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Background: Chemoimmunotherapy is safe and efficacious in treating many

types of malignant tumors. However, clinical data demonstrating the effect of

this combination treatment in patients with metastatic soft tissue sarcoma (STS)

are currently limited. This study evaluated the safety and efficacy of a

programmed cell death protein 1 (PD-1) inhibitor plus doxorubicin in

patients with advanced STS who failed previous systemic therapy.

Methods: This was a single-center, single-arm, open-label phase II trial.

Patients with unresectable or metastatic STS who had previously failed

systemic therapy were enrolled. Patients received up to six cycles of

doxorubicin and sintilimab (a PD-1 inhibitor), while sintilimab treatment

continued for up to 2 years. Primary outcomes were objective response rate

(ORR) and safety. Univariate Cox proportional hazards model was used to

analyze the relationship between clinicopathological parameters and

progression-free survival (PFS).

Results: A total of 38 patients (20 men and 18 women) were enrolled in this

study. The overall ORR was 39.5%, disease control rate was 71.1%, and the

median PFSwas 4.5months [95% confidence interval (CI), 3.0–8.5 months]. The

adverse events (AEs) associated with the combined treatment were mild,

manageable, and well-tolerated. The most common grade 3 or higher AEs

were hematologic, including leukopenia (21.1%), anemia (18.4%), and

thrombocytopenia (18.4%). Patients with undifferentiated pleomorphic

sarcoma (UPS) or dedifferentiated liposarcoma had a significantly longer PFS

than those with other pathological subtypes [hazard ratio (HR) = 0.42, 95% CI

0.21–0.83; p = 0.013]. There was no significant difference in the median PFS

between patients who had previously received anthracycline-based

chemotherapy and those who had not (HR = 0.74, 95% CI 0.34–1.58, p = 0.43).
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Conclusion: Sintilimab plus doxorubicin is a safe and promising treatment for

patients with advanced STS who have failed previous systemic therapy

(including anthracycline-based chemotherapy). The efficacy of this

combination therapy in UPS and dedifferentiated liposarcoma is superior to

that in other sarcomas.

Clinical Trial Registration: https://www.chictr.org.cn, registration number:

ChiCTR1900027009.

KEYWORDS
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Introduction

Although considered a rare malignant disease, more than

200,000 new cases of soft tissue sarcoma (STS) are diagnosed

worldwide each year (Yang et al., 2019). More than half of the

patients with STS eventually progress to an advanced stage

(Gamboa et al., 2020). The conventional first-line treatment

for advanced STS is anthracycline-based chemotherapy,

which has a response rate of less than 20% and a median

progression-free survival (PFS) of less than 6 months (Seddon

et al., 2017; Tap et al., 2017; Gamboa et al., 2020).

Gemcitabine-based regimen is often considered as second-

line treatment after anthracycline, with an expected median

PFS similar to that of anthracyclines (von Mehren et al., 2022).

Multi-target tyrosine kinase inhibitors (TKIs) have also been

shown to be effective against selective STS although they have

a lower median PFS than anthracycline-based and

gemcitabine-based regimens (Kyriazoglou et al., 2022). The

low response rates of these treatments result in a median

overall survival of less than 2 years for advanced STSs (Seddon

et al., 2017; Tap et al., 2017). Therefore, there is a need for new

and effective treatment of advanced STS.

The clinical application of programmed cell death protein 1

(PD-1) inhibitors has brought remarkable progress in treating

various malignant diseases (Khan et al., 2021). However, the

response rate of PD-1 inhibitor monotherapy in STS is

approximately 8% (Roulleaux Dugage et al., 2021; Meyer,

2022). To improve the efficacy of immunotherapy, PD-1

inhibitors have been used in combination with chemotherapy

and other therapies (Dajsakdipon et al., 2022; Kerrison et al.,

2022). Several studies have demonstrated the potential

synergistic effect of the PD-1 inhibitor and doxorubicin

combination in the treatment of advanced STS (Pollack et al.,

2020; Livingston et al., 2021).

Sintilimab is a PD-1 inhibitor marketed in China (Hoy,

2019). In our previous study, its safety and promising

antitumor activity in STS were confirmed (Tian et al., 2022).

Recent clinical trials have shown that sintilimab combined with

chemotherapy is more effective than chemotherapy alone in

advanced esophageal, gastric, and lung cancers (Yang et al.,

2021; Zhou et al., 2021; Jiang et al., 2022; Lu et al., 2022).

However, no clinical trials of sintilimab in combination with

chemotherapy in STS have been reported. In this study, we report

the results of a single-center phase II clinical trial of sintilimab

plus doxorubicin as the second- or later-line treatment of

advanced STS.

Methods

Patients and eligibility criteria

This was an open-label, single-center, single-arm phase II

trial that assessed the effects of sintilimab combined with

doxorubicin in two or more lines of therapy for advanced

STS. The main inclusion criteria were: 1) patients

aged ≥18 years; 2) histologically confirmed STS; 3) locally

advanced or metastatic disease; 4) previously received at least

one line of systemic therapy; 5) measurable and progressive

disease at recruitment according to the response evaluation

criteria in solid tumors (RECIST; version 1.1); 6) Eastern

Cooperative Oncology Group performance status of 0–2; and

7) adequate hematological, hepatic, renal, and metabolic

functions. The complete inclusion criteria are provided in the

online protocol (https://www.chictr.org.cn).

This study was approved by the Ethics Committee of Henan

Cancer Hospital and registered in the Chinese Clinical Trial

Registry (https://www.chictr.org.cn, registration number:

ChiCTR1900027009). The trial was performed in accordance

with Good Clinical Practice and the Declaration of Helsinki.

Written informed consent was obtained from all the patients.

Treatment protocol

Patients were treated with doxorubicin (35 mg/m2 per day via

intravenous bolus) on days 1 and 2 and sintilimab (200 mg via a

30-min intravenous infusion) on day 4 of a 21-days cycle for up

to six cycles unless progressive disease (PD) or unacceptable

adverse events (AEs) occurred. After cycle 6, sintilimab treatment
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was continued for up to 2 years unless there was PD or

unacceptable AEs. The study permitted two dose-reduction

levels of doxorubicin, from 35 mg/m2 to 30 mg/m2 to 25 mg/

m2. Sintilimab dose was not reduced but was delayed when AEs

occurred. When the patients developed unacceptable AEs, the

treatment was delayed until recovery. PEGylated recombinant

human granulocyte-colony stimulating factor was routinely

administered after each combination treatment. Dexrazoxane

was routinely used to prevent cardiotoxicity in patients

administered a cumulative doxorubicin dose higher than

300 mg/m2.

Evaluation and outcomes

Efficacy was assessed according to RECIST (version 1.1).

Safety was evaluated according to the National Cancer Institute’s

Common Terminology Criteria for Adverse Events (version 4.0).

Target lesion was assessed using a computed tomography scan

performed within 28 days prior to the initiation of baseline

treatment. Scans were performed every 6 weeks (or

immediately until there was a clear sign of PD) during the

study period until the first documented PD or start of new

anticancer therapy. In our study, a 9-weeks response

evaluation was performed.

The primary outcomes were safety and objective response

rate (ORR). Secondary outcomes included disease control

rate (DCR) and progression-free survival (PFS). ORR was

defined as the sum of the complete response (CR) and partial

response (PR) rates. DCR was defined as the sum of ORR and

stable disease rate. PFS was defined as the time from the start

TABLE 1 Clinical characteristics of enrolled patients.

Characteristics No. (%) (n = 38)

Gender

Male 20 (52.6%)

Female 18 (47.4%)

Age 47.61 ± 12.06

ECOG PS

0 17 (44.7%)

1 18 (47.4%)

2 3 (7.9%)

Histology

Undifferentiated pleomorphic sarcoma 16 (42.1%)

Synovial sarcoma 4 (10.5%)

Dedifferentiated liposarcoma 3 (7.9%)

Leiomyosarcoma 3 (7.9%)

Myxofibrosarcoma 2 (5.3%)

Myxoliposarcoma 2 (5.3%)

Angiosarcoma 2 (5.3%)

Epithelioid sarcoma 2 (5.3%)

Rhabdomyosarcoma 1 (2.6%)

MPNST 1 (2.6%)

Spindle cell sarcoma 1 (2.6%)

Clear cell sarcoma 1 (2.6%)

Stage

IV 38 (100.0%)

Primary site

Extremities 21 (55.3%)

Trunk 9 (23.7%)

Head 3 (7.9%)

Retroperitoneal 3 (7.9%)

heart 2 (5.3%)

Metastatic site

lungs 31 (81.6%)

other 7 (18.4%)

Lines of previous systemic therapy

1 18 (47.4%)

2 17 (44.7%)

3 3 (7.9%)

Regimens used in prior lines

Anthracycline-based regimens 28 (73.7%)

Gemcitabine-based regimens 14 (36.8%)

TKIs 10 (26.3%)

Albumin-bound paclitaxel 8 (21.1%)

Data are presented as numbers (percentages) or means ± standard deviations.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status;

MPNST, malignant peripheral nerve sheath tumor. TKIs, tyrosine kinase inhibitors,

including anlotinib, apatinib, and pazopanib.

TABLE 2 Best responses of various histological subtypes to treatment.

Histology Number of patients

CR PR SD PD

UPS (n = 16) 2 7 5 2

Synovial sarcoma (n = 4) 0 1 1 2

Dedifferentiated liposarcoma (n = 3) 1 2 0 0

Leiomyosarcoma (n = 3) 0 0 2 1

Myxofibrosarcoma (n = 2) 0 0 1 1

Myxoliposarcoma (n = 2) 0 0 1 1

Angiosarcoma (n = 2) 0 0 2 0

Epithelioid sarcoma (n = 2) 0 1 0 1

Rhabdomyosarcoma (n = 1) 0 0 0 1

MPNST (n = 1) 0 1 0 0

Spindle cell sarcoma (n = 1) 0 0 0 1

Clear cell sarcoma (n = 1) 0 0 0 1

Total 3 12 12 11

Tumor responses were evaluated according to the Response Evaluation Criteria in Solid

Tumors (version 1.1), and were categorized as complete response (CR), partial response

(PR), stable disease (SD), or progressive disease (PD). Abbreviations: UPS,

undifferentiated pleomorphic sarcoma; MPNST, malignant peripheral nerve sheath

tumor.
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of the treatment protocol to the first occurrence of PD or

death.

Statistical analyses

Statistical software SAS (version 9.4) was used for data

analysis. Descriptive statistics were used to summarize the

subjects’ characteristics, treatment status, and drug safety

characteristics. The measurement data are described in

terms of the number of cases, mean, percentage, standard

FIGURE 1
Target lesion changes in patients with soft tissue sarcoma treated with programmed cell death protein one inhibitor plus doxorubicin. The
horizontal axis represents different patients and the vertical axis represents the percentage of change in the target lesions. Twenty-eight patients
who had received anthracycline-based chemotherapy aremarkedwith a black border. Two patients with undifferentiated pleomorphic sarcoma and
one patient with dedifferentiated liposarcoma had a complete response (100% decrease in target lesion size), twelve patients had a partial
response (30% and more decrease in target lesion size), twelve patients had stable disease (<20% increase and <30% decrease in target lesion size),
and eleven patients had progressive disease (20% and more increase in target lesion size). MPNST, malignant peripheral nerve sheath tumor; UPS,
undifferentiated pleomorphic sarcoma.

TABLE 3 Clinical efficacy in all patients.

Characteristics Data

ORR (%) 39.5 (95% CI: 24.04–56.61)

DCR (%) 71.1 (95% CI: 54.10–84.58)

M-PFS (months) 4.5 (95% CI: 3.0–8.5)

4 months PFS rate (%) 52.6 (95% CI: 38.9–71.2)

6 months PFS rate (%) 36.8 (95% CI: 24.3–55.9)

Data are presented as percentages or probabilities (95% CI). Abbreviations: ORR,

objective response rate; DCR, disease control rate; M-PFS, median progression-free

survival; CI, confidence interval.
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deviation, maximum, minimum, and median. PFS was

estimated using the Kaplan-Meier method. A univariate

Cox proportional hazards model was used to analyze the

relationship between the clinicopathological parameters and

PFS. The corresponding figures were generated using

GraphPad Prism (version 5.0). All statistical analyses were

two-sided, and a p value of <0.05 was considered statistically

significant. The data analyzed were collected between

December 2019 and March 2022.

Results

Patient characteristics

In this phase II trial, 38 patients (20 men and 18 women)

with advanced STS were enrolled, and two patients (5.3%)

remained on sintilimab therapy as of the data cutoff date. The

average age was 47.61 ± 12.06 years. The most common

histological subtypes were undifferentiated pleomorphic

sarcoma (UPS) (n = 16, 42.1%), synovial sarcoma (n = 4,

10.5%), dedifferentiated liposarcoma (n = 3, 7.9%), and

leiomyosarcoma (n = 3, 7.9%). All patients had previously

received 1–3 lines of systemic therapy, and 28 (73.7%) had

previously received anthracycline-based chemotherapy. In

FIGURE 2
Cumulative doxorubicin dose for patients in this study. Ten patients had not received doxorubicin (or anthracyclines) before the study. The
highest total doxorubicin cumulative dose was 747 mg/m2. The total doxorubicin cumulative dose exceeded the traditionally recommended upper
limit of 450 mg/m2 in 19 patients.

TABLE 4 Adverse events.

Adverse Event All grades Grade >2

Alopecia 35 (92.1%) 0 (0%)

Leucopenia 34 (89.5%) 8 (21.1%)

Anemia 30 (78.9%) 7 (18.4%)

Fatigue 28 (73.7%) 1 (2.6%)

Thrombopenia 26 (68.4%) 7 (18.4%)

Nausea 20 (52.6%) 0 (0%)

Vomiting 16 (42.1%) 1 (2.6%)

Fever 10 (26.3%) 0 (0%)

Diarrhea 8 (21.1%) 1 (2.6%)

Anorexia 6 (15.8%) 0 (0%)

Transaminase increase 6 (15.8%) 1 (2.6%)

Weight loss 5 (13.2%) 0 (0%)

Hypothyroidism 5 (13.2%) 0 (0%)

Pneumonitis 4 (10.5%) 1 (2.6%)

Cough 3 (7.9%) 1 (2.6%)

Constipation 3 (7.9%) 0 (0%)

Bacteremia 2 (5.3%) 1 (2.6%)

Pain 2 (5.3%) 0 (0%)

Rash 2 (5.3%) 0 (0%)

Pruritus 2 (5.3%) 0 (0%)

Data are presented as numbers (percentages).
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addition, gemcitabine-based chemotherapy, TKIs, and

albumin-bound paclitaxel had also been used in front-line

treatment. The demographic and clinical data, including

disease-related factors, are presented in Table 1.

Efficacy

In the patients with STS included in this study, the response

rates of different histological subtypes to sintilimab plus

doxorubicin were different (Table 2 and Figure 1). The best

response was observed in patients with UPS and dedifferentiated

liposarcoma. Among the 16 patients with UPS, two had CR and

seven had PR; among the three patients with dedifferentiated

liposarcoma, one had CR and two had PR (Table 2 and Figure 1).

The overall ORR was 39.5%, DCR was 71.1%, and the median

PFS was 4.5 months [95% confidence interval (CI),

3.0–8.5 months] (Table 3).

Safety

As of the data cutoff date, the median number of sintilimab

doses delivered was 7 (range 1–24) and that of doxorubicin was 5

(range 2–6). The mean dose of doxorubicin per chemotherapy

cycle was 48.5 ± 9.3 mg/m2. The total cumulative dose of

doxorubicin exceeded 450 mg/m2 in 19 patients (Figure 2).

Overall, the AEs associated with the combined treatment were

mild, manageable, and well-tolerated (Table 4). No symptomatic

cardiotoxicity was observed in patients with a total doxorubicin

cumulative dose higher than 450 mg/m2. However, one patient

discontinued treatment because of grade 4 liver injury caused by

pembrolizumab and doxorubicin. The most common grade 3 or

higher AEs were hematologic and included leukopenia (21.1%),

anemia (18.4%), and thrombocytopenia (18.4%) (Table 4). The

most common immune-associated AEs associated with

sintilimab included immune hepatitis, hypothyroidism, and

pneumonitis. As of the data cutoff date, two patients (5.3%)

FIGURE 3
Univariate Cox regression analysis of the relationship between clinicopathological parameters and PFS. Patients with UPS or dedifferentiated
liposarcoma have significantly longer PFS than those with other pathological subtypes [hazard ratio (HR) = 0.42, 95% CI 0.21–0.83, p = 0.013]. ECOG
PS, Eastern Cooperative Oncology Group Performance Status; PFS, progression-free survival; UPS, undifferentiated pleomorphic sarcoma; DOX,
doxorubicin; mPFS, median PFS; NA, not available.
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remained on sintilimab therapy, half (19/38) of the patients had

died as the primary disease progressed, and the other 17 patients

were undergoing other treatments. No treatment-related deaths

occurred during this period.

Prognostic analysis

Univariate Cox regression analysis was used to test the

relationship between the clinical characteristics and prognosis

(Figure 3). Only the histological subtypes showed significantly

different outcomes among the many clinical features. Patients

with UPS or dedifferentiated liposarcoma had a significantly

longer PFS than those with other pathological subtypes [hazard

ratio (HR) = 0.42, 95% CI 0.21–0.83; p = 0.013] (Figures 3, 4). It

should be noted that there was no significant difference in

the median PFS between patients who had previously

received doxorubicin-based chemotherapy and those who had

not (HR = 0.74, 95% CI 0.34–1.58, p = 0.413) (Table 5;

Figures 3, 4).

Discussion

Chemotherapy is believed to improve the antitumor effect of

PD-1 inhibitors by reducing the number of tumor cells,

promoting the death of immunogenic tumor cells, depleting

immunosuppressive cells, increasing the number and activity

of antitumor immune-effector T cells, and enhancing the

secretion of cytokines promoting the proliferation of immune

cells (Salas-Benito et al., 2021; Principe et al., 2022). At present,

PD-1 inhibitor plus chemotherapy has been approved for the

treatment of lung, gastroesophageal, and breast cancers (Wu

et al., 2022). This combination therapy has been tested in many

other cancers (Principe et al., 2022).

In this open-label, single-center, single-arm phase II trial, the

PD-1 inhibitor sintilimab plus doxorubicin was relatively well-

tolerated. ORR, DCR, and median PFS were 39.5%, 71.1%, and

4.5 months, respectively. Compared with that noted in previous

studies on doxorubicin-based chemotherapy in sarcoma, the

efficacy of the combination therapy in this study was

significantly improved in UPS and dedifferentiated

liposarcoma (McGovern et al., 2017; Seddon et al., 2017).

Notably, previous studies have also demonstrated the efficacy

of the PD-1 inhibitor plus doxorubicin in UPS and

dedifferentiated liposarcoma (Tian et al., 2020a; Pollack et al.,

2020; Livingston et al., 2021). This suggests that the PD-1

inhibitor plus doxorubicin may be the most effective

treatment for these two sarcoma subtypes. However, we have

not been able to determine yet whether the combined regimen is

an additive effect or a synergistic effect in these two sarcoma

subtypes.

FIGURE 4
Kaplan-Meier estimates of progression-free survival among (A) patients with UPS and dedifferentiated liposarcoma vs. patients with other
sarcomas; (B) patients who had previously undergone doxorubicin-based chemotherapy vs. those who had not undergone doxorubicin-based
chemotherapy. UPS, undifferentiated pleomorphic sarcoma; DOX, doxorubicin; HR, hazard ratio.
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In this study, all the enrolled patients had received other

systemic therapy. Some had received anthracycline-based

chemotherapy. Our previous study demonstrated that the

benefits of using anthracyclines at doses above the upper

recommended cumulative dose (450 mg/m2) outweighed the

risks in some patients (Tian et al., 2020b). Therefore, patients

previously administered anthracycline were not excluded in this

study. This study is the first to confirm that patients with STS

who previously received anthracycline-based chemotherapy can

still benefit from a PD-1 inhibitor plus doxorubicin. This is

important for many patients with advanced diseases who

previously received neoadjuvant chemotherapy. In addition,

some patients were previously treated with TKIs. Most of

them were administered anlotinib, which is marketed in

China. Anlotinib has a median PFS of 5.6 months in STS

(Chi et al., 2018; Li, 2021). A future prospective study of this

combination regimen and anlotinib is needed to assess its

benefits in these patients.

Although in this study, we deliberately chose to administer

PD-1 inhibitor 48 h after the completion of chemotherapy, the

overall efficacy did not seem to improve compared with that in

other studies where PD-1 inhibitor was administered

simultaneously with chemotherapy (Tian et al., 2020a; Pollack

et al., 2020). This differs from studies that report that the timing

of administration can significantly affect the efficacy of PD-1

inhibitors plus chemotherapy (Yao et al., 2021; Zhu et al., 2022).

In addition, many factors affect the efficacy of PD-1 inhibitors in

combination therapy, such as the timing of administration, use of

growth factors, antibiotic use, and Helicobacter pylori infections

(Cortellini et al., 2020; Salas-Benito et al., 2021; Oster et al., 2022).

More in-depth and extensive studies are needed to improve the

efficacy of PD-1 inhibitors plus doxorubicin in STSs.

Sintilimab plus doxorubicin has a better safety profile than

doxorubicin plus ifosfamide (Judson et al., 2014). The high safety

profile allows for further testing of combination therapy in patients

with poor physical fitness or in those who are older. The reason for

the high safety in this study may be that the doxorubicin dose was

lower than the conventional dose. An overdose of chemotherapeutic

drugs inevitably leads to severe immunosuppression, weakening the

efficacy of PD-1 inhibitors. Therefore, the dose of chemotherapy

used in chemoimmunotherapy should be minimized. However, low

doses of chemotherapeutic agents might not necessarily produce

synergistic effects with PD-1 inhibitors (Lin et al., 2022). Hence, the

optimal dose estimation of doxorubicin in combination with

PD1 inhibitors requires further studies. It should be noted that

some patients in this study used doxorubicin at a super-cumulative

dose. No symptomatic cardiotoxicity was observed in these patients.

This is similar to the results of some other studies on the use of

doxorubicin at super-cumulative doses (Tian et al., 2020b).

Therefore, the combined regimen has acceptable safety in

patients who previously received anthracycline-based therapy.

However, the cumulative dose of doxorubicin exceeded the upper

limit of the traditional recommended dose, and it is important to

monitor cardiac adverse reactions in these patients in future studies.

The results of this study provide important reference values.

First, this study confirmed that patients with advanced STS who had

previously received anthracycline-based chemotherapy could still

benefit from PD-1 inhibitor plus doxorubicin treatment. Second, the

efficacy of this combination therapy was significantly higher in

patients with UPS and dedifferentiated liposarcoma than in those

with other sarcomas. The main shortcomings of this study were the

lack of a control group, limited number of cases, and that it was done

in a single center. The lack of routine records of cardiac adverse

reactions such as left ventricular ejection fraction after the ultra-

cumulative doxorubicin use was also a major shortcoming of this

study. In future research, a study with a larger number of patients

with UPS and dedifferentiated liposarcoma should be performed,

and the specific protocol of the combination therapy in patients with

UPS and dedifferentiated liposarcoma should be further studied.

In conclusion, sintilimab plus doxorubicin is a safe and

promising treatment for patients with advanced STS after the

failure of previous systemic therapy. The efficacy of this

combination therapy is significantly higher in patients with

UPS and dedifferentiated liposarcoma than in those with

other sarcomas and deserves further study in an extended

clinical trial.

TABLE 5 Clinical efficacy in patients with or without previous anthracycline-based chemotherapy.

Characteristics Previous
anthracycline-based chemotherapy

No p-value

Yes

ORR (%) 35.7 (18.6–55.9) 50.0 (18.7–81.3) 0.473

DCR (%) 67.9 (47.6–84.1) 80.0 (44.4–97.5) 0.690

M-PFS (months) 4.50 (2.5–8.5) 5.25 (2.0–NA) 0.413

4 months PFS rate (%) 53.6 (38.0–75.6) 50.0 (26.9–92.9) 0.846

6 months PFS rate (%) 32.1 (18.8–55.1) 50.0 (26.9–92.9) 0.324

Data are presented as percentages or probabilities (95% CI).

Frontiers in Pharmacology frontiersin.org08

Tian et al. 10.3389/fphar.2022.987569

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.987569


Data availability statement

The raw data supporting the conclusion of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by Medical Ethics Committee of Henan Cancer

Hospital. The patients/participants provided their written

informed consent to participate in this study.

Author contributions

ZT, JW andWYwere involved in the conceptualization. SD, PL,

FZ, SG, CL, PZ and XW were involved in patient recruitment and

data collection. SD, WZ, PL, YY and XW performed efficacy and

safety evaluation. ZT and WY was involved in writing—original

draft preparation.WZ, JW andWY performed writing—review and

editing. All authors contributed to the article and approved the

submitted version.

Acknowledgments

We are thankful to the patients and their families for their

cooperation.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

Chi, Y., Fang, Z., Hong, X., Yao, Y., Sun, P., Wang, G., et al. (2018). Safety and
efficacy of anlotinib, a multikinase angiogenesis inhibitor, in patients with
refractory metastatic soft-tissue sarcoma. Clin. Cancer Res. 24 (21), 5233–5238.
doi:10.1158/1078-0432.CCR-17-3766

Cortellini, A., Tucci, M., Adamo, V., Stucci, L. S., Russo, A., Tanda, E. T., et al.
(2020). Integrated analysis of concomitant medications and oncological outcomes
from PD-1/PD-L1 checkpoint inhibitors in clinical practice. J. Immunother. Cancer
8, e001361. doi:10.1136/jitc-2020-001361

Dajsakdipon, T., Siripoon, T., Ngamphaiboon, N., Ativitavas, T., and
Dejthevaporn, T. (2022). Immunotherapy and biomarkers in sarcoma. Curr.
Treat. Options Oncol. 23, 415–438. doi:10.1007/s11864-022-00944-6

Gamboa, A. C., Gronchi, A., and Cardona, K. (2020). Soft-tissue sarcoma in
adults: An update on the current state of histiotype-specific management in an era
of personalized medicine. Ca. Cancer J. Clin. 70 (3), 200–229. doi:10.3322/caac.
21605

Hoy, S. M. (2019). Sintilimab: First global approval. Drugs 79, 341–346. doi:10.
1007/s40265-019-1066-z

Jiang, H., Yu, X., Li, N., Kong, M., Ma, Z., Zhou, D., et al. (2022). Efficacy and
safety of neoadjuvant sintilimab, oxaliplatin and capecitabine in patients with
locally advanced, resectable gastric or gastroesophageal junction adenocarcinoma:
Early results of a phase 2 study. J. Immunother. Cancer 2022, e003635. doi:10.1136/
jitc-2021-003635

Judson, I., Verweij, J., Gelderblom, H., Hartmann, J. T., Schöffski, P., Blay, J. Y., et al.
(2014). Doxorubicin alone versus intensified doxorubicin plus ifosfamide for first-line
treatment of advanced or metastatic soft-tissue sarcoma: A randomised controlled phase
3 trial. Lancet. Oncol. 15, 415–423. doi:10.1016/S1470-2045(14)70063-4

Kerrison, W. G. J., Lee, A. T. J., Thway, K., Jones, R. L., and Huang, P. H. (2022).
Current status and future directions of immunotherapies in soft tissue sarcomas.
Biomedicines 2022, 573. doi:10.3390/biomedicines10030573

Khan, M., Maker, A. V., and Jain, S. (2021). The evolution of cancer
immunotherapy. Vaccines (Basel) 9 (6), 614. doi:10.3390/vaccines9060614

Kyriazoglou, A., Gkaralea, L. E., Kotsantis, I., Anastasiou, M., Pantazopoulos, A.,
Prevezanou, M., et al. (2022). Tyrosine kinase inhibitors in sarcoma treatment.
Oncol. Lett. 23 (6), 183. doi:10.3892/ol.2022.13303

Li, S. (2021). Anlotinib: A novel targeted drug for bone and soft tissue sarcoma.
Front. Oncol. 11, 664853. doi:10.3389/fonc.2021.664853

Lin, F., Chen, H., Jiang, T., Zheng, J., Liu, Q., Yang, B., et al. (2022). The effect of
low-dose chemotherapy on the tumor microenvironment and its antitumor activity
combined with anti-PD-1 antibody. Immunotherapy 14, 283–294. doi:10.2217/imt-
2021-0018

Livingston, M. B., Jagosky, M. H., Robinson, M. M., Ahrens, W. A., Benbow, J. H.,
Farhangfar, C. J., et al. (2021). Phase II study of pembrolizumab in combination
with doxorubicin in metastatic and unresectable soft-tissue sarcoma. Clin. Cancer
Res. 27, 6424–6431. doi:10.1158/1078-0432.CCR-21-2001

Lu, Z., Wang, J., Shu, Y., Liu, L., Kong, L., Yang, L., et al. (2022). Sintilimab versus
placebo in combination with chemotherapy as first line treatment for locally
advanced or metastatic oesophageal squamous cell carcinoma (ORIENT-15):
Multicentre, randomised, double bl ind, phase 3 trial. BMJ 377, e068714. doi:10.
1136/bmj-2021-068714

McGovern, Y., Zhou, C. D., and Jones, R. L. (2017). Systemic therapy in metastatic
or unresectable well-differentiated/dedifferentiated liposarcoma. Front. Oncol. 7,
292. doi:10.3389/fonc.2017.00292

Meyer, C. F. (2022). Immunotherapy for sarcoma: A work in progress. J. Clin.
Oncol. 40 (12), 1267–1270. doi:10.1200/JCO.21.01338

Oster, P., Vaillant, L., Riva, E., McMillan, B., Begka, C., Truntzer, C., et al. (2022).
Helicobacter pylori infection has a detrimental impact on the efficacy of cancer
immunotherapies. Gut 71, 457–466. doi:10.1136/gutjnl-2020-323392

Pollack, S. M., Redman, M. W., Baker, K. K., Wagner, M. J., Schroeder, B. A.,
Loggers, E. T., et al. (2020). Assessment of doxorubicin and pembrolizumab in
patients with advanced anthracycline-naive sarcoma: A phase 1/2 nonrandomized
clinical trial. JAMA Oncol. 6, 1778–1782. doi:10.1001/jamaoncol.2020.3689

Principe, D. R., Kamath, S. D., Korc, M., and Munshi, H. G. (2022). The immune
modifying effects of chemotherapy and advances in chemo-immunotherapy.
Pharmacol. Ther. 236, 108111. doi:10.1016/j.pharmthera.2022.108111

Roulleaux Dugage, M., Nassif, E. F., Italiano, A., and Bahleda, R. (2021).
Improving immunotherapy efficacy in soft-tissue sarcomas: A biomarker driven
and histotype tailored review. Front. Immunol. 12, 775761. doi:10.3389/fimmu.
2021.775761

Frontiers in Pharmacology frontiersin.org09

Tian et al. 10.3389/fphar.2022.987569

https://doi.org/10.1158/1078-0432.CCR-17-3766
https://doi.org/10.1136/jitc-2020-001361
https://doi.org/10.1007/s11864-022-00944-6
https://doi.org/10.3322/caac.21605
https://doi.org/10.3322/caac.21605
https://doi.org/10.1007/s40265-019-1066-z
https://doi.org/10.1007/s40265-019-1066-z
https://doi.org/10.1136/jitc-2021-003635
https://doi.org/10.1136/jitc-2021-003635
https://doi.org/10.1016/S1470-2045(14)70063-4
https://doi.org/10.3390/biomedicines10030573
https://doi.org/10.3390/vaccines9060614
https://doi.org/10.3892/ol.2022.13303
https://doi.org/10.3389/fonc.2021.664853
https://doi.org/10.2217/imt-2021-0018
https://doi.org/10.2217/imt-2021-0018
https://doi.org/10.1158/1078-0432.CCR-21-2001
https://doi.org/10.1136/bmj-2021-068714
https://doi.org/10.1136/bmj-2021-068714
https://doi.org/10.3389/fonc.2017.00292
https://doi.org/10.1200/JCO.21.01338
https://doi.org/10.1136/gutjnl-2020-323392
https://doi.org/10.1001/jamaoncol.2020.3689
https://doi.org/10.1016/j.pharmthera.2022.108111
https://doi.org/10.3389/fimmu.2021.775761
https://doi.org/10.3389/fimmu.2021.775761
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.987569


Salas-Benito, D., Perez-Gracia, J. L., Ponz-Sarvise, M., Rodriguez-Ruiz, M. E.,
Martinez-Forero, I., Castanon, E., et al. (2021). Paradigms on immunotherapy
combinations with chemotherapy. Cancer Discov. 11, 1353–1367. doi:10.1158/
2159-8290.CD-20-1312

Seddon, B., Strauss, S. J., Whelan, J., Leahy, M., Woll, P. J., Cowie, F., et al. (2017).
Gemcitabine and docetaxel versus doxorubicin as first-line treatment in previously
untreated advanced unresectable or metastatic soft-tissue sarcomas (GeDDiS): A
randomised controlled phase 3 trial. Lancet. Oncol. 18 (10), 1397–1410. doi:10.
1016/S1470-2045(17)30622-8

Tap, W. D., Papai, Z., Van Tine, B. A., Attia, S., Ganjoo, K. N., Jones, R. L.,
et al. (2017). Doxorubicin plus evofosfamide versus doxorubicin alone in
locally advanced, unresectable or metastatic soft-tissue sarcoma (THCR-
406/SARC021): An international, multicentre, open-label, randomised
phase 3 trial. Lancet. Oncol. 18 (8), 1089–1103. doi:10.1016/S1470-2045(17)
30381-9

Tian, Z., Dong, S., Yang, Y., Gao, S., Yang, Y., Yang, J., et al. (2022). Nanoparticle
albumin-bound paclitaxel and PD-1 inhibitor (sintilimab) combination therapy for
soft tissue sarcoma: A retrospective study. BMC Cancer 22, 56. doi:10.1186/s12885-
022-09176-1

Tian, Z., Yang, Y., Yang, J., Zhang, P., Zhang, F., Du, X., et al. (2020). Safety
and efficacy of PD-1 inhibitors plus chemotherapy in advanced soft tissue
sarcomas: A retrospective study. Cancer Manag. Res. 12, 1339–1346. doi:10.
2147/CMAR.S237300

Tian, Z., Yang, Y., Yang, Y., Zhang, F., Li, P., Wang, J., et al. (2020). High
cumulative doxorubicin dose for advanced soft tissue sarcoma. BMC Cancer 20 (1),
1139. doi:10.1186/s12885-020-07663-x

von Mehren, M., Kane, J. M., Agulnik, M., Bui, M. M., Carr-Ascher, J., Choy, E., et al.
(2022). Soft tissue sarcoma, version 2.2022, NCCN clinical practice guidelines in
Oncology. J. Natl. Compr. Canc. Netw. 20 (7), 815–833. doi:10.6004/jnccn.2022.0035

Wu, M., Huang, Q., Xie, Y., Wu, X., Ma, H., Zhang, Y., et al. (2022). Improvement
of the anticancer efficacy of PD-1/PD-L1 blockade via combination therapy and
PD-L1 regulation. J. Hematol. Oncol. 15, 24. doi:10.1186/s13045-022-01242-2

Yang, Y., Sun, J., Wang, Z., Fang, J., Yu, Q., Han, B., et al. (2021). Updated overall
survival data and predictive biomarkers of sintilimab plus pemetrexed and platinum as
first-line treatment for locally advanced ormetastatic nonsquamous NSCLC in the phase
3 ORIENT-11 study. J. Thorac. Oncol. 16, 2109–2120. doi:10.1016/j.jtho.2021.07.015

Yang, Z., Zheng, R., Zhang, S., Zeng, H., Li, H., and Chen, W. (2019). Incidence,
distribution of histological subtypes and primary sites of soft tissue sarcoma in
China. Cancer Biol. Med. 16 (3), 565–574. doi:10.20892/j.issn.2095-3941.2019.0041

Yao, W., Zhao, X., Gong, Y., Zhang, M., Zhang, L., Wu, Q., et al. (2021). Impact of
the combined timing of PD-1/PD-L1 inhibitors and chemotherapy on the outcomes
in patients with refractory lung cancer. ESMO Open 6, 100094. doi:10.1016/j.
esmoop.2021.100094

Zhou, C., Wu, L., Fan, Y., Wang, Z., Liu, L., Chen, G., et al. (2021). Sintilimab
plus platinum and gemcitabine as first-line treatment for advanced or
metastatic squamous NSCLC: Results from a randomized, double-blind,
phase 3 trial (ORIENT-12). J. Thorac. Oncol. 16, 1501–1511. doi:10.1016/j.
jtho.2021.04.011

Zhu, C., Shi, Y., Li, Q., Luo, L., Li, X., Luo, Z., et al. (2022). Rational administration
sequencing of immunochemotherapy elicits powerful anti-tumor effect. J. Control.
Release 341, 769–781. doi:10.1016/j.jconrel.2021.12.022

Frontiers in Pharmacology frontiersin.org10

Tian et al. 10.3389/fphar.2022.987569

https://doi.org/10.1158/2159-8290.CD-20-1312
https://doi.org/10.1158/2159-8290.CD-20-1312
https://doi.org/10.1016/S1470-2045(17)30622-8
https://doi.org/10.1016/S1470-2045(17)30622-8
https://doi.org/10.1016/S1470-2045(17)30381-9
https://doi.org/10.1016/S1470-2045(17)30381-9
https://doi.org/10.1186/s12885-022-09176-1
https://doi.org/10.1186/s12885-022-09176-1
https://doi.org/10.2147/CMAR.S237300
https://doi.org/10.2147/CMAR.S237300
https://doi.org/10.1186/s12885-020-07663-x
https://doi.org/10.6004/jnccn.2022.0035
https://doi.org/10.1186/s13045-022-01242-2
https://doi.org/10.1016/j.jtho.2021.07.015
https://doi.org/10.20892/j.issn.2095-3941.2019.0041
https://doi.org/10.1016/j.esmoop.2021.100094
https://doi.org/10.1016/j.esmoop.2021.100094
https://doi.org/10.1016/j.jtho.2021.04.011
https://doi.org/10.1016/j.jtho.2021.04.011
https://doi.org/10.1016/j.jconrel.2021.12.022
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.987569

	Efficacy and safety of sintilimab plus doxorubicin in advanced soft tissue sarcoma: A single-arm, phase II trial
	Introduction
	Methods
	Patients and eligibility criteria
	Treatment protocol
	Evaluation and outcomes
	Statistical analyses

	Results
	Patient characteristics
	Efficacy
	Safety
	Prognostic analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


