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Abstract: Gastric cancer (GC) patients with Epstein-Barr virus (EBV) positivity have demonstrated promising re-
sponse with immunotherapy. We assessed the efficacy and safety of camrelizumab as salvage treatment in EBV-
positive mGC. In this single-arm, phase 2 prospective clinical trial (NCT03755440), stage IV EBV-positive GC pa-
tients who failed/could not tolerate previous lines of chemotherapy were given intravenous camrelizumab 200 mg 
every 2 weeks until disease progression or unacceptable toxicity. The primary endpoint was objective response rate. 
Secondary endpoints were progression-free survival (PFS), overall survival (OS), disease control rate (DCR), duration 
of response, and toxicity. Exploratory analysis included the associations between treatment response and tumor 
mutation burden (TMB), programmed cell death ligand-1 (PD-L1) expression. Six eligible patients were enrolled in 
the first stage of the study. No patient achieved an objective response; thus, the study did not proceed to the second 
stage. The DCR was 67% (4/6). The median PFS rate was 2.2 months (95% CI: 1.5-not reached [NR]) and median 
OS was 6.8 months (95% CI: 1.7-NR). All treatment-related adverse events were grade 1-2, with reactive cutane-
ous capillary endothelial proliferation (n=4 [67%]) being the most commonly observed event. The only patient with 
PD-L1 combined positive score >1 had disease progression. Two stable disease and one disease progression were 
observed in three patients with TMB >10 Mut/Mb. EBV positivity may not be a good predictor for response to cam-
relizumab in mGC. Newer biomarkers are needed to identify EBV-positive mGC respondents who might benefit from 
immunotherapy.
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Introduction

Gastric cancer (GC) is one of the most common 
malignancies in the world, especially in China 
[1]. Treatment options for metastatic gastric 
cancer (mGC) are limited, especially for pati- 
ents with resistance to chemotherapy beyond 
the first- or second-line settings. Several stud-
ies have reported the efficacy and safety of  
programmed cell death-1 (PD-1) inhibitors  
in mGC patients, with an objective response 
rate (ORR) ranging from 11% to 23.3% [2-6]. 
The phase 2 KEYNOTE-059 and phase 3 
ATTRACTION-2 studies included mGC patients, 
regardless of the expression of programmed 
cell death ligand-1 (PD-L1), with ORR of 11.6% 

and 11.2% [2, 3], respectively. Currently used 
biomarkers to predict response to anti-PD-1 
therapy include microsatellite instability (MSI), 
PD-L1 expression, tumor mutation burden 
(TMB), and Epstein-Barr virus (EBV) positivity 
[7].

EBV positivity was identified as a distinct mo- 
lecular subtype of gastric cancer by The Cancer 
Genome Atlas (TCGA) Research Network [8]. 
Clinically, in situ hybridization (ISH) targeting 
EBV-encoded RNA (EBER) is used to test the 
presence of EBV in GC cells, which generally 
defines EBV-associated GC (EBVaGC) [9], with 
an incidence rate of 9% according to the TCGA 
study and approximately 5% in China [10-12].
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Previously, Panda et al. reported that an EBV-
positive GC patient, with microsatellite stability 
(MSS) and low TMB, had achieved partial res- 
ponse after anti-PD-L1 therapy [13]. In another 
study, a 100% response rate was reported in 
EBV-positive mGC patients treated with PD-1 
inhibitor, though there were only 6 cases in- 
cluded [14]. However, some recent studies 
showed that the response to immune check-
point inhibitors (ICBs) in EBVaGC was not as 
promising as might had been hoped for, with  
an ORR of 16.7%-28.6% [4, 7, 15, 16]. How- 
ever, the aforementioned results were from 
observational studies or subgroup analyses, 
and the actual predictive role of EBV positivity 
for response to immunotherapy needs to be 
fully evaluated in a prospective clinical setting.

Camrelizumab (also known as SHR-1210) is a 
humanized, selective, high-affinity immuno-
globulin G4 κ monoclonal PD-1 antibody. Cam- 
relizumab was reported to have encouraging 
efficacy in mGC patients in China, with an ORR 
of 23.3% [6], similar to other PD-1 antibodies  
in mGC [2-4]. Here, we prospectively investigat-
ed the clinical safety and efficacy of camreli-
zumab in patients with EBV-positive advanced 
GC, and assessed the reliability of biomarkers 
for identifying potential respondents.

Methods

Study design

This was a single-center, single-arm, open-
label, prospective phase 2 study (ClinicalTrials.
gov, Identifier NCT03755440) conducted at  
the Sun Yat-sen University Cancer Center 
(Guangzhou, China).

Study population

Eligible patients were ≥18 years old, had histo-
logically confirmed metastatic or recurrent 
unresectable GC; were EBER-positive accord-
ing to ISH; and failed from first-line platinum- 
and fluorouracil-based chemotherapy, and sec-
ond-line chemotherapy, or could not tolerate 
systemic chemotherapy. Patients should not 
receive immune checkpoint inhibitors before. 
The full eligibility criteria are detailed in the 
study protocol in the Supplementary Materials.

Ethics approval and consent to participate

This study was conducted at Sun Yat-sen Uni- 
versity Cancer Center (Guangzhou, China). It 

was performed in accordance with the De- 
claration of Helsinki and was approved by the 
Ethics Committee of Sun Yat-sen University 
Cancer Center (No. B2018-058-01). Written 
informed consent was obtained from each 
participant.

Treatments

Patients were treated with 200 mg camre- 
lizumab intravenously over 30 min once every 
2-week. The treatment was continued until dis-
ease progression, unacceptable toxicity or 
withdrawal of consent. Contrast computed 
tomography scans of the chest, abdomen, and 
pelvis were performed at baseline and repeat-
ed every 8 weeks. Tumor response was 
assessed by the investigator according to the 
Response Evaluation Criteria In Solid Tumors 
criteria version 1.1 (RECIST 1.1). Response  
was confirmed with a second scan at least 4 
weeks after the criteria for objective response 
was met. Dose modifications of camrelizumab 
were not allowed, but dose delays for adverse 
events (AEs) up to 8 weeks were permitted. 
Patients who discontinued treatment because 
of AEs were followed at 8 weeks after the last 
dose of the study drug, until disease progres-
sion or initiation of subsequent therapy. Labor- 
atory tests were performed during screening 
and on the first day of every 2 cycles of thera- 
py. AEs were graded according to the National 
Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.0.

Study endpoints

The primary endpoint of this study was ORR. 
The secondary endpoints were progression-
free survival (PFS), overall survival (OS), dis-
ease control rate (DCR), duration of response 
(DoR), and safety.

ORR was defined as the proportion of patients 
who achieved complete response (CR) or par-
tial response (PR). PFS was defined as the  
time from initiation of treatment to disease  
progression, or any-cause death, whichever 
came first. OS was defined as the time from 
treatment initiation to any-cause death. The 
DCR was defined as the proportion of patients 
who achieved CR, PR, and stable disease (SD). 
DoR was defined as the time from the first doc-
umented objective response to the first docu-
mented disease progression or any-cause 
death, whichever came first.
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Biomarker analysis

Patients provided either newly biopsy-obtained 
or archival tumor samples for the assessment 
of PD-L1 expression, mismatch repair (MMR) 
status, and whole-exome sequencing.

PD-L1 expression was detected by immuno- 
histochemistry staining with SP142, an antihu-
man PD-L1 monoclonal antibody [17]. The 
specimens were scored by two senior patholo-
gists using a combined positive score (CPS), 
defined as the proportion of viable tumor cells 
and tumor-infiltrating immune cells with partial 
or complete membrane staining at any intensi-
ty. Positive PD-L1 status was defined as CPS 
≥1.

Both whole-exome sequencing and ultra-deep 
target sequencing (HaploX HapOncoWESPlus 
panel, Roche NimbleGen) on tumor tissue and 
baseline cfDNA specimens were carried out. 
TMB was determined by analyzing somatic 
mutations per mega-base (Mb).

Bioinformatics analysis

Analysis ready reads were obtained from raw 
sequencing reads with a quality control pro-
cess using the fastp software [18]. Alignment 
steps were then performed using the bwa soft-
ware [19] followed by a series of procedures 
including samTobam, MarkDuplicates, Base- 
Recallberation, and ApplyBQSR recommended 
by GATK best practice (GATK v4.0) [20]. The 
genome build used in this study was hg38  
from UCSC. Somatic mutations were identified 
by the Mutect2 algorithm and only those 
marked with high-confidential variants were 
retained for further analysis. We annotated the 
SNVs and InDels with VEP software [21]. In 
addition, CNVkit was applied for evaluating  
the somatic copy-number variations (SCNV) in 
each sample.

Statistical analysis

Sample size was determined using Simon’s 
optimal two-stage design, with a significance 
level of 5% and power of 80%. P0=15% (null 
hypothesis) was based on the data of previous-
ly published studies using ORR with anti-PD-1 
antibody in mGC (11-23%) [2-4, 6]. P1=45% or 
higher (alternative hypothesis) was considered 
as a success in EBV-positive mGC. In the 6 
patients enrolled in the first stage, the pres-

ence of at least 1 response (CR or PR) allowed 
the study to proceed to the second stage, in 
which another 13 patients would be enrolled. 
Considering a drop-out rate of 5%, a total of at 
least 20 patients were needed for this two-
stage trial.

Baseline characteristics, ORR, DCR, and AEs 
were analyzed using descriptive statistics. 
Survivals were estimated using the Kaplan-
Meier method and the corresponding 95%  
confidence intervals (CIs) were calculated. 
Statistical analysis was performed using the 
Intercooled Stata 13.0 (Stata Corporation, 
College Station, TX). All the P-values were two-
sided, and statistical significance was set at 
P<0.05.

Results

Basic features

From November 15, 2018, to September 18, 
2020, a total of 6 patients with chemotherapy-
refractory, metastatic EBVaGC consented to 
the treatment protocol and were enrolled in the 
first stage of the study. All analyses were per-
formed after the last patient had disease pro-
gression from camrelizumab monotherapy. 
None of the 6 patients got CR or PR, therefore, 
the study did not proceed to the second stage.

The clinical and pathological characteristics of 
the enrolled patients are summarized in Table 
1. The median age was 41.5 (range, 32-69) 
years and 5 (83.3%) of the 6 patients were 
male. One (16.7%) patient had lymphoepithe- 
lioma-like carcinoma and the rest (n=5, 83.3%) 
were adenocarcinoma. Four (66.7%) patients 
had stage IV disease and two (33.3%) had 
stage III at the time of diagnosis. In the pati- 
ents diagnosed at stage III, one received radi-
cal resection but developed multiple bone and 
lymph node metastases 30 months after the 
surgery, and the other developed multiple 
lymph node metastases 5 months after the 
gastrectomy. The most common sites of me- 
tastases included distant lymph nodes, bone, 
and peritoneum. Four (66.7%) patients had 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 1. All the 6 patients we- 
re human epidermal growth factor receptor 2 
(HER2) negative and MMR proficient (pMMR). 
Three (50%) patients had an elevation of base-
line EBV-DNA, defined as ≥100 copies/mL 
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Table 1. Demographic and clinicopathological 
characteristics of patients at baseline
Features Patients, N (%)
Age/median (range) 41.5 (32-69) yrs
Gender 5 (83.0)
    Male
Performance status
    0 2 (33.3)
    1 4 (66.7)
Tumor location 
    Body 3 (50.0)
    Antrum 2 (33.3)
    Fundus 1 (16.7)
Pathological type
    Adenocarcinoma 5 (83.3)
    Lymphoepithelioma-like carcinoma 1 (16.7)
Lauren classification
    Diffuse 1 (16.7)
    Intestine 2 (33.3)
    Mixed 3 (50.0)
Prior surgery
    No 2 (33.3)
    Radical surgery 2 (33.3)
    Palliative surgery 2 (33.3)
Metastasis
    Synchronous 5 (83.3)
    Metachronous 1 (16.7)
No. of metastatic sites 
    0-2 5 (83.3)
    >2 1 (16.7)
Site of metastatic disease 
    Liver 1 (16.7)
    Bone 2 (33.3)
    Peritoneum 3 (50.0)
    Lymph node 4 (66.7)
Ascites
    No 4 (66.7%)
    Yes 2 (33.3)
HER2 status, negative no. (%) 6 (100)
ERBR, Positive no. (%) 6 (100)
PD-L1 CPS (%)
    <1 5 (83.3)
    1-5 1 (16.7)
TMB (Mut/Mb)
    <10 3 (50.0)
    ≥10 3 (50.5)
Previous treatment 
    Platinum and fluorouracil 6 (100)
    Taxales 5 (83.3)
    Apatinib 2 (33.3)
    Ramucirumab 1 (16.7)

according to our previous report [10]. Two of 
these three patients had progressive disease 
(PD).

Survival analysis and safety

The median PFS was 2.2 months (95% CI: 1.4-
not reached [NR]) (Figure 1A). By the analysis 
cut-off date, January 25, 2021, only one pa- 
tient (17%) was alive but with disease, and the 
remaining 5 (83%) patients died due to dis- 
ease progression. The median OS was 6.8 
months (95% CI: 1.7-NR) (Figure 1B). Of all 6 
patients, 4 achieved SD with a DCR of 67% 
(Figure 2). Since no objective response was 
observed, DoR could not be calculated.

By the cut-off date, none of the patients re- 
mained on treatment. All 6 patients received a 
total of 29 cycles of treatment with a median 
treatment duration of 3.0 months (interquartile 
range [IQR], 1.6-4.1) and a median treatment 
cycle of 4 (IQR, 3-8). All the treatment-related 
AEs (TRAEs) are presented in Table 2 (detailed 
descriptions in Supplementary Table 1). TRAEs 
included reactive cutaneous capillary endothe-
lial proliferation (4 [66.7%]), fatigue (2 [33.3%]), 
hyperthyroidism (1 [16.7%]), hypothyroidism (1 
[16.7%]) and rash (1 [16.7%]). Hyperthyroidism 
and hypothyroidism occurred in the same 
patient who had hyperthyroidism but 1 month 
later changed to hypothyroidism. No grade ≥3 
TRAEs were found.

The two patients who had PD were all intesti- 
nal sub-type (Lauren classification). Immuno- 
histochemical evaluation of PD-L1 expression 
was available in pretreatment tumor samples 
from the 6 patients. Only one (16.7%) patient 
was PD-L1 positive (CPS=5) but developed dis-
ease progression after 3 cycles of camrelizum-
ab monotherapy. Three (50%) patients had 
TMB >10 Mb but <12 Mb, and two of them 
achieved SD while the other one developed PD.

Genomic landscape of the EBVaGC patients

For the genomic landscape from tumor tissue, 
we identified 1,962 somatic variations includ-
ing 1,634 missense, 235 truncating mutations, 
and 93 other types (Supplementary Table 2). 
PIK3CA, KMT2D, FAT1, and ARID1A were the 
most common mutated genes in our cohort 
(Figure 3A). According to the TCGA GC rese- 
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arch network, both PIK3CA and ARID1A were 
highly enriched in EBV positive GC subgroup 
[8]. Therefore, our cohort may present the  
most comparable mutational profile to the 
TCGA EBV-positive GC cohort.

To further compare the genomic alterations 
between our cohort and others, known ICB-
related predictors were evaluated in our cohort 
and in two additional EBV-positive gastric 
cohorts who received ICBs treatment [4, 14]. 
However, we did not find any significant differ-
ence of the genomic features among these 
three cohorts. For TMB evaluation, all the six 
patients in our cohort were TMB-L with a medi-
an TMB 6.67 Mut/Mb (1.44-11.56 Mut/Mb), 
comparable to those from the other 2 cohorts 
(Figure 3B). For cfDNA based mutations, we 
totally identified 50 somatic variants including 

24 missense, 24 truncating, and 2 other type 
mutations, respectively. Correlation analysis 
showed that the bTMB was positively correlat-
ed with the tTMB (R=0.63, Spearman correla-
tion coefficient, Figure 3C), indicating a poten-
tial application of bTMB on treatment monitor-
ing of mGC patients.

Discussion

To our knowledge, this is the first prospective 
study evaluating the safety and efficacy of anti-
PD-1 antibody in patients with EBV-positive 
advanced GC. Though there was no responder 
in the first six patients, the DCR was as high as 
66.7%. Moreover this group of patients had a 
meaningful PFS and OS after the treatment of 
PD-1 inhibitor.

Figure 1. Kaplan-Meier plots of median (A) progression-free survival (PFS) and (B) overall survival (OS) of EBV posi-
tive gastric cancer patients treated with camrelizumab monotherapy. 

Figure 2. Tumor response in camrelizumab monotherapy assessed by investigator per the RECIST v1.1 criteria. A. 
Maximal change of tumor size from baseline in target the lesion(s). *The patient was characterized as progressive 
disease (PD) due to the development of new lesion(s) or progression of non-target lesion(s). B. Duration of treat-
ment exposure. 
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Table 2. Treatment-related adverse events
Events Patients N (%)
Reactive cutaneous capillary endothelial proliferation (RCCEP) 4 (66.7)
    Grade 2 1 (16.7)
    Grade 1 3 (50.0)
Fatigue 2 (33.3)
Hypothyroidism 1 (16.7)
Hyperthyroidism 1 (16.7)
Rash 1 (16.7)
All the side effects were grade 1 except for one patient with grade 2 RCCEP.

Patient enrollment into the first stage of this 
study was relatively slow, ~2 years, possibly 
due to, first, the low incidence of EBVaGC. 
According to our previous report, the incidence 
rate of EBVaGC was 5.1% in the all stage GC 
population and 1.4% in the stage IV GC pa- 
tients [10]. Second, majority of EBVaGC pa- 
tients (>80%) are usually diagnosed in stage 
I-III and are associated with relatively high 3- 
and 5-year DFS rates, at 83.7% and 73.8%, 
respectively [15]; thus, contributing to the long 
enrollment process.

This current prospective phase 2 clinical trial 
was conducted according to Simon’s optimal 
two-stage design. The study did not proceed to 
the second stage because no responder was 
identified in the first stage of the study. EBV 
positivity only may thus not be a good predictor 
for response for the use of PD-1 inhibitors in 
mGC patients.

EBV positivity could be confounded by other 
factors, and we, therefore, explored the rela-
tionship between EBV positivity and other 
known response predictors, namely, MSI-high 
(MSI-H), TMB, and PD-L1 expression. Though 
there are reports about the co-existence of  
EBV positivity and MSI-H in GC patients [10, 
22], EBV positivity and MSI-H are basically con-
sidered as mutually exclusive [8]. Both in the 
present study and Kim et al. study [14], all the 
EBV-positive patients were pMMR. As for TMB, 
we found no statistical difference between  
high TMB and EBV-positive or -negative GC in 
our previous study [23]. Similarly, no high TMB 
was found in the EBV-positive patients from 
Kim’s cohort [14]. Therefore, EBV-positive GC 
patients were basically pMMR with general 
TMB level. Though the cut-off value for PD-L1 
positivity was controversial, results of several 
studies have suggested that patients with 
PD-L1-positive tumors had higher response 

rates than those with PD- 
L1-negative tumors [24, 
25]. A series of trials only 
focused on patients with  
PD-L1-positive GC [26-28]. 
In cohort 1 of the KEY- 
NOTE-059 trial, the ORR  
of patients with PD-L1-
negative tumors was 6.4% 
[2]. A general positive cor-
relation was found be- 
tween EBV-positive GC 
and PD-L1 expression [8, 

29]. We found that the 6 EBV-positive patients 
with PR from Kim et al. cohort [14]  
and the only one EBV-positive patient with PR 
from Wang et al. cohort [4] were all PD-L1 posi-
tive (CPS cut-off value of 1), while in the pre- 
sent study, 5 out of 6 patients were PD-L1 neg-
ative. This may partially explain the low res- 
ponse rate in the present study. It indicated 
that instead of EBV positivity, PD-L1 expres- 
sion might be the underlying factor to predict 
response to PD-1 inhibitors.

Except for the low PD-L1 positivity rate, there 
were other factors that may lead to the low 
response in our cohort. First, 4 (67%) of the 
patients had ECOG performance status of 1. 
Second, 3 (50%) of the patients had peritone-
um metastasis and 2 of them suffered from 
ascites. Previous study had found that poor 
performance status and peritoneum metasta-
sis were negative predictors to PD-1 inhibitors 
[30].

Can the different response to ICB between our 
cohort and Seung’s cohort be caused by the 
different genomic background? However, we 
found that the mutational features and TMB 
levels were comparable among these three 
cohorts (current cohort, Kim et al. cohort and 
Wang et al. cohort) [4, 14], signifying that the 
different response to ICB between our cohort 
and Seung’s cohort may not be explained by 
genomic background.

Another difference between our current study 
and Kim et al. study is the generic name of  
PD-1 inhibitors, camrelizumab in our study and 
pembrolizumab in Kim et al. study [14]. In the 
KEYNOTE-059 trial, the ORR of pembrolizumab 
for mGC patients in third-line setting was 11% 
[2]. Camrelizumab was reported to have en- 
couraging efficacy in mGC patients, with an 
ORR of 23% [6]. Therefore, the different re- 
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Figure 3. A. Oncoplot showing the genomic landscape of patients with EBV-positive gastric cancer in both our da-
taset and two public datasets. The top bar summarizes the total mutation count in each sample. Annotation bar at 
the bottom presents the clinical features. Colors from the heatmap indicate mutational classification identified in 
each gene. B. Comparison of TMB among the three cohorts. P values were calculated with the Kruskal-Wallis test. 
C. Correlation analysis between tumor-derived TMB (tTMB) and cfDNA derived TMB (bTMB).
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sponse cannot be explained by the kinds of 
PD-1 inhibitors.

Though the response rate to anti-PD-1 antibody 
was low, the DCR in our study was higher than 
that with pembrolizumab in the KEYNOTE-059 
study (67% vs. 27.0%, respectively) [2] and the 
nivolumab arm in the ATTRACTION-02 study 
(67% vs. 40.3%, respectively) [3, 30]. Further- 
more, the DCR in the present study was simi- 
lar to previous reports in EBVaGC patients 
(75.0% in Wang et al. study) [4]. Moreover, the 
median PFS (2.2 months) and OS (6.8 months) 
in our cohort was better, or at least compar- 
able to the results in the KEYNOTE-059 (PFS: 
2.0 months; OS: 5.6 months) and ATTRAC- 
TION-02 studies (PFS: 1.6 months; OS: 5.3 
months) [2, 3, 30]. There could be two attribut-
able reasons for the superior survival obser- 
ved in our cohort. First, EBV-positive patients 
could be associated with better prognosis than 
EBV-negative patients [31], and second, high 
DCR in the current study could have contribut-
ed to PFS and OS. The present finding led us  
to consider the optimal endpoint for third-line 
PD-1 inhibitors in mGC patients. Compared 
with ORR, DCR or OS may be better primary 
endpoint for PD-1 inhibitors.

In our study, most toxicity of camrelizumab 
observed were similar to those previously 
reported [6]. Other immune-related AEs, such 
as skin disorder and hypothyroidism, were all 
grade 1 or 2 and successfully controlled with 
observation or complementary therapy.

The limitation of our present study is the small 
sample size. However, the sample size was cal-
culated by the Simon’s optimal two-stage 
design. We did not move to the second stage 
study because no efficacy was found in the first 
6 patients. This is the first prospective study to 
evaluate the efficacy and side effect of PD-1 
antibody in metastatic EBV positive gastric 
cancer.

In conclusion, this single-arm, open-label pha- 
se 2 trial revealed that EBV positivity may not 
be an ideal biomarker to predict response to 
anti-PD-1 antibody in mGC. PD-L1 expression 
may be the confounding factor.
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Supplementary material

Study protocol

PD-1 antibody (Camrelizumab) in EBV positive metastatic gastric cancer patients.

Background

Several studies have reported the safety and efficacy of programmed cell death-1 (PD-1) inhibitors in 
mGC patients, with an ORR ranging from 11% to 23.3%. EBV positivity was identified as a distinct 
molecular subtype of GC by The Cancer Genome Atlas (TCGA) Research Network. EBV positive tumor 
accounts for 9% according to the TCGA study and approximately 5% in China. In June 2018, Panda et al. 
reported that one EBVaGC patient with low TMB and microsatellite stability (MSS) achieved partial 
response (PR) after treatment with a PD-L1 inhibitor. Another study reported a 100% ORR with PD-1 
inhibitor in EBV-positive mGC patients but the sample size was relatively small (n=6). Camrelizumab 
(also known as SHR-1210) is a selective, humanized, high-affinity immunoglobulin G4 κ monoclonal 
antibody against PD-1. Camrelizumab was reported to have encouraging efficacy in mGC patients in 
China, with an ORR of 23.3%. In the present study, we will assess the efficacy and safety of camreli-
zumab as salvage treatment in EBV-positive mGC patients.

Study design

This is a single-center, single-arm, open-label, prospective phase 2 study (ClinicalTrials.gov, Identifier 
NCT03755440) conducted at the Sun Yat-sen University Cancer Center (Guangzhou, China).

EBV positive metastatic GC patients who fail to standard chemotherapy will receive therapy of single 
agent, PD-1 antibody, Camrelizumab (also known as SHR-1210), 200 mg, every 2 weeks. The primary 
endpoint is response rate. Secondary endpoint is progress free survival, overall survival, safety and 
quality of life. 

Sample size was determined using Simon’s optimal two-stage design, with a significance level of 5% and 
power of 80%. P0=15% (null hypothesis) was based on the results of previously published studies using 
ORR with anti-PD-1 antibody in mGC (11-23%). P1=45% or higher (alternative hypothesis) was consid-
ered as a success in EBV-positive mGC. The presence of at least 1 response (CR or PR) in the 6 patients 
enrolled in the first stage allowed the trial to proceed to the second stage, in which another 13 patients 
would be enrolled. Considering a drop-out rate of 5%, a total of at least 20 patients were needed for this 
two-stage trial.

Patients provided either newly biopsy-obtained or archival tumor samples for the assessment of PD-L1 
expression, mismatch repair (MMR) status, and whole-exome sequencing.

Criteria

Inclusion criteria: 1) Histologically confirmed Recurrent/Metastatic gastric adenocarcinoma; 2) EBER 
positive; 3) Failed from first-line platinum and fluorouracil based chemotherapy and second-line chemo-
therapy; or could not tolerate systematic chemotherapy; 4) ECOG performance status of 0 or 1; 5) Life 
expectancy ≥12 weeks; 6) Subjects must have measurable disease by CT or MRI per RECIST 1.1 criteria; 
7) Can provide either a newly obtained or archival tumor tissue sample; 8) Adequate laboratory param-
eters during the screening period as evidenced by the following: Absolute neutrophil count ≥1.5×10^9/L; 
Platelets ≥90×10^9/L; Hemoglobin ≥9.0 g/dL; Serum albumin ≥2.8 g/dL; Total bilirubin (TBIL) ≤1.5× 
upper limit of normal (ULN), ALT and AST ≤1.5× ULN Creatinine clearance ≥50 mL/min; 9) Female of 
child bearing potential, a negative urine or serum pregnancy test result within 72 h before study treat-
ment. Participants of reproductive potential must be willing to use adequate contraception for the 
course of the study through 60 days after the last dose of SHR-1210. Male subjects must be willing to 
use adequate contraception for the course of the study through 120 days after the last dose of SHR-
1210; 10) Subjects must be willing to participate in the research and sign an informed consent form 
(ICF).
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Exclusion criteria: 1) Subjects with any active autoimmune disease or history of autoimmune disease; 
2) Subjects having clinical symptoms of metastases to central nervous system (such as cerebral edema, 
requiring steroids intervention, or brain metastasis progression); 3) Has a known additional malignancy 
within the last 5 years before study treatment with the exception of curatively treated basal cell and 
squamous cell carcinoma of the skin and/or curatively resected in-situ cervical cancers; 4) Uncontrolled 
clinically significant heart disease, including but not limited to the following: (1) > NYHA II congestive 
heart failure; (2) unstable angina; (3) myocardial infarction within the past 1 year; (4) clinically significant 
supraventricular arrhythmia or ventricular arrhythmia requirement for treatment or intervention; 5) 
Concurrent medical condition requiring the use of cortisol (>10 mg/day Prednisone or equivalent dose) 
or other systematic immunosuppressive medications within 14 days before the study treatment. Except: 
inhalation or topical corticosteroids. Doses >10 mg/day prednisone or equivalent for replacement ther-
apy; 6) Has received prior anti-cancer monoclonal antibody (mAb), chemotherapy, targeted small mole-
cule therapy within 4 weeks prior to first dosing or not recovered to ≤CTCAE 1 from adverse events 
(except for hair loss or neurotoxic sequelae from prior platinum therapy) due to a previously adminis-
tered agent; 7) Palliative irradiation finished within 2 weeks; 8) Active infection or an unexplained fever 
>38.5°C before two weeks of first dosing (subjects with tumor fever may be enrolled at the discretion of 
the investigator); 9) Known Human Immunodeficiency Virus (HIV) infection-active Hepatitis B or Hepatitis 
C; 10) Currently participating or has participated in a study within 4 weeks of the first dose of study 
medication; 11) Pregnancy or breast feeding; 12) Prior therapy with a PD-1, anti-PD-Ligand 1 (PD-L1) or 
CTLA-4 agent; 13) Subjects are known to have a history of psychiatric substance abuse, alcoholism, or 
drug addiction; 14) According to the investigator, other conditions that may lead to stop the research.

Study drug

Camrelizumab (Also known as SHR-1210) is provided by Jiangsu Hengrui Pharmaceuticals Co., Ltd. It is 
freeze-dried powder injection. It is 200 mg/20 ml per dose.

Potential benefit and risk

(1) Benefit: EBV positivity was identified as a distinct molecular subtype of GC by The Cancer Genome 
Atlas (TCGA) Research Network. EBV positivity may be a biomarker to predict response to PD-1 inhibi-
tors. Camrelizumab was reported to have encouraging efficacy in mGC patients in China, with an ORR of 
23.3%. You will receive Camrelizumab for free. Insurance will be covered.

(2) Risk: The side effect profiles for camrelizumab included reactive cutaneous capillary endothelial 
proliferation, rash, hypothyroidism, hyperthyroidism, fatigue, elevated transaminase et al. Most of the 
side effects were grade 1 or 2 and tolerable. 

Ethics approval and consent to participate

This study was conducted at Sun Yat-sen University Cancer Center (Guangzhou, China). It was per-
formed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of 
Sun Yat-sen University Cancer Center (No. B2018-058-01).


