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Summary: Immunotherapy has exhibited promising but controversial
results in gastric cancer; determining criteria for choosing the appropriate
target population is still problematic. Epstein-Barr virus (EBV)-
associated gastric carcinoma (EBVaGC) exhibits distinctive genomic
aberrations and clinicopathologic features, the positive status of EBV is a
potential biomarker. We prospectively recruited 9 patients who were
diagnosed with stage-IV EBVaGC, and all of the patients were treated by
immune-checkpoint inhibitors. The median age of the patients was
62 years old. The clinicopathologic characteristics demonstrated a male
predominance and poor differentiation status of EBVaGC. Lymph
nodes were demonstrated to represent the most common metastatic site.
Immunochemistry and polymerase chain reaction analysis revealed that
all of the patients were proficient mismatch repair, and microsatellite
instability-stable and programmed cell death-ligand 1 were detected in 7
patients. Three patients with positive programmed cell death-ligand 1
showed partial response, 5 patients showed stable disease, 1 patient
without measurable lesion showed decreasing ascites and tumor marker
level after immunotherapy. The longest duration of response was
18 months by the time of the last follow-up. EBVaGC exhibits distinctive
clinicopathologic characteristics, and EBV-positive status may be a
potential biomarker for gastric cancer immunotherapy.

Key Words: gastric cancer, Epstein-Barr virus, immune-checkpoint
inhibitor, biomarker

(J Immunother 2020;43:139-144)

espite the administration of cytotoxic chemotherapy and

targeted therapy, the prognosis of gastric cancer is still
dismal and disappointing.'> Immunotherapy for gastric cancer
—which primarily consists of programmed cell death-1/
programmed cell death-ligand 1 (PD-1/PD-L1) and/or cytotoxic
T-lymphocyte-associated antigen-4 inhibitors—has yielded
promising but controversial results over recent years. Specifically,
the ATTRACTION-2 study demonstrated superior antitumor
activity and survival outcomes with nivolumab versus placebo in
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later-line management of advanced gastric cancer.* Meanwhile,
the KEYNOTE-059 study reported a 60% objective response
rate (ORR) in pembrolizumab plus the chemotherapy arm, and
pembrolizumab monotherapy showed a similar ORR compared
with that of chemotherapy, which was consistent with that of
nivolumab.’ Controversially, the KEYNOTE-062 study—which
was a phase-IIl 3-arm clinical trial—indicated that although
pembrolizumab plus chemotherapy exhibited a favorable ORR,
it did not prolong progression-free survival (PFS) or overall
survival (OS). Pembrolizumab monotherapy showed a lower
ORR and noninferior OS compared with that of chemotherapy.®
Meanwhile, both KEYNOTE-061 and JAVELIN Gastric-300
studies failed to show the superiority of immunotherapy over
chemotherapy.”® Because of the low effective rate of immuno-
therapy and controversial survival outcomes in these previous
clinical trials, further studies are needed to better determine the
criteria for choosing the appropriate target population among
this putatively high heterogenous group, as well as to identify
novel biomarkers for improving immunotherapy of gastric
cancer.

PD-L1 expression, microsatellite instability (MSI) status,
tumor mutation burden, and Epstein-Barr virus (EBV) pos-
itivity have subsequently been proposed as potential bio-
markers in gastric cancer immunotherapy.® In the KEY-
NOTE-059 cohort 1, pembrolizumab monotherapy showed
an ORR of 22.7% [95% confidence interval (CI), 13.8%—
33.8%] and 8.6% (95% CI, 2.9%-19.0%) in PD-L1-positive
and PD-LI-negative groups, respectively.'® The KEYNOTE-
059 cohort 2 showed a similar superiority when comparing
PD-L1-positive and PD-L1-negative subgroups in previous
untreated gastric cancer patients.’ However, in the KEY-
NOTE-061 and JAVELIN Gastric-300 studies, no improve-
ment was observed in the PD-LI-positive group.” In con-
trast, microsatellite instability-high (MSI-H) correlated with a
large number of neoantigens and tumor-infiltration lympho-
cytes. In the KEYNOTE-059 cohort 1, the ORRs were 57.1%
(95% CI, 18.4%-90.1%) and 9.0% (95% CI, 5.1%-14.4%) in
the MSI-H and non-MSI-H groups respectively.'? Kim et al’
reported that 6 of 7 MSI-H patients showed objective
responses, with 3 having complete response and 3 having
partial response (PR). In the same study, 8 patients showed a
high mutational load—with 6 patients exhibiting MSI-H and
1 patient being EBV-positive—and the ORR reached 88.9%.°

Epstein-Barr  virus-associated  gastric  carcinoma
(EBVaGC), which is mutually exclusive with MSI-H, com-
prises ~9% of gastric cancers and exhibits distinctive genomic
aberrations and clinicopathologic features.!! These aberra-
tions and features include recurrent PIK3CA and ARIDIA
mutations, overexpression of PD-L1/PD-L2, and a high
prevalence of DNA hypermethylation. Activation of JAK2,
immune cell signaling, and mitotic pathways has also been
detected in cancer cells.!2 However, clinical information on
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EBVaGC immunotherapy is lacking. Kim and colleagues
reported that 6 EBVaGC patients all reached PR, with a
median duration of response of 8.5 months. In the 2019
American Society of Clinical Oncology (ASCO), Xu et al'3
reported that 1 of 4 patients who were EBV-positive showed
PR after immunotherapy. Hence, the validation of the effec-
tiveness of immunotherapy in EBVaGC is urgently needed.
Our present study aimed to prospectively demonstrate bio-
marker identities of the EBV-positive status for gastric cancer
immunotherapy.

METHODS

Population

We prospectively recruited patients diagnosed with
stage-IV EBVaGC patients at Beijing Cancer Hospital from
October 2015 to June 2019. Patients were treated with
immunotherapy alone or combined with chemotherapy.
Patients recruited in other clinical trials were also eligible in
our study. Patients with an ECOG score > 2 were excluded.
Clinicopathologic information regarding patient age, sex,
location, tumor stage, and immunochemical staining was
obtained from the Gastrointestinal Oncology Department at
Beijing Cancer Hospital. The American Joint Committee on
Cancer (AJCC), seventh edition, was used for staging. We
used RECIST 1.1 to evaluate responses to treatment.
Patients were followed up with phone calls until the end of
the study, or until death. The collection of survival data was
still in progress at the end of the study. Informed consent
was signed by each patient.

Treatment

Nivolumab was administrated every 2 weeks at a dose of
3mg/kg (60 min intravenous infusion), and ipilimumab was
administrated at 1mg/kg (90 min infusion). Other immune-
checkpoint inhibitors were administrated according to the pro-
tocols of previously published clinical trials. Dosage adjustments
of immunotherapy were not permitted, and administration was
suspended if severe adverse effects related to treatment occurred.
Immunotherapy was discontinued permanently if any of the
following occurred: grade-2 immune-related adverse effects
(irAEs) were not recovered after treatment; grade-3 irAE lasted
over 7 days; grade<4 irAE was observed; and/or immunotherapy
was suspended over 6 weeks. There were no protocol-specific
chemotherapy regimens. Fluoropyrimidine (S1 or capecitabine)
and platinum were used for combined immunotherapy.

Histology

Tumor specimens were obtained from endoscopic
biopsies or surgeries and were fixed with formalin. Tumor
sections were subsequently stained with hematoxylin and
eosin. Two experienced pathologists from Beijing Cancer
Hospital evaluated the tumor specimens and sections. His-
tologic phenotyping of tumors was performed according to
World Health Organization (WHO) guidelines. Lymphoe-
pithelioma-like carcinomas were detected during the
inspection, and lymphovascular and perineural invasions
were noted when present.

Immunohistochemical staining directed against
MLH1, MSH2, MSH6, and PMS2 were performed to
evaluate mismatch repair (MMR) deficiency. The antibodies
used in the procedure are summarized in Table 1. Tumors
with loss of staining in tumor cell nuclei were interpreted to
be deficient MMR, and tumors with retained nuclear
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TABLE 1. Antibodies Used for Immunochemical Studies

Antibody Clone Company
MLH1 GMO002 Genetech
MSH2 RED2 Genetech
MSH6 EP49 Genetech
PMS2 EP51 Genetech
Her-2 4B5 Roche (ULTRA)
PD-L1 22C3 DAKO

staining for all MMR proteins were deemed proficient
mismatch repair (pMMR).

Immunochemical staining for human epidermal growth
factor receptor 2 (Her-2) was evaluated using standard cri-
teria, and the extent of overall staining or membranous
staining was recorded. PD-L1 staining was performed to
assess interactions between tumor cells and lymphocytes.
PD-L1 in both tumor cells and stroma were recorded.

The following 5 MSI markers were used for analysis:
BAT-25, BAT-26, NR-21, NR-24, and MONO-27. Insta-
bilities in > 2 microsatellite loci were categorized as MSI-H,
an instability in a single loci was categorized as MSI-low,
and an absence of MSI in all the 5 markers was categorized
as microsatellite instability-stable (MSS; GENTRON).

EBV Detection

EBV status was evaluated by chromogenic EBV-
encoded RNA in situ hybridization (Leica Biosystems),
which was performed on unstained slides cut from paraffin-
embedded tumor blocks. Strong signals in tumor cell nuclei
with negative signals in surrounding lymphocytes and nor-
mal tissue were considered to be positive results.

RESULTS

The Clinicopathologic Characteristics of EBVaGC
Patients

The clinicopathologic characteristics of EBVaGC
patients are summarized in Table 2. Nine patients diagnosed
with EBVaGC were included in the analysis. The median
age was 62 years old. Only one of the patients was female,
and the male to female ratio was 8:1. Six of the patients had
a positive smoking history, and 4 of them had a positive
drinking history. All of the patients were diagnosed with
advanced or metastatic EBVaGC. Two of the patients
showed overlapping lesions, and 1 lesion was detected in the
remnant stomach. Most of the tumors (8/9, 88.9%) were
classified as adenocarcinoma; partial signet-ring carcinoma
was found in one of the patients. Overall, 67% of the tumors
were poorly differentiated, and the rest of the tumors (3/9,
33.3%) were moderately poorly differentiated. More than
half of the patients had at least 2 metastatic sites, with
lymph node metastasis being the most common site (7/9,
77.8%). In addition, 2 patients (2/9, 22.2%) exhibited lym-
phovascular or perineural invasion after the inspection.

Immunochemical and In Situ Hybridization
Results of EBVaGC Patients

The results of the immunochemical staining and EBV
status of the EBVaGC patients are summarized in Table 3.
EBV-encoded RNA was detected in all of the patients. For
patient no. 2 and no. 3 who underwent surgery, the microscopy
mspection demonstrated massive lymphocytic infiltration
(Fig. 1). None of them exhibited Her-2 overexpression. PD-L1
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TABLE 2. The Clinicopathologic Characteristics of Epstein-Barr Virus-associated Gastric Carcinoma Patients

Patient No. Age (y) Sex Location Pathology Differentiation Metastatic Sites

1 66 Male U AG Mode-poor LN, liver, peritoneum
2 72 Female U AG Poor LN

3 51 Male GEJ AG Poor Abdomen

4 63 Male (0] AG Mode-poor LN, liver, peritoneum
5 65 Male R AG Poor LN

6 53 Male L AG Mode-poor LN, liver, bone

7 48 Male M SRC Poor LN, liver, peritoneum
8 67 Male (6] AG Poor LN, liver

9 61 Male M AG Poor Abdomen

AG indicates adenocarcinoma gastric cancer; GEJ, gastroesophageal junction; L, lower; LN, lymph node; M, middle; Mode-poor, moderately poorly
differentiated; O, overlapping; R, remnant; SRC, signet-ring carcinoma; U, upper.

was detected in 7 of 9 patients. All of the patients were pMMR,
and aside from the patients without available data, all of them
were also MSS.

Therapeutic Information and Prognosis
of EBVaGC Patients

None of the patients underwent neoadjuvant therapy.
Radical surgery was conducted in 4 patients (4/9, 44.4%).
The adjuvant chemotherapy was chosen based on the
National Comprehensive Cancer Network (NCCN) guide-
lines, which recommend fluoropyrimidine and platinum as
the most commonly used approach. However, recurrence
was observed within a year among all of these patients.
Immunotherapy was used as the first-, second-, and third-
line therapy in 2 (2/9, 22.2%), 4 (4/9, 44.4%), and 3 (3/9,
33.3%) of the patients, respectively (Table 4). Three patients
(no. 6, no. 8, and no. 9) were administrated combined
immunotherapy. One patient (no. 8) exhibited severe irAEs
after the first cycle, and nivolumab alone was administrated
subsequently.

Three (3/9, 33.3%) and 5 (5/9, 55.6%) patients showed
PR and stable disease after immunotherapy, respectively. It
is interesting to note that, all of the patients who showed PR
had a positive PD-L1 expression. One patient (no. 7) who
was diagnosed with peritoneum metastasis and did not have
measurable lesion showed decreasing ascites and tumor
markers level after immunotherapy for 4 months. The
waterfall plot representing the tumor reduction for each
patient with the measurable lesion is shown in Figure 2. PFS

TABLE 3. Immunochemical Staining and EBV Status of Epstein-
Barr Virus—associated Gastric Carcinoma Patients

Patient No. Her-2 PD-L1(%) MMR MSI EBER
1 0 5 PMMR  MSS +
2 0 10 pPMMR  NA +
3 2+ 5 PMMR  MSS +
4 0 0 PMMR  MSS +
5 0 30 PMMR  NA +
6 0 20 PMMR  NA +
7 1+ 0 PMMR  MSS +
8 0 50 PMMR  MSS +
9 1+ 10 PMMR  NA +

+ indicates positive; EBER, Epstein-Barr Virus-encoded small RNA;
Her-2, human epidermal growth factor receptor 2; MMR, mismatch repair;
MSI, microsatellite instability; MSS, microsatellite instability-stable; NA, not
available; PD-L1, programmed death-ligand 1; pMMR, proficient mismatch
repair.
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and OS were reached in only 2 patients. However, 3 patients
(no. 2, no. 8§, and no. 9) had durations of responses of 13.8,
18, and 10 months at the time of the last follow-up.

DISCUSSION

In this prospective observational study, we found that
EBVaGC patients treated with immunotherapy showed
favorable responses and that an EBV-positive status may
represent a promising biomarker for gastric cancer immu-
notherapy. In addition, the included EBVaGC patients
exhibited typical clinicopathologic characteristics regarding
patient sex, tumor location, PD-L1 expression, MMR, MSI,
and differentiation.

The favorable outcomes of EBVaGC patients in our
study may be interpreted by several theories. First, immune
evasion, which is an evident feature of EBVaGC, reveals the
immune-active status of the tumor and may correlate with
better responses to immunotherapy. T-cell infiltration is sig-
nificant in EBVaGC, as demonstrated by the high pro-
liferation and cytotoxicity of CD8* T cells.!* In addition,
CD4* T lymphocytes, B cells, and natural killer cells also exist
in the tumor microenvironment.! Tt has been demonstrated
by the Cancer Genome Atlas (TCGA) that immune cell sig-
naling is activated in EBVaGC cells.!> Although infiltrating T
lymphocytes play a bidirectional role in antitumor processes,
we have proposed that the administration of PD-1/PD-L1
inhibitors breaks the microenvironment equilibrium and
refuels antitumor activity.!® ITmmune evasion itself has been
demonstrated to correlate with a better prognosis and less
lymph node involvement in clinical studies.!”!® In addition,
the pathogenesis underlying immune invasion has been
thought to correlate with interleukin-1p and interferon-y
overexpression, LMP2A mutations, and EBNA1 repeats and
polymorphisms.!®2! A second interpretation regarding the
favorable outcomes of EBVaGC patients in our study
involves PD-L1 overexpression in EBVaGC. The results from
TCGA revealed a PD-L1 overexpression pattern in EBVaGC,
which was confirmed by other clinical studies.'>?223 Over-
expression of PD-L1 is thought to be a strategy for tumor cells
to elude the host immune environment. The conjunction of
PD-1 and PD-L1 leads to the inhibition of T-cell proliferation
and cytotoxicity. Hence, the blockade by PD-1/L1 axis
inhibitors may boost local immunity and eradicate tumor
cells. However, it remains uncertain as to whether PD-L1 is a
biomarker of gastric cancer immunotherapy. The KEY-
NOTE-062 study revealed that in patients with Combined
Positive Score >10, pembrolizumab yielded a superior OS
over chemotherapy. In addition, despite the KEYNOTE-061
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FIGURE 1. A, The EBER in situ hybridization and HE staining results of patient no. 2. B, The EBER in situ hybridization and HE staining
results of patient no. 3. Both of them showed massive lymphocytic infiltration. EBER indicates Epstein-Barr Virus—encoded small RNA; HE,

hematoxylin and eosin.

pembrolizumab failing to show superiority over paclitaxel,
post hoc analysis revealed that OS was significantly improved
in patients whose tumors overexpressed PD-L1 Combined
Positive Score > 10 (hazard ratio=0.64, 95% CI, 0.41-1.02).”
Hence, the cutoff value of PD-L1 plays an important role in
predicting immunotherapy outcomes. As such, the threshold
of PD-L1 should be confirmed afterward.

Several clinical trials have demonstrated the efficacy of
immunotherapy in the management of gastric cancer in recent
years. Nivolumab and pembrolizumab showed an ORR of
11.2% (95% CI, 7.7%-15.6%) and 15.5% (95% CI, 10.1%—
22.4%), respectively. !0 However, few clinical studies have
focused on determining the effectiveness of immunotherapy in

EBVaGC patients. Only Kim et al® reported that all of their 6
recruited EBVaGC patients exhibited a PR after immunother-
apy. In addition, Xu and colleagues reported a small sample size
of immunotherapy in the management of EBVaGC, with an
ORR of 25%. In the present study, we reported that 16.7% of
patients showed a PR in monotherapy, 66.7% of patients
showed a PR after combined immunotherapy, and 33.3% of
patients overall showed a PR. On the basis of the data from the
ATTRACTION-2 and KEYNOTE-059 studies, EBVaGC
patients showed favorable responses to immunotherapy and
EBV-positive status was suggested to be a potential biomarker
for gastric cancer immunotherapy. In the present study, 3 of the
patients who showed PR were PD-L1-positive, and their

TABLE 4. Therapeutic and Survival Information of Epstein-Barr Virus-associated Gastric Carcinoma Patients

Neoadjuvant Radical Adjuvant PFS (0N
Patient No. Therapy Surgery Therapy Immunotherapy Line Response (mo) (mo)
1 No No No PD-1 inhibitor 2 SD 1.8 33
2 No Yes XELOX PD-1 inhibitor 3 PR 13.8* >13.8
3 No Yes SOX PD-1 inhibitor 2 SD 24* >24
4 No No No PD-1 inhibitor 3 SD 3 10
5 No No No PD-L1 inhibitor 3 SD 4% >4
6 No No No PD-1 inhibitor+XELOX 1 SD 6* —
7 No Yes SOX Nivolumab 2 — 4% >4
8 No No No Nivolumab+ 1 PR 18%* >18

ipilimumab—nivolumab

9 No Yes NA Nivolumab—nivolumab+S1 2 PR 10* >10

*Patients were still under follow-up; PFS was not reached.
NA indicates not available; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease; SOX, S1+oxaliplatin; XELOX,

capecitabine+oxaliplatin.
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FIGURE 2. Waterfall plot of response to immunotherapy. Patient
no. 7 was skipped because of lack of measurable lesion.

durations of responses were 13.8, 18, and 10 months at the time
of the last follow-ups; this finding highlighted the long-lasting
property of immunotherapy. We conclude that EBV combined
with PD-L1 may be a more accurate biomarker combination
for determining the efficacy of immunotherapy in gastric cancer.

It was reported that ~10% of gastric cancer patients
showed hyperprogressive disease (HPD) after immune-check-
point inhibitor, exhibiting special tumor growth kinetics.2*2> It is
interesting to note that, no patient showed PD or HPD in our
study, which may due to the small sample size and the special
tumor microenvironment of EBVaGC. According to recent
studies, primary resistance to immune-checkpoint inhibitors may
associated with intrinsic or extrinsic mechanisms, such as sig-
naling pathways alternation, lack antigen mutation, alterations
of antigen processing, T-cell phenotype changes or suppressive
cell populations.’® And Kamada et al®* recently found that
regulatory T cells (Tregs) plays an important role in the HPD
mechanism. For EBVaGC, however, massive CD8" T-cell
infiltrate the tumor microenvironment, which means a relative
lower proportion of Treg and other suppressive cells. The tumor-
infiltration lymphocyte pattern and PD-L1 expression on Treg in
EBVaGC should be investigated in the future.

Our present study revealed distinctive clinicopathologic
characteristics of EBVaGC patients, such as male predominance
and poor differentiation status. Similar observations have been
documented in previous studies.'3?7 Although van Beek et al'®
reported that EBVaGC had a less common lymph node
involvement with a significantly lower N stage compared with
that of EBVnGC, our present study revealed that distant lymph
node metastasis was still the most common site.

It has been suggested by Cristescu et al?® that EBV-positive
status is associated with MSS and P53 positivity; similarly, we
found that all of the patients were pMMR and MSS in our
study. Her-2 is proposed to be a therapeutic target in 10%-20%
of gastric cancer patients and in up to 30% of patients with
gastroesophageal junction adenocarcinomas.?’ In the present
study, we found that none of the patients exhibited Her-2
overexpression. The PD-Ll-positive rate in different studies
shows great discrepancies, ranging from 14.3% to 69.4%
according to a meta-analysis.’® The high variability of PD-L1
expression may due to the differences in cutoff values used in
different studies. In the present study, 7 of 9 patients showed
positive PD-L1 expression, which could be interpreted by the
small sample size of our study.

A limitation of our study was its limited sample size.
Although EBVaGC comprises ~9% of gastric cancers, late-
stage EBVaGC patients receiving treatments only accounts

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

for 3% of gastric cancer cases. Thus, the efficacy of immu-
notherapy in EBVaGC patients may require further vali-
dation. In addition, these 9 patients were administrated with
different immune-checkpoint inhibitors, and some of them
were treated with combined chemotherapy. However, there
is currently no evidence indicating a difference among dif-
ferent immune-checkpoint inhibitors. Only 2 patients
reached a PFS and OS in our present study, which may be
due to the long-lasting responses and stable statuses of these
patients. In addition, the collection of survival information
was still in progress at the end of this study. Another limi-
tation of our study was that immunotherapy was adminis-
trated in different lines of palliative care for gastric cancer
patients, which may affect responses to immunotherapy.

Our findings demonstrated favorable outcomes of immu-
notherapy in the management of EBVaGC and distinctive
clinicopathologic characteristics of EBVaGC patients. An EBV-
positive status may be a potential biomarker for immunotherapy
in gastric cancer, which requires further large-scale clinical trials
for validation. There are currently some ongoing clinical trials
investigating the efficacy of immunotherapy in the palliative care
for EBVaGC. Further investigations should elucidate whether
mmmunotherapy can be used as a first-line treatment for
EBVaGC and whether immunotherapy is best combined with
chemotherapy or targeted therapy.
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