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Abstract: Immune checkpoint inhibition is a new standard of targeted therapy in the treatment of
advanced or metastatic gastric cancer (GC) and is represented in various combinations with and
without chemotherapy in every therapy line within clinical trials. In advanced adenocarcinoma of GC,
gastroesophageal junction cancer (GEJC) and esophageal cancer (EC), the combination of nivolumab
and chemotherapy in first-line therapy improves overall survival (OS) in PD-L1 (programmed
cell death protein 1)-positive patients with approval in Europe (PD-L1 CPS (combined positivity
score) ≥ 5), USA and Taiwan (CHECKMATE-649) and pembrolizumab plus chemotherapy for GEJC
and EC in Europe (CPS ≥ 10) and the USA (KEYNOTE-590). Furthermore, pembrolizumab plus
trastuzumab and chemotherapy show clear benefits in OS and are approved as first-line treatment
of Her2 (human epidermal growth factor receptor-2)-positive tumors in the USA (KEYNOTE-811).
Nivolumab demonstrates superior OS regardless of PD-L1 expression in third-line therapy with
approval in Japan (ATTRACTION-02) and pembrolizumab prolonged the duration of response in
PD-L1 positive patients with approval in the USA in PD-L1 CPS ≥ 1 patients (KEYNOTE-059). This
review reflects the rationale and current results of phase II and III clinical trials investigating various
immune checkpoint inhibitors targeting PD-L1/1 and CTLA (anticytotoxic T-lymphocyte-associated
antigen)-4 in combination with and without chemotherapy and Her2-targeted therapy in GC.

Keywords: checkpoint inhibition; CTLA-4; esophagogastric cancer; Her2-positive; immunotherapy;
gastric cancer; PD-L1; PD-1; trastuzumab

1. Introduction

The global incidence rate of GC accounts for approximately 1,089,103 cases, rank-
ing gastric cancer in sixth place among newly diagnosed cancer cases worldwide. With
approximately 769,000 deaths due to GC per year, it constitutes the third most common
cause of death from cancer [1]. In Europe, approximately 133,100 GC cases are newly
diagnosed and approximately 102,200 patients die from GC, which ranks GC as the fifth
most common cancer in European men and sixth most common in women [2]. Currently,
the 5-year survival rate is 32% [3]. With over 50% of patients being diagnosed after the
cancer has already spread, GC requires an effective and feasible therapy in an individual
multimodal setting.

The established combination chemotherapy of esophagogastric adenocarcinomas
(EGC) has lately been enriched by the rapidly developing field of immune checkpoint
inhibition. On the basis of phase II and phase III trials, the PD-1 (programmed death 1)
inhibitors nivolumab and pembrolizumab were already approved in mono- and in com-
bination therapy of advanced GC in first- or third-line settings in Europe, the USA and
Taiwan (see Table 1).

The diversity of immune checkpoint inhibitors to different molecular targets on tumor
cells and immune cells is growing and is currently being investigated in several clinical
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trials in GC: the anti-PD-1 antibodies nivolumab, pembrolizumab, sintilimab, tislelizumab,
retifanlimab and tebotelimab (T-cells), as well as the anti-PD-L1 antibodies atezolizumab,
avelumab, durvalumab, retifanlimab, tebotelimab (cancer cells, dendritic cells) and the
anti-CTLA-4 antibody ipilimumab (T-cells). In particular, the combination of chemo- and
immunotherapy with a possible synergistic effect of T-cell recruitment and activation is the
object of current research.

An already established therapeutic approach in targeted therapy of progressive GC
is the Her2-blockade in patients with Her2-positive tumors with a rate of 15–20% Her2
overexpression [4]. Here, trastuzumab has been successfully implemented as standard of
care in combination with chemotherapy in the first-line setting of patients with advanced
GC [5]. In the new era of immune checkpoint inhibition, combination therapies of Her2-
and PD-1/PD-L1-directed therapies aim for synergistic effects. Several global phase II and
III trials analyze the addition of pembrolizumab, nivolumab and ipilimumab to standard
of care first-line therapy of trastuzumab plus chemotherapy in Her2-positive advanced
cancer patients [6].

As there remain Her2-positive patients who do not benefit from trastuzumab, various
innovative approaches of Her2-directed therapy are under investigation, including the
promising antibody-drug conjugate trastuzumab-deruxtecan (T-DXd) in patients who were
progressive under prior trastuzumab therapy [7]. T-DXd has already been approved by
the FDA as a second Her2-directed therapy option for patients with unresectable, locally
advanced or metastatic GC in 2021 and is currently under investigation as a combina-
tion therapy with immune checkpoint inhibitors [8,9]. Another approach is the use of
the Fc-engineered Her2-directed monoclonal antibody margetuximab. This has already
shown positive effects on overall response and disease control in combination with PD-1
inhibition with pembrolizumab in a phase I/IIb clinical trial and is being further tested
with retifanlimab or tebotelimab in a phase II/III trial [10,11].

The number of GC patients with progress after first- and second-line therapy grows
and emphasizes the role of third- and last-line treatment options. Results of a systematic
review and meta-analysis of seven randomized controlled trials indicate a superiority
in efficacy of third- and later-line therapies in advanced GC patients [12]. Although
more toxicities occurred in third-line treatment regimens, the overall safety profile remains
manageable and encourages the use of immunotherapy in single or combination application
in later therapy lines.

This article provides an overview of phase II and III clinical trials investigating the role
of immune checkpoint inhibition as targeted therapy in addition to standard chemotherapy
regimens +/− Her2-targeted therapy in various therapy lines and reflects their impact on
the current treatment regimens and actual approvals for immune checkpoint inhibitors in
EGC (Table 1).
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Table 1. Overview of clinical trials of immune checkpoint inhibitors in esophagogastric adenocarcinoma.

Therapy Line Agent Target
Structure Trial Author Reference Phase Study Design Approval

Europe
Approval

USA
Approval

Japan
Approval
Taiwan

Perioperative

Atezolizumab PD-L1 Dante Al-Batran et al. [13] II Atezolizumab + FLOT
vs. FLOT perioperative

Nivolumab,
Ipilimumab PD-1/CTLA-4 Vestige Smyth et al. [14] II Nivo+Ipi vs. chemo

continuation

Pembrolizumab PD-1 KN-585 Bang et al. [15] III
Pembro vs.

placebo + chemo
(cis+cape/5-FU, FLOT)

Durvalumab PD-L1 Matterhorn Janjigian et al. [16] III Durvalumab vs.
placebo + FLOT

First-line

Nivolumab PD-1 CM-649 Janjigian et al. [17] III (Nivo/Ipi) vs. FP vs.
FP + nivo yes (CPS ≥ 5) yes yes

Nivolumab PD-1 Attraction-04 Boku et al. [18] II/III Nivo vs. placebo +
chemo (SOX/CAPOX)

Pembrolizumab PD-1 KN-590 Sun et al. [19] III Pembro vs.
placebo + FP yes (CPS ≥ 10) yes

Pembrolizumab PD-1 KN-062 Shitara et al. [20] III
Pembro vs.

pembro + chemo vs.
chemo (cis/5-FU, cape)

Pembrolizumab PD-1 KN-859 Tabernero
et al. [21] III Pembro vs. placebo +

cis + FP/CAPOX

Avelumab PD-L1 Javelin Gastric
100 Moehler et al. [22] III Avelumab

maintenance

Sintilimab PD-1 Orient-16 Xu et al. [23] III
Sintilimab vs.

placebo + chemo
(XELOX)

Tislelizumab PD-1 Beigene-305 Xu et al. [24] III
Tislelizumab vs.

placebo + chemo
(oxali+cape/cis+5-FU)
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Table 1. Cont.

Therapy Line Agent Target
Structure Trial Author Reference Phase Study Design Approval

Europe
Approval

USA
Approval

Japan
Approval
Taiwan

Second-line

Pembro PD-1 KN-061 Shitara et al. [25] III Pembro mono vs.
chemo (paclitaxel)

Avelumab PD-L1 RAP Högner et al. [26] II
Avelumab +

ramucirumab +
paclitaxel

Third-line

Nivolumab PD-1 Attraction-02 Kang et al. [27] III Nivo vs. placebo yes

Pembrolizumab PD-1 KN-059 Fuchs et al. [28] II Pembro mono yes (CPS ≥ 1)

Avelumab PD-L1 Javelin Gastric
300 Bang et al. [29] III Avelumab vs. chemo

(physician’s choice)

Her2 pos
cancer

Perioperative Pembro +
Tmab PD-1/Her2 Pherflot in process - II Pembro + Tmab +

FLOT (in process)

First-line

Pembro +
Tmab PD-1/Her2 KN-811 Janjigian et al. [6] III Pembro vs. placebo +

Tmab + FP
expected in

2023 yes

Nivo + Ipi +
Tmab

PD-1/CTLA-
4/Her2 Intega Stein et al. [30] II

Tmab + Nivo + Ipi vs.
FOLFOX + Tmab +

Nivo

Durvalumab +
T-DXd PD-L1/Her2

Destiny-
Gastric

03
Janjigian et al. [31] Ib/II

T-DXd +/−
Durvalumab +/−

Chemo

Retifanlimab +
Tebotelimab +
Margetuximab

PD-1/PD-
1/Her2 Mahogany Catenacci et al. [11] II/III

Margetuximab,
Retifanlimab,

Tebotelimab +/−
Chemo

Pembro = pembrolizumab, Nivo = nivolumab, Tmab = trastuzumab, T-DXd = trastuzumab-deruxtecan, PD-1 (programmed death-ligand 1), PD-L1 (programmed cell death protein 1),
CPS (combined positivity score), chemo = chemotherapy, cis = Cisplatin, cape = Capecitabine, FP = Fluoropyrimidine.
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2. Curative/Perioperative Therapy

In total, 30–40% of the patients with adenocarcinoma of the stomach are candidates for
potentially curative surgery at the time of diagnosis. The positive effect of implementation
of checkpoint inhibition in the perioperative setting is under investigation in several
clinical trials.

The selective anti-PD-L1 antibody atezolizumab was investigated in the randomized
phase II DANTE trial of the AIO (Arbeitsgemeinschaft Internistische Onkologie) in patients
with resectable, localized EGC [32]. Patients were randomized 1:1 in the experimental
combination arm with atezolizumab plus chemotherapy (FLOT: 5-fluorouracil, folinic acid,
oxaliplatin, docetaxel) and the standard arm of mono-chemotherapy. Primary endpoints
were progression-free survival (PFS) and disease-free survival (DFS). The first results of the
safety analysis demonstrate a feasible and safe application of atezolizumab in combination
with FLOT in the perioperative setting and first efficacy results are soon to be expected [13].

In the VESTIGE trial, a phase II trial of the EORTC (European Organisation for Re-
search and Treatment of Cancer), adjuvant immunotherapy in patients with locally ad-
vanced EGC is analyzed after neoadjuvant chemotherapy with FLOT followed by surgery.
Inclusion criteria comprise the selective inclusion of patients with a high risk of recurrence
after surgery (ypN+ and/or R1 resection) [14]. After neoadjuvant chemotherapy, patients
will be randomized in a 1:1 ratio into the study arms with either continuation of neoadju-
vant chemotherapy or double checkpoint blockade with nivolumab and ipilimumab. The
study will recruit 240 patients. The primary endpoint is an improvement in DFS.

The administration of pembrolizumab in the perioperative setting of EGC is evaluated
in the KEYNOTE-585 trial, a global double-blind phase III trial with an initial planned enroll-
ment of 860 patients. Patients will receive postoperative pembrolizumab plus chemotherapy
(cisplatin + capecitabine/5-FU) versus placebo plus chemotherapy in a 1:1 randomization
ratio. Based on the results of the FLOT4 trial [33], the FLOT chemotherapy backbone was
also included in the Keynote-585 trial [15].

A benefit to OS of the PD-L1 inhibitor durvalumab is investigated in the perioperative
setting independent of PD-L1 expression status in combination with FLOT versus FLOT
alone within the MATTERHORN trial, a global double blind placebo controlled phase
III trial with a recruitment plan of 900 patients with resectable EGC [16]. The primary
endpoint is event-free survival (EFS) evaluated by blinded independent central radiology
and/or local pathology testing.

Currently, checkpoint inhibitors in the perioperative setting of GC are only available
within clinical trials.

3. Palliative First-Line Therapy

We and others presented the substantial results of the CHECKMATE-649 trial, a global
phase III trial, at the ESMO 2020, ASCO 2021 and ASCO-GI 2022. The trial investigated the
effect of a chemotherapy-free combination of nivolumab plus ipilimumab versus nivolumab
plus chemotherapy (FOLFOX/XELOX) versus chemotherapy alone in a three-armed trial
design. The large patient population of 1581 patients (24% Asian, 76% Non-Asian, 100%
adenocarcinoma) tested the chemo-containing regimens; 60% of these patients (n = 955)
had a PD-L1 CPS score of ≥5. The combination of nivolumab plus chemotherapy achieved
a significant benefit to OS for both the primary endpoint group with PD-L1 CPS ≥ 5
tumors (median OS 14.4 vs. 11.1 mths (HR 0.71 (98.4% CI (0.59–0.86)), p < 0.0001)) and
the group of all patients (median OS 13.8 vs. 11.6 months (mths) (HR 0.80 (99.3% CI
0.68–0.94), p = 0.0002)). The surviving patients after 12 months with PD-L1 CPS ≥ 5 were
meaningfully higher in the combination arm of nivolumab plus chemotherapy versus
chemotherapy alone (57% vs. 46%). The nivo-chemotherapy combination therapy also
improved PFS (HR 0.68 (98% CI 0.56–0.81), p < 0.0001) with a reduction in mortality rate
of 32% [17]. Through all CPS subgroups, an improvement of overall response rates (ORR)
for the nivo-chemotherapy combination was achieved. Patients with PD-L1 CPS ≥ 5
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and MSI (microsatellite-instability)-high tumors especially profited from the combination
with immunotherapy. The chemotherapy-free combination of nivolumab and ipilimumab
showed no clear benefit in OS compared to chemotherapy alone. Based on these results,
the FDA (Food and Drug Administration) and the TFDA (Taiwan Food and Drug Adminis-
tration) approved nivolumab plus chemotherapy in patients with advanced/metastatic
esophageal/GEJC/gastric cancer independent from PD-L1 CPS status in the USA and Tai-
wan, respectively. In Europe, the EMA (European Medicines Agency) approved nivolumab
plus chemotherapy in patients with PD-L1 CPS ≥ 5 (Table 1). These results fortunately
enable patients with advanced or metastatic GC to have access to a promising effective
immune checkpoint inhibitor therapy in the first-line setting.

In the Asian ATTRACTION-04 trial [34], a multicenter phase II/III trial evaluated the
combination of nivolumab plus chemotherapy (SOX or CapeOX) versus chemotherapy
alone in patients with previously untreated advanced or recurrent EGC in first-line therapy.
The combination of nivolumab and chemotherapy significantly improved median PFS
(9.7 mths (5.8–not reached) and 10.6 mths (5.6–12.5)) [18]. A possible reason for the missing
effect on OS in this trial (median OS > 17 mths in both arms) was probably the fact that
many patients had received subsequent therapies and additional immunotherapy.

As presented at ESMO 2020, the KEYNOTE-590 trial showed a significant benefit of
OS in 749 patients with locally advanced or metastasized squamous cell carcinoma of the
esophagus (PEC, n = 73%) and adenocarcinoma of the gastroesophageal junction (n = 25%,
Siewert type 1). In this randomized, double-blind phase III trial, patients received equally
either pembrolizumab plus chemotherapy (cisplatin, 5-FU) versus chemotherapy alone.
Independently from the CPS score and the tumor histology, the combination therapy with
pembrolizumab showed a superior survival effect of OS (all patients 12.4 vs. 9.8 mths (HR
0.73 (95% CI 0.62–0.86), p < 0.0002) and PFS (all patients 6.3 vs. 5.9 mths (HR 0.65 (95% CI
0.55–0.76). The subgroup of squamous cell and adenocarcinoma patients with CPS ≥ 10
especially profited from the combination therapy (PEC: median OS 13.9 vs. 8.8 mths, HR
0.57 (95% CI 0.43–0.75); adenocarcinoma: median OS 12.1 vs. 10.7 mths, HR 0.83 (95% CI
0.52–1.34)). ORR was 45% in the combination of immune and chemotherapy (95% CI,
40–40) vs. 29% (95% CI, 25–34) in the chemotherapy [19]. Subsequently, the FDA approved
pembrolizumab in combination with cisplatin and 5-FU independently from PD-L1 CPS
scores (March 2021) and the EMA approved pembrolizumab for patients with CPS ≥ 10
(June 2021) for metastatic esophageal and gastroesophageal junction cancers.

Patients with PD-L1 positive (CPS ≥ 1) advanced EGC show a non-inferiority of pem-
brolizumab monotherapy compared to chemotherapy alone (cisplatin + 5-FU/capecitabine)
in the final analysis of the phase III KEYNOTE-062 trial (10.6 vs. 11.1 mths, HR 0.91, 99.2%
CI 0.69–1.18) [20]. Overall, 763 patients (69% gastric cancer) were randomized in three ther-
apy arms, including pembrolizumab monotherapy, combination of pembrolizumab plus
chemotherapy (cisplatin/5-FU or capecitabine) or chemotherapy plus placebo. While pem-
brolizumab mono was non-inferior versus chemotherapy in patients with PD-L1 CPS ≥ 1
(median OS 10.6 vs. 11.1 mths (HR 95% CI: 0.74 (0.74–1.10), p = 0.162), pembrolizumab
monotherapy prolonged OS in patients with PD-L1 CPS ≥ 10 (median OS 17.4 vs. 10.8 mths,
HR 0.69 (95% CI 0.49–0.97)). Up-to-date results from the additional 25 months of follow-up
were presented at ASCO-GI 2022 and also confirm these findings [35]. However, crossing
curves indicate that this subgroup comprises patients who seem to die faster with pem-
brolizumab therapy, whereas in contrast, another group of patients seem to live longer
with pembrolizumab monotherapy. There was no difference in OS in pembrolizumab plus
chemotherapy in both subgroups of patients with PD-L1 CPS ≥ 1 (OS 12.5 vs. 11.1 mths,
HR 0.85 (95% CI 0.7–1.03, p = 0.05) and PD-L1 CPS ≥ 10 (OS 12.3 vs. 10.8 mths, HR 0.85
(95% CI 0.62–1.17), p = 0.16). In particular, the group of patients with PD-L1 CPS ≥ 1 and
MSI-high tumors (n = 35) showed a benefit of pembrolizumab versus chemotherapy with
prolongation of OS from 47% to 79% (HR 0.29, 95% CI) [20].

The effect of pembrolizumab vs. placebo plus chemotherapy on OS (primary end-
point) is further evaluated in the phase III KEYNOTE-859 trial with a planned 1542 patients
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with Her2-negative advanced unresectable or metastatic EGC. The aim of the study is to
strengthen the evidence that combining pembrolizumab with standard-of-care chemother-
apy improves survival of patients with advanced/metastatic cancer [21].

The effect of a maintenance therapy following first-line chemotherapy with avelumab,
an additional PD-L1 inhibitor, was investigated in the phase III JAVELIN Gastric 100 trial.
Avelumab maintenance was investigated in 499 patients with advanced EGC with stable
disease after at least 12 weeks of first-line therapy. The primary objective of showing
superior benefit in OS with avelumab maintenance was not met and duration of response
could not be prolonged in this trial [22]. However, an exploratory subgroup analysis with
the 22C3 antibody shows a good signal for using checkpoint inhibition for maintenance
after effective induction of chemotherapy.

The Asian phase III ORIENT-16 trial in 650 patients with advanced adenocarcinoma
of the stomach (61% with PD-L1 CPS ≥ 5) examined placebo-controlled PD-1 inhibitor
sintilimab in combination with chemotherapy (XELOX). As presented at ESMO 2021,
the first results show a survival benefit of the combination therapy in all randomized
patients versus chemotherapy plus placebo (median OS 15.2 vs. 12.3 mths, HR 0.77 (95% CI
0.63–0.94), p = 0.0090). This effect was even more clear in the group of patients with PD-L1
CPS ≥ 5 tumors (median OS 18.4 vs. 12.9 mths (HR 0.66 (95% CI 0.51–0.86), p = 0.0023)) [23].

Tislelizumab, another previously reported well-tolerated immune checkpoint inhibitor
targeting PD-1, is currently the subject of investigation in the BEIGENE-305 trial in patients
with locally advanced unresectable or metastatic EGC. Approximately 997 patients are
randomized 1:1 to receive tislelizumab or placebo in combination with chemotherapy
(oxaliplatin plus capecitabine/cisplatin plus 5-FU). The primary endpoints of the study
include PFS and OS [24].

In summary, for first-line therapy of adenocarcinoma of the stomach and gastroe-
sophageal junction, the immune checkpoint inhibitor nivolumab in combination with
chemotherapy (platin/fluoropyrimidine) was established as an approved feasible immune
therapy in European patients with CPS ≥ 5, as well as pembrolizumab in combination
with chemotherapy for EGC patients with CPS ≥ 10 (see Table 1). Furthermore, for pa-
tients with Her2-positive EGC, the FDA approved the combination of pembrolizumab,
trastuzumab and chemotherapy in a first-line setting in the USA based on interim analysis
of the KEYNOTE-811 trial [6], which is discussed in more detail in the anti-Her2 targeted
therapy part of this review.

4. Palliative Second-Line Therapy

In the KEYNOTE-061 trial with pembrolizumab monotherapy versus paclitaxel chemother-
apy, the primary endpoint (superior OS of PD-L1 CPS ≥ 1 patients) was not met in
592 patients with EGC and progress after first-line chemotherapy. However, the data show
that the efficacy of pembrolizumab is dependent on the PD-L1 CPS score; patients with
PD-L1 CPS ≥ 10 show a superior OS of pembrolizumab application in contrast to the group
of patients with PD-L1 CPS ≥ 1 [25]. The role of tumor mutational burden (TMB) as a
predictive marker of the response to immune checkpoint inhibition was discussed at the
ASCO Annual Meeting 2020 and no correlation of TMB to PD-L1 CPS was found [36].

In addition, the PD-L1 inhibitor avelumab was investigated in patients with advanced
EGC independently from PD-L1 CPS score in the single-arm phase II RAP trial. The aim of
the study is to show a superior effect on survival with avelumab in combination with the
standard second-line backbone of paclitaxel and ramucirumab (primary endpoint: OSR
at 6 mths) [26]. The combination of immune checkpoint blockade with VEGF-targeted
therapy plus chemotherapy is assumed to enhance the immunogenicity of tumor cells and,
therefore, the response to immune checkpoint inhibition. The recruitment of the study is
complete, and first results are expected soon.
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5. Palliative Third-Line Therapy

The role of nivolumab in the therapy of advanced EGC after two therapy lines was
evaluated in 493 patients independently from the PD-L1 status in the Asian phase III
ATTRACTION-02 trial. Patients who received nivolumab versus placebo showed an ORR
of 11.4% with improvement of OS (median OS 5.3 mths vs. 4.1 mths; HR 95% CI: 0.63
(0.51–0.78), p < 0.001, primary endpoint). After one year, 26.2% of patients treated with
nivolumab were alive in contrast to 10.9% in the placebo group [27]. Based on these results,
nivolumab was approved as monotherapy in Japan in 2017. In Europe, the approval was
rejected due to the exclusive Asian patient population.

Pembrolizumab monotherapy was investigated independently from the PD-L1 ex-
pression status in the non-randomized phase II trial KEYNOTE-059 in patients who had
progressive disease after at least two therapy lines. Pembrolizumab in particular showed a
positive effect on ORR (primary endpoint) in PD-L1-positive cancer patients (PD-L1 CPS
expression ≥ 1) as compared to PD-L1-negative patients (ORR 15.5% vs. 6.4%, median OS
5.8 vs. 4.6 mths). The duration of response (DOR) was also prolonged in the PD-L1-positive
group (overall DOR 8.4 mths, PD-L1-pos: 16.3 mths) [28]. These data led to the approval of
pembrolizumab monotherapy in the third-line setting for patients with progressive EGC
with PD-L1 CPS ≥ 1 expression in the USA (see Table 1).

The JAVELIN Gastric 300 trial compared the administration of avelumab versus
chemotherapy (physician’s choice) as a third-line treatment for patients with advanced
EGC. In 371 randomized patients, the primary endpoint (improvement of OS: median OS
4.6 vs. 5.0 mths, HR = 1.1 (95% CI 0.9–1.4), p = 0.81) and the secondary endpoints of PFS
and ORR were not met. Nevertheless, avelumab application was more safe compared to
chemotherapy [29].

The application of checkpoint inhibitors (nivolumab/pembrolizumab, CPS ≥ 1) in the
third-line therapy for European patients is currently recommended after a positive health
insurance assessment.

6. Combination of Immune Checkpoint Inhibition and Her2-Targeted Therapy

Since the superior OS results of the TOGA trial with adding trastuzumab to first-line
chemotherapy in patients with Her2-positive tumors (immunohistochemical expression
level 3+ or 2+ combined with positive FISH-verification of HER2 gene amplification),
trastuzumab was established as standard therapy in combination with chemotherapy
in the first-line setting for Her2-positive patients with advanced or metastatic disease.
Trastuzumab was also implemented in international treatment recommendations including
ESMO guidelines [37]. In 446 Her2-positive patients (12%), a combination of Her2 blockade
and chemotherapy (cisplatin + 5-FU/capecitabine) was superior with improvement in
median OS by 4.2 months (HR = 0.65, 95% CI 0.52–0.83) [5]. Currently, the addition of
trastuzumab to immune- and chemotherapy is investigated comprehensively in periopera-
tive and palliative therapy settings.

In the perioperative setting, a single-arm phase II trial of the AIO study group PHER-
FLOT is being planned in patients with Her2-positive localized EGC. The aim is to demon-
strate an improvement in DFS and an increase in the pathological complete response (pCR)
rate upon combining Her2-blockade, PD-L1 inhibition and standard chemotherapy. The
trial is currently in progress and recruitment of 30 patients starts this year. The rationale
for this trial is, among others, based on the excellent efficacy of increasing the pCR rate
and DFS by combining Her2- and PD-1-antibodies in the perioperative therapy setting
(HERFLOT trial) [38].

In patients with advanced EGC, the combination of targeted therapy with trastuzumab,
cytotoxic chemotherapy (oxaliplatin/cisplatin plus capecitabine/5-FU) and immune check-
point inhibition (pembrolizumab) was initially investigated in a single-arm phase II trial in
37 patients with Her2-positive metastatic EGC (30% gastric cancer). The primary endpoint,
PFS after 6 months, was reached in 70% of patients (n = 26/37, 95% CI 54–83). After
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12 months, the majority of patients were still alive (OSR 80%, 95% CI 68–95). The duration
of treatment was 10 months (IQR 5.7–13.7) [39].

The demonstrated safe and feasible administration of trastuzumab plus immune- and
chemotherapy in the first-line setting with promising efficacy in Her2-positive metastatic
EGC of this single-arm trial is further investigated in the randomized, double-blind phase
III trial KEYNOTE-811. This trial evaluates the effect of pembrolizumab versus placebo in
combination with trastuzumab and chemotherapy (5-FU + cisplatin/CAPOX: capecitabine
and oxaliplatin) on OS and tolerability in an estimated 692 patients with Her2-positive
metastatic EGC. The first interim analysis (IA1) of the first 264 patients showed superior
ORR of 22.7% in the combination arm of pembrolizumab, trastuzumab and chemotherapy
versus placebo plus trastuzumab and chemotherapy (ORR 74.4% (66.2–81.6) versus 51.9%
(43.0–60.7), 95% CI 11.2–33.7, p = 0.00006). The complete response rate (CR) was also
beneficial in the triple combination with pembrolizumab (11.3% vs. 3.1%), as well as the
disease control rate (DCR, 95% CI 96.2% (91.4–98.8) versus 89.3 (82.7–94.0) [6]. This clear
significant increase in ORR of adding pembrolizumab to the standard-of-care first-line
combination of trastuzumab plus chemotherapy led to the approval of this combination for
patients with Her2-positive metastatic EGC in the USA and is expected in Europe next year.

For patients with Her2-overexpressing EGC in advanced or metastatic disease stage,
the phase II INTEGA trial assesses a superior effect on OS by the chemotherapy-free combi-
nation of Her2-blockade (trastuzumab) plus immune checkpoint inhibition (nivolumab + ip-
ilimumab) in comparison with nivolumab plus the standard first-line regimen (trastuzumab
+ FOLFOX chemotherapy) [40]. First results of the efficacy analysis demonstrate an in-
creased efficacy of the combination of trastuzumab, nivolumab and FOLFOX compared
with the TOGA regimen. Furthermore, combining Her2-blockade, immunotherapy and
chemotherapy prolonged the OSR compared with the chemotherapy-free study arm inde-
pendently of PD-L1 CPS expression (all patients: 70% vs. 57%, p = 0.034). This combination
further improves PFS (all patients: 10.7 vs. 3.2 mths) [30]. The additional cytotoxic effect of
chemotherapy seems to intensify the antitumor immune response, but further investiga-
tions will be needed to verify the advantage in survival of the triple combination compared
with a chemotherapy-free therapy regimen.

A new therapy approach in Her2-targeted therapy of advanced EGC is the use of
the antibody-drug conjugate (ADC) T-DXd in patients with Her2-overexpressing locally
advanced, unresectable or metastatic tumors. T-DXd consists of an anti-Her2 antibody, a
tetrapeptide-based linker and a membrane-permeable topoisomerase I inhibitor payload.
The internalization in the Her2-positive tumor cell is aimed to reduce systemic cytotoxicity
and to enhance tolerability of this ADC. Promising results of a dose expansion phase 1 trial
demonstrated the antitumor activity of T-DXd monotherapy (ORR 43.2%) in 44 patients
who received several therapy lines including trastuzumab [8].

The DESTINY-GASTRIC 03 phase Ib/II trial investigates the efficacy of T-DXd in sev-
eral combinations including immunotherapy. In the dose escalation part (part 1), patients
with prior trastuzumab therapy receive either T-DXd combined with 5-FU/capecitabine/the
PD-1 inhibitor durvalumab/5-FU or capecitabine plus oxaliplatin/5-FU or capecitabine
plus durvalumab. In the dose expansion part (part 2), therapy-naive metastatic patients are
stratified by HER2 status and randomized in four study arms of T-DXd, trastuzumab plus
5-FU/capecitabine plus oxaliplatin/cisplatin, T-DXd plus 5-FU/capecitabine +/− oxali-
platin or T-DXd plus 5-FU or capecitabine plus durvalumab. Primary endpoints comprise
safety, dose finding (part 1) and ORR (part 2) [31]. As currently presented at ASCO GI
2022, the part 1 results suggest the tolerability and feasibility of the recommended phase
2 doses for T-DXd plus 5-FU and T-DXd plus capecitabine. The ORR results of both arms
are promising [9]. Recruitment of patients is ongoing.

A further Her2-targeted antibody is the specific Fc-domain optimized anti-Her2 anti-
body margetuximab, which further activates the innate and adaptive immune system by
antibody-dependent cellular cytotoxicity (ADCC) and anti-Her2-targeted T-cell response.
In vitro, margetuximab enhanced the tumor cell-specific PD-L1 expression, which addition-
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ally induces an antitumor activity by the PD-1/PD-L1/2 pathway. The global phase II/III
MAHOGANY trial investigates combination therapy of margetuximab with the anti-PD-1
antibodies retifanlimab and tebotelimab with/without chemotherapy (XELOX/mFOLFOX)
in 860 patients [11]. The combination therapy of anti-Her2 blockade with immune check-
point inhibition and cytotoxic chemotherapy is expected to enhance antitumoral immunity.
The first results of the safety analysis of 43 PD-L1-positive (CPS ≥ 1), non-microsatellite
instability high patients treated with the chemotherapy-free combination of margetuximab
plus retifanlimab (cohort A) were presented at ESMO 2021. A tumor shrinkage of 85.7%
(30/35 patients) with at least one post-baseline target lesion measurement was reported.
Furthermore, the combination was well tolerable, with the most common treatment-related
adverse events being infusion-related reaction (18.6%, 8/43 patients), diarrhea and fatigue
(each 14%, 6/43 patients) [41]. After this safety analysis, a randomized study design fol-
lows, with combination of margetuximab, PD-1 inhibition with/without chemotherapy
compared to the standard therapy of trastuzumab plus chemotherapy.

In Her2-positive patients, immune checkpoint inhibition also prolongs OS with ap-
proved access in the USA and awaited approval in Europe in 2023.

However, one future challenge remains to identify and address trastuzumab-resistant
patients with loss of Her2 expression. Several studies have analyzed changes in Her2 status
after progression of first-line Her2-directed therapy to clarify the lack of survival advantage
in the second-line setting of anti-Her2 therapy in Her2-positive advanced GC patients: a
multicenter observational study re-evaluated the Her2 status in patients with advanced or
recurrent GC refractory to trastuzumab in order to identify possible biomarkers for loss of
response to Her2-targeted first-line therapy with trastuzumab [42]. The Her2 status from
biopsy samples of patients showing resistance to trastuzumab was evaluated before and
after development of trastuzumab resistance. Loss of Her2 expression was detected in
60.6% of patients with refractory disease after first-line trastuzumab (20/33). Immunohisto-
chemical Her2 overexpression was clearly decreased after trastuzumab treatment. These
data indicate that Her2 status should be re-evaluated especially in Her2-positive patients
who progressed after trastuzumab first-line therapy. The lack of effect of Her2-directed
agents is further analyzed using margetuximab in combination with pembrolizumab in
60 Her2-positive advanced EGA patients in second-line settings post trastuzumab progres-
sion and the results recently presented at ASCO GI 2022. By ctDNA-analysis, 61% ERBB2
amplification was detected and predicted response to combination therapy of margetux-
imab plus pembrolizumab (24% vs. 0% (p = 0.0655), especially in PD-L1-positive patients.
In the subgroup of ctDNA- and PD-L1-positive GC patients, ORR was 57% and DCR was
86% [43]. Further research is needed to filter responders from non-responders to Her2-
directed therapy after trastuzumab progression and to clarify the role of re-evaluation of the
Her2 status (ERBB2 amplification) beyond progression as a possible predictive biomarker
for response to Her2-targeted therapy regimes in second-line post trastuzumab settings.

A possible combination of the new approved therapeutic strategies of Her2-negative
and Her2-positive advanced esophagogastric adenocarcinoma treatment in Europe is
provided in Figure 1.
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7. Molecular Biomarkers in Advanced Gastric Cancer

Her2-overexpression is an established predictive biomarker in advanced EGC with
implementation in therapy guidelines. Further biomarkers are under investigation to iden-
tify molecular characteristics of subgroups of patients and to find an individual antitumor
treatment in addition to chemotherapy:

7.1. PD-L1 CPS

The PD-L1 CPS score has increasingly been developed as a predictive marker for
response to immunotherapy in adenocarcinoma of the stomach and GEJ and is being
regularly used as a stratification marker in trials. PD-L1 CPS comprises the total of positive
stained tumor cells and positive stained mononuclear immune cells including lymphocytes,
macrophages, and dendritic cells (with simultaneous consideration of membranous and
cytoplasmic staining) divided by the total population of tumor cells [44]. In gastric cancer,
PD-L1 CPS ≥ 1 generally defines PD-L1-positive tumors. The PD-L1 CPS score of choice
for prediction of efficacy of immunotherapy is still under investigation in clinical trials
(see above) and varies between CPS ≥ 1/CPS ≥ 5 and CPS ≥ 10. In pembrolizumab trials,
CPS ≥ 10 showed an effective discrimination of response to therapy, while in nivolumab
trials, a cut-off of CPS 5 was used for primary endpoints OS and PFS. In general, response to
immunotherapy with prolongation of OS is demonstrated to be dependent on the amount
of PD-L1 CPS positivity: the higher the CPS score, the higher the benefit in OS. This is seen
in the CHECKMATE-649 trial with nivolumab (higher OS benefit with CPS ≥ 5 versus
CPS ≥ 1) and in the KEYNOTE-062/061 trials with pembrolizumab (higher OS benefit
with CPS ≥ 10 versus CPS ≥ 1). A recent comprehensive analysis of selected clinical trials
(KEYNOTE-059, KEYNOTE-061, KEYNOTE-062) with administration of pembrolizumab
in patients with CPS ≥ 10 further confirms this finding [45].

Nonetheless, there remain some unanswered questions on how to handle the PD-L1
CPS score as a reliable tool to differentiate between responders and non-responders to
immune checkpoint inhibitor therapy of GC in the future.

The question of a reliable cut-off value of the PD-L1 CPS score as a consistent marker
to predict benefit from immune checkpoint inhibition needs to be clarified. As mentioned
above, recent phase II and III trials indicate a survival benefit of immune checkpoint therapy,
especially in patients with high CPS-scores (CPS ≥ 5). The assumed lack of benefit of the
subgroup of patients with low CPS scores (CPS ≤ 5, ≤1) was investigated in randomized
phase III trials (CHECKMATE-649, KEYNOTE-062 and KEYNOTE-590) that compared
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the addition of immune checkpoint inhibitors with chemotherapy using a Kaplan–Meier
subtraction approach. The comparison analysis confirmed that the patients with low PD-
L1 CPS scores (subgroups of CPS 1-9 and CPS 1-4) investigated in these trials did not
show significant benefit from the addition of immune checkpoint inhibitors compared
with standard chemotherapy in advanced EGC [46]. We personally recommend to further
classify the subgroup of low PD-L1 CPS patients by specific analyses and to reflect the
rational use of immune checkpoint inhibitors in patients with low CPS scores.

The magnitude and consistency of PD-L1 as a predictive marker is the object of
investigation of a current systematic review and meta-analysis of 14 phase III trials in
advanced EGC. The primary results were presented at ASCO GI 2022 and identified PD-
L1 CPS as the second strongest predictive biomarker for survival benefit from immune
checkpoint inhibition compared to standard-of-care after MSI [47]. This study also confirms
further findings of gender differences in response to immune checkpoint therapy as already
demonstrated, for example, in KEYNOTE-590 with lower benefit from pembrolizumab plus
chemotherapy vs. placebo for women compared to men (HR = 0.89 (0.59–1.35) vs. HR = 0.70
(0.58–0.84), 95% CI) [19]. We strongly support the clarification of the sex-specific differences
in response to immunotherapy in future immune checkpoint inhibitor trials and to work
out the possible role of sex as a predictive marker for immune checkpoint inhibitors.

7.2. MSI

The MSI group of gastric cancer patients resembles one of the four molecular sub-
groups proposed by the TCGA next to chromosomally instable tumors, Epstein–Barr
virus-infected tumors and genomically stable tumors [48]. There is growing evidence
that the MSI status in advanced gastric cancer is positively correlated with response to
immunotherapy in advanced gastric cancer. Microsatellite instable tumors exhibit an
intrinsic mutational burden and supply tumor neoantigens, increasing the sensitivity to
immunotherapy [49]. A meta-analysis compared randomized trials which investigated
treatment with or without a PD-1 inhibitor for advanced gastric cancer including provided
outcomes in reference to MSI status (KEYNOTE-062, KEYNOTE-061, CHECKMATE-649,
JAVELIN Gastric 100); the data were selectively examined according to the role of MSI
in response to immunotherapy. In total, 2545 patients with evaluable MSI status were
included with 123 MSI-high GC patients (4.8%). In MSI-high tumors, the HR for OS benefit
by anti-PD-1 therapy was 0.34 (95% CI 0.21–0.54) compared to 0.85 (95% CI 0.71–1.00)
for MSS (microsatellite stable) tumors. The HR for the PFS in MSI-high tumors was 0.57
(95% CI 0.33–0.97, p = 0.04) and the odds ratio for response was 1.76 (95%CI 1.10–2.83,
p = 0.02) [50]. This analysis strengthens the hypothesis of MSI-high GC patients being a
highly immunosensitive population that is particularly responsive to immunotherapy.

Further studies are needed to clarify whether patients with high levels of microsatellite
instability or deficient mismatch repair (dMMR) in particular qualify for single/combination
immunotherapy. There are subgroup analyses indicating no survival benefit for patients
with MSI-high EGC treated with chemotherapy in the perioperative setting compared with
surgery (meta-analysis of MAGIC, CLASSIC, ARTIST, ITACA-S trial) [51] As presented
at ESMO 2021, results of the DANTE trial show benefit for MSI-high patients treated
with a combination of immune checkpoint inhibitors and chemotherapy, with rates of
pathological complete response or subtotal regression (TRG1a/b) being 80% (8/10) after
FLOT plus atezolizumab vs. 59% (7/12) after FLOT monotherapy [52]. Furthermore,
the role of neoadjuvant nivolumab plus ipilimumab and adjuvant nivolumab with lo-
calized MSI-high/dMMR EGC was investigated in the GERCOR NEONIPIGA phase II
trial with the primary endpoint of pathological complete response rate (pCRR). First re-
sults presented at ASCO GI 2022 showed neoadjuvant immune checkpoint inhibition as
a feasible therapy option. The pCRR was 59% (17/29 patients) and 94% of patients were
free of events after 12 months of follow up [53]. These results raise the question whether
immunotherapy postpones or even replaces surgery in patients with MSI-high/dMMR
tumors. We recommend that testing the MSI status of EGC patients should be routinely
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performed at the time of diagnosis prior to treatment. With future larger studies, we might
really implement immunotherapy in perioperative settings, especially for patients with
MSI-high/dMMR tumors.

7.3. EBV

Latent Epstein–Barr Virus (EBV) infection is predominant in nearly 9% of gastric
adenocarcinoma patients [54]. GC patients with EBV-positive tumors exhibit a higher
amount of immune checkpoint genes such as PD-1 or CTLA-4 and a higher level of lym-
phocytic infiltration compared to MSS (microsatellite stable) tumors [44]. The role of the
EBV-positive status of gastric tumors as a possible predictive marker of the response to
immunotherapy is investigated in several clinical trials. In an Asian study with 300 gastric
cancer patients, the PD-L1 CPS score ≥ 1 (59.3%, 178 patients) was significantly associated
with MSI-high tumors and a positive EBV status. These results indicate EBV-positive GC
patients to particularly benefit from immunotherapy [55].

8. Conclusions

Immunotherapy is a rapidly developing field of research in gastric cancer treatment.
Approvals of immune checkpoint inhibitors for advanced EGC patients enhance the current
treatment options and constitute a feasible, personalized therapy option. Ongoing phase
II and III trials enable patients access to immunotherapy in every line of therapy. The
combination therapy of nivolumab plus chemotherapy achieved a clinically meaningful
OS benefit in the first-line setting in all advanced esophageal and gastric adenocarcinoma
patients with approval in Europe (CPS ≥ 5), the USA, Taiwan and other countries. For
patients with esophageal cancer and Siewert-1 GEJC, the combination of pembrolizumab
plus chemotherapy is approved in Europe (CPS ≥ 10) and the USA. In the third-line
setting, nivolumab prolonged OS compared with placebo and was approved in Japan.
Furthermore, pembrolizumab prolonged duration of response significantly, resulting in
approval for patients with PD-L1 CPS ≥ 1 tumors in the USA. For patients with Her2-
overexpressing tumors, combination of trastuzumab, pembrolizumab and chemotherapy
shows superior effect on response and is approved as a first-line therapy option in the USA.
In the progression of immunotherapy in adenocarcinomas of the stomach/gastroesophageal
junction, it remains necessary to further identify and subdivide subgroups and sex-specific
differences of patients who particularly seem to benefit from response to immunotherapy
by possible predictive biomarkers (PD-L1 CPS, MSI, EBV) within the upcoming years.
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36. Shitara, K.; Özgüroğlu, M.; Bang, Y.-J.; Di Bartolomeo, M.; Mandalà, M.; Ryu, M.; Vivaldi, C.; Olesinski, T.; Chung, H.C.; Muro, K.;
et al. The association of tissue tumor mutational burden (TTMB) using the foundation medicine genomic platform with efficacy
of pembrolizumab versus paclitaxel in patients (Pts) with gastric cancer (GC) from KEYNOTE-061. J. Clin. Oncol. 2020, 38, 4537.
[CrossRef]

37. Smyth, E.C.; Verheij, M.; Allum, W.; Cunningham, D.; Cervantes, A.; Arnold, D.; ESMO Guidelines Committee. Gastric cancer:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2016, 27, v38–v49. [CrossRef]

38. Hofheinz, R.-D.; Hegewisch-Becker, S.; Kunzmann, V.; Thuss-Patience, P.; Fuchs, M.; Homann, N.; Graeven, U.; Schulte, N.;
Merx, K.; Pohl, M.; et al. Trastuzumab in combination with 5-fluorouracil, leucovorin, oxaliplatin and docetaxel as perioperative
treatment for patients with human epidermal growth factor receptor 2-positive locally advanced esophagogastric adenocarcinoma:
A phase II trial of the Arbeitsgemeinschaft Internistische Onkologie Gastric Cancer Study Group. Int. J. Cancer 2021, 149, 1322–1331.
[CrossRef] [PubMed]

39. Janjigian, Y.Y.; Maron, S.B.; Chatila, W.K.; Millang, B.; Chavan, S.S.; Alterman, C.; Chou, J.F.; Segal, M.F.; Simmons, M.Z.; Momtaz,
P.; et al. First-line pembrolizumab and trastuzumab in HER2-positive oesophageal, gastric, or gastro-oesophageal junction cancer:
An open-label, single-arm, phase 2 trial. Lancet Oncol. 2020, 21, 821–831. [CrossRef]

http://doi.org/10.1016/j.annonc.2021.08.2133
http://doi.org/10.1200/JCO.2020.38.4_suppl.TPS458
http://doi.org/10.1016/S0140-6736(18)31257-1
http://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4148
http://doi.org/10.1016/S0140-6736(17)31827-5
http://doi.org/10.1200/JCO.2017.35.15_suppl.4003
http://doi.org/10.1093/annonc/mdy264
http://doi.org/10.1016/j.annonc.2021.08.2134
http://doi.org/10.1200/JCO.2021.39.3_suppl.TPS261
http://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4142
http://doi.org/10.1016/S0140-6736(18)32557-1
http://www.ncbi.nlm.nih.gov/pubmed/30982686
http://doi.org/10.1093/annonc/mdx369.159
http://doi.org/10.1200/JCO.2022.40.4_suppl.243
http://doi.org/10.1200/JCO.2020.38.15_suppl.4537
http://doi.org/10.1093/annonc/mdw350
http://doi.org/10.1002/ijc.33696
http://www.ncbi.nlm.nih.gov/pubmed/34019698
http://doi.org/10.1016/S1470-2045(20)30169-8


Curr. Oncol. 2022, 29 1574

40. Tintelnot, J.; Goekkurt, E.; Binder, M.; Thuss-Patience, P.; Lorenzen, S.; Knorrenschild, J.R.; Kretzschmar, A.; Ettrich, T.; Lindig, U.;
Jacobasch, L.; et al. Ipilimumab or FOLFOX with nivolumab and trastuzumab in previously untreated HER2-positive locally
advanced or metastatic EsophagoGastric adenocarcinoma—The randomized phase 2 INTEGA trial (AIO STO 0217). BMC Cancer
2020, 20, 503. [CrossRef]

41. Catenacci, D.V.; Park, H.; Shim, B.Y.; Kim, S.T.; Oh, D.-Y.; Spira, A.; Ulahannan, S.; Avery, E.J.; Boland, P.M.; Chao, J.; et al. 1379P
margetuximab (M) with retifanlimab (R) in HER2+, PD-L1+ 1st-line unresectable/metastatic gastroesophageal adenocarcinoma
(GEA): MAHOGANY cohort, A. Ann. Oncol. 2021, 32, S1043–S1044. [CrossRef]

42. Saeki, H.; Oki, E.; Kashiwada, T.; Arigami, T.; Makiyama, A.; Iwatsuki, M.; Narita, Y.; Satake, H.; Matsuda, Y.; Sonoda, H.; et al.
Re-evaluation of HER2 status in patients with HER2-positive advanced or recurrent gastric cancer refractory to trastuzumab
(KSCC1604). Eur. J. Cancer 2018, 105, 41–49. [CrossRef] [PubMed]

43. Catenacci, D.V.T.; Park, H.; Uronis, H.E.; Kang, Y.-K.; Lacy, J.; Enzinger, P.C.; Park, S.H.; Lee, K.W.; Ng, M.C.H.; Gold, P.J.;
et al. Margetuximab (M) plus pembrolizumab (P) in ERBB2-amplified PD-L1+ gastroesophageal adenocarcinoma (GEA) post
trastuzumab (T). J. Clin. Oncol. 2018, 36, 4030. [CrossRef]

44. Panda, A.; Mehnert, J.M.; Hirshfield, K.M.; Riedlinger, G.; Damare, S.; Saunders, T.; Kane, M.; Sokol, L.; Stein, M.N.; Poplin,
E.; et al. Immune activation and benefit from avelumab in EBV-positive gastric cancer. J. Natl. Cancer Inst. 2017, 110, 316–320.
[CrossRef]

45. Wainberg, Z.A.; Fuchs, C.S.; Tabernero, J.; Shitara, K.; Muro, K.; Van Cutsem, E.; Bang, Y.-J.; Chung, H.C.; Yamaguchi, K.; Varga,
E.; et al. Efficacy of pembrolizumab monotherapy for advanced gastric/gastroesophageal junction cancer with programmed
death ligand 1 combined positive score ≥10. Clin. Cancer Res. 2021, 27, 1923–1931. [CrossRef]

46. Zhao, J.J.; Yap, D.W.T.; Chan, Y.H.; Tan, B.K.J.; Teo, C.B.; Syn, N.L.; Smyth, E.C.; Soon, Y.Y.; Sundar, R. Low programmed death-
ligand 1–expressing subgroup outcomes of first-line immune checkpoint inhibitors in gastric or esophageal adenocarcinoma. J.
Clin. Oncol. 2022, 40, 392–402. [CrossRef]

47. Yoon, H.H.; Jin, Z.; Kour, O.; Shitara, K.; Gibson, M.K.; Prokop, L.; Kang, Y.-K.; Shi, Q.; Ajani, J.A. Association of magnitude and
consistency of PD-L1 expression and other variables associated with benefit from Immune Checkpoint Inhibition (ICI): Systematic
review and meta-analysis of 14 phase 3 trials in advanced gastroesophageal cancer (GEC). J. Clin. Oncol. 2022, 40, 344. [CrossRef]

48. Cancer Genome Atlas Research Network. Comprehensive molecular characterization of gastric adenocarcinoma. Nature 2014,
513, 202–209. [CrossRef]

49. Di Bartolomeo, M.; Morano, F.; Raimondi, A.; Miceli, R.; Corallo, S.; Tamborini, E.; Perrone, F.; Antista, M.; Niger, M.; Pellegrinelli,
A.; et al. Prognostic and predictive value of microsatellite instability, inflammatory reaction and PD-L1 in gastric cancer patients
treated with either adjuvant 5-FU/LV or sequential FOLFIRI followed by cisplatin and docetaxel: A translational analysis from
the ITACA-S trial. Oncologist 2020, 25, e460–e468. [CrossRef]

50. Pietrantonio, F.; Randon, G.; Bartolomeo, M.D.; Luciani, A.; Chao, J.; Smyth, E.C.; Petrelli, F. Predictive role of microsatellite
instability for PD-1 blockade in patients with advanced gastric cancer: A meta-analysis of randomized clinical trials. ESMO Open
2021, 6, 100036. [CrossRef]

51. Pietrantonio, F.; Raimondi, A.; Choi, Y.Y.; Kang, W.; Langley, R.E.; Kim, Y.W.; Kim, K.-M.; Nankivell, M.G.; Perrone, F.; Kook,
M.-C.; et al. MSI-GC-01: Individual patient data (IPD) meta-analysis of microsatellite instability (MSI) and gastric cancer (GC)
from four randomized clinical trials (RCTs). J. Clin. Oncol. 2019, 37, 66. [CrossRef]

52. Al-Batran, S.-E.; Lorenzen, S.; Homann, N.; Thuss-Patience, P.C.; Schenk, M.; Lindig, U.; Kretzschmar, A.; Heuer, V.; Goekkurt,
E.; Haag, G.M.; et al. 1429P pathological regression in patients with microsatellite instability (MSI) receiving perioperative
atezolizumab in combination with FLOT vs. FLOT alone for resectable esophagogastric adenocarcinoma: Results from the
DANTE trial of the German Gastric Group at the AIO and SAKK. Ann. Oncol. 2021, 32, S1069. [CrossRef]

53. Andre, T.; Tougeron, D.; Piessen, G.; De La Fouchardiere, C.; Louvet, C.; Adenis, A.; Jary, M.; Tournigand, C.; Aparicio, T.;
Desrame, J.; et al. Neoadjuvant nivolumab plus ipilimumab and adjuvant nivolumab in patients (Pts) with localized microsatellite
instability-high (MSI)/mismatch repair deficient (DMMR) oeso-gastric adenocarcinoma (OGA): The GERCOR NEONIPIGA
phase II study. J. Clin. Oncol. 2022, 40, 244. [CrossRef]

54. Tang, W.; Morgan, D.R.; Meyers, M.O.; Dominguez, R.L.; Martinez, E.; Kakudo, K.; Kuan, P.F.; Banet, N.; Muallem, H.; Woodward,
K.; et al. Epstein-barr virus infected gastric adenocarcinoma expresses latent and lytic viral transcripts and has a distinct human
gene expression profile. Infect. Agents Cancer 2012, 7, 21. [CrossRef] [PubMed]

55. Liu, X.; Choi, M.G.; Kim, K.; Kim, K.-M.; Kim, S.T.; Park, S.H.; Cristescu, R.; Peter, S.; Lee, J. High PD-L1 expression in gastric
cancer (GC) patients and correlation with molecular features. Pathol. Res. Pract. 2020, 216, 152881. [CrossRef]

http://doi.org/10.1186/s12885-020-06958-3
http://doi.org/10.1016/j.annonc.2021.08.1488
http://doi.org/10.1016/j.ejca.2018.09.024
http://www.ncbi.nlm.nih.gov/pubmed/30391779
http://doi.org/10.1200/JCO.2018.36.15_suppl.4030
http://doi.org/10.1093/jnci/djx213
http://doi.org/10.1158/1078-0432.CCR-20-2980
http://doi.org/10.1200/JCO.21.01862
http://doi.org/10.1200/JCO.2022.40.4_suppl.344
http://doi.org/10.1038/nature13480
http://doi.org/10.1634/theoncologist.2019-0471
http://doi.org/10.1016/j.esmoop.2020.100036
http://doi.org/10.1200/JCO.2019.37.4_suppl.66
http://doi.org/10.1016/j.annonc.2021.08.1538
http://doi.org/10.1200/JCO.2022.40.4_suppl.244
http://doi.org/10.1186/1750-9378-7-21
http://www.ncbi.nlm.nih.gov/pubmed/22929309
http://doi.org/10.1016/j.prp.2020.152881

	Introduction 
	Curative/Perioperative Therapy 
	Palliative First-Line Therapy 
	Palliative Second-Line Therapy 
	Palliative Third-Line Therapy 
	Combination of Immune Checkpoint Inhibition and Her2-Targeted Therapy 
	Molecular Biomarkers in Advanced Gastric Cancer 
	PD-L1 CPS 
	MSI 
	EBV 

	Conclusions 
	References

