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Abstract
Gastric cancer (GC) remains one of the most common cancers and serious health problems worldwide. For unresectable
or metastatic advanced gastric cancer, chemotherapy treatment is first selected. Although chemotherapy has improved
survival in patients with advanced gastric cancer (AGC), the prognosis of these patients remains poor. In recent years,
some therapies targeting biological molecules have been reported to prolong the survival of patients with AGC. Since
trastuzumab, a monoclonal antibody that targets HER2, was established as standard therapy for unresectable GC in
a HER2-positive patient, many other targets have been reported as new therapy targets. Many molecular targeted
therapies, such as HER2, VEGFR or EGFR, have been verified as established standard treatments with or without
chemotherapy in clinical trials. Furthermore, immunotherapy is expected to be an effective treatment with promising
clinical trial data. Especially, immune checkpoint inhibiters, such as PD-1/PD-L1 or CTLA-4, have demonstrated
innovative progression in GC therapy. Moreover, ongoing clinical trials including targeted therapy and immunotherapy
have shown promising results in improving clinical outcomes, safety, and tolerability. In this article, we review targeting
therapies and immunotherapies for GC and summarize future prospective treatments.
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INTRODUCTION

Gastric cancer (GC) is one of the most common cancers and the third-leading cause of cancer-associated
deaths worldwide, especially in East Asia. Almost one million new cases (952,000 cases in 2012) have been
estimated to occur annually[1]. In early GC, radical surgery with or without perioperative chemotherapy
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is the most recommended curative choice. For unresectable or metastatic advanced gastric cancer (AGC),
chemotherapy treatment is first selected.
Conventionally, cytotoxic agents, such as 5-fluorouracil (5-FU), platinum agent, irinotecan, taxanes, and
anthracyclines, are used for AGC. Among these, recommended as the first-linetreatment, is a combination
of 5-FU and platinum-based chemotherapy with or without docetaxel. This treatment results in a median
overall survival (OS) of 10-15 months and a median progression-free survival (PFS) of 5-6 months[2]. For
second-line treatment or after treatment, docetaxel, irinotecan, and paclitaxel are known to improve
prognosis compared with best supportive care (BSC)[3]. Although chemotherapy has improved survival in
patients with AGC, the prognosis of these patients remains poor.
However, some therapies targeting biological molecules have been reported to prolong the OS of patients with
AGC. Trastuzumab, a monoclonal antibody for human epidermal growth factor receptor2 (HER2), has already
been established with chemotherapy as first-line treatment for HER2-positive AGC patients[4]. In addition,
ramucirumab, an anti-vascular endothelial growth factor receptor 2 (VEGFR2) antibody has also proven to be
efficient for second-line treatment[5,6]. Therefore, this targeted therapy field is indeed currently evolving.
Recently, immunotherapy has also been expected to be an innovative therapy for several types of cancer.
Cancer immunotherapy can reverse tumor immune escape associated with suppression of the immune
checkpoint pathway. Immunotherapies targeting programmed death 1 (PD-1)/programmed death-ligand 1
(PD-L1) checkpoints have been identified to be an important scientific breakthrough and have already been
approved in treatment of many types of cancer including melanoma, non-small cell lung cancer (NSCLC)
and renal cell carcinoma. In addition, immunotherapy has begun to be approved for last-line treatment in
GC patients based on the latest clinical trial data[7]. Immunotherapy has important clinical application with
favorable outcomes, limitations, and acceptable adverse events, with it having been applied in many past and
undergoing clinical trials.
In this article, the latest knowledge of focused on common cancer targets, signaling pathways, targeting
therapies, and immunotherapies for AGC are reviewed and future prospects for AGC treatment are described.

TARGETED CHEMOTHERAPY

Since trastuzumab, a monoclonal antibody that targets HER2, was established as standard therapy for
unresectable GC in a HER2-positive patient[4], many other targets have been reported as new therapytargets.
Furthermore, phase III trials that target HER2, epidermal growth factor receptor (EGFR), vascular
endothelial growth factor (VEGF)/vascular endothelial growth factor receptor (VEGFR), MET, or the
mechanistic target of rapamycin (mTOR) have been examined with new findings [Figure 1 and Table 1]. We
introduce the current knowledge of targeting therapies for GC.
Anti-HER2 monoclonal antibodies

HER2 is a proto-oncogene encoded by ErbB2 on chromosome 17. Trastuzumab was the first HER2-targeted
drug to be developed and introduced for the treatment of HER2-positive metastatic breast cancer. Trastuzumab
induces antibody-dependent cytotoxicity which causes the downregulation of cell cycle disorders. The ToGA
trial, comprising randomized controlled trials recruiting patients with histology confirmed, inoperable,
locally advanced, recurrent, or metastatic adenocarcinoma, was the first randomized phase III trial to show
trastuzumab plus chemotherapy[4]. The result of this trial with trastuzumab plus chemotherapy is superior
to chemotherapy alone for HER2-positive advanced or metastatic gastric cancer with regard to OS and DFS.
Furthermore, up to 22.1% of patients were HER2-positive [Immunohistochemistry (IHC)2+/ fluorescence in situ
hybridization (FISH)+ or IHC3+] in this trial and especially, the OS of the HER2 high-expression group was
16.0 months. This result precisely demonstrated the efficiency of trastuzumab for AGC.

Kiyozumi et al. J Cancer Metastasis Treat 2018;4:31 I http://dx.doi.org/10.20517/2394-4722.2017.77

Page 3 of 15

Figure 1. Targeted therapy and oncogenic pathways in gastric cancer. EGFR: epidermal growth factor receptor; HER: humanepidermal
growth factor receptor; HGF: hepatocyte growth factor; mTOR: mammaliantarget of rapamycin; VEGF: vascular endothelial growth factor;
VEGFR: vascular endothelial growth factor receptor

One novel antibody drug targeting HER2, trastuzumab-emtansine (TDM-1), was confirmed to be
significantly effective in breast cancer. However, a phase III study for HER2- positive GC patients added
with TDM-1 could not prolong OS and PFS during second-line treatment (GATSBY study)[8]. The reasons
for this include the heterogeneity of HER2 expression in GC or the changed pattern of HER2 expression by
first-line chemotherapy. The detailed analyses of those results are yet to be revealed.
Tyrosine kinase inhibitors of EGFR/HER-2

Lapatinib, which is bound to the intracellular tyrosine kinase domains of epidermal growth factor receptor
(ErbB1) and HER2 (ErbB2), blocks autophosphorylation and downstream signaling. In a phase III trial,
for first-line treatment aimed at patients with HER2-positive GC, lapatinib with capecitabine + oxaliplatin
(CapeOx) showed no significant difference in OS compared with placebo + CapeOx (LOGiC study)[9]. In
the lapatinib arm, toxicities were increased, especially diarrhea. The effect of lapatinibis was reportedly also
dependent on region and age. Although the efficiency of lapatinib plus paclitaxel has also been evaluated
in second-line treatmentfor a phase III trial, no increase in OS and PFS was observed (TyTAN trial)[10].
However, in patients with HER2-positive tumors or in China, clinical benefits have been shown. Therefore,
the correlations in each condition need to be examined.
Anti-EGFR monoclonal antibodies

Epidermal growth factor (EGF) is a protein that promotes cell proliferation, growth and differentiation by
binding to EGFR[11]. Furthermore, EGFR is a transmembrane protein that activates by binding of ligands,
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Table 1. Phase II and phase III clinical trials of targeting therapy
Target
HER2

EGFR

VEGF

Trial/
Regimen
registry No./
authors
ToGA
FP/XP
FP/XP + tratuzumab

Phase

Line

No. of
patients

3

1st

594

LOGiC

CapeOx + placebo
CapeOx + lapatinib

3

1st

TyTAN

PTX
PTX + lapatinib

3

2nd

GATSBY

Docetaxel or paclitaxel
TDM-1

3

2nd

EXPAND

XP
XP + cetuximab

3

1st

REAL-3

EOC
EOC + panitumumab

3

1st

JapicCTI090849

Irinotecan
Irinotecan + nimotuzumab

2

2nd

ENRICH

Irinotecan
Irinotecan + nimotuzumab
XP + placebo
XP + bevacizumab

3

2nd

3

1st

AVAGAST

VEGFR2 REGARD

Placebo
Ramucirumab

3

RAINBOW

Paclitaxel + placebo
Paclitaxel + ramucirmab

3

Li et al .[25]

Placebo
Apatinib

3

RAINFALL

XP (or FP)
XP (or FP) + ramucirmab
Placebo
Regorafenib

3

VEGFR, INTEGRATE
RET,
RAF
HGF
RILOMET-1
MET

METGastric

mTOR

GRANITE-1

Claudin FAST
18.2

MMP-9 GAMMA-1

2

Median OS (months)

11.1 HR = 0.74
13.8 95%CI: 0.60-0.91
P = 0.0046
545 10.5 HR = 0.91
12.2 95%CI: 0.73-1.12
P = 0.3492
261
8.9 HR = 0.84
11.0 95%CI: 0.64-1.11
P = 0.1044
345 8.6 HR = 1.15
7.9 95%CI: 0.87-1.51
P = 0.8589
904 10.7 HR = 1.00
9.4 95%CI: 0.87-1.17
P = 0.95
553
11.3 HR = 1.37
8.8 95%CI: 1.07-1.76
P = 0.013
83
7.7 HR = 0.994
8.4 95%CI: 0.618-1.599
P = 0.9778
Ongoing (primary endpoint: OS)
774

Median PFS (months)
5.5
6.7
5.4
6.0
4.4
5.4
2.9
2.7
5.6
4.4
7.4
6.0
2.9
2.4

HR = 0.71
95%CI: 0.59-0.85
P = 0.0002
HR = 0.82
95%CI: 0.68-1.00
P = 0.0381
HR = 0.85
95%CI: 0.63-1.13
P = 0.2241
HR = 1.13
95%CI: 0.89-1.43
P = 0.3080
HR = 1.09
95%CI: 0.92-1.29
P = 0.32
HR = 1.22
95%CI: 0.98-1.52
P = 0.068
HR = 0.860
95%CI: 0.516-1.435
P = 0.5668

10.1 HR = 0.87
12.1 95%CI: 0.73-1.03
P = 0.1002
2nd
355
3.8 HR = 0.776
5.2 95%CI: 0.6030.998
P = 0.047
2nd
665 7.36 HR = 0.807
9.63 95%CI: 0.6780.962
P = 0.0169
3rd
267
4.7 HR = 0.709
6.5 95%CI: 0.5370.937
P = 0.0149
1st Ongoing (primary endpoint: PFS)

5.3
6.7

147

4.5
5.3

609

9.6
11.5
11.3
11.0

0.9 HR = 0.40
2.6 95%CI: 0.28-0.59
P < 0.001
2.86 HR = 1.27
4.4 P = 0.025
6.8 HR = 0.90
6.7 95%CI: 0.71-1.16
P = 0.43
1.41 HR = 0.66
1.68 95%CI: 0.56-0.78
P < 0.0001
4.8 HR = 0.47
7.9 95%CI: 0.31-0.70
P = 0.0001

ECX + placebo
ECX + rilotumumab
mFOLFOX + placebo
mFOLFOX + onartuzumab

3

2nd
or
3rd
1st

3

1st

562

Placebo
Everolimus

3

656

4.34
5.39

EOX
EOX + claudiximab
(extended by an arm3;
EOX + high dose
claudiximab)
mFOLFOX + placebo
mFOLFOX +
andecaliximab

2

2nd
or
3rd
1st

161
(+85)

8.4
13.4

3

1st

HR = 0.74
95%CI: 0.51-1.08
P = 0.147
HR = 1.36
P = 0.021
HR = 0.82
95%CI: 0.59-1.15
P = 0.24
HR = 0.90
95%CI: 0.75-1.08
P = 0.1244
HR = 0.51
95%CI: 0.36-0.73
P < 0.001

HR = 0.80
95%CI: 0.68-0.93
P = 0.0037
1.3 HR = 0.483
2.1 95%CI: 0.3760.620
P < 0.0001
2.86 HR = 0.635
4.4 95%CI: 0.536-0.752
P < 0.0001
1.8
2.6

HR = 0.444
95%CI: 0.331-0.595
P < 0.001

Ongoing (primary endpoint: OS)

GC: gastric cancer; OS: overall survival; PFS: progression free survival; HR: harzard ratio; CI: confidence interval; XP: capecitabine and
cisplatin; FP: 5-fluorouracil and cisplatin; Capeox: capecitabin + oxaliplatin; EOC/EOX: epirubicin + oxaliplatin + capecitabine; ECX:
epirubicin + cisplatin + capecitabine; FOLFOX: fluorouracil + leucovorin + oxaliplation; TDM-1: tratuzumab-emtansine
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including transforming growth factor α (TGFα) and ErbB. EGFR has been identified as an anticancer
therapeutic target and many drugs that inhibit these bindings have been developed, including cetuximab,
panitumumab, and nimotuzumab.
Cetuximab is an IgG1 monoclonal antibody that inhibits ligand binding to the EGFR[12] and stimulates cellmediated cytotoxicity[13]. Addition of cetuximab to conventional chemotherapy has already been established
as one of the first-line chemotherapy regimens in many types of cancer including patients with KRAS wildtype metastatic colorectal cancer (CRC)[14,15]. In a phase III trial of GC, addition of cetuximab to capecitabine
+ cisplatin did not improve OS and PFS (EXPAND study)[16]. These results were generally consistent between
subgroups. Therefore, the critical factor of a negative result was unclear. In CRC, KRAS mutations are
negative predictive biomarkers of cetuximab efficiency. However, KRAS mutations appear at low frequency
in GC. Thus, this study could not have detected KRAS mutations as a predictive biomarker in GC patients.
Other trials in advanced NSCLC have reported EGFR expression levels as a predictive biomarker of OS in
patients treated with cetuximab. Searching the characteristics of molecular or patient groups is required for
effective treatment with cetuximab.
Panitumumab is a recombinant, fully human, IgG2-monoclonal antibody that is highly selective for
EGFR. Panitumumab in combination with chemotherapy has been established as the first-line and secondline treatment of KRAS wild-type metastatic colorectal cancer[17]. In a phase III trial of esophagogastric
adenocarcinoma, addition of panitumumab to epirubicin + oxaliplatin + capecitabine (EOC), in interim
analysis, median OS in patients allocated modified-dose EOC + panitumumab was inferior to that of patients
allocated EOC and could not be recommended for use in populations with advanced esophagogastric
adenocarcinoma (REAL3 study)[18]. Some factors associated with poor outcomes have been discussed. For
one, combinations of EOC with full-dose panitumumab during the initial stages of the trial were associated
with unacceptably high rates of grade 3 diarrhea. Therefore, oxaliplatin and capecitabine doses had to be
reduced in this study. Another factor is that negative interaction might have occurred between panitumumab
and EOC components or it may have been necessary to select patients by molecular characteristics.
Therefore, identifying a subpopulation of patients benefiting from panitumumab or more details verifying
the mechanism of molecular signaling is required.
Nimotuzumab is a recombinant humanized monoclonal immunoglobulin G1 antibody that acts against
human EGFR and blocks the binding of EGF and transforming growth factor-α to EGFR[19,20]. This mechanism
inhibits cancer-cell proliferation, angiogenesis, and induces apoptosis. Although a phase II trial, as secondline therapy, nimotuzumab plus irinotecan vs. irinotecan alone to AGC was performed, with no superiority of
nimotuzumab plus irinotecan over irinotecan was alone observed[21]. However, nimotuzumab plus irinotecan
showed that potential improvement in a subgroup of patients with EGFR high expression subgroup was based
on improved PFS, OS, and response rate. Therefore, in second-line treatment, a phase III study aimed at
comparing the efficacy of nimotuzumab and irinotecan combination therapy on irinotecan alone in patients
with EGFR overexpressed advanced GC or gastro-esophageal junction adenocarcinoma (GEJA) is ongoing
(ENRICH study, NCT01813253). The results will be reported in 2017, with some efficiency expected.
Anti-VEGF monoclonal antibody

VEGF is a signal protein produced by cells that stimulate the formation of blood vessels and mediate tumor
angiogenesis[22]. Bevacizumab is a humanized monoclonal antibody that blocks angiogenesis by inhibiting
VEGF-A, which stimulates angiogenesis in many types of cancer and was the first available angiogenesis
inhibitor[23]. In a phase III trial, adding bevacizumab to capecitabine-cisplatin in first-line treatment of
AGC did not increase OS compared with capecitabine-cisplatin (AVAGAST trial)[24]. However, adding
bevacizumab to chemotherapy significantly increased PFS and overall response rate (ORR). Especially, in
the European and Pan-American regions, the clinical benefit of the addition of bevacizumab increased the
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most. The necessity to search a biomarker to detect patient groups who have responded to bevacizumab
treatment in this trial has been discussed.
Anti-VEGFR monoclonal antibody

Ramucirumab is directed against the VEGFR2 that mediated the majority of downstream effects of VEGF in
angiogenesis by binding to VEGFR2 as a receptor antagonist blocking VEGF/VEGFR2. In a phase III study of
AGC, ramucirumab monotherapy increased median survival time (MST) compared with placebo (REGARD
study)[5]. Furthermore, in another phase III study of AGC, the combination of ramucirumab with paclitaxel
significantly increased both OS and PFS compared with placebo with paclitaxel (RAINBOW study)[6].
Therefore, ramucirumab was established as one standard therapy for unresectable GC. The REGARD trial
and RAINBOW trial both demonstrated the role of VEGFR-2 as an important therapeutic target in AGC. In
the AVAGAST study, the efficiency of bevacizumab for Asian patients tended to be insufficient. In addition,
second and further lines of therapy are more commonly received in Asia. In the REGARD trial, the control
arm was designed in BSC. Therefore, other factors might experience difficulty in influencing the results.
In the latest ongoing phase III study, the combination of ramucirumab with capecitabine and cisplatin is
compared in PFS to capecitabine and cisplatin as first-line therapy in metastatic GC or GEJA (RAINFALL
trial, NCT02314117).
TKIs

Apatinib (also known as YN968D1) is a small-molecule tyrosine kinase inhibitor (TKI) that highly selectively
binds to and strongly inhibits VEGFR2 and decreases the VEGF-mediated endothelial cell migration,
proliferation, and tumor microvascular density. This agent also inhibit c-kit and c-SRC tyrosine kinases
mildly. In a phase III trial, apatinib treatment significantly improved OS and PFS in patients who had at least
two lines of prior chemotherapy fail compared with BSC[25]. Therefore, apatinib is focused on as a novel type
of targeted treatment for AGC in several lines of therapy.
Regorafenib is an oral multikinase inhibitor, targeted angiogenic (VEGFR1, VEGFR2, and TIE2), stromal
and oncogenic receptor tyrosine kinases. In a phase II trial, regorafenib significantly increased PFS compared
with placebo as second-line or later-line therapy in AGC (INTEGRATE trial)[26]. Preliminary biomarker
analysis from this trial suggested that the benefit of regorafenib was comparable in patients with VEGFA
levels above and below the median. Especially, multitargeted tyrosine kinase inhibitors and similar have
been required to define the subset of patients who could influence the clinical benefits. At the present time,
a phase III trial is planned.
c-MET signaling pathway inhibitors

c-MET is a transmembrane tyrosine kinase receptor for hepatocyte growth factor (HGF). c-MET activation
promotes cell growth, invasion, and HGF/c-MET activation that occurs in several types of cancer including
GC[27]. Furthermore, HGF/c-MET pathway has been related to tumor formation and metastasis.
Rilotumumab is a fully human IgG2 monoclonal antibody that acts against HGF that blocks the binding
of HGF to its receptor and inhibits HGF/c-MET-mediated response. A phase III study (RILOMET-1)
compared epirubicin + cisplatin + capecitabine (ECX) with or without rilotumumab in untreated patients
with unresectable/advanced GC or GEJA who were c-MET positive and HER2 negative according to stained
immunohistochemistry. The study was prematurely ended because of an imbalance of deaths and OS, PFS,
ORR were worse in the rilotumumab arm[28]. Simultaneously, another phase III study (RILOMET-2) that
compared capecitabine and cisplatin (XP) with or without rilotumumab was ceased for the same reason[29].
Considering these results, the influence of the aggression of cancer was mentioned. To clarify the cause of
these results, clinical and biological analysis of the association between c-MET and GC is required.
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Onartuzumab is a monovalent antibody that acts against c-MET and binds to the extracellular domain of
c-MET preventing the ligand HGF. A phase III trial compared mFOLFOX6 with or without onartuzumab in
MET-positive and HER2-negative gastroesophageal adenocarcinoma (GEC) (METGastric trial)[30]. However,
addition of onartuzumab to first-line mFOLFOX6 did not significantly improve clinical benefits in OS, PFS,
or ORR. Predictive biomarkers that identify patient groups who will most likely gain clinical benefit from
onartuzumab require further investigation.
mTOR targeted therapies

The mTOR is known to be the mammalian target of rapamycin and is encoded by the mTOR gene in
humans. Phosphatidylinositol 3-kinase (PI3K)/Akt and mTOR activated in 30%-60% of gastric cancer PI3K/
Akt/mTOR pathway dysregulations are associated with chemotherapy resistance[31].
Everolimus is an oral mTOR inhibitor and was established as standard therapy in several types of cancer.
Although everolimus in a phase II trial was demonstrated to be significantly beneficial clinically[32], in a
phase III trial, everolimus did not significantly improve OS for AGC after first- or second-line chemotherapy
compared with BSC (GRANITE-1)[33]. The reason for these results was discussed to be partially attributable
to the slightly higher percentage of placebo groups who initiated antineoplastic therapy after a study on
drug discontinuation. In everolimus treatment, the predictive biomarker also needs to be investigated to
determine its more effective use.
Anti-Claudin 18.2 monoclonal antibody

The Claudin-18 splice variant 2 (CLDN18.2) belongs to a family of tight junction proteins. Claudin 18.2 is
expressed in several types of cancer including GC. Claudiximab (IMAB362) is the chimeric monoclonal
anti-CLDN18.2 antibody which activates antibody and component dependent cytotoxicity. In the FAST
study, combinations of claudiximab with first line chemotherapy was evaluated in patients with advanced
or recurrent GC or GEJA (NCT01630083). Claudiximab in combination with EOX (epirubicin + oxaliplatin
+ capecitabine) as first line have been showed clinically benefit in PFS and OS in this study[34]. Therefore, it
will be expected to establish the evidence from a phase III trial in future.
Anti-matrix metalloproteinase-9 antibody

Matrix metalloproteinase (MMPs) is a matrixin, a class of enzymes that belong to the zinc metalloproteinases
family. MMP-9 is an extracellular enzyme which progress angiogenesis, tumor proliferation, and metastasis.
GS-5745 is a monoclonal antibody that inhibits MMP-9 and has been combined with other chemotherapies[35].
Andecaliximab (GS-5745) is now being examined in a phase III trial in GC with mFOLFOX as 1st line
(NCT02545504).

IMMUNOTHERAPY FOR GASTRIC CANCER

Cancer immunotherapy is the use of the immune system in humans themselves to treat cancer.
Conventionally, active immunotherapy, adoptive immunotherapy or antibody therapy have been developed
as anticancer treatment. Active immunotherapy, which has been used in an attempt to stimulate the host’s
immune response to disease, such as a cancer vaccine, dendritic cell (DC) therapy, or cytokine therapy,
was approved for some cancer types. Antibodies play a key role in adaptive immune response. Adoptive
immunotherapy and antibody therapy use anti-tumor responses, monoclonal antibodies, lymphocytes and
cytokines. However, the clinical effect of these therapies is limited and disparity exists for each evidence
level for cancer treatment.
Most recently, immunotherapy has been acknowledged to be one of the most advanced therapies available
in the treatment of cancer. We can experience the paradigmatic shift in the treatment of cancer including
melanoma, NSCLC, renal cell carcinoma, and gastrointestinal cancer. Many clinical trials have been
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Table 2. Phase II and phase III clinical trial of immunotherapy in patients with GC
Target
PD-1

Trial/
Regimen
registry No./
authors
ONO-4538-12 Placebo
Nivolumab alone

KEYNOTE-059 Pembrolizumab alone
(previously treated patients )
Pembrolizumab alone
(previously untreated
patients )
Pembrolizumab + 5-FU +
cisplatin or capecitabine
KEYNOTE-061 Paclitaxel
Pembrolizumab
KEYNOTE-062 Pembrolizumab alone
Pembrolizumab + cisplatin +
5-FU or capecitabine
Placebo + cisplatin + 5-FU
or capecitabine
PD-1
CheckMate649 5-FU + oxaliplatin
CTLA-4
Nivolumab + 5-FU +
oxaliplation
Nivolumab + ipilimumab
PD-L1
JAVELIN
BSC after response or
Gastric 100
stability to oxaliplatin +
fluoropyrimidine
Avelumab
JAVELIN
BSC
Gastric 300
Paclitaxel or ilinotecan + BSC
Avelutinib + BSC
PD-L1
NCT02340975 Durvalumab
CTLA-4
Tremelimumab
Durvalumab + tremelimumab
PD-L1
ECHO-203
Durvalmab
IDO1
Epacadostat + durvalmab
PD-1
NCT01968109 Relatlimab
LAG-3
Relatlimab + nivolumab

Phase

Line

Result/primary endpoints

3

3rd or after n =
493

2

1st

Ongoing (adverse events, ORR)

3

2nd

Ongoing (PFS, OS)

3

1st

Ongoing (PFS, OS)

3

1st

Ongoing (OS)

3

Maintenance Ongoing (PFS, OS)
after 1st-line

3

3rd

Ongoing (OS)

1b/2

2nd

Ongoing (adverse events, ORR, PFS)

1/2

2nd

Ongoing (adverse events, ORR)

1/2a

Last

Ongoing (adverse events, PFS)

Median OS HR = 0.63
(months) 95%CI: 0.504.14
0.78
5.32
P < 0.0001

Median
PFS
(months)
1.45
1.61

HR = 0.60
95%CI:
0.49-0.75
P < 0.0001

GC: gastric cancer; OS: overall survival; PFS: progression free survival; ORR: overall response rate; XP: capecitabine and cisplatin; FP:
5-fluorouracil and cisplatin

performed and have demonstrated clinical benefits in several types of cancer. Furthermore, the common
advantages of immunotherapy compared with other chemotherapies have been reported to be safe and
applicable to a large number of patients. In GC, many clinical trials or research studies have been promoted
with promising evidence presented [Table 2]. This section will describe immune checkpoint inhibiters
[Figure 2], peptide based inhibitors, and other immunotherapies in GC.
Cancer vaccine

Cancer vaccines have been developed as therapeutic vaccines that activate tumor-associated antigen-specific
T cells and reactivate existing tumor-specific T cells that are in a dormant or anergic state. This therapeutic
mechanism depends on stimulating dendritic cells (DC) and activating natural killer (NK) cells, B cells,
and naïve and memory T cells. Although cancer vaccines are verified depending on whether or not it sees
an improvement in the prognosis of patients with solid tumor, they have not been shown to contribute to
prolonging OS in phase III trials[36]. In recent years, in a phase I trial, vaccination with up-regulated lung
cancer 10 and VEGFR epitope peptide was demonstrated to safely treat AGC[37]. Furthermore, a clinical
trial of combined cancer vaccine with immune checkpoint inhibitors is planned in several types of cancer.
Therefore, results of this trial about cancer vaccine in the future are expected.
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Figure 2. Immune check point inhibitors in gastric cancer. CTLA-4: cytotoxic T-lymphocyte antige-4; MHC: major histocompatibility
complex; PD-1: programmed death 1; PD-L1: programmed death-ligand 1; TCR: T cell receptor

Other immunotherapies

Other immunotherapies are being verified as potential therapies. Lymphocyte activation gene3 (LAG3),
member of the immunoglobulin superfamily that exerts a wide variety of biological impacts on T cell
function, is another vital checkpoint that is expected to have a synergistic interaction with PD-1/PD-L1.
The combining anti-LAG3 “relatlimab” with nivolumab in patients with solid tumors have been assessed in
clinical trial (NCT01968109). Glucocorticoid-induced TNFR family-related protein (GITR) is expressed at
high levels on regulatory T cells (Treg). The agonist GITR antibody was reported to inhibit Treg-mediated
suppression by eliminating GITR-expressing tumor-infiltrating Treg, or by causing them to become unstable,
thereby attenuating their suppressive activity[38]. This anti-GITR-mAb (TRX518) is also examined in phase
I trials to determine the safety of treatment in stage III or IV melanoma and other solid tumors including
GC (NCT01239134). These trials are ongoing with reports detailing their results expected in the near future.
Recently, TCR-inducible costimulatory receptor, marker of effector Treg, was a reportedly promising target
for direct Treg-targeted therapeutic agents for GC[39]. From the progress of these research activities, Treg is
also considered to be an attractive target of treatment for patients with AGC.
Polysaccharide-k (PSK) is a protein-bound polysaccharide isolated from Trametes versicolor. In the past,
addition of PSK to chemotherapy was evaluated to be efficient and its use was attempted in GC treatment
after curative gastrectomy as adjuvant treatment[40]. However, PSK’s clinical benefit was determined to be
limited; therefore, few studies have included its use in recent years.
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Immune checkpoint inhibitors

Nivolumab is a human IgG4 monoclonal antibody that acts against PD-1 and has been approved for monotherapy
and combination therapy for metastatic melanoma, NSCLC, renal cell carcinoma. Nivolumab works as a
checkpoint inhibitor blocking signal that prevents activated T cells from attacking cancer. In a phase I/II
trial, patients with nivolumab monotherapy received two or more prior regimens (CheckMate-032)[41]. The
ORR was 14%, median PFS was 1.4 months, MST was 5.0 months and disease control rate was 32%. The
6-month survival rate was 49% and the 12-month survival rate was 36%. A phase III trial demonstrated
that nivolumab significantly prolonged OS in patients with AGC or GEJA who had failed two or more
standard chemotherapies (ONO-4538-12, ATTRACTION-2)[7]. In this trial, MST was 5.32 months with
nivolumab vs. 4.14 months with placebo, and 12 months OS in the nivolumab group was 26.6% vs. 10.9%
in the placebo group. Therefore, these results strongly support establishing treatment with nivolumab as a
standard therapy for patients with GC. In practice, nivolumab was approved and started for treating AGC as
a third-line treatment or after treatment. In addition, in a phase III trial, nivolumab was added to cytotoxic
chemotherapy as first-line chemotherapy and evaluated (CheckMate649). This trial is expected to present
new clinical benefits in the near future.
Pembrolizumab is a selective, humanized, high-affinity IgG4κ monoclonal antibody designed to bind to PD-1
and block interactions between PD-1 and its ligands. In patients with recurrent or metastatic PD-L1-positive
GC enrolled in a phase Ib trial, pembrolizumab reportedly had a manageable toxicity profile and effective
antitumor activity (KEYNOTE-012)[42]. In particular, 22% of patients with pembrolizumab had an overall
response and 13% patients had grade3 or 4 treatment-related adverse events. In addition, that trial suggested
a possible association between PD-L1 expression levels and pembrolizumab activity in GC. In a phase II
trial, as a first-line treatment for AGC or GEJA, pembrolizumab as a monotherapy has been combined
with cisplatin + 5-fluorouracil or capecitabine in subjects, with examinations ongoing (KEYNOTE-059,
NCT02335411). Furthermore, in two ongoing phase III trials, pembrolizumabis compared with paclitaxel as
second-line treatment for AGC or GEJA (KEYNOTE-061, NCT02370498), and pembrolizumab monotherapy
is compared with a combination therapy of 5-FU (or capecitabine) plus cisplatin plus pembrolizumab or
placebo as first-line treatment for patients who are PD-L1 positive and HER2 negative (KEYNOTE-062,
NCT02494583).
Ipilimumab is a human IgG1 monoclonal antibody that acts against cytotoxic T-lymphocyte antigen 4 (CTLA-4)/
B7 interaction to restore CD4 and CD8 effector activation. In a phase II trial, ipilimumab was compared with
BSC for patients who had received first-line chemotherapy that was not significantly superior in efficiency
as maintenance therapy[43]. Comparing the efficiency of nivolumab as a single agent or in combination
with ipilimumab was performed in phase I/II trial (checkmate-032)[44]. The nivolumab + ipilimumab group
showed a relatively higher ORR than the nivolumab monotherapy group (14% with nivolumab monotherapy
and 26% with nivolumab + ipilimumab). A phase III trial of nivolumab + ipilimumab in patients with AGC
is ongoing (NCT02872116).
Avelumab is an intravenously administered PD-L1 blocking human IgG1 lambda antibody for the treatment
of various tumors. Avelumab has now been approved by the Food and Drug Administration (FDA) for
the treatment of Merkel-cell carcinoma. In GC, the focus of a phase III study, avelumab is compared with
best supportive care after response or stability to oxaliplatin and fluoropyrimidine, with examination
ongoing (JAVELIN Gastric 100, NCT2625610). Avelumab is also now being verified to compare avelumab
and BSC vs. paclitaxel or irinotecan and BSC in third-line treatment of AGC (JAVELIN Gastric 300,
NCT02625623).
Durvalumab (MEDI4736) is a human IgG1κ monoclonal antibody that blocks the interaction of PD-L1
with PD-1 and CD80 molecules. This antibody has been approved for the treatment of patients with locally
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advanced or metastatic urothelial carcinoma. Durvalumab has also been shown to be efficient in GC.
Therefore, evaluating the safety, tolerability, antitumor activity, PK, pharmacodynamics and immunogenicity
of durvalumab in combination with tremelimumab, which is a human IgG2 fully monoclonal antibody that
acts against CTLA-4, and examining tremelimumab monotherapy in subjects with metastatic or recurrent
GC or GEJA are ongoing in a phase Ib/II trial. Durvalumab has also been evaluated for efficiency with
another medicine, epacadostat (INCB024360) (ECHO-203, NCT02318277)[45]. Epacadostat is a potent and
novel indolemine-2, 3 dioxygenase (IDO1) inhibitor. IDO1 is an enzyme responsible for oxidizing tryptophan
into kynurenine and is implicated in immune modulation through its ability to limit T cell function and
engage mechanisms of immune tolerance. IDO1 is focused upon as an immune subversion strategy and
therapies targeting IDO1 are being evaluated in many types of cancer including GC.

DISCUSSION AND CONCLUSION

Although several clinical trials have attempted to improve prognosis in GC patients[46] and their survival
rate has been improving in recent years, unresectable or metastatic AGC has been untreatable, and median
survival at this stage remains poor[47]. Therefore, research into more effective therapeutic targets, biological
mechanisms, and treatments for AGC is essential.
Research that targeted therapy, including target genes, signaling pathways and drugs, is being developed
day by day. Over the past few years, trastuzumab, as a first-line treatment for AGC[4] and ramucirumab, as
a second-line treatment[5] has been recommended worldwide. Although many clinical trials have failed and
have been unable to contribute new clinical benefits, further research has been conducted into establishing
the next standard treatment for GC. In the present article, we summarized recent clinical trials. At this
time, many useful basic research and preclinical trials are being performed and their progress is expected to
provide us with better treatment for patients with GC in the near future.
In the field of immunotherapy, especially, more innovative treatments and combinations with other therapies
are expected to be established. In addition to the clinical trials listed in this article, various other clinical
trials and preclinical research are conducted in several types of cancer. Immunotherapeutic approaches with
other agents, chemotherapies, targeting therapies, radiations, or different kinds of immunotherapies are
currently being investigated to determine whether each clinical outcome is improved or not. In combined
immunotherapy and cytotoxic chemotherapy, the synergism of these combinations is expected to lead to
immunogenic cell death (ICD)[48]. ICD is a form of cell death induced by cytotoxic agents such as oxaliplatin.
As another mechanism, gemcitabine or docetaxel reportedly inhibits the increasing myeloid-derived
suppressor cells and B cell. Based on those mechanisms, a trial combination comparing nivolumab and
conventional chemotherapy and other clinical trials is ongoing. In phase I or I/II trials, combinations of
targeting therapies and immunotherapies, such as atezolizumab, which is a PD-L1 inhibitor, and bevacizumab,
are examined in participants with solid tumors including GC (NCT02715531). In other types of cancer, the
safety and tolerability of these therapies have been confirmed. If such trials demonstrate clinical benefit in
GC, we can expect an increase of various combination patterns of therapies that have different anticancer
mechanisms. Simultaneously, a start on evaluating adverse events and long-time clinical benefits should be
made as soon as possible. This is particularly necessary considering that a diverse range of adverse events in
immunotherapy have already been reported in many trials including GC themes; furthermore, whether or
not exacerbation factors exist in some combination therapies must be confirmed. In preclinical research, the
combination of multiple immune checkpoint therapy has been verified in mice. In light of this knowledge,
more innovative treatment for GC is expected to be developed.
In another respect, combinations of multiple drug regimens that have been approved for other types of cancer
are expected for adaptation expansion to GC. For example, in melanoma, the FDA has already approved many
drugs and combinations, such as ipilimumab alone, combined nivolumab and ipilimumab, pembrolizumab
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alone, the oncolytic virus therapy talimogene laherparepvec “T-VEC”, or other immunotherapies,
targeting therapies, or chemotherapies. Investigation into whether or not these drugs with or without some
combinations improve GC prognosis is the next possible step.
Although molecular targeted therapy and immunotherapy have been already accepted based on phase III
trials, many clinical trials have resulted in negative results. Some possible specific problems in GC exist.
First, GCs have heterogeneous characteristics with diverse histological types and genotypes[49]. A previous
study revealed associations between histological subtypes and germline mutations. Furthermore, infection
with Helicobacter pylori (H. pylori) and Epstein-Barr virus (EBV) has been shown to promote carcinogenesis
in GC. The frequencies and association with H. pylori, EBV and GC or cancer control including prevention
of these infections differed in each country and the conditions of these infections might affect the results of
clinical trials. Based on this knowledge, development of a global consensus for gastritis with these infections
has begun[50]. In recent years, The Cancer Genome Atlas (TCGA) analyzed many DNA alternations of GC
and proposed four GC subtypes: EBV-infected tumors, microsatellite instability (MSI) tumors, genomically
stable tumors, and chromosomally unstable tumors, at the molecular levels[51]. In addition, EBV-infected
tumors are associated with high PD-L1 expression, and high MSI tumors are associated with high response
rates to immunotherapies in other types of solid tumors[51,52]. Especially, MSI tumors have been reported to
be possibly associated with sensitivity toward immune checkpoint blockade, regardless of the cancer tissue’s
origin[53]. Therefore, GC subtypes or tumor mutation must also be evaluated as a predictor of response to
targeted therapy and immunotherapies.
Second, no established biomarkers exist to select optimum patient groups in GC treatment. Accordingly,
discovery of useful biomarkers in GC treatment in previous clinical trials has not been reached. As
aforementioned, in CRC, significant clinical benefits have been gained from selecting treatment methods
based on genetic mutation as a predictive biomarker of response to targeted therapy, such as KRAS
mutation. Therefore, identifying reliable biomarkers to accurately select patients would lead to selection of
best treatment for each personalized tumor, implementating personalized medicine.
To overcome such problems, new technology such as miRNA, lncRNA which considered potential biomarker
or to regulate GC progression at the transcript or transcript level has also been developed[54]. Although these
researches are still in the preclinical stage, they have been expected as a solution for the recent problems.
In future, development of multidisciplinary treatment, including targeted therapy and immunotherapy, is
expected to contribute to performing individualized therapy depending on the characteristics of the GC.
Revealing each patient’s genomic, biological, and immunological condition will contribute to selecting the
most curate treatment. However, these approaches are unable to overcome our big health problem, GC.
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