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Abstract
Background The current second-line treatment of advanced gastric or gastroesophageal junction adenocarcinoma remains 
unsatisfactory. Anti-PD-1 monoclonal antibody combined with anti-angiogenic therapy shows anti-tumor activity and syn-
ergistic effect. We aimed to assess the efficacy and safety of the combination therapy of camrelizumab, apatinib, and S-1 in 
patients with gastric or gastroesophageal junction adenocarcinoma.
Methods In this open-label, single-arm, phase 2 trial, in each 21-day cycle, eligible patients received 200 mg intravenous 
camrelizumab in the first day, 500 mg oral apatinib once daily continuously, and specific dose oral S-1 in the first 14 days 
until the trial was discontinued disease progression, development of intolerable toxicity, or withdrawal of consent. The 
primary endpoint was objective response rate. The secondary endpoints were disease control rate, progression-free survival 
and overall survival, and safety. This study was registered at ClinicalTrials.gov, NCT04345783.
Results Between May 2019 and August 2020, we enrolled a total of 24 patients in this trial. At the data cutoff (December 1, 
2020), the median follow-up duration was 8.13 months. Seven of 24 (29.2%, 95%CI 14.9–49.2%) patients reached objective 
response. The median-progression-free survival was 6.5 months (95%CI 6.01–6.99) and the median overall survival was 
not reached. Grade 3 or 4 adverse events occurred in 6 (25.0%) patients, including elevated transaminase, thrombocytope-
nia, fatigue, proteinuria, and intestinal obstruction. No serious treatment-related adverse events or treatment-related deaths 
occurred.
Conclusions In this trial, the combination of camrelizumab, apatinib, and S-1 showed promising anti-tumor activity and 
manageable toxicity as a second-line therapy in patients with advanced gastric or gastroesophageal junction adenocarcinoma, 
regardless of PD-L1 expression.
Clinical trial registration NCT04345783.
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Background

According to the 2018 Global Cancer Analysis [1], gastric 
cancer (GC) is the fifth most common cancer and the third 
leading cause of cancer death. And patients with advanced 
gastric or gastroesophageal junction adenocarcinoma exhib-
ited poor prognoses [2–4]. At present, the most common 
treatment options include platinum combined with fluoro-
uracil as the first-line treatment [5], and taxanes combined 
with ramucirumab as the second-line treatment [6].

Immune checkpoint inhibitor (ICI) therapy, which blocks 
programmed cell death protein 1 (PD-1) signaling and 
activating cytotoxic T lymphocytes (CTL) [7], has shown 
significant anti-tumor activity in several solid tumors and 
hematological tumors [8, 9]. With cancer immunotherapy 
emerging and studies on anti-PD-1 therapy as first-line 
therapy have been carrying out, anti-PD-1 monoclonal 
antibodies (nivolumab) had been approved by the US Food 
and Drug Administration (FDA) in first-line treatment 
for patients with advanced gastric cancer (Her-2 negative 
and PD-L1 CPS ≥ 5) [10]. However, compared with the 
traditional chemotherapy, the current immune checkpoint 
inhibitor therapies are not satisfactory [11, 12]. Given the 
anti-tumor activity of anti-PD-1 therapy and its synergistic 
effect with targeted therapy and chemotherapy, researches on 
anti-PD-1-containing second-line treatments are warranted, 
and new predictive biomarkers for ICIs are urgently needed. 
Camrelizumab (SHR-1210), a high-affinity, full-humanized 
programmed death protein 1 monoclonal antibody [13], in 
monotherapy or in combination with chemotherapy shows 
anti-cancer activity and tolerable toxicity in advanced gastric 
and gastroesophageal junction adenocarcinoma [14, 15].

Tumor angiogenesis, mediated by vascular endothelial 
growth factor receptor (VEGFR) signaling pathway, plays 
an important role in tumor proliferation and progression. At 
present, many studies [8, 16] have found that anti-angiogen-
esis therapy can modulate immunosuppression and enhance 
the anti-tumor activity of anti-PD-1 therapy. Apatinib, a 
small-molecule VEGFR tyrosine kinase inhibitor, effectively 
inhibits tumor angiogenesis and modulates immunosuppres-
sion [17, 18]. In addition, apatinib can effectively reduce 
camrelizumab-induced reactive cutaneous capillary endothe-
lial proliferation (RCCEP) [19]. Therefore, anti-PD-1 ther-
apy in combination with anti-angiogenesis therapy has a 
good prospect in advance gastric cancer therapy [20, 21].

S-1 is a fluorouracil-derived combination anti-cancer 
agent consisting of tegafur (FT), gimeracil (CDHP), and 
oteracil (OXO) [22]. Numerous studies demonstrated that 
S-1 was suitable for adjuvant, first-line, and second-line 
chemotherapy for gastric cancer [23, 24].

Camrelizumab, apatinib, and S-1 had, respectively, 
shown clinically meaningful anti-tumor activity and 

manageable toxicities for patients with advanced gastric 
or gastroesophageal junction adenocarcinoma [15, 25]. On 
this basis, we postulated the combination of camrelizumab 
and apatinib and S-1 might improve the clinical outcomes 
and we carried out this phase 2, prospective trial to explore 
the efficacy and safety of this combinatorial regimen in 
patients with gastric or gastroesophageal junction adeno-
carcinoma refractory to first-line treatments.

Method

Patient characteristics

This study is a phase 2, single-arm, prospective study of 
camrelizumab and apatinib and S-1 at the Beijing Friend-
ship Hospital affiliated to Capital Medical University. 
The eligible criteria included age of 18 to 80 years old; 
histologically confirmed metastatic or recurrent gastric or 
gastroesophageal junction adenocarcinoma, with only one 
previous treatment regimen (disease progressed during the 
first-line regimen or within 6 months after last adjuvant 
chemotherapy); Her-2 negative; an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0 or 1 and 
a life expectancy of at least 3 months; measurable lesions 
following the Response Evaluation Criteria in Solid 
Tumors (RECIST, version 1.1)[26]; an adequate bone mar-
row hematopoietic (neutrophil count ≥ 1.5*109/L, platelet 
count ≥ 75 ×  109/L, and hemoglobin ≥ 90 g/L), hepatic 
(total bilirubin ≤ 25.7umol/L, aspartate aminotransferase 
and alanine aminotransferase ≤ 100 U/L [for patients 
with liver metastases ≤ 200 U/L]) and renal function 
(blood creatinine ≤ 177umol/L and urinary protein ≤ 2 + , 
urine protein to creatinine ratio < 3·5, or 24 h urine pro-
tein ≤ 3500 mg). Major exclusion criteria included: pre-
vious treatment with anti-PD-1 or PD-L1 monoclonal 
antibodies; previous treatment with VEGFR-TKIs or S-1; 
active or history of autoimmune disease; history of organ 
transplantation; serious cardiovascular and cerebrovas-
cular diseases; neurological and mental illness; or other 
serious comorbidities.

Ethical committee clearance

The trial was approved by the ethics board of the Beijing 
Friendship Hospital affiliated to Capital Medical Univer-
sity and was done in accordance with the Declaration of 
Helsinki. All patients provided written informed consent. 
This trial was registered with ClinicalTrials.gov, number 
NCT04345783.
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Procedures

In each 21-day cycle, eligible patients received 200 mg intra-
venous camrelizumab in the first day, 500 mg oral apatinib 
once daily continuously and specific dose oral S-1 in the 
first 14 days (40 mg twice daily if the patient’s body surface 
area < 1.25  m2; 50 mg twice daily if 1.25–1.5  m2; and s60 
mg twice daily if the patient’s body surface area > 1.5  m2) 
until the trial was discontinued.

The trial was discontinued when the tumor progressed, or 
intolerable adverse events occurred, or patient withdraw of 
consent, or necessary discontinuation taken by investigators.

Tumor response was evaluated at baseline and every 
6 weeks, by two investigators using enhanced CT or MRI 
according to the RECIST, v 1.1. And the best response would 
be confirmed by repeating imaging studies in 4 weeks. The 
detail criteria were shown in RECIST criteria v1.1. The phys-
ical examination and laboratory tests were monitored every 
3 weeks, including: hematological examinations, serum chem-
istry, ECG, urine test, thyroid function, etc. Adverse events 
were graded and documented according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(NCI-CTCAE, version 4.03) during the course of treatment.

The management of adverse events mainly included sup-
portive cure, dose adjustment, and interruption of dosage. We 
managed the camrelizumab-related adverse events accord-
ing to the National Comprehensive Cancer Network (NCCN) 
Clinical Practice Guidelines in Oncology: Management of 
Immunotherapy-Related Toxicities [27]. The apatinib and 
S-1 dose could be reduced if patients had intolerable grade 
2 or grade 3 treatment-related adverse events, which were 
judged by the investigators. The dose reduction and interrup-
tion were permitted for no more than two times and dose re-
escalation was not permitted in subsequent cycles. If patients 
had grade 4 AEs, the treatment would be discontinued.

Baseline molecular characteristics, including PD-L1 com-
bined positive score (CPS), tumor mutational burden (TMB) 
status, and mismatch repair (MMR)/microsatellite instability 
(MSI), were assessed using formalin-fixed paraffin-embedded 
tissue specimens from archival tumor tissue samples. Com-
bined positive score (CPS), defined as the number of PD-
L1-positive tumor cells, lymphocytes, and macrophages as a 
proportion of the total number of tumor cells, was assessed 
by investigators using the PD-L1 immuno-histochemistry 
22C3 pharmDx. TMB and MMR status were measured from 
the extracted DNA from archival tumor samples using the 
next-generation sequencing (illumina sequencing) method 
that targets 642 genes corresponding to 1·78 Mb of sequenc-
ing data. The TMB-high cutoff line is defined as the top 25% 
(12 mut/MB) of all subjects from single center. All patients’ 
molecular and genetic information was measured in Glori-
ousMed Clinical Laboratory Co.

Outcomes

The primary endpoint was objective response rate (ORR). 
According to RECIST v1.1, the objective response rate was 
defined as the proportion of patients with measurable disease 
who achieved complete response (CR) or partial response 
(PR). The secondary endpoints were the disease control rates 
(DCR), progression-free survival (PFS) and overall survival 
(OS) and safety. The DCR was defined as the proportion of 
patients achieving CR or PR or stable disease (SD). Progres-
sion-free survival is defined as the duration from the begin-
ning of the treatment to the disease progression, or death from 
any cause. Overall survival is defined as the duration from the 
beginning of the treatment to death from any cause. Explora-
tory endpoints included the correlation between PD-L1, TMB, 
and gene mutation with efficacy and prognosis.

Statistical analysis

Using the Simon’s optimal two-stage design, with the power 
of 80% and one-sided α of 5%, the planned sample size was 
22 patients. In ATT RAC TION-2 [28], the response rate of 
nivolumab with any PD-L1 status was 11%. Considering 
the efficacy of anti-PD-1 monoclonal antibody combined 
with anti-angiogenesis targeted therapy, in our study, with 
any PD-L1 status, we set the threshold ORR to 10% and 
the expected ORR to 35%. In the first stage, we enrolled 8 
patients. If 1 or more patients reached an objective response, 
we enrolled 14 or more patients in the second stage. Ulti-
mately, if 5 or more patient of 22 reached an objective 
response, the primary endpoint was met.

We analyzed data in two populations: the full analysis set 
and biomarkers analysis group. The full analysis set included 
all enrolled patients. The biomarkers analysis group was a 
subgroup of patients with available molecular characteris-
tics. We analyzed efficacy and safety data in the full analysis 
set. We analyzed the correlation between biomarkers and 
efficacy in the biomarker analysis set.

We assessed calculated the 95% CIs of ORR and DCR 
using exact binomial test and calculated the risk ratio 
and P of subgroup using Fisher exact probability test. 
We assessed the PFS, OS, 95%CIs, and HR using the 
Kaplan–Meier Model and log-rank test. Safety date was 
analyzed in all patients enrolled with at least one dose of 
the regimen. In addition, we did the post hoc exploratory 
analysis between subgroups, such as biomarkers (PD-L1 
expression, TMB expression), sex, age, ECOG perfor-
mance status, history of gastrectomy, number of metasta-
ses, liver metastases, peritoneal metastases, and so on. All 
statistical analyses were two-sided and significance was set 
at P < 0.05. The software used for all statistical analyses 
was SPSS Statistics (version 25.0).
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Results

Patient characteristics

In the first stage of this study, 1 patient had a partial 
response. Therefore, with a significant treatment response, 
16 more patients were enrolled in the second stage. 
Between May 2019 and December 2020, we enrolled 
a total of 24 patients with full efficacy and safety data. 
And 19 patients with molecular characteristics date were 

included in biomarker analysis set, all of whom were 
assessed with MSI status, TMB status, PD-L1 CPS, and 
other gene mutation information. The patients’ baseline 
characteristics are shown in Table 1.

Efficacy

At the time of data cutoff (December 1, 2020), with the 
median follow-up duration 7.58 months, 19 patients have 
discontinued this trial, while 5 patients were still on treat-
ment. Nine patients discontinued this protocol treatment 
due to disease progression, 3 patients due to intolerable 
adverse events, 2 patients due to consent withdraw, and 
2 patient received radical gastrectomy with the patients’ 
request and assessment of investigators, in addition, 3 
patients dropped out of the study after treatment was inter-
rupted by the COVID-19 for more than 1.5 months. The 
flowchart of the study is shown in Fig. 1.

Of all enrolled patients, 1 (4.2%) patient achieved 
complete response, 6 (25.0%) patients achieved partial 
response, 16 (66.7%) patients reached stable disease, 
and 3 (12.5%) patients were progressive disease. As the 
primary endpoint, objective response was achieved in 7 
of 24 patients (ORR: 29.2%, 95%CI 14.9–49.2%). And 
disease control was achieved in 23 of 24 patients (DCR: 
95.8%, 95%CI 79.8–99.2%) (Table 2). And among the 
patients with CR or PR, the median duration of response 
(mDOR) reached 6.86 weeks (95%CI 6.12–7.60) (Fig. 2).

Table 1  Patients Characteristics. ECOG PS = Eastern Cooperative 
Oncology Group Performance status. There were 19 patients enrolled 
with molecular characteristics

MMR = mismatch repair. CPS = combined positive score. 
TMB = tumor mutational burden. All patients were EBER(-)

All patients enrolled (n = 24)

Age, years
Median 64
Range 41–80 (IQR 56–70)
Sex
Male 18 (75%)
Female 6 (15%)
ECOG PS*
0 13 (54%)
1 11 (46%)
Primary lesion
Gastroesophageal junction 4 (16.7%)
Gastric 20 (83%)
Previous gastrectomy
Yes 7 (20.8)
No 17 (79.2%)
The site of metastases
Lymph node 23 (96%)
Liver 9 (38%)
Peritoneum 9 (38%)
Lung 2 (8.3%)
Bone 2 (8.3%)
Other 5 (21%)
Previous regimens
Fluoropyrimidines 23 (96%)
Platinum 16 (67%)
Taxanes 9 (38%)
Molecular characteristics (n = 19)*
PD-L1 CPS ≥ 10* 3 (15.7%)
PD-L1 CPS ≥ 1 9 (47.4%)
PD-L1 CPS < 1 10 (52.6%)
MMR deficient* 2 (10.5%)
MMR proficient* 17 (89.5%)
TMB, median* 8.43

Fig. 1  Trial profile
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At the data cutoff time, 16 (66.7%) patients were still 
alive and 8 (33.3%) patients had died. As the secondary 
endpoint, the median-progression-free survival (mPFS) 
was 6.5 months (95%CI 6.01–6.99), the median overall 
survival (mOS) was not reached (95%CI 10.3–NA), the 
6-month overall survival with 75.0%, and the 12-month 
overall survival with 41.6% (Fig. 3).

Biomarkers

In the exploratory analysis, among the 19 patients with 
complete genetic characteristics, 9 (47.4%) patients were 
PD-L1 CPS ≥ 1, 10 (52.6%) patients were PD-L1 CPS < 1. 1 
(5.3%) patient reached complete response, 5 (26.3%) patients 
reached partial response, and 12 (63.2%) patients reached 
stable disease. The overall objective response was 31.58% 
(95%CI 15.37–53.99%) (Table 2). 4 (44.4%) of 9 patients 
with PD-L1 CPS ≥ 1 achieved objective response, and 2 
(20%) of 10 patients with PD-L1 CPS < 1 achieved objec-
tive response (risk ratio 2.2, 95%CI 0.53–9.53, P = 0.350). 
Moreover, 3 (60%) of 5 patients with a TMB-high and 3 
(21.4%) of 14 patients with a TMB-low reached objective 
response. There were 2 patients with microsatellite instabil-
ity high, one reached CR and the other reached PR. The 
details of genetic variations are shown in Fig. 4.

At the data cutoff time, in the biomarker analysis set, 
the median PFS were 6.20 (95%CI 4.94–7.46) in patient 
with PD-L1 CPS ≥ 1 and 6.53 m (95%CI 6.47–6.60) in 
patients with PD-L1 CPS < 1 (HR: 1.94, 95%CI 0.43 to 
8.79, P = 0.391), and no statistically significant difference 
was showed. The median PFS was not reached (95% CI 4·0 
to not reached) with a TMB-high and 6.50 months (95% 
CI 5.78—7.23) with a TMB-low (HR: 0.451, 95%CI 0.090 
to 2.263) (Fig. 5). In the post hoc analysis, several gene 

mutations with a central distribution tendency were screened 
out, including GNAS, KMT2B, NF1, NOTCH2/3, PTPRS, 
APC, TP53BP1, TP53 co-mutation with DNA Damage 
Response and Repair (DDR) pathway genes, which seem to 
indicate better efficacy and survival prognosis. We assigned 
patients with any these mutations to the subgroup A, and 
patients without to the subgroup B. The objective response 
rate of subgroup A was 45.5% (95% CI 18.1–75.4%), and 
that of subgroup B was 12.5% (95% CI 0.7–53.3%) (risk 
ratio 3.6, 95%CI 0.52–25.4, P = 0.177). The median PFS was 
not reached in subgroup A, and was 5.6 m (95% CI 3.4–7.8) 
in subgroup B (Fig. 5).

Table 2  Treatment response of camrelizumab combined with apatinib 
and S-1 in all patients and in patients with available molecule charac-
teristics

Best response Full analysis set 
(n = 24)

Biomarker 
analysis set 
(n = 19)

Complete response 1 4.2% 1 5.3%
Partial response 6 20.8% 5 26.3%
Stable disease 16 58.3% 12 63.2%
Progressive disease 1 12.5% 1 5.3%
Objective response 7 29.2% 6 31.6%
Disease control 23 95.8% 18 94.7%

Table 3  The incidence of adverse events in all patients(n = 24). Data 
are n (%) in all treated patients (n = 37). Patients are counted for each 
applicable specific adverse event and could have more than one treat-
ment-related event. ALT alanine aminotransferase. AST aspartate 
aminotransferase

Adverse events Any grade % Grade 3–4 %

ALT increased 8 33.33%
AST increased 9 37.5% 3 12.5%
Hypoalbuminemia 16 58.33%
Anemia 18 75.00%
Leukopenia 11 45.83%
Thrombocytopenia 11 45.83% 1 4.17%
Hypothyroidism 9 41.67%
Diarrhea 9 37.50%
Proteinuria 8 33.33% 1 4.17%
Anorexia 8 33.33%
Hypertension 7 29.17%
Hyperthyroidism 7 29.17%
Fatigue 6 25.00% 1 4.17%
Hand foot syndrome 6 25.00%
Reactive cutaneous 

capillary endothelial 
proliferation

5 20.83%

Mucositis 5 20.83%
Abdominal pain 6 25.00%
Nausea 7 29.17%
Dizziness 3 12.50%
Rash 8 20.83%
Lung infection 3 12.50%
Hyperglycemia 2 8.33%
Renal impairment 1 4.17%
Intestinal obstruction 1 4.17% 1 4.17%
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Safety

All 24 patients were included in the safety analysis. The 
overall incidence of any-grade adverse events was 100%. 

Most adverse events were graded 1 or 2. The most common 
AEs were anemia in 18 (75%) patients, hypoalbuminemia 
in 14 patients (58.3%), leukopenia in 11 patients (45.8%), 
thrombocytopenia in 11 patients (45.8%), aminotransferase 

Fig. 2  Characteristics of objective response in all patients. A Duration of response (N = 24). B The maximum tumor shrinkage from baseline in 
target lesions (N = 24)
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increased in 10 patients (41.7%). Six patients (25.0%) had 
grade 3–4 adverse events, including aminotransferase AST 
increased, thrombocytopenia, fatigue, proteinuria, and intes-
tinal obstruction.

There were 4 (16.7%) patients with dose reduction of S-1 
for hematological adverse events, and 7 (29.2%) patients 
dose reduction or interruption of apatinib for anorexia, 
fatigue, abdominal pain, and diarrhea, and 3 patients (12.5%) 
patients dose interruption of camrelizumab for increased 
AST. Eventually, there were 3 patients discontinued from 
this trial for trAEs. No treatment-related deaths occurred. 
Details of adverse events are shown in Table 3.

Discussion

With an objective response rate reaching 29.2%, this pro-
spective trial met the primary endpoint and shows significant 
efficacy and manageable adverse events of camrelizumab 
combined with apatinib and S-1 in patient with advanced 
GC or EGJC refractory to first-line treatment.

As previous studies reported, combination of a VEGFR 
inhibitor and an anti-PD-1 antibody produced strong syn-
ergistic anti-tumor activity. Apatinib, a small-molecule 
VEGFR tyrosine kinase inhibitor, effectively inhibits tumor 
angiogenesis and modulates immunosuppression. In addi-
tion, the previous study on PD-1 blockades showed that the 
anti-tumor effect of cytotoxic agents remains important in 
AGC. 5-Fluorouracil is an indispensable part of chemother-
apy for AGC, and S-1 is suitable for all stages of the treat-
ment of advanced gastric cancer. These results suggest the 
feasibility of camrelizumab plus apatinib and S-1. On this 
basis, we conducted this exploratory study of camrelizumab 
plus apatinib and S-1 in second-line setting in patients with 
advanced gastric cancer.

Currently, given first-line treatments for advanced gastric 
cancer, anti-PD-1 monotherapy has shown a survival benefit 
for patients. In the ATT RAC TION-2 trial [28], nivolumab 
monotherapy in third-line or later-line setting improved 
the overall survival of patients advanced gastric cancer by 
5.26 months (95% CI 4·60–6·37) irrespective of PD-L1 sta-
tus, although the ORR was only 11.2% (95%CI 7.7–15.6). 
Compared with monotherapy, with the significant efficacy, 
the anti-PD-1 combination therapy has been listed in the 
latest treatment guidelines [10, 29]. For first-line treatment 
of advanced gastric cancer, as CheckMate-649 study [10] 
reported, nivolumab plus chemotherapy showed significant 
anti-tumor activity in patients with CPS ≥ 5, with ORR 
reached 60%, median OS reached 13.8 m, and median PFS 
reached 7.7 m. In the  analysis of the Attraction-4 (ONO-
4538–37) trial [30], nivolumab plus chemotherapy group 
had significantly better ORR (57.5% vs 47.8%) and mPFS 
(10.45 m vs 8.34 m) than the control group. The phase 3 
EPOC 1706 trial [31] reported lenvatinib plus pembroli-
zumab with an obvious anti-tumor activity in patients with 
advanced gastric cancer as the first-line or second-line treat-
ment, in which the objective response rate reached 69% 
and the median-progression-free survival was 7.1 months. 
There are relatively few studies on second-line therapy for 
advanced gastric cancer. In KEYNOTE-061 trial [11], Pem-
brolizumab monotherapy did not significantly improve sur-
vival compared with paclitaxel as second-line therapy for 
advanced GC or GEJC with PD-L1 CPS ≥ 1. However, In the 
Takako Eguchi Nakajima’s study [32], the combination of 
nivolumab, ramucirumab, and paclitaxel as second-line treat-
ment resulted in an ORR of 37.2% (95%CI, 23.0–53.5%), a 
median PFS of 5.1 months (95%CI, 4.5–6.5 months), and a 
median survival of 13.1 months (95%CI, 8.0–16.6 months). 
In our trial, in a second-line treatment setting, anti-PD-1 
therapy in combination with chemotherapy and targeted 

Fig. 3  Kaplan–Meier curves for progression-free survival and overall survival in full analysis set
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Fig. 4  Distribution map of 
genetic mutation



2605Cancer Immunology, Immunotherapy (2022) 71:2597–2608 

1 3

therapy showed significant efficacy and survival benefit for 
patients with advanced gastric cancer.

In RAINBOW study [6], with the ORR reaching 28% and 
the mPFS reaching 4.4 months, ramucirumab plus Paclitaxel 
showed a significant improvement as second-line treatment 
for patients with AGC. In our study, the ORR was 29.2% 

and mPFS was 6.5 months, comparable with the response in 
Japanese patients receiving paclitaxel plus ramucirumab in 
the RAINBOW trial. In addition, it is important to take into 
account the differences of treatment response in Japanese 
and western patient cohorts. In general, anti-angiogenesis 
targeted therapy seemed to lead to higher response rates in 

Fig. 5  Kaplan–Meier curves for overall survival and progression-free 
survival of subgroup analysis. a The progression-free survival for 
PD-L1 status subgroups. b The overall survival for PD-L1 status sub-
groups. c. The progression-free survival for TMB status subgroups. d 

The overall survival for TMB status subgroups. e. The progression-
free survival for gene mutations subgroups. f The overall survival for 
gene mutations subgroups
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Asia [33]. Given the best response of different patients to 
PD-1 blockades varying greatly, cross-trial comparisons 
require careful interpretation, and researches on anti-PD-
1-containing treatments are still warranted.

The biomarker analysis included PD-L1, TMB status, and 
gene mutations from NGS data (Table 1). In patients with 
full genetic information, the ORR was 44.4% and 20.0%, 
respectively, in patients with CPS ≥ 1 and CPS < 1. However, 
similar to the ATT RAC TION-4 trial [30], the Kaplan–Meier 
survival curves in different PD-L1 expression status showed 
no significant difference (Fig. 4). As reported in previous 
studies [34], MMR (MSI), TMB, and DNA damage response 
and repair are closely related. In many solid tumors, patients 
with high microsatellite instability were associated with high 
response rates to immunotherapies. TMB has also been eval-
uated as a predictor of response to PD-1 blockade, given 
patients with higher TMB showing a greater likelihood of 
response [35]. However, TMB cannot serve as biomarkers 
for Immune checkpoint blockade precisely. In our trials, 
the mPFS of patients with higher mutational loads was not 
reached, which was better than 6.5 months in patients with 
lower TMB (HR:0.3695, 95%CI 0.075 to 1.831). It seems 
to indicate better treatment outcomes in patients with higher 
mutational loads.

In the exploratory, post hoc analysis, the KM curves 
with single factor analysis and COX analysis of genetic data 
failed to find a statistically significant deleterious mutation. 
Larger studies on the association of genetic mutations and 
PD-1 blockades are warranted.

In this study, the incidence of adverse events was 100%. 
However, with symptomatic treatment, and dose reduction, 
AEs in this study were evaluated as manageable and toler-
able. In addition, the incidence of serious adverse events was 
lower than that of intravenous chemotherapy. In our trial, 
according to the National Comprehensive Cancer Network 
(NCCN) Clinical Practice Guidelines in Oncology: Man-
agement of Immunotherapy-Related Toxicities, we classi-
fied treatment-related adverse events into immune-related 
adverse events (irAEs) and non-irAEs. Hypothyroidism, 
hyperthyroidism, reactive cutaneous capillary endothelial 
proliferation, rash maculopapular, ALT increased and AST 
increased were grouped to irAEs, diabetes mellitus. In the 
post hoc analysis, different from a previous study [36], we 
have not found that patients with irAEs showed a signifi-
cantly better treatment response. The median PFS in patients 
with irAEs was 6.5 m and 5.57 m in patients with non-irAEs 
(HR:0.688, 95%CI 0.1540 to 3.075). It is worth noting that 
the combination of ICIs and target therapy may affect the 
assessment of irAEs and the relationship between irAEs 
and treatment response. In addition, we found patients with 
ALT/AST increased and rash maculopapular seem to come 

out with a better progression-free survival. Moreover, differ-
ent from previous studies on anti-angiogenic therapies [37], 
patients with hypertension or proteinuria did not show better 
outcomes. More studies on the correlation between irAEs 
and immune therapy response are warranted.

There are several limitations in our trial. First, with a non-
randomized design and a small sample size from a single 
institution, sampling error and selection bias could not be 
ruled out well. Second, follow-up duration was relatively 
short, and the median overall survival was not reached; 
nevertheless, our study showed this treatment regimen was 
effective in improving survival outcomes. Third, no biopsy 
of the patient's lesion was performed after the first dose to 
evaluate the efficacy in pathology and molecular biology. 
And a further study would be needed to investigate the rela-
tionship between efficacy and PD-L1 status change during 
the treatment. Finally, objective response was not assessed 
by independent central review, which might lead to the over-
estimation of anti-tumor activity results in this study.

In conclusion, the camrelizumab combined with apatinib 
and S-1 in this study, for the first time served as a second-
line treatment regimen for advanced gastric cancer. Com-
pared with previous studies, with the ORR of 29.2% (95%CI 
14.9–49.2%) and median PFS of 6.5 m (95%CI 6.01–6.99), 
camrelizumab combined with apatinib and S-1 showed sig-
nificant anti-tumor activity and manageable toxicities in 
patients with advanced gastric or gastroesophageal junction 
cancer.
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