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Introduction
Gastric cancer is the fifth most common cancer 
worldwide and the third leading cause of cancer-
related death.1 In the United States, gastric can-
cer is relatively uncommon, comprising 1.5% of 
all new cancer cases.2 Specifically, there were 
26,240 estimated cases diagnosed and 10,800 
deaths in 2018.3 Gastric cancer is commonly 
detected at an advanced stage, and most patients 
diagnosed with the disease will ultimately die 
from it. Improvements in palliative systemic ther-
apy using a combination of active chemotherapy 
agents has been shown to increase survival and 
improve quality of life.2,4–11 The addition of tar-
geted therapy, including trastuzumab, which tar-
gets human epidermal growth factor receptor-2 
(HER2) overexpression, and ramucirumab, 
which targets angiogenesis, has also shown mod-
est improvements in survival.12–15 However, the 
prognosis remains poor with a 5-year overall sur-
vival of less than 10%, and for patients that have 
developed metastases, median survival is still less 
than 1 year.2

Gastric cancer encompasses cancers of the stom-
ach and the gastroesophageal junction (GEJ) 
extending from the distal esophagus to the gastric 

cardia. It is a heterogeneous disease with diffuse 
and intestinal histologies and epidemiological dif-
ferences in tumors arising from GEJ to the 
antrum.16 Recent evidence suggests molecular 
and histological tumor characteristics vary across 
gastric cancer subtypes and influence prognosis, 
supporting that gastric cancer is a complex dis-
ease.17 Specifically, gastric cancer can be divided 
into four subgroups: genome stable (GS); chro-
mosomal instability (CIN); Epstein–Barr virus 
(EBV); and microsatellite instability (MSI).18,19 
Although these subtypes have different clinical 
and biologic characteristics, we have historically 
not been able to capitalize on this knowledge in 
optimizing treatment choices for our patients. 
However, that is changing, for example, targeting 
HER2 in tumors that express high overexpression 
can result in median survival of 16 months, which 
is well over the expected survival.12

Immunotherapy, also known as immune check-
point inhibition, is an emerging novel treatment 
option in a variety of solid tumors, and has shown 
promise in patients with gastric cancer. Interestingly, 
the MSI subtype of gastric cancer is more respon-
sive to immune checkpoint inhibitors. Similarly, 
across all malignancies, tumors that have defects in 
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the mismatch repair (MMR) system, caused by 
germline or somatic alterations, are also sensitive to 
immune checkpoint blockade. These tumors accu-
mulate hundreds to thousands of mutations in the 
microsatellite regions of DNA during replication, 
mutations that would normally be repaired if the 
MMR system was intact. MSI is caused by inacti-
vation of at least one of the MMR genes, which 
include MLH1, MSH2, MSH6, and PMS2.20 MSI 
can also occur by hypermethylation of the MLH1 
promoter, leading to functional loss of the pro-
tein.20 The frequency of MSI-high (MSI-H) posi-
tivity in gastric cancers ranges from 10% to 
22%.18,21 MSI-H positive tumors have increased 
PD-L1 expression, which has been shown to be a 
predictor of response to checkpoint blockade.22–24 
This is attributable to the inflammatory microenvi-
ronment and immune response seen in MSI-H 
tumors.25–27 The most compelling and transforma-
tive aspect of immunotherapy is that the few 
patients who do respond have durable responses, 
often greater than 1 year, generally with minimal 
side effects. Based on modest efficacy, pembroli-
zumab, which targets the programmed cell death-1 
(PD-1) receptor, is now an approved immunother-
apy treatment in gastric cancer. Herein, we discuss 
the current and evolving immunotherapy treatment 
approaches for gastric cancer, focusing on the anti-
PD-1 monoclonal antibody, pembrolizumab.

Pembrolizumab in gastric cancer
Pembrolizumab is a high-affinity anti-PD-1 huma
nized monoclonal antibody which inhibits pro-
grammed cell death-1 activity by binding to the 
PD-1 receptor on T cells. T cells are normally 
activated when major histocompatibility complex 
(MHC) presented peptide antigens bind to the 
T-cell receptor (TCR). Costimulation by binding 
of the TCR CD28 to its ligands, CD80 (B7-1) or 
CD86 (B7-2), on antigen-presenting cells (APCs) 
is also required for activation.28 Once activated, T 
cells express coinhibitory cell surface receptors 
[i.e. cytotoxic T-lymphocyte antigen 4 (CTLA4) 
and PD-1] to maintain immune homeostasis.29 
Once expressed, CTLA4 has a higher affinity to 
bind to CD80 and CD86 on APCs leading to 
inhibition of T-cell activation. Similarly, PD-1 
binds to its ligands, program cell death ligand-1 
(PD-L1) and program cell death ligand-2 (PD-L2), 
to prevent further T-cell activation. Tumor cells 
have found ways to evade the immune effects by 
expressing PD-L1/PD-L2 on their cell surface. 
PD-1 pathway blockade inhibits negative T-cell 

immune regulation caused by PD-1 receptor 
signaling, thereby reversing T-cell suppression 
and stimulating an antitumor response. There 
are several immunotherapy drugs that target 
both PD-1 and PD-L1 on the market and have 
been approved or are undergoing clinical trials 
(Figure 1). Pembrolizumab is approved for the 
treatment of multiple tumor types, including 
gastric cancer.30–37

Federal drug administration approval
Chemotherapy remains the most effective therapy 
for patients with advanced unresectable or meta-
static gastric cancer, with established improve-
ments in survival when compared with best 
supportive care.4–11 Several classes of cytotoxic 
therapy are active, but standard practice typically 
involves a combination platinum/fluoropyrimi-
dine treatment regimen as the first treatment (e.g. 
first-line therapy). After disease progression, 
patients would typically receive second-line ther-
apy to include paclitaxel and ramucirumab. There 
were no approved immunotherapy drugs for 
patients with gastric cancer, until pembrolizumab 
monotherapy was approved by the US Food and 
Drug Administration (FDA) in 2017 based on 
two related clinical trials.

Pembrolizumab was first studied in the phase Ib 
KEYNOTE-012 trial.38 Patients with PD-L1 pos-
itive recurrent or metastatic gastric and GEJ can-
cer were enrolled. PD-L1 is the ligand for PD-1 
and can be expressed on gastric cancers as well as 
other infiltrating cells within the tumor microenvi-
ronment. PD-L1 positivity for the KEYNOTE-012 
study was defined as immunohistochemical (IHC) 
staining of at least 1% of scorable tumor cells or 
the presence of a distinctive interface pattern 
(which represented IHC staining of PD-L1 on 
stromal cells). Out of 39 patients treated, the over-
all response rate (ORR) was 22% [95% confi-
dence interval (CI) 10–39]. Genomic profiling 
revealed MSI-H status in 17% of patients; of 
those, 50% achieved an objective response (ORR 
57.1%, 95% CI 18.4–90.1). The safety profile 
was favorable with 13% of patients experiencing 
grade 3 or 4 treatment-related adverse events 
including fatigue, pemphigoid, hypothyroidism, 
peripheral sensory neuropathy, and pneumonitis. 
There were no treatment-related deaths.

In the phase II multicohort KEYNOTE-059 
study, 259 patients were enrolled with recurrent 
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or metastatic gastric/GEJ cancer who had pro-
gressed on more than two prior lines of chemo-
therapy (cohort 1).31 All patients received 
pembrolizumab 200 mg intravenously (IV) every 
3 weeks until disease progression, withdrawal, or 
toxicity. Patients were unselected for PD-L1 
expression, which was considered positive if the 
combined positive score (CPS; number of PD-L1 
positive tumor and immune cells divided by the 
total number of tumor cells within a microscopic 
high powered field, multiplied by 100) was one or 
greater. In all, 57.1% of patients were PD-L1 
positive (e.g. CPS ⩾ 1) and 42.1% were PD-L1 
negative. The objective response rate to pem-
brolizumab was 15.5% (95% CI 10.1–22.4%) in 
patients with PD-L1 positive tumors and 6.4% 
(95% CI 2.5–12.8%) in PD-L1 negative tumors. 
Interestingly, durable responses were observed in 
both PD-L1 positive and negative tumors. 
Specifically, the median (range) response dura-
tion was 16.3 (1.6+ to 17.3+) months with 
PD-L1 positive tumors and 6.9 (2.4 to 7.0+) 
months in PD-L1 negative tumors, respectively. 
Surprisingly, a total of six patients achieved a 
complete response, including three patients with 
PD-L1 negative tumors. These data suggest that 
selection of patients for pembrolizumab therapy 
using PD-L1 IHC and CPS scoring successfully 
enriches for patients who might benefit from 
immunotherapy, however responses with check-
point blockade can be attained even in PD-L1 
negative tumors. Further, although patients who 

achieved an objective response with pembroli-
zumab generally had durable responses, a limita-
tion of pembrolizumab is that only ~15% of 
patients with PD-L1 positive gastric cancers 
observed an objective response, for example, the 
vast majority of patients who receive immuno-
therapy do not respond. The main exception to 
this observation is the high objective response rate 
observed in MSI-H patients with an objective 
response rate of 57.1% (95% CI 18.4–90.1%). 
Once again, the safety profile of pembrolizumab 
showed 17.8% of patients experiencing grade 3 or 
higher toxicity, including two treatment-related 
deaths.

GEJ tumors, specifically Siewert type 1 adenocar-
cinoma, were included in the phase II 
KEYNOTE-180 study which evaluated the role of 
single-agent pembrolizumab in the third-line set-
ting for metastatic esophageal carcinoma.39 The 
study included both esophageal squamous cell car-
cinoma, which comprised 52.1% of the study pop-
ulation, esophageal adenocarcinoma and GEJ 
Siewert type 1 adenocarcinoma. The ORR for the 
adenocarcinoma group was 5.2% (95% CI 1.1–
14.4%) and 14.3% (95% CI 6.7–25.4%) in the 
squamous cell carcinoma group. The median 
duration of response was not reached. In patients 
with PD-L1 positive tumors, the ORR increased to 
13.8% (95% CI 6.1–25.4%), and the disease con-
trol rate was 36.2%. In contrast, PD-L1 negative 
tumors had an ORR of 6.3% (95% CI 1.8–15.5%). 

Figure 1.  Currently available checkpoint inhibitors targeting PD-1, PD-L1 and CTLA4.
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Patients were not separated out for tumor location 
and histology but importantly, responses were seen 
irrespective of PD-L1 status and histology. Of 
note, PD-L1 expression was based on a CPS of 10 
or greater. Treatment-related adverse events 
occurred in 12.4% of patients including one death 
from pneumonitis.

Given the modest response rates, but durable 
responses of nearly 18 months, with minimal tox-
icity, pembrolizumab is now FDA approved for 
patients with recurrent, locally advanced, and 
metastatic PD-L1 positive gastric/GEJ tumors 
who have progressed following two or more lines 
of therapy. A summary of key trials is shown in 
Table 1. This is the first ever drug approved in 
the third-line setting for advanced gastric cancer.

Pembrolizumab compared with chemotherapy
In the second-line setting, following disease pro-
gression with initial cytotoxic therapy, patients 
typically receive further cytotoxic therapy such as 
irinotecan, or taxanes, or the combination of 
paclitaxel and ramucirumab. In this second-line 
setting, pembrolizumab was examined in a phase 
III study (KEYNOTE-061) compared with 
standard of care chemotherapy. This phase III 
study failed to show superiority over paclitaxel for 

patients with advanced gastric/GEJ tumors.40 
KEYNOTE-061 was a random assignment, 
open-labeled study where patients who had pro-
gressed on first-line platinum/fluoropyrimidine 
based therapy received either standard-dose pem-
brolizumab or paclitaxel. Patients were unse-
lected for PD-L1 status; however, primary 
endpoints were overall survival (OS) and progres-
sion-free survival (PFS) in patients with a PD-L1 
CPS score of 1 or higher. Approximately 67% of 
patients had a PD-L1 CPS score of 1 or higher, 
and half were assigned to pembrolizumab and the 
other half were assigned to paclitaxel. The median 
OS was 9.1 months (95% CI 6.2–10.7) with pem-
brolizumab and 8.3 months (95% CI 7.6–9.0) 
with paclitaxel (HR 0.82; 95% CI 0.66–1.03; 
p = 0.0421), which did not reach the significance 
threshold for superiority (pre-specified p-value 
threshold was p = 0.0135 owing to the required 
alpha splitting for multiple primary endpoints). 
Median PFS was 1.5 months (95% CI 1.4–2.0) 
with pembrolizumab versus 4.1 months (95% CI 
3.1–4.2) with paclitaxel (HR 1.27; 95% CI 1.03–
1.57). However, pembrolizumab resulted in more 
durable responses than paclitaxel, with a median 
response duration of 18.0 months (95% CI 8.3–
NE) versus 5.2 months (95% CI 3.2–15.3), 
respectively. In a subgroup analysis, patients with 
an ECOG 0 or primary GEJ tumors had greater 

Table 1.  Summary of KEYNOTE trials 059 and 180.

KEYNOTE 059 KEYNOTE 180

Sample size 259 patients 121 patients

Histology Advanced or metastatic gastric or GEJ 
adenocarcinoma (Siewert types II and III)

Advanced or metastatic esophageal 
adenocarcinoma, squamous cell carcinoma, and 
GEJ adenocarcinoma (Siewert type 1)

CPS cutoff 1 or greater 10 or greater

ORR 11.6% (95% CI 8.0–16.1) all patients
15.5% (95% CI 10.1–22.4) PD-L1+
6.4% (95% CI 2.5–12.8) PD-L1–

9.9% (95% CI 5.2–16.7) all patients
13.8% (95% CI 6.1–25.4) PD-L1+
6.3% (95% CI 6.1–25.4) PD-L1–

mDOR (range) 8.4 mo (1.6 to 17.3+) all patients
16.3 mo (1.6 to 17.3+) PD-L1+
6.9 mo (2.4 to 7.0+) PD-L1–

NR (1.9 to 14.4+)
NR (1.9 to 14.4+) PD-L1+
4.4 mo (2.1–5.3) PD-L1–

mPFS 2.0 mo (95% CI 2.0–2.1) 2.0 mo (95% CI 1.9–2.1)

12-mo OS 23.4% (95% CI 17.6–29.7) 49% (95% CI 40–57)

mOS 5.6 mo (95% CI 4.3–6.9) 5.8 mo (95% CI 4.5–7.2)

CI, confidence interval; CPS, combined positive score; DOR, duration of response; GEJ, gastroesophageal junction; m, median; mo, months; NE, not 
estimable; NR, not reached; ORR, overall response rate; OS, overall survival; PFS, progression-free survival.
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treatment effects with pembrolizumab. Similarly, 
in a post hoc analysis, PD-L1 CPS of 10 or higher 
correlated to a higher response with pembroli-
zumab. Furthermore, as expected, patients with 
MSI-H tumors, irrespective of the CPS, 
responded better to pembrolizumab. Grade 3 or 
higher adverse events occurred in 14% of patients 
treated with pembrolizumab and 35% with pacli-
taxel, consistent with previous reports. Although 
not statistically superior, pembrolizumab was 
shown to produce effective and durable responses 
in patients with PD-L1 CPS of 1 or higher with a 
manageable safety profile.

In a similar phase III study in esophageal can-
cer, patients with GEJ tumors (Siewert type 1 
adenocarcinoma) were also included and were 
randomized to receive either pembrolizumab 
monotherapy or investigators choice of stand-
ard-dose paclitaxel, docetaxel, or irinotecan 
(KEYNOTE-181; ClinicalTrials.gov identifier: 
NCT02564263).41 In this study, pembrolizumab 
was superior to chemotherapy in patients with a 
CPS of 10 or higher. Specifically, the median OS 
was 9.3 months in the pembrolizumab arm com-
pared to 6.7 months in the chemotherapy arm 
(HR 0.69; 95% CI 0.52–0.93; p = 0.0074). They 
safety profile was also comparable with previous 
studies. Final results have not been published, but 
based on the available data, pembrolizumab does 
appear to have improved activity over chemother-
apy in esophageal carcinoma (including GEJ type 
I) with PD-L1 CPS 10 or higher. Further, these 
results are consistent with the post hoc analysis of 
KEYNOTE-061, which also suggested better effi-
cacy of pembrolizumab in gastric and GEJ tumors 
with PD-L1 CPS 10 or higher.

Among patients with advanced MSI-H or MMR-
deficient solid tumors, including gastric cancer, 
pembrolizumab is approved as a second-line treat-
ment option based on the KEYNOTE-016, -12, 
-164, and -158 trials.23,30,38,42 In the KEYNOTE-016 
study, patients with MMR-deficient noncolorectal 
cancers had an immune-related ORR of 71% and a 
median PFS of 5.4 months. Side effects were simi-
lar to those reported in other KEYNOTE studies. 
KEYNOTE-016 is still recruiting and median OS 
has not been reached.

Integration of immunotherapy into the first line
With the durable responses to immunotherapy 
as demonstrated in later lines of therapy, 

immunotherapy has been transformative in the 
treatment of gastric and GEJ cancer. There has 
been a push to demonstrate the efficacy of the 
combination of immunotherapy with chemother-
apy, particularly as initial therapy for advanced or 
unresectable disease. Recently, updated results of 
the ongoing KEYNOTE-059 (ClinicalTrials.gov 
identifier: NCT02335411) cohort 2 study were 
presented. This cohort was the first to examine 
the safety of combining immunotherapy with 
chemotherapy in gastric cancer. In this study arm, 
treatment-naïve patients with advanced gastric/
GEJ tumors received pembrolizumab 200 mg IV 
every 3 weeks plus chemotherapy using cisplatin 
and a fluoropyrimidine (either 5-fluorouracil or 
capecitabine, according to physician prefer-
ence).43 PD-L1 expression was tested and 64% of 
patients had PD-L1 positive tumors. The ORR 
was 60% (95% CI 38.7–78.9) with 32% of 
patients achieving stable disease (95% CI 14.9–
53.5). The typical response rate to chemotherapy 
alone, specifically cisplatin and fluorouracil) is 
approximately 30–35%.7,8 These data suggest 
that the combination of chemotherapy and immu-
notherapy may have even better activity than 
chemotherapy alone. Responses were irrespective 
of PD-L1 expression, with an ORR of 68.8% 
(95% CI 41.3–89.0) in PD-L1 positive patients 
and 37.5% (95% CI 8.5–75.5) in PD-L1 negative 
patients. Furthermore, responses were durable, 
with a median duration of response of 4.6 months 
(2.6 to 14.4+) in all patients. Grade 3 or higher 
treatment-related adverse effects occurred in 75% 
of patients. No treatment-related deaths were 
reported. Based on the ongoing KEYNOTE-059 
cohort 2 study, the combination of chemotherapy 
with checkpoint blockade resulted in greater effi-
cacy and durable responses regardless of PD-L1 
status. This suggests a role for combination strat-
egies as first-line treatment in patients with 
advanced gastric/GEJ tumors, which was exam-
ined in KEYNOTE-062.

Results of the KEYNOTE-062 study were 
recently presented during the American Society 
of Clinical Oncology annual meeting in June 
2019. Patients with treatment-naïve, advanced 
gastric/GEJ adenocarcinoma with PD-L1 positiv-
ity (defined as CPS ⩾1) were randomized to 
pembrolizumab monotherapy, pembrolizumab 
plus chemotherapy (cisplatin plus a fluoropyrimi-
dine), or chemotherapy alone (control arm). 
Approximately 70% of patients enrolled across all 
arms had gastric cancer and 36–39% were CPS 
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⩾10. Pembrolizumab monotherapy was shown to 
be noninferior to chemotherapy (HR 0.91; 95% 
CI 0.69–1.18) meeting the primary endpoint of 
that experimental arm, whereas the addition of 
pembrolizumab to chemotherapy was not supe-
rior to chemotherapy with a HR 0.86 (95% CI 
0.62–1.17), p = 0.158. In patients CPS ⩾10 gas-
tric/GEJ adenocarcinoma, pembrolizumab mon-
otherapy was associated with an improved OS by 
roughly 7 months (17.4 versus 10.8 months; HR 
0.69; 95% CI 0.49–0.97). Notably, PFS with 
pembrolizumab monotherapy was significantly 
inferior in patients with CPS ⩾1, with a median 
PFS of 2.0 months with pembrolizumab and 
6.4 months with chemotherapy (HR 1.66, 95% 
CI 1.37–2.01). In patients with CPS ⩾10, chem-
otherapy still demonstrated a numerically better 
mPFS (2.9 mo pembrolizumab versus 6.1 mo 
chemotherapy).

When considering the pembrolizumab with 
chemotherapy arm, while OS was not improved 
with the addition of pembrolizumab, there 
appeared to be a trend toward improved PFS 
with the addition of pembrolizumab: for CPS ⩾1 
(HR 0.84; 95% CI 0.70–1.02; p = 0.039), and for 
CPS ⩾10 (HR 0.74; 95% CI 0.53–1.00). Both 
arms had similar rates of toxicity. While the 
results of this study may suggest that single-agent 
pembrolizumab may be considered noninferior to 
chemotherapy in patients with advanced gastric/
GEJ adenocarcinoma with CPS ⩾1, one might 
consider the risk of early progression with pem-
brolizumab when considering this option if it 
achieves regulatory approval. The lack of bene-
fit of combining pembrolizumab to chemother-
apy is notable, and is continuing to be examined 
in other combination chemotherapy studies 
(Table 2). One explanation for the lack of signifi-
cant benefit may be related to the dose and sched-
uling of chemotherapy and its effect on the 
immune response. Future studies are needed to 
determine the optimal chemotherapeutic and 
immunotherapeutic combination.

In summary, the anti-PD-1 antibody pembroli-
zumab has been shown to produce effective and 
durable responses in patients with advanced gas-
tric/GEJ tumors with a favorable safety profile. 
Pembrolizumab is FDA approved as third-line 
therapy in patients with PD-L1 positive disease 
and as second-line therapy in patients with 
MSI-H/MMR-deficient tumors. Further studies 
to identify patients who are likely to benefit from 

pembrolizumab, either alone or in combination 
with other treatments, are ongoing. Current 
ongoing studies in advanced gastric/GEJ cancer 
with pembrolizumab are summarized in Table 2.

CPS as a biomarker for pembrolizumab
Although PD-L1 has proven a modestly effective 
predictive biomarker for pembrolizumab efficacy 
in gastric cancer, numerous studies evaluating the 
relationship between PD-L1 expression and 
response to checkpoint inhibitors show conflicting 
results. As a prognostic biomarker, PD-L1 expres-
sion correlates with poor prognosis and decreased 
survival in non-small cell lung cancer (NSCLC), 
melanoma, hepatocellular carcinoma, pancreatic, 
and renal cell cancers.44–49 In contrast, there is 
also data to suggest no prognostic effects of PD-L1 
expression in NSCLC and melanoma.50–52 
Although several anti-PD-1 and anti-PD-L1 ther-
apies are currently approved, pembrolizumab was 
approved with the validated companion diagnos-
tic CPS test indicated for NSCLC and gastric/
GEJ cancers.53–59 The CPS is calculated as the 
combined positive number of PD-L1 positive cells 
(tumor cells, lymphocytes, macrophages) divided 
by the total number of tumor cells, multiplied by 
100 based on IHC staining of formalin fixed par-
affin embedded (FFPE) tissues. In the 
KEYNOTE-59 cohort 1 trial, measuring PD-L1 
expression with CPS reliably revealed a popula-
tion of patients likely to benefit from pembroli-
zumab.31 Importantly, the ORR of 15.5% in 
patients with PD-L1 CPS of 1 or higher was suf-
ficient to support FDA approval of pembroli-
zumab for this subgroup. Therefore, the advantage 
of CPS as a predictive biomarker is that it incorpo-
rates PD-L1 expression on both tumor and 
immune cells into a single score and reliably pre-
dicts for response to pembrolizumab.57 Notably, it 
enriches for patients who may benefit from pem-
brolizumab only modestly, for example, ~85% of 
patients with tumors who are CPS ⩾ 1 will not 
benefit from pembrolizumab. Therefore, there is a 
desperate need to identify a better biomarker from 
which to select patients for immunotherapy.

Other immune checkpoint inhibitors studied 
in gastric/GEJ cancer
Additional checkpoint inhibitors have been evalu-
ated gastric cancer. The anti-PD-1 inhibitor 
nivolumab was studied in the ATTRACTION-2 
trial.60 This was a phase III trial completed across 
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Japan, South Korea, and Taiwan in patients with 
advanced gastric/GEJ cancer who had progressed 
on at least two prior lines of chemotherapy. Patients 
were randomized 2:1 to receive nivolumab 3 mg/kg 
or placebo intravenously every 2 weeks. The median 
OS was 5.26 months (95% CI 4.60–6.37) in the 
nivolumab group and 4.14 months (95% CI 3.42–
4.86) in the placebo group (HR 0.63; 95% CI 0.51–
0.78; p < 0.0001). Overall, patients treated with 
nivolumab had longer survival compared with pla-
cebo independent of PD-L1 status: 5.22 months 
(95% CI 2.79–9.36) in PD-L1 positive (⩾1% IHC 
staining of tumor cells) tumors and 6.05 months 
(95% CI 4.83–8.54) in PD-L1 negative tumors. 
Grade 3 or 4 adverse events occurred in 10% of 
nivolumab patients including mostly commonly 
diarrhea, fatigue, decreased appetite, elevated liver 
enzymes, pneumonitis, colitis, and hypopituita-
rism. Based on the results, nivolumab could be a 
potential treatment option for heavily pretreated 
Asian patients with advanced gastric/GEJ cancer. 
Nivolumab is approved in Japan for this indication.

In the phase I/II CheckMate-032 study, patients 
with advanced esophageal, GEJ, or gastric tumors 
were treated with nivolumab or the combination 
of nivolumab and the anti-CTLA4 antibody, ipili-
mumab, and varying doses.61 As described previ-
ously, responses were observed irrespective of 
PD-L1 status (CPS ⩾1%). The ORR was 12% 
(95% CI 5–23) in the nivolumab 3 mg/kg arm, 
24% (95% CI 13–39) in the nivolumab 1 mg/kg 
and ipilimumab 3 mg/kg arm, and 8% (95% CI 
2–19) in the nivolumab 3 mg/kg and ipilimumab 
1 mg/kg arm. Stable disease for at least 12 weeks 
was seen in 63–67% of patients across all arms. 
The median OS was 6.2 months (95% CI 3.4–
12 months), 6.9 months (95% CI 3.7–11.5 months) 
and 4.8 months (95% CI 3–8.4 months), respec-
tively. Responses were seen in MSI-H and non-
MSI-H tumors. The safety profile was manageable, 
with a higher rate of treatment-related adverse 
effects in the combination arms. The 
CheckMate-032 results suggest the combination 
of anti-PD-1 and anti-CTLA4 delivers effective 

Table 2.  Ongoing pembrolizumab trials in advanced gastric/gastroesophageal junction cancer (actively accruing, as of 19 April 2019).

ClinicalTrials.gov 
identifier

Design Phase Primary endpoint

NCT03342937 P + oxaliplatin, capecitabine II Progression-free survival

NCT03196232 P + epacadostat II 6-month progression-free survival

NCT03511222 P + vololanib Ib Recommended phase II dose

NCT03259867 P + TATE IIA Response rate

NCT02954536 P + trastuzumab, chemotherapy II Progression-free survival

NCT03095781 P + XL888 Ib Recommended phase II dose

NCT03675737 P + chemotherapy versus placebo + chemo III Overall survival

NCT03615326 P + trastuzumab, chemotherapy versus placebo III Progression-free, overall survival

NCT03872947 P + TRK-950 Ib Recommended phase II dose

NCT03841110 P + FT500 I Maximum tolerated dose

NCT03797326 P + lenvatinib II Objective response rate

NCT02903914 P + INCB001158 I/II Safety and tolerability

NCT03228667 P + ALT-803 IIb Objective response rate

NCT03674567 P + FLX475 I/II Safety, tolerability, overall 
response rate

P, pembrolizumab.
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and durable antitumor activity in gastroesopha-
geal cancers. Phase III studies to confirm are 
ongoing.

Despite the relative success of anti-PD-1 antibod-
ies, not all checkpoint inhibitors have resulted in 
improved outcomes. The JAVELIN Gastric 300 
study was a phase III trial where the anti-PD-L1 
antibody, avelumab, was compared to chemo-
therapy in patients with advanced gastric/GEJ 
cancer who had progressed beyond two lines of 
treatment.62 The study failed to meet its primary 
endpoint, as the mOS was 4.6 months with ave-
lumab and 5 months with chemotherapy (HR 1.1; 
95% CI 0.9–1.4; p = 0.81). Furthermore, there 
was no benefit of avelumab in PD-L1 expressing 
tumors compared with PD-L1 negative tumors. 
Additional studies with disappointing results in 
gastric cancer include monotherapy with tremeli-
mumab (anti-CTLA4; 1/18 partial response 
>30 months), atezolizumab (anti-PD-L1; 1 dura-
ble response of 9.8 months), and durvalumab 
(anti-PD-L1, 2/28 partial responses).63–65 Efforts 
to better define and select patients more likely to 
respond to checkpoint inhibitors warrants further 
investigation.

Checkpoint blockade and commonly 
associated toxicities
Immune checkpoint inhibitors can be associ-
ated with a wide range of adverse effects. Owing 
to their generalized effects on stimulating the 
immune system to target and kill tumor cells, 
any organ can be affected. The side-effect pro-
file differs greatly compared with standard 
chemotherapy commonly seen in the clinic, 
therefore, a strong suspicion must always be 
present. The most commonly affected sites 
include the skin, gastrointestinal track, lungs, 
thyroid, adrenal, pituitary, musculoskeletal, 
renal, nervous system, hematologic, cardiovas-
cular, and ocular systems.66 These toxicities 
can result from any checkpoint inhibitor regard-
less of its target. Mild adverse effects can be 
monitored closely, however, moderate to severe 
toxicities can result in fatal outcomes if not 
detected early and managed properly with the 
use of immunosuppressive agents (i.e. ster-
oids). The American Society of Clinical 
Oncology has published comprehensive guide-
lines for the management of immune related 
adverse events specifically in the setting of 
checkpoint blockade.66

Conclusion
Gastric/GEJ cancer is a leading cause of cancer-
related mortality worldwide. Despite efforts to 
improve systemic treatment, including combination 
strategies with chemotherapy and targeted therapy, 
the majority of patients eventually progress and 
prognosis remains poor. In the last few years, efforts 
to define and characterize gastric cancer reveals a 
complex and heterogenous landscape that has been 
shown to correlate with treatment response and sur-
vival. Immunotherapy has transformed our 
approach across several diseases, including gastric 
cancer. Patients with MSI-H tumors have seen sig-
nificant clinical responses associated with antitumor 
activity, durable responses, and improved survival. 
This success across tumor types granted use of 
pembrolizumab in patients with MSI-H/MMR-
deficient tumors as a second-line treatment option. 
Similarly, positive PD-L1 expression using the vali-
dated CPS test has also been shown to predict for 
response to immune checkpoint inhibitors in multi-
ple tumor types. Recently, pembrolizumab was 
approved as a third or subsequent line treatment 
for patients with advanced gastric/GEJ tumors that 
express a CPS ⩾1. However, using PD-L1 expres-
sion as a potential biomarker has been met with 
conflicting results. In addition, not all checkpoint 
inhibitors result in antitumor effects in patients 
with gastric cancer.

In summary, pembrolizumab has marked great 
strides for immune checkpoint inhibitors in gas-
tric cancer. Further studies evaluating the rela-
tionship between molecular tumor characteristics 
and the immune microenvironment are needed to 
determine which patients will benefit from check-
point blockade. Significant effort in drug develop-
ment lies in augmenting the modest response 
rates that are achieved with pembrolizumab mon-
otherapy. In addition to novel immune system 
targets, combining immunotherapy with chemo-
therapy or with radiotherapy has shown great 
promise. As in many tumors, immunotherapy is 
sure to transform our treatment paradigms in gas-
tric/GEJ cancer as well.

Funding
The author(s) received no financial support for 
the research, authorship, and/or publication of 
this article.

Conflict of interest statement
G.B. declares no conflict of interest. M.A.S. has 
received research funding (institution) from 

https://journals.sagepub.com/home/tag


G Brar and MA Shah

journals.sagepub.com/home/tag	 9

Merck, Bristol Meyers Squibb, Boston 
Biomedical, and Astellas pharmaceuticals.

Ethics approval statement
Ethics approval was not required for this review.

Informed consent statement
Informed consent was not required for this 
review.

ORCID iD
Gagandeep Brar  https://orcid.org/0000-0001- 
8270-5802

References
	 1.	 Bray F, Ferlay J, Soerjomataram I, et al. Global 

cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin 2018; 68: 
394–424.

	 2.	 Noone A, Howlader N, Krapcho M, et al. SEER 
cancer statistics review, 1975–2015, National 
Cancer Institute. Bethesda, MD, 2018, https://
seer.cancer.gov/csr/1975_2015/, based on 
November 2017 SEER data submission, posted 
to the SEER web site, April 2018.

	 3.	 Siegel RL, Miller KD and Jemal A. Cancer 
statistics, 2018. CA Cancer J Clin 2018; 68:  
7–30.

	 4.	 Elsaid AA and Elkerm Y. Final results of 
a randomized phase III trial of docetaxel, 
carboplatin and 5FU versus epirubicin, cisplatin 
and 5FU for locally advanced gastric cancer. 
J Clin Oncol 2005; 23: 4014.

	 5.	 Van Cutsem E, Boni C, Tabernero J, et al. 
Docetaxel plus oxaliplatin with or without 
fluorouracil or capecitabine in metastatic or 
locally recurrent gastric cancer: a randomized 
phase II study. Ann Oncol 2015; 26: 149–156.

	 6.	 Shah MA, Janjigian YY, Stoller R, et al. 
Randomized multicenter phase II study of 
modified docetaxel, cisplatin, and fluorouracil 
(DCF) versus DCF plus growth factor support in 
patients with metastatic gastric adenocarcinoma: 
a study of the US gastric cancer consortium. 
J Clin Oncol 2015; 33: 3874–3879.

	 7.	 Al-Batran SE, Hartmann JT, Probst S, et al. 
Phase III trial in metastatic gastroesophageal 
adenocarcinoma with fluorouracil, leucovorin 
plus either oxaliplatin or cisplatin: a study of the 
arbeitsgemeinschaft internistische onkologie. 
J Clin Oncol 2008; 26: 1435–1442.

	 8.	 Kang YK, Kang WK, Shin DB, et al. 
Capecitabine/cisplatin versus 5-fluorouracil/
cisplatin as first-line therapy in patients with 
advanced gastric cancer: a randomised phase 
III noninferiority trial. Ann Oncol 2009; 20: 
666–673.

	 9.	 Okines AF, Norman AR, McCloud P, et al. 
Meta-analysis of the REAL-2 and ML17032 
trials: evaluating capecitabine-based combination 
chemotherapy and infused 5-fluorouracil-based 
combination chemotherapy for the treatment of 
advanced oesophago-gastric cancer. Ann Oncol 
2009; 20: 1529–1534.

	10.	 Dank M, Zaluski J, Barone C, et al. Randomized 
phase III study comparing irinotecan combined 
with 5-fluorouracil and folinic acid to cisplatin 
combined with 5-fluorouracil in chemotherapy 
naive patients with advanced adenocarcinoma 
of the stomach or esophagogastric junction. Ann 
Oncol 2008; 19: 1450–1457.

	11.	 Guimbaud R, Louvet C, Ries P, et al. 
Prospective, randomized, multicenter, phase III 
study of fluorouracil, leucovorin, and irinotecan 
versus epirubicin, cisplatin, and capecitabine 
in advanced gastric adenocarcinoma: a 
French intergroup (federation francophone de 
cancerologie digestive, federation nationale des 
centres de lutte contre le cancer, and groupe 
cooperateur multidisciplinaire en oncologie) 
study. J Clin Oncol 2014; 32: 3520–3526.

	12.	 Bang YJ, Van Cutsem E, Feyereislova A, et al. 
Trastuzumab in combination with chemotherapy 
versus chemotherapy alone for treatment of 
HER2-positive advanced gastric or gastro-
oesophageal junction cancer (ToGA): a phase 3, 
open-label, randomised controlled trial. Lancet 
2010; 376: 687–697.

	13.	 Soularue E, Cohen R, Tournigand C, 
et al. Efficacy and safety of trastuzumab in 
combination with oxaliplatin and fluorouracil-
based chemotherapy for patients with HER2-
positive metastatic gastric and gastro-oesophageal 
junction adenocarcinoma patients: a retrospective 
study. Bulletin du cancer 2015; 102: 324–331.

	14.	 Fuchs CS, Tomasek J, Yong CJ, et al. 
Ramucirumab monotherapy for previously treated 
advanced gastric or gastro-oesophageal junction 
adenocarcinoma (REGARD): an international, 
randomised, multicentre, placebo-controlled, 
phase 3 trial. Lancet 2014; 383: 31–39.

	15.	 Wilke H, Muro K, Van Cutsem E, et al. 
Ramucirumab plus paclitaxel versus placebo 
plus paclitaxel in patients with previously treated 
advanced gastric or gastro-oesophageal junction 
adenocarcinoma (RAINBOW): a double-blind, 

https://journals.sagepub.com/home/tag
https://orcid.org/0000-0001-8270-5802
https://orcid.org/0000-0001-8270-5802
https://seer.cancer.gov/csr/1975_2015/
https://seer.cancer.gov/csr/1975_2015/


Therapeutic Advances in Gastroenterology 12

10	 journals.sagepub.com/home/tag

randomised phase 3 trial. Lancet Oncol 2014; 15: 
1224–1235.

	16.	 Shah MA and Kelsen DP. Gastric cancer: a 
primer on the epidemiology and biology of 
the disease and an overview of the medical 
management of advanced disease. J Natl Compr 
Canc Netw 2010; 8: 437–447.

	17.	 Sohn BH, Hwang JE, Jang HJ, et al. Clinical 
significance of four molecular subtypes of gastric 
cancer identified by the cancer genome atlas 
project. Clin Cancer Res. Epubahead of print 26 July 
2017. DOI: 10.1158/1078–0432.Ccr-16–2211.

	18.	 Cancer Genome Atlas Research Network. 
Comprehensive molecular characterization of 
gastric adenocarcinoma. Nature 2014; 513: 
202–209.

	19.	 Cristescu R, Lee J, Nebozhyn M, et al. Molecular 
analysis of gastric cancer identifies subtypes 
associated with distinct clinical outcomes. Nat 
Med 2015; 21: 449–456.

	20.	 Cortes-Ciriano I, Lee S, Park WY, et al. A 
molecular portrait of microsatellite instability 
across multiple cancers. Nat Commun 2017; 8: 
15180.

	21.	 Kim JY, Shin NR, Kim A, et al. Microsatellite 
instability status in gastric cancer: a reappraisal 
of its clinical significance and relationship with 
mucin phenotypes. Korean J Pathol 2013; 47: 
28–35.

	22.	 Le DT, Durham JN, Smith KN, et al. Mismatch 
repair deficiency predicts response of solid tumors 
to PD-1 blockade. Science 2017; 357: 409–413.

	23.	 Le DT, Uram JN, Wang H, et al. PD-1 blockade 
in tumors with mismatch-repair deficiency. 
N Engl J Med 2015; 372: 2509–2520.

	24.	 Thompson ED, Zahurak M, Murphy A, et al. 
Patterns of PD-L1 expression and CD8 T cell 
infiltration in gastric adenocarcinomas and 
associated immune stroma. Gut 2017; 66: 794–801.

	25.	 Llosa NJ, Cruise M, Tam A, et al. The vigorous 
immune microenvironment of microsatellite 
instable colon cancer is balanced by multiple 
counter-inhibitory checkpoints. Cancer Discov 
2015; 5: 43–51.

	26.	 Ma C, Patel K, Singhi AD, et al. Programmed 
death-ligand 1 expression is common in gastric 
cancer associated with Epstein–Barr virus or 
microsatellite instability. Am J Surg Pathol 2016; 
40: 1496–1506.

	27.	 Kelderman S, Schumacher TN and Kvistborg P. 
Mismatch repair-deficient cancers are targets for 
anti-PD-1 therapy. Cancer Cell 2015; 28: 11–13.

	28.	 Havel JJ, Chowell D and Chan TA. The evolving 
landscape of biomarkers for checkpoint inhibitor 
immunotherapy. Nat Rev Cancer 2019; 19: 
133–150.

	29.	 Darvin P, Toor SM, Sasidharan Nair V, et al. 
Immune checkpoint inhibitors: recent progress 
and potential biomarkers. Exp Mol Med 2018; 
50: 165.

	30.	 Chung HC, Schellens JH, Delord JP, et al. 
Pembrolizumab treatment of advanced cervical 
cancer: updated results from the phase 2 
KEYNOTE-158 study. J Clin Oncol 2018; 
36(Suppl. 15): 5522.

	31.	 Fuchs CS, Doi T, Jang RW, et al. Safety and 
efficacy of pembrolizumab monotherapy in 
patients with previously treated advanced gastric 
and gastroesophageal junction cancer: phase 2 
clinical KEYNOTE-059 trial. JAMA Oncol 2018; 
4: e180013.

	32.	 Zhu AX, Finn RS, Edeline J, et al. 
Pembrolizumab in patients with advanced 
hepatocellular carcinoma previously treated with 
sorafenib (KEYNOTE-224): a non-randomised, 
open-label phase 2 trial. Lancet Oncol 2018; 19: 
940–952.

	33.	 Eggermont AMM, Blank CU, Mandala M, 
et al. Adjuvant pembrolizumab versus placebo 
in resected stage III melanoma. N Engl J Med 
2018; 378: 1789–1801.

	34.	 Ribas A, Puzanov I, Dummer R, et al. 
Pembrolizumab versus investigator-choice 
chemotherapy for ipilimumab-refractory melanoma 
(KEYNOTE-002): a randomised, controlled, 
phase 2 trial. Lancet Oncol 2015; 16: 908–918.

	35.	 Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 
blockade with pembrolizumab in advanced 
merkel-cell carcinoma. N Engl J Med 2016; 374: 
2542–2552.

	36.	 Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. 
Pembrolizumab plus chemotherapy in metastatic 
non-small-cell lung cancer. N Engl J Med 2018; 
378: 2078–2092.

	37.	 Bellmunt J, de Wit R, Vaughn DJ, et al. 
Pembrolizumab as second-line therapy for 
advanced urothelial carcinoma. N Engl J Med 
2017; 376: 1015–1026.

	38.	 Muro K, Chung HC, Shankaran V, et al. 
Pembrolizumab for patients with PD-L1-positive 
advanced gastric cancer (KEYNOTE-012): a 
multicentre, open-label, phase 1b trial. Lancet 
Oncol 2016; 17: 717–726.

	39.	 Shah MA, Kojima T, Hochhauser D, et al. 
Efficacy and safety of pembrolizumab for heavily 

https://journals.sagepub.com/home/tag


G Brar and MA Shah

journals.sagepub.com/home/tag	 11

pretreated patients with advanced, metastatic 
adenocarcinoma or squamous cell carcinoma 
of the esophagus: the phase 2 KEYNOTE-180 
study. JAMA Oncol. Epub ahead of print 
20 December 2018. DOI: 10.1001/
jamaoncol.2018.5441.

	40.	 Shitara K, Ozguroglu M, Bang YJ, et al. 
Pembrolizumab versus paclitaxel for previously 
treated, advanced gastric or gastro-oesophageal 
junction cancer (KEYNOTE-061): a 
randomised, open-label, controlled, phase 3 trial. 
Lancet 2018; 392: 123–133.

	41.	 Kojima T, Muro K, Francois E, et al. 
Pembrolizumab versus chemotherapy as second-
line therapy for advanced esophageal cancer: 
phase III KEYNOTE-181 study. J Clin Oncol 
2019; 37(Suppl. 4): 2.

	42.	 Le DT, Uram JN, Wang H, et al. PD-1 blockade 
in mismatch repair deficient non-colorectal 
gastrointestinal cancers. J Clin Oncol 2018; 
34(Suppl. 4): 195.

	43.	 Bang YJ, Muro K, Fuchs CS, et al. 
KEYNOTE-059 cohort 2: safety and efficacy 
of pembrolizumab (pembro) plus 5-fluorouracil 
(5-FU) and cisplatin for first-line (1L) treatment 
of advanced gastric cancer. J Clin Oncol 2017; 
35(Suppl. 15): 4012.

	44.	 Thompson RH, Webster WS, Cheville JC, et al. 
B7-H1 glycoprotein blockade: a novel strategy to 
enhance immunotherapy in patients with renal 
cell carcinoma. Urol 2005; 66: 10–14.

	45.	 Nomi T, Sho M, Akahori T, et al. Clinical 
significance and therapeutic potential of the 
programmed death-1 ligand/programmed death-1 
pathway in human pancreatic cancer. Clin Cancer 
Res 2007; 13: 2151–2157.

	46.	 Gao Q, Wang XY, Qiu SJ, et al. Overexpression 
of PD-L1 significantly associates with tumor 
aggressiveness and postoperative recurrence in 
human hepatocellular carcinoma. Clin Cancer Res 
2009; 15: 971–979.

	47.	 Hamanishi J, Mandai M, Iwasaki M, et al. 
Programmed cell death 1 ligand 1 and tumor-
infiltrating CD8+ T lymphocytes are prognostic 
factors of human ovarian cancer. Proc Natl Acad 
Sci U S A 2007; 104: 3360–3365.

	48.	 Hino R, Kabashima K, Kato Y, et al. Tumor cell 
expression of programmed cell death-1 ligand 1 
is a prognostic factor for malignant melanoma. 
Cancer 2010; 116: 1757–1766.

	49.	 Mu CY, Huang JA, Chen Y, et al. High 
expression of PD-L1 in lung cancer may 
contribute to poor prognosis and tumor cells 

immune escape through suppressing tumor 
infiltrating dendritic cells maturation. Med Oncol 
2011; 28: 682–688.

	50.	 Wang A, Wang HY, Liu Y, et al. The prognostic 
value of PD-L1 expression for non-small cell lung 
cancer patients: a meta-analysis. Eur J Surg Oncol 
2015; 41: 450–456.

	51.	 Gadiot J, Hooijkaas AI, Kaiser AD, et al. Overall 
survival and PD-L1 expression in metastasized 
malignant melanoma. Cancer 2011; 117: 2192–
2201.

	52.	 Daud A, Hamid O, Robert C, et al. 140 
Relationship between programmed death ligand 
1 (PD-L1) expression and clinical outcome in 
patients (pts) with melanoma (MEL) treated 
with pembrolizumab (pembro; MK-3475). Eur J 
Cancer 2014; 50: 48–49.

	53.	 U.S. Food & Drug Administration. FDA grants 
accelerated appoval to pembrolizumab for 
advanced gastric cancer. 2017.

	54.	 Dolled-Filhart M, Locke D, Murphy 
T, et al. Development of a prototype 
immunohistochemistry assay to measure 
programmed death ligand-1 expression in  
tumor tissue. Arch Pathol Lab Med 2016; 140: 
1259–1266.

	55.	 Daud AI, Wolchok JD, Robert C, et al. 
Programmed death-ligand 1 expression and 
response to the anti-programmed death 1 
antibody pembrolizumab in melanoma. J Clin 
Oncol 2016; 34: 4102–4109.

	56.	 Roach C, Zhang N, Corigliano E, et al. 
Development of a companion diagnostic PD-L1 
immunohistochemistry assay for pembrolizumab 
therapy in non-small-cell lung cancer. Appl 
Immunohistochem Mol Morphol 2016; 24: 392–397.

	57.	 Kulangara K, Hanks DA, Waldroup S, et al. 
Development of the combined positive score 
(CPS) for the evaluation of PD-L1 in solid 
tumors with the immunohistochemistry assay 
PD-L1 IHC 22C3 pharmDx. J Clin Oncol 2017; 
35(Suppl. 15).

	58.	 Hirsch FR, McElhinny A, Stanforth D, et al. PD-
L1 immunohistochemistry assays for lung cancer: 
results from phase 1 of the blueprint PD-L1 IHC 
assay comparison project. J Thorac Oncol 2017; 
12: 208–222.

	59.	 Kulangara K, Zhang N, Corigliano E, et al. 
Clinical utility of the combined positive score 
for programmed death ligand-1 expression and 
the approval of pembrolizumab for treatment of 
gastric cancer. Arch Pathol Lab Med 2019; 143: 
330–337.

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 12

12	 journals.sagepub.com/home/tag

	60.	 Kang YK, Boku N, Satoh T, et al. Nivolumab 
in patients with advanced gastric or gastro-
oesophageal junction cancer refractory to, or 
intolerant of, at least two previous chemotherapy 
regimens (ONO-4538–12, ATTRACTION-2): 
a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet 2017; 390: 2461–2471.

	61.	 Janjigian YY, Bendell J, Calvo E, et al. 
CheckMate-032 study: efficacy and safety  
of nivolumab and nivolumab plus ipilimumab  
in patients with metastatic esophagogastric 
cancer. J Clin Oncol 2018; 36: 2836–2844.

	62.	 Bang YJ, Ruiz EY, Van Cutsem E, et al. 
Phase III, randomised trial of avelumab versus 
physician’s choice of chemotherapy as third-line 
treatment of patients with advanced gastric or 
gastro-oesophageal junction cancer: primary 
analysis of JAVELIN Gastric 300. Ann Oncol 
2018; 29: 2052–2060.

	63.	 Ralph C, Elkord E, Burt DJ, et al. Modulation of 
lymphocyte regulation for cancer therapy: a phase 

II trial of tremelimumab in advanced gastric and 
esophageal adenocarcinoma. Clin Cancer Res 
2010; 16: 1662–1672.

	64.	 Tabernero J, Powderlt JD, Hamid O, et al. 
Clinical activity, safety, and biomarkets of 
MPDL3280A, an engineered PD-L1 antibody 
in patients with locally advanced or metastatic 
CRC, gastric cancer (GC), SCCHN, or other 
tumors. J Clin Oncol 2013; 31:(Suppl. 15): 
3622.

	65.	 Segal NH, Antonia SJ, Brahmer JR, et al. 
Preliminary data from a multi-arm expansion 
study of MEDI4736, an anti-PD-L1 antibody. 
J Clin Oncol 2014; 32(Suppl. 15): 3002.

	66.	 Brahmer JR, Lacchetti C, Schneider BJ, et al. 
Management of immune-related adverse  
events in patients treated with immune 
checkpoint inhibitor therapy: American  
society of clinical oncology clinical  
practice guideline. J Clin Oncol 2018; 36: 
1714–1768.

Visit SAGE journals online 
journals.sagepub.com/
home/tag

SAGE journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag



