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Abstract: Gastroesophageal (GE) cancers continue to be a significant cause of mortality globally.

Despite therapeutic advances in oncology, the prognosis of advanced GE cancer remains exceedingly

poor. Immunotherapy has caused a major paradigm shift in the field of oncology. Not all patients benefit

from these agents and several studies are trying to identify predictive and prognostic biomarkers to better

inform and guide treatment decisions. The potential role of immunotherapy in GE cancers is emerging.

These cancer types are molecularly and immunologically heterogeneous, and this heterogeneity influences

the tumor microenvironment posing a significant challenge to studying biomarkers of response to

immunotherapy. Here in this article, we discuss the need for new therapeutic approaches in GE cancers,

review the emerging data on the activity of checkpoint inhibitors and the role of biomarkers in this setting.
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Introduction

Gastric and esophageal cancers are among the leading
causes of mortality worldwide and are responsible for a
combined total of 1,407,000 new cases and 1,123,000 deaths
every year (1). The estimated new cases for esophageal and
gastric cancers in United States are 16,910 and 26,370,
respectively (2). The majority of these cancers are diagnosed
at an advanced stage and outcomes remain poor for
metastatic disease (3). Cytotoxic chemotherapy is active but
it provides only modest benefit, with median overall survival
(OS) reported in the range of 9-11 months (4,5). Recent
advances have brought two targeted treatment options
to daily clinical practice in first- and second-line settings,
trastuzumab and ramucirumab respectively (6-8). Despite
these advances, overall options remain limited and there is
still a dire need for more effective and less toxic treatment
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options for patients with advanced gastroesophageal (GE)
cancer.

In recent years, advent of immunotherapy has
revolutionized the management of several malignancies
especially melanoma, renal cell carcinoma, non-small
cell lung cancer and more recently bladder cancer.
Immune check point inhibition through antibodies that
block cytotoxic T-lymphocyte antigen 4 (CTLA-4) and
programmed cell death protein 1 (PD-1) have led to
meaningful improvements in survival (9,10). A significant
global effort continues to explore how and when to
integrate these agents in treatment of GE cancer. Recent
results, which are summarized below, are encouraging
in treatment-refractory patients and bring optimism for
meaningful change in treatment algorithms and for better
outcomes in this fatal disease.
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Current treatment options for advanced GE
cancers

The majority of patients with GE cancer are diagnosed
at a locally advanced or advanced stage when systemic
chemotherapy becomes the primary mode of treatment.
Platinum and fluoropyrimidine combination chemotherapy
with or without an anthracycline or taxane is the standard
first-line treatment for patients with human epidermal
growth factor receptor-2 (HER2) negative advanced
gastric or esophageal cancer (4,5). Currently, HER-2 is
the only target that guides clinicians in first-line treatment
of advanced GE cancer. Integration of trastuzumab into
first-line systemic treatment has brought improvement in
survival and response rates in patients who have HER2
overexpression and/or amplification (6). While trastuzumab
provided longest survival we had seen in advanced GE
cancer trials and improved outcomes in standard practice,
only 10-20% of patients are “HER-2 positive” (11,12).

Second-line treatment options include irinotecan,
docetaxel and paclitaxel, based on randomized clinical trials
demonstrating a survival advantage over best supportive
care alone (13,14). Ramucirumab, a monoclonal antibody
targeting vascular endothelial growth factor receptor-2
(VEGFR-2) has demonstrated improved survival both as
monotherapy and in combination with paclitaxel in the
second-line setting (7,8). However, despite these treatment
options, advanced GE cancers remain fatal and there is
unmet need for new therapies.

Checkpoint inhibitor trials in GE cancers

The immune system is regulated in such a way that there is
an effective response to fight against the infection or cancer
but there is no excessive over-activation to prevent tissue
damage to healthy cells. Several checkpoints are involved
to maintain the balance of this process. CTLA-4 and PD-1
are among the many inhibitory receptors expressed by
regulatory T cells (Tregs, formerly known as suppressor T
cells) that downregulate immune responses (15). Targeting
these receptors blocks their inhibitory potential and restores
immune system activity against tumor cells. Inhibitory
antibodies modulating these immune checkpoints have been
most frequently used in immune-oncology trials in GE
cancers (Table I).

Anti-CTLA-4 trials
CTLA-4 (CD152) is a T-cell receptor that shares similarities

© Journal of Gastrointestinal Oncology. All rights reserved.

197

with the co-stimulatory protein CD28, and gets activated
when it binds to CD80 (B7-1) or CD86 (B7-2) on antigen-
presenting cells. T-helper cells activated by CTLA-4 inhibit
T cell activity, whereas in Tregs, increases T cell activity.
Thus, the net effect is immune tolerance (9,25). Two main
anti-CTLA-4 antibodies ipilimumab and tremelimumab are
being extensively investigated in clinical trials that involves
gastric and gastroesophageal junction (GEJ) malignancies
(Tible 2).

In a phase II trial, Tremelimumab, a fully humanized
anti-CTLA4 monoclonal antibody, was tested in the
second-line setting (17). It showed a response rate of 5% in
total 18 enrolled patients, with a median OS of 4.8 months.
The one patient who responded was continued on treatment
for 32.7 months suggesting a durable response. The study
also showed that patients with high carcinoembryonic
antigen (CEA) levels had better OS (median OS 17.1 vs. 4.7
months) than those who did not. Although this trial reported
suboptimal results, it resulted in a growing interest in
combining CTLA4 and PD-1 inhibition. Another phase II
study (NCT01585987) looked at the efficacy of ipilimumab
as sequential or maintenance treatment immediately after
first line chemotherapy in unresectable or metastatic
gastric and GE cancer compared to best supportive
care (16). Patients in the treatment group received 4
doses of ipilimumab followed by three monthly doses as
maintenance until disease progression, after completion of
their first line of chemotherapy. Fifty seven patients were
treated in each arm of the study. Preliminary results showed
no difference in median OS between ipilimumab and best
supportive care arms (12.1 vs. 12.7 months).

Anti PD-1 trials

Gastric and GE]J cancers

In a multi-cohort phase Ib study (KEYNOTE 012),
patients with at least 1% PD-L1 expression were treated
with anti-PD1 monoclonal antibody pembrolizumab (18).
39 patients with recurrent or metastatic gastric and GEJ
adenocarcinoma were treated with pembrolizumab with an
objective response rate (ORR) of 22% (8 patients) and four
patients showing no disease progression at the time of study
publication. The majority of these patients were heavily
pretreated. Median time to response was 8 weeks with inter
quartile range (IQR) of 7-8 weeks and median duration
of response was 40 weeks (IQR, 24-NR). Treatment was
fairly well tolerated with grade 3 or 4 adverse events seen
in 5 patients (consisting of grade 3 fatigue in two, grade 3
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Table 1 Summary of key clinical trials on checkpoint inhibitors in patients with gastroesophageal cancer

Study medication Number of Study identifier/ Cancer
Target ) ) Phase ; Results
and design patients (N) location types
CTLA-4  Ipilimumab vs. BSC after 114 1] NCT01585987/ G, GE Median OS 12.7 vs. 12.1 mo
1% line chemotherapy Global (16)
Tremelimumab beyond 18 Il Single-Center UK G, GE Median OS 4.8 mo, 17.1 mo in pts with
1% line study (17) high CEA
PD-1 Pembrolizumab 39 Ib NCT01848834 G, GE ORR 22% by central review; median
monotherapy; PD-L1 (KEYNOTE-012)/ TTR 8 weeks (IQR, 7-8 weeks), median
positive tumors’ Global (18) DOR 40 weeks (IQR, 24-NR)
Pembrolizumab 23 Ib NCT02054806 E ORR 30.4% (95% Cl, 13.2-52.9), SD
monotherapy; PD-L1 (KEYNOTE-028)/ 13.0% (n=38) 6- and 12-mo PFS rates
positive tumors” Global (19) 30.4% and 21.7%. Median DOR 40.0
weeks (range, 24.1 to 46.1 weeks)
Nivolumab monotherapy 59° I/ CheckMate-032°/ G ORR 14%, 1 pt with CR. Median OS
arm; no PD-L1 Global (20) 5 mo (3.4-12.4 mo). 6- and 12-mo OS
preselection rates 49% and 36%.
Nivolumab beyond 1% line; 65 Il ONO-4538-07/ E ORR 17.2%, SD 24%, median OS
no PD-L1 preselection Asia (21) 12.1 mo
Nivolumab vs. placebo 493 11l ONO-4538-12/ G, GE ORR 11.2%; Median OS 5.32 months
nd
beyond 2 line therapy; Asia (22)
no PD-L1 preselection
PD-L1 Avelumab 151 Ib JAVELIN/Global (23) G, GE ORR in second line 18.2% (PD-L1
pos) vs. 9.2% (PD-L1 neg); ORR in
maintenance setting 10% (PD-L1 pos)
vs. 3.1% (PD-L1 neg)
Durvalumab 16 NCT01693562 G, GE Median OS and PFS not significant
(MEDI4736)/USA (24)
CTLA-4  Ipilimumab plus 101° I/ CheckMate-032°/ G ORR of Nivo 1 mg/kg plus ipi 3 mg/kg

and PD-1 Nivolumab arms; no PD-
L1 preselection

Global (20)

is 26% vs. Nivo 3 mg/kg plus ipi
1 mg/kg is 10%

® no limit for previous lines of treatment; b, 39 patients available for safety analysis, 36/39 patients evaluable for response by central
assessment; c, in total, initial results of CheckMate-032 included data on 160 patients with advanced/metastatic gastric cancer patients
were treated with nivolumab 3 mg/kg alone (n=59), nivolumab 1 mg/kg + ipilimumab 3 mg/kg (n=49), or nivolumab 3 mg/kg + ipilimumab
1 mg/kg (n=52). BSC, best supportive care; N, total number of patients enrolled; G, gastric; GE, gastroesophageal; OS, overall survival;
PFS, progression free survival; ORR, objective response rate; mo(s), month(s); pt(s), patient(s); PR, partial response; SD, stable disease;
TTR, time to response; DOR, duration of response; IQR, interquartile range; neg, negative; pos, positive.

pemphigoid in one, grade 3 hypothyroidism in one, grade 3
peripheral neuropathy in one, and grade 4 pneumonitis
in one). No patient discontinued therapy as a result of
pembrolizumab related toxicity.

In another early-phase multi-cohort anti-PD-1 trial,
the CheckMate-032, nivolumab was utilized in a PD-L1
biomarker unselected advanced gastric cancer patients (20).
Updated results on 59 patients that were treated with
nivolumab monotherapy showed an OR rate of 14%
(1 complete response). Median OS was 5 months (95% CI,

© Journal of Gastrointestinal Oncology. All rights reserved.

3.4-12.4) and the 12-month OS rate was 36% (95% CI,
21-51). The toxicity profile for nivolumab was comparable
to that seen in other tumor types with adverse events of
any grade seen in 66% of patients. Grade 3 or 4 toxicity
was seen in 17% and the most common grade 3 event
seen was elevated transaminases. Other toxicities included
pneumonitis, fatigue, diarrhea and hypothyroidism.
Recently, efficacy and safety of nivolumab as a salvage
treatment after standard chemotherapy has been evaluated
in a large randomized phase III study in Asian population
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Table 2 Ongoing trials with checkpoint inhibitors in gastroesophageal cancers

Study name/ Cancer Study
Target Agent Phase clinical trial ID types description
PD-1 Pembrolizumab 1} KEYNOTE-061; G, GE Second line in PD-L1 positive only; comparing
NCT02625623 pembrolizumab vs. paclitaxel
Pembrolizumab I} KEYNOTE-181; E, GE Second line; Pembrolizumab vs. physician’s choice
NCT02564263 of chemotherapy
Pembrolizumab Il NCT02589496 G, GE Second line: patients divided into subgroups
based on gene expression profiling and TP53
status
Pembrolizumab 1l KEYNOTE-059; G, GE Multicohort study; first Line in combination with
NCT02335411 cisplatin and fluoropyrimidine
Nivolumab I} NCT02569242; ONO-4538 E Comparing nivolumab vs. docetaxel plus paclitaxel
PD-LA1 Durvalumab I NCT02678182 G, E, GE Maintenance setting comparing Durvalumab vs.
capecitabine vs. trastuzumab vs. surveillance
Avelumab 1]l JAVELIN Gastric 100; G, GE First line comparing Avelumab vs. oxaliplatin plus
NCT02625610 fluoropyrimidine
Avelumab 1 JAVELIN Gastric 300; G, GE Third line comparing avelumab vs. chemotherapy
NCT02625623
PD-1 plus  Nivolumab plus 1} NCT02872116 G, GE Comparing nivolumab/ipilimumab vs. nivolumab
CTLA-4 ipilimumab plus chemotherapy vs. chemotherapy only (chemo
includes cisplatin/fluoropyrimidine backbone)
PD-L1 plus Durvalumab plus 1o/l NCT02340975 G, GE Combination vs. monotherapy with PD-L1 and
CTLA-4 Tremelimumab CTLA-4

Note: ongoing phase | and Il clinical trials with combination of checkpoint inhibitors plus chemotherapy/radiotherapy/targeted agents are
not included in the above table. G, gastric; E, esophageal; GE, gastroesophageal.

(ONO-4538-12) (22). The preliminary results of the
study were presented at the 2017 Gastrointestinal Cancers
Symposium. Four hundred and ninety three patients who
failed 1 or 2 lines of standard cytotoxic chemotherapy for
unresectable or advanced gastric and GE]J cancers were
randomized in a 2:1 ratio to receive nivolumab or placebo
every 2 weeks. OR rate was 11.2% in nivolumab arm vs.
0% in placebo arm. Median OS was 5.32 vs. 4.14 months
with hazard ratio (HR) of 0.63 (P<0.0001). OS rates at
6 and 12 months were 46.4% vs. 34.7% and 26.6% wvs.
10.9% respectively. Grade 3 or 4 adverse events were
seen in 11.5% vs. 5.5% of the patients, and treatment
discontinuation due to adverse events occurred in 2.7 %
vs. 2.5 % respectively. With these results, became the first
immuno-oncology agent to demonstrate a survival benefit
for treatment refractory gastric and GEJ cancers in a phase
III study.

© Journal of Gastrointestinal Oncology. All rights reserved.

Esophageal cancer

In KEYNOTE-028, a phase Ib study, PD-L1 positive
(with PD-L1 expression in >1% tumor cells) squamous
cell or adenocarcinomas of esophagus were treated with
pembrolizumab (19). Twenty-three patients were treated
on this trial and 87% of them received >2 prior therapies.
ORR was 30.4% (95% CI, 13.2-52.9) with stable disease in
3 patients (13%). Treatment was fairly well tolerated with
no grade 4 adverse events and 17.4% (4 patients) grade 3
adverse events.

Promising activity with checkpoint inhibition in
esophageal squamous cell carcinoma was also noted in
recently published results from Japan (21). Sixty-five
patients were enrolled in this single-arm phase 1II study
which utilized single-agent nivolumab. Eleven (17%, 95%
CI, 10-28) of 64 patients had a centrally assessed objective
response. Serious adverse events included lung infection
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[4 (6%) patients], dehydration [2 (3%) patients], interstitial
lung disease [2 (3%) patients], and hyponatremia. There
were no treatment-related deaths. Overall the safety profile
was manageable and comparable to similar trials, and
the results contributed to the increasing optimism that
checkpoint inhibition could be a reasonable treatment option
for patients with chemotherapy-refractor esophageal cancer.

Combination of anti-CTLA4 and anti-PD-1

Nivolumab in combination with ipilimumab at two separate
dose levels was assessed in gastric cancer in separate arms
of the CheckMate-032 study (20). Nivolumab 1 mg/kg
plus ipilimumab 3 mg/kg every three weeks for four cycles
followed by nivolumab as a single agent was associated
with a response rate of 26%, whereas nivolumab 3 mg/kg
plus ipilimumab 1 mg/kg every 3 weeks for four cycles
followed by nivolumab as a single agent was associated with
a response rate of 10%. Higher rates of grade 3 or greater
adverse events were seen (21-45%) with combination
therapy when compared to the rate associated with
nivolumab therapy alone. This combination strategy is
now under investigation in a randomized controlled trial

(CheckMate 649, NCT02872116).

Anti PD-L1 trials

Atezolizumab, avelumab and durvalumab are among anti-
PD-L1 agents that are under investigation in gastric cancer.
In a phase 1b study (JAVELIN Study, NCT01772004),
avelumab was evaluated in gastric and GEJ adenocarcinoma
patients as a first line maintenance or second line therapy (23).
One hundred fifty one patients were treated (second line
62 pts, maintenance 89 pts). Results showed modest benefit
with median PFS of 6 weeks in second line setting and
11 weeks in maintenance setting. ORR in second line patients
was 18.2% in PD-L1 positive and 9.1% in PD-L1 negative
patients, and in maintenance patients was 10% in PD-
L1 positive and 3% in PD-L1 negative patients. Adverse
events of any grade occurred in 59% patients with grade 3
or greater toxicity seen in 10%. One treatment related
death occurred due to hepatic failure. There are ongoing
phase III trials with avelumab in gastric cancer (JAVELIN
gastric 100, NCT02625610 and JAVELIN gastric 300,
NCT02625623) (Table 2).

Similarly, phase I trial of durvalumab (MEDI4736)
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showed modest activity in gastric cancer (24) and there are
ongoing trials investigating durvalumab as single agent
and in combination with tremelimumab (NCT02340975).
Similar approaches using dual checkpoint inhibition is
among combination strategies aiming for better efficacy.

Vaccine trials

Cancer vaccines enhance the ability of the human immune
system to seek and destroy tumor cells by boosting tumor-
specific T lymphocytes. Tumor antigens must be presented
to T cells by dedicated antigen-presenting cells like
dendritic cells. Usually, these antigens are delivered as
small intracellular peptides or proteins and are presented
by major histocompatibility complex (MHC) molecules
on the surface of tumor cells to cytotoxic T cells. In order
to enhance the immune response, antigens are commonly
delivered in combination with adjuvants (26).

MAGE (melanoma antigen encoding gene) was first
identified in melanoma, and later was found to be expressed
in different solid tumors (27). 38% of gastric cancers
express MAGE (28). MAGE-3 expression can be induced
by Helicobacter pylori (29). In a mouse model of gastric
cancer, a nanovaccine with a MAGE-3 peptide was used,
and enhancement of the immune response with resultant
tumor regression was noted (30). NY-ESO-1, a member of
the cancer/testis antigen (CTA) family, elicits humoral and
cellular immune responses in patients with advanced cancer.
Use of NY-ESO-1 vaccines in esophageal cancer patients led
to CD4 and CD8 T-cell immune responses in few studies,
with one of them reporting tumor regression (31-34).

The gastrin peptide has also been targeted in a
randomized phase II clinical trial in combination with
cytotoxic chemotherapy with prolonged median survival
in responders than non-responders (10.3 vs. 3.8 months;
P<0.0001) (35). Targeting the angiogenic pathway has also
been associated with some activity in gastric cancer. A phase
I/1T study from Japan used peptides derived from VEGFRI1
and VEGFR2 in association with S-1 and cisplatin in
advanced gastric cancer (36). Twenty two patients were
treated on this study with response rate of 55% with
a median overall survival of 14.2 months and immune
response against VEGFRI1 and VEGFR2 seen in 82%
of patients; however, only those with an immunological
response to the VEGFR2-169 peptides showed statistically
significantly improved survival.
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Immune microenvironment and molecular
correlates in GE cancers

Many cancers are characterized by an inflammatory tumor
microenvironment (TME). Tumor cells undergo several
genetic alterations, which allow the host immune system
to recognize them as foreign. Cytotoxic T-cells are then
activated in response to tumor antigen stimulation and
infiltrate TME to destroy cancer cells (15). The presence
of tumor infiltrating lymphocytes (TIL) has been associated
with improved survival rates in melanoma, breast and
colorectal cancers (16,17,25).

Gastric cancer

In gastric cancer, presence of higher numbers of TILs was
shown to be associated with improved outcomes, and higher
number of myeloid-derived suppressor cells (MDSCs) with
poorer outcomes (37,38). Role of regulatory T-cells (Tregs),
however, is controversial as some studies have shown
their association with advanced stage and poor survival,
and few others have found association with improved
survival (39,40).

In terms of PD-1 and its ligands, several studies have
shown that PD-L1 expression is seen in up to 50% of gastric
cancer cases, and correlate with advanced stage, lymph node
involvement and poor survival (41-44). Correlation between
PD-L1 expression and response to checkpoint inhibitors are
discussed separately in next section.

Molecular subsets—the cancer genome atlas classification
The Cancer Genome Atlas (TCGA) Network performed
a comprehensive molecular characterization of gastric
cancer, leading to classification of gastric cancer into four
subclasses—those associated with (I) Epstein-Barr virus
(EBV) infection, (II) microsatellite instability (MSI),
(III) chromosomal instability (CIN) and (IV) low rates of
gene mutation and amplification, thus genomic stability
(GS) (45). EBV-associated gastric cancers exhibit recurrent
amplifications of 9p24.1 locus which contains PD-L1
and PD-L2. This upregulation of PD-L1 and PD-L2
makes this subtype an attractive option for evaluation of
checkpoint inhibitors (45,46). In MSI subclass, the DNA
mismatch repair deficiency leads to accumulation of somatic
mutations resulting in increased neoantigen burden,
which is another emerging biomarker for immunotherapy
response, as discussed later in this review. Helicobacter pylori
induced damage is found to cause genomic alterations in

© Journal of Gastrointestinal Oncology. All rights reserved.

201

many cases of CIN tumors (47). An upregulation of PD-L1
expression was found on gastric epithelial cells due to H.
pylori exposure in preclinical studies (48). Further efforts
in implementing such genomic classification systems in
both retrospective biomarker analysis of completed large
trials and in new trial design will clarify the role of such
molecular subsets in predicting outcomes.

Esopbageal cancer

Esophageal cancer is characterized by the presence of
tumor-induced chronic inflammation. Infiltration of tumors
by lymphocytes has been associated with improved survival
in both squamous cell and adenocarcinoma histologies
(49,50). The presence of tumor-infiltrating CD8+ T cells
is inversely associated with grade and stage of tumor,
and lymph node metastasis. Also, TILs is found to be an
independent prognostic factor of prolonged progression-
free survival (PFS) and OS (51). In addition to CD8+ T-cells,
infiltration of Tregs and MDSCs in the TME is associated
with worse outcomes in esophageal cancer, while infiltration
by natural killer (NK) cells confers an OS benefit (52-54).

A study of 41 cases of squamous cell esophageal cancer
by real-time quantitative PCR revealed that around 44%
of patients had PD-L1 or PD-L2 expression, and that PD-
L1 and PD-L2 positivity correlated with poor prognosis
in univariate and multivariate analysis (55). A large study
of 354 esophageal adenocarcinomas showed that PD-L2
positivity of tumor cells is more predominant (in around
52% patients) than PD-L1 positivity (in <2% cases). It
was also found that PD-L1 and PD-L2 positive tumors
have higher PD-1 positive TILs compared to those in
PD-L1 and PD-L2 negative tumors. PD-L2 positivity
was associated with low grade, early stage tumors with a
trend towards improved survival. On the other hand, PD-
L1 expression did not correlate with clinical outcomes. In
addition, presence of PD-1 positive TILs was inversely
associated with tumor grade, stage and mortality rates (56).

Molecular subsets

Recently, a new integrated genomic study by TCGA
Research Network identified genetic alterations that
distinguish the two most common subtypes of esophageal
cancer—squamous cell and adenocarcinoma (57). These
two pathologic subtypes were noted to carry distinct set
of alterations. In addition, the authors noted molecular
similarities between esophageal adenocarcinoma and CIN
subtype of gastric adenocarcinoma and proposed this as
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indirect proof that gastro-esophageal adenocarcinomas
can be considered a single entity in this regard. More
data is needed to better understand the role of molecular
classification of esophageal cancers.

Role of biomarkers in predicting response to
immunotherapy in GE cancers

PD-L1 expression

PD-L1 expression as a predictive biomarker of anti-
PD-1 therapy in patients with advanced carcinoma has
been evaluated in multiple tumor types particularly non-
small cell lung cancer and renal cell cancer (58,59). But in
advanced gastric/GE] cancer, data is limited regarding the
predictive value of PD-L1 expression. In addition, the issue
of heterogeneity of biomarker expression in gastric cancer
makes it even more complicated (60). In KEYNOTE-012
study discussed above where pembrolizumab monotherapy
was administered only in patients with PD-L1 expression,
the study reported a trend towards an association between
higher levels of PDL1 expression and outcomes (ORR, PFS
and OS) (18). Since the study sample was small, it is difficult
to draw conclusions from this data if PD-L1 expression
correlates with pembrolizumab efficacy. However, the
ongoing trials (KEYNOTE-059, KEYNOTE-061 and
KEYNOTE-062) may help us fully understand the
role of PD-L1 expression as predictive biomarker for
pembrolizumab efficacy. Similar effort is ongoing to
uncover the predictive role of PD-L1 expression in response
to other checkpoint inhibitors.

Immune signature

An immune-related gene expression signature composed
of genes associated with T cell cytotoxic function, antigen
presentation machinery, and IFN-y signaling was identified
in melanoma patients in KEYNOTE-001 study, that was
associated with response to pembrolizumab (61). This
immune signature was interestingly reproducible and was
associated with a trend towards better outcomes to the anti-
PD-1 treatment, when applied to gastric cancer patients
in KEYNOTE-012 study (61). If validated, such gene
expression profiling could serve as a sensitive tool that
defines common features of the immune microenvironment
associated with response to pembrolizumab across multiple
tumor types.

Another study on gene expression profiling showed

© Journal of Gastrointestinal Oncology. All rights reserved.

that Asian and non-Asian gastric cancers exhibit distinct
tumor immunity signatures related to T-cell function (62).
Specifically, there was higher expression of T- cell markers
(CD3, CD45R0, CD8) and lower expression of FOXP3
(immunosuppressive T-regulatory cell marker) in non-
Asians compared to their Asian counterparts. Non-Asians
tended to have significantly higher CD68/CD3 ratios
compared with Asians, and increased CD68/CD3 ratios
were significantly and independently associated with worse
survival outcomes (P=9x107).

Tumor mutational burden (TMB)

The overall quantity of mutations in a cancer genome,
termed TMB, is among the promising potential biomarkers
for response to immunotherapy in different tumor types.
Across different cancer types, cancers that have a higher
TMB, thus a higher neoantigen exposure to the immune
system, seem more likely to respond to checkpoint
inhibitors (63-65). While MSI is one common mechanism
by which cancer cells can acquire high TMB, the role
TMB in predicting response to checkpoint inhibition does
not seem to be limited to MSI-H. In metastatic colorectal
cancer (mCRC), it has been reported that TMB, when
compared to assessment of microsatellite status alone,
significantly increased the number of mCRC patients
who may benefit from checkpoint inhibitors (66). There
are ongoing international investigations to validate this
biomarker in different tumor types, including GE cancers.
At 2017 Gastrointestinal Cancers Symposium, the results
of TMB analysis in different types of gastrointestinal
cancers were presented (67). Comprehensive genomic
profiling was performed on 1,375 tumors using a 592-
gene panel. Overall, among 113 gastric adenocarcinoma
specimens, high TMB was seen in 11% with mean TMB of
9.0 mutations/megabase, whereas only 2.4% of all esophageal
adenocarcinoma (n=82) and 0% of esophageal SCC (n=17)
tumors had high TMB. There was no correlation between
PD-L1 and TMB in GE tumors. TMB and MSI were found
to be highly correlated in colorectal and gastric tumors.

MSI

MSI is a result of defective mismatch repair. When mutations
occur in mismatch repair genes, such as MLH1, MSH2,
MSHS6, and PMS2; or when they are silenced epigenetically,
replication errors within the microsatellite sequences
of DNA cannot be repaired, producing a hypermutated

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(1):196-207



Journal of Gastrointestinal Oncology Vol 9, No 1 February 2018

phenotype (68). Twenty two percent of gastric cancers
are associated with MSI-H, and these patients are
usually of female sex, older in age and with distal, well-
differentiated adenocarcinoma and with an early stage at
presentation (69). MSI status has both prognostic and
predictive value. Patients with MSI-H cancers have better
OS following surgical resection compared to those with
microsatellite stable (MSS) cancers, and the benefit of
adjuvant chemotherapy might be less in patients with MSI
cancers (70,71).

MSI patients have a high mutational burden which is
associated with high levels of neo-antigen presentation. This
in turn has been known to be associated with better response
to anti-PD-1 therapy across non-GE tumor types (72).
Therefore, PD-1 inhibition may be an attractive potential
therapy for gastric cancer patients with mismatch repair
deficiency or MSI status. However, in KEYNOTE-012 study,
only 2 out of 4 gastric cancers with MSI showed a response.

Helicobacter pylori and EBV

H. pylori infection is believed to account for nearly 50%
of gastric cancers. Infection with H. pylori causes a T-cell
inflammatory response in gastric mucosa, but also induces
increased PD-L1 expression, leading to T-cell anergy
(47,48). Given the increased PD-L1 expression and
presence of TILs, it is hypothesized that gastric cancers
might likely respond to checkpoint inhibitor therapy.
However, this theory is yet to be proven.

EBV-mediated gastric cancers constitute a molecular
subclass under the TCGA classification. In early stage
gastric cancer, EBV status is predictive of a low risk of
developing metastatic disease after a surgical resection.
EBV-mediated gastric cancers are characterized by high
levels of PD-L1 expression and presence of TILs (46).
Thus, it is hypothesized that it could be another subclass
of gastric cancers which may respond well to checkpoint
inhibitors. However, clinical trial data on the interaction
between EBV status and checkpoint inhibitor therapy in
gastric cancer is limited, perhaps owing to lower number of
advanced gastric cancers associated with EBV.

Conclusions and future directions

Emerging evidence suggests that checkpoint inhibitors
hold potential to change treatment approach for advanced
cancers of upper gastrointestinal tract. However, the
following key issues are still under rigorous investigation
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internationally: the biomarkers of predictive of response;
the correct time point for evaluating the biomarkers and
the immune response; the potential benefit of combining
treatment approaches, such as combination with
chemotherapy, targeted agents (e.g., targeting the stroma,
or tumor vasculature), radiotherapy and other locoregional
therapies [e.g., the phase II trial studying the abscopal effect
of using pembrolizumab with palliative radiotherapy in
patients with advanced GE cancer, NCT02830594 (73)].
As for the most commonly evaluated biomarker PD-L1, it
should be remembered that across different trials utilizing
checkpoint inhibitors in different tumor types, PD-L1
positivity rates and its correlation with outcomes have been
reported to be different. The varying results may be due
to different tumor types, different methods of evaluation
and different cut-off. Nonetheless, there seems to a strong
signal that PD-L1 is among the important biomarkers for
GE cancers. Ongoing studies to validate the promising
biomarkers such as PD-L1 expression, MSI status, TMB,
TILs and gene-expression signature might bring the
much anticipated information we need to better guide our
patients. In addition, the correct algorithm to combine
these different methods still needs to be studied on a large
scale. It should also be noted that there are numerous other
biomarkers under investigation across different tumors.
Among emerging biomarker discussions in other tumor
types, recent reports (74) on the association between
gut microbiome and response to PD-1 based therapy in
melanoma might increase interest in studying “bacterial
signatures” in new GE cancer trials, while by nature this
concept is more elusive in these gastrointestinal cancers.

As we eagerly wait for the results of biomarker
validation efforts and while we are yet to understand
how we should best incorporate checkpoint inhibitors
in treatment of GE cancer, off-label use of checkpoint
inhibitors gradually has become a more commonly utilized
option for refractory patients in daily clinical practice.
While this option is providing us cautious hope of durable
responses in some patients, it is important to educate the
patients well about the need for further data on predictors
of benefit and the potential side-effects and to stay vigilant
about monitoring for toxicity, including the rare but
serious events that have been encountered in clinical trials
across all tumor types.
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