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Opinion statement

Despite a decreasing incidence in the USA, gastric cancer is highly prevalent worldwide.
Furthermore, gastric cancer remains highly lethal with median survival of less than 1 year
for metastatic disease. The backbone of therapy against metastatic gastric cancer remains
cytotoxic chemotherapy, but recent advances in the molecular understanding of gastric
cancer have renewed hope within that targeted agents can be leveraged to improve
survival and reduce toxicity. For example, in patients with human epidermal growth
factor-2 (HER2)-positive gastric cancer, the addition of trastuzumab to frontline chemo-
therapy improves survival. In the second line, oncologists can now administer a vascular
endothelial growth factor (VEGF) receptor inhibitor, ramucirumab, as a single agent or in
combination with chemotherapy, and the immune checkpoint inhibitor pembrolizumab is
approved in multiple settings dependent on the Programmed Death Ligand 1 (PD-L1)
status. For patients with metastatic disease, our approach to standard of care in the first-
line setting is a 5FU/platinum doublet with trastuzumab for HER2-positive tumors. In the
second-line setting, most patients receive ramucirumab + paclitaxel, but those that are
MSI high receive pembrolizumab. For squamous cell carcinoma of the esophagus with high
PD-L1 status (combined positive score (CPS) ≥ 10), we recommend pembrolizumab in the
second line. While for PD-L1 ≥ 1% gastroesophageal adenocarcinoma, we do not recom-
mend pembrolizumab before the third-line setting, although this may change in the near
future for CPS ≥ 10. The future landscape for targeted therapy in gastric cancer is
promising. Numerous clinical trials evaluating the combination immune therapy with
molecularly targeted agents are generating much excitement. Moreover, genomic data
from The Cancer Center Genome (TCGA) and Asian Cancer Research Group (ACRG) classi-
fications is being used to identify molecular subtypes to enable future clinical trials to
include biomarker-enriched patient populations.
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Introduction

Gastric cancer remains a common cancer worldwide
with an annual incidence of over 1,000,000 cases and
an estimated of 783,000 deaths in 2018 [1]. More than
70% of these cases occur in developing countries, espe-
cially East Asia [2]. Despite decreased incidence in many
developed nations, gastric cancer remains a significant
public health problem in the USA. Moreover, the inci-
dence of gastroesophageal junction (GEJ) centered ade-
nocarcinoma has increased dramatically in Western
countries over the past 4 decades [1]. The vast majority
of gastric cancer are adenocarcinomas, which have his-
torically been subdivided into intestinal and diffuse
types according to the Lauren classification [3].

Gastric cancer is a complex and heterogeneous dis-
ease because it arises from multiple interactions of ge-
netic, environmental, and host factors. Radical surgery
remains the only curative modality for localized disease,
but most patients are advanced at the time of diagnosis.
Despite the use of multi-agent chemotherapy, the medi-
an overall survival (mOS) for metastatic gastric cancer
remains less than 1 year [4]. However, recent advances
in high throughput technologies, including microarrays
and next generation sequencing, have led to a surge in
the discovery of new molecular markers, intracellular
pathways, and molecular subtypes of gastric cancer. To
improve upon the Lauren classification, insights from

molecular findings by TCGA have been leveraged to
classify gastric adenocarcinoma into 4 distinct molecular
subtypes: (a) Epstein-Barr virus (EBV) positive, (b) mi-
crosatellite unstable tumors, (c) genomically stable tu-
mors, and (d) tumors with chromosomal instability [5].
Similarly, the ACRG also analyzed gene expression data
from 300 primary gastric tumors and proposed four
subtypes of molecular classification for gastric cancer:
(a) microsatellite stable (MSS)/epithelial-mesenchymal
transition (EMT), (b) MSI, (c) MSS-TP53-active, and (d)
MSS-TP53 negative [6]. These novel classification sys-
tems, based on the molecular characteristics, have
allowed the identification of pathways that contribute
to carcinogenesis and underline several driver genes rel-
evant for each gastric cancer subtype, which can be used
as therapeutic targets [7].

In this article, we discuss updates in the molecularly
targeted agents of advanced gastric cancer and review
emerging targeted therapies showing promise and sum-
marize significant clinical trials. The goal is that a better
understanding of the molecular landscape of gastric
cancer will lead to improvements in survival. Given the
dynamic nature of this field, this review is not meant to
be all-inclusive but rather to report themajor established
treatments and those under investigation.

Anti-HER2

HER2, also known as known an erythroblastosis oncogene B2 (ERBB2), is a proto-
oncogene encoded by ERBB2 on chromosome17. The subsequent protein product
is amembrane-bound tyrosine kinase receptor that promotes cell proliferation and
apoptosis suppression leading to tumorigenesis [8–10]. HER2 protein overexpres-
sion and/or gene amplification (HER2 positivity) is found in approximately 13–
22% of gastric or GEJ cancers [11–13]. Testing HER2 overexpression using immu-
nohistochemistry (IHC) and fluorescence in situ hybridization (FISH) is recom-
mended for all patients with advanced gastric adenocarcinoma [14].

Trastuzumab
Trastuzumab is a recombinant humanized IgG1 monoclonal antibody directed
against the extracellular domain of HER2. The drug binds with high affinity and
interrupts HER2-mediated cell signaling pathways and induces antibody-
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dependent cytotoxicity toward tumor cells that overexpress HER2 [15]. In 2010,
the phase III ToGA (Trastuzumab for Gastric Cancer) trial demonstrated a mOS
benefit of adding trastuzumab to first-line chemotherapy in patients with HER2-
positive (IHC3+ or FISH over expression) locally advanced, recurrent, or meta-
static gastric or GEJ adenocarcinoma [16•]. The general characteristics of patients
in the trastuzumab plus chemotherapy and chemotherapy-alone groups were
similar, including the chemotherapy regimen (capecitabine and cisplatin vs
fluorouracil and cisplatin) and primary tumor site (stomach vs GEJ). The study
reported that patients receiving trastuzumab plus chemotherapy compared with
chemotherapy alone had an improved mOS (13.8 months versus 11.1 months,
HR 0.74, CI 0.60–0.91, P = 0.0046). The overall response rate (ORR) in the
trastuzumab plus chemotherapy groupwas 47% versus 35%with chemotherapy
alone. The incidence of adverse events (AE) was similar in both groups. Pre-
planned and post hoc exploratory analyses of subgroups of patients revealed that
the mOS was longer in patients with higher HER2 expression.

In 2010, the FDA approved trastuzumab as a front-line treatment in com-
bination with chemotherapy in patients with HER2-positive gastric cancer.

Trastuzumab emtansine
Trastuzumab emtansine is an antibody-drug conjugate comprised of
trastuzumab linked by a stable linker to the tubulin inhibitor emtansine.
Intracellular release of cytotoxic emtansine-containing catabolites in HER2-
positive cells induces mitotic arrest and apoptosis [17]. However, in 2017 the
GATSBY trial failed to show a survival benefit in patients with previously treated
advanced HER2-positive gastric cancer receiving trastuzumab emtansine versus
taxane alone (mOS 7.9 months versus 8.6 months, HR 1.15, CI 0.87–1.51, P =
0.86) [18].

Pertuzumab
Pertuzumab is a humanized monoclonal antibody that has mechanisms of
action complementary to trastuzumab but binds to a different epitope on the
HER2 receptor protein [19, 20]. In 2014, the phase II JOSHUA trial reported
durable responses when combining a higher dose of pertuzumab (840 mg)
with chemotherapy, but the subsequent phase III JACOB trial in 2018 failed to
show improved OS in patients with previously untreated HER2-positive meta-
static gastric or GEJ cancers [21, 22].

Lapatinib
Lapatinib is a potent ATP-competitive inhibitor of both epidermal growth
factor receptor (EGFR) andHER2 [23]. In 2011, the Southwest OncologyGroup
(SWOG) performed a phase II trial of lapatinib as first-line therapy in patients
with advanced HER2-positive gastric cancer and found modest single-agent
activity with 9% response rate [24]. This led to a large phase III LOGiC trial
where untreated advanced HER2-positive GEJ adenocarcinoma randomly
assigned to chemotherapy (capecitabine and oxaliplatin) plus lapatinib versus
chemotherapy plus placebo [25]. The results showed no improved OS with the
addition of lapatinib (12.2 months versus 10.5 months, HR 0.91; 95% CI
0.73–1.12). In 2014, researchers in Japan published the phase III TyTAN trial
that similarly showed no improvement in OS with the addition of lapatinib to
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paclitaxel in the second line for Asian patients with HER2-amplified advanced
gastric cancer [26].

Trastuzumab deruxtecan
Trastuzumab deruxtecan is a novel HER2-targeted antibody-drug conjugate
comprised of a humanized monoclonal antibody attached by a cleavable
peptide-based linked to a topoisomerase I inhibitor payload. In 2019, a
phase I study was done to assess the safety, tolerability, and activity of
trastuzumab deruxtecan in HER2-advanced gastric or GEJ cancer [27].
Doses of 5.4 mg/kg and 6.4 mg/kg administered intravenously every
3 weeks were selected based on observed preliminary anti-tumor activity
[28]. Trastuzumab deruxtecan showed preliminary anti-tumor activity with
43.2% of patients achieving an objective response. The median time to
response was 1.4 months (CI 1.3–1.6), and the median duration of re-
sponse was 7.0 months (CI 4.4–16.6). In a post hoc analysis, anti-tumor
activity was also observed in the subgroup of patients who previously
received irinotecan. These results support further investigation of
trastuzumab deruxtecan for HER2-poistive gastric or GEJ cancer, and a
phase 2 study is ongoing (NCT04014075).

Margetuximab
Margetuximab is an anti-HER2 antibody that is derived from the parent
antibody of trastuzumab and binds to HER2. However, five amino acid
substitutions engineered into the margetuximab IgG1 Fc domain yield
increased binding compared with trastuzumab [29]. In 2017, investigators
reported the phase I study of margetuximab in patients with HER2-positive
solid tumors, including gastric cancer [30]. Sixty patients were evaluated
for tumor response, and seven (12%) patients had a confirmed PR, and 31
(52%) had stable disease (SD), and AEs were mild to moderate. Thus, the
results indicate that single-agent margetuximab is well tolerated with
promising activity in patients with HER2-expressing tumors. In 2018, a
follow-up phase I/II trial tested margetuximab in advanced HER2-positive,
PD-L1 unselected gastric cancer in combination with immune checkpoint
inhibitor (ICI) pembrolizumab [31]. Of 38 evaluable patients, 7 (18.4%)
patients achieved PR and 11 (28.9%) SD. In conclusion, margetuximab
plus pembrolizumab is well tolerated with promising preliminary anti-
tumor activity in the second line. A subsequent phase II study is currently
underway with margetuximab in combination with ICI with or without
chemotherapy as first-line treatment for patients with HER2-positive gas-
tric cancer (NCT04082364).

Anti-EGFR

The EGFR family consists of four members: EGFR (HER1), HER2, HER3, and
HER4. EGFR activation by one of its ligands initiates diverse downstream
signaling pathways that result in cell proliferation and cancer development
[32]. EGFR is overexpressed in more than 30% of gastric and esophageal
adenocarcinoma and associated with a poor prognosis [5].
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Cetuximab and panitumumab
Cetuximab and panitumumab are recombinant human-mouse and human
chimeric EGFR IgG1 and IgG2monoclonal antibodies, respectively. There have
been two negative phase III trials investigating cetuximab and panitumumab in
combination with chemotherapy. In 2013, both the EXPAND (cetuximab) and
REAL3 (panitumumab) trials failed to show a survival benefit in unselected,
untreated patients with advanced gastroesophageal adenocarcinomas when
combined with chemotherapy [33, 34]. However, small clinical studies
selecting gastroesophageal cancers with EGFR amplification for treatment with
anti-EGFR therapies reveal high response rates and prolonged survival [35]. This
suggests that these EGFR-targeted agents may have a role in the management of
properly selected patient populations although larger studies are needed.

Anti-VEGF

Angiogenesis is essential for the growth and metastasis of cancers, and thus the
inhibition of angiogenesis has understandably received considerable attention
in gastric cancer. VEGF induces tumor angiogenesis by promoting endothelial
cell proliferation and increasing vascular permeability [36]. It has been reported
that gastric tissue often expresses high levels of VEGF and correlated to more
advanced disease and poor outcome [37, 38].

Bevacizumab
Bevacizumab is a monoclonal antibody targeting VEGF-A and has been shown
to result in tumor growth inhibition when given as monotherapy or in combi-
nation with cytotoxic chemotherapy [39]. In 2010, the phase III trial AVAGAST
evaluated the efficacy of adding bevacizumab to capecitabine-cisplatin in the
first-line treatment for advanced gastric cancer [40]. Although the mOS was
12.1 months with bevacizumab plus chemotherapy versus 10.1 months with
placebo plus chemotherapy, the difference was not statistically significant (HR
0.87; CI 0.73–1.03; P = 0.1002). However, the bevacizumab arm did show an
improvement in progression free survival (PFS) (6.7 months versus
5.3 months) and ORR (46% versus 37.4%) compared with placebo. In 2015,
another phase III AVATAR study from China also found that bevacizumab
combined with capecitabine/cisplatin did not significantly improve OS for
advanced gastric cancer [41].

Ramucirumab
Ramucirumab is a recombinant human immunoglobulin G1 (IgG1)-neutral-
izingmonoclonal antibody specific for VEGF receptor-2 (VEGFR2). In 2014, the
phase 3 REGARD trial investigated ramucirumab versus placebo in the second-
line setting in patients with advanced gastric or GEJ cancer [42]. The mOS was
5.2 months with ramucirumab group and 3.8 months with placebo (HR 0.77,
CI 0.6–0.99; P = 0.047). The rates of AE were similar between the two groups,
though rates of hypertension were higher in the ramucirumab group. A second
phase III study, RAINBOW, investigated ramucirumab plus paclitaxel versus
placebo plus paclitaxel in the second-line in patients with advanced gastric or
GEJ cancer [43•]. This study revealed that the combination of ramucirumab
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with paclitaxel significantly improved mOS to 9.6 months vs 7.4 months with
paclitaxel (HR 0.80; CI 0.68–0.96, P = 0.017), mPFS 4.4 months vs 2.9 months,
and ORR 28% vs 16% and established the new standard second-line treatment
for the majority of patients with advanced gastric cancer. The most common
grade ≥ 3 treatment emergent adverse events (TEAEs) included neutropenia,
leukopenia, hypertension, and fatigue, which had higher incidence in the
ramucirumab plus paclitaxel arm.

In 2016, investigators evaluated the addition of ramucirumab to chemo-
therapy (mFOLFOX6) in the first-line setting [44]. A total of 168 patients were
randomized to mFOLFOX6 plus ramucirumab or placebo, and although pa-
tients in the investigational arm experienced higher disease control rate (85% vs
67%), no difference was observed inmPFS (6.4 vs 6.7 months) andmOS (11.7
vs 11.5 months). In 2019, the phase 3 RAINFALL evaluated 645 patients with
untreated advanced gastric of GEJ adenocarcinoma and randomized them to
receive cisplatin plus capecitabine with or without ramucirumab [45]. The
addition of ramucirumab to chemotherapy, however, did not improve OS
(mOS 11.2 months in the ramucirumab group vs 10.7 months in the placebo
group; HR 0.962, CI 0.801–1.156, P = 0.6757). Therefore, at this time there is
no role for ramucirumab in the first-line setting for gastric or GEJ cancers.

Ramucirumab is FDA approved as a single agent, or in combination with
paclitaxel, for the treatment of patients with advanced or metastatic gastric or
GEJ cancer with disease progression on or after prior fluoropyrimidine or
platinum-containing chemotherapy.

Apatinib, regorafenib, sunitinib, sorafenib
Another strategy for targeting VEGF is using small molecule tyrosine kinase
inhibitors (TKIs), which inhibit the function of the VEGF receptor. For example,
apatinib is a small molecular TKI targeted toward VEGFR-2 that has been
investigated in China in a phase 3 trial [46]. Chinese patients were randomized
to apatinib vs placebo, and mOS with monotherapy apatinib was 6.5 months
vs 4.7 months with placebo. Apatinib was approved in October 2014 by the
China Food and Drug Administration for metastatic gastric or GEJ adenocarci-
noma after second-line chemotherapy, but is not available in the USA.

There have been a series of early-phase clinical trials evaluating the activity of
other TKIs, notably regorafenib. In 2016, the phase II INTEGRATE trial evalu-
ated the activity of regorafenib in advanced gastric adenocarcinoma against best
supportive care [47]. Patients were randomly assigned to regorafenib or
matching placebo, and median PFS was 2.6 months with regorafenib versus
0.9 months in placebo (HR 0.40, CI 0.28–0.59, P G 0.001). A non-statistically
significant increase inmOS was observed (5.8 months vs 4.5 months, HR 0.74,
CI 3.4–5.2, P = 0.147), although the studywas not powered for this end point. A
phase 3 study is currently underway (INTEGRATE II NCT02773524) to deter-
minewhether regorafenib improvesOS comparedwith placebo in the third line
for patients with advanced gastric or GEJ cancer.

In 2019, investigators reported the REGONIVO trial, a phase 1b trial of
previously treated advanced gastric or colorectal cancer patients with regorafe-
nib plus nivolumab [48]. In the trial, two cohorts of a total of 50 patients with
previously treated advanced or metastatic gastric or colorectal cancer were
enrolled and received regorafenib plus nivolumab. The majority of patients
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(98%) had MSS disease, 59% had negative PD-L1 expression, and 14% had
received prior treatment with an immune checkpoint inhibitor. The ORR was
40% with a disease control rate of 88%. Specifically, the ORR was 44% in
patients with gastric cancer and 36% in patients with colorectal cancer. The
combination of regorafenib plus nivolumab was determined to have a man-
ageable safety profile and encouraging anti-tumor activity and warrants further
investigation in a larger cohort; a phase III trial in gastric cancer is planned.

Other agents such as sunitinib and sorafenib have had more mixed results
with promising results in single-arm studies, but randomized trials showing no
appreciable benefit over chemotherapy [49, 50].

Anti-mTOR

Mammalian target of rapamycin (mTOR) belongs to the PI3K-related kinase
family, which primarily regulates cell growth and proliferation via the
PI3K/Akt/mTOR signaling pathway [51]. Several preclinical studies have indi-
cated dysregulation of mTOR activity in gastric cancer cell models, identifying
mTOR as a potential therapeutic target [52, 53].

Everolimus
Everolimus is an oral mTOR inhibitor. Early-phase trials of everolimus in the
treatment of advanced gastric cancer revealed a disease control rate of 56%
without any radiographic responses [54]. In 2013, the subsequent phase III trial,
GRANITE-1, found that everolimus did not improve the survival of advanced
gastric cancer patients who failed previous chemotherapy compared with place-
bo. The mOS with everolimus was 5.4 months versus 4.3 months with placebo
(HR 0.90, P = 0.124) [55]. Thus, at this time everolimus has no role in the
management of gastroesophageal cancers outside the context of a clinical trial.

Anti-HFG/MET

The mesenchymal-epithelial transition (MET) factor receptor is a receptor tyro-
sine kinase for hepatocyte growth factor (HGF). Dysregulation of the HGF/MET
pathway promotes tumor growth and metastasis [56]. In gastric cancer, MET
expression is reported in 26–74% of cases and gene amplification in 2–23% of
cases [57, 58].

Rilotumumab and onartuzumab
Rilotumumab is a fully humanmonoclonal antibody that selectively targets the
ligand of the MET receptor, HGF. In 2017, the phase III RILOMET-1 trial
reported no improvement in OS with the addition of rilotumumab to chemo-
therapy in patients with untreated MET-positive gastric or GEJ adenocarcinoma
[59]. In fact, mOS was 8.8 months in the rilotumumab group compared with
10.7 months with placebo (HR 1.34, CI 1.1–1.64, P = 0.003).

Onartuzumab is a recombinant, fully humanized, monovalent monoclonal
antibody that binds to the extracellular domain of MET. In 2014, the phase III
MET-Gastric trial reported no improvement in OS with the addition of
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onartuzumab to chemotherapy in patients with untreated MET-positive gastro-
esophageal adenocarcinomas [60]. Median OS was 11.3 months for the placebo
plus chemotherapy arm versus 11.0 months for onartuzumab plus chemothera-
py arm (HR 0.82, 95% CI 0.59–1.15, P = 0.24). In the post hoc exploratory
subgroup analyses, there was no difference in the ORR between the treatment
arms in theMET 2+/3+ subgroups. In summary, rilotumumab and onartuzumab
do not have a role in the management of gastroesophageal cancers.

PARP inhibitors

Dysregulation of the DNA damage response creates genomic instability that
promotes tumorigenesis [61]. Ataxia-telangiectasia mutated (ATM) protein is a
key activator of the DNA damage response to double-strand breaks [62]. ATM
deficiency has been associated with sensitivity to poly(ADP-ribose) polymerase
(PARP) inhibitors, and up to 22% of patients withmetastatic gastric cancermay
harbor low or detectable ATM expression [63, 64].

Olaparib
Olaparib is an oral poly(ADP-ribose) polymerase (PARP) inhibitor that blocks
DNA base excision repair and causes synthetic lethality in tumors with homol-
ogous recombination repair deficiencies [65]. In 2017, the phase III GOLD
study performed in Asia failed to show a statistically significant improvement in
survival with the addition of olaparib to paclitaxel in both the overall and ATM-
negativemetastatic setting [66]. ThemOSwas 8.8months in the olaparib group
versus 6.9 months with placebo (HR 0.79, 95% CI 0.64-1.00; P = 0.026), with
the pre-specified significance set at 0.025 instead of the more common 0.05.

Immunotherapy

In the past several years, the ICIs have revolutionized the treatment for many
cancers. One such checkpoint is programmed death 1 (PD1), which is an
inhibitory receptor expressed mainly on activated T cells [67]. In tumor cells,
inhibition of PD-1 prevents PD-1 frombinding to its ligands, PD-L1 and PD-L2,
thus restoring anti-tumor immunity [68]. Studies have shown overexpression of
PD-L1 in gastric cancer, making the inhibition of PD-1 an exciting target in this
disease group [5].

Nivolumab and ipilimumab
Nivolumab is a fully human IgG4 monoclonal antibody inhibitor of PD-1. In
2017, the phase 3 ATTRACTION-2 trial evaluated the efficacy of third-line
nivolumab versus placebo in Asian patients with advanced gastric or GEJ cancer
regardless of PD-L1 expression [69]. Patients were randomly assigned 2:1 to receive
nivolumab or placebo, and the results revealed improvedmOSwith nivolumab of
5.26 months vs 4.14 months with placebo (HR 0.63; 95% CI 0.51–0.78; P
G 0.001). Furthermore, the nivolumab 12-month OS was 26.2% vs 10.9% with
placebo. These results led to the approval of nivolumab in Japan regardless of PD-
L1 status. Nivolumab is not currently approved for gastric cancer in the USA.
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In 2018, the open-label CheckMate-032 phase I/II study evaluated the
efficacy and safety of nivolumab versus nivolumab plus ipilimumab (anti-
CTLA4) in patients with chemotherapy-refractory gastric, esophageal and GEJ
cancers in the United States and Europe [70]. Patients with disease progression
after at least one chemotherapy received either 3 mg/kg nivolumab alone
(NIVO3) every 2 weeks or nivolumab 1 mg/kg plus ipilimumab 3 mg/kg
(NIVO1 + IPI3) or nivolumab 3 mg/kg plus ipilimumab 1 mg/kg (NIVO3 +
IPI1) every 3 weeks. The ORR was 12% with NIVO3, 24% with NIVO1 + IPI3,
and 8% with NIVO3 + IPI1. Median duration of response was 7.1 months in
the NIVO3 group, 7.9 months in the NIVO1 + IP3 group and not yet reached in
the NIVO3 + IPI1 group. Grade 3/4 TRAEs were reported in 17%, 47%, and
27% of patients receiving NIVO3, NIVO1 + IPI3, and NIVO3 + IPI1, respective-
ly. Results from the CheckMate-032 study demonstrated that nivolumab and
nivolumab plus ipilimumab provide clinically meaningful and durable anti-
tumor activity with an expected safety profile in heavily pretreated Western
patients with advanced gastric, esophageal and GEJ cancers. The open-label,
phase III CheckMate 649 trial will evaluate nivolumab plus ipilimumab with
and without chemotherapy in the first line in patients with gastric or GEJ cancer
(NCT02872116).

In Japan, nivolumab is approved for gastric cancer after conventional che-
motherapywithout regard to specific biomarker expression. To date, nivolumab
is not approved in the USA for the treatment of gastric cancer.

Pembrolizumab
Pembrolizumab is a humanized IgG4 monoclonal antibody that binds to
PD-1, preventing the interaction of PD-1 with PD-L1 and PD-L2. In 2018, an
open-label, single-arm, phase II trial KEYNOTE-059 evaluated the safety and
efficacy of pembrolizumab in patients with previously treated gastric of GEJ
cancer [71]. The single-arm study enrolled 259 patients and revealed that
pembrolizumab monotherapy elicited an ORR of 11.6% with an mOS of
5.6 months in the entire patient population and for PD-L1-positive sub-
group, the ORR was 15.5% and mOS 5.8 months. These findings led to the
approval of pembrolizumab in the third-line setting for PD-L1-positive
gastric and GEJ adenocarcinoma.

The phase III KEYNOTE-061 trial in the second-line setting revealed that
pembrolizumab did not significantly improve OS when compared with
paclitaxel for advanced gastric or GEJ cancer with PD-L1 positive (combined
positive score (CPS) ≥ 1) [72•]. The mOS was 9.1 months with
pembrolizumab and 8.3 months with paclitaxel (HR 0.82, 95% CI 0.66–
1.03; P = 0.0421). In contrast to these findings, the phase III KEYNOTE-181
study was a second-line trial, which included metastatic squamous cell
carcinoma (SCC) of the esophagus, adenocarcinoma of the esophagus, and
Siewert type I and compared pembrolizumab versus investigators’ choice of
chemotherapy. The preliminary results for the CPS ≥ 10 patients revealed a
mOS survival of 9.3 months with pembrolizumab vs 6.7 months with che-
motherapy with no difference in the overall study population [73]. In
KEYNOTE-181 the improvement in mOS was primarily driven by SCC
patients, which ultimately led to an approval for pembrolizumab for SCC
of esophagus CPS ≥ 10 in the second-line setting.
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At the 2019 ASCO Annual Meeting, Dr. Tabernero presented the results of
KEYNOTE-062 [74]. This trial evaluated 3 first-line treatments: (1)
pembrolizumab in PD-L1-positive gastric or GEJ adenocarcinomas, (2) chemo-
therapy, and (3) pembrolizumab plus chemotherapy. The results revealed that
pembrolizumab was non-inferior to chemotherapy and perhaps better than
chemotherapy in the CPS ≥ 10 subgroup. However, in the chemotherapy plus
pembrolizumab arm did not reveal a survival benefit compared with the
chemotherapy alone arm in CPS ≥ 10. These findings were surprising and raise
the question as to whether adding chemotherapy to immunotherapy has a
negative impact on immune stimulation for gastric cancer. At this time more
data is needed to draw any definitive conclusions from KEYNOTE-062 and to
understand chemo-immunotherapy combinations in this disease.

In the USA, pembrolizumab is approved in the second-line setting for
MMRd)/MSI-H gastric cancer and in the third line for gastric adenocarcinoma
with PD-L1 ≥ 1%.

Avelumab
Avelumab is a human anti-PD-L1 IgG1 antibody that binds PD-L1 and inhibits
its interaction with PD-1. In 2019, two phase I studies, JAVELIN Solid Tumor
(NCT01772004) and JAVELIN Solid Tumor JPN (NCT01943461), revealed
avelumab to have an acceptable safety profile and promising rate clinical
efficacy in patients with advanced gastric cancer and GEJ adenocarcinoma [75,
76]. In 2018, the phase III JAVELIN Gastric 300 compared avelumab versus
physician’s choice of chemotherapy as third-line therapy in patients with ad-
vanced gastric or GEJ cancer [77]. The trial did not meet its primary end point of
OS with mOS 4.6 months in the avelumab arm vs 5.0 months with chemo-
therapy (HR 1.1, CI 0.9–1.4, P = 0.81). Thus, there is no role for avelumab in the
treatment of advanced gastric cancer at this time. However, first-line avelumab
maintenance following chemotherapy is currently being investigated in the
phase 3 JAVELIN Gastric 100 trial (NCT02625610).

Conclusion

Although chemotherapy has been the backbone therapy for advanced gastric
cancer for many years, we are now moving onto an era of more targeted drugs
for genes and signaling pathways. Trastuzumab with chemotherapy is now con-
sidered to be the standard first-line therapy for HER2-positive gastric cancer. The
anti-VEGFR2 inhibitor, ramucirumab, has been approved for the use in the
second-line setting. Immunotherapywith checkpoint inhibition holds great prom-
ise with the first approved immunotherapy agent, pembrolizumab, in the third-
line settings for PDL-1-positive tumors or second-line setting for MSI high tumors
and SCC CPS ≥ 10. However, the results with immunotherapy have been mixed
which highlights the role for improved biomarkers based on our understanding of
molecular pathways and novel immunotherapy combinations with molecularly
targeted agents. Despite the advances highlighted in this review, the absolute gains
have beenmodest, with a longevity increase of a fewmonths of survival for agents.
Moving forward, development of multi-target drugs in combination with surgery,
radiotherapy, and chemotherapymay result in new opportunities for our ultimate
pursuit: to improve survival and reduce symptoms.
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