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Abstract

Background
Immunotherapy has revolutionized the treatment of malignant tumors. However, limited clinical data are available to report the e�cacy of immune checkpoint
inhibitors (ICIs) on Epstein-Barr virus-associated gastric carcinoma.

Methods
In this study, we report a case series of �ve patients with metastatic Epstein-Barr virus-associated gastric carcinoma who were treated with ICIs and to perform
a pooled analysis of published cases to investigate the e�cacy of ICIs in Epstein-Barr virus-associated gastric carcinoma patients.

Results
Between 2018 and 2020, �ve metastatic gastric cancer patients with EBV positivity who received PD-1 antibodies treatment were included in the analysis at
the authors’ institution. Furthermore, we performed a pooled analysis of the contemporary literature. In our case series, two patients experienced partial
response (PR); one patient achieved complete response (CR), whereas two patients had progression disease (PD), resulting an ORR of 60%. In the pooled
analysis of all 36 patients, ORR was 48.6% (17/35). For the �rst line and later lines, it was 75% (3/4) and 45.2% (14/31) respectively. The ORR was 46.7%
(14/30) for ICIs monotherapy and improved to 60% (3/5) by combination with chemotherapy.

Conclusions
These results demonstrated that an EBV-positive status was a reliable biomarker for immunotherapy in metastatic gastric cancer, especially for monotherapy.
Immunotherapy combined with chemotherapy may be a better strategy, warranting further large-scale clinical trials for validation.

Background
According to the Global Cancer Statistics 2018, gastric cancer (GC) is the �fth most frequently diagnosed cancer and the third leading cause of cancer death
(1). Advanced gastric cancer patients have a poor prognosis with a median survival time, if treated with chemotherapy, of less than one year. Checkpoint
inhibitor-based immunotherapy for gastric cancer has yielded promising overall survival (OS) in recent years. Anti-PD-1 antibody has been approved for the
third-line treatment of advanced gastric cancer according to the results of KEYNOTE-059 and ATTRACTION-2 trials (2, 3). However, the ORR of PD-1 inhibitors
monotherapy was only about 10% in above-mentioned clinical trials. Pembrolizumab in KEYNOTE-061 didn’t show signi�cant improvement in OS compared
with paclitaxel as second-line therapy (4). Checkmate 649 and ATTRACTION-4 both demonstrated that anti-PD-1 antibody plus chemotherapy was superior to
chemotherapy in PFS or OS (5, 6) while KEYNOTE-062 didn’t (7). The low effective rate of immunotherapy alone and controversial survival outcomes in these
trials underline the urgent need to identify biomarkers for patient selection to increase the clinical bene�t from immune checkpoint inhibitors (ICIs) in GC.

By analysis of TCGA data, EBVaGC exhibits strong evidence of immune in�ltration, higher lymphocytic in�ltration and higher expression of immune
checkpoint pathway genes(8), indicating that EBV-positive status was a potential biomarker for immunotherapy in gastric cancer (9). Kim et al reported that
EBVaGC patients administrated with pembrolizumab after �rst-line therapy all reached PR (10). However, other studies showed the ORR was only 16.7%-28.6%
for EBVaGC patients received anti-PD-1 antibody alone after �rst-line therapy (11–14), which was only comparable with or slightly higher than the response
rate of pembrolizumab alone in total population of KEYNOTE-059 and KEYNOTE-061(3, 4). This contradictory phenomenon highlights the signi�cance to
explore whether EBV positivity is an effective response predictor of immune checkpoint inhibitors (ICIs) and which regimen is optimal for EBVaGC. In view of
limited evaluation on the e�cacy of ICIs on EBVaGC, we reported a case series of �ve patients with metastatic EBVaGC who received ICIs treatment in our
hospital and performed a pooled analysis of published cases to investigate the role of EBV-positive status in prediction of immunotherapy e�cacy.

Methods
From May 2018 to 2020, we collected metastatic EBVaGC patients received PD-1 antibodies treatment in the Departments of Abdominal Oncology of West
China Hospital. RECIST 1.1 criterion was used to evaluate responses to treatment. The eligibility criteria were the presence of histologically proven EBVaGC
and availability of response to treatment data and clinicopathological characteristics. All participating patients were at TNM staging IV and received at least
one cycle of ICIs. Patients were treated with ICIs alone or combined with chemotherapy. For estimation of ORR, the best responses in the case report or case
series were used.

A systematic search in Google Scholar and PubMed databases was carried out using the following key words: immunotherapy, immune checkpoint inhibitors,
PD-1, PD-L1, anti-PD-1 therapy, anti-PD-L1 therapy, Epstein-Barr virus-associated gastric carcinoma, EBVaGC, Epstein-Barr virus positive, Epstein-Barr virus,
metastatic gastric cancer.

Results

Case Series: The Clinicopathologic Characteristics
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From May 2018 to Dec 2020, �ve metastatic EBVaGC patients received PD-1 antibodies treatment in the Departments of Abdominal Oncology of West China
Hospital. The clinicopathologic and genetic characteristics of the �ve patients are summarized in Table 1. The median age was 47.2 years (range, 27-59y) and
most patients were male (4/5). All patients were adenocarcinoma, and four morphologically characterized as lymphoepithelioma-like carcinoma and shows
increased lymphocyte in�ltration in the tumor microenvironment. EBV status was focally positive for EBV-encoded small RNA (EBER) in the tumor cells by in
situ hybridization (ISH) on unstained slides from para�n-embedded tumor blocks. Moreover, three patients performed next generation sequencing (NGS) test,
and the results including genomic alterations, PD-L1 expression and tumor mutation burden (TMB) were listed in Table 1. The tissue was mismatch repair
pro�cient (pMMR) or microsatellite stable (MSS) in every patient if detected. As for personal history and family history, two patients had a smoking history of
more than 20 years and a patient had a sister who was diagnosed with EBV+ NK/T cell lymphoma.

Case Series: The Treatment Information
The detailed treatment information was also listed in Table 1. Only one patient received curative gastrectomy and then developed recurrence and metastasis
four years later. Rest of them initially lacked the chance of radical surgery at baseline and only got a palliative resection or exploratory operation. ICIs alone or
combined with chemotherapy were used as the �rst-line, second-line, and third-line in 2, 2 and one patient(s) respectively. Before immunotherapy, one patient
with peritoneal metastases received systemic SOX (S-1 combined with oxalipaltin) plus intraperitoneal paclitaxel chemotherapy and one received SOX as �rst
line treatment; one experienced a progression after SOX then TP chemotherapy. Involved immunotherapy drugs included Pembrolizumab and Sintilimab (PD-1
antibody approved by China Food and Drug Administration). Three patients were administrated immunotherapy in combination with chemotherapy and two
patients had monotherapy. One patient was treated with Sintilimab plus Paclitaxel-albumin, one was Sintilimab plus SOX, and one was Pembrolizumab plus
PF (Cisplatin, Fluorouracil). Among all patients, two achieved partial response (PR), and one even obtained complete response (CR), leading an ORR and rate
of disease control (DCR) of 60%(Fig. 1). Two untreated patients both achieved PR with an ORR of 100% (2/2) and the ORR for later-line was 33.3% (1/3). The
mean PFS was 5.2 months (range from 1.2 months to not reach) and two patients were still in response. One patient (No.3) achieved CR after seven doses of
Sintilimab as the second-line treatment and so far with the duration of response exceeding ten months. CR status was further proved by endoscopic biopsy
and PET/CT. Two patients (No.2 & No.4) had disease progressed after 2 cycles of ICIs and died in a short time, and one of them even had hyperprogression.
No patients had severe immune toxicity. The mean number of cycles of immunotherapy was 5.6 (ranging from 2 to 16).

Table 1
The Clinicopathologic, Gene Characteristics and Treatment Features of Patients in Our Institution.

No. Age Sex ECOG
PS
Score

Pathology Primary
lesion

Metastases Previous
regimens

Immunotherapy MMR MSI HER2 PD-L1

1 45 M 0 Partly LE-like
ca

body Lymph
nodes

liver

Radical
Surgery

Sintilimab*4 +SOX*5 NA MSS 0 TPS=30%
CPS=5

2 54 M 1 poorly
differentiated
AG

Body-
fundus
conjunction

Lymph
nodes

Peritoneum

SOX+Tip Sintilimab+Paclitaxel-
albumin*2

pMMR MSS 0 TPS<1%
CPS<1

3 59 M 0 LE-like ca body Peritoneum SOX Sintilimab*25 NA NA 0 NA

4 27 F 1 LE-like ca body Peritoneum
Liver

SOX→TP Pembrolizumab*2 pMMR MSS 0 TPS=5%
CPS=6

5 51 M 0 LE-like ca Body Lymph
nodes liver

NA Pembrolizumab+
PF*4

pMMR NA 0 NA

M indicates male; F, female; NA, no available; PD-1, programmed death 1; PD-L1, programmed cell death protein 1; AG, adenocarcinoma gastric cancer; SRC, s
N, no; ca, carcinoma; PR, partial response; SD, stable disease; PD, progression disease; SOX, S1+ oxaliplatin; XELOX, capecitabine + oxaliplatin; PF, cisplatin+ �
intraperitoneal paclitaxel; pMMR, pro�cient DNA mismatch repair; MSS, microsatellite instability-stable; TMB, tumor burden; PFS, progression-free survival; OS
no progression at the last follow-up.

Review Results
As of 2020/12/31, 36 cases (including the present �ve cases) from 6 reports were found eligible for the present analysis (9–14). Patients were pathologically
con�rmed EBVaGC and from four countries including Canada, China, Japan and Korea. The references, patient numbers, pathology, PD-L1 expression and
treatment were listed in Table 2. All patients were MSS or pMMR if the tissue was detected for these items, so these results were not included in the table.
Except for 11 patients whose PD-L1 ex-pression were no report, majority of them were positive for it with 19 patients whose CPS>1. PD-1 inhibitors including
nivolumab, pembrolizumab, camrelizumab, toripalimab and sintilimab were used as monotherapy or combined with chemotherapy or other ICIs. Monotherapy
shared the most percentage of 86.1% and ICIs plus chemo-therapy were used in only �ve patients. 88.9% of patients had a history of anti-tumor therapy while
only four patients received ICIs as �rst line. Due to limited information, we only summarized the ORR for survival analysis. Among all patients, the ORR was
48.6% with 16 patients experience PR and one CR. For monotherapy, the ORR was 46.7% and for combination with chemotherapy was 60%. The ORR was 75%
for the �rst-line and 45.2% for the later-lines respectively.
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Table 2
The Summary of Response to ICIs in Metastatic EBVaGC in Published Papers.

References Num of
Pts

Pathology PD-L1 Immunotherapy Previous lines Response

(Panda, A., et al. 2018) 1 AG NR Avelumab 2 PR

(Kim, S.T., et al.2018) 6 AG CPS:5

CPS:1

CPS:80

CPS:80

CPS:35

CPS:15

Pembrolizumab >=1 PR

(Mishima, S., et al.
2019)

4 AG CPS>=1 Nivolumab >=2 PR

NR*3

NR*3

NR*3

(Xie, T., et al.2020) 9 AG

SRC

CPS:5

CPS:10

CPS:5

CPS:0

CPS:30

CPS:20

CPS:50

CPS: 10

CPS: 0

PD-1 inhibitor*

PD-L1 inhibitor*1

PD-1 inhibitor* + XELOX

Nivolumab+ipilimumab→nivolumab

Nivolumab→nivolumab+S1

Nivolumab

1

2

1

2

2

0

0

1

1

SD

PR

SD

SD

SD

SD

PR

PR

*2

(Qiu, M.-Z., et al.2020) 7 AG NR 4 camrelizumab

3 toripalimab

2 pts had 1 line; 5pts had 2
lines

PR

PR

SD

SD

PD

PD

PD

Our institution

Our institution

5

5

AG

AG

TPS=30%,CPS=5

TPS<1%,CPS<1,

NA

TPS=5%, CPS=6

NA

Sintilimab+SOX

Sintilimab+Paclitaxel-albumin

Sintilimab

pembrolizumab

pembrolizumab+PF

0

1

1

2

0

PR

PD

CR

PD

PR

NR, no report; (PD-1, programmed death 1; PD-L1, programmed cell death protein 1); SRC, signet-ring carcinoma; (PR, partial response; SD, stable disease;
PD, progression disease; SOX, S1+oxaliplatin; XELOX, capecitabine + oxaliplatin; PF, cisplatin+ �uorouracil;)*1 the speci�c drug was no report; *2 lack of
measurable lesion; *3 PD or SD.

Discussion
EBVaGC is one of the four major genomic gastric cancer types de�ned by The Cancer Genome Atlas (TCGA) in 2014, associated with 8.7% of gastric
carcinoma worldwide (8). Compared with EBV-non associated GC (EBVnGC), EBVaGC is characterized by recurrent PIK3CA mutations, extreme DNA
hypermethylation, and ampli�cation of JAK2, CD274 (also known as PD-L1) and PDCD1LG2 (also known as PD-L2) according to TCGA subtype. Usually,
patients with EBVaGC present a best prognosis for both recurrence-free survival and overall survival, and they seemed to be chemotherapy-resistant and the
ORR for �rst-line chemotherapy were 29.0%, nearly half of that of EBV-negative GC(15). Extensive lymphocyte in�ltration and constitutive expression of
immunosuppressive molecules PD-L1/PD-L2 in EBVaGC highlight the potential of EBV status as a novel biomarker for immunotherapy e�cacy in gastric
cancer. In 2018, Kim et al conducted a single-center, phase 2 trial in which 61 unselected patients with metastatic GC received pembrolizumab monotherapy
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and performed integrated molecular pro�ling(10). Dramatic responses of EBVaGC to pembrolizumab were observed with an ORR of 100%, but the study only
included six patients. In contrast, another four studies showed the ORR was only 16.7%-28.6% for EBVaGC patients received anti-PD-1 antibody alone after
�rst-line therapy (11–14). In this article, we reported the e�cacy of ICIs in a case series of metastatic EBVaGC patients in our institute and then performed a
pooled analysis. The ORR was 60% for the �ve cases in our hospital, while 48.6% for all patients in the pooled analysis. Moreover, based on the results of
pooled analysis, the ORR of ICIs monotherapy on EBVaGC was better than that of ICIs monotherapy on unselected GC in ATTRACTION-2 trial (46.7% vs 11.9%)
3. These results demonstrated that an EBV positive status was a reliable biomarker for immunotherapy in metastatic gastric cancer. ICIs combined with
chemotherapy seemed to have a better response than immunotherapy alone with an ORR of 60% and 46.7% respectively, indicating immunotherapy combined
with chemotherapy maybe a better strategy than immunotherapy alone for the �rst line treatment of metastatic EBVaGC.

Besides EBV status, other potential biomarkers of ICIs used in clinical practice include MSI, TMB, PD-L1(3, 12, 16–19).Microsatellite instability (MSI) status
and tumor mutation burden (TMB) have been widely accepted as potential biomarkers for response to anti-PD-1/PD-L1 antibody in many types of cancer. PD-
L1 expression was also usually associated with good response rate for immunotherapy in gastric cancer. However, these biomarkers could not completely
cover EBV positive gastric cancer, which also bene�ts from immunotherapy. First, MSI-H is mutually exclusive with EBV positivity (10). Second, majority of
EBVaGC are TMB-L (20), such as the patient No.1 in our case series. Third, Although EBVaGC is characterized by marked high expression of PD-L1(12), a
substantial proportion of it does not express high levels of PD-L1(14). Moreover, the relationship between PD-L1 expression and e�cacy of ICIs was
inconsistent across different trials (21), and even PD-L1 positive patients were possible to resistant to immunotherapy. In short, TMB-H, MSI-H, PD-L1 or EBV
positive patients would be more likely to bene�t from immunotherapy. With the current understanding of cancer immunology, a single parameter may not be
su�cient to predict immunotherapy e�cacy. Therefore, the future research of biomarker should address the integration of multi-omics biomarkers with an
interdisciplinary approach.

It is accepted that ICIs require an endogenous adaptive immune response to be effective and EBVaGC is considered bene�cial owing to presumably activated
T cells in response to viral antigens (22). However, large heterogeneity exists in the immune contexture of GC even in its subtype; favorable factors and
downsides were found in types traditionally insensitive and sensitive to ICIs (23). This kind of heterogeneity partly explains why patients displayed diverse
response to ICIs in our cases and it is reasonable to relate e�cacy of immunotherapy to tumor immune environment (TME) (24). Researchers proposed a way
of categorizing patients under four TME groups with potential implications for mechanism and therapy according to PD-L1 expression and the presence of
TILs in tumor biopsies (25), (26). About 65% of EBVaGC cases fell into type I (TILs+ PD-L1+) or type IV (TILs+ PD-L1-) microenvironments (27). In our cases,
genetic testing of patient No.2 and No.4 were consistent with this �nding since they were type IV and I respectively. Overregulation of activated TILs due to the
effect of the B7-H1/PD-1 pathway and potentially other T cell regulatory pathways, dysfunctional TILs in the TME due to suppression by molecular pathways
may explain the antitumor immune defect in EBVaGC patients (28). More basic and clinical researches are in need of exploration.

Ongoing clinical trials about ICIs e�cacy in GC including EBV positive subtypes are all enumerated in the Table 3. They are phase II or I/II which objective
population are not limited to advanced patients. PD-1/PD-L1 antibody plus chemotherapy is the main condition instead of monotherapy; some drugs are
designed in combination with CTLA-4 inhibitors or antiangiogenic therapy. We are convinced that with more prospective large-scale clinical tests, a better
standard treatment for EBVaGC would be �nally found.

Table 3
Ongoing Trials Evaluating Immune Checkpoint Inhibitors e�cacy related to EBVaGC

Study
identi�er

Status Stage Drug treatment Outcome Measures Phases Study
Designs

NCT04675866 Not yet
recruiting

Advanced Camrelizumab+S-1+Albumin-bound
paclitaxel

ORR/DCR/OS/PFS II Single Group
Assignment

NCT04202601 Recruiting Advanced Sintilimab+IBI310(CTLA-4 antibody) pCR/ORR I/II Single Group
Assignment

NCT04152889 Recruiting III Camrelizumab+S-1+Docetaxel DFS II Single Group
Assignment

NCT03755440 Enrolling by
invitation

Metastatic SHR-1210(PD-1 antibody) RR/PFS/OS/DCR II Single Group
Assignment

NCT03257163 Recruiting IB-IIIC Capecitabine, Pembrolizumab RFS rate II Single Group
Assignment

NCT04250948 Recruiting Locally
Advanced

JS001(PD-L1 antibody)
+Oxaliplatin+S1+Capecitabine

TRG0/1/pCR/R0 resection rate
/RFS/ORR/DCR/OS

II Parallel
Assignment

NCT04632459 Not yet
recruiting

Metastatic Pembrolizumab +ramucirumab ORR II Single Group
Assignment

NCT03751761 Recruiting Metastatic durvalumab/tremelimumab (CTLA-4
antibody) +paclitaxel

RR I/II Single Group
Assignment

KCT0004186 Recruiting Advanced paclitaxel+nivolumab MTD; RP2D; PFS Ib/II Single Group,
Blinding

RFS, recurrence-free survival; MTD, maximal tolerated dose; RP2D, recommended phase 2 dose; GEJ, gastroesophageal junction; pCR, pathologic complete
response

Conclusions
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To sum up, an EBV-positive status is a reliable biomarker for immunotherapy in metastatic gastric cancer. Prospective clinical trials are needed to validate the
e�cacy of immunotherapy in combination with chemotherapy.

List Of Abbreviations
ICIs, immune checkpoint inhibitors; EBV, Epstein-Barr virus; EBVaGC, Epstein-Barr virus-associated gastric carcinoma; PR, partial response; CR, complete
response; PD, progression disease, ORR, Objective response rate; GC, gastric cancer; OS, overall survival; PFS, progression-free survival;  EBER, EBV-encoded
small RNA; ISH, in situ hybridization; NGS, next generation sequencing; TMB, tumor mutation burden; pMMR, mismatch repair pro�cient; MSS, microsatellite
stable; SOX, S-1 + oxaliplatin; TP, cisplatin +paclitaxel; PF, cisplatin + �uorouracil; DCR ,rate of disease control.
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Figure 1

Waterfall Plot of Response to ICIs in the patients of our center.


