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Background and Objective: Immune checkpoint inhibition has shed light on a new era in cancer
therapy, and randomized clinical trials have demonstrated that a meaningful portion of the overall population
of metastatic gastric cancer (GC) patients may derive clinical benefit from immunotherapy, which raises
the relevance in identifying predictive biomarkers. Programmed cell death-ligand 1 (PD-L1) expression
has demonstrated a significant association between level of expression and the magnitude of benefit derived
from immune checkpoint inhibition in GC. Nevertheless, this biomarker shows several pitfalls that must be
considered in the therapeutic decision to incorporate immune checkpoint inhibition as the standard of care
of GC, such as spatial and temporal heterogeneity, interobserver variability, immunohistochemistry (IHC)
assay, and influence by chemotherapy or radiation therapy.

Methods: In the present comprehensive review, we revised the main studies regarding PD-L1 evaluation
in GC.

Key Content and Findings: Here we describe the molecular characteristics of the tumor microenvironment
in GC, the obstacles in the interpretation of PD-L1 expression and present the data of the clinical trials that
have evaluated the efficacy and safety of immune checkpoint inhibition and the association with the biomarker
expression, both in first-line and later lines of therapy.

Conclusions: From the emerging predictive biomarkers for immune checkpoint inhibition, PD-L1 has
demonstrated a meaningful association between level of expression in tumor microenvironment and the

magnitude of benefit derived from immune checkpoint inhibition in GC.
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Introduction

Gastric cancer (GC) is the fifth most diagnosed cancer
worldwide, and the fourth most lethal (1). Although
systemic chemotherapy is the mainstay therapeutic
strategy in metastatic GC, immunotherapy has recently
modified the treatment landscape of the advanced disease.
Based on remarkable findings from randomized clinical
trials, immune checkpoint inhibitors (ICI), either alone
or combined with chemotherapy, have been recently
approved in several countries (2,3). However, the benefit
of immunotherapy is far from being universal in GC and
the identification of predictive biomarkers to assist in the
selection of patients that might derive benefit from ICI is an
unmet clinical need.

Immune evasion is one of the hallmarks of cancer.
Cancer cells may evade host immunity in the tumor
microenvironment by expression of immune inhibitory
signaling proteins. Programmed cell death-1 (PD-1) and
cytotoxic T-lymphocyte—associated antigen-4 (CTLA-4)
are the principal immune checkpoints, and their blockade
has led to a new era in cancer therapy. Several studies have
shown that immune checkpoint blockade enhances T-cell
response and mediates antitumor activity in several solid
tumors (4,5).

It is estimated that 55% to 66% of the patients with
advanced GC express programmed cell death-ligand 1 (PD-
L1) (6,7). Randomized clinical trials have consistently shown
that PD-L1-positive patients are more likely to respond
to PD-1/PD-L1 inhibitors compared to the negative
counterparts (7,8). Therefore, PD-L1, together with MSI,
have become the most adopted biomarkers for selecting
possible candidates for anti-PD-1 therapy. However, many
questions remain unanswered. To date, the best diagnostic
assay, PD-L1 expression cutoff and score for predicting ICI
response have not been completely defined. In addition,
PD-L1 expression has demonstrated relatively high
inter- and intratumoral heterogeneity and interobserver
variability (9).

As such, we conducted a broad search on PubMed
and also abstract published in ASCO, ASCO GI, ESMO
and ESMO GI annual meetings. For our search on
English language articles and abstracts were considered
using the terms “immunotherapy AND gastric cancer”;
“immunotherapy AND gastroesophageal cancer”; “PD-L1
AND gastric cancer”; and “PD-L1 AND gastroesophageal
cancer” as described in Table 1.

In this review, we aim to address the advantages and
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disadvantages of adopting PD-L1 as a biomarker for
predicting response to immunotherapy in GC, as well as
to endeavor to establish how to better implement its use
in clinical practice. We present this article in accordance
with the Narrative Review reporting checklist (available at
https://jgo.amegroups.com/article/view/10.21037/jgo-22-
1133/rc).

Methods
Iimmunology and microenvironment in GC

Immune checkpoints

One of the main checkpoint pathways is mediated by
the PD-1 and its ligand, PD-L1 (Figure I). PD-1 is a co-
inhibitory receptor mainly expressed by activated T cells,
but also by B cells, dendritic cells, and natural killer (NK)
cells, while PD-L1 is expressed on several different types
of cells, including tumor cells (10,11). Naive T cells are
presented with antigens by the major histocompatibility
complex (MHC) on the surface of cancer cells through
their T-cell receptor (T'CR). However, a single initial signal
proves to be insufficient to initiate a T-cell response, and,
as such, a second signal delivered by the B7 costimulatory
molecules is necessary. Following T-cell activation,
cytotoxic T lymphocyte-associated antigen (CTLA)-4
is then up-regulated and subsequently initiates negative
regulation signaling on T cells during association with B7
molecules expressed by antigen-presenting cells (12). As
said molecules bind to CD28, activation signals are fired;
binding to CTLA-4, and providing inhibitory signals.
Anti-CTLA-4, such as ipilimumab and tremelimumab,
are monoclonal antibodies that prevent the interactivity
between CTLA-4 and its ligands B7.1 and B7.2, enhancing,
therefore, anti-tumor immune responses (13). The linkage
between CTLA-4 and costimulatory molecules occur
mainly in the initial phase of T-cell response within lymph
nodes (Figure I).

T-cells express PD-1 inhibitory receptor throughout
long-term antigen exposure which results in negative
regulation of T cells while ligation with PD-L1 and
PD-L2 occurs, primarily expressed both in tumor
microenvironment and inflamed tissues (12). Anti-PD-1,
such as nivolumab and pembrolizumab, and anti-PD-L1,
such as atezolizumab, avelumab and durvalumab, are
monoclonal antibodies acting on the blockage of PD-1 and
PD-L1, respectively (13). The obstruction of the interaction
between PD-1 and its ligands PD-L1/L2 actives T-cell-
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Table 1 The search strategy summary
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ltems Specification

Date of search

14th and 15th of September of 2021 (preliminary initial search); additional searches were

conducted along the review construction and writing process

Databases and other sources searched

Search terms used

PubMed; abstracts published in ASCO, ASCO GI, ESMO and ESMO GI annual meetings

“immunotherapy AND gastric cancer”; “immunotherapy AND gastroesophageal cancer”; “PD-L1

AND gastric cancer”; and “PD-L1 AND gastroesophageal cancer”

Timeframe 2015-2022
Inclusion and exclusion criteria

Selection process

English language, prospective and retrospective studies as well as case reports

All authors conducted the literature review search and selection
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Figure 1 Immune checkpoints and their blockade. The blockade of CTLA-4 in the priming phase and the blockade of PD-1/PD-L1 in the
effector phase. DC, dendritic cell; TCR, T-cell receptor; MHC, major histocompatibility complex; PD-1, programmed cell death-1; PD-

L1, PD-ligand 1; CTLA-4, Cytotoxic T-lymphocyte—associated antigen-4. Figure generated with BioRender.

mediated antitumor response. PD-1 interaction occurs
in the effector phase of a T-cell response in peripheral
tissues (14) (Figure 1).

Microenvironment and GC

The tumor microenvironment in GC is vital in propelling
cell growth, defense against host immune mechanisms and
treatment resistance. The array of cells in the milieu that
favors GC progression include modified fibroblasts, known
as cancer-associated fibroblasts (CAFs), immune cells,
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gastric myofibroblasts and endothelial cells, among others
(Figure 2).

CAFs

CAFs are the dominant non-cancerous cell-type in
GC stroma and play a central role in the tumorigenesis
of the disease. The stroma in non-neoplastic tissues
characteristically displays a limited number of fibroblasts.
Typical CAFs are much more abundant in cancer
environment and bear a strong expression of a-smooth
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Figure 2 Gastric cancer microenvironment. The presence of different cell types in gastric cancer microenvironment and their role in the

anti-tumor response. PD-L1, programmed cell death-ligand 1; CTLA-4, cytotoxic T-lymphocyte—associated antigen-4. Figure generated

with BioRender.

muscle actin (a-SMA), which is a conspicuous marker
of activated fibroblasts (15). The origin of CAFs is still
debatable. Analysis in single-cell experiments have shown
molecular heterogeneity in the CAFs compartment.
This heterogeneity results in different protein expression
pattern with consequent multiple effects on tumor
progression (16). The vast heterogeneity of CAFs also
suggests an origin from different cells. CAFs origin have
been traced to bone marrow mesenchymal stem cells
(MSC:s), local normal fibroblasts, and local pericytes (17). A
very interesting finding is that normal gastric myofibroblasts
actively participate in the antrum stem cell development
and differentiation through secretion of R-spondin3 (18).
R-spondin3, in turn, increases the expression of Axin-2 in
gastric stem cells which leads to a rapid proliferation of this
niche and the generation of CAFs (19). Therefore, antrum
myofibroblasts, via stem cell activation, are an alternative
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source of CAFs.

AFs genetic programming is very distinct from normal
fibroblasts. Studies in mice and humans revealed genomic
differences in several cancers (20). An active cross-talk
among the tumor and the stroma modifies the gene
expression of GC cells through soluble molecules in a
paracrine fashion, such as basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VEGEF), platelet-
derived growth factor (PDGF), epidermal growth factor
receptor (EGFR) ligands, interleukins, and TGF-p (21). In
a study with gastric cancer cell lines, CAFs promoted the
growth of tumor cells by increased PD-L1 expression (22).

Endothelial cells

Supply of nutrition for cancer tissue growth is a well-
known function provided by neo-angiogenesis. However,
endothelial cells of tumor neovasculature have been shown
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to display a central role as a carcinogenetic niche (23).
Endothelial cells are also able to stimulate paracrine
mechanisms that activate Akt and Notch signaling in
cancer progenitor cells (24). Recent research on fundic
GC stem cells revealed a potential targetable mechanism
involving the GC niche and the endothelial cells. Cancer
endothelial cells are able to secrete CXCL12 which, in
turn, activates CXCR4 signaling in innate lymphoid cells,
creating an inflammatory cascade which leads to enhanced
WNT expression in gastric isthmus stem cells. The
continuous functioning of the synapsis CXCL12 endothelial
cells/CXCR4 ILC is a powerful stimulus to stem cell
proliferation in the cancer niche. The interruption of
CXCL12/CXCR4 signaling interferes with cancer growth
and metastasis initiation and progression (24,25). This
complex regulatory mechanism was well reviewed by Oya
et al. (26).

Ramucirumab, an antiangiogenic commonly used in the
second-line setting of metastatic GC, binds to VEGFR?2,
blocks VEGEF/VEGFR?2 interaction, and inhibits VEGEF-
stimulated receptor phosphorylation in endothelial cell,
leading to disruption of downstream signaling (27). In
an interesting study with 20 GC patients, both PD-L1
expression and CD8" T-cell infiltration increased after
ramucirumab-containing therapies.

Macrophages

The vast and polymorphic group of immune cells
may acquire specific characteristics in the GC
microenvironment. Normal antigen presenting cells, such
as macrophages, modify their biological programming and
become cells called tumor-associated macrophages (TAMs).
They are the most common immune cells in the cell-cancer
niche and their infiltration in the tumor microenvironment
can be used as prognostic index in several types of
cancers (26). Tumor macrophages may be categorized by
the pattern of immune response associated with them. The
M1 macrophages display pro-inflammatory properties and
produce various cytokines and chemokines, such as IL-
12, CXCLS8, CXCL9, and CXCL10, which recruit TH1
cells and amplify a type 1 response (28). Other important
immune effects are postulated for M1 cells, including the
recruitment of myeloid-derived suppressor cells (MDSC)
by secretion of IL-1B and TNF-a (29,30) and the release of
nitric oxide synthase (NOS) and/or reactive oxygen species
(ROS) in the cancer niche, increasing the genetic damage
in the gastric cells (31). The majority of macrophages in
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GC stroma are called M2. These cells are responsible for
the production of anti-inflammatory cytokines, including
TGF-p and IL-10. They are also involved in TH2 immune
response and PD-L1 activation (via IL-10) (28,32-34).

A study analyzed fresh tumor tissues from 76 patients
with GC and demonstrated that high level of CXCL8 was
associated with decreased CD8" T cells infiltration. CXCL8
inhibited CD8" T cells function by inducing the expression
of PD-L1 on macrophages (35).

MDSCs

MDSCs designate a group of myeloid progenitor and
immature myeloid cells with properties of suppressing
CD8" T-cell function via transcription of PD-L1 and
CTLA-4 proteins. They are considered one of the
major immune suppressive cell populations in the tumor
microenvironment, and therefore, MDSC in GC can be
a very attractive target (36). It has been postulated that
targeting MDSCs could potentiate PD-L1 blockade
efficacy in GC (36). For instance, in murine models, the
reduction of MDSC in the cancer microenvironment leads
to an increase of intratumoral CD8" T cells leading to
apoptosis (37,38).

Lymphocytes

The adoptive anti-tumor immunity is performed mainly by
a group of T-cells and B-cells known as tumor-infiltrating
lymphocytes (TILs). In the GC microenvironment, the
central component of anti-tumor response, T-cells targeted
to cancer neoantigens, are progressively hampered by the
upregulation of PD-L1 or CTLA-4, which create a state
of anergy in these previously effective anti-tumor cells.
This effect is mediated by NF-kB1 lack of expression
leading to an excessive JAK-STAT signaling, a pathway that
plays important roles in orchestrating of immune system,
especially cytokine receptors (39). This, in turn, affects the
main pathway by which T-cells recognize and establish
an immune response, such as antigen presentation and
dysregulation of immune checkpoints. The final result is the
upregulation of PD-L1 in lymphocytes and other cells that
work in support of the immune response (40). Therefore,
it is not surprising that PD-L1 hyperexpression in GC
relates to a shorter survival (41). A specific type of CD4"
T-cells, called regulatory T-cells, which are phenotypically
identified as FOXP3", CD25, GITR, Nrpl, Helios and
CTLA-4, play an important role in inducing anergy
and lack of effectiveness of TILs. They suppress T-cell
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proliferation and antigen presentation (42).

PD-L1 testing in gastric cancer

A number of clinical trials involving patients receiving ICIs
have assessed the predictive value of PD-L1 expression on
tumor cells and tumor-infiltrating immune cells (43,44).
The evaluation of extent of PD-L1 expression may be
occurs by two main methods: the tumor proportion score
(TPS) and the combined positive score (CPS) (45). TPS
is defined as the number of positive tumor cells divided by
the total number of viable tumor cells multiplied by 100.
Meanwhile, CPS is defined as the number of positive tumor
cells, lymphocytes and macrophages, divided by the total
number of viable tumor cells multiplied by 100 (46).

On account of the fact that PD-L1 expression in
both the tumor cells and microenvironment cells
(Iymphocytes, monocytes and other components) impact
on immunosuppression, it is possible that a combined PD-
L1 score presents a stronger predictive value for immune
checkpoint inhibition in gastroesophageal adenocarcinoma
(GEA) (44,47). In addition, TPS assessment may be slightly
inaccurate due to difficulties in distinguishing poorly
differentiated adenocarcinoma cells from macrophages,
both expressing PD-L1 (48). In a Japanese study, 191 GC
patients who underwent curative gastrectomy had their
tumors analyzed by double immunohistochemistry (IHC)
of PD-L1 and ionized calcium binding adaptor molecule
1 (to distinguish PD-L1 expression between tumor cells
and macrophages). PD-L1 positivity was detected in only
39 patients (20.4%) by TPS and in 137 patients (71.7%)
by CPS (48). These results indicate that CPS has higher
sensitivity. Therefore, TPS has been considered inadequate
and CPS is currently the most suitable score for interpreting
PD-L1 expression in GEA (45,49).

A number of PD-L1 IHC assays have been validated in
different solid tumors in order to guide patient selection
for treatment with immunotherapy (43,44). For instance,
currently four PD-L1 IHC assays are registered in the Food
and Drug Administration (FDA) with four different PD-
L1 antibodies (22C3, 28-8, SP263, SP142) on two different
IHC platforms (Dako and Ventana), with unique scoring
systems. In GEA, the antibodies 22C3 and 28-8 have
been used in the studies evaluating pembrolizumab and
nivolumab, respectively (6-8,50). Inter-assay concordance
between the 22C3 and 28-8 assays is uncertain, and
discordant results have been reported (51-54). Caution is
recommended when comparing the assays until stronger
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evidence is found.

The assessment of PD-L1 expression should be
conducted by an experienced pathologist. Inadequate
amount of tumor tissue on the biopsy specimen or tissue
damage during manipulation may lead to false-negative
results. A minimum of 100 viable tumor cells must be
present in the PD-L1 stained slide for the specimen to be
considered suitable for PD-L1 evaluation (55).

Another point of interest is the concordance rate of PD-
L1 expression between primary tumors and metastases.
Previous studies reported some inconsistency in the PD-
L1 expression between primary tumor and metastases
in other solid tumors. However, there are few studies
in GC, possibly due to infrequent biopsies or resections
of metastases in routine clinical practice (56-60). Data
initially presented in 2019 from the comparison of PD-
L1 expression in 30 primary GC samples matched with
metastases showed equivalence between them, except
for one pair (61). However, these findings have not been
consistent in subsequent studies. A recently published study
with 23 primary tumor samples paired with metastatic
sites showed PD-L1 positivity in 52.2% of primary tumors
versus 4.3% of metastases, even in the 16 patients with
metachronous disease (56). Yet another recently published
study also support this spatial heterogeneity. Pairing 62
samples of primary tumors with their respective metastases
demonstrated a concordance rate of 61% by CPS. However,
the rate increased to 88% if the primary tumors were PD-
L1-negative, which suggests higher negative predictive
value of the test (62). Likewise, meaningful temporal
heterogeneity was noted. In the same study, comparison of
the primary tumors from 83 patients with their metastases
before and after chemotherapy revealed a concordance rate
of only 57%. Three patients had conversion from PD-L1
negative to PD-L1 positive status after chemotherapy (62).
Indeed, cytotoxic chemotherapies are known to remodel the
tumor—immune microenvironment (63).

Intratumoral heterogeneity may also contribute to the
low concordance rate in the PD-L1 assessment. When the
analysis is done in biopsy specimens, it is recommended at
least 4 to 5 fragments for an adequate interpretation (64,65).
Interestingly, previous studies in GC patients showed
higher PD-L1 expression in nodal metastases compared
to the primary tumor: 54.4% versus 41.6% in a study with
174 patients (66), and 60.5% versus 41.9% in another study
with 43 patients (67).

The higher expression observed in the primary tumor
compared to the distant metastases could be due to tumor
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cell evasion from the immune system and the selective
pressure that occurs during the disease progression with
systemic treatment. As for the discrepancy between the
primary tumor and regional nodal metastases, it might
reflect the distinct biological behavior of lymphatic (versus
hematogenous) dissemination, or simply the diversity of
tests applied to assess PD-L1 expression in these studies.

Molecular subgroups of gastric cancer, tumor mutational
burden and their relationship with PD-L1 expression

Four molecular subgroups of gastric cancer have been
described: tumors positive for Epstein-Barr virus (EBV+),
microsatellite unstable (MSI-H) tumors, genomically stable
tumors, and tumors with chromosomal instability (68). Both
EBV+ and MSI-H tumors are shown to present higher
sensitivity to immunotherapy, probably due to their CD8"
T-cell rich microenvironment (7,69,70). In addition, those
GC subtypes are more likely to express PD-L1 (71). Higher
PD-L1 expression in EBV+ GC is also related to either high
focal amplification of CD274 or IFN-y-mediated signaling
via activation of interferon regulatory factor 3 (IRF3) (72).

Mismatch repair (MMR) genes (MLH-1, PMS-2, MSH-
2 and MSH-6) are paramount players in DNA repair
pathways. MMR deficiency results from the loss of function
of these gene products, leading to alterations in the size
of microsatellites, a phenomenon known as MSI. MSI-H
tumors have a higher frequency of frameshift mutations
which generate a significant number of neoantigens,
conferring a stronger immunogenicity (73). In some
tumors, a strong correlation between MSI-H and high
tumor mutational burden (TMB, defined by the number of
mutations per megabase (muts/Mb) harbored by tumor cells
in a given neoplasm) has been shown (74). Nevertheless,
not all MSI-H tumors exhibit an increased TMB while
microsatellite stable (MSS) tumors may harbor high TMB.

MSI-H status has been linked to long-term response
to ICIs and improved prognosis in several malignancies,
including GC (75). However, a subset of patients with
MSI-H GC do not respond to ICIs and some genomic
alterations have been previously associated with innate
anti-PD-1 resistance in those cases (76). In an interesting
phase II study, 19 MSI-H GC patients were treated with
pembrolizumab in either second- or third-line therapy (76).
Among them, 14 patients (87.5%) had CPS >1. The authors
reported a greater benefit for patients with higher TMB,
whereas PD-L1 did not influence on response (76).

A meta-analysis including the phase III trials
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KEYNOTE-062, CheckMate-649, JAVELIN Gastric 100
and KEYNOTE-061 evaluated the predictive role of MSI-H
in GC patients treated with ICIs. MSI-H was reported in
4.8% of the cases and the HR for OS benefit with anti-
PD-1-based regimens was 0.34 (95% CI: 0.21-0.54) for
MSI-high GC versus 0.85 (95% CI: 0.71-1.00) for MSS
tumors (75).

Several studies have consistently shown that TMB is also
an independent biomarker of response to immunotherapy
across different cancer types (77,78). Indeed,
pembrolizumab received accelerated agnostic approval for
the treatment of advanced solid tumors with high-TMB,
although this decision has been debated and understanding
the role of this biomarker in specific tumor types seems
crucial (79,80).

TMB has been specifically studied in GC (68,81-83),
but its predictive value for immunotherapy benefit has
been controversial, especially among microsatellite stable
tumors. Study with 80 GC patients failed to demonstrate
correlation between TMB, calculated based on a panel
sequencing, and response to immunotherapy (84). This
finding could possibly be related to the method used in the
study, since it has been already shown that this correlation
could be more safely done in hypermutated tumors (85),
which is not the case of GC (86). These findings raise
the importance of better understanding the appropriated
method of quantifying mutations. Whole exome sequencing
is expensive; however, it might be necessary to properly
evaluate TMB in GC.

In addition, a retrospective cohort with 1,678 patients
with 16 different tumor types (including 67 GC patients, all
of them microsatellite stable) treated with ICIs investigated
the predictive value of TMB in terms of response to
immunotherapy (87). Although, in general, tumors with
TMB >10 mutations per megabase (considered TMB-high)
presented better response rates with ICIs, such association
was not demonstrated in GC. Indeed, among the 67 GC
patients, only 5 were TMB-high. Response rates were
20% and 31% for TMB-high and TMB-low GC patients,
respectively (87).

CPS is the most commonly used biomarker for
immunotherapy in GC and, therefore, it is important to
understand the relationship between CPS and TMB. A
positive correlation between TMB and PD-L1 expression
has been shown in a study including over 48,000 cancer
cases, most of them of non-small cell lung cancer (88). A
different finding was shown in a study with 6,668 advanced
solid tumor specimens, with no significant correlation in
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most cancer types, though surprisingly with a positive, but
weak association of PD-L1 and TMB in proficient MMR
GC (89). Interestingly, smaller pan-cancer study has also
demonstrated positive association between PD-L1 and
TMB, specifically in gastric and endometrial cancer (90).
Studies involving only advanced GC patients show different
findings regarding this relationship. Study with 63 patients
with advanced GC showed a positive relation between TMB
and CPS (78). However, low correlation between TMB
and CPS was seen in other studies. In the KEYNOTE-061
trial, 592 patients with GC were evaluated by whole exome
sequencing (6) and low correlation between TMB and
CPS in both immunotherapy and chemotherapy treatment
groups were demonstrated (82).

Challenges in using TMB as a biomarker still remain,
considering that there are different methods of assessing
the number of mutations and cut-off points in the studies
(47,49). What is clear, though, is that TMB must be better
investigated as a biomarker and further studies are needed
to better understand how it can be more consistently used
in our daily practice in order to offer immunotherapy to the
appropriated patients. Interestingly, studies have shown no
correlation of high TMB status and EBV+ tumors, but a
strong correlation of TMB-high with MSI-H GC (7,47).

Efficacy of immunotherapy according to PD-L1 expression
in GC

Opver the last few years, the landscape of immunotherapy
in GC has showed remarkable progress. Considering the
clinical trials which have addressed the efficacy of ICIs, PD-
L1 expression emerges as a predictive biomarker of clinical
benefit, despite some limitations (2,6,8,50,91-97) (1able 2).

Beyond second-line
The Asian phase III study ATTRACTION-2, which
included chemo refractory GC patients, showed an
increase of the median OS from 4.14 months in the
placebo arm to 5.32 months in the nivolumab arm (91).
In the exploratory analysis, the PD-L1-positive subgroup,
defined as TPS >1%, did not show an improvement in OS
(Table 1). However, since availability of tumor tissue was
not mandatory for patient enrollment, this analysis was
only possible in a small number of patients. Despite these
limitations, this modest but statistically significant benefit
led to the approval of nivolumab in Japan (98).

As in other primary malignancies, such as metastatic
melanoma and MSI-H colorectal cancer, combination
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immunotherapy with nivolumab and ipilimumab was
performed for advanced gastric, esophageal, and GE]J
adenocarcinoma, aiming to enhance response rates
(98,99). In the phase I/II Checkmate 032 trial, patients
were randomized to either nivolumab monotherapy arm
or nivolumab and ipilimumab in different doses. The
study primary outcome, objective response rate (ORR),
tended to be higher in the high dose ipilimumab arm,
but there were overlapping 95% CI among the three
arms (92). Interestingly, a comparison according to the PD-
L1 expression, also exploratory, revealed an ORR of 13% in
PD-L1 positive (TPS >1%) versus 4% in PD-L1 negative
subgroup (92).

The first trial assessing the effect of pembrolizumab
in advanced GC was part of phase 1b KEYNOTE-012
study (100). Its favorable benefit in ORR warranted further
study in phase II and III trials. In the first of its three
cohorts, phase II KEYNOTE 059 included 259 patients
after at least 2 lines of chemotherapy from 17 countries
for anti-PD-1 monotherapy. The ORR was 11.6% in the
overall population. Regarding PD-L1 status, the ORR was
15.5% in PD-L1 positive (CPS >1) and 6.4% in PD-LI
negative patients. Considering only the third-line setting,
the ORR was 22.7% versus 8.6% for PD-L1 positive and
negative patients, respectively (7). Based on these data,
single agent pembrolizumab was granted accelerated
approval by FDA in September 2017, for patients with PD-
L1 CPS >1 (2). More recently, after trials in first-line setting
became available, this indication was voluntarily withdrawn
by the pharmaceutical company.

Another immunotherapy studied beyond the second-line
regimen for advanced GC was avelumab. The JAVELIN
Gastric 300 was a phase III, open-label trial, comparing
the anti-PD-L1 monotherapy with physician’s choice
chemotherapy (paclitaxel, irinotecan, or best supportive
care). However, it failed to demonstrate a significant
difference in OS [4.6 versus 5.0 months, HR 1.1 (95% CI:
0.9-1.4; P=0.81)], even when analyzed according to PD-L1
expression [OS 4.0 versus 4.6 months, respectively for PD-
L1 positive (TPS >1%) and negative] (93).

Second-line setting

Among advanced GC patients in the second-line setting,
immunotherapy failed to reach its primary endpoint.
Despite the amendment that restricted the enrollment
to CPS >1, after the first interim analysis, the open-label
phase III KEYNOTE-061 comparing pembrolizumab
with paclitaxel, both in monotherapy, did not demonstrate
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Acronym/reference/PD-L1 evaluation Population Intervention Comparator Outcome, HR (95% Cl) Comments
CheckMate-032, Phase /1l (79), TPS Chemotherapy-refractory gastric, esophageal, or  Nivolumab or Nivolumab plus ~ NA ORR - Primary endpoint: ORR
GEJ; USA and Europe (n=160) ipilimumab, in different doses - NIVO3: 12% (5-23%) - PD-L1 (+ vs. -): ORR 13x4%
- NIVO1 + IPI3: 24% (13-39%) - PD-L1 scoring: TC =1%
- NIVO3 + IPI1: 8% (2-19%)
KEYNOTE-059, Phase Il, cohort 1 (81), CPS Gastric or GEJ >2 lines; 17 countries including Pembrolizumab monotherapy ~ NA ORR 11.6% (8.0-16.1%) - Primary endpoint: ORR and safety
East Asia (n=259) - PD-L1 (+ vs. -): ORR 15.5x6.4%
- PD-L1 (+ vs. -) 3 line: ORR 22.7x8.6%
- PD-L1 scoring: CPS =1%
ATTRACTION-2, Phase Il (76), CPS Gastric or GEJ, >2 lines (refractivity or intolerance); Nivolumab monotherapy Placebo 0S 5.2x4.1 m, HR 0.63 (0.51-0.78; P<0.0001) - Double-blind

JAVELIN, Gastric 300, Phase Il (82), CPS

KEYNOTE-061, Phase Il (2,83), CPS

KEYNOTE-059, Phase Il, cohort 2 (84), CPS

KEYNOTE-059, Phase Il, cohort 3 (84), CPS

KEYNOTE-062, Phase 3 (38), CPS

JAVELIN, Gastric 100, Phase Il (85), CPS

CheckMate 649, Phase Il (39,87), CPS

Asia (n=493)

Gastric or GEJ, 3" line; global (n=371)

Gastric or GEJ, >1%' line; global (n=395); enroliment
restricted to CPS >1% after first interim analysis

Gastric or GEJ 1 line; Japan, South Korea, USA,

France and Israel (n=25)

Gastric or GEJ CPS =1%, 1% line; Japan, South

Korea, USA, Israel, Canada and Chile (n=31)

Gastric or GEJ CPS =1%, 1st line; global (n=763)

Gastric or GEJ, who achieved ORR after 12 weeks

of 1st line (FOLFOX or XELOX); global (n=499)

Gastric or GEJ, or esophageal adenocarcinoma, 1%t

line; global (n=1,581)

Avelumab monotherapy

Pembrolizumab monotherapy

Pembrolizumab plus cisplatin
and 5-FU (capecitabine instead
of 5-FU in Japan)

Pembrolizumab monotherapy

Pembrolizumab monotherapy,
or Pembrolizumab plus
chemotherapy

Avelumab switch maintenance
as monotherapy

Nivolumab plus chemotherapy
or nivolumabe plus ipilimumab

Physician’s choice
chemotherapy (paclitaxel,
irinotecan or BSC)

Paclitaxel monotherapy

NA

NA

Chemotherapy (cisplatin
+ 5-FU or capecitabine
doublet)

Continuation of first-line
chemotherapy or BSC

Chemotherapy (CAPOX or
FOLFOX)

0OS 4.6x5.0m, HR 1.1 (0.9-1.4; P=0.81)

- 0S 9.1x8.3 m, HR 0.82 (0.66-1.00)

- PFS 1.5x4.1 m, HR 1.27 (1.08-1.57)

ORR 60% (39-79%)

ORR 25.8% (11.9-44.6%)

- Primary endpoint: OS

- PD-L1+: 0S 5.2x3.8 m, HR 0.75 (0.32-1.72)
- PDL1-: OS 6.0x4.0 m, HR 0.70 (0.50-0.99)
-PD-L1 scoring: TC =1%

- Open label

- Primary endpoint: OS

- PD-L1 (+ vs. -): OS 4.0x4.6 m
- PD-L1 scoring: TC =1%

- Open label

- Primary endpoint: OS and PFS in CPS >1%

- Exploratory data: CPS 5% OS 10.4x8.3 m

HR 0.72; 95% (0.53-0.99); CPS =10% OS 10.4x8.3 m, HR 0.69; 95% (0.46-1.05)

- Primary endpoint: safety and tolerability

- ORR secondary endpoint

- PD-L1 (+ vs. -): ORR 68.8x37.5%; OS 19.8x11.1m
- PD-L1 scoring: CPS =1%

- Primary endpoints: ORR, safety and tolerability
-0S20.7m

- (A): Pembrolizumab vs. chemotherapy: OS 10.6x11.1 m, HR 0.91 - Partially blinded

(0.69-1.18), non-inferiority met (A)

- (B): Pembro+chemo vs. chemo: OS 12.5x11.1 m, HR 0.85

(0.70-1.03; P=0.05), not superior

- ITT population: OS 10.4x10.9, HR 0.91 (0.74-1.11; P=0.177)
- PD-L1+ population (n=54), HR 1.13 (0.57-2.23; P=0.63)

0OS: 14.4x11.1 m, HR 0.70 (0.60-0.81; P<0.0001);
PFS: 8.1x6.1 m, HR 0.68 (0.56-0.81; P<0.0001)

- Primary endpoint: A: OS pembro vs. chemo (non-inferiority); B: pembro+chemo vs. chemo (superiority)
- CPS =10%; A: OS 17.4x10.8 m; HR, 0.69 (0.49-0.97; P not tested); B: OS 12.3x10.8 m, HR, 0.85; (0.62-1.17; P=0.16)

- Open label

- Primary endpoint: OS after induction chemotherapy in all patients or PD-L1+ (here, =1% by 73-10 IHC assays)

- Exploratory analysis CPS =1% (n=137): OS 14.9x11.6 m, HR 0.72 (0.49 to 1.05)

- Open label

- Primary outcome: OS or PFS, in patients CPS >5% nivo+chemo vs. chemo

- All randomly assigned patients: OS 13.8x11.6, HR 0.79 (0.71-0.88; P=0.0002)
- Additional results also showed better OS and PFS in CPS =1%

ATTRACTION-4, Phase II/ll (76), CPS Gastric or GEJ, 1* line; Asia (n=724) Chemotherapy (SOX or CAPOX) Chemotherapy plus

plus Nivolumab placebo

- PFS: 10.45%x8.34 m, HR 0.68 (0.51-0.90; P=0.0007)
- 0S:17.45x17.15 m, HR 0.90 (0.75-1.08; P=0.26)

- Double-blind

- Primary outcome: PFS and OS in the ITT population (all randomly assigned patients)

- Stratified by intensity of PD-L1 expression, by IHC 28-8 pharmDx

- TPS 21% (n=114): PFS 8.34x4.37 HR 0.80 (0.48-1.33); OS 16.56x16.62 HR 1.06 (0.67-1.68)

m, months; GEJ, gastroesophageal junction; HR, hazard ratio; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; 5-FU, 5-Fluorouracil; SOX, Tegafur-gimeracil-oteracil potassium [S-1] plus oxaliplatin; CAPOX, capecitabine plus oxaliplatin; FOLFOX, 5-FU, leucovorin plus oxaliplatin; NIVO, nivolumab; IPI, ipilimumab;
BSC, best supportive care; CPS, combine positive score; TPS, tumor proportion score; TC, tumor cells; ITT, intention to treat; IHC, immunohistochemistry.
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difference in OS and PFS between arms (6). In an updated
publication, OS was 9.1 versus 8.3 months (HR 0.82, 0.66-
1.00) and PFS 1.5 versus 4.1 months (HR 1.27, 1.03-1.57)
for paclitaxel versus pembrolizumab, respectively (94). In an
exploratory analyses stratifying by PD-L1 expression, there
was a benefit in OS for those with CPS >5, but not for those
with CPS >10 (7able 1).

First-line setting

Recently, studies addressing the role of ICIs for advanced
HER2-negative GC in first-line setting have been
published, leading to a paradigm shift in the immunotherapy
indication in this subset of GC patients. Taking advantage
of the knowledge added by older studies, many of these
trials included only patients whose tumors expressed PD-L1
or had pre-planned analysis stratifying patients according to
the biomarker expression.

In cohort 2 of the phase Il KEYNOTE-059 (n=25), which
evaluated pembrolizumab in combination with chemotherapy
(consisting of a cisplatin plus fluoropyrimidine doublet), an
ORR as high as 60% was reported. Among PD-L1 positive
(CPS 21) patients, ORR and OS were even higher compared
to PD-L1 negative (ORR 68.8% versus 37.5%, OS 19.8
versus 11.1 months) (95). In cohort 3, which included only
CPS >1 (n=31), pembrolizumab monotherapy reached out
an ORR of 25.8% and a median OS of 20.7 months, as it
has never been shown before (95).

More robust evidence comes from data of the phase III,
partially blinded, KEYNOTE 062 trial, which evaluated
efficacy and safety of pembrolizumab or pembrolizumab
plus chemotherapy versus chemotherapy alone in the CPS
>1 population. The chemotherapy backbone consisted of
cisplatin plus fluoropyrimidine. After a median follow-up of
29.4 months, pembrolizumab monotherapy was noninferior
to chemotherapy in median OS (10.6 versus 11.1 months,
HR 0.91, 99.2% CI: 0.69-1.18). However, the combination
of chemotherapy plus anti-PD-1, did not show superiority
in terms of OS when compared to chemotherapy alone.
In a subgroup analysis, patients with CPS >10 achieved
numerically higher OS when immunotherapy was used,
but no statistically significant difference was demonstrated
(Table 1) (50).

In a different study design, JAVELIN Gastric 100 was an
open-label phase III trial which evaluated immunotherapy
in the maintenance setting, i.e., in advanced GC patient who
achieved response after 12 weeks of first line chemotherapy.
Comparing to best supportive care or the continuation of
first-line chemotherapy, the study did not reach its primary
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outcome of OS, even among the PD-L1 positive (CPS >1)
population (96).

The first immunotherapy approved by the FDA and also
by regulatory agencies in other countries for the first line
setting was nivolumab in combination with oxaliplatin-
based chemotherapy (101). It was supported by the
phase III CheckMate-649 trial (n=789), a randomized,
multicenter, open-label and global study, in which GC
patients, regardless of PD-L1 status, were included.
Considering all randomly assigned patients, those treated in
the nivolumab plus chemotherapy arm had median OS of
13.8 months, compared with 11.6 months in patients who
received chemotherapy alone (8). In the CPS >5 population,
both PFS (HR: 0.68, 0.56-0.81; P<0.0001) and OS (HR:
0.71, 0.59-0.86, P<0.0001), which were the dual primary
endpoints, favored the nivolumab arm. In an exploratory
analyses, unstratified HR for OS with nivolumab plus
chemotherapy versus chemotherapy alone for patients
with CPS <1 and <5 was 0.92 (95% CI: 0.70-1.23) and
0-94 (0.78-1.13), respectively. In addition, interaction
test comparing the subgroups by CPS >5 was statistically
significant (P=0.0107) (8). These results reflect the minimal
(at most) benefit of adding nivolumab to chemotherapy in
the subgroup of patients with CPS <5.

Recently, the FDA and other regulatory agencies have
approved nivolumab plus chemotherapy for first-line
treatment, regardless of PD-L1 expression (3,101). The
higher rates of grade >3 adverse events (59% versus 44%)
and the financial burden associated to the indiscriminate
prescription of nivolumab should not be disregarded (8).

Another important trial of nivolumab for frontline
advanced GC was the double-blind phase II/III
ATTRACTION-4, conducted in Asia. Regarding one of
its coprimary endpoint, the PFS in the I'TT population
(among all randomly assigned patients) were higher in the
chemotherapy plus anti-PD-1 arm than in chemotherapy
alone (10.5 versus 8.3 months, HR 0.68, P=0.0007).
However, at the final analysis, OS was similar for both
groups (HR: 0.90, 0.75-1.08, P=2.57). Among TPS >1%
patients (n=114), OS was 16.56 months versus 16.62 months
(HR 1.06, 0.67-1.68) for chemotherapy with nivolumab
versus chemotherapy only, respectively (91).

Conclusions

GC is a markedly heterogenous disease whose systemic
therapy is an unmet clinical need. The cornerstone of the
systemic therapy is the combination of fluoropyrimidines
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plus platins, which yields modest clinical outcomes. Apart
from trastuzumab for HER2-positive disease, there are
currently no genome-guided personalized therapies
in GC, despite promising novel therapies in the next
few years. ICI has demonstrated modest activity in an
unselected population of advanced GC. From the emerging
predictive biomarkers for ICI that have been identified
in the past decade (PD-L1 expression, tumor mutational
burden, microsatellite instability, TILs, immune gene
signatures, among others), microsatellite instability likely
has the strongest value, but PD-L1 has demonstrated a
meaningful association between level of expression in the
tumor microenvironment and the magnitude of benefit
derived from ICI in GC. Despite the limitations in the
interpretation of PD-L1 expression (spatial and temporal
heterogeneity, interobserver variability, IHC assay, and
influence by chemotherapy or radiation therapy), the
randomized clinical trials have been consistent to suggest
that the subgroup of GC patients that do not express PD-
L1 in the tumor microenvironment derive little, if any,
benefit from ICI. Novel immunotherapeutic approaches and
targeted therapies, as well as novel predictive biomarkers,
are urgently needed to be incorporated in the management
of GC, in order to bring hope to the patients and their
families affected by this challenging disease.
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