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ABSTRACT

The curative approach to advanced gastric cancer treatment is surgical resection. But the risk
of relapse after resection in this disease remains high. To address this, multiple peri-
operative local and systemic therapies have been tested in patients with operable gastric
adenocarcinomas over the last two decades. However, while the roles of neoadjuvant and
adjuvant therapies have been evolving over the last two decades, many unanswered
questions remain. Here, we first discuss the scientific rationale for these interventions. Next,
we review the current progress, and offer a perspective on potential approaches that may be
useful in the perioperative setting in advanced gastric cancer.
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INTRODUCTION

Gastric cancer (GC) is the third most common cancer, with one million newly
diagnosed patients per year, and the third most deadly cancer worldwide (1).
The 5-year survival of patients with early GC is about 75%, but at an advanced
stage with extensive lymph node involvement, it drops to less than 30%.
Unfortunately, most cases of GC are diagnosed at advanced stage. Therefore,
improving the efficacy of therapy for patients with advanced GC remains an key
aspect for overall treatment outcomes of this disease (2).

The vast majority of GCs are adenocarcinomas, which can be further sub-
divided into intestinal and diffuse types according to the Lauren classification (3).
Tumor microenvironmental factors such as hypoxia, angiogenesis, fibrosis, and
inflammation are critical processes in the for local progression and distant
metastasis of solids tumors including GC (4). These factors do so by creating an
immune-suppressive tumor microenvironment characterized by hypoxia and
immunosuppression. As a consequence, no existing single chemotherapy agent
or combination regimen consistently leads to objective tumor shrinkage, and
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novel therapy approaches for GCs are desperately
needed (4).

Tumor vasculature as a target for GC

In addition to genetic abnormalities, tumors
develop a new blood vasculature through a process
referred to as angiogenesis — which results in
largely immature vessels (5-7). In malignant tumors,
angiogenesis is often driven by the vascular endothelial
growth factor (VEGF)/VEGF receptor VEGFR-2 pathway;
the abnormal vessels resulting from overexpression of
VEGF and other angiogenic factors are associated with
an abnormal tumor microenvironment characterized
by low tissue oxygenation (hypoxia) and immuno-
suppression (8). These characteristics of the micro-
environment promote tumor progression as well as
resistance to chemo-, radio-, and immune-based-
therapies. Much progress has been achieved in the last
half of the century, since targeting tumor angiogenesis
has been proposed as a strategy for cancer therapy in
particular by targeting the VEGF pathway (9). The
concept introduced by Dr. Rakesh K. Jain (Harvard
University) posited that the appropriate dose of anti-
angiogenic treatment can lead to a normalization of the
tumor vasculature, by reducing vascular permeability
and interstitial fluid pressure; in turn, these changes will
improve blood flow and perfusion (10). In this manner,
a normalized tumor vasculature could enhance the
delivery of anti-cancer drugs and of oxygen, important
for radiation therapy, and promote anti-tumor immuni-
ty (11). Several preclinical and clinical studies supported
this hypothesis (4). In metastatic GC, anti-VEGFR-2 anti-
body therapy is a standard of care alone or in combina-
tion with chemotherapy (see below). However, while
antiangiogenic therapy has shown feasibility in the
perioperative setting in several cancers, its rationale
remains unclear given the lack of efficacy seen in large
studies of anti-VEGF/VEGFR-2 antibodies with chemo-
therapy in colorectal and breast cancer patients
(12-15).

Promoting anti-tumor immunity
as an approach for GC therapy

Targeting immune evasion by malignant tumors has
been a major unmet need in oncology. While the
immune response to a specific antigen is recognized by
major histocompatibility receptors, co-stimulatory and
co-inhibitory molecules called immune checkpoints
regulate the intensity of response. Immune checkpoints
are physiologically expressed by normal for the
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maintenance of self-tolerance (16). In tumors, immune
checkpoint molecules such as programmed cell death
receptor (PD)-1, PD ligands (PD-L)-1 and —2 and cyto-
toxic T-lymphocyte-associated-protein (CTLA)-4 are
often overexpressed and mediate immune evasion
(17). Recently, monoclonal antibodies that block
immune checkpoints such as PD-1/PD-L1 or CTLA-4 are
transforming the treatment of patients with advanced
cancers (18). So far, these drugs have profoundly
changed the treatment of several advanced/metastatic
cancers (for example melanoma or lung cancer).
Integrating these new immunotherapies in the peri-
operative (neoadjuvant and/or adjuvant) therapy could
potentially have an important impact for down-staging
locally advanced tumors and increasing the durability
treatment responses (2, 19). However, the determi-
nants of this response are incompletely understood in
GC. The tumor microenvironment is thought to play
a key role in the response to immunotherapy with
immune checkpoint inhibitors (4). The infiltrating
immune cells such as cytotoxic T-lymphocyte in tumors
may differ widely in density, composition, and clinical
significance (20). Tumor vessels are a critical part of the
immune microenvironment that can influence
immunotherapy response and can be targeted using
anti-angiogenic drugs (4, 21, 22). Blood vascular and
lymphatic endothelial cells may also play important
roles in the trafficking of immune cells, controlling the
microenvironment, and modulating the immune
response. Improving access to the malignant tumor
through vascular alterations induced by anti-angiogenic
drugs may prove an effective combinatorial strategy
with immunotherapy approaches and might be
applicable to many tumor types, especially GC, where
both anti-PD-1 and anti-VEGFR-2 antibodies are
standard of care in metastatic disease (23). This
knowledge may be important to devise new strategies
to more substantially improve overall survival in GC
patients, for example by combining anti-angiogenic
agents with immunotherapy such as immune check-
point inhibitors.

Why target the immune checkpoints
in gastric cancer?

Anti-immune checkpoint therapy for GC is attractive
for several reasons. The majority of GCs are associated
with infectious agents, including the bacterium
Helicobacter (H.) pylori and EBV (24). Thus, GCs may be
highly immunogenic, especially when induced by
Epstein Barr Virus (EBV) infection or when presenting
with ‘microsatellite instability’ (MSI). Similarly, a high
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mutational burden may increase the likelihood of
response to anti-immune checkpoint blockade (1).
Indeed, immunotherapy has shown great promise to
radically improve durability of responses and outcomes
in certain advanced cancers, including in metastatic GC.
However, in the majority of patients, therapy fails to
elicit an appropriate anti-tumor immune response. In
part, this treatment resistance may be mediated by the
typically immunosuppressive GC microenvironment.
Thus, much progress needs to be made in our under-
standing of determinants of immune evasion prior to
integration of immunotherapy for neoadjuvant and/or
adjuvant therapy in advanced GC.

How does gastric cancer evade immunity?

A previous report by the TCGA project reported
that 15% of GCs showed amplified PD-L1 expression
in EBV-positive GCs. Evaluation of mRNA revealed
elevated expression of JAK2, PD-L1 and PD-L2 in the
amplified cases (1). In addition, Lin et al. reported was
significantly enriched in signatures related to T-cell
activation, including CTLA-4 signaling in GC samples
from non-Asian patients. Similarly, in non-Asian
GCs showed significantly higher expression of T-cell
markers and lower expression of the immuno-
suppressive T-regulatory (Treg) cell marker FoxP3 (25).
Furthermore, in lymphocyte-rich GCs, the tumor
stroma could serve as a “tertiary lymphoid tissue”
(26). Multiple other immune-suppressive mechanisms
have been also proposed. The stomach tissue is
inherently is “tolerogenic” to prevent aberrant
immunity in response to these potential antigens
absorbed from epithelium (27, 28). On the other
hand, GCs are inflammation-induced malignancies,
because they often occur in a diseased stomach on
the background of gastritis (29). The underlying
chronic inflammation and viral infection create an
immuno-suppressive environment in the stomach
through the production of cytokines including
interleukin (IL)-6, IL-11, tumor necrosis factor-alpha
(TNF-a), and transforming growth factor-beta
(TGF-B) (21, 30). The infiltration of tumors by
immuno-suppressive cells, e.g., Tregs and myeloid-
derived suppressor cells (MDSCs) is another impor-
tant mechanism of immune evasion in cancer.
Exhaustion of effector T cells has also been reported
as a mechanism of immune evasion in advanced
cancer patients (31, 32).
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Anti-vascular therapy can modulate
immune suppressive microenvironment

Reactivation of immune response is a key to
achieving efficacy for immunotherapy in GC. Growing
evidence is showing that combining anti-angiogenic
therapy with immunotherapy may in certain contexts
improve immune response in solid cancers (11, 33).
Several other studies have evaluated the change in
immune response after anti-angiogenic therapy. For
example, bevacizumab has shown to enhance
dendritic cell (DC) proportion and function in solid
cancer patients (34). In mouse models, it has been
reported that anti-VEGF antibody can enhance the
number and function of DC (35). Previously, Huang et
al. reported the impact of dose titration for anti-
VEGFR2 antibody therapy on vascular normalization,
reprogramming of the immune microenvironment and
vaccine immunotherapy in a mouse model of breast
cancer (36). This preclinical evidence suggests the
potential benefit of titration of anti-VEGFR2 antibody
therapy on immunotherapy in GC.

Evolving role of targeting immune
checkpoints in GC

Anti-PD-1/PD-L1 therapy is the most advanced
modality for immune checkpoint blockade across
cancer types, including GC. PD-1 is a CD28 super family
member that conveys co-inhibitory signals for T cell
receptor (TCR) (37). PD-1 is expressed in CD8+ T cells,
Tregs and MDSCs (38, 39). In addition, PD-1 mediates
peripheral tolerance and autoimmunity. Chronic
exposure to antigen may increase PD-1 expression in T
cells, leading to anergy or cell exhaustion (40). Cancer
cells can “hijack” PD-1 signaling by expressing PD-L1 or
PD-L2 to activate PD-1 in tumor-infiltrating lympho-
cytes and evade immune surveillance (41). PD-1 and
PD-L1 expression can be detected in clinical samples
and significantly correlated with human GC stage (23),
local recurrence rate and poor prognosis (1). All these
data support the evolving role of immune checkpoint
inhibition therapy in GC. Unfortunately, as discussed
below, only a fraction of GC patients respond to this
intervention, highlighting the need for patient selection
for this therapy modality, as well as other targeted
therapies.

275



Jiang Chen et al

Potential for using new classification
methods for improving GC therapy

Traditional staging systems based on tumor location
or morphology have a proven utility in predicting
prognosis of GC patients. These systems are also useful
in stratifying patients according to prognostic variables
in the setting of clinical trials, and allowing the
exchange of information among researchers, and
finally guiding the therapeutic approach (42, 43).
Although surveillance protocols of patients at-risk to
develop GC have significantly improved in this manner,
the clinical outcome remains poor with a majority of
patients presenting with advanced disease and not
being candidates for surgery. Although several new
classification systems have been proposed recently
to adapt to tumor biological diversity and new
complicated combination therapies, classification and
biomarker screening for antibody-targeted therapy and
immunotherapy are desperately needed for patient
selection for implementation of new adjuvant and/or
neoadjuvant therapies (23, 42).

Role of chemotherapy in adjuvant setting in
GC patients

The role of perioperative chemotherapies has been
proposed after the regimen of epirubicin, cisplatin and
infused fluorouracil (FU) (ECF) showed a good response
rate (49-56%) in randomized trials for unresectable
advanced gastric cancers (44, 45). From the early 2000s,
development of chemotherapy had been focused on its
use as perioperative treatment. A key randomized trial
of perioperative chemotherapy for patients with
resectable gastro-esophageal cancer was reported in
The New England Journal of Medicine (46). In this
study, 3 cycles of both preoperative and postoperative
ECF were planned. Although only 42% patients enrolled
in the perioperative chemotherapy group could
complete all treatment as per protocol, the result
showed improvement of progression-free survival (PFS)
(Hazard ratio [HR]=0.66) and 5-year survival rate (36%
vs 23%, HR; 0.75).

Role of chemoradiation in adjuvant setting
in GC patients

The benefit of adjuvant chemoradiotherapy (CRT)
was reported by the Intergroup (INT)-0116 in a trial in
GC patients performed two decades ago (47). Study
enrolled 556 patients who were randomized to surgery
followed by 1 cycle of 5-FU, followed by radiation
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concurrent with 5-FU administered for 4 days at the
beginning of radiation and during the last 3 days of
radiation versus surgery alone. Trial data demonstrated
that patients enrolled in the CRT group had a medial
superior overall survival (OS). Compared to the surgery
alone group, GC patients who underwent post-
operative CRT had a significantly lower rate of relapse,
not only local but also regional. An updated analysis of
the INT-0116 study showed a persistent PFS and OS
benefit for adjuvant CRT (5-year OS 43% vs 28%,
HR=1.32) (48). Despite these significant benefits in a
randomized phase Il trial, the role of adjuvant CRT
remains controversial. In the Adjuvant CRT in Stomach
Cancer (ARTIST) trial, 458 patients received extensive
lymph node dissection (D2) surgery and were then
randomized to receive adjuvant capecitabine plus
cisplatin (XP) before and after CRT versus XP alone.
Study data demonstrated that CRT did not increase OS,
but improved relative disease-free survival (DFS) by
32% among 300 patients with positive lymph node
involvement according to an unplanned subgroup
analysis (49). Another RCT study compared the
adjuvant CRT regimen used in the INT-0116 study to
chemotherapy alone (without radiation). Compared to
the chemotherapy alone group, the 5-year disease-free
survival was significantly superior in the CRT group (50).
However, the Chemoradiotherapy after Induction
Chemotherapy in Cancer of the Stomach (CRITICS) trial
showed no difference between CRT and chemotherapy
alone (51). Currently, the ARTIST-II trial (NCT01761461)
is ongoing and the goal is validating that CRT will
benefit patients with positive lymph nodes over
chemotherapy alone —based on the results of subgroup
analysis in the ARTIST trial. Given the inconsistent
results, and the potential impact of regional differences
in surgical interventions, future studies need to address
the role of CRT in adjuvant setting. Thus, while adjuvant
cytotoxic therapy has become one of the standard
therapeutic options for advanced GC after resection,
there is no international consensus for adjuvant
therapies in this setting.

In the US, the National Comprehensive Cancer
Network (NCCN) clinical practice guidelines recom-
mend CRT for advanced GS patients who have not
received preoperative chemotherapy (52). In Europe,
the United Kingdom Medical Research Council
Adjuvant Gastric Infusional Chemotherapy (MAGIC
trial) enrolled 503 patients with potentially resectable
gastric, distal esophageal or esophagogastric junction
adenocarcinomas who were randomized to surgery
alone or chemotherapy with ECF. Adjuvant ECF
chemotherapy improved median OS (HR=0.75) and PFS
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(HR=0.66) (46). However, the European Society for
Medical Oncology (ESMO) clinical practice guidelines
recommend perioperative chemotherapy for advanced
GC preferentially (53). For patients who have under-
gone gastrectomy without preoperative therapy, post-
operative CRT or chemotherapy are recommended.

In East Asia, S-1 chemotherapy demonstrated
significant efficacy as adjuvant treatment for locally
advanced GC patients who have undergone a D2
dissection (54). Based on these data, Japanese GC
treatment guidelines recommend postoperative
chemotherapy with S-1 monotherapy (55). Based on
recently findings from Fuse et al. and the Capecitabine
and Oxaliplatin Adjuvant Study in Stomach Cancer
(CLASSIC) study, the XELOX (capecitabine plus
oxaliplatin) regimen can be considered an adjuvant
treatment option for GC patients who have undergone
curative resection (5-year OS rate was 78% vs 69% with
surgery alone, HR=0.66) (56).

In summary, although the outcomes for patients
with locally advanced GC have improved substantially
with the advent of with chemotherapy and CRT, future
studies need to establish their respective roles and
allow further optimization of adjuvant therapy.

Role of chemotherapy in the neoadjuvant
setting in GC patients

A recent study by Al-Batran et al. reported
promising data from a clinical trial of neoadjuvant
chemotherapy in advanced GC patients including
limited metastatic disease who underwent resection
and showed a favorable survival. This trial (AIO-FLOT3)
provided a rationale for further randomized clinical
trials (57). The issue of neoadjuvant therapy is
addressed in several ongoing clinical trials, such as
Neoadjuvant FOLFIRINOX in the Treatment of Locally
Advanced Gastric Cancer (NCT03825861 and
Randomized Phase Il Trial of Surgery Plus Neoadjuvant
TS-1 and Cisplatin Compared With Surgery Alone for
Type 4 and Large Type 3 Gastric Cancer: Japan Clinical
Oncology Group Study (JCOG 0501) (NCT00252161).

Role of chemoradiation in the neoadjuvant
setting in GC patients

Neoadjuvant chemoradiation has been proposed
as an approach to improve RO resection rates and
achievement of pathological complete responses
(pCRs) in advanced GC. However, several meta-analyses
compared neoadjuvant CRT versus CT for adeno-
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carcinoma of gastroesophageal junction (GEJ), and
found no difference in median OS despite a higher pCR
rate and a reduced risk of locoregional recurrences for
the CRT approach (58). Several phase Il and phase I
clinical trials are ongoing to prospectively address the
role of CRT in neoadjuvant setting, including “A
Randomized, Multicenter, Open-label, Phase Il Trial
Comparing Neoadjuvant Chemoradiotherapy Versus
Chemotherapy in Patients With Locally Advanced
Gastric Adenocarcinoma (NCT01815853)” and “A Phase
Il Study of Neoadjuvant Chemotherapy With S1+
Oxaliplatin (SOX) Regimen Followed by Chemoradiation
Concurrent With S-1 in Patients With Potentially
Resectable Gastric Carcinoma (NCT02024217)".

The rationale for molecularly targeted
therapies, antiangiogenic therapies, and
immunotherapies

Molecularly targeted therapy

Molecularly targeted therapy has shown promise in
advanced GC, as one of the examples of personalized
therapy. Human epidermal growth factor receptor 2
(HER2) is a critical oncogenic driver in a subset of GC
and GEJ cancers. Previous studies suggested that HER2
amplification and/or overexpression in these tumors
leads to poor outcomes and a more aggressive
phenotype. That provided rationale for the use of
trastuzumab — an effective anti-HER2 blocking antibody
in HER2-driven breast cancers — in combined with
chemotherapy to treat HER2-positive advanced GC.

Indeed, the ToGA trial was the first clinical trial to
confirm that trastuzumab plus chemotherapy can
improve survival in advanced GC patients (59). This trial
recruited 594 patients who were randomized to receive
trastuzumab plus chemotherapy or chemotherapy
alone. Compared to patients treated with chemo-
therapy alone, the median OS was more than 2 months
longer in the patients treated with trastuzumab plus
chemotherapy. Better yet, the risk of death was
reduced by 26%. Multiple phase Il and phase Il trials
are now testing chemotherapy regimens combined
with trastuzumab/pertuzumab (another antibody
which prevents the HER2/HER3 dimer formation) in
neoadjuvant/perioperative setting for HER2-positive
advanced GC (e.g., NCT02205047, NCT NCT02581462,
NCT03691454). In Japan, the JCOG1301 phase Il study
is currently underway to evaluate the efficacy of using
trastuzumab in combination with S-1/cisplatin based on
promising phase Il data (60).
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Antiangiogenic therapy

As discussed above, tumor vessel formation and
function are critical for cancer progression and
response to treatment. Angiogenesis is a crucial aspect
of tumorigenesis and progression of solid tumors such
as GC. VEGF/VEGFR-2 pathway is a key mediator of
pathologic and physiologic angiogenesis. This under-
standing has prompted trials of agents targeting the
VEGF or VEGFR-2 in advanced GC.

The randomized phase Il AVAGAST trial tested the
efficacy of bevacizumab, a monoclonal anti-VEGF
blocking antibody, with cisplatin and fluoropyrimidine
versus chemotherapy alone in metastatic or unresec-
table advanced GC patients. The results demonstrated
that bevacizumab plus chemotherapy can significantly
improve median PFS but not OS (61). The REGARD
trial evaluated an anti-VEGFR-2 blocking antibody
(ramucirumab) as a second-line option for patients with
metastatic disease unresponsive to first-line chemo-
therapy. Trial data showed that ramucirumab can
significantly improve OS with these patients (62). This
conclusion was further validated by other clinical
trials. A phase 3 trial confirmed that combination of
ramucirumab with paclitaxel chemotherapy significantly
increased median OS compared with placebo plus
paclitaxel, and thus could be regarded as a new
standard second-line treatment for patients with
advanced GC (63). Finally, the pan-VEGFR tyrosine
kinase inhibitor apatinib demonstrated increased
response rates, PFS and OS when combined with
chemotherapy in advanced GC in a trial in Chinese
patients (64).

Despite the proven efficacy of this approach,
important challenges remain for the integration of
antiangiogenic perioperative setting. Anti-VEGF agents
did not prevent metastasis in other cancers and their
role in neoadjuvant setting in advanced GC remains to
be established.

Immunotherapies

As discussed above, some GCs could be relatively
immunogenic. In these cancers, the immune response
is suppressed by multiple mechanisms, and immune
checkpoint blockade therapy may be an effective
strategy to reactivate anti-tumor immunity. There are
multiple clinical trials exploring the role of immune
checkpoint blockade therapy (PD1/PD-L1, CTLA4,
VISTA, etc.) in GC, including in advanced disease. Others
are testing on tumor-specific T lymphocytes, natural
killer cells, dendritic cell-based vaccines and cyto-
kine-induced killer (CIK) cells.
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PD-1. A case report completed by Yu S et al, demon-
strated that combination of concurrent PD-1 antibody
immunotherapy, chemotherapy (S-1 plus oxaliplatin)
and radiotherapy could be effective against patients
with advanced GC (65). In ATTRACTION-2 clinical trial of
the anti-PD-1 antibody nivolumab as a salvage therapy
versus placebo group, immunotherapy demonstrated
significant survival benefits in patients with advanced
GC/GEJ cancer previously treated with chemo-
therapy (66). The efficacy of nivolumab in combination
with postoperative chemotherapy will be tested, in the
phase Il study ATTRACTION-05 (NCT03006705). The
anti-PD-1 antibody pembrolizumab is currently being
tested in advanced GC in the phase IlI trial (KEYNOTE-
585 study) (67). This clinical trial is designed to evaluate
the efficacy of pembrolizumab in combination with
perioperative chemotherapy for patients with locally
advanced GC and GEJ cancer. As a subgroup of 1b
KEYNOTE-012 study, Muro K et al. assessed the safety
and activity of pembrolizumab in patients with PD-L1-
positive recurrent or metastatic GC and GEJ cancers
(68). The study results showed that pembrolizumab had
a tolerable toxicity profile and promising antitumor
activity. Further evaluation of the safety and efficacy of
pembrolizumab in previously treated GC and GEJ
cancers, in the phase Il clinical trial (KEYNOTE-059
study) showed that pembrolizumab demonstrated
promising activity in these patients who had previously
treatment (69). Durable responses were observed not
only in patients with PD-L1-positive, but also in patients
with PD-L1-negative tumors. In a randomized,
open-label, controlled, phase Il trial, pembrolizumab
did not show increase survival despite showing a more
favorable safety profile compare to paclitaxel (70).
Toripalimab is a humanized 1gG4 monoclonal antibody
against PD-1 and has demonstrated a manageable
safety profile and promising antitumor activity in
advanced GC patients, especially in combination with
XELOX (71). There are several ongoing clinical trials
testing immunotherapy combined with chemotherapy
in neoadjuvant setting, e.g., a phase Il clinical study of
neoadjuvant therapy for resectable locally advanced GC
with PD-1 antibody or in combination with apatinib +
S1 (NCT03878472); a phase Il study of PD-1 inhibitor
combined with FOLFOX neoadjuvant therapy for
resectable GC and GEJ Adenocarcinoma (NCT03939962);
SHR-1210 combined with trastuzumab, oxaliplatin and
capecitabine for neoadjuvant therapy of GC/GEJ adeno-
carcinoma (NCT03950271).

Multiple other trials of anti-PD-1 antibodies are
ongoing.
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PD-LI

With an increase in the use of adjuvant CRT for
locally advanced GC after surgical resection,
researchers also found a relationship between radio-
therapy and increased PD-L1 expression. Zhang et al.
observed that the expression of PD-L1 was increased in
irradiated cancer cell lines in vitro (72). They hypo-
thesized that PD-L1 expressing tumor cells might be
selected during radiotherapy to resist anti-tumor
immune responses. Moreover, Yu et al. reported that
following neoadjuvant chemotherapy, the expression
levels of PD-L1, PD-1 and TIM-3 were significantly
increased in GC patients (73). Based on this premise,
several clinical trials are investigating the role of anti-
PD-L1 immunotherapy in advanced cancer, including in
perioperative setting (74).

CTLA-4. The anti-CTLA-4 antibody tremelimumab
was one of the first immune checkpoint inhibitors
investigated in patients with GC/GEJ cancers. In a phase
Il study, Ralph et al. investigated tremelimumab in 18
patients and reported that approximately one-third of
patients were alive at one year (75). The anti-CTLA-4
antibody Ipilimumab was also tested in a randomized
phase Il trial, but the study was stopped early due to
lack of clinical efficiency. While the role of targeting
CTLA-4 alone remains unclear, an ongoing phase /Il
study is investigating the role of dual PD-1/CTALA-4
blockade (nivolumab/ipilimumab) with CRT in patients
with resectable GC (NCT03776487). Janjigian et al.
reported that nivolumab and nivolumab plus ipilimumab
demonstrated clinically meaningful antitumor activity,
durable responses, encouraging long-term OS, and a
manageable safety profile in patients with chemo-
therapy-refractory esophagogastric cancer (76). Phase
[ll studies evaluating nivolumab or nivolumab plus
ipilimumab in earlier lines of therapy for esophago-
gastric cancers are also underway.

Other immunotherapy approaches. Other immuno-
therapy approaches include tumor-specific T lympho-
cyte, cytokine-induced killer (CIK) cell or natural killer
cell therapy. In a cohort study, Kuai et al. reported that
in vitro activated tumor-specific T lymphocytes can
prolong the survival of patients with advanced GC. In
this study, in vitro activated tumor-specific T lympho-
cytes immunotherapy plus chemotherapy after surgery
prolonged the median survival of advanced GC patients
by 9.8 months compared with chemotherapy alone
(77). Similarly, CIK cell have shown promising activity.
Chen et al. showed that adjuvant chemotherapy
combined with autologous CIK therapy could improve
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outcome for GC patients after D2 gastrectomy
compared to chemotherapy alone. Study data showed
that patients in the CIK group had longer DFS and OS
than patients in the control group (DFS 41 vs. 32.0
months and OS 45 vs. 44 months) (78). Finally, in a
phase | clinical trial, Ishikawa et al. provided initial
evidence of anti-tumor activity after transfer of
expanded NK cells in combination with IgG1 antibody in
patients with GC or colorectal cancer that have received
previous therapy (79).

Despite this advance in our understanding, assessing
immunotherapy responses remains challenging as
tumors may demonstrate atypical responses, adverse
reactions and pseudo-progression. Atypical therapy
response is crucial for physicians to understand. Based on
RECIST 1.1, the RECIST working group modified the
response criteria, and iRECIST can now provide guidance
for response assessment of oncologic patients treated
with immunotherapy (80). The use of iRECIST should be
further validated for making therapy decisions, but it
may potentially optimize therapy outcomes.

CONCLUSION

Radical gastrectomy with lymph node dissection is a
standard treatment for advanced GC. Cytotoxic
therapies are effective in perioperative setting, and
ongoing studies may establish the optimal regimens.
For patients who do not receive preoperative chemo-
therapy, postoperative chemoradiation is usually
recommended. Future directions include incorporation
of targeted therapies — which have shown efficacy in
metastatic setting — earlier in the disease management.
These therapies include anti-angiogenic, anti-HER2 and
immune checkpoint blockade. In addition, multimodal
combination therapies might be feasible to address
treatment resistance. Despite while many challenges
remain, including the high costs and potential serious
toxicities associated with these therapies, compelling
evidence supports the potential efficacy of such
combinations. However, mechanism— and biomarker-
based approaches are needed to guide study and
treatment design. Research in this area will lay the
groundwork for a new paradigm of combination
immunotherapy as a new adjuvant and/or neoadjuvant
therapy that could rapidly impact the management of
advanced GC.
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