
Abstract. Systemic chemotherapy is the mainstay of therapy
in patients with advanced gastric and esophageal cancer, but
has multiple drawbacks including lack of durable efficacy and
dose limited toxicities. Recent clinical trials data on the
efficacy of immune therapy in this patient group have shed
light on its potential as an alternative treatment option.
Checkpoint inhibitors, specifically the anti-PD-1/PD-L1
inhibitors, seem to be beneficial for a subgroup of patients
with advanced gastric or esophageal cancer who have
progressed on multiple systemic chemotherapies. As clinical
trials results mature, it will become apparent whether
checkpoint inhibitors are effective in other treatment settings
such as in first-line therapy or adjuvant therapy. Although the
toxicity of checkpoint inhibitors is generally unpredictable,
they tend to be more manageable and better tolerated than the
toxicities of systemic chemotherapy. Furthermore, recent
research in molecular subtyping of esophageal and gastric
cancer are paving way for better treatment response

prediction and patient selection for checkpoint inhibitor
therapies. Compared to checkpoint inhibitors, other types of
immune therapies such as cancer vaccines, and adoptive cell
therapies have yet to be proven effective in esophageal and
gastric cancer and are further away from clinical use. Immune
therapy seems poised to take a firm position as part of the
therapeutic armamentarium for advanced gastric and
esophageal cancer and future clinical trials will show the
extent of its application in different treatment settings in this
patient population. 

Gastric cancer (GC) and esophageal cancer (EC) are the third
and sixth most common cancers in the world and the reported
overall survival (OS) for GC and EC is less than 12 months
(1-3). Treatment options for advanced GC and EC are limited
and responses to such therapies are poor. Immune therapy
represents a possible treatment option for advanced EC and
GC patients who have exhausted systemic chemotherapy
options. Recently published preliminary results from the
KEYNOTE-059 trials have led to the first FDA approval of
pembrolizumab in advanced esophageal cancer, in the third
line setting and the results from the ATTRACTION-2 trial
have demonstrated the efficacy of nivolumab in advanced
esophageal cancer. The landmark Cancer Genome Atlas
(TCGA) study has contributed valuable information in
classifying esophageal and gastric cancer into subtypes with
distinct immunological phenotypes which may have potential
in predicting treatment responses. Based on genomic profiling,
4 distinct subtypes were described: Ebstein-Barr Virus (EBV)-
associated tumors, microsatellite instability (MSI)-associated
tumors, genetically-stable tumors, and tumors with
chromosomal instability. The MSI subtype is associated with
gene promoter hyper-methylations and exhibit high mutational
burden including within the major histocompatibility class I
genes. Moreover, EBV-associated tumors are characterized by
amplification of genes coding for programmed death-1 
(PD-1) and programmed death ligand-1 (PD-L1), suggesting
responsiveness to immune therapies targeting PD-1/PD-L1 (4).

5569

Abbreviations: MDSCs: Myeloid-derived suppressor cells; Tregs:
regulatory T cells; DCs: dendritic cells; TGF-β, transforming
growth factor beta; IDO: indoleamine-2,3-dioxygenase; IL-10:
interleukin 10; IL-2: interleukin 2; IFN-γ: Interferon gamma;
VEGFA: vascular endothelial growth factor A; VEGFR: vascular
endothelial growth factor receptors; PD-1: programmed cell death
protein 1; PD-L1: programmed death-ligand 1; CTLA-4: cytotoxic
T-lymphocyte associated protein 4; LAG-3: lymphocyte-activation
gene 3; TIM-3: T-cell immunoglobulin and mucin-domain
containing-3; BTLA: B- and T-lymphocyte attenuator; CSF1R:
colony stimulating factor 1 receptor; CAR T cells: chimeric antigen
receptor-modified T cells.

Correspondence to: Anwaar Saeed, MD, Department of Medicine,
Division of Medical Oncology, Kansas University Medical Center,
GI Oncology Working Group, Kansas City, Kansas City, KS, U.S.A.
Tel: +1 913-588-6077, e-mail: asaeed@kumc.edu

Key Words: Immune therapy, gastric cancer, esophageal cancer,
check point inhibitor, adoptive cell therapy, cancer vaccine, review.

ANTICANCER RESEARCH 38: 5569-5580 (2018)
doi:10.21873/anticanres.12891

Review

Immune Therapeutics in the Treatment of 
Advanced Gastric and Esophageal Cancer

ROBIN PARK1, STEPHEN WILLIAMSON2, ANUP KASI2 and ANWAAR SAEED2

1Department of Medicine, College of Medicine, Korea University, Seoul, Republic of Korea; 
2Department of Medicine, Division of Medical Oncology, Kansas University Medical Center, Kansas City, KS, U.S.A. 



Furthermore, recently published data from the KEYNOTE-
028 trial suggest that an interferon gamma gene signature may
have predictive potential as well. Therefore, immune therapy
has gained a foothold in the therapeutic armamentarium for
advanced GC and EC and ongoing studies are poised to
expand the indication of immune therapy in advanced GC and
EC. 

Earlier immune therapies such as interleukin-2 (IL-2) and
interferon-alpha (IFN-α) have been in clinical use in
melanoma and renal cell cancer since the 1990s. Although
such therapies are associated with serious toxicities, they are
indicated in only a small subset of patients, and are being used
less and less frequently, they have provided the proof-of-
concept that immune therapy can produce durable and
meaningful clinical response, thereby paving the way for
newer immune therapies (5-7). The newer immune therapies
under evaluation for EC and GC are checkpoint inhibitors,
cancer vaccines, adoptive cell transfers, and targeted therapies
and antibody-drug conjugates. The checkpoint inhibitors
currently under evaluation in EC and GC include the PD-
1/PD-L1 inhibitors such as pembrolizumab, nivolumab, and
atezolizumab and the cytotoxic T lymphocyte associated
protein-4 (CTLA-4) inhibitors ipilimumab and tremelimumab.
Preliminary results have been reported for the PD-1 and PD-
L1 inhibitors which demonstrate efficacy and many other
clinical trials are under way. Vaccination using various tumor-
rejection antigens such as tumor oncogenes, cancer-testis
antigens, overexpressed proteins, and heat-shock proteins have
been evaluated for EC and GC. Adoptive cell transfer
therapies (ACTs) using in vitro expanded and activated
peripheral blood mononuclear cells (PBMCs), tumor-
infiltrating lymphocytes, and chimeric antigen receptor (CAR)
T cells have been evaluated in EC and GC. Both cancer
vaccines and ACTs rely on antigen specific recognition of
tumor cells as their mechanism of action and as a result, tend
to have better adverse effect profiles than the cytokine
therapies or checkpoint inhibitors. However, cancer vaccines
and adoptive cell transfer therapies (ACTs) have not enjoyed
as much success as checkpoint inhibitors in EC and GC and
may need to be combined with other immune therapies to
produce clinical benefit. The purpose of this review is to
outline the different types of immune therapeutics and
combination therapies, lay out the existing evidence and
ongoing trials evaluating their safety and efficacy, and discuss
special considerations that portend to the application of these
therapies in the clinical setting. 

Checkpoint Inhibitors

Immune checkpoints exist to maintain the immune system
under strict regulation: in order to respond to specific
pathogenic microbial insults with appropriate strength,
positive checkpoints may dial up while negative checkpoints

dial down the immune response (Figure 1). According to the
tumor immune-surveillance and immune-editing hypotheses,
tumor cells acquire the ability to escape immune surveillance
in order to ultimately proliferate and grow out of control (8,
9). Tumor cells may achieve this by exploiting negative
immune checkpoints such as CTLA-4, which is upregulated
on activated T cells during T cell priming and leads to T cell
inhibition via interaction with B7.1 and B7.2 (10). For
example, tumor cells may recruit regulatory T cells that
constitutively express CTLA-4, thereby limiting the amount
of available costimulatory molecules required for T cell
activation (11). Therefore, targeting negative immune
checkpoints such as CTLA-4 via monoclonal antibodies may
relieve activated T cells from inhibition thereby restoring anti-
tumor immunity (12, 13). 

Ipilimumab is a fully human IgG1ĸ monoclonal antibody
against CTLA-4. A Phase II clinical trial (NCT01585987)
evaluated ipilimumab in the second line treatment setting in
locally advanced or metastatic gastroesophageal junction
cancer. Overall, 114 patients were randomized to receive
ipilimumab alone versus best supportive care. No significant
difference was found for median overall survival (OS)
between the two groups and median progression- free survival
(PFS) was lower in the ipilimumab group compared to the
best supportive care group (2.9 vs. 4.9 months).
Tremelimumab (IgG2 type monoclonal antibody against
CTLA-4) was evaluated in a small single center, non-
randomized phase II clinical trial in a second line therapy
setting in 18 metastatic GC and EC patients. One patient had
a partial response, four had stable disease, and the rest
progressive disease. Median OS was 4.8 months and the
objective response 5%. Although the patient who achieved a
partial response has shown a remarkably durable response, the
overall outcome measures demonstrated that CTLA-4 inhibitor
monotherapy has poor efficacy compared to existing second
line treatments (14). Therefore, clinical trials are no longer
studying monotherapy with anti-CTLA-4 antibodies due to
their disappointing results. 

PD-1 is a negative immune checkpoint expressed on
activated T cells that binds PD-L1 and PD-L2, resulting in T
cell inhibition (15-17). However, PD-1/PD-L1 differs from
CTLA-4 in that it functions in the later phases of the adaptive
immune response and at the periphery instead of the
secondary lymphoid organs (18, 19). Furthermore, certain
tumors themselves express PD-L1 but not CTLA-4 suggesting
that PD-1/PD-L1 is a checkpoint more specific to cancer cells
than CTLA-4 (20-23). Such differences may explain the
discrepancy in the responsiveness of tumors to therapies
targeting CTLA-4 and PD-1/PD-L1. Currently, no clinical
trials evaluating anti-PD-1 or anti-PD-L1 drugs in EC and GC
are yet complete and only preliminary results are available. 

The anti-PD-1 human IgG4 monoclonal antibody
nivolumab has been evaluated in the CheckMate-032 study, a
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multi-cohort phase Ib/II trial which enrolled heavily pretreated
patients. A total of 59 patients with unknown PD-L1 statuses
were given nivolumab alone or nivolumab plus ipilimumab.
The patients given nivolumab alone showed an objective
response rate (ORR) of 14%. Subsequent PD-L1 testing
revealed 38% of the patients to be PD-L1+. PD-L1+ patients
exhibited a superior ORR than their PD-L1 negative
counterparts (27% vs. 12%). The median duration of response
was 7.1 months (24). The efficacy of nivolumab was recently
evaluated in the landmark ATTRACTION-2 trial, a multi-
center, randomized, double-blind, placebo-controlled phase III
trial. The study population consisted of patients with advanced
GC or gastroesophageal junction (GEJ) cancer refractory to
two or more standard systemic chemotherapies. Four hundred
and ninenty-three patients from various centers in Japan,
South Korea, and Taiwan were enrolled. The treatment arms
were nivolumab 3 mg/kg versus placebo every 2 weeks. The
median OS was 5.26 months (95%CI=4.60-6.37) vs. 4.14
months (3.42-4.86) and the 12-month survival was 26.2%
(20.7-32.0) vs. 10.9% (6.2-17.0) for nivolumab and placebo
respectively. Grade 3-4 TRAEs (treatment related adverse
effects) were 10% (34/330) vs. 4% (7/161) and death due to
TRAEs 2% (5/330) vs. 1% (2/161) respectively (25). 

Pembrolizumab is a humanized IgG4 anti-PD-1 monoclonal
antibody. The recent KEYNOTE-012 study, a phase Ib trial
which enrolled locally advanced or metastatic GC or GEJ
cancer patients previously treated with systemic therapy and
preselected based on PD-L1 positivity on upfront testing.
Thirty-nine patients with GC or GEJ cancer were enrolled. OR
was 33% by central review and 22% by investigator review.
The 6-month progression free survival (PFS) was 24%. The
median duration of response was 6 months (26). The
KEYNOTE-028 EC cohort included 23 patients. Of these 23
patients, 17 were squamous cell cancers, and 6 were
adenocarcinomas and 20 of them had received prior therapies.
The OR was 30% and PFS 30% at 6 months and 22% at 12
months. The median duration of response was 10 months (27).
The preliminary results of the recent KEYNOTE-059 trial has
demonstrated favourable results for pembrolizumab. Cohort 1
enrolled 259 patients who have failed two different previous
therapies while cohorts 2 and 3 evaluated 25 and 31 patients,
respectively, with newly-diagnosed metastatic or recurrent
gastric cancer. The treatment arm consisted of pembrolizumab
alone in cohorts 1 and 2 and pembrolizumab plus
chemotherapy in cohort 3. Patients were enrolled irrespective
of their PD-L1 expression levels except in cohort 3, which
only consisted of PD-L1+ patients. The response rate was 16%
in cohort 1, 96% in cohort 2, and 77% in cohort 3. The
median overall survival was 5.5 months, 13.8 months, and
20.7 months in cohort 1, 2, and 3 respectively. The favorable
response rate seen in cohort 1, which was expected to be close
to 0, lead to the recent approval of pembrolizumab as a third
line treatment for PD-L1+ gastric cancer patients (28-30).

Anti-PD-L1 antibodies have also been evaluated in clinical
trials. The IgG1ĸ anti-PD-L1 monoclonal antibody durvalumab
has demonstrated clinical activity in a Phase I trial and will be
evaluated in a dose expansion study for GEJ cancer (31).
Avelumab is a human IgG1 lambda monoclonal anti-PD-L1
antibody, which was evaluated in the JAVELIN trial. In this
Phase Ib trial, patients with GC or GEJ cancer were given
avelumab in either the second-line therapy setting or in a
maintenance therapy setting. Seventy-five patients in total
received the drug. The overall OR was 9%. Median PFS in the
second line therapy setting was 36 weeks in PD-L1+ patients
and 11.6 weeks in PD-L1– patients. In the maintenance group,
median PFS for PD-L1+ was 17.6 weeks and 11.6 weeks for
PD-L1– (32). Atezolizumab is another fully humanized IgG1
anti-PD-L1 reported to have demonstrated clinical activity in
solid tumors, including GC (33).
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Figure 1. Checkpoint molecules as targets for immune therapies:
Immune checkpoint molecules modulate T cell activity by activating or
inhibiting intracellular signaling pathways. PD-L1 and PD-1 receptor
interaction between T cells and tumor cells send inhibitory signals to 
T cells. CTLA-4 and B7 interaction at the interphase of T cells and
APCs prevents activation of T cells. Other checkpoint molecules such
as TIM-3 and LAG-3 also modulate T cell intracellular signaling
pathways. Soluble immunomodulatory factors such as soluble TGF-beta
and IDO may also contribute to T cell inhibition. These multiple
mechanisms consequently lead to suppression of anti-tumor immune
responses. TCR:, T cell receptor; MHC:, major histocompatibility
antigen; TGF-β:, transforming growth factor beta; IDO:, indoleamine-
2,3-dioxygenase; CTLA-4:, cytotoxic T-lymphocyte associated protein
4; LAG-3:, lymphocyte-activation gene 3; PD-1:, programmed cell
death protein 1; PD-L1:, programmed death-ligand 1; TIM-3,: T-cell
immunoglobulin and mucin-domain containing-3; GAL-9:, galectin-9. 



Cancer Vaccines

Cancer vaccines take advantage of antigens associated with
tumor cells that may be recognized as foreign by the host
adaptive immune system and elicit anti-tumor immune
responses (34, 35). There are several categories of antigens
associated with tumors such as proteins overexpressed in
tumor cells, cancer-testis antigens (CTAs), protein products of
oncogenes, and heat-shock protein complexes (36).
Vaccination strategies have exploited each of these categories
of antigens in order to elicit adaptive immune responses and
create memory T and B cells against tumor cells (37). Human
epidermal growth factors receptor-2 (HER-2) is one example
of an overexpressed protein which has been exploited for
vaccination (38). Dendritic cells pulsed with HER-2 peptides
capable of inducing anti-tumor immunity against HER-2
overexpressing GC and EC, were developed in order to be
used as vaccines and were evaluated in a phase I trial (38). A
total of 9 patients with HER-2/neu-overexpressing tumors and
with HLA-A2-positive status were enrolled and vaccinated
with dendritic cells pulsed with HER-2 peptide(p369) 
bi-weekly for 8 weeks. Induction of immune response against
HER-2 was evaluated with the interferon-gamma secretion
assay, the cytotoxic T lymphocyte assay, and the peptide-
specific delayed-type hypersensitivity response. One patient
demonstrated partial response and another patient showed
stable disease. 

CTAs are proteins expressed only in the testis as well as in
certain cancer cells (39, 40). Because the testes are a site of
immune privilege, the adaptive immune system is not
tolerized against these proteins, thereby allowing these
proteins to retain their immunogenicity (39, 40). NY-ESO-1
is a CTA expressed in both esophageal and gastric tumors. A
Phase I trial has evaluated vaccination with NY-ESO-1 in
patients with various tumors. Ten patients were enrolled,
among which 6 were EC and 1 was a GC patient. All of the
patients were vaccinated with NY-ESO-1. The results showed
increased antibody responses in 9 out of 10 patients and
increased antigen-responsive CD4 and CD8 T cells in all
patients. Only 1 patient (EC) overall exhibited stable disease
(41). A multi-peptide vaccine consisting of three distinct
human-leukocyte antigen (HLA)-A24 binding CTAs, namely
TTK protein kinase (TTK), lymphocyte antigen-6-complex
locus K (LY6K), and insulin-like growth factor-II (IFG-II),
was evaluated in a Phase II clinical trial following promising
Phase I trial results (42). The Phase II trial enrolled 60
patients with locally advanced and/or metastatic EC that had
failed to respond to therapy. Upon completion of the study,
at the point of analysis, the HLA-A typing of the patients
were revealed. Results showed that patients harboring the
HLA*2402 allele exhibited better PFS than the patients who
did not. No difference in OS was seen between the
HLA*2402+ versus the HLA*2402- groups, but patients with

positive CTL responses to the three peptides displayed better
OS than those with negative responses (43). 

Heat shock proteins are chaperones that function in
binding intracellular proteins. In cancer cells, they can form
protein complexes with various deranged intracellular
proteins, thereby acting as tumor rejection antigens and
inducing CD4+ and CD8+ T cell responses (44-47). A
recent two-arm, open-label, nonrandomized Phase II trial in
the adjuvant therapy setting has evaluated vaccination with
the heat shock protein gp96 isolated from the tumor cells of
73 GC patients. Patients received either vaccination plus
chemotherapy or chemotherapy alone. Disease- free survival
(DFS) was higher in the group that received vaccination
(p=0.045; hazard ratio: 0.47; 95% confidence interval: 0.23-
0.96). 2-year OS was 81.9% versus 67.9% (p=0.123) in the
vaccination plus chemotherapy and chemotherapy alone
groups respectively (48). 

Adoptive Cell Transfer

Adoptive cell transfer therapies (ACTs) are cell-based therapies
that rely on reinfusion of CTLs or natural killer cells (NK cells)
to target tumor cells. Accumulating evidence for the use of
ACT in hematologic malignancies has led to the recent FDA-
approval of ACT in the treatment of a subset of patients in
acute lymphoblastic leukemia (49). ACT may use autologous
lymphocytes that have been isolated from the blood or from
the tumor itself and manipulated in vitro to enhance their
activity, or autologous T cells that have been engineered to
express T cell receptors (TCR) specific for tumor rejection
antigens, also called chimeric antigen receptor (CAR) T cells
(50). In a Phase I trial, CAR T cells specific for the MAGE-
A4 antigen have been evaluated in 10 recurrent EC patients.
Enrolled patients received the T cell infusion plus vaccination
with the MAGE-A4 antigen. Neither prior lymphodepletion nor
IL-2 were given to these patients. Among the 10 patients, 7
displayed progressive disease within 2 months. The remaining
3 patients showed durable responses, but their initial tumor
burden was lower compared to the other patients. Thus, the
impact of this study’s results is unclear. The study’s authors
have initiated a subsequent study evaluating the treatment
modality but with the addition of adjunctive therapies (51). 

A study conducted in 2002 evaluated ACT with tumor-
infiltrating lymphocytes (TIL) in 44 stage IV GC patients. The
patients were divided into chemotherapy-only or ACT plus-
chemotherapy groups. Lymphocytes were isolated and
cultured with an immunological adjuvant prior to injection.
The ACT plus chemotherapy group showed a higher overall
survival and 50% survival rates compared to the
chemotherapy only group (11.5 vs. 8.3 months). Statistical
evaluation demonstrated ACT to be an independent prognostic
factor in these patients. Interestingly, the survival benefit was
not associated with OR in this trial (52). Another clinical trial
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evaluated peripheral blood mononuclear cells (PBMCs)
cultured with cytokines and anti-CD3 in 151 stage III/IV GC
patients in the adjuvant setting. The enrolled patients received
either chemotherapy alone or ACT plus chemotherapy.
Although 5-year OS in these patients was not significantly
different, the 5-year DFS was significantly increased in the
ACT plus chemotherapy group (28.3% vs. 10.4%) (53). 

The existing clinical trial data suggest that responses of EC
and GC to ACT are poor and the paucity of ongoing trials
evaluating ACT reflect these disappointing results. The poor
response rate may be explained by induction of immune
tolerance in reinfused cells because tumor cells have acquired
multiple ways to evade or subvert the immune system. For
example, 40% of esophageal tumor cells express PD-L1 and
PD-L2 and infiltration of M2 macrophages into esophageal
tumor tissue has been frequently identified. Thus, therapeutic
combinations that target multiple mechanisms of tumor-
mediated immune regulation along which include ACT may
be needed to overcome the poor responses seen in ACT alone. 

Monoclonal Antibodies and 
Antibody–Drug Conjugates 

HER-2/neu signalling and angiogenesis are two signalling
pathways involved in esophageal and gastric cancer that have
shown clinical benefit upon therapeutic manipulation. Based
on the results of the phase III ToGA trial, trastuzumab was
approved for HER-2 positive advanced GEJ cancer. In this
trial, 594 patients with previously untreated HER-2 positive
GEJ cancer were enrolled. They received either 6 cycles of
cisplatin/fluoropyrimdine alone or with trastuzumab.
Trastuzumab improved the response rate from 35 to 47% and
prolonged the median OS from 11.1 to 13.8 months. Median
OS reached 16.0 months in patients with IHC+++ or
IHC2+/FISH+ tumors. No other trastuzumab specific toxicity
was observed other than increased frequency of grade III/IV
diarrhea (4 vs. 9%) and asymptomatic reduction in left
ventricular ejection fraction (5 vs. 1%) (54). 

The anti-VEGFR-2 monoclonal antibody ramucirumab
demonstrated activity in pretreated patients as monotherapy or
as a combination therapy with paclitaxel. In the REGARD
trial, which enrolled 355 patients who had progressed on first-
line chemotherapy, patients were randomized to receive either
ramucirumab or placebo. The ramucirumab group showed
prolonged OS (5.2 vs. 3.8 months) with a mild increase in
toxicity (hypertension 15% vs. 8%) (55). In the RAINBOW
trial, 665 patients received either paclitaxel alone or with
ramucirumab. Ramucirumab prolonged survival (9.6 vs. 7.4
months) while increasing the frequency of grade III/IV
neutropenia (41 vs. 19%), hypertension (14 vs. 2.5%) and
fatigue (12 vs. 5.5%) (56). 

Trastuzumab is approved for HER-2-overexpressing
metastatic gastric or gastroesophageal adenocarcinoma in

combination with cisplatin and a fluoropyrimidine in patients
who have not received prior treatment for metastatic disease.
Ramucirumab is approved for use in advanced gastric or
gastroesophageal junction adenocarcinoma in combination with
paclitaxel and is also approved for use as a single agent in
advanced gastric or gastroesophageal junction adenocarcinoma
refractory to platinum or fluoropyrimidine based chemotherapy.

Antibody–drug conjugates are novel therapeutic options
that exploit the target specificity of monoclonal antibodies to
deliver drugs to cancer cells with potent cytotoxicity in order
to minimize systemic toxicity. Recently, the safety and activity
of trastuzumab deruxtecan (DS-8201), an antibody–drug
conjugate consisting of an anti-HER-2/neu monoclonal
antibody and a topoisomerase I inhibitor, was evaluated in a
multi-center, open-label, dose-escalation phase I trial in Japan,
which enrolled and evaluated 23 patients with solid tumors
including gastric or GEJ cancer. No dose-limiting toxicities
were observed during the study period. The most common
serious adverse events were hematotoxicity (grade 3
lymphopenia (n=3), grade 3 neutropenia (n=2), grade 4
anemia (n=1). OR was observed in 43.5% (10/23) of patients
and disease control was achieved in 91.3% (21/23) of patients.
Median follow up was 6.7 months (57). Further studies are
under way to evaluate the safety and efficacy of antibody-drug
conjugates in EC and GC. 

Immune-related Adverse Effects

Because of their immunological mechanism of action, immune
therapeutics have an adverse effect profile distinct from those
of conventional chemotherapies. Although the most commonly
reported symptoms following treatment with checkpoint
inhibitor therapy include fatigue, pruritis, arthralgias, and
diarrhea, they can lead to more severe complications as a
result of their immune-related effects (58). Releasing the
adaptive immune system from negative immune checkpoints
leads to deranged immune tolerance and may activate pre-
existing autoreactive T cells and B cells. Consequently, these
therapies can lead to colitis, pneumonitis, dermatitis, and
hepatitis as well as endocrinopathies (59). Results, thus far,
suggest the adverse effect profiles of checkpoint inhibitors to
be superior compared to that of standard of care treatment in
EC and GC. For example, nivolumab was associated with a
17% grade 3 or 4 toxicity rate, while pembrolizumab was
associated with a 10% rate in KEYNOTE 012 and 17% in the
EC cohort of KEYNOTE 028, respectively. 

Cancer vaccines are associated with minimal toxicities.
Common adverse effects are similar to those associated with
vaccination against pathogens such as induration, fatigue,
fever, and chills (42). The adverse effect profiles of ACTs are
less well defined. In the trial evaluating MAGE-A4 CAR 
T cells plus vaccination, none of the 10 patients experienced
any adverse effects in the first 14 days after transfer. Mild skin
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reactions associated with vaccination were identified in 4
patients (51). ACT using anti-CD3 and cytokine stimulated
PBMCs were associated with various adverse effects. The
most common were fever, chills, headache, rash, nausea and
vomiting. Adverse effects were entirely manageable by
supportive care. Although at face value, these results suggest
that ACT is associated with a benign adverse effect profile that
ranges from mild to moderate constitutional symptoms in EC
and GC, further research and better characterization is needed
as serious and fatal toxicities have been reported with the use
of ACT in other cancers (60). Nonetheless, the existing data
suggest cancer vaccines and ACTs are associated with an
adverse effect profile generally milder than other immune
therapies. 

Immune Therapy Drug Combinations in 
Treating Gastric and Esophageal Cancer

Checkpoint inhibitor combinations. Pre-clinical trials and
clinical trials have demonstrated improved responses and
clinical outcomes with combined immune therapies in
advanced melanoma, which has led to the approval of the first
immune therapy combination consisting of ipilimumab and
nivolumab (61). The rationale for combined immune therapies
is based on the notion that combining immune therapeutics
with distinct mechanisms of action lead to synergistic
enhancement of anti-tumor immunity. For example, CTLA-4
and PD-1/PD-L1 are negative immune checkpoints acting at
different spatiotemporal phases of the immune response so
that their combined use will lead to a more potent effect on
the immune system. Several clinical trials evaluating the
efficacy of combination immune therapies are under way for
EC and GC. Furthermore, clinical trials are also evaluating the
combination of checkpoint inhibitor therapies with cancer
vaccines or ACTs (Table I). 

Indoleamine-2,3-dioxygenase (IDO) depletes essential
amino acids critical for T cell function and induces
differentiation of FoxP3+ regulatory T cells (Tregs).
Expression of IDO by tumor cells and high levels in the tumor
microenvironment are associated with poor prognosis.
Furthermore, IDO has been postulated as a resistance
mechanism against anti-CTLA-4 therapy. Therefore,
combining IDO depleting therapies and checkpoint inhibitors
may be synergistic in producing tumor responses. There are
ongoing trials studying such combination therapies in
metastatic melanoma and based on the results of such studies,
more trials will be performed in other solid tumors, such as
EC and GC, in the future. 

The major hindrance to effective cancer vaccination and
ACTs has been eliciting robust and durable immune responses.
Checkpoint inhibitors may lower the threshold for initiating
immune responses against tumor rejection antigens and result
in a more vigorous anti-tumor immune response. Although

combination immune therapy increases responses and clinical
outcomes, it also leads to an increased frequency and severity
of adverse effects. For instance, in clinical trials that evaluated
ipilimumab and nivolumab combination therapy in metastatic
melanoma 61% of patients who received the combination
therapy reported grade III adverse effects (61, 62). Close
monitoring and lower thresholds for interventions may be
needed in patients undergoing combination immune therapies. 

Combining checkpoint inhibitors and conventional
chemotherapy. Conventional therapies such as chemotherapy
and radiation may have immunomodulatory effects alongside
or as a result of their intended effect of cytotoxicity. For
example, the large-scale death of cancer cells during
chemotherapy and radiation may lead to the release of tumor
rejection antigens and danger-associated molecules (63-65).
Consequently, the increased availability of antigens and
maturation of professional APCs will lead to more effective
tumor antigen presentation and thus enhanced anti-tumor
immunity. Such immunomodulatory effects suggest that
combining chemotherapy and immune therapies may have
synergistic effects. Several clinical trials are underway
evaluating therapeutic combinations involving conventional
therapies and immune therapeutics (Table I). 

Combining checkpoint inhibitors and monoclonal antibodies
or antibody-drug conjugates. Targeted therapies may also
exhibit, in addition to their effects on specific signaling
pathways, unintended immuno-modulatory effects. Pre-clinical
studies demonstrate that inhibiting the mitogen-activated
protein kinase (MAPK) pathway has favourable
immunomodulatory effects such as increasing the antigenicity
of tumor cells and enhancing the function of T cells (66). The
preliminary results of Phase I/II trials evaluating MAPK
inhibitor plus anti-CTLA-4 combinations in melanoma suggest
favourable tumor responses and tolerability (NCT01767454).
Therapies targeting the VEGF pathway have also
demonstrated immunomodulatory effects. For example, animal
studies show that VEGF pathway inhibition enhances
recruitment and infiltration of T cells into the tumor (67).
Consistent with these results, clinical trials have shown that
bevacizumab or sunitinib increases tumor-infiltrating
lymphocytes, tumor PD-L1 expression, and PD-L1+ tumor-
infiltrating lymphocytes, which correlate with improved
clinical responses (66, 68). Several combination therapies
comprised of targeted therapies and immune therapies are
under clinical evaluation for EC and GC (Table I). 

Predicting Response to Immune Therapy 

Several putative biomarkers for predicting response to
checkpoint inhibitor therapy are currently being tested for use
in gastric and esophageal cancer. Assessment of PD-L1
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Table I. Ongoing clinical trials evaluating immune therapy in esophageal cancer and gastric cancer.

Check Point Inhibitors

Trial                          Phase                            Therapy                                                       Indication                                                           Status

NCT01772004           Ib                              Avelumab                      Various cancers including Gastric and GEJ cancer                       Recruiting
NCT02625610            III                             Avelumab                                           Gastric and GEJ cancer                                            Recruiting
NCT01693562           I/II                           Durvalumab                                                  Solid tumors                                       Ongoing but not recruiting
NCT02734004           I/II                  Durvalumab + olaparib                 Various cancers including gastric cancer                Ongoing but not recruiting
NCT02340975          Ib/II            Durvalumab + tremelimumab                          Gastric and GEJ cancer                                            Recruiting
NCT02267343            III                            Nivolumab                                                 Gastric cancer                                                   Recruiting
NCT03006705            III                            Nivolumab                                                 Gastric cancer                                                   Recruiting
NCT02903914             I                    Nivolumab + CB-1158                 Various cancers including gastric cancer                              Recruiting
NCT02864381            II                   Nivolumab + GS-5745                                       Gastric cancer                                      Ongoing but not recruiting
NCT02488759           I/II                Nivolumab + ipilimumab                Various cancers including gastric cancer                              Recruiting
NCT02935634            II                 Nivolumab + ipilimumab                                      Gastric cancer                                                   Recruiting
NCT02872116            III                 Nivolumab + ipilimumab                              Gastric and GEJ cancer                                            Recruiting
NCT01928394           I/II                Nivolumab + ipilimumab                Various cancers including gastric cancer                              Recruiting
NCT02946671             I              Nivolumab + mogamulizumab                    Gastric and esophageal cancer                                      Recruiting
NCT02999295           I/II               Nivolumab + ramucirumab                            Gastric and GEJ cancer                                            Recruiting
Keynote 059                II                         Pembrolizumab                                      Gastric and GEJ cancer                              Ongoing but not recruiting
Keynote 061                II                         Pembrolizumab                                      Gastric and GEJ cancer                                             Enrolling
NCT02054806             I                          Pembrolizumab                                               Solid tumors                                       Ongoing but not recruiting
NCT02559687            II                         Pembrolizumab                                          Esophageal cancer                                  Ongoing but not recruiting
NCT02268825          I/IIa                       Pembrolizumab                               Various gastrointestinal Cancers                       Ongoing but not recruiting
NCT02335411            II                         Pembrolizumab                                      Gastric and GEJ cancer                              Ongoing but not recruiting
NCT02494583            III                         Pembrolizumab                                              Gastric cancer                                      Ongoing but not recruiting
NCT02370498            III                         Pembrolizumab                                      Gastric and GEJ cancer                              Ongoing but not recruiting
Keynote 028               Ib                         Pembrolizumab                                               Solid tumors                                       Ongoing but not recruiting
Keynote 062               III                  Pembrolizumab + 5-FU                               Gastric and GEJ cancer                                            Recruiting
NCT02563548             I               Pembrolizumab + PEGPH20                                   Gastric cancer                                                   Recruiting
NCT02443324             I             Pembrolizumab + ramucirumab                         Gastric and GEJ cancer                              Ongoing but not recruiting
NCT02318901           I/II            Pembrolizumab + trastuzumab                  Various cancers including gastric                      Ongoing but not recruiting
                                                                                                                                 and esophageal cancer                                                     
NCT02460224           I/II                       PDR001, LAG25                   Various cancers including esophageal cancers                          Recruiting

Cancer Vaccines

Trial                          Phase                          Indication                                                       Therapy                                                            Status

NCT00682227             I                          Peptide vaccine                                          Esophageal cancer                                                Unknown
NCT00995358            II                         Peptide vaccine                                          Esophageal cancer                                                Unknown
NCT00632333             I                          Peptide vaccine                                          Esophageal cancer                                                Unknown
NCT01697527            II      Peptide vaccine + adoptive cell therapy                      Esophageal cancer                                                Recruiting

Adoptive Cell Transfer

Trial                          Phase                          Indication                                                       Therapy                                                            Status

NCT02490735            II                   Non-engineered T cells                                    Esophageal cancer                                          Not yet recruiting
NCT02490735            II                   Non-engineered T cells                                    Esophageal cancer                                          Not yet recruiting
NCT02662348             I                    Non-engineered T cells                                    Esophageal cancer                                     Recruiting by invitation
NCT02349724             I                             CAR T cells                        Various cancers including esophageal cancer                           Recruiting
NCT02869217             I                             CAR T cells                        Various cancers including esophageal cancer                           Recruiting
NCT01795976            II                            CAR T cells                                             Esophageal cancer                                  Ongoing but not recruiting
NCT02030561           I/II                 NK cells + trastuzumab                 Various cancers including gastric cancer                              Recruiting
NCT02644863            II                           DC-CIK cells                                            Esophageal cancer                                                Recruiting

5-FU: 5-Fluorouracil; PEGPH20: pegvorhyaluronidase alfa; GEJ: gastroesophageal junction; CAR T cells: chimeric antigen receptor T cells; NK
cells: natural killer cells; DC-CIK cells: dendritic cell-cytokine induced killer cells. 



expression by tumors using commercially approved methods
has become standard practice before initiating PD-1/PD-L1
blockade therapy in lung cancer. The recent KEYNOTE-059
trial showed that in the third line setting for gastric cancer, the
ORR and CR for PD-L1+ patients treated with
pembrolizumab were 22.7% and 2.7% respectively, whereas
they were 8.6% and 3.4% for their PD-L1– counterparts. As
it was aforementioned, these findings have led to the approval
of pembrolizumab for the third line treatment of PD-L1+
gastric cancer. Ongoing research is evaluating the value of
PD-L1 for predicting response to other anti-PD-L1 therapies
as well as for predicting response in other treatment settings.
The presence of tumor-infiltrating lymphocytes (TILs) in
association with PD-L1 expression has been validated in
melanoma as a robust biomarker for predicting response to
anti-PD-1 therapy, as the presence of both TILs and PD-L1
expression suggest there are tumor-specific CD8+ T cells in
the tumor microenvironment under inhibition. Further studies
are necessary to evaluate the predictive potential of this
biomarker in EC and GC. 

The preliminary results of KEYNOTE-059 have
demonstrated the potential value of MSI as a biomarker for anti-
PD-1 therapy. In cohort 1, 174 patients were evaluated for MSI
and of them, 7 were deemed MSI-high. Compared to their non-
MSI-high counterparts, the MSI-high patients showed better
ORR (57.1 vs. 14.3%), CR (14.3 vs. 2.4%), and disease control
rate (71.4 vs. 22.2%). Further research is necessary to validate
these findings in a larger number of patients. An 18-gene
expression profile score representing T cell inflammation was
also evaluated in KEYNOTE-059 in 144 patients. The results
showed that the score was associated with a significantly
improved response to pembrolizumab (p=0.014) (28-30). 

Further Considerations in 
Immune Therapy Research 

Currently, biomarkers predicting response to immune therapy
for clinical use are remarkably underdeveloped. PD-L1 has
proven to be effective in predicting response to anti-PD-1
therapy in non-squamous non-small cell lung cancer patients
and is part of routine testing in these patient populations (69).
However, the predictability of this biomarker is poor in
squamous non-small cell lung cancer patients and highly
variable for combination immune therapies (70-74). Several
other biomarkers including the presence or absence of tumor-
infiltrating lymphocytes (TIL) are under evaluation. A recent
study has proposed the use of criteria that rely on PD-L1
expression and TILs to classify tumors on the likelihood of
responding to anti-PD-1/PD-L1 therapy (75). The criteria
seem to have some value in predicting response in melanoma.
However, further studies will be necessary to validate such
criteria and other putative biomarkers in other types of cancers
including EC and GC. 

The dynamics of response to immune therapy are distinct
from that of conventional chemotherapy. Treatment response
seems to take a longer time to manifest for immune therapy
than for conventional chemotherapy. Furthermore, immune
therapy is associated with ‘pseudoprogression’ which refers
to the initial increase in the size of cancer-associated lesions
before decreasing in size to reflect treatment response (76-
78). Because of this reason, measurement of the response via
criteria established for conventional chemotherapy such as
RECIST 1.1 or WHO criteria are not optimal for immune
therapy and thus the immune-related response criteria (irRC)
have been established and are already in widespread use for
objectively evaluating immune therapeutics (76). Accurate
evaluation of tumor responses to immune therapy will
depend on fine-tuning of evaluation criteria that take into
account the dynamics underlying innate and adaptive
immune responses. 

The efficacy of combined immune therapies may be
enhanced or diminished depending on the scheduling and
dosing of the different therapies that are involved. For
instance, MAPK signaling inhibitors have demonstrated
immunomodulatory effects that are short-lived, such that
they fade away after 4 weeks of treatment (79).
Administering immune therapy outside of this window
may lead to lower efficacy than if it is given concurrently
with MAPK inhibitors. On the other hand, immune therapy
combinations with chemotherapy or radiation may benefit
from sequential regimens with chemotherapy or radiation
given first. The rationale is that chemotherapy and
radiation may enhance the antigen presentation and
consequently T cell priming, after which the checkpoint
inhibitors would be more potent. Thus, the dynamics of
immunomodulatory effects is an important consideration
when building drug regimens for combined immune
therapies (Figure 2). 

Conclusion

Recent advances in immune therapy have led to remarkable
improvements in the management of advanced cancer
patients who would have been without effective treatments
in the past. Numerous clinical trials are now ongoing for the
evaluation of immune therapies in EC and GC. These
include the checkpoint inhibitors therapies, cancer vaccines,
and ACTs. Among checkpoint inhibitors, anti-CTLA-4
therapies have been disappointing as monotherapies, but may
be useful when deployed in combination immune therapies.
Preliminary results are more promising for anti-PD-1/PD-L1
therapy and suggest that they may be effective treatment
options for advanced EC and GC. Immune therapy-related
adverse effects are distinct from those of chemotherapies and
their management generally relies on modifying the drug
dose or administrating immunosuppressive agents. Although
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cancer vaccines and ACTs are further far from being
approved for clinical use, they represent additional immune
therapeutic options with different efficacy and safety profiles
and warrant further evaluation as combination therapies.
Conventional chemotherapy and radiation as well as targeted
therapies may also enhance the efficacy of immune
therapies. The future direction of immune therapeutic
research should address the development of immune
therapeutic biomarkers and improveing the evaluation of
responses to immune therapy. 
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