an
ORR of 33.3% [19]. Wang and his colleagues also demon-
strated the potential of combining apatinib with camreli-
zumab for patients with advanced CCS [20]. Additionally,
anlotinib, a multi-kinase angiogenesis inhibitor, has been
reported to exhibit antitumor activity in CCS patients
[21]. Among the 5 CCS cases in our cohort, 2 patients
achieved PR, 2 had SD and one experienced progressive
disease (PD), reporting an mPFS of 16.2 months. These
results highlight the potential of this combination strat-
egy for patients with CCS. In the cohort of six patients
with rhabdomyosarcoma, the mPFS was 7.2 months.
Among these patients, one exhibited PR, four demon-
strated SD, and one experienced PD. Notably, the patient
with PD was classified as exhibiting the embryonal sub-
type, in contrast to the pleomorphic subtype identified in
the other five patients. These findings suggest that rhab-
domyosarcoma subtypes may respond differentially to
this combination treatment.
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Table 4 Treatment-related adverse events (TRADEs) of all

patients
TRADEs Any grade 3/4 grade
n (%) n (%)
Hypertension 12(23.5)
Diarrhea 9(17.6) 1(2.0)
Proteinuria 9(17.6) 12.0)
Anemia 8(15.7) 2(3.9)
Fatigue 7(13.7) 0
Hand foot syndrome 7(13.7) 2(3.9)
Renal insufficiency 7(13.7) 0
Thrombocytopenia 6(11.8) 0
White blood cell count decreased 6(11.8) 0
Hemorrhage 5(9.8) 2(3.9)
Liver dysfunction 4(7.8) 0
Nausea / Vomiting 3(5.9) 0
Interstitial pneumonia 3(5.9) 0
Toothache 2(3.9) 0
Oral mucositis 2(3.9) 0
Interstitial pneumonia 2(3.9) 0
Hypothyroidism 2(3.9) 0
Elevated bilirubin 2(3.9) 0
Musculoskeletal pain 1(2.0) 0

Previous studies have investigated the role of immu-
notherapy in patients with aSTS. A multicenter, phase
IT trial (SARC-028) demonstrated that pembrolizumab
monotherapy maintained objective responses in 7 out
of 40 (18%) patients with aSTS [22]. Another study con-
ducted by Yang et al. reported an ORR of 25% among
patients diagnosed with advanced or recurrent ASPS
who received toripalimab treatment [23]. In a noteworthy
single-arm phase II trial, treatment with atezolizumab
yielded an ORR of 37% among 52 patients with unresect-
able or metastatic ASPS, predominantly consisting of
PR. The PFS was recorded at 20.8 months, with a median
duration of response lasting nearly 25 months [24]. How-
ever, a previous Phase II single-arm trial indicated a low
ORR of only 4% in aSTS treated with nivolumab [25].
Additionally, the combination of nivolumab and ipilim-
umab also showed limited efficacy in aSTS [26]. These
results suggest that immunotherapy alone does not
appear to work well for aSTS, except in some specific
subtypes such as ASPS. To address this issue, previous
investigations have explored combination strategies to
enhance the prognosis of aSTS. Livingston et al. showed
that the combination of doxorubicin and pembrolizumab
demonstrated an ORR of 36.7% [27], which is higher
than another similar study conducted by Pollack et al.
(ORR=22%) [28]. Although immunotherapy plus chemo-
therapy has improved the efficacy to some extent, many
patients still experience disease progression and further
exploration is necessary.

With the rapid advancement in understanding the
molecular mechanisms of tumor growth, antiangiogenic

Page 7 of 9

therapy has been widely used in various malignant
tumors. Previous clinical trials have demonstrated that
antiangiogenic agents, such as regorafenib, pazopanib,
and anlotinib, exhibited favorable efficacy as second-line
treatments for aSTS [29-31]. Several real-world stud-
ies have also suggested the potential benefits of axitinib,
apatinib, sorafenib, and lenvatinib in patients with aSTS
[32-35]. Moreover, antiangiogenic therapy has shown
significant progress in subtypes that exhibit high resis-
tance to chemotherapy, such as ASPS and CCS [36, 37].
Further studies have indeed presented evidence endors-
ing the substantial efficacy of antiangiogenic drugs,
namely pazopanib, sunitinib, and anlotinib, as first-line
treatments specifically for ASPS [21, 38, 39]. In a pre-
vious randomized phase II study, cediranib exhibited
notable efficacy in patients with metastatic ASPS, thereby
reaffirming the therapeutic potential of VEGER inhibitors
in this malignancy [40]. In the case of CCS, both anlo-
tinib and pazopanib have exhibited considerable efficacy
as first-line treatment options [21, 29]. In the past few
years, cellular and zoological studies have demonstrated
that immune checkpoint inhibitors can promote tumor
vascular normalization, reduce metastasis, and exhibit a
synergistic effect with antiangiogenic agents [41]. Anti-
angiogenic therapy has been proven to promote immune
activation by reshaping the immune microenvironment,
enhancing antigen presentation, and facilitating immune
cell recruitment. These findings suggest a potential syn-
ergistic effect when combining immunotherapy with
antiangiogenic agents [42, 43]. Of note, promising results
have been reported for the combination of durvalumab
and pazopanib in aSTS with an ORR of 30.4% and mPFS
of 8.6 months [44]. These present studies have shown the
potential of this combination strategy for patients with
aSTS.

Several limitations of this study need to be addressed.
First, it was conducted as a single-center retrospective
research with a small sample size. Consequently, the
patient’s characteristics were heterogeneous, encompass-
ing variations in histopathological types, prior treatment
history, combination strategies, and other factors. As a
real-world study, the follow-up data included information
derived from patients’ self-reported statements, which
may introduce potential inaccuracies. To obtain a more
comprehensive understanding of the anti-tumor effects of
immunotherapy combined with antiangiogenic agents for
aSTS, future prospective studies with larger sample sizes
are warranted. Second, the mOS for this cohort and the
mPFS for ASPS were not reached although the median
follow-up time was nearly 16 months. Further follow-up
is required, particularly for patients with favorable prog-
noses, such as ASPS and CCS. Third, the combinations of
immunotherapy and antiangiogenic agents employed by
patients vary significantly due to a multitude of factors,
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potentially impacting treatment efficacy in the real world.
Given the unique properties of each immunotherapeutic
and antiangiogenic agent, further research is imperative
to elucidate and identify the optimal drug combinations
for enhanced therapeutic outcomes. Fourth, several bio-
markers such as tumor mutation burden, microsatel-
lite instability, expression level of PD-L1, and VEGFR/
PDGEFR, may potentially impact the efficacy of this com-
bination therapy in patients with aSTS. Nonetheless, we
failed to analyze the correlation between them due to
insufficient data, and further exploration of biomarkers
to predict efficacy could potentially enhance the progno-
sis of patients with aSTS.

Conclusion

In conclusion, our study suggested that the immuno-
therapy plus antiangiogenic agents demonstrated poten-
tial activity and tolerable adverse events in patients with
aSTS, especially in ASPS or CCS. Further prospective
studies with larger sample sizes, fixed combination strat-
egy, comparable patients’ characteristics, and biomarker
detection are needed to verify our findings.
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