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Abstract

Despite  the  application  of  conventional  therapies,  the  prognosis  of  advanced  gastric  cancer  (GC)  or

gastroesophageal  junction cancer  (GEJC) is  still  poor.  In  recent  years,  immune checkpoint  inhibitors  (ICIs)  have

reshaped the  paradigm of  cancer  therapy.  Emerging  evidence  support  the  feasibility  of  programmed cell  death-1

(PD-1)  and  its  ligand  (PD-L1)  inhibition  in  chemo-refractory  GC/GEJC.  Nivolumab  and  pembrolizumab  have

initially been approved in Japan and United States, respectively for the third-line treatment of progressive GC or

GEJC. In March 2020, nivolumab has also been licensed in China for treating advanced GC/GEJC who received ≥
2  lines  of  systemic  therapies.  Current  studies  are  moving  forward  to  the  first-line  application  or  focusing  on

combination  strategies,  though  data  are  insufficient  and  disputable.  In  this  review,  we  summarize  the  recently

reported  and  ongoing  clinical  trials  in  ICIs  for  advanced  GC/GEJC.  Molecular  characteristics  and  clinical

implications of different tumor subtypes are also reviewed. We further discuss the safety profile and biomarkers for

predicting the response of ICIs, which has guiding values in clinical practice.
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Introduction

Gastric  cancer  (GC) and gastroesophageal  junction cancer
(GEJC)  represent  major  global  health  burden.  GC  is  the
fifth common cancer and the third leading cause of  global
cancer  mortality,  accounting  for  over  1.2  million  cancer-
related deaths worldwide in 2018 (1). GEJC, with incidence
rate  on  the  rise,  is  genetically  close  to  GC  and  shares
similar  clinical  presentations.  Both  have  generally
developed  into  metastatic  disease  when  detected,  as  a
consequence  of  nonspecific  symptoms  and  inactive
screening measures in China (2,3). Studies in the past have
validated  the  clinical  benefits  of  active  chemotherapy

agents  in  the  treatment  of  patients  with  advanced  GC  or
GEJC.  The  administration  of  platinum-  and  fluoro-
pyrimidine-based  regimen  in  the  first-line  setting  and
taxanes/irinotecan  in  the  second-line  setting  have  been
recognized as the standard scheme (4-7).  However,  a wide
range  of  patients  with  poor  physical  state  are  unfit  for
chemotherapy  due  to  severe  toxicities.  For  human
epidermal  growth  factor  receptor-2  (HER2)  positive
tumors,  first-line  anti-HER2  therapy  is  recommended,
evidenced  by  a  significant  survival  improvement  triggered
by  trastuzumab  (an  anti-HER2  monoclonal  antibody)  in
the  ToGA  trial  (8).  Second-line  ramucirumab  (an  anti-
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angiogenic  monoclonal  antibody)  in  conjunction  with
conventional  cytotoxic  agents  is  also  associated  with  a
survival  benefit  (9,10).  Despite  the  sequencing  of  these
targeting  agents,  the  prognosis  of  advanced  GC/GEJC
remains  very  poor  with  a  median  overall  survival  (OS)  of
8−13  months  (4,11).  More  disappointedly,  targeting  other
molecular  pathways  including  epidermal  growth  factor
receptor (EGFR) or mesenchymal and epithelial transition
(MET) receptor is  futile,  necessitating the development of
new drugs (12-15).

Recently, immunotherapy has reshaped the management
of  cancers.  Tumor  cells  are  capable  of  evading  host
immune  clearance  via  the  downregulation  of  T-cell
immune responses. This process is mediated by activation
of immune checkpoints such as cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4), PD-1 and PD-L1 (16-19).
Blocking  the  PD-1/PD-L1 axis  by  immune checkpoint
inhibitors (ICIs) has shown efficacy and safety in several
solid cancers. It was not until 2017 when the anti-PD-1
antibodies nivolumab and pembrolizumab were licensed in
Japan and United States,  respectively,  for  patients  with
heavily  treated,  chemo-resistant  GC/GEJC.  In  March
2020,  nivolumab also  gained approval  in  China  for  the
treatment of advanced GC/GEJC who received ≥2 lines of
systemic therapies. Presently, numerous new strategies are
proposed for the realization of stronger and safer activities.

The review aims to summarize the current and evolving
scenario of  ICIs in advanced GC or GEJC. We further
review the biomarkers, molecular subtyping and potential
combination strategies to guide future therapies.

ICIs  and  clinical  outcomes  in  advanced
GC/GEJC

Monotherapy in second- or later-treatment line

The  first  exploratory  study  KEYNOTE-012  recruited  39
patients  with  recurrent  or  metastatic  PD-L1  positive
[defined as  ≥1%  staining  of  tumor  cells  and  contiguous
mononuclear  cells,  also  known as  combined  positive  score
(CPS) ≥1] GCs who received pembrolizumab monotherapy
(10  mg/kg  every  2  weeks  for  up  to  24  months)  after
progression  on  previous  lines  of  therapies  (20).  Judged  by
central  assessment,  among  36  evaluable  patients,  8  (22%)
showed  an  objective  response  [all  partial  response  (PR)],
and median OS was 11.4 months. Among four patients with
microsatellite  instability  high (MSI-H)  tumors,  two (50%)
achieved an objective response.

Subsequently, a global, open-label, multicohort, phase II
trial KEYNOTE-059 comprising of 3 cohorts initiated. In
cohort  1,  259 previously  treated  GC or  GEJC patients
irrespective of PD-L1 status (positivity defined as CPS≥1)
received pembrolizumab (200 mg every 3 weeks) (21). The
overall response rate (ORR) and disease control rate (DCR)
were 12% and 27%, respectively, and median OS was 5.6
months. The ORR was higher in PD-L1 positive (16%) vs.
PD-L1 negative subgroup (6%), though complete response
(CR) could be attained in both subgroups. Four out of 7
(57%) MSI-H patients demonstrated an objective response.
Grade  ≥3  treatment-related  adverse  effects  (TRAEs)
occurred in 18% of patients including 2 treatment-related
death. Based on the promising results from this large early-
phase trial,  Food Drug Administration (FDA) approved
pembrolizumab after  ≥2 lines  of  therapy for GC/GEJC
patients with PD-L1 overexpression.

The largest Asian study ATTRACTION-2 is a phase III
trial  evaluating  the  efficacy  and  safety  of  nivolumab
monotherapy (3 mg/kg every 2 weeks) vs. placebo in 493
patients  with advanced GC/GEJC who had received ≥2
chemotherapy regimens (22). The ORR and median OS
were 11% vs. 0%, 5.3 vs. 4.1 months, respectively. Durable
responses with nivolumab could be observed, evidenced by
a  sustaining  separation  of  the  OS  curves.  Grade  3−4
TRAEs occurred in 10% of nivolumab-treated patients.
According to this result, nivolumab was granted approval in
China for treating advanced GC/GEJC without biomarker
selection in March 2020.

Novel  anti-PD-1 agents  are  also explored in patients
with  chemo-refractory  advanced  GC/GEJC,  including
toripalimab (23)  and SHR-1210 (24).  Of note,  superior
response to toripalimab monotherapy was relevant with
high  tumor  mutation  burden  (TMB).  The  safety  and
efficacy profile of both studies were comparable to that in
KEYNOTE-059.

Despite  these  initial  success,  due  to  the  phase  III
KEYNOTE-061,  pembrolizumab  failed  to  achieve  an
improvement  in  median  OS  (9.1  vs.  8.3  months)  and
median progression-free survival (PFS) (1.5 vs. 4.1 months)
compared to paclitaxel in the second-line treatment of PD-
L1  positive  GC/GEJC  (defined  as  CPS≥1)  (25).
Interestingly,  pembrolizumab monotherapy  resulted  in
much more durable responses than paclitaxel, evidenced by
median duration of response (DOR) of 18.0 vs. 5.2 months.
A  separation  of  OS curve  at  the  tail  was  noted  (1-year
survival  rate:  40%  for  pembrolizumab  and  26%  for
pacl i taxel ) .  Grade  3−5  TRAEs  were  14%  with
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pembrolizumab and 35% with paclitaxel, respectively. In a
post hoc analysis, MSI-H, or PD-L1 CPS≥10 tumors were
associated with higher response rate (26). These outcomes
suggested  the  potential  long-term benefits  of  ICIs  and
further underlined the necessity of biomarker selection.

The  safety  and  efficacy  of  avelumab  (an  anti-PD-L1
monoclonal  antibody)  among  patients  with  advanced
GC/GEJC were also assessed in the phase Ib JAVELIN
Solid Tumor trial (27). In this study, 150 eligible patients
received avelumab (10 mg/kg every 2 weeks) in a first-line
maintenance or  second-line pattern.  In  the second-line
cohort, the ORR was comparable to that of nivolumab and
pembrolizumab (4/60, 6.7%). Grade ≥3 TRAEs occurred
in 8.3% of patients. On this basis, the global, randomized
phase III trial, GASTRIC-300 compared avelumab to the
physician’s choice of chemotherapy (either paclitaxel or
irinotecan)  in  371  pretreated  GC/GEJC  patients  (28).
Disappointedly, avelumab did not improve OS, PFS and
ORR compared to chemotherapy (median OS, 4.6 vs. 5.0
months; median PFS, 1.4 vs. 2.7 months; ORR, 2.2% vs.
4.3%) irrespective of PD-L1 status. Grade ≥3 TRAEs were
rarer in the avelumab arm (9.2%) than in the chemotherapy
arm (32%).

To summarize, these late-line results definitely affirmed
the favorable efficacy and tolerability of anti-PD-1/PD-L1
therapies among certain individuals, which contributed to
the  license  of  nivolumab  and  pembrolizumab  in  Japan,
United States and China. Though only a small portion of
populations involved, ICIs single therapy indeed results in
prolonged  OS.  It  should  be  highlighted  that  durable
response and long-term benefits could only be achieved by
ICIs instead of  chemotherapy,  seen in KEYNOTE-061
and 3-year  data  of  ATTRACTION-2 (29).  Apparently,
patient  screening  based  on  molecular  biomarkers  is
necessary,  for  distinct  treatment  outcome  achieved  by
different management.

Combination therapy in second- or later-treatment line

To  expand  potential  beneficiaries,  combination  immuno-
therapy  is  being  investigated.  In  the  phase  I/II  trial
CheckMate-032 (anti-PD-1 + anti-CTLA-4), three cohorts
of GC/GEJC patients who progressed on one or more lines
of chemotherapy were administrated with different doses of
nivolumab  and  ipilimumab  (N1I3:  nivolumab  1  mg/kg  +
ipilimumab  3  mg/kg;  N3I1:  nivolumab  3  mg/kg  +
ipilimumab 1  mg/kg;  N3:  3  mg/kg)  (30).  The ORRs were
12% in N3, 24% in N1I3 and 8% in N3I1, with a trend of

higher ORRs in PD-L1 positive subgroups.  Median DOR
in the N1I3 and N3I1 subgroups were 6.9 months and 4.8
months, respectively.  Grade  ≥3  TRAEs  were  more
common in N1I3 and N3I1 compared with N3.  Recently,
another phase Ib/II trial also evaluated the activity of anti-
PD-L1  (durvalumab)  plus  anti-CTLA-4  (tremelimumab)
therapies  among  patients  with  chemotherapy-refractory,
metastatic  or  recurrent  GC/GEJC  (31).  The  second-line
cohort was randomized 2:2:1 to D+T, D, or T. The third-
line  cohort  received  D+T.  Besides, IFN-γ gene  signature
was  evaluated  as  a  predictive  biomarker  in  a  separate  arm
containing  second-  and  third-line  patients  receiving  D+T.
The  ORRs  were  7.4%,  0%,  8.3%,  4.0%  and  16%
respectively, in second-line D+T, D, T, third-line D+T and
D+T  with  positive  IFN-γ signature.  Grade  3−4  TRAEs
occurred more frequently in second-line T and second- or
third-line  D+T.  Based  on  these  two  studies,  doublet
immunotherapy  seemed  to  present  modest  efficacy  but
fairly severe toxicities.

Many clinical studies focused on combining ICIs with
anti-angiogenic agents. In a multi-cohort phase Ia/b trial
I4T-MC-JVDJ,  29  patients  with  GC/GEJC  who
progressed  on  first-  or  second-line  systemic  therapy
received the combination of ramucirumab (8 mg/kg) and
durvalumab (750 mg) (32).  Six out of 29 patients (21%)
achieved a PR. Median PFS and median OS were 2.6 and
12.4 months, respectively. Notably, the ORRs for patients
with positive (defined as ≥25% expression in tumor and
immune cells) and negative PD-L1 status were 36% and
0%. Grade 3 TRAEs were noted in 10 (35%) patients and
no  grade  4−5  toxicities  occurred.  In  the  phase  Ia/b
multicohort study 14T-MC-JVDF/KEYNOTE-098, 41
previously treated GC/GEJC patients were recruited and
received the doublet of ramucirumab and pembrolizumab
(33).  Among evaluable patients,  3 (7%) presented a PR.
Median  PFS and  median  OS were  2.5  and  5.9  months,
respectively.  Ten  (24%)  patients  suffered  grade  3−4
TRAEs. NivoRam was a phase I/II trial assessing the safety
and efficacy of nivolumab plus ramucirumab in 46 patients
with  chemo-resistant  GC  (34).  According  to  the
preliminary result, the ORR and DCR were 27% and 62%,
respectively.  Grade  3−4  TRAEs  took  up  28%  of  total
populations.  As  a  result,  despite  the  varying  data,  it  is
feasible to integrate immunotherapy and anti-angiogenic
therapy  together  into  comprehensive  management  of
GC/GEJC.

Other evolving strategies also bring about inspirations. A
phase  I  study evaluated SHR-1210 in  conjunction with
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apatinib  for  advanced  GC/GEJC  patients  who  were
refractory to prior line chemotherapy (35). The ORR and
DCR were 17% and 78%. Median PFS and median OS
were  2.9  and  11.4  months.  In  a  phase  I/II  study
MEDIOLA,  39  heavily-pretreated  patients  were
administrated  with  olaparib  (a  poly-ADP-ribose
polymerase inhibitor) followed by olaparib and durvalumab
combinations  (36).  Impressively,  in  these  two  studies,
several patients with early progressive disease (PD) showed
a long survival, contributing to low PFS and high OS. In
Japan, a phase I study was conducted to assess the safety
and  efficacy  of  ADX  (a  matrix  metalloproteinase  9
inhibitor)  alone  or  in  combination  with  nivolumab  in
GC/GEJC patients who received prior chemotherapy (37).
In  the  combination  cohort,  the  ORR was  impressively
40%. However, another phase II study failed to suggest
survival superiority of ADX plus nivolumab compared to
nivolumab alone in terms of PFS and OS (38).

For  immunohistochemistry-assessed  HER2  positive
GC/GEJC  patients  who  progressed  on  first-line
trastuzumab, there remained a second-line salvage option.
In a phase I/II study, margetuximab (an anti-HER2 Fc-
opt imized  ant ibody)  and  pembrol izumab  were
simultaneously administrated to 66 eligible patients (39).
The ORR and DCR were 41% and 72%. Of note, HER2
expression post trastuzumab was lost in 41% of patients
detected  via  circulating  tumor  DNA,  while  those  with
HER2 retention obtained higher response rate, especially
accompanying positive PD-L1 status.  Twelve out of  66
(18%)  patients  developed  grade≥3  TRAEs.  This  study
demonstrated that HER2 retention and PD-L1 expression
are  important  selection  biomarkers  for  the  second-line
treatment of HER2 positive GC/GEJC.

In conclusion, late-line combination immunotherapies
are partially effective but also notorious for intimidating
toxicity. Anti-HER2 or anti-angiogenic agents might play a
synergistic effect with ICIs, while these combinations need
further validations. An unprecedented number of targeting
agents including regorafenib, apatinib and relatlimab have
become  combination  candidates.  Whether  other
therapeutic targets, such as LAG-3, FGFR, TGF-β could
be  novel  biological  determinants  and  still  need  to  be
addressed. Incorporating ICIs with multiple evidence-based
anti-cancer medications is pending results of future trials.

Monotherapy in first-line treatment

Pembrolizumab  monotherapy  (200  mg  every  3  weeks)  in

the  first-line  setting  was  investigated  in  cohort  3  of  the
KEYNOTE-059  study  (40).  Among 31  patients  with  PD-
L1  positive  (defined  as  CPS≥1),  HER2  negative
GC/GEJC,  the  ORR  was  26%,  including  2  CRs.  Median
PFS  and  median  OS  were  3.3  and  20.7  months,
respectively. Grade ≥3 TRAEs occurred in 23% of patients,
including  one  treatment-related  death  from  pneumonitis.
Besides,  in  KEYNOTE-062,  first-line  pembrolizumab
monotherapy yielded an ORR of 15%, with median PFS of
2.0  months  and  median  OS  of  10.6  months  in  PD-L1
positive  populations  (41).  Pembrolizumab  was  superior  to
chemotherapy regarding OS in CPS≥10 subgroup (17.4 vs.
10.8 months). We noticed that most patients developed PD
during an early period, while a small portion of treatment-
sensitive  patients  indicated  durable  response  to  ICIs,
contributing to poor PFS and disproportionately long OS.

Several  studies  also  took  interests  in  maintenance
immunotherapy in patients  without disease progression
after first-line chemotherapy. CA184-162 was a phase II
trial  comparing the efficacy of maintenance ipilimumab
with  best  supportive  care  (BSC)  following  first-line
chemotherapy  in  patients  with  unresectable  GC/GEJC
(42). Among 114 enrolled patients, median OS were 12.7
months for ipilimumab and 12.1 months for BSC. Grade ≥
3 TRAEs occurred in 23% with ipilimumab vs. 9% with
BSC,  respectively.  This  negative  result  negated  the
justification  of  ipilimumab  maintenance  therapy  in
GC/GEJC patients.

JAVELIN Solid Tumor trial expansion cohort evaluated
the efficacy and safety of avelumab maintenance therapy
(10 mg/kg every  2  weeks)  in  90 patients  with advanced
GC/GEJC  without  progression  following  first-line
chemotherapy (27).  The DCR and ORR were 57% and
6.7%, respectively. Median PFS and median OS were 2.8
and  11.1  months,  respectively.  However,  avelumab
maintenance  failed  to  improve  survival  compared  to
continuation of first-line chemotherapy in the phase III
JAVELIN Gastric 100 (43). Among 499 patients, median
OS  was  10.4  vs.  10.9  months  in  avelumab  arm  vs.
chemotherapy arm. The ORRs were 13% and 14% in two
arms,  respectively.  Grade  ≥3  TRAEs  were  13%  with
avelumab  and  33%  with  chemotherapy.  Despite  the
unengaging  results,  we  still  captured  that  those  with
response from avelumab showed a long DOR and suffered
less severe TRAEs in contrast to chemotherapy.

In summary, the DCR and ORR for first-line ICIs single
therapy barely  meet  expectations.  However,  its  activity
presents an “all or none” pattern, for minor beneficiaries
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could  obtain  major  benefits.  Therefore,  we  once  again
highlight the necessity of patient selection on the basis of
biomarkers  (PD-L1  status,  TMB,  and  so  on)  before
initiating therapies. Besides, patients who progressed on
ICIs  were  reported to  be  more sensitive  to  second-line
chemotherapy  and  anti-angiogenic  therapy  (44),  which
elicits our rethinking of the best deliver order. If it makes
sense, a few selected patients might benefit from first-line
ICIs followed by later-line chemotherapies.

Combination therapy in first-line treatment

In the cohort 2 of KEYNOTE-059 study, 25 patients with
advanced  HER2  negative  GC/GEJC  received  first-line
pembrolizumab  and  5-FU/cisplatin  (40).  The  ORR  was
60%,  with  higher  response  rate  (69%)  in  PD-L1  positive
tumors  (defined  as  CPS≥1).  Median  OS was  13.8  months.
The incidence of grade 3−4 TRAEs was 76%, much higher
than that seen with pembrolizumab monotherapy (23%).

KEYNOTE-062 compared the  safety  and efficacy  of
pembrolizumab plus cisplatin/5-FU (P+C) to cisplatin/5-
FU  alone  (C)  in  patients  with  PD-L1  positive,  HER2
negative advanced GC/GEJG (41). P+C was not superior
to C in OS (12.5 vs. 11.1 months), PFS (6.9 vs. 6.4 months)
in  CPS≥1  and  OS  (12.3  vs.  10.8  months)  in  CPS≥10
subgroups. Only MSI-H patients overwhelmingly benefited
from combination  immunotherapy.  Grade  3−5  TRAEs
were 73% and 69% in P+C and C respectively.

Several  clinical  trials  are  actively  pursuing  first-line
chemotherapy combined with immunotherapy. In part one
of ATTRACTION-4, the safety and efficacy of nivolumab
combined with SOX/CapeOX for advanced or recurrent
HER2 negative GC/GEJC were evaluated (45). The ORR
and DCR were 57% and 81% with nivolumab plus SOX,
76% and 88% with nivolumab plus CapeOX, respectively.
Grade ≥3 TRAEs occurred in 52% and 67% of patients,
respectively. Part 2 of this study (phase III) is ongoing to
compare nivolumab plus SOX/CapeOX vs.  placebo plus
SOX/CapeOX.  KEYNOTE-659  was  a  phase  II  study
investigating the efficacy and safety of SOX or cisplatin
combined  with  pembrolizumab  in  patients  with  HER2
negative,  PD-L1 positive GC or GEJC (46).  Among 54
enrolled patients, the ORR and DCR were 72% and 96%,
respectively. Median PFS was 9.4 months while median OS
was not reached. Grade ≥3 TRAEs were reported in 31
patients (57%). In another phase I/II trial, enrolled patients
were  administrated  with  toripalimab,  oxaliplatin  and
capecitabine (23). The ORR and DCR were 67% and 89%,

respectively,  and  39% of  patients  experienced  grade≥3
TRAEs.

In the phase I  trial  JVDF, 28 patients with treatment
naïve, late-stage GC/GEJC received the combination of
pembrolizumab  and  ramucirumab  (47).  The  ORR  was
25%. Median PFS was 5.3 months and median OS has not
been reached. Seventeen (61%) patients experienced grade
3 TRAEs.

In a phase II trial, patients with treatment naïve, HER2
positive esophagogastric adenocarcinoma irrespective of
PD-L1 status received the combination of pembrolizumab,
trastuzumab, oxaliplatin and capecitabine (48). Among 37
evaluable patients, 22 received 1 cycle of pembrolizumab
and  trastuzumab  induction  before  init iat ion  of
chemotherapy. Preliminary results yielded an ORR of 81%.
Median PFS was 14.2 months, which was uncorrelated with
PD-L1 status. The promising results led to the initiation of
the phase III KEYNOTE-811 trial.

Conclusively, first-line combination of immunotherapy
and chemotherapy is associated with high efficiency and
high  toxicity.  When compared  to  chemotherapy  alone,
though,  combinat ion  immunotherapy  presents
heterogenous  results.  Whether  different  compatibility
regimens play a role in the outcome remains undefined.
We speculate that reasonable compatibility could better
synergize with immunotherapy. Furthermore, a cautious
evaluation of safety issues is indispensable.

Reported phase II/III studies are summarized in Table 1.
Ongoing studies are listed in Table 2.

Molecular  subtyping  of  GC/GEJC  and
predictive biomarkers for immunotherapy

GC  and  GEJC  are  a  group  of  genetically  heterogenous
diseases,  with  molecular  characteristics  varying  across
different subtypes, which might account for the discrepant
prognosis  observed  in  clinical  studies.  A  classification
system  published  in  2014  by  the  Cancer  Genome  Atlas
Research  Network  has  divided  GC/GEJC  into  four
subgroups based on molecular profiling (Figure 1): genome
stable  (GS);  chromosomal  instability  (CIN);  Epstein-Barr
virus  (EBV);  and  microsatellite  instability  (MSI)  (49-51).
GS  tumors,  taking  up  20%  of  the  total  cases,  are  usually
immune  evasive  and  enrich  for CDH1/RHOA or CLDN18-
ARHGAP mutations.  CIN  tumors  are  the  most  common
subtype  (50%  of  all  GC/GEJC  patients)  characterized  by
TP53 mutation and receptor tyrosine kinase amplifications.
The third subtype, EBV associated GCs (8%) are featured
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with amplification of JAK2, CD274 and PDCD1LG2 which
accounts  for  PD-L1/2  overexpression  (52).  MSI  subtypes
represent  22% of  the  total  patients,  while  its  incidence  in
late-stage  populations  is  much  fewer,  reported  by  a  large-
scale  analysis  (53).  These  subsets  of  patients  have  defect
mismatch  repair  (MMR)  system  due  to  inactivation  of
MMR  genes  (MLH1, MSH2, MSH6 and PMS2)  or
hypermethylation  of  the MLH1 promoter  (54,55),  leading
to elevated replication errors and accumulated mutations in
the  microsatellite  regions  of  DNA.  MSI-H  tumors  are

associated  with  high-degree  CD8  positive  T-cell
infiltration  and  favorable  response  to  anti-PD-1  therapy
(56-58). This classification system proposed two GC/GEJC
subtypes,  EBV and MSI,  as  preferable candidates  for anti-
PD1/PD-L1  therapies.  Actually,  the  predictive  value  on
prognosis of a range of biomarkers, including but far more
than MSI-H and EBV, is being actively investigated.

PD-L1 is normally expressed by endothelial cells and a
variety  of  inflammatory  cells,  constituting  negative
feedback of  normal  immune response.  However,  tumor

Table 2 Summarized data of ongoing trials

Clinical trial name Clinicaltrial.gov ID Phase Settings Drug treatment Primary endpoints

MORPHEUS NCT03193190,
NCT03281369,
NCT03555149

I/II 1L or 2L Atezolizumab + bevacizumab, BL-8040,
cobimetinib, imprime PGG, linagliptin,
PEGPH20, RO6874281, selicrelumab

ORR

FRACTION-GC NCT02935634 II All Nivolumab + ipilimumab
Nivolumab + relatlimab
Nivolumab + BMS-986205

ORR, DOR, PFS
rate

INTEGA NCT03409848 III 1L Nivolumab + ipilimumab + trastuzumab
Nivolumab + mFOLFOX6 + trastuzumab

PFS, OS

CA224-060 NCT03662659 II 1L Relatlimab + nivolumab + chemotherapy
Nivolumab + chemotherapy

ORR

N/A NCT02901301 I/II 1L Pembrolizumab + trastuzumab + capecitabine
+ cisplatin

ORR

N/A NCT02013154 I 2L+ DKN-01 + pembrolizumab Recommended
dose

N/A NCT01633970 I 2L+ Atezolizumab + bevacizumab ±
chemotherapy

Recommended
dose

N/A NCT01968109 I/II All Relatlimab + nivolumab ORR, DOR, PFS
rate

N/A NCT03126110 I/II 2L+ INCAGN01876 + nivolumab + ipilimumab ORR

N/A NCT02954536 II 1L Pembrolizumab + trastuzumab + capecitabine
+ cisplatin

PFS

N/A NCT02830594 I All Pembrolizumab + radiotherapy T cell counts

N/A NCT03122548 II 2L+ Pembrolizumab + CRS-207 ORR

N/A NCT03342417 I/II 2L+ Nivolumab + ipilimumab ORR, BOR

N/A UMIN000025947 I/II 2L Paclitaxel + ramucirumab + nivolumab 6-month PFS rate

KEYNOTE-585 NCT03221426 III 1L Pembrolizumab + cisplatin + capecitabine +
5-fluorouracil
Pembrolizumab + 5-fluorouracil + docetaxel +
oxaliplatin + leucovorin

OS, EFS, pCR rate

KEYNOTE-659 NCT03382600 II 1L Pembrolizumab + TS-1 + cisplatin/oxaliplatin ORR

CheckMate-649 NCT02872116 III 1L Nivolumab + ipilimumab
Nivolumab + oxaliplatin + capecitabine
Nivolumab + oxaliplatin + leucovorin +
fluorouracil

OS, PFS

ATTRACTION-4 NCT02746796 II/III 1L Nivolumab + oxaliplatin + S-1 + capecitabine OS, PFS

KEYNOTE-811 NCT03615326 III 1L Pembrolizumab + trastuzumab +
chemotherapy

PFS, OS

1L, first-line; 2L, second-line; 3L, third-line; ORR, overall response rate; DOR, duration of response; PFS, progression-free survival;
OS, overall survival; BOR, best overall response; EFS, event-free survival; pCR, pathological complete response.
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cells  and  stroma  cells  stationed  in  the  tumor  micro-
environment are able to upregulate PD-L1 to resist anti-
tumor effect (19). Paradoxical observations regarding the
relationship between PD-L1 status and responses to ICIs
coexist in different clinical studies. In most studies, positive
PD-L1 expression is predictive for a better response. In the
cohort 1 and cohort 2 of KEYNOTE-059, the ORRs were
16% and 73% in  PD-L1 positive  subgroup vs.  6% and
38% in PD-L1 negative  subgroup,  respectively  (21,40).
PD-L1 also serves as a positive predictive biomarker for
immunotherapy response in CheckMate-032, KEYNOTE-
012, JAVELIN Solid Tumor Trial. In particular, higher
PD-L1 expression was relevant with better responses. In
KEYNOTE-061,  the  best  treatment  outcome  by
immunotherapy was reported in populations with high-
level  PD-L1 expression (CPS≥10) (25).  Nevertheless,  it
should be noted that a few PD-L1 negative patients also
generated durable responses, even CRs, from ICIs. Besides,
there are also studies where PD-L1 was uncorrelated to
clinical  outcome.  In  ATTRACTION-2,  nivolumab
monotherapy demonstrated similar OS in PD-L1 positive
and negative patients (5.2 months vs. 6.0 months) (22). In
JAVELIN GASTRIC-300 and GASTRIC-100, no survival
benefit compared to placebo was derived in either PD-L1
positive or PD-L1 negative populations (28,43). Several
reasonable factors should be considered to interpret these
controversial results. First, there was no standardized assay
or methodology to evaluate PD-L1 expression (unifying
antibodies,  protocols  or  algorithms).  Second,  the
heterogeneity of  the assessed cells  (tumor cells  only,  or
tumor cells and immune cells) also led to the divergence.
Third, PD-L1 expression may vary across different testing
sites  and shift  over time,  making a single detection less
valid.  Several  retrospective  analyses  sustained CPS as  a
more useful method of determining PD-L1 expression vs.
tumor  proportion  score  (59,60).  Tumor  infiltrating
immune cells,  other  than  tumor  cells,  are  undoubtedly
critical regulators of immune response. CPS incorporates
PD-L1  expression  by  both  tumor  cells  and  adjacent
immune cells  into an integrated value,  thus reflecting a
more comprehensive state of tumor microenvironment. In
conclusion,  PD-L1  alone  is  insufficient  for  stratifying
patients.  The optimized standards and clinical  utility of
PD-L1 testing still need to be defined in prospective trials.

It  has been reported that MSI-H tumors are relevant
with  high  mutation-associated  neoantigens  recharge,
therefore  facilitate  the  accumulation  of  tumor  specific
cytotoxic CD8 positive T lymphocytes (56). Overwhelming

evidence support  MSI-H status as  a  positive prognostic
biomarker. On the basis of several landmark studies (20,61-
63),  pembrolizumab  has  been  approved  by  FDA  for
treating  MSI-H  solid  tumors  in  2017.  Although  this
subtype is merely comprised of approximately 5%−10%
advanced GC, MSI-H tumors are particularly sensitive to
ICIs. In KEYNOTE-059 cohort 1 and KEYNOTE-061,
4/7  (57%)  and  7/15  (47%)  MSI-H  patients  showed
responses  to  pembrolizumab  (21,25).  According  to  a
comprehensive molecular analysis of GC or GEJC patients
who received salvage immunotherapy, a dramatic response
rate  of  86%  was  noted  in  the  MSI-H  subgroup  (64).
Despite multiple negative results from KEYNOTE-062 in
the first-line treatment of GC or GEJC patients, the MSI-
H subgroup  receiving  immunotherapy  or  combination
immunotherapy  still  harvested  the  best  prognosis  (41).
Similarly,  in  the  second-line  setting (KEYNOTE-061),
MSI-H patients  reported significantly  higher ORR and
lower TRAEs in pembrolizumab arm vs.  chemotherapy
arm. These results justified the earlier use of ICIs among
patients  with  MSI-H  advanced  GC/GEJC.  Several
translational studies are underway to evaluate combination
immunotherapy in patients with MSI-H gastrointestinal
tumors.

EBV infection also serves as a predictor of response to
immunotherapy.  As  reported,  EBV  associated  tumors,
including lymphomas and nasopharyngeal carcinomas, are
susceptible  to  antibodies  targeting  PD-1/PD-L1  axis
(65,66). EBV positive malignancies are characterized by

 

Figure 1 Four molecular subtypes of GC/GEJC proposed by the
Cancer Genome Atlas Research Network. Each portion of the pie
chart  lists  defect  or  mutated  genes  involved  in  certain  subtype.
PD-L1  expression  level  and  tumor  immunogenicity  are  also
labeled.  GC,  gastric  cancer;  GEJC,  gastroesophageal  junction
cancer;  PD-L1,  programmed  cell  death  1  ligand;  EBV,  Epstein-
Barr  virus;  MSI,  microsatellite  instability;  GS,  genome  stable;
CIN, chromosomal instability.
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robust immune cell infiltration and elevated PD-L1 and
PD-L2 expression, which confer the potential activity of
immunotherapy among these patients (67,68). A few small-
scale  studies  have demonstrated the superior activity  of
ICIs in EBV positive GCs (69). In a phase II prospective
study,  among 61 metastatic  GC patients,  the  ORR was
100% in the EBV positive subgroup, with all  6 patients
achieving  a  PR  after  del ivered  with  third-l ine
pembrolizumab (64).  Considering the low rates of EBV
related  GCs,  a  large-cohort  clinical  trial  is  hard,  yet
realizable in the future.

Helicobacter pylori (HP) is a key infectious factor for the
development  of  GC.  HP  status  could  be  a  potential
predictor to the response of ICIs. This anaerobic bacterium
colonizes the gastric mucosa, induces chronic inflammation
and subsequent malignant transformation. An upregulation
of PD-1/PD-L1 signaling could be detected in HP positive
GCs (70-72). However, it remains undefined whether the
latent  infection of  HP is  involved in immune escape or
determines  the  prognosis.  Further  investigations  are
warranted to clarify the utility of HP in the prediction of
immunotherapy response.

Other potential biomarkers are also proposed to refine
patient  selection.  Tumor  infiltrating  lymphocytes  are
selected  immune  cells  characterized  by  high  tumor
specificity.  Previous  studies  have  unveiled  a  robust
relationship between a higher density of tumor-infiltrating
lymphocytes with better response to ICIs (73). There are
also data reflecting the predictive value of gene signatures,
including IFN-γ  gene signature or T-cell-inflamed gene
signature (21,31). Both have shown to be associated with
better prognosis, though mature and large-sample clinical
studies are lacking. Patients with HER2 positive tumors
also  reserve  potentials  to  immunotherapy.  Preclinical
research  demonstrated  that  targeting  HER2  could
synergize  with  immunotherapy  via  enhanced  antibody-
dependent cell-mediated cytotoxicity (74). However, large
clinical studies containing the correlation analysis of HER2
status  and immunotherapy responses  are  warranted.  Of
note, intricate interactions between different markers have
not  been  fully  elucidated.  For  example,  PD-L1
overexpression is closely associated with MSI-H, EBV or
HP infection. High-density tumor-infiltrating lymphocytes
could be compatible with both MSI-H or microsatellite
stable status. In conclusion, these findings offer intriguing
insights  into  the  molecular  mechanisms  of  GC/GEJC,
though more fundamental or translational researches are
eagerly awaited.

Safety  profile  of  checkpoint  inhibitors  in
patients with GC or GEJC

The  common  TRAEs  derived  from  anti-PD-1/PD-L1
therapies  include  fatigue,  nausea,  diarrhea,  anorexia,  skin
rash,  anemia,  thrombocytopenia,  pruritus,  liver  function
abnormality,  hypothyroidism  and  pyrexia.  According  to
KEYNOTE-059 and ATTRACTION-2, grade ≥3 TRAEs
occurred  in  5%−10%  of  GC/GEJC  patients  with  ICIs
monotherapy (21,22).  Combination immunotherapy is  less
tolerated, with  ≥70% incidences  of  grade  ≥3  TRAEs
occurred  in  patients  treated  with  cytotoxic  reagents  and
ICIs  (21,41).  In  CheckMate-032,  the  combination  of
nivolumab  1  mg  and  ipilimumab  3  mg  resulted  in  47%
rates of grade 3−5 TRAEs.

Besides, immune-related adverse effects (irAEs) affect
the  function  of  multiple  organ  system  including
gastrointestinal, skin, cardiovascular and endocrine system.
Reportedly, the most frequent irAEs in GCs are interstitial
lung  disease,  hyperthyroidism  and  colitis  (21,22,75).
Though adverse effects are generally manageable, severe
toxicities  compromise  therapies  and  are  even  life-
threatening.  Interestingly,  the  occurrence  of  irAEs  is
reported to be associated with favorable treatment efficacy
(76), while the mechanism has not been fully defined.

Hyperprogression,  characterized  by  rapid  growth  of
primary lesions or new lesions formation compared to pre-
treatment, is a noxious effect caused by anti-PD-1 therapy.
Approximately 10% of ICIs-treated GC patients develop
hyperprogression, leading to a dismal prognosis (77,78).
Currently, predictors of hyperprogression have not been
elucidated, placing ICIs-treated patients (particularly in
first-line pattern) at risk of rapid failure. However, recent
research suggested that the proliferation of PD-1 positive
regulatory  T  cells  might  be  a  signal  noted  in  hyper-
progression  cases,  enlightening  us  with  a  direction  for
future prevention (77).

Conclusively, ICIs introduce new safety challenges into
the  management  of  GC/GEJC  patients.  Balancing  the
safety and efficacy of ICIs is inevitable to maximize clinical
benefits.

Conclusions and future directions

Advanced  GC  or  GEJC  are  aggressive  diseases  with  dim
prognosis. ICIs, navigating future therapeutics, have shown
promising  activity  in  GC  patients.  KEYNOTE-059  and
ATTRACTION-2  have  contributed  to  the  approval  of
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ICIs in the third-line treatment of advanced GC/GEJC. In
March  2020,  nivolumab  was  also  licensed  in  China  for
treating GC/GEJC  patients  who  received  ≥2  lines  of
systemic  therapies.  Conversely,  when  compared  to
chemotherapy,  ICIs  failed  to  suggest  superiority  in
KEYNOTE-061  and  KYTNOTE-062.  Besides,  avelumab
maintenance  also  indicated  disappointing  results.  A  range
of  ongoing  trials  are  underway  for  assessing  combination
strategies,  especially  in  earlier  settings.  GC/GEJC  are
identified  as  heterogeneous  diseases.  Distinct  genomic
aberrations  in  each  subtype  serve  as  promising  targets  for
precision  therapy,  which  is  the  direction  of  future  drug
development.  The  utility  of  biomarkers  including  EBV,
MSI-H,  PD-L1  expression  and  HP  infection  has  been
preliminarily  confirmed,  while  new  predictors  are  also
actively investigated to define beneficiaries. We are urging
for  a  deeper  understanding  of  the  genomic  and  immuno-
logical  traits  of  GC/GEJC.  Potential  interplay  between
anti-cancer medications and combination strategies are also
future research directions.
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