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Immune checkpoint inhibition has transformed cancer treatment. For gastroesophageal

cancer, this class of drugs have demonstrated durable responses and survival

benefit in a subgroup of patients, resulting in regulatory approval. However, several

recent randomized phase III studies in gastroesophageal cancer have reported

negative results, blunting initial enthusiasm. Identification and validation of predictive

biomarkers with appropriate patient selection for benefit from immunotherapy is an

area of intense research with novel concepts rapidly emerging. In this review we

describe the latest immune checkpoint inhibitor trials which have been reported in

gastroesophageal cancers with a focus on predictive biomarkers. We also explore

novel biomarkers being developed to improve precision oncology for immunotherapy

in gastroesophageal cancers.

Keywords: immunotherapy, biomarker, gastric cancer, esophageal cancer, gastroesophageal cancer, immune

checkpoint inhibition, predictive biomarker, precision oncology

INTRODUCTION

Gastroesophageal cancers (GEC) are a leading cause of cancer morbidity and mortality globally.
GEC may be classified as gastric cancer (GC) and esophageal cancer (EC) based on anatomical
location. GC is the third most common cause of cancer-related death, while EC is sixth (1).
Approximately 1.3 million patients die from GEC annually (GLOBOCAN database). Esophageal
cancers are further subtyped by histology into esophageal adenocarcinoma (EAC) and esophageal
squamous cell cancer (ESCC) (2). Management of GEC has evolved over time, with early clinical
trials of chemotherapy and radiation therapy combining both GC and EC (EAC and ESCC) in the
same trials (3). However, contemporary trials with newer agents are designed with more specific
inclusion criteria for GC or ESCC only (4).

GC is characterized by inter and intra-tumoral heterogeneity, leading to significant hurdles in
the advance of precision oncology in this tumor type (5). Chemotherapy remains the standard
of care (SOC) for metastatic GC. Although treatment regimens differ between regions and
institutes, platinum and 5-fluoropyrimidine (5FU) combination regimens are generally preferred in
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first-line treatment (6). Median overall survival in contemporary
clinical trials for platinum/5FU is 11 months (7). Multiple
targeted therapy phase III trials have failed for drugs targeting
EGFR, VEGF and PARP (8–11). Trastuzumab was one of the first
targeted therapies that received Food and Drug Administration
(FDA) approval in combination with cytotoxic chemotherapy for
a biomarker selected population (HER2 positive) in GC (12).
HER2 remains one of the few biomarkers of clinical value for the
treatment of metastatic GC. The Cancer Genome Atlas (TCGA)
classifies GC into four main subgroups—chromosomally instable
(CIN), genomically stable (GS), high microsatellite instability
(MSI), and Epstein-Barr virus (EBV) positive tumors (13).
However, until the recent emergence of immunotherapy, this
classification has not been incorporated into clinical practice.

Precision oncology in metastatic EC has also made slow
progress, with few in-roads for targeted therapy agents. The
TCGA classification of EC describe genetic and epigenetic
differences between EAC and ESCC (2). Epigenetically, EAC
resembles the CIN subtype of GC. The incidence of EBV and
MSI is extremely low in EC (<1%) (14). There are no targeted
therapies approved for the treatment of metastatic EC. Before the
immunotherapy era, all patients with metastatic EC were treated
with chemotherapy, with no predictive biomarkers to guide
treatment. However, contemporary trials in EC have integrated
biomarker discovery and validation, particularly those involving
immunotherapy (15).

Pathways that regulate the immune system are called immune
checkpoints. These pathways have evolved due to the biological
necessity of self-tolerance. However, several cancers coopt
immune checkpoints as a mechanism of immune-editing and
immune-evasion (16). The dependence of cancer on these
pathways can be therapeutically exploited, by targeting specific
checkpoints [immune checkpoint inhibitors (ICI)]. CTLA-4 is a
receptor expressed on regulatory T-cells (Tregs). It functions as a
negative co-stimulator, when bound to CD80 or CD86 on antigen
presenting cells, leading to modulation of immune response
(17). Ipilimumab is an anti-CTLA4 monoclonal antibody, and
is the first ICI to gain regulatory approval in cancer therapy
(for the treatment of melanoma) (18). Programmed cell death
1 (PD-1) is another negative co-stimulatory transmembrane
protein expressed on T-cells, B-cells, and NK cells. PD-1 binds
to PD-1 ligand (PD-L1) and PD-L2. PD-L1 is expressed on
tumor cells and multiple tissue types (19). The interaction
between PD-1 and PD-L1/2 promotes peripheral T effector
cell modulation, inhibits tumor cell apoptosis, and increases
conversion of T effector cells to Treg cells (17). Blockade
of the PD-1 axis with anti-PD-1 or anti-PD-L1 monoclonal
antibodies restores anti-tumor immune responses and leads to
tumor regression. Several anti-PD-1 and anti-PD-L1 antibodies
are now approved as single-agents and in combination with
other drugs for the treatment of multiple tumor types including
lung cancer, melanoma, renal cell carcinoma, hepatocellular
carcinoma, and others (20, 21). In GEC, the anti-PD-1 antibodies
pembrolizumab and nivolumab have demonstrated survival
benefit and gained regulatory approval. However, recently,
several phase III trials across multiple tumor types (including
GEC) have reported negative outcomes, with ICI failing to

demonstrate superiority over standard-of-care (SOC) therapies
(22–28). These studies highlight the importance of biomarker
development and appropriate patient selection for ICI.

In this review we first summarize the major immunotherapy
trials in GEC, including randomized phase III trials and major
phase II trials (leading to registration) reported before January
2020. Next, we focus on biomarkers that have been studied within
these trials, and finally we highlight emerging novel predictive
biomarkers of immunotherapy benefit in GEC.

PD-L1 IMMUNOHISTOCHEMISTRY

The measurement of intra-tumoral PD-L1 expression using
immunohistochemistry (IHC) is one of the earliest biomarkers
developed for predicting benefit from ICI (29). A method of
scoring PD-L1 called the tumor proportion score (TPS) was
developed for lung cancer, involved measurement of PD-L1
expression only within the tumor cells (30). The TPS score was
presented as the ratio of the number of PD-L1–expressing tumor
cells to all tumor cells present. The TPS method was found to
be inadequate in GEC, and it was found that measuring the
expression of PD-L1 in the immune cells surrounding the tumor
was especially important in GEC (31). The combined positive
score (CPS) was developed to consider the expression of PD-L1
on tumor cells and immune cells combined. CPS is the ratio of the
number of all PD-L1–expressing cells (tumor cells, lymphocytes,
macrophages) to the number of all tumor cells (32) (Figure 1).
The PD-L1 CPS score was developed using the 22C3 assay as a
companion diagnostic for pembrolizumab in GC and has been
FDA approved (33).

KEY TRIALS OF IMMUNE CHECKPOINT
INHIBITION IN GASTROESOPHAGEAL
CANCERS

Early data for ICI in GEC came from large basket studies of
pembrolizumab that included various advanced, solid tumors
expressing PD-L1. In the phase 1b KEYNOTE-012, 39 patients
with metastatic GC were included, and achieved an objective
response rate (ORR) of 22%, with a median duration of response
of 40 weeks (31). The phase 1b KEYNOTE-028 included 28
patients with metastatic EC. Both EAC and ESCC were included
and an ORR of 30% was achieved, with a median duration of
response of 15 months (34). These encouraging early results led
to larger, tumor-type specific single-arm phase II and randomized
phase III trials.

Metastatic Third-Line Gastric Cancer
ATTRACTION-2 (Nivolumab)
ATTRACTION-2 was a randomized phase III study run in Japan,
South Korea, and Taiwan (35). Patients with metastatic GC
that had progressed on at least 2 prior lines of therapy were
eligible for the study. In total 493 patients were randomized to
intravenous (i.v.) nivolumab 3 mg/kg every 2 weeks vs. placebo.
Nivolumab demonstrated an overall survival (OS) benefit of
5.3 months compared to 4.1 months for placebo (Table 1).
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FIGURE 1 | Multiplex immunohistochemistry/ immunofluorescence (mIHC/IF) staining of gastric carcinoma. Two gastric cancer samples are labeled with PD-L1 (Clone

22C3) (red), EpCAM (green), and DAPI (blue) by using mIHC/IF. EpCAM is a cell surface protein commonly expressed in gastric cancer cells. DAPI is a nuclear

counterstain. (A–C) PD-L1 staining (in red) can be observed only on the immune cells surrounding the tumor nests. There is minimal PD-L1 expression within the

tumor cells. Image A is mIHC/IF imaging of PD-L1 + DAPI, Image B is EpCAM + DAPI and Image C is PD-L1 + EpCAM + DAPI. (D–F) PD-L1 staining (in red) can be

seen in both tumor compartment (majority of the positive cells are located in the yellow highlighted box) and surrounding immune cells. Image D is mIHC/IF imaging of

PD-L1 + DAPI, Image E is EpCAM + DAPI and Image F is PD-L1 + EpCAM + DAPI. These images highlight the importance of considering immune-cell expression

along with tumor expression of PD-L1 IHC, and the differences between TPS and CPS scores in gastric cancer. Representative images are shown with HALOTM

pathology analysis software. (Magnification: 200X).

TABLE 1 | Key 3rd line trials for metastatic gastric cancer.

Name of trial ICI Comp N OS (months) PFS (months) ORR (%) References

ICI Comp HR ICI Comp HR ICI Comp

ATTRACTION-2 Nivo Placebo 493 5.3 4.1 0.6 1.6 1.4 0.6 11 0 (35)

KEYNOTE-059 Pembro NA 259 5.6 NA NA 2.0 NA NA 12 NA (36)

JAVELIN 300 Avel Pacli or Irino 371 4.6 5.0 1.1 1.4 2.7 1.7 2 4 (23)

ICI, immune checkpoint inhibitor; Comp, comparator arm; N, number of patients enrolled in the study; ORR, objective response rate; nivo, nivolumab; pembro, pembrolizumab; pacli,

paclitaxel; avel, avelumab; irino, irinotecan.

More importantly, there was a group of patients with refractory
disease that appeared to have durable benefit from treatment,
with 1-year and 2-year OS being superior in the nivolumab
arm [27 vs. 12% (1-year OS); 11 vs. 3% (2-year OS)] (37).
This trial led to the approval of nivolumab in the third-line
metastatic GC in Japan and Korea. The study was conducted in
a purely Asian population, raising the concern of applicability
in other populations. GC in Asian patients have been shown
to have a significantly different immune signature compared to
GC in non-Asian populations, with enrichment in Tregs (38).
Fortunately, results from trials including predominantly non-
Asian populations addressed these questions.

KEYNOTE-059—Cohort 1 (Pembrolizumab)
KEYNOTE-059 was a multi-cohort study of patients with
metastatic GC treated with pembrolizumab. Cohort 1 included
patients with metastatic GC that had progressed on at least 2
prior lines of therapy, and were treated with i.v. pembrolizumab
200mg (flat dose) every 3 weeks. This was a single-arm cohort
with all patients treated with pembrolizumab, conducted in 16
countries across the globe (36). Of the 259 patients enrolled,
objective response rate (ORR) was 12% and median OS was 5.6
months (Table 1). The results from this study led to the FDA
approval of pembrolizumab for third-linemetastatic GC. Patients
in the KEYNOTE-059 Cohort 1 were predominantly non-Asian
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(>80%). With similar ORR, median PFS and OS in KEYNOTE-
059 and ATTRACTION-2 (Table 1), concerns in the differential
responses to immunotherapy between Asian and non-Asian GC
populations were mitigated.

JAVELIN 300 Gastric Cancer (Avelumab)
JAVELIN 300 was a randomized phase III trial run globally, for
metastatic GC patients who had failed at least 2 prior lines of
systemic therapy (23). Patients were randomized to i.v. avelumab
(an anti-PD-L1 monoclonal antibody) 10 mg/kg every 2 weeks
or physicians’ choice of chemotherapy (paclitaxel or irinotecan).
The study randomized 371 patients, and failed to achieve its
primary endpoint of OS. There was no difference in OS between
avelumab or chemotherapy (4.6 vs. 5.0 months) (Table 1). PFS
was better in the chemotherapy arm, compared to avelumab [2.7
vs. 1.4 months, hazards ratio (HR)= 1.73].

The results from these third-line studies have led to the
incorporation of pembrolizumab and nivolumab into routine
clinical practice for GC. It is interesting to note the control
chemotherapy arm in the “negative” JAVELIN study had a
numerically higher PFS, and similar OS compared to nivolumab
in the “positive” ATTRACTION-2 study. This highlights
the importance of an appropriate control arm in designing
clinical trials.

Metastatic Third-Line Esophageal Cancer
KEYNOTE-180 (Pembrolizumab)
KEYNOTE-180 was a single-arm study of metastatic EC, that
had been treated with at least 2 prior lines of systemic therapy
(39). In total 121 patients were treated with pembrolizumab (63
with ESCC and 58 with EAC). ORR was 14% for ESCC and
5% for EAC. Median PFS was 2.0 months and median OS was
5.8 months.

Metastatic Second-Line Gastric Cancer
KEYNOTE-061 (Pembrolizumab)
KEYNOTE-61 was a randomized phase III study of
pembrolizumab against weekly paclitaxel for patients that
had progressed on 1 prior line of chemotherapy containing
a platinum and 5-fluouracil (5-FU) doublet (25). The study
randomized 592 patients in total, with the first 489 patients (83%)
being enrolled regardless of PD-L1 status. An interim review
by an independent data-monitoring committee recommended
that the enrollment for the remaining patients were restricted
to tumors with a PD-L1 combined positive score (CPS) of 1 or
more, based on poorer outcomes of patients with a CPS of 0 with
pembrolizumab. The study failed to demonstrate a statistically
significant survival difference between pembrolizumab and
paclitaxel chemotherapy. Median OS was 9.1 months for
pembrolizumab vs. 8.3 months for paclitaxel. Progression free
survival (PFS) was 1.5 vs. 4.1 months, in favor of paclitaxel. The
study however, had an interesting phenomenon of the survival
curves crossing between the two arms of the trial (for OS and
PFS at ∼8 to 10 months). The crossing of the survival curves
violates the assumption of proportional hazards and does not
yield a meaningful analysis using Cox regression (40). A small
proportion of patients have a prolonged and durable benefit from

pembrolizumab, with the survival curve reaching a plateau at 20
months (not observed in the chemotherapy arm). However, a
larger proportion of patients received third-line treatment in the
paclitaxel arm compared to pembrolizumab (58 vs. 46%). This
highlights the importance of disease control with chemotherapy
preventing rapid deterioration of function and performance
status precluding further lines of treatment. Identification
of a negative predictive biomarker of immunotherapy could
potentially help these patients avoid ineffective therapy.

Metastatic Second-Line Esophageal
Cancer
KEYNOTE-181 (Pembrolizumab)
The KEYNOTE-181 study was restricted to EC patients
only, included both EAC and ESCC as well as Siewart’s
type I gastroesophageal junction (GEJ) tumors (15). Patients
that had progressed on one prior line of the chemotherapy
were randomized to pembrolizumab or physician’s choice of
chemotherapy (paclitaxel, docetaxel or irinotecan). The study
was designed with three co-primary endpoints: OS in a) patients
with a PD-L1 CPS ≥ 10; b) patients with ESCC; c) patients in
the intention to treat (ITT), entire trial population. The study
randomized 628 patients and met only one of the three primary
endpoints (PD-L1 CPS ≥ 10 subgroup). In the ITT population,
there was no difference in survival between pembrolizumab and
chemotherapy (median OS 7.1 months in both arms) (Table 2).
Similarly, there was no statistically significant difference in
survival in the ESCC subpopulation (8.2 vs. 7.1 months). In
the CPS ≥ 10 subgroup, pembrolizumab had a significant
improvement in OS over paclitaxel (9.3 vs. 6.7 months). On the
basis of these results, pembrolizumab was granted FDA approval
for EC with CPS ≥ 10.

ATTRACTION-3 (Nivolumab)
This study was specific only for ESCC, and randomized 419
patients to nivolumab or physicians choice of paclitaxel or
docetaxel in the second-line (41). The study achieved its primary
endpoint, demonstrating a statistically significant improvement
in OS for nivolumab over chemotherapy (10.9 vs. 8.4 months).
The improvement in OS was found despite no difference in
PFS or ORR between nivolumab and chemotherapy (Table 2).
Prespecified analysis of health-related quality of life was better for
nivolumab compared to chemotherapy, which is of importance
given a proportion of patients continue with nivolumab for a
prolonged period of time (42).

The results of these second line studies have resulted in the
incorporation of pembrolizumab and nivolumab into routine
clinical practice for EC.

Metastatic Gastric Cancer First-Line
KEYNOTE-059—Cohort 2 and 3 (Pembrolizumab)
KEYNOTE-059 was a multi-cohort study for metastatic GC,
treated with pembrolizumab. Cohort 2 was a single-arm
cohort for first-line metastatic GC, treating patients with i.v.
pembrolizumab 200mg every 3 weeks, in combination with
cisplatin and infusional 5-FU or capecitabine (43). This cohort
included 25 patients, ORR was 60%, median PFS was 6.6 months,
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TABLE 2 | Key 2rd line trials for metastatic esophageal cancer.

Name of trial ICI Comp N OS (months) PFS (months) ORR (%) References

ICI Comp HR ICI Comp HR ICI Comp

ATTRACTION-3 Nivo Pacli or Doce 419 10.9 8.4 0.77 1.7 3.4 1.1 19 22 (41)

KEYNOTE-181 Pembro Pacli or Doce or Irino 628 7.1 7.1 0.89 2.1 3.4 1.1 13 7 (15)

ICI, immune checkpoint inhibitor; Comp, comparator; N, number of patients enrolled in the study; ORR, objective response rate; nivo, nivolumab; pembro, pembrolizumab; pacli,

paclitaxel; doce, docetaxel; irino, irinotecan.

and median OS was 13.8 months. Cohort 3 was a single-arm
cohort including patients with untreated metastatic GC, and a
PD-L1 CPS ≥ 1. Patients were treated with i.v. pembrolizumab
200mg every 3 weeks. In this cohort (n = 31) of single agent
pembrolizumab, ORR was 26%, median PFS was 3.3 months and
median OS was 20.7 months.

KEYNOTE-062 (Pembrolizumab)
KEYNOTE-062 was a three arm randomized phase III study
with multiple co-primary end- points conducted globally for
patients with untreated metastatic GC (28). In total, 763
patients were randomized into 3 arms: pembrolizumab single-
agent, chemotherapy (5-FU + platinum doublet) alone, and
pembrolizumab + chemotherapy. Based on the KEYNOTE-
061 data, this study was designed to only include PD-L1 CPS
≥ 1 population. Key co-primary end-points included non-
inferiority of pembrolizumab single-agent to chemotherapy for
OS, and superiority of pembrolizumab + chemotherapy over
chemotherapy alone for OS. Similar to other KEYNOTE studies,
multiple co-primary endpoint testing required α splitting and
stringent p-values to achieve the primary endpoints. The study
achieved one of its co-primary endpoints: pembrolizumab was
found to be non-inferior to chemotherapy (median OS 10.6
vs. 11.1 months, HR 0.91). Like KEYNOTE-061, there was a
“crossing of the curves” seen at 12 months. One-year OS for
pembrolizumab vs. chemotherapy was 47 vs. 46%, while 2-
year OS was 27 vs. 19%. The study failed to meet several
other primary endpoints. PFS of pembrolizumab was inferior
to chemotherapy (2.0 vs. 6.4 months, HR 1.66). ORR was also
inferior for pembrolizumab (15 vs. 37%). Pembrolizumab +

chemotherapy was not superior to chemotherapy alone (median
OS 12.5 vs. 11.1 months, HR 0.85). Interestingly, the 2-year OS of
the pembrolizumab+ chemotherapy arm was numerically lower
than the single agent-pembrolizumab arm (24 vs. 27%).

JAVELIN Gastric 100 (Avelumab)
The JAVELIN Gastric 100 study was a randomized phase III
trial of avelumab administered as switch maintenance therapy
in patients with metastatic GC following first-line chemotherapy
(44). In total, 805 patients were randomized after 12 weeks
of induction chemotherapy (FOLFOX or XELOX) to either
avelumab 10 mg/kg every 2 weeks or continuation of first-line
chemotherapy. Patients must have had an ORR of stable disease
or better with first-line chemotherapy prior to randomization.
The study failed to meet its primary endpoint of OS benefit for
avelumab. The median OS was similar between avelumab and

chemotherapy (10.4 vs. 10.8 months, HR 0.91). PFS was also
similar between avelumab and chemotherapy (3.2 vs. 4.4 months,
HR 1.04), as was ORR (13 vs. 14%).

The role of ICI in first-line for GC remains controversial based
on these trial results. Despite KEYNOTE-062 achieving one of
its primary endpoints, to date, there is no regulatory approval
for the use of ICI in the first-line. Results from other first-
line studies such as ATTRACTION-4 and CheckMate-649 are
awaited (45, 46).

Ipilimumab in Gastric Cancer
The role of ipilimumab in switch maintenance after first-
line chemotherapy was tested in a randomized phase II study
(47). Patients with metastatic GC that had achieved at least
stable disease with first-line chemotherapy were randomized
to ipilimumab or continuation of chemotherapy. In total 114
patients were randomized, and the study failed to meet its
primary endpoint of PFS. The median PFS of ipilimumab was
inferior to chemotherapy (2.9 vs. 4.9 months, HR 1.44), while OS
was similar (12.7 vs. 12.1 months).

CheckMate-032 was a study that included metastatic GC that
had progressed on at least one line of treatment (48). Patients
were randomized to one of three arms: i.v. nivolumab 3 mg/kg
every 2 weeks (NIVO3), nivolumab 1 mg/kg + ipilimumab 3
mg/kg every 3 weeks for 4 cycles (NIVO1 + IPI3) or nivolumab
3 mg/kg + ipilimumab 1 mg/kg every 3 weeks for 4 cycles
(NIVO3 + IPI1). NIVO1 + IPI3 and NIVO3 + IPI1 regimens
continued with nivolumab 3 mg/kg every 2 weeks after the 4
cycles of combination therapy. In total 160 patients were treated
in the study. ORR was 12% (NIVO3), 24% (NIVO1 + IPI3), and
8% (NIVO3 + IPI1), respectively. Median PFS was 1.4 months
(NIVO3), 1.4 months (NIVO1 + IPI3), and 1.6 months (NIVO3
+ IPI1). The median OS was 6.2 months (NIVO3), 6.9 months
(NIVO1 + IPI3), and 4.8 months (NIVO3 + IPI1). There is no
regulatory approval for the use of ipilimumab in GEC to date.

BIOMARKERS OF IMMUNE CHECKPOINT
INHIBITION IN METASTATIC
GASTROESOPHAGEAL CANCER

PD-L1 Immunohistochemistry
Early development of PD-L1 IHC was conducted in lung cancer.
Trials of various anti-PD-1/anti-PD-L1 antibodies incorporated
different methods and techniques of PD-L1 IHC measurement
for correlative biomarker development (49). Based on these trial
results, different monoclonal antibodies and platforms such as
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TABLE 3 | Results of major pembrolizumab trials based on CPS score.

Name of trial Line of Rx CPS prevalence OS (months) PFS (months) ORR (%) References

≥1 ≥10 0 ≥1 ≥10 0 ≥1 ≥10 0 ≥1 ≥10

KEYNOTE-059 ≥3 57% NA 4.9 5.8 NA NA NA NA 6 16 NA (36)

KEYNOTE-061 2 66% 18% 4.8 9.1 10.4 NA 1.5 NA 2 16 9 (25)

KEYNOTE-062

(Pembro)

1 All 36%* NA 10.6 17.4 NA 2.0 2.9 NA 15 25 (28)

KEYNOTE-062

(Pembro + chemo)

1 All 36%* NA 12.5 12.3 NA 6.9 5.7 NA 49 53 (28)

KEYNOTE-181

(EC)

2 NR 35% 7.1+ 9.3 2.1+ 2.6 13+ 22 (15)

KEYNOTE-180

(EC)

≥3 NR 48% NR 6.3 NR 2.0 NR 14 (39)

*this is the prevalence of CPS ≥ 10 within this trial, which is a biomarker selected population of CPS ≥ 1.
+this trial did not differentiate between CPS 0, and CPS ≥ 1, and the survival/response rates reported here is for the entire trial population (regardless of CPS score).

Pembro, pembrolizumab; chemo, chemotherapy; EC, esophageal carcinoma; NA, not applicable; NR, not reported.

the PD-L1 22C3 pharmDx assay (22C3), 28-8 pharmDx assay
(28-8), SP263 assay (SP263) and SP142 assay (SP142) have
been approved as companion/complementary diagnostics for
nivolumab, pembrolizumab and atezolizumab for lung cancer
(30). The predictive value of PD-L1 IHC to ICI has been variable
across trials. In GC, CPS ≥ 1 occurs in more than half the
patients, while TPS ≥ 1% occurs only in 12.5% of patients (32).
Initial trials of GC did not select for patients based on PD-
L1 status, but retrospective post-hoc analyses were performed
in these trials to correlate CPS score with response rates and
survival. In lung cancer, trials have studied the efficacy of ICI
at different TPS dichotomies (e.g. ≥50 vs. <50% and ≥1 vs.
<1%) (50). In GEC, CPS ≥ 1 and CPS ≥ 10 scores have
been explored as important cut-offs to subclassify patients and
these levels have been studied in greatest depth in clinical trials
using pembrolizumab.

Analysis of Major Pembrolizumab GEC Trials Based

on CPS Score
In the KEYNOTE-059 study, of the 259 patients included, 57%
had a PD-L1 CPS ≥ 1 (51). Patients that were CPS ≥ 1 had
a significantly higher ORR compared to CPS 0 (16 vs. 6%).
However, in both CPS 0 and CPS ≥ 1 subgroups, 3 complete
responses (CR) were detected, and median OS was similar
between both groups (5.8 vs. 4.9 months) (Table 3). In the
KEYNOTE-061 study, the original trial design did not preselect
patients based on CPS score (25). After 489 patients (out of 983 in
total screened) were enrolled, the independent data monitoring
committee recommended that only patients with CPS ≥ 1 were
included in the study. The co-primary end points were specified
to analyze OS and PFS in the CPS ≥ 1 population of the trial.
Of the 592 patients randomized in the study, 395 were CPS ≥ 1.
Pembrolizumab did not improve OS in the CPS ≥ 1 population
(9.1 vs. 8.3 months, HR 0.82). In post-hoc unplanned analysis,
patients with CPS≥ 10 had an improvedOSwith pembrolizumab
compared to paclitaxel (10.4 vs. 8 months) (Table 3). Although
not reported with statistical analyses, inspection of the survival
curves of the CPS < 1 population in KEYNOTE-061 suggests

detriment for patients treated with pembrolizumab compared
to paclitaxel.

In the KEYNOTE-062 study, based on results from earlier
KEYNOTE studies, patients were restricted only to the CPS ≥ 1
population (28). In unplanned, post-hoc analysis, pembrolizumab
had significantly improved survival compared to chemotherapy
in the CPS ≥ 10 subgroup (17.4 vs. 10.8 months). In the
pembrolizumab + chemotherapy arm, similar benefit was not
demonstrated. In the CPS ≥ 10 subgroup, there was no
improvement in survival for pembrolizumab and chemotherapy
compared to chemotherapy alone (12.3 vs. 10.8 months)
(Table 3).

In the EC study KEYNOTE 181, patients were not preselected
for esophageal tumor subtype or CPS score. Based on the
results of the KEYNOTE-061 study, the trial had a pre-
specified co-primary endpoint to study the CPS ≥ 10 population
independently (15). In this study, 35% of tumors were CPS ≥ 10
and 64% were ESCC. Survival was significantly higher in the CPS
≥ 10 population for pembrolizumab vs. chemotherapy (9.3 vs. 6.7
months, HR 0.69) (Table 3).

PD-L1 as a Biomarker in Nivolumab and

Avelumab Trials
In the ATTRACTION-2 study of nivolumab in third-line
metastatic GC patients, PD-L1 IHC was measured using the 28-8
assay, and defined as positive if≥1% of tumor cells demonstrated
staining (approximately equivalent to TPS ≥ 1%) (35). PD-L1
results were not mandated in the inclusion and only 192 of
493 (39%) had IHC results available. Based on this assay, and
definition of PD-L1 positive, only 26 (14%) of patients were
defined as PD-L1 positive. In PD-L1 positive tumors median
OS was 5.2 and 3.8 months for nivolumab and placebo (HR
0.5), while in the PD-L1 negative tumors median OS was 6.1
and 4.2 months for nivolumab and placebo, respectively (HR
0.72). Given the current understanding of the need to measure
immune cell expression of PD-L1 to have amore reliable measure
of PD-L1 expression in GC (i.e., measuring CPS instead of
TPS), these results must be interpreted with caution and are
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TABLE 4 | Major GEC ICI trials.

Name of trial Tumor

subtype

Line of

Rx

PD-L1 IHC

selection

PD-L1 IHC

stratification

References

ATTRACION-2 GC ≥3 No No (35)

KEYNOTE-059

Cohort 1

GC ≥3 No NA (non

randomized)

(36)

JAVELIN-300 GC ≥3 No No (23)

KEYNOTE-061 GC 2 No (first 83%)

CPS ≥ 1

(last 17%)

Yes (CPS ≥ 1) (25)

KEYNOTE-062 GC 1 CPS ≥ 1 No (28)

JAVELIN-100 GC 1 No No (28)

KEYNOTE-181 EC 2 No No (15)

ATTRACTION-3 ESCC 2 No No (41)

KEYNOTE-180 EC ≥3 No NA (non

randomized)

(39)

unlikely to be clinically relevant. In ATTRACTION-3, similar
to ATTRACTION-2, PD-L1 IHC was measured using the 28-8
assay, in tumor cells only (41). ATTRACTION-3 was restricted
only to patients with ESCC, and approximately half the patients
had a PD-L1 expression ≥ 1 and 30% of tumors had PD-L1
expression≥ 10%.MedianOS in the PD-L1< 1% population was
10.9 vs. 9.3 months (HR 0.84) for nivolumab and chemotherapy,
respectively. In the PD-L1 ≥ 1% population, median OS was
10.9 vs. 8.1 months (HR 0.69) for nivolumab and chemotherapy,
respectively, with no significant interaction between PD-L1 status
and treatment. However, the magnitude of benefit does appear
higher in the PD-L1 ≥ 1% population compared to the PD-L1
negative group.

In the JAVELIN-300 Gastric Cancer study of avelumab, PD-
L1 IHC was performed using the 73-10 pharmDx assay (23).
PD-L1 status was defined as positive or negative based on the
expression of at least ≥1% on tumor cells only (approximately
equivalent to TPS≥1%). In total, 23% was PD-L1 positive. There
was no difference in OS between the PD-L1 positive and negative
subgroups (4.0 vs. 4.6 months) or PFS (1.4 vs. 1.4 months), and
consistently poorer than chemotherapy (PFS 2.7 months). In the
JAVELIN-100 Gastric Cancer study, samples were tested for PD-
L1 status using the 73-10 pharmDx assay and the 22C3 assay
(44). With the 73-10 assay (≥1% on tumor cells only) 12% of
patients were defined as PD-L1 positive, and with the 22C3 assay
(CPS ≥1), 64% were defined as PD-L1 positive. Using the 73-
10 assay, the PD-L1 positive population did not have a survival
benefit for avelumab vs chemotherapy (16 vs. 18 months, HR
1.13). However, using the 22C3 assay, the CPS ≥1 population
had a survival benefit for avelumab vs chemotherapy (15 vs. 12
months, HR 0.72).

From these trial results (Table 4), PD-L1 IHC measured using
the 22C3 assay to calculate CPS score appears to have the best
sensitivity to predict for benefit from ICI. GEC tumors with
higher CPS scores tend to have higher responses and survival
when treated with ICI. However, the relationship between CPS
score and benefit is not linear. Rather, there appears to be a cut-off
level, above which benefit occurs. This cut-off is suggested at CPS

≥1 for third-line and CPS ≥10 in first-line. Of note however,
are the occurrences of responses (including CR) and prolonged
survival of patients with CPS 0 (albiet at lower rates compared
to higher CPS scores). This suggests that PD-L1 IHC as a stand-
alone biomarker to predict for ICI benefit may be insufficient.

Microsatellite Instability, Mismatch Repair
Deficiency and Tumor Mutational Burden
The adaptive immune system has the ability to recognize somatic
mutations that occur in tumors. It is also well-established that
tumor types with high levels of somatic mutations such as
melanoma and lung cancer are among the most responsive to
ICI (52). Mismatch repair protein (MMR) deficiency occurs in
several tumor types including gastrointestinal colorectal, gastric,
pancreaticobiliary, small intestine, endometrial, prostate, and
ovarian cancer (53). MMR deficiency occurs through mutations
in genes that recognize and correct errors in mismatched
nucleotides (MLH1, MSH2, MSH6, and PMS2) or through
methylation-induced gene silencing of the promoter of MLH1.
Germline mutations in MMR proteins are associated with Lynch
syndrome, although a majority of MMR deficient tumors are
sporadic and occur through MLH1 promoter methylation. The
inability of the MMR proteins to function normally leads to an
accumulation of errors in DNA microsatellite regions, resulting
in microsatellite instability (MSI). MSI high (MSI-H) tumors
tend to have several-fold higher levels of somatic mutations,
and express larger numbers of predicted neoantigens (54). MSI-
H tumors have demonstrated high response rates to anti-PD-
1 therapy (pembrolizumab and nivolumab), with ORR > 50%
(54, 55). Based on these findings, the FDA granted its first
tissue agnostic approval for pembrolizumab for treatment of
MSI-H tumors across any unresectable/metastatic solid tumor
that had progressed following prior treatment (56). MMR
deficiency can be detected either through demonstrating the loss
of MMR proteins on IHC (deficient MMR, dMMR) or measuring
microsatellite instability by performing PCR on prespecified
microsatellite markers (MSI-H) or by enumerating known MSI
loci using targeted deep next generation sequencing (MSI-
NGS) (57).

In GC, MMR deficiency occurs in ∼8% of early GC (stage I
to stage III) and 4% in metastatic GC (54, 58). MMR deficiency
occurs rarely in EC (<1%), and most EC classified as MSI-
H are EAC within the GEJ areas (14). In the original basket
studies of MMR deficient tumors with pembrolizumab, only
a few GC cases were included. In KEYNOTE-059, 7 patients
(4%) were MSI-H, and 4 had an objective response (57%)
(51). In a phase II study of advanced GC conducted in South
Korea, 61 patients with advanced GC that had progressed on at
least one prior line of treatment were treated with single agent
pembrolizumab and tumor tissues from the patients obtained
prior to ICI treatment were subjected to integrated molecular
analysis (59). In this study, 7 patients were MSI-H (11%)
of which 6 demonstrated deep and durable responses (85%).
In KEYNOTE-061, 27 patients were MSI-H, and 15 of these
were randomized to the pembrolizumab arm (25). Median OS
was not reached (and significantly higher) for those MSI-H
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patients treated with pembrolizumab (vs 8months for paclitaxel).
Similarly, ORR was higher at 47% (vs 17% for paclitaxel). In the
KEYNOTE-062 study, 50 patients were found to be MSI-H, and
in these, the median OS was not reached in the pembrolizumab
arm and the pembrolizumab + chemotherapy arm (60). Median
PFS was 11.2 months in the pembrolizumab arm and not
reached in the pembrolizumab + chemotherapy arm. ORR was
also significantly higher (57% for pembrolizumab and 65% for
pembrolizumab+ chemotherapy).

Methods have been developed to quantify the number of
somatic mutations and reported as tumor mutational burden
(TMB). MMR deficiency is only one of the several causes of
high TMB. Mutations in several other genes such a POLE and
POLD1 have also been associated with high TMB (61). High
TMB has also been associated with smoking-related cancers such
as lung cancer and head and neck cancers, and UV-associated
cancers such as melanoma (62). TMB has been traditionally
measured using whole exome sequencing (WES), but performing

WES in routine clinical practice is difficult. More recently,
TMB has been determined reliably using contemporary next-
generation sequencing (NGS) panels (63). Results of TMB are
often reported as mutations/megabase (mut/Mb) (64). Various
methods have been developed to report NGS panel based TMB.
However, as the different NGS platforms have variations in
sequencing technique and bioinformatic pipelines, there is a
lack of harmonization in the quantification of TMB. Currently,
there is debate and controversy on the predictive cut-off level
to define high TMB across platforms (65). In lung, bladder and
head and neck cancers, >200 somatic mutations detected by
WES predicts consistently for response to ICI. However, the
appropriate thresholds for other tumor types have not been
established (66). There are clinical trials on-going assessing the
role of high TMB in predicting for ICI benefit (CheckMate 848,
NCT03668119 and TELMA, NCT03836066).

In GC, ∼8% of tumors have high TMB, defined as >17
mut/MB in this study (53). However, GEJ tumors were found

FIGURE 2 | Biomarkers of Immune Checkpoint Inhibition in Gastroesophageal Cancers. PD-L1 expression can be measured in the form of Combined Positive Score

(CPS) has been shown to predict response to anti-PD1 or anti-PD-L1 therapies (1). Microsatellite Instability (MSI) leads to a large number of somatic mutations and

production of neoantigens. MSI is one of the most common causes of high Tumor Mutational Burden (TMB) (2). EBV associated Gastric Cancer (EBVaGC) has been

postulated to be sensitive to ICI due to high intra-tumoral immune infiltration and expression of PD-L1 and PD-L2 (3). Various gene signatures have been developed to

identify genes that can predict response to ICI (4). Combination of HER-2 and anti-PD1 therapy enhance antibody-dependent cellular cytotoxicity leading to improved

outcomes with ICI (5).
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to only have a 3% prevalence of high TMB. Of the 8% of
GCs that were high TMB, a majority of them were driven by
MSI-H. Amongst microsatellite stable (MSS) tumors, only 1.7%
of GC was found to have high TMB. In comparison, 3.5%
of MSS ESCC had high TMB. In the phase II South Korean
study of pembrolizumab, high TMB was defined as >400 non-
synonymous single nucleotide variants (SNVs) in WES (59). Of
the 61 tumors in total, 8 had high TMB (13%), of which 6 were
MSI-H, one MSS and one EBV. ORR in this cohort of high TMB
was 89%. In the moderate TMB group (100–400 SNVs), ORR
was 20%, while in the low TMB group ORR was only 7%. In a
phase I study of toripalimib, an anti-PD-1 antibody, metastatic
GC patients with high TMB (> 20 mut/Mb) (20%) had a better
response compared to low TMB (33 vs. 7%) and survival (15 vs. 4
months, HR 0.48) (67, 68).

From these studies, it is observed that there is only marginal
overlap between MSI-H, TMB and PD-L1 expression. There are
MSI-H tumors that have low TMB, and there are high TMB
tumors which have low PD-L1 expression. Responses to ICI
also do not fully correlate with any of these biomarkers, with
responses occurring in CPS 0 populations and lack of response
seen in patients with MSI-H and high TMB. Recent studies in
MSI-H tumors have shown that the extent of response to ICI is
associated with the specific accumulation of insertion-deletion
mutations (69). Studies to better understand these biomarkers
along with the development of other novel biomarkers are
currently being pursued (Figure 2).

Epstein-Barr Virus Positive Tumors and
Sensitivity to ICI
The TCGA classification of GC identifies EBV associated gastric
cancers (EBVaGC) as a unique subtype (13). EBVaGC are
characterized by high intra-tumoral immune infiltration, and
high transcriptomic expression of PD-L1 and PD-L2. It was
postulated that EBVaGC are likely to be sensitive to ICI. The
prevalence of EBVaGC in the TCGA was reported at 9%,
however this study comprised predominantly of non-metastatic,
resectable GC. EBVaGC tend to have a good prognosis, with
low rates of nodal metastases and recurrence. The prevalence
of EBVaGC in metastatic GC is likely lower than 9%, and few
reports of ICI treatment of EBVaGC exist. Nevertheless, in the
phase II South Korean study of pembrolizumab, six EBVaGC
were included and all of six achieved a partial response (PR) to
treatment, with a median duration of response of 8.5 months
(59). In the phase I study of toripalimab, four EBVaGC were
included and only one attained a PR. Of interest, of the four, only
one was PD-L1 positive (the responder), while the other three
were PD-L1 negative (67). Up to a third of EBVaGC are known
to have low expression of PD-L1 and immune infiltration (70).
However, given the biological rationale and clinical responses to
ICI, it is reasonable to consider treating metastatic EBVaGC with
single agent ICI.

Immune Gene Signatures
Study of the interaction between the tumor and immune
microenvironment has shown distinct classes of the type, location
and density of immune cells within the tumor, with correlation to

prognosis (71). The analysis of various immune related factors
within the tumor, such as density, nature, distribution, and
function is described as the “immune contexture” (72). Recently,
four classes of tumors have been proposed based on the immune
contexture (73). “Hot immune tumors” have high levels of
cytotoxic T-cell infiltration, activation of immune checkpoints
and impaired T-cell function. “Altered-immunosuppressed
tumors” have some cytotoxic T-cell infiltration, but at low levels,
presence of immunosuppressive Tregs and myeloid derived
suppressor cells, and other inhibitory mediators such as TGFβ,
IL-10, and VEGF. “Altered-excluded tumors” have no T-cell
infiltration at the tumor bed, but presence of T-cells at the tumor
invasive margins, epigenetic modifications within the tumor
microenvironment and aberrant tumor stroma and vasculature.
“Cold immune tumors” have absence of T-cells within the
tumor and at the invasive margins, poor T-cell priming and
resistance to T-cell mediated tumor kill. The presence of T-cells
along with other factors such as interferon-γ (IFNγ), perforin
and granzymes have been associated with immune functional
orientation (74). The expression of various immune related
genes has been developed into inflammation and immune gene
signatures, which have been shown to have prognostic benefit
(75–77). The predictive value of these signatures to response
to ICI has been studied in the context of lung cancer and
melanoma, although no signatures have been developed bespoke
to GEC (78). Two of the more evolved signatures include the
IFNγ-related inflammatory signature (79) and an inflammatory
gene signature (80). In KEYNOTE-059, the IFNγ signature
score was higher in responders compared to non-responders
(51). CheckMate-032 was a phase I/II study of nivolumab with
or without ipilimumab in patients with metastatic GC. In a
biomarker analysis of CheckMate-032, various immune gene
signatures were analyzed to predict for response to ICI (81). Of
all the immune signatures tested, a 4 gene panel (PD-L1, CD8A,
LAG3, STAT1) appeared to predict best for response in this small
cohort of 40 patients. KEYNOTE-028 was a phase IB trial of
pembrolizumab in patients with 20 different tumor types. In the
esophageal cohort, 23 patients were enrolled, and a 6 gene IFNγ

signature was tested, and showed a trend toward predicting for
response to ICI (34). The role of immune gene signatures in
predicting benefit from ICI in GEC continues to evolve and has
not been incorporated into clinical practice.

HER2
Overexpression of HER2 in metastatic GC occurs in ∼20%
of tumors and the first-line management of this subtype of
GC is trastuzumab in combination with 5-FU and platinum
chemotherapy (12). A group of investigators hypothesized that
the combination of PD-1 and HER2 inhibition would lead
to activation of T-cells and ameliorate antibody-dependent
cellular cytotoxicity, leading to increase in response. Based on
this hypothesis, a phase II trial of induction pembrolizumab
and trastuzumab followed by 5FU/platinum/trastuzumab and
pembrolizumab was conducted in patients with untreated
metastatic HER2 positive GC (82). In total 35 patients were
enrolled in the study, and 87% of patients had an objective
response to treatment. Median PFS was 11.4 months and median
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OS was not reached at the time of reporting of the study. Based
on these impressive results, a randomized phase III study of
chemotherapy/trastuzumab +/– pembrolizumab (KEYNOTE-
811) has commenced enrollment (83).

Epigenetic Biomarkers
Epigenetic alterations have been investigated as predictive
biomarkers of therapy in GEC. DNA methylation signatures
have been developed to predict for chemotherapy benefit in
GEC (84). In lung cancer, a DNA methylation signature was
developed to predict for ICI response and validated in a separate
cohort. Methylation of FOXP1 was found to be predictive of ICI
response (85). In GC, somatic epigenetic promoter alterations
have been described to be involved in tumor immune editing.
By altering the transcription start sites of high-affinity major
histocompatibility complex class I binding GC peptides, loss of
the immunogenic N-terminal peptide leads to immune evasion
(86). By quantifying the utilization of the alternate promoters to
generate modified isoforms, it was hypothesized that alternate
promoter utilization burden could predict for response to ICI.
In two separate cohorts of ICI treated GC (including the phase II
South Korean study), the alternate promoter utilization burden
predicted for tumors that were resistant to immunotherapy (87).
These findings suggest that alternate promoter utilization burden
may be a negative predictive biomarker for ICI.

FUTURE DIRECTION

The landscape of immunotherapy is rapidly evolving, with
the highest number of clinical trials and studies ever being
conducted in this field. Multiple combinations of ICI with
chemotherapy, targeted therapy and novel agents including
second generation ICI continue to be tested. In the targeted
therapy era, identification of driver genomic mutations and
amplifications followed by blocking these drivers with drugs
led to the development of relatively easy-to-test and implement
biomarkers (88). However, in the immunotherapy era, there is
unlikely to be a single biomarker to identify most patients that
benefit from ICI. The interaction of the immune system with
the tumor microenvironment, microbiome and epigenome is
currently being studied at great depth and insights in these areas
are likely to reveal a more complex, but deeper understanding
of ICI mechanisms of response and resistance (89). It is also
likely that biomarkers developed for PD-1 axis agents may not
be applicable to other novel checkpoint inhibitors.

The deep and durable responses that occur with ICIs are
unique to this class of drugs. Advanced tumors almost invariably
develop resistance to chemotherapy and targeted therapy agents,
thus rendering the intent of treatment as palliative when these

are administered in the metastatic setting. However, there are
now strong data emerging from patients with advanced solid
cancers treated with ICI that have achieved 5-year survival, the
bench mark for curative intent cancer treatment modalities (90).
However, these dramatic responses occur only in a minority of
patients with solid tumors (91). The negative trials that have
played out in GEC are a strong reminder to the oncology
community of this fact. Most of the biomarkers that have been
developed for immunotherapy in GEC aim to identify tumors
that are more likely to benefit from treatment. However, the
remote promise of durable response has led to both patients
and clinicians demanding for treatment with ICI. Perhaps,
in this treatment landscape, the development of a negative
predictive biomarker would be beneficial. One of the best
examples of a negative predictive biomarker is the use of RAS
mutations to predict for lack of benefit of anti-EGFR therapy
in colorectal cancer (92). Similarly, for immunotherapy, it
would be beneficial if immunotherapy-resistant tumors could be
identified and excluded from ICI and considered for alternative
therapeutic options. Given the lack of a single unified predictive
biomarker for immunotherapy currently, the development of
a composite biomarker could be considered, including positive
predictive biomarkers such as PD-L1, MSI, TMB, HER2, and
EBV status, as well as incorporating novel negative predictive
biomarkers. Due to tissue considerations for processing various
components of the composite biomarker (which may include
IHC, genomic sequencing/profiling and fluorescent in-situ
hybridization), industry and academic partners will need to work
closely to evaluate the predictive robustness of such a biomarker
in prospective clinical trials.

Immunotherapy will continue to sculpt the landscape of
GEC in the coming years, and with further advances in
precision oncology through the development of robust predictive
biomarkers, optimal, and bespoke patient treatment strategies
will emerge.

AUTHOR CONTRIBUTIONS

RS, JY, and SP: Drafting of the manuscript. ES and PT: Critical
revision of the manuscript for important intellectual content. RS,
ES, JY, SP, and PT: Final approval of manuscript.

FUNDING

RS is supported by aNationalMedical Research Council (NMRC)
Fellowship, Singapore. PT is supported by Duke-NUS Medical
School and the Biomedical Research Council, Agency for Science,
Technology and Research.

REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global

cancer statistics, 2012. CA Cancer J Clin. (2015) 65:87–108. doi: 10.3322/caac.

21262

2. Cancer Genome Atlas Research Network. Integrated genomic

characterization of oesophageal carcinoma. Nature. (2017) 541:169–75.

doi: 10.1038/nature20805

3. Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A, Fleig WE.

Chemotherapy in advanced gastric cancer: a systematic review and

Frontiers in Oncology | www.frontiersin.org 10 May 2020 | Volume 10 | Article 763

https://doi.org/10.3322/caac.21262
https://doi.org/10.1038/nature20805
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Sundar et al. Immunotherapy Biomarkers in Gastroesophageal Cancers

meta-analysis based on aggregate data. J Clin Oncol. (2006) 24:2903–9.

doi: 10.1200/JCO.2005.05.0245

4. Muro K, Van Cutsem E, Narita Y, Pentheroudakis G, Baba E, Li J, et al. Pan-

Asian adapted ESMO Clinical Practice Guidelines for the management of

patients with metastatic gastric cancer: a JSMO-ESMO initiative endorsed

by CSCO, KSMO, MOS, SSO and TOS. Ann Oncol. (2019) 30:19–33.

doi: 10.1093/annonc/mdy502

5. Sundar R, Tan P. Genomic analyses and precision oncology in

gastroesophageal cancer: forwards or backwards? Cancer Discov. (2018)

8:14–6. doi: 10.1158/2159-8290.CD-17-1295

6. Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon F, et al.

Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl J

Med. (2008) 358:36–46. doi: 10.1056/NEJMoa073149

7. Fuchs CS, Shitara K, Di Bartolomeo M, Lonardi S, Al-Batran SE, Van

Cutsem E, et al. Ramucirumab with cisplatin and fluoropyrimidine as first-

line therapy in patients with metastatic gastric or junctional adenocarcinoma

(RAINFALL): a double-blind, randomised, placebo-controlled, phase 3 trial.

Lancet Oncol. (2019) 20:420–35. doi: 10.1016/S1470-2045(18)30791-5

8. Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, Park SR,

et al. Bevacizumab in combination with chemotherapy as first-line

therapy in advanced gastric cancer: a randomized, double-blind,

placebo-controlled phase III study. J Clin Oncol. (2011) 29:3968–76.

doi: 10.1200/JCO.2011.36.2236

9. Lordick F, Kang YK, Chung HC, Salman P, Oh SC, Bodoky G, et al.

Capecitabine and cisplatin with or without cetuximab for patients

with previously untreated advanced gastric cancer (EXPAND): a

randomised, open-label phase 3 trial. Lancet Oncol. (2013) 14:490–9.

doi: 10.1016/S1470-2045(13)70102-5

10. Waddell T, Chau I, Cunningham D, Gonzalez D, Okines AF, Okines C,

et al. Epirubicin, oxaliplatin, and capecitabine with or without panitumumab

for patients with previously untreated advanced oesophagogastric cancer

(REAL3): a randomised, open-label phase 3 trial. Lancet Oncol. (2013)

14:481–9. doi: 10.1016/S1470-2045(13)70096-2

11. Bang YJ, Xu RH, Chin K, Lee KW, Park SH, Rha SY, et al. Olaparib

in combination with paclitaxel in patients with advanced gastric cancer

who have progressed following first-line therapy (GOLD): a double-blind,

randomised, placebo-controlled, phase 3 trial. Lancet Oncol. (2017) 18:1637–

51. doi: 10.1016/S1470-2045(17)30682-4

12. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki 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) 376:687–97. doi: 10.1016/S0140-6736(10)61121-X

13. Cancer Genome Atlas Research Network. Comprehensive molecular

characterization of gastric adenocarcinoma. Nature. (2014) 513:202–9.

doi: 10.1038/nature13480

14. Hewitt LC, Inam IZ, Saito Y, Yoshikawa T, Quaas A, Hoelscher A, et al.

Epstein-Barr virus and mismatch repair deficiency status differ between

oesophageal and gastric cancer: a large multi-centre study. Eur J Cancer.

(2018) 94:104–14. doi: 10.1016/j.ejca.2018.02.014

15. Kojima T, Muro K, Francois E, Hsu CH, Moriwaki T, Kim SB, et al.

Pembrolizumab versus chemotherapy as second-line therapy for advanced

esophageal cancer: phase III KEYNOTE-181 study. J Clin Oncol. (2019)

37:2–2. doi: 10.1200/JCO.2019.37.4_suppl.2

16. Chen DS, Mellman I. Oncology meets immunology: the cancer-

immunity cycle. Immunity. (2013) 39:1–10. doi: 10.1016/j.immuni.2013.

07.012

17. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.

Nat Rev Cancer. (2012) 12:252–64. doi: 10.1038/nrc3239

18. Hodi FS, O’day SJ, Mcdermott DF, Weber RW, Sosman JA, Haanen JB, et al.

Improved survival with ipilimumab in patients with metastatic melanoma. N

Engl J Med. (2010) 363:711–23. doi: 10.1056/NEJMoa1003466

19. Sundar R, Soong R, Cho BC, Brahmer JR, Soo RA. Immunotherapy in

the treatment of non-small cell lung cancer. Lung Cancer. (2014) 85:101–9.

doi: 10.1016/j.lungcan.2014.05.005

20. Chau I. Clinical development of PD-1/PD-L1 immunotherapy for

gastrointestinal cancers: facts and hopes. Clin Cancer Res. (2017) 23:6002–11.

doi: 10.1158/1078-0432.CCR-17-0020

21. Hargadon KM, Johnson CE, Williams CJ. Immune checkpoint

blockade therapy for cancer: an overview of FDA-approved immune

checkpoint inhibitors. Int Immunopharmacol. (2018) 62:29–39.

doi: 10.1016/j.intimp.2018.06.001

22. Carbone DP, Reck M, Paz-Ares L, Creelan B, Horn L, Steins M, et al. First-line

nivolumab in Stage IV or recurrent non-small-cell lung cancer. N Engl J Med.

(2017) 376:2415–26. doi: 10.1056/NEJMoa1613493

23. Bang YJ, Ruiz EY, Van Cutsem E, Lee KW,Wyrwicz L, SchenkerM, 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)

29:2052–60. doi: 10.1093/annonc/mdy264

24. Powles T, Duran I, Van Der Heijden MS, Loriot Y, Vogelzang NJ, De Giorgi

U, et al. Atezolizumab versus chemotherapy in patients with platinum-

treated locally advanced or metastatic urothelial carcinoma (IMvigor211): a

multicentre, open-label, phase 3 randomised controlled trial. Lancet. (2018)

391:748–57. doi: 10.1016/S0140-6736(17)33297-X

25. Shitara K, Ozguroglu M, Bang YJ, Di Bartolomeo M, Mandala M,

Ryu MH, 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) 392:123–33.

doi: 10.1016/S0140-6736(18)31257-1

26. Cohen EEW, Soulieres D, Le Tourneau C, Dinis J, Licitra L, Ahn MJ,

et al. Pembrolizumab versus methotrexate, docetaxel, or cetuximab for

recurrent ormetastatic head-and-neck squamous cell carcinoma (KEYNOTE-

040): a randomised, open-label, phase 3 study. Lancet. (2019) 393:156–67.

doi: 10.1016/S0140-6736(18)31999-8

27. Eng C, Kim TW, Bendell J, Argiles G, Tebbutt NC, Di Bartolomeo M, et al.

Atezolizumab with or without cobimetinib versus regorafenib in previously

treated metastatic colorectal cancer (IMblaze370): a multicentre, open-

label, phase 3, randomised, controlled trial. Lancet Oncol. (2019) 20:849–61.

doi: 10.1016/S1470-2045(19)30027-0

28. Tabernero J, Cutsem EV, Bang YJ, Fuchs CS, Wyrwicz L, Lee KW, et al.

Pembrolizumab with or without chemotherapy versus chemotherapy for

advanced gastric or gastroesophageal junction. (G/GEJ) adenocarcinoma:

The phase III KEYNOTE-062 study. J Clin Oncol. (2019) 37:LBA4007.

doi: 10.1200/JCO.2019.37.18_suppl.LBA4007

29. Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker

in Cancer Immunotherapy. Mol Cancer Ther. (2015) 14:847–56.

doi: 10.1158/1535-7163.MCT-14-0983

30. Lantuejoul S, Sound-Tsao M, Cooper WA, Girard N, Hirsch FR, Roden

AC, et al. PD-L1 testing for lung cancer in 2019: perspective from

the IASLC pathology committee. J Thorac Oncol. (2019) 15:499–519.

doi: 10.1016/j.jtho.2019.12.107

31. Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta S, et al.

Pembrolizumab for patients with PD-L1-positive advanced gastric cancer

(KEYNOTE-012): a multicentre, open-label, phase 1b trial. Lancet Oncol.

(2016) 17:717–26. doi: 10.1016/S1470-2045(16)00175-3

32. Kulangara K, Zhang N, Corigliano E, Guerrero L, Waldroup S, Jaiswal D, 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) 143:330–7. doi: 10.5858/arpa.2018-0043-OA

33. Fashoyin-Aje L, Donoghue M, Chen H, He K, Veeraraghavan J, Goldberg KB,

et al. FDA approval summary: pembrolizumab for recurrent locally advanced

or metastatic gastric or gastroesophageal junction adenocarcinoma expressing

PD-L1. Oncologist. (2019) 24:103–9. doi: 10.1634/theoncologist.2018-0221

34. Doi T, Piha-Paul SA, Jalal SI, Saraf S, Lunceford J, Koshiji M, et al. Safety and

antitumor activity of the anti-programmed death-1 antibody pembrolizumab

in patients with advanced esophageal carcinoma. J Clin Oncol. (2018) 36:61–7.

doi: 10.1200/JCO.2017.74.9846

35. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, 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) 390:2461–71.

doi: 10.1016/S0140-6736(17)31827-5

36. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al.

Safety and efficacy of pembrolizumab monotherapy in patients with

Frontiers in Oncology | www.frontiersin.org 11 May 2020 | Volume 10 | Article 763

https://doi.org/10.1200/JCO.2005.05.0245
https://doi.org/10.1093/annonc/mdy502
https://doi.org/10.1158/2159-8290.CD-17-1295
https://doi.org/10.1056/NEJMoa073149
https://doi.org/10.1016/S1470-2045(18)30791-5
https://doi.org/10.1200/JCO.2011.36.2236
https://doi.org/10.1016/S1470-2045(13)70102-5
https://doi.org/10.1016/S1470-2045(13)70096-2
https://doi.org/10.1016/S1470-2045(17)30682-4
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1038/nature13480
https://doi.org/10.1016/j.ejca.2018.02.014
https://doi.org/10.1200/JCO.2019.37.4_suppl.2
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1038/nrc3239
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1016/j.lungcan.2014.05.005
https://doi.org/10.1158/1078-0432.CCR-17-0020
https://doi.org/10.1016/j.intimp.2018.06.001
https://doi.org/10.1056/NEJMoa1613493
https://doi.org/10.1093/annonc/mdy264
https://doi.org/10.1016/S0140-6736(17)33297-X
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1016/S0140-6736(18)31999-8
https://doi.org/10.1016/S1470-2045(19)30027-0
https://doi.org/10.1200/JCO.2019.37.18_suppl.LBA4007
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.1016/j.jtho.2019.12.107
https://doi.org/10.1016/S1470-2045(16)00175-3
https://doi.org/10.5858/arpa.2018-0043-OA
https://doi.org/10.1634/theoncologist.2018-0221
https://doi.org/10.1200/JCO.2017.74.9846
https://doi.org/10.1016/S0140-6736(17)31827-5
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Sundar et al. Immunotherapy Biomarkers in Gastroesophageal Cancers

previously treated advanced gastric and gastroesophageal junction cancer:

phase 2 clinical KEYNOTE-059 trial. JAMA Oncol. (2018) 4:e180013.

doi: 10.1001/jamaoncol.2018.0013

37. Chen LT, Satoh T, Ryu MH, Chao Y, Kato K, Chung HC, et al. A phase 3

study of nivolumab in previously treated advanced gastric or gastroesophageal

junction cancer (ATTRACTION-2): 2-year update data. Gastric Cancer.

(2019). doi: 10.1007/s10120-019-01034-7

38. Lin SJ, Gagnon-Bartsch JA, Tan IB, Earle S, Ruff L, Pettinger K, et al.

Signatures of tumour immunity distinguish Asian and non-Asian gastric

adenocarcinomas. Gut. (2015) 64:1721–31. doi: 10.1136/gutjnl-2014-308252

39. Shah MA, Kojima T, Hochhauser D, Enzinger P, Raimbourg J, Hollebecque

A, et al. Efficacy and safety of pembrolizumab for heavily pretreated patients

with advanced, metastatic adenocarcinoma or squamous cell carcinoma of the

esophagus: the phase 2 KEYNOTE-180 study. JAMA Oncol. (2019) 5:546–50.

doi: 10.1001/jamaoncol.2018.5441

40. Smyth EC, Petty RD. Pembrolizumab versus paclitaxel in

gastro-oesophageal adenocarcinoma. Lancet. (2018) 392:97–8.

doi: 10.1016/S0140-6736(18)31277-7

41. Kato K, Cho BC, Takahashi M, Okada M, Lin CY, Chin K, et al.

Nivolumab versus chemotherapy in patients with advanced oesophageal

squamous cell carcinoma refractory or intolerant to previous chemotherapy

(ATTRACTION-3): a multicentre, randomised, open-label, phase 3 trial.

Lancet Oncol. (2019) 20:1506–17. doi: 10.1016/S1470-2045(19)30626-6

42. Smyth EC, Lordick F. Nivolumab for previously treated

squamous oesophageal carcinoma. Lancet Oncol. (2019) 20:1468–9.

doi: 10.1016/S1470-2045(19)30621-7

43. Bang YJ, Kang YK, Catenacci DV, Muro K, Fuchs CS, Geva R, et al.

Pembrolizumab alone or in combination with chemotherapy as first-line

therapy for patients with advanced gastric or gastroesophageal junction

adenocarcinoma: results from the phase II nonrandomized KEYNOTE-

059 study. Gastric Cancer. (2019) 22:828–37. doi: 10.1007/s10120-018-

00909-5

44. Moehler MH, Dvorkin M, Ozguroglu M, Ryu M-H, Muntean AS, Lonardi S,

et al. Results of the JAVELIN Gastric 100 phase 3 trial: avelumab maintenance

following first-line (1L) chemotherapy (CTx) vs. continuation of CTx for

HER2– advanced gastric or gastroesophageal junction cancer (GC/GEJC). J

Clin Oncol. (2020) 38:278. doi: 10.1200/JCO.2020.38.4_suppl.278

45. Moehler MH, Janjigian YY, Adenis A, Aucoin JS, Boku N, Chau I, et al.

CheckMate 649: A randomized, multicenter, open-label, phase III study of

nivolumab (NIVO) + ipilimumab (IPI) or nivo + chemotherapy (CTX)

versus CTX alone in patients with previously untreated advanced (Adv)

gastric (G) or gastroesophageal junction (GEJ) cancer. J Clin Oncol. (2018)

36:TPS192. doi: 10.1200/JCO.2018.36.4_suppl.TPS192

46. Boku N, Ryu MH, Kato K, Chung HC, Minashi K, Lee KW, et al.

Safety and efficacy of nivolumab in combination with S-1/capecitabine plus

oxaliplatin in patients with previously untreated, unresectable, advanced,

or recurrent gastric/gastroesophageal junction cancer: interim results of a

randomized, phase II trial (ATTRACTION-4). Ann Oncol. (2019) 30:250–8.

doi: 10.1093/annonc/mdy540

47. Bang YJ, Cho JY, Kim YH, Kim JW, Di Bartolomeo M, Ajani JA,

et al. Efficacy of sequential ipilimumab monotherapy versus best

supportive care for unresectable locally advanced/metastatic gastric or

gastroesophageal junction cancer. Clin Cancer Res. (2017) 23:5671–8.

doi: 10.1158/1078-0432.CCR-17-0025

48. Janjigian YY, Bendell J, Calvo E, Kim JW, Ascierto PA, Sharma P, et al.

CheckMate-032 study: efficacy and safety of nivolumab and nivolumab plus

ipilimumab in patients with metastatic esophagogastric cancer. J Clin Oncol.

(2018) 36:2836–44. doi: 10.1200/JCO.2017.76.6212

49. Buttner R, Gosney JR, Skov BG, Adam J, Motoi N, Bloom KJ, et al.

Programmed death-ligand 1 immunohistochemistry testing: a review of

analytical assays and clinical implementation in non-small-cell lung cancer.

J Clin Oncol. (2017) 35:3867–76. doi: 10.1200/JCO.2017.74.7642

50. Hanna NH, Schneider BJ, Temin S, Baker S Jr, Brahmer J, Ellis PM,

et al. Therapy for Stage IV non-small-cell lung cancer without driver

alterations: ASCO and OH (CCO) Joint guideline update. J Clin Oncol. (2020)

28:JCO1903022. doi: 10.1200/JCO.19.03022. [Epub ahead of print]

51. Fuchs CS, Doi T, Jang RW-J, Muro K, Satoh T, Machado M, et al. KEYNOTE-

059 cohort 1: efficacy and safety of pembrolizumab (pembro) monotherapy in

patients with previously treated advanced gastric cancer. J Clin Oncol. (2017)

35:4003. doi: 10.1200/JCO.2017.35.15_suppl.4003

52. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, Mcdermott DF,

et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer.

N Engl J Med. (2012) 366:2443–54. doi: 10.1056/NEJMoa1200690

53. Salem ME, Puccini A, Grothey A, Raghavan D, Goldberg RM, Xiu J, et al.

Landscape of tumor mutation load, mismatch repair deficiency, and PD-L1

expression in a large patient cohort of gastrointestinal cancers. Mol Cancer

Res. (2018) 16:805–12. doi: 10.1158/1541-7786.MCR-17-0735

54. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al.

Mismatch repair deficiency predicts response of solid tumors to PD-1

blockade. Science. (2017) 357:409–13. doi: 10.1126/science.aan6733

55. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-

1 Blockade in tumors with mismatch-repair deficiency. N Engl J Med. (2015)

372:2509–20. doi: 10.1056/NEJMoa1500596

56. Marcus L, Lemery SJ, Keegan P, Pazdur R. FDA approval

summary: pembrolizumab for the treatment of microsatellite

instability-high solid tumors. Clin Cancer Res. (2019) 25:3753–8.

doi: 10.1158/1078-0432.CCR-18-4070

57. Hatch SB, Lightfoot HMJr, Garwacki CP, Moore DT, Calvo BF, Woosley

JT, et al. Microsatellite instability testing in colorectal carcinoma: choice of

markers affects sensitivity of detection of mismatch repair-deficient tumors.

Clin Cancer Res. (2005) 11:2180–7. doi: 10.1158/1078-0432.CCR-04-0234

58. Pietrantonio F, Miceli R, Raimondi A, Kim YW, Kang WK, Langley R E,

et al. Individual patient data meta-analysis of the value of microsatellite

instability as a biomarker in gastric cancer. J Clin Oncol. (2019) 37:3392–400.

doi: 10.1200/JCO.19.01124

59. Kim ST, Cristescu R, Bass AJ, Kim KM, Odegaard JI, Kim K, et al.

Comprehensive molecular characterization of clinical responses to PD-

1 inhibition in metastatic gastric cancer. Nat Med. (2018) 24:1449–58.

doi: 10.1038/s41591-018-0101-z

60. Shitara K, Van Cutsem E, Bang YJ, Fuchs CS, Wyrwicz L, Lee KW, et al.

LBA44Pembrolizumab with or without chemotherapy vs chemotherapy in

patients with advanced G/GEJ cancer (GC) including outcomes according

to Microsatellite Instability-High (MSI-H) status in KEYNOTE-062. Annals

Oncol. (2019) 30(suppl. 5):v851–934. doi: 10.1093/annonc/mdz394.035

61. Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis R, et al. Analysis

of 100,000 human cancer genomes reveals the landscape of tumor mutational

burden. Genome Med. (2017) 9:34. doi: 10.1186/s13073-017-0424-2

62. Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati S, Biankin

AV, et al. Signatures of mutational processes in human cancer. Nature. (2013)

500:415–21. doi: 10.1038/nature12477

63. Rizvi H, Sanchez-Vega F, La K, Chatila W, Jonsson P, Halpenny D,

et al. Molecular determinants of response to anti-programmed cell death

(PD)-1 and anti-programmed death-ligand 1 (PD-L1) blockade in patients

with non-small-cell lung cancer profiled with targeted next-generation

sequencing. J Clin Oncol. (2018) 36:633–41. doi: 10.1200/JCO.2017.7

5.3384

64. Frampton GM, Fichtenholtz A, Otto GA, Wang K, Downing SR, He J, et al.

Development and validation of a clinical cancer genomic profiling test based

on massively parallel DNA sequencing. Nat Biotechnol. (2013) 31:1023–31.

doi: 10.1038/nbt.2696

65. Fancello L, Gandini S, Pelicci PG, Mazzarella L. Tumor mutational burden

quantification from targeted gene panels: major advancements and challenges.

J Immunother Cancer. (2019) 7:183. doi: 10.1186/s40425-019-0647-4

66. Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger

A, et al. Development of tumor mutation burden as an immunotherapy

biomarker: utility for the oncology clinic. Ann Oncol. (2019) 30:44–56.

doi: 10.1093/annonc/mdy495

67. Wang F, Wei XL, Wang FH, Xu N, Shen L, Dai GH, et al. Safety, efficacy

and tumor mutational burden as a biomarker of overall survival benefit in

chemo-refractory gastric cancer treated with toripalimab, a PD-1 antibody

in phase Ib/II clinical trial NCT02915432. Ann Oncol. (2019) 30:1479–86.

doi: 10.1093/annonc/mdz197

68. Xu RH, Wang F, Wei XL, Wang F, Xu N, Shen L, et al. Tumor mutational

burden identifies chemorefractory gastric cancer with overall survival

advantage after receiving toripalimab, a PD-1 antibody. J Clin Oncol. (2019)

37:4021. doi: 10.1200/JCO.2019.37.15_suppl.4021

Frontiers in Oncology | www.frontiersin.org 12 May 2020 | Volume 10 | Article 763

https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1007/s10120-019-01034-7
https://doi.org/10.1136/gutjnl-2014-308252
https://doi.org/10.1001/jamaoncol.2018.5441
https://doi.org/10.1016/S0140-6736(18)31277-7
https://doi.org/10.1016/S1470-2045(19)30626-6
https://doi.org/10.1016/S1470-2045(19)30621-7
https://doi.org/10.1007/s10120-018-00909-5
https://doi.org/10.1200/JCO.2020.38.4_suppl.278
https://doi.org/10.1200/JCO.2018.36.4_suppl.TPS192
https://doi.org/10.1093/annonc/mdy540
https://doi.org/10.1158/1078-0432.CCR-17-0025
https://doi.org/10.1200/JCO.2017.76.6212
https://doi.org/10.1200/JCO.2017.74.7642
https://doi.org/10.1200/JCO.19.03022
https://doi.org/10.1200/JCO.2017.35.15_suppl.4003
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1158/1541-7786.MCR-17-0735
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1158/1078-0432.CCR-18-4070
https://doi.org/10.1158/1078-0432.CCR-04-0234
https://doi.org/10.1200/JCO.19.01124
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1093/annonc/mdz394.035
https://doi.org/10.1186/s13073-017-0424-2
https://doi.org/10.1038/nature12477
https://doi.org/10.1200/JCO.2017.75.3384
https://doi.org/10.1038/nbt.2696
https://doi.org/10.1186/s40425-019-0647-4
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1093/annonc/mdz197
https://doi.org/10.1200/JCO.2019.37.15_suppl.4021
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Sundar et al. Immunotherapy Biomarkers in Gastroesophageal Cancers

69. Mandal R, Samstein RM, Lee KW, Havel JJ, Wang H, Krishna C,

et al. Genetic diversity of tumors with mismatch repair deficiency

influences anti-PD-1 immunotherapy response. Science. (2019) 364:485–91.

doi: 10.1126/science.aau0447

70. Sundar R, Qamra A, TanALK, Zhang S, Ng CCY, Teh BT, et al. Transcriptional

analysis of immune genes in Epstein-Barr virus-associated gastric cancer

and association with clinical outcomes. Gastric Cancer. (2018) 21:1064–1070.

doi: 10.1007/s10120-018-0851-9

71. Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, Meatchi T, et al.

Histopathologic-based prognostic factors of colorectal cancers are associated

with the state of the local immune reaction. J Clin Oncol. (2011) 29:610–8.

doi: 10.1200/JCO.2010.30.5425

72. Galon J, Fridman WH, Pages F. The adaptive immunologic

microenvironment in colorectal cancer: a novel perspective. Cancer Res.

(2007) 67:1883–6. doi: 10.1158/0008-5472.CAN-06-4806

73. Galon J, Bruni D. Approaches to treat immune hot, altered and cold tumours

with combination immunotherapies.Nat Rev Drug Discov. (2019) 18:197–218.

doi: 10.1038/s41573-018-0007-y

74. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-

Pages C, et al. Type, density, and location of immune cells within human

colorectal tumors predict clinical outcome. Science. (2006) 313:1960–4.

doi: 10.1126/science.1129139

75. Chew V, Chen J, Lee D, Loh E, Lee J, Lim KH, et al. Chemokine-driven

lymphocyte infiltration: an early intratumoural event determining long-

term survival in resectable hepatocellular carcinoma. Gut. (2012) 61:427–38.

doi: 10.1136/gutjnl-2011-300509

76. Goc J, Germain C, Vo-Bourgais TK, Lupo A, Klein C, Knockaert S,

et al. Dendritic cells in tumor-associated tertiary lymphoid structures

signal a Th1 cytotoxic immune contexture and license the positive

prognostic value of infiltrating CD8+ T cells. Cancer Res. (2014) 74:705–15.

doi: 10.1158/0008-5472.CAN-13-1342

77. Mulligan AM, Pinnaduwage D, Tchatchou S, Bull SB, Andrulis IL.

Validation of intratumoral T-bet+ lymphoid cells as predictors of disease-

free survival in breast cancer. Cancer Immunol Res. (2016) 4:41–8.

doi: 10.1158/2326-6066.CIR-15-0051

78. Havel JJ, Chowell D, Chan TA. The evolving landscape of biomarkers for

checkpoint inhibitor immunotherapy. Nat Rev Cancer. (2019) 19:133–50.

doi: 10.1038/s41568-019-0116-x

79. Ayers M, Lunceford J, Nebozhyn M, Murphy E, Loboda A, Kaufman DR,

et al. IFN-gamma-related mRNA profile predicts clinical response to PD-1

blockade. J Clin Invest. (2017) 127:2930–40. doi: 10.1172/JCI91190

80. Spranger S, Bao R, Gajewski TF. Melanoma-intrinsic beta-catenin

signalling prevents anti-tumour immunity. Nature. (2015) 523:231–5.

doi: 10.1038/nature14404

81. Lei M, Siemers N, Pandya D, Chang H, Sanchez T, Dorange C, et al. Abstract

2673: Association of PD-L1 combined positive score and immune gene

signatures with efficacy of nivolumab. (NIVO)± ipilimumab (IPI) in patients

with metastatic gastroesophageal cancer (mGEC). Cancer Res. (2019) 79:2673.

doi: 10.1158/1538-7445.AM2019-2673

82. Janjigian YY, Chou JF, Simmons M, Momtaz P, Sanchez-Vega F, Shcherba M,

et al. First-line pembrolizumab (P), trastuzumab (T), capecitabine (C) and

oxaliplatin (O) in HER2-positive metastatic esophagogastric adenocarcinoma

(mEGA). J Clin Oncol. (2019) 37:62. doi: 10.1200/JCO.2019.37.4_suppl.62

83. Janjigian YY, Bang YJ, Fuchs CS, Qin S, Satoh T, Shitara K, et al.

KEYNOTE-811 pembrolizumab plus trastuzumab and chemotherapy for

HER2+ metastatic gastric or gastroesophageal junction cancer (mG/GEJC):

a double-blind, randomized, placebo-controlled phase 3 study. J Clin Oncol.

(2019) 37:TPS4146. doi: 10.1200/JCO.2019.37.15_suppl.TPS4146

84. Sundar R, Ng A, Zouridis H, Padmanabhan N, Sheng T, Zhang S, et al. DNA

epigenetic signature predictive of benefit from neoadjuvant chemotherapy in

oesophageal adenocarcinoma: results from the MRC OE02 trial. Eur J Cancer.

(2019) 123:48–57. doi: 10.1016/j.ejca.2019.09.016

85. Duruisseaux M, Martinez-Cardus A, Calleja-Cervantes ME, Moran S, Castro

De Moura M, Davalos V, et al. Epigenetic prediction of response to anti-

PD-1 treatment in non-small-cell lung cancer: a multicentre, retrospective

analysis. Lancet Respir Med. (2018) 6:771–81. doi: 10.1016/S2213-2600(18)

30284-4

86. Qamra A, Xing M, Padmanabhan N, Kwok JJT, Zhang S, Xu C, et al.

Epigenomic promoter alterations amplify gene isoform and immunogenic

diversity in gastric adenocarcinoma. Cancer Discov. (2017) 7:630–51.

doi: 10.1158/2159-8290.CD-16-1022

87. Sundar R, Huang KK, Qamra A, Kim KM, Kim ST, Kang WK, et al.

Epigenomic promoter alterations predict for benefit from immune checkpoint

inhibition in metastatic gastric cancer. Ann Oncol. (2019) 30:424–30.

doi: 10.1093/annonc/mdy550

88. Sundar R, Chénard-Poirier M, Collins DC, Yap TA. Imprecision in the era

of precision medicine in non-small cell lung cancer. Front Med. (2017) 4:39.

doi: 10.3389/fmed.2017.00039

89. Syn NL, Teng MWL, Mok TSK, Soo RA. De-novo and acquired

resistance to immune checkpoint targeting. Lancet Oncol. (2017) 18:e731–41.

doi: 10.1016/S1470-2045(17)30607-1

90. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et al.

Five-year survival with combined nivolumab and ipilimumab in advanced

melanoma. N Engl J Med. (2019) 381:1535–46. doi: 10.1056/NEJMoa19

10836

91. Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and

response rate to PD-1 inhibition. N Engl J Med. (2017) 377:2500–1.

doi: 10.1056/NEJMc1713444

92. Sundar R, Tan IBH, Chee CE. Negative predictive biomarkers in

colorectal cancer: PRESSING Ahead. J Clin Oncol. (2019) 37:3066–8.

doi: 10.1200/JCO.19.01977

Conflict of Interest: RS: Advisory board: BMS, Merck, Eisai, Bayer, Taiho;

honoraria for talks: MSD, Eli Lilly, BMS, Roche, Taiho; Travel funding: Roche,

Astra Zeneca, Taiho, Eisai; Research funding: Paxman Coolers, MSD. ES

reports personal fees from Astellas, Bristol-Myers Squibb, Celgene, Five Prime

Therapeutics, Gritstone Oncology and Servier. PT and RS have submitted

work discussed in this manuscript on epigenetic biomarkers as a Technology

Disclosure to the institutional Technology Transfer Office, for potential intellectual

property protection.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2020 Sundar, Smyth, Peng, Yeong and Tan. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 13 May 2020 | Volume 10 | Article 763

https://doi.org/10.1126/science.aau0447
https://doi.org/10.1007/s10120-018-0851-9
https://doi.org/10.1200/JCO.2010.30.5425
https://doi.org/10.1158/0008-5472.CAN-06-4806
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1126/science.1129139
https://doi.org/10.1136/gutjnl-2011-300509
https://doi.org/10.1158/0008-5472.CAN-13-1342
https://doi.org/10.1158/2326-6066.CIR-15-0051
https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.1172/JCI91190
https://doi.org/10.1038/nature14404
https://doi.org/10.1158/1538-7445.AM2019-2673
https://doi.org/10.1200/JCO.2019.37.4_suppl.62
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4146
https://doi.org/10.1016/j.ejca.2019.09.016
https://doi.org/10.1016/S2213-2600(18)30284-4
https://doi.org/10.1158/2159-8290.CD-16-1022
https://doi.org/10.1093/annonc/mdy550
https://doi.org/10.3389/fmed.2017.00039
https://doi.org/10.1016/S1470-2045(17)30607-1
https://doi.org/10.1056/NEJMoa1910836
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1200/JCO.19.01977
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Predictive Biomarkers of Immune Checkpoint Inhibition in Gastroesophageal Cancers
	Introduction
	PD-L1 Immunohistochemistry
	Key Trials of Immune Checkpoint Inhibition in Gastroesophageal Cancers
	Metastatic Third-Line Gastric Cancer
	ATTRACTION-2 (Nivolumab)
	KEYNOTE-059—Cohort 1 (Pembrolizumab)
	JAVELIN 300 Gastric Cancer (Avelumab)

	Metastatic Third-Line Esophageal Cancer
	KEYNOTE-180 (Pembrolizumab)

	Metastatic Second-Line Gastric Cancer
	KEYNOTE-061 (Pembrolizumab)

	Metastatic Second-Line Esophageal Cancer
	KEYNOTE-181 (Pembrolizumab)
	ATTRACTION-3 (Nivolumab)

	Metastatic Gastric Cancer First-Line
	KEYNOTE-059—Cohort 2 and 3 (Pembrolizumab)
	KEYNOTE-062 (Pembrolizumab)
	JAVELIN Gastric 100 (Avelumab)

	Ipilimumab in Gastric Cancer

	Biomarkers of Immune Checkpoint Inhibition in Metastatic Gastroesophageal Cancer
	PD-L1 Immunohistochemistry
	Analysis of Major Pembrolizumab GEC Trials Based on CPS Score
	PD-L1 as a Biomarker in Nivolumab and Avelumab Trials

	Microsatellite Instability, Mismatch Repair Deficiency and Tumor Mutational Burden
	Epstein-Barr Virus Positive Tumors and Sensitivity to ICI
	Immune Gene Signatures
	HER2
	Epigenetic Biomarkers

	Future Direction
	Author Contributions
	Funding
	References


