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Background and Objective: Gastric cancer is the fifth most common cancer worldwide and the
fourth leading cause of cancer-related death. Unfortunately, patients often present with advanced disease
at diagnosis, which is directly related to its high mortality. Numerous trials, as early as the 1980’, have
shown that cytotoxic chemotherapy improves survival. This review will focus on targeted therapies and
immunotherapies which have emerged as treatment options for metastatic gastric cancer, often used in
conjunction with cytotoxic chemotherapy. Here we will review the relevant clinical trials of targeted
therapies and immunotherapies in the treatment of metastatic gastric cancer.

Methods: We performed an extensive review of articles in the PubMed database pertaining to targeted
therapies and immunotherapies in the treatment of metastatic gastric cancer. Additionally, updated guidelines
from the National Comprehensive Cancer Network (NCCN) and European Society for Medical Oncology
(ESMO) were reviewed.

Key Content and Findings: Cytotoxic chemotherapy remains the backbone of treatment of metastatic
gastric cancer, but the development of targeted therapies and immunotherapy have revolutionized its
treatment with improved survival and outcomes. Therapies have been developed which target human
epidermal growth factor receptor 2 (HER2), vascular endothelial growth factor receptor-2 (VEGFR-2), and
tyrosine kinase pathways. Novel targeted therapies are currently being investigated with promising results
thus far. Immunotherapy, specifically immune checkpoint inhibitors (ICIs), has proven to be a significant
advancement in the treatment of gastric cancer.

Conclusions: Targeted therapies and immunotherapies have improved survival and outcomes in metastatic

gastric cancer, however more research is needed to make even greater strides.
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Introduction

Gastric cancer is the fifth most common cancer worldwide
and the fourth leading cause of cancer-related death,
accounting for over one million new cases and estimated
to account for approximately 769,000 deaths in 2020 (1).
Notably, in the United States of America (USA), there
has been a steady decrease in the incidence and mortality
attributable to gastric cancer, with 26,380 estimated new
cases and 11,090 estimated deaths in 2022 (2,3). The
incidence is two-fold higher in males than in females and is
higher in Asians, African Americans, and Hispanics when
compared to non-Hispanic whites. African Americans have
the highest mortality rate, followed by Asians, Hispanics,
and Native Americans (3).

Unfortunately, there continues to be a high incidence
of metastatic disease at diagnosis worldwide, which is
directly related to the high mortality observed with this
disease. Universal or population-based screening is not
recommended in the USA, however several countries
(South Korea, Japan) with high incidence of gastric cancer
have developed screening programs (4). In the USA,
approximately 37% of patients diagnosed with gastric
cancer are found to have metastatic disease at presentation
which is associated with a 5-year relative survival of
approximately 6% (3). Thus, it is paramount for the
patient’s care team to understand the latest management
of metastatic gastric cancer. This review article will focus
on the role of targeted therapies in the care of patients
with metastatic gastric cancer. This is intended to build
upon a backbone of traditional, cytotoxic chemotherapy
(Figure I). We present this article in accordance with the
Narrative Review reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-23-464/rc).

Methods

We performed an extensive review of articles in the
PubMed database pertaining to targeted therapies and
immunotherapies in the treatment of metastatic gastric
cancer. The search strategy used is summarized in the
table below. Guidelines from the National Comprehensive
Cancer Network (NCCN) and European Society for
Medical Oncology (ESMO) were also reviewed (Table 1).

Molecular classification

Traditionally, gastric cancer has been classified in terms of

© Journal of Gastrointestinal Oncology. All rights reserved.

2601

either the anatomic location of the tumor or the histologic
subtype. The Lauren classification is the most commonly
used in clinical trials (5). However, recent advancements
in the cancer genome atlas have reclassified gastric
adenocarcinoma into four different molecular subtypes:
(I) Epstein-Barr virus-positive (EBV™); (II) microsatellite
instability (MSI); (III) genomically stable; and (IV)
chromosomal instability (CIN) (6,7).

Targeted therapies

Human epidermal growth factor receptor 2 (HER2 or
ERBB2)

The HER2 oncogene encodes a transmembrane receptor
(HER2, EGFR2, or ERBB2) which expresses the HER2
protein and has intracellular tyrosine kinase activity.
The HER2 receptor is part of the epidermal growth
factor receptor (EGFR) superfamily of receptors (8,9). In
2005, Tanner e al. discovered in one study that 12% of
patients with gastric adenocarcinoma (n=131) had HER2
amplification, most commonly in the intestinal histology
subtype, which was associated with a more aggressive
disease course compared with non-HER?2 amplified tumors.
This finding was similar to the effect of HER2 amplification
in breast cancer (10). Molecularly, HER2 (ERBB2)
amplification in gastric cancer is associated with the EBV”
subtype and, to a lesser extent, with the MSI subtype (6).
"Trastuzumab is a monoclonal antibody that binds to the
HER?2 receptor. This binding prevents HER2 mediated
signaling and triggers antibody dependent cellular
cytotoxicity in HER2 expressing cells (11). This drug, used
in combination with chemotherapy was previously shown
to provide a survival advantage for patients with HER2-
amplified breast cancer (9). The ToGA trial, an open-
label, randomized, controlled, phase III trial evaluated
the safety and efficacy of trastuzumab in combination
with chemotherapy [cisplatin plus 5-fluorouracil (5-FU)
or capecitabine] compared with chemotherapy alone as a
first-line option for patients with HER2-positive advanced
gastric/gastroesophageal junction (GE]J) cancer (Figure 2).
In this study, gastric cancer was considered to be HER2-
positive if it had a score of 3+ per immunohistochemistry
(IHC) or if it was positive per fluorescence in-situ
hybridization (FISH) (12). The study demonstrated a
statistically significant improvement in median overall
survival (mOS) for the trastuzumab group (13.8 months)
compared to the standard therapy group (11.1 months) with
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Figure 1 Historical background of chemotherapy combinations used in the management of advanced gastric (and at some extent

gastroesophageal) adenocarcinoma. This diagram portrays the most commonly used chemotherapy combinations throughout history. It

highlights the year the studies leading to their use were published. Variations to these chemotherapy combinations are not included. 5-FU,

fluorouracil; LV, leucovorin; ECX, epirubicin, cisplatin, capecitabine; EOF, epirubicin, oxaliplatin, fluorouracil; EOX, epirubicin, oxaliplatin,

capecitabine.

Table 1 The search strategy summary

ltems Specification

Date of search

Databases and other sources searched PubMed

Search terms used

Between 1st January 2020 and 30th April 2023

“Gastric cancer”, “immunotherapy”, “checkpoint inhibitor”, “targeted therapy”, “HER2”,

“VEGF”, “tyrosine kinase inhibitor”

Timeframe 1990-2023
Inclusion criteria

Selection process

Only papers in English were included. Phase 1, 2, and 3 clinical trials were included

All authors collected and assembled the data

HER2, human epidermal growth factor receptor 2; VEGF, vascular endothelial growth factor.

a 26% reduction in the death rate. Median progression-
free survival (mPFS) and overall relative risk (RR) were also
significantly improved with the addition of trastuzumab.
The combination was well tolerated with slightly higher
incidence of diarrhea, stomatitis, and myelosuppression (12).
Interestingly, a pre-planned exploratory analysis suggested
that in patients receiving trastuzumab, high HER2
expression (IHC 3+ or IHC 2+ and FISH positive) was

associated with longer OS compared to patients with low
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expression (IHC 0 and FISH positive or IHC 1+ and FISH
positive). Patients with high HER2 expression receiving
trastuzumab had a mOS of 16 months compared to
11.8 months for those not receiving trastuzumab with a
hazard ratio (HR): 0.65 [95% confidence interval (CI):
0.51-0.83] (12).

Following the ToGA study, additional studies were
completed to evaluate the efficacy of trastuzumab when
added to other chemotherapy backbones. The GERCOR
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Figure 2 Novel agents used for the management of advanced gastric/GEJ adenocarcinoma. This diagram highlights the timely appearance

of novel agents in the management of advanced gastric/GE]J adenocarcinoma. Not included in this diagram are the agents that failed to show

a significant response in the latest trials and thus are not currently used in the management of this entity. GEJ, gastroesophageal junction.

investigators retrospectively assessed the efficacy and safety
of trastuzumab in combination with oxaliplatin plus 5-FU
or capecitabine and found the combination to be safe and
effective with an overall RR of 41% (95% CI: 25-56%) (13).
The HERXO trial was a phase II, nonrandomized, open-
label study that showed that the CAPOX (oxaliplatin and
capecitabine)-trastuzumab combination was also effective and
a promising first-line treatment option with 8.9%, 37.8%, and
31.1% of patients achieving complete response (CR), partial
response and stable disease, respectively (14). The cumulative
data from these studies led to the recommendation that
trastuzumab should be added to a chemotherapy backbone of
a fluoropyrimidine + platinum in the first-line treatment of
metastatic gastric cancers with HER2-amplification (15,16).
Pertuzumab is another HER2-directed monoclonal
antibody. The JACOB phase III trial evaluated the effect
of pertuzumab when added to chemotherapy (cisplatin plus
capecitabine or 5-FU) and trastuzumab in the first-line
treatment of metastatic gastric or GEJ adenocarcinoma.
"This study showed a mOS of 17.5 months with pertuzumab
which was not significantly different from the mOS of
14.2 months seen in the placebo group (HR: 0.84; 95% CI:
0.71-1.00; P=0.057) (17). The end of study analysis after
>44 months of median follow-up was presented at ESMO
2020, and showed an overall RR of 57% for the pertuzumab
group compared to 48.6% for the placebo group suggesting
a treatment benefit with the addition of pertuzumab. The
overall safety profile was considered acceptable (18). These
results indicate that there is potential for this drug to
improve response rates in patients with advanced HER2-
positive gastric cancer, however further work is needed
to understand which subset of patients are most likely to

© Journal of Gastrointestinal Oncology. All rights reserved.

benefit. The addition of pertuzumab as part of the first-
line management of gastric/GE] cancer is not currently
recommended.

The continuation of trastuzumab beyond tumor
progression on first-line therapy has provided clinical
benefits in HER2-positive breast cancer, prompting an
investigation into whether the same strategy would be
effective in gastric cancer. The T-ACT (Trial to Assess
the Concept of Using Trastuzumab Beyond Progression)
was an open-label, randomized, phase II study that
evaluated the PFS and safety of paclitaxel and trastuzumab
(PT) compared with paclitaxel alone in HER2-positive
advanced gastric/GEJ adenocarcinoma that was refractory
to trastuzumab-containing first-line chemotherapy (19).
The mPFS for patients receiving paclitaxel alone compared
to PT was of 3.2 vs. 3.7 months, respectively (HR: 0.91;
80% CI: 0.67-1.22; P=0.33), indicating that trastuzumab
beyond progression did not improve PFS in gastric
cancer (19). In a subsequent exploratory analysis of patients
who had additional tissue samples collected after progression
on first-line therapy found that 69% (11 of 16) had loss of
HER? positivity (19), suggesting a need to reassess HER2
status at the time of progression.

Breakthroughs and new therapies in HER2-positive
metastatic breast cancer have led to studies of those
new therapies in advanced gastric cancer. Trastuzumab
emtansine (T-DMI) is an antibody-drug conjugate formed
by trastuzumab, a linker, and a tubulin inhibitor. This drug
was investigated as a potential second-line agent for patients
with advanced HER2-positive gastric/GE]J adenocarcinoma
in the GATSBY study (20). The phase III part of the study
compared T-DM1 to a taxane (docetaxel or paclitaxel) as
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second-line therapy with a primary endpoint of OS. The
study did not show a survival advantage with T-DM1, with
a mOS of 7.9 vs. 8.6 months (HR: 1.15; 95% CI: 0.87-1.51;
one-sided P=0.86) for T-DMI and taxane, respectively (20).
Another anti-HER? antibody-drug conjugate, trastuzumab
deruxtecan (T-DXd), was studied in advanced gastric/GE]
adenocarcinoma in the Destiny-Gastric-01 trial (21). This
was a randomized, open-label, phase II trial conducted
in Japan and South Korea comparing chemotherapy
(irinotecan or paclitaxel) to T-DXd in patients with
advanced HER2-positive gastric/GE] adenocarcinoma
who had progression after receiving at least two previous
therapies, including trastuzumab (21). Objective response
was 51% (95% CI: 42-61%) in the T-DXd group and
14% (95% CI: 6-26%) in the chemotherapy groups
(P<0.001) (21). Survival was also longer in the T-DXd group
with a mOS 12.5 vs. 8.4 months for the chemotherapy group
(HR: 0.59; 95% CI: 0.39-0.88; P=0.01) (21). Pneumonitis
and myelosuppression were more common in the T-DXd
group (21). More recently the results have been reproduced
in a Western population in the Destiny-Gastric-02 trial (22).
"This was a single-arm, phase II trial in patients with HER2-
positive unresectable/metastatic gastric/GE] cancer who
had progressed on trastuzumab-based therapy. mOS was
found to be 12.1 months (95% CI, 9.4-15.4) and overall
response rate (ORR) was 42% (4 complete and 29 partial
responses). The safety profile was found to be tolerable and
similar to results from the Destiny-Gastric-01 trial (22).
Largely based on findings from Destiny-Gastric-01, T-DXd
has been approved for use in locally advanced or metastatic
HER2-positive gastric adenocarcinoma in patients who
have progressed on at least two prior lines of therapy,
including trastuzumab, a fluoropyrimidine- and a platinum-
containing chemotherapy (23).

Zanidatamab is an investigational HER2-targeted
bispecific antibody. Recently preliminary results of a
phase II trial evaluating zanidatamab in combination with
chemotherapy in the first-line setting in HER2-positive
metastatic gastroesophageal adenocarcinoma was presented
at the 2023 ASCO Gastrointestinal Cancers Symposium.
Reported survival data was promising with patients
receiving zanidatamab in combination with chemotherapy
demonstrating an 18-month OS rate of 84% (95% CI:
68-93%). Response data was also promising with a
confirmed ORR of 79% (95% CI: 63-90%) and disease
control rate of 92% (95% CI: 79-98%) (24). Results
from HERIZON-GEA-01, a phase III study evaluating
zanidatamab in combination with chemotherapy with
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or without the PD-1 inhibitor, tislelizumab in HER2-
positive metastatic gastric cancer patients are eagerly
awaited (25). Trastuzumab with fluoropyrimidine plus
platinum-containing chemotherapy remains the backbone
of treatment for HER2-positive gastric adenocarcinoma
in the first-line setting as established by the ToGA
trial. Preliminary data of zanidatamab combined with
chemotherapy in the first-line setting has been promising,
with data from a phase III trial eagerly awaited. Recent
results from the recent KEYNOTE-811 trial have
supported the use of pembrolizumab in the first-line
setting and will be discussed in detail later in this review.
HER? targeted therapy past the first-line setting has been
disappointing with multiple negative trials, but recently
T-DXd has shown modest benefit in later lines of treatment.

Vascular endotbelial growtb factor (VEGF) and VEGF
receptor-2 (VEGFR-2)

The VEGF- and VEGFR-2-mediated signaling and
angiogenesis contributes to the pathogenesis and
progression of gastric cancer (26,27). Furthermore,
higher circulating and tumoral concentrations of VEGF
are associated with increased tumor aggressiveness and
reduced survival (28). The AVAGAST study was a phase
ITI, multinational, randomized, placebo-controlled trial
in advanced gastric cancer that evaluated the efficacy of
the first-line combination of chemotherapy [capecitabine/
cisplatin (XP) or 5-FU/cisplatin (FP)] with bevacizumab,
a monoclonal antibody which binds to and neutralizes
VEGF (28). Although bevacizumab showed activity, this
study did not reach its primary endpoint of OS with a
mOS of 12.1 and 10.1 months in the bevacizumab and
control groups, respectively (HR: 0.87; 95% CI: 0.73-1.03;
P=0.100). The combination did show a significant increase
in the mPFS (6.7 vs. 5.3 months; HR: 0.80; 95% CI:
0.68-0.93; P=0.004) and overall RR (46.0% vs. 37.4%;
P=0.032) (28). Baseline plasma VEGF-A and tumor
neuropilin-1 levels were highlighted as potential biomarkers
for predicting clinical outcomes with bevacizumab (29).
The AVATAR study was a similarly designed phase I1I study
in Chinese patients which revealed no significant difference
in OS between chemotherapy (XP) with bevacizumab
compared with chemotherapy alone in the first-line setting
(HR: 1.11; 95% CI: 0.79-1.56; P=0.557) (30).
Ramucirumab, a fully human immunoglobulin GI
(IgG1) monoclonal antibody that antagonizes VEGFR-2,
provided a survival advantage of 1.4 months over placebo in
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the REGARD study and was well tolerated (27). This was
an international, randomized, placebo-controlled, phase III
trial that evaluated the efficacy and safety of ramucirumab
compared with placebo in patients with advanced gastric/
GEJ adenocarcinoma who had disease progression after
a first-line platinum-containing or fluoropyrimidine-
containing regimen. The mOS was 5.2 and 3.8 months in
the ramucirumab and placebo groups, respectively (HR:
0.776; 95% CI: 0.603-0.998; P=0.047). The results with
single-agent ramucirumab were statistically significant, but
correlated with only a modest clinical benefit (27). The
RAINBOW study was a randomized, double-blind, placebo-
controlled, phase III trial that evaluated the efficacy of
ramucirumab in combination with paclitaxel compared with
paclitaxel alone in the second-line setting, after receiving a
combination of a fluoropyrimidine and a platinum with or
without an anthracycline (31). The primary endpoint of OS
was met and the combination showed a mOS of 9.6 months
compared with 7.4 months in the single-agent paclitaxel
group (HR: 0.807; 95% CI: 0.678-0.962; P=0.017) with
an acceptable safety profile (31). The RAINFALL study
was a randomized, double-blind, placebo-controlled,
phase III trial that evaluated ramucirumab in combination
with chemotherapy (XP or FP) in the first-line setting
for patients with advanced HER2-negative gastric/
GE]J adenocarcinoma (32). Although the investigator-
assessed PFS was 0.3 months longer in the ramucirumab-
chemotherapy group (HR: 0.753; 95% CI: 0.607-0.935;
P=0.011), a central independent review of the radiological
images was non-confirmatory. Moreover, the combination
did not improve OS (32). Ramucirumab has also been
combined with FOLFIRI (leucovorin, 5-FU, and
irinotecan) in the second-line setting for patients unable to
tolerate additional platinum agents after a fluoropyrimidine-
platinum doublet in the first-line setting. A retrospective
study showed a mOS of 13.4 months in patients receiving
this combination (33). On the basis of these studies, the
combination of ramucirumab-paclitaxel (preferred) and
single-agent ramucirumab are category 1 recommendations
for patients with advanced gastric/GE]J adenocarcinoma in
the second-line setting. The combination of ramucirumab-
FOLFIRI received a category 2B recommendation in
selected patdients (15,16).

Tyrosine kinase inhibitors (TKlIs)

Sunitinib, a TKI which inhibits multiple receptors including
VEGFR, was evaluated in a phase II, two-arm, open-label,
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randomized trial in South Korea (34). This trial comparing
single agent docetaxel with docetaxel in combination with
sunitinib in patients with advanced gastric cancer in the
second line failed to show an improvement in its primary
endpoint of time to progression (T'TP) (34). Apatinib, a
TKI that selectively inhibits VEGFR-2, was also studied
in a randomized, double-blind, placebo-controlled phase
IIT trial in China in patients who had progressed after two
or more lines of chemotherapy (35). This study met its
primary endpoints of OS and PFS showing a statistically
significant improvement in mOS of 6.5 vs. 4.7 months (HR:
0.709; 95% CI: 0.537-0.937; P=0.016) and a mPFS of 2.6
vs. 1.8 months (HR: 0.444; 95% CI: 0.331-0.595; P<0.001)
for patients receiving apatinib and placebo, respectively (35).
While the results of the study were statistically significant,
the absolute margin of benefit was modest. More recently,
the ANGEL trial was a placebo-controlled, multinational,
phase III trial which studied apatinib in patients with
advanced/metastatic gastric or GEJ adenocarcinoma
who had treatment failure with two prior therapies (36).
Opverall, the results of this trial were disappointing. There
was no statistically significant difference in mOS between
the treatment and placebo groups (5.78 vs. 5.13 months;
HR: 0.93; 95% CI: 0.74-1.15; P=0.4850). Although mOS
was not significantly improved, other endpoints did show
improvement including mPFS (2.83 vs. 1.77 months; HR:
0.57; 95% CI: 0.46-0.79; P<0.0001) and ORR (6.87%
vs. 0%; P=0.0020) (36). Given the negative ANGEL trial
results for OS improvement in a Western population,
apatinib is not currently approved in the USA for treatment
of gastric cancer.

Regorafenib, an oral multikinase inhibitor that targets
angiogenic, stromal, and oncogenic pathways was evaluated
in the INTEGRATE Ila trial (37). INTEGRATE Ila was
a phase III, randomized, placebo-controlled trial which
evaluated whether regorafenib improves OS in patients with
advanced gastric/GE] adenocarcinoma who have progressed
after two lines of therapy (NCT02773524). Positive
results from this trial were presented at the 2023 ASCO
Gastrointestinal Cancers Symposium (38). The mOS was
found to be 4.5 months in the regorafenib arm compared
to 4.0 months in the placebo arm (HR: 0.70; 95% CI: 0.53—
0.92; P=0.011). The 12-month OS rate was also superior in
the treatment arm at 19% compared to 6% in the placebo
arm. Regorafenib was also found to delay progression
with mPFS found to be 1.8 months in the treatment arm
compared to 1.6 months in the placebo arm (HR: 0.52;
95% CI: 0.40-0.69; P<0.0001) (38). Though statistically
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significant, the margins of benefit were small, given
patients were receiving third-line or subsequent therapy.
INTEGRATE IIb is a randomized, phase 3 trial comparing
regorafenib and nivolumab to standard chemotherapy in
patients with advanced gastric/GE]J adenocarcinoma who
have progressed on two prior lines of treatment. Results of
this trial are eagerly awaited.

Lapatinib is another TKI which acts on both the
HER?2 and EGFR pathways. TRIO-013/LOGiC was a
multicenter, double-blind, placebo-controlled, randomized
phase III trial designed to evaluate the effectiveness of
lapatinib in previously untreated HER2-positive advanced
gastroesophageal adenocarcinoma (39). Patients were
randomized to receive capecitabine and oxaliplatin with
either lapatinib or placebo. The primary end point was
mOS which was 12.2 months in the lapatinib arm compared
to 10.5 months in the placebo arm, but the difference was
not statistically significant (HR: 0.91; 95% CI: 0.73-1.12;
P=0.3492) (39). Ty TAN was a phase III trial comparing
paclitaxel with and without lapatinib in HER2-positive
advance gastric cancer. No statistically significant difference
was found in mOS, mPFS, or TTP (40). Given these
disappointing results, the use of lapatinib is not currently
recommended for gastric cancer.

Tumor-agnostic therapies targeting kinase pathways
have been approved by the Food and Drug Administration
(FDA) and play a role in the treatment of gastric cancer
after the first-line. These therapies are approved in patients
with unresectable or metastatic solid tumors which have
progressed following prior treatment, have no satisfactory
alternative treatment options, and have mutations including
BRAF V600E, rearranged during transfection (RET) fusion,
or neurotrophic receptor tyrosine kinase (N7TRK) fusion
(41-44). These mutations are known to lead to aberrant
kinase activity and oncogenesis (45-47). Support of these
tumor-agnostic therapies comes from various basket trials
which have demonstrated their benefit (48-51). It is of
note that none of these basket trials included patients
with gastric cancer. As second-line or subsequent therapy,
the NCCN recommends dabrafenib in combination with
trametinib for BRAF V600E mutated tumors, selpercatinib
for RET gene fusion-positive tumors, and larotrectinib or
entrectinib for NTRK gene fusion-positive tumors (15).
Although it is encouraging that tumor-agnostic therapies
are now approved, these therapies are likely to only benefit
a very small minority of gastric cancer patients as they are
rarely found in gastric cancer with well under 1% of tumors
harboring these targetable mutations (52-54).
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Claudin-18 isoform 2 (CLDN18.2)

CLDN18.2 is a tight junction protein that is found
exclusively in gastric mucosa cells, both normal and
malignant. In malignant cells, the cell polarity is lost and
becomes exposed on the surface (55). Given this finding it
has been hypothesized that this protein is more accessible
to antibodies in malignant cells and a suitable target for
therapies. Zolbetuximab is a chimeric IgG1 monocolonal
antibody that targets and binds to CLDN18.2 leading to
cell death. The efficacy of zolbetuximab has been evaluated
in SPOTLIGHT, a global, randomized, placebo-controlled,
phase 3 trial (56). Patients with CLDN18.2-positive
(defined as >75% of tumor cells showing moderate-to-
strong membranous CLDN18 staining), HER2-negative,
locally advanced unresectable or metastatic gastric or
GEJ adenocarcinoma who had previously not received
treatment were randomized to receive either zolbetuximab
plus mFOLFOXG6 (5-FU, leucovorin, and oxaliplatin)
(283 patients) or placebo plus mFOLFOX6 (282 patients).
mPFS was superior in the investigational group at
10.61 months (95% CI: 8.90-12.48) compared to
8.67 months (95% CI: 8.21-10.28) in the placebo group. A
survival benefit was also demonstrated in the investigational
group with a significant reduction in the risk of death vs.
placebo (HR: 0.75; 95% CI: 0.60-0.94; P=0.0053) (56).
Similar results were replicated in the GLOW trial, a global,
randomized, placebo-controlled, double-blind, phase 3
trial (57). Here, CAPOX was used instead of mFOLFOXG6.
Both mOS (14.39 vs. 12.16 months; HR: 0.771; P=0.0118)
and mPFS (8.21 vs. 6.80 months; HR: 0.687; P=0.0007)
were found to be significantly prolonged with zolbetuximab
compared to placebo (57). Of note, CLDN18.2-positivity
was fairly common, seen in 40% of screened patients in
both trials (56,57). Zolbetuximab remains investigational,
but both the GLOW and SPOTLIGHT trials support
its use in CLDN18.2-positive, HER2-negative, locally
advanced unresectable or metastatic gastric cancer in the
first-line setting.

Fibroblast growth factor receptor 2b (FGFR2b)

Fibroblast growth factors play a role in oncogenesis through
their influence on tumor development and progression (58).
Bemarituzumab (FPA144) is a humanized, G1 monoclonal
antibody directed against FGFR2b which inhibits FR2b
signaling and triggers antibody-dependent cell-mediated
cytotoxicity. The FIGHT trial was a randomized, double-

7 Gastrointest Oncol 2023;14(6):2600-2616 | https://dx.doi.org/10.21037/jgo-23-464



Journal of Gastrointestinal Oncology, Vol 14, No 6 December 2023

blind, placebo-controlled phase 2 study evaluating the
effectiveness of first-line bemarituzumab in patients with
HER2-negative, FGFR2b-selected advanced gastric/
GE]J adenocarcinoma (59). Of the 910 patients screened
for the study 30% had overexpression of FGFR2b or
amplification of FGFR2. Patients were randomized
to receive mFOLFOX6 plus bemarituzumab (n=77)
or placebo (n=78). The primary outcome, mPFS, was
9.5 months in the bemarituzumab arm vs. 7.4 months in
the placebo arm but was not statistically significant. ORR
was improved in the bemarituzumab arm (59). Although
the primary efficacy endpoint was not met, results suggest
a benefit. Bemarituzumab is being further investigated in
HER2-negative, previously untreated advanced gastric or
GE]J adenocarcinoma with FGFR2b overexpression in the
ongoing phase III trials FORTITUDE-101 (mFOLFOX6
and bemarituzumab) and FORTITUDE-102 (mFOLFOXG6,

bemarituzumab, and nivolumab) (59).

Checkpoint inhibitors

Malignant tumors often develop immune suppressive and
tolerance mechanisms which inactivate T-cells, allowing
tumors to evade immune destruction. The programmed-
death receptor 1 (PD-1) and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) pathways are naturally
occurring safety mechanisms to dampen T cell responses,
but are commonly used by tumor cells to evade the
immune system. Tumor cells can express the programmed
death-ligand 1 and 2 (PD-L1 and PD-L2) which bind to
PD-1 on T-cells, inhibiting T-cell function. Tumor cells
can also express CTLA-4 which binds to B7 on antigen
presenting cells and prevents T cell activation (60). Immune
checkpoint inhibitors (ICIs) block these tumor inhibitory
signals, enabling T-cells to recognize tumor antigens and
reactivate (61). ICIs have revolutionized the treatment of
many cancer types.

Pembrolizumab

Pembrolizumab is an IgG4 antibody targeting PD-1.
The KEYNOTE-158 study was a phase II trial of
pembrolizumab in patients with previously treated, advanced
metastatic MSI-high (MSI-H) or deficient mismatch repair
(AMMR) tumors of 27 different types (62). Tumors with
MSI-H are hypermutated compared to cancer cells with
proficient mismatch repair. It has been theorized that these

© Journal of Gastrointestinal Oncology. All rights reserved.

2607

mutations create neoantigens which make the cells more
immunogenic and susceptible to ICIs. In this study gastric
cancer (n=24) was the second most common tumor type.
The outcomes of the 24 patients with gastric cancer were
impressive with an ORR of 46% (95% CI: 25.6-67.2%)
(four with a CR) and mPFS of 11 months [95% CI: 2.1-not
reached (NR)] (62). These findings led the FDA to grant
accelerated approval of pembrolizumab for the management
of patients with unresectable MSI-H or dMMR solid
tumors that progressed following prior treatment and who
had no satisfactory alternative treatments (63). In gastric
cancer, pembrolizumab is currently recommended for
the treatment of advanced gastric cancer in the second
or subsequent line of therapy for patients with MSI-H
or dAMMR tumors (15). Approximately 5-10% of gastric
tumors are found to be MSI-H or dMMR (64-68). So,
while this therapy will impact a small subset of patients with
gastric cancer, the response rate and durability of response
for these patients can be significant.

KEYNOTE-059 is a phase II, open-label, non-
randomized trial evaluating pembrolizumab in patients
with advanced gastric/GE] adenocarcinoma (69). Cohort
one received pembrolizumab as monotherapy in patients
with disease progression after two or more lines of therapy.
Patients with PD-L1 positive tumors [combined positive
score (CPS) >1] had superior ORR (15.5% vs. 6.4%)
compared to PD-L1 negative tumors, however they had a
similar CR (2.0% wvs. 2.8%). These results led to accelerated
approval of pembrolizumab for gastric tumors expressing
PD-L1 with disease progression on at least two prior
systemic therapies (70). KEYNOTE-061 is a randomized,
open-label, phase III trial evaluating the efficacy of
pembrolizumab compared to paclitaxel for the management
of advanced gastric/GE] adenocarcinoma in the second-line
setting (71). The primary endpoints were OS and PFS in
patients with PD-L1 CPS >1. Disappointingly this trial did
not meet its primary endpoints, failing to show a significant
improvement in OS or PFS with pembrolizumab. However,
interestingly, in a post-boc analysis there was a greater
treatment effect for patients with a PD-L1 CPS >10 in
which the mOS was 10.4 months (95% CI: 5.9-17.3) with
pembrolizumab compared with 8.0 months (95% CI:
5.1-9.9) with paclitaxel (HR: 0.64; 95% CI: 0.41-1.02).
KEYNOTE-062 is a randomized, controlled, partially-
blinded phase III trial evaluating the safety and efficacy
of pembrolizumab or pembrolizumab with chemotherapy
vs. chemotherapy alone for advanced HER2-negative
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gastric/GE] adenocarcinomas with a PD-L1 CPS >1 in
the first-line setting (72). The addition of pembrolizumab
to chemotherapy was not found to improve OS in patients
with CPS >1 or even CPS >10. The disappointing results
from KEYNOTE-061 and 062 trials lead the FDA to
withdraw their approval of pembrolizumab for treatment
of PD-L1 expressing gastric tumors in patients who had
received at least two lines of chemotherapy. Off-label use
should still be considered in patients with high levels of
PD-L1 expression and no previous ICI treatment given
potential benefits. Post-boc analysis from the KEYNOTE
trials 059, 061, and 062 confirmed better response rates
(OS and PFES) for those with MSI-H tumors compared to
those with MSS tumors, confirming that MSI-H status is an
important predictor of response to pembrolizumab therapy
in patients with advanced gastric cancers (73).
KEYNOTE-811 is a randomized, double-blind,
placebo-controlled phase III study of pembrolizumab
plus trastuzumab and chemotherapy for unresectable or
metastatic, HER2-positive gastric or GEJ adenocarcinoma
in the first-line setting. All patients were given a regimen
of platinum-containing cytotoxic chemotherapy and
trastuzumab and were randomized to receive either
pembrolizumab or placebo. An interim analysis showed
a 22.7% improvement in objective response rate in the
pembrolizumab group over the placebo group (95% CI:
11.2-33.7%; P=0.00006). Additionally, the pembrolizumab
group had more CRs (11% vs. 3%) and improved median
duration of response (10.6 vs. 9.5 months) (74) when
compared to the placebo group. Based on this interim
analysis the FDA-approved pembrolizumab in combination
with trastuzumab and fluoropyrimidine + platinum-
containing chemotherapy for first-line treatment of locally
advanced or unresectable/metastatic HER2-positive gastric
or GEJ adenocarcinoma (75). A trend towards a greater
degree of benefit in objective RR was seen in the subgroup
of patients with CPS score >1 (74). Further research is
needed to determine how PD-L1 expression impacts
response to pembrolizumab in this setting.
KEYNOTE-859 was a double-blind, placebo-controlled
phase III trial which evaluated the addition of pembrolizumab
to chemotherapy (either fluorouracil plus cisplatin or
CAPOX) in previously untreated HER2-negative, locally
advanced or metastatic gastric/GE] cancer (76). Across the
entire study population, pembrolizumab + chemotherapy
was superior to chemotherapy + placebo with improved OS

(median 12.9 vs. 11.5 months; HR: 0.78; 95% CI: 0.70-0.87;
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P<0.0001) and PFS (mPFS 6.9 months vs. 5.6 months;
HR: 0.76; 95% CI: 0.67-0.85; P<0.0001). Interestingly,
OS and PFS were generally consistent across all subgroups
including CPS >1, CPS >10, and MSI-H tumors (76). This
is in contrast with KEYNOTE-062 where pembrolizumab
with chemotherapy did not improve OS or PFS in CPS >1
patients or OS in patients with CPS >10 (72). Given the
conflicting data, the precise degree of benefit in adding
pembrolizumab to chemotherapy in patients with proficient
MMR, CPS >1, HER2-negative tumors in the first-line
setting is unclear, but is a reasonable option based on the

KEYNOTE-859 results.

Nivolumab

Nivolumab is a fully human IgGG4 monoclonal antibody
that also targets PD-1. Nivolumab showed efficacy and
safety in treating gastric cancer in the AT TRACTION-2
trial, a randomized, double-blind, placebo-controlled,
phase III trial in gastric/GE]J adenocarcinomas refractory
to two lines of therapy conducted in Japan, South Korea,
and Taiwan (77). In this trial, mOS improved by 1 month
with nivolumab over placebo (HR: 0.63; 95% CI: 0.51-0.78;
P<0.001). The ATTRACTION-4 trial, performed in the
same countries/region, included a phase II portion which
showed that the combination of nivolumab with S-1 plus
oxaliplatin (SOX) or CAPOX was well tolerated and had
an objective RR of 57.1% for nivolumab + SOX and 76.5%
for nivolumab + CAPOX for unresectable advanced or
recurrent HER2-negative gastric/GE]J cancer (78). The
phase III portion of ATTRACTION-4 in the first-line
setting in HER2-negative gastric/GE]J cancer showed
that the combination of nivolumab + SOX or CAPOX
significantly improved PFS with a mPFS of 10.4 vs.
8.3 months for the placebo + chemo group (HR: 0.68;
98.51% CI: 0.51-0.90; P=0.0007). However, it did not show
a statistically significant difference in OS (79).
CheckMate-649 is a randomized, global, open-label,
phase III trial that assessed nivolumab in combination
with ipilimumab or chemotherapy (FOLFOX or CAPOX)
compared with chemotherapy alone for the management
of HER2-negative gastric/GE] and esophageal
adenocarcinoma in the first-line setting (80). The primary
endpoints were OS and PFS in the subgroup of patients
with a PD-L1 CPS score >5 (although all levels of PD-
L1 status, including <1, were included). A statistically
significant improvement in survival was noted in the overall
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study population and the subgroup of patients with CPS
>1. The most significant response was seen in patients
with CPS >5 with a mOS of 14.4 vs. 11.1 months (HR:
0.71; 98.4% CI: 0.59-0.86; P<0.001) and a mPFS of 7.7 vs.
6.1 months (HR: 0.68; 98% CI: 0.56-0.81; P<0.001),
favoring nivolumab + chemotherapy vs. chemotherapy
alone. The positive response in the overall study population
may be explained by the high proportion of patients with
a PD-L1 CPS >5 (81). Based on these results, the NCCN
guidelines include a category 1 recommendation for the
use of nivolumab in combination with chemotherapy
(FOLFOX or CAPOX) in the first-line treatment of
advanced gastric cancers with CPS >5 and without HER?2
overexpression (15). The 34 patients who had both PD-L1
>5 and MSI-H tumors had a dramatic improvement with
combination therapy vs chemotherapy alone in survival
(median: 44.8 vs. 8.8 months; HR: 0.32) and in ORR (55%,
95% CI: 32-77% wvs. 39%, 95% CI: 17-64%) (81). This
confirms the important role for ICIs in the treatment of
patients with MSI-H or dAMMR tumors.

AIO INTEGA is a phase two randomized clinical
trial with two experimental arms in patients with
untreated, metastatic HER2-positive esophagogastric
adenocarcinoma. Patients were randomized to trastuzumab
and nivolumab with either mFOLFOXG6 or ipilimumab.
The OS rate after 12 months was improved in the
FOLFOX arm (70%; 95% CI: 54-81%) compared to the
ipilimumab arm (57%; 95% CI: 41-71%). Additionally,
PFS was higher in the FOLFOX arm (10.7, 95% CI:
6.6-13.1 vs. 3.2 months, 95% CI: 2.0-6.5) and ORR was
also higher (56% vs. 32%). Compared to historical data
from the ToGA trial, the FOLFOX arm showed significant
improvement in the 12-month OS rate with a P value of
0.03. This improvement may be due to the difference in
the line of therapy (first-line vs. subsequent line of therapy).
The ipilimumab group showed a similar OS rate compared
to historical data (82). Findings from this trial suggest
that adding nivolumab to trastuzumab and cytotoxic
chemotherapy in the first-line setting could be superior to
trastuzumab and cytotoxic chemotherapy alone.

Dostarlimab

Dostarlimab is a new monoclonal antibody targeting
PD-1 and gained its first FDA approval in treatment of
endometrial cancer. The Garnet trial is an ongoing phase
I, single-arm study evaluating the use of dostarlimab
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monotherapy in advanced solid tumors (83,84). New data
from a cohort of 106 patients with dMMR non-endometrial
cancers support its use in additional solid tumor types. In
this cohort, the majority of patients had colorectal cancer
(n=69) and eight patients had gastric cancer. ORR across
all tumor types was 38.7% (95% CI: 29.4-48.6%), with a
CR rate of 7.5%. Results were consistent across all tumor
types, including gastric cancer, with an ORR of 37.5% (95%
CI: 8.5-75.5%) (85). These findings led the FDA to grant
accelerated approval in August 2021 for its use in patients
with dMMR recurrent or advanced solid tumors that have
progressed on or following prior treatment and who have
no satisfactory alternative treatment options (85).

Management algorithm for advanced gastric/
GEJ cancer

In Figure 3, we propose an algorithm for the management of
metastatic or advanced gastric/GE] adenocarcinoma. With
the results of the recent trials, it is important to determine
the HER2 status, PD-LL1 CPS score, and MMR/MSI status
in all patients with advanced disease. Patients who have
a HER2-negative tumor and a PD-L1 CPS >5 should be
considered for the combination of nivolumab + FOLFOX
or CAPOX in the first-line setting. Similarly, patients
with MSI-H or dMMR tumors are candidates to receive
an ICI in combination with chemotherapy in the first-line
setting. Upon progression on first-line agents, patients
with a tumor showing MSI-H/dMMR could receive
single-agent pembrolizumab or dostarlimab. For patients
who are not candidates for ICI, those who are fit should
receive combination chemotherapy. Patients who are not
fit enough for combination chemotherapy, but who would
benefit from therapy, should be considered for single-agent
therapy. Patients with HER2 amplified tumors should have
the addition of trastuzumab to first-line chemotherapy =
immunotherapy based on expected tolerance of therapy. At
the time of progression on first-line anti-HER?2 targeted
therapy, tumors should ideally be re-biopsied to determine
the current HER2 expression; if still amplified, T-DXd
could be considered. Patients with N'TRK-positive tumors
with no other alternative therapies should be considered
for entrectinib or larotrectinib. Patients with BRAF V600E
mutated tumors should be considered for dabrafenib with
trametinib. Patients with RET gene fusion-positive tumors
should be considered for selpercatinib. Patients with a PD-
L1 CPS >1 could receive pembrolizumab if an ICI was not
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Advanced gastric/GEJ adenocarcinoma
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Figure 3 The evolving landscape of the management of metastatic gastric/GE]J adenocarcinoma. *, if ICIs were not previously used. The
italic format denotes non-currently approved therapy. This is the proposed updated algorithm for the management of metastatic gastric/
GEJ adenocarcinoma. It includes agents that are not currently approved for its management but have shown benefits in trials. GEJ,
gastroesophageal junction; HER2, human epidermal growth factor receptor 2; PD-L1, programmed death-ligand 1; CPS, combined positive
score; Pos, positive; Neg, negative; Fluoro, fluoropyrimidine; Platinum, oxaliplatin or cisplatin; Pembro, pembrolizumab; dMMR, deficient
mismatch repair; MSI-H, microsatellite instability-high; pMMR, proficient mismatch repair; Nivo, nivolumab; N'TRK, neurotrophic

receptor tyrosine kinase; RET, rearranged during transfection; T-DXd, trastuzumab deruxtecan; ICI, immune checkpoint inhibitor.
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used in prior lines of therapy. Patients with tumors that do
not show these targets, may be candidates for trifluridine/
tipiracil, apatinib or regorafenib. Further research needs
to be done to elucidate the optimal sequencing of these
therapies in patients who are a candidate for multiple
targeted agents and to assess the role of sequential ICIs in
patients who are good candidates for immunotherapy. In all
lines of therapy, particularly after first-line therapy, clinical
trial enrollment should be considered in fit patients.

Conclusions

In conclusion, advanced gastric cancer has historically been
associated with a poor prognosis, however, recently there
have been several new treatments for advanced disease.
Targeted therapies and ICIs have emerged as important
treatment options after progression on or in combination
with cytotoxic chemotherapy. These new therapies have
improved survival and outcomes in metastatic gastric
cancer, however more research is needed to make even
greater strides. Research continues to identify how to best
utilize ICIs and identify patients who are most likely to
benefit from them. Patients with dMMR/MSI-H tumors
clearly benefit from the use of checkpoint inhibitors, but
other studies are elucidating how patients with pMMR/
MSS tumors can also benefit from the use of checkpoint
inhibitors. In HER2-positive tumors, initial studies
evaluating an investigational therapy, zanidatamab, appear
promising. In HER2-negative tumors, investigational
therapies targeting CLDN18.2 and FGFR2b have been
encouraging. Further studies are ongoing to evaluate these
novel targeted therapies. It is an exciting time in oncology
with the hope that further advances in precision medicine
will improve the survival and quality of life for patients with
advanced gastric cancer.
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