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Abstract: Gastric adenocarcinoma is a leading cause of global cancer-related morbidity 

and mortality, and new therapeutic approaches are needed. Despite the improved outcomes 

with monoclonal antibodies targeting human epidermal growth factor receptor 2 and vascular 

endothelial growth factor receptor 2, durable responses are uncommon. Targeting immune 

checkpoints including PD-1, PD-L1 and CTLA-4 have led to improved survival across several 

tumor types, frequently characterized by prolonged benefit in responding patients. Tumoral and 

lymphocyte-derived immunohistochemical staining for PD-1, PD-L1, and tumor mutational 

burden have shown potential as predictive response biomarkers in several tumor types. Optimal 

incorporation of immune-mediated therapies into gastric cancer (GC) is an area of intense ongo-

ing investigation and benefit has been demonstrated in smaller studies of advanced patients. 

Important questions of biomarker selection, roles for molecular characterization, optimal 

combinatorial approaches, and therapeutic sequencing remain. In this study, current data are 

reviewed for immune checkpoint inhibitors in GC, and putative biomarkers, ongoing trials, and 

future considerations are discussed. 

Keywords: immunotherapy, stomach cancer, checkpoint inhibitor, nivolumab, pembrolizumab, 
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Introduction
Recent global estimates rank gastric cancer (GC) as the fifth most frequently diag-

nosed cancer (952,000 cases) and the third leading cause of cancer-specific mortal-

ity with ~725,000 deaths worldwide.1 There will be 26,370 estimated new cases of 

GC in the United States in 2016, with an estimated 10,370 deaths, highlighting the 

high mortality rate.2 The 5-year survival for all stages is ~30% and <5% of stage 

IV patients are alive at 5 years.2 Surgery, radiation, and cytotoxic therapies are the 

mainstays of locoregional disease, and approval of the biologic agents, trastuzumab 

and ramucirumab, expanded the armamentarium in advanced GC. The seminal ToGA 

trial demonstrated the efficacy of incorporating HER2-directed therapy (trastuzumab) 

in GC patients harboring HER2 overexpression and is now standard in this molecular 

subgroup.3 Ramucirumab, a fully humanized IgG1 monoclonal anti-VEGR2 anti-

body, is approved in the second line (2L) setting based on improved survival in the 

REGARD and RAINBOW studies.4,5 Absolute improvements remain short with a 

2.7-month improvement in median overall survival (OS) for trastuzumab, 1.4 months 

in the REGARD trial, and 2.2 months in the RAINBOW trials, respectively.4,5 Impor-

tantly, there are very few durable responses to current therapies, although prolonged 
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benefit with trastuzumab in GC with high levels of HER2 

amplification has been reported.6 

The potential of immune-mediated therapies in GC was 

suggested in early studies with the nonspecific potentiat-

ing agents picibanil (OK-432) and polysaccharide-K, an 

anticancer immunologic adjuvant, dating back to 1975.7 

More recently, the development of antibodies to immune 

checkpoints including PD-1, PD-L1, and CTLA-4 have led 

to a paradigm shift in cancer treatment and the US Food and 

Drug Administration approvals for nivolumab (Bistol-Myers 

Squibb; New York, NY, USA), pembrolizumab (Merck&Co.; 

Kenilworth, NJ, USA), ipilimumab (Ipi; Bristol-Myers 

Squibb), and atezolizumab (Genentech; San Francisco, CA, 

USA) across multiple tumor types.8–18 RNA sequencing 

identified GC as a tumor type associated with local immune 

cytolytic properties further supporting checkpoint inhibitor 

investigation.19 The present study reviews the current state of 

immunotherapy in GC with a focus on immune checkpoint 

inhibitors targeting PD-1 and PD-L1. 

Cancer immunity cycle 
Achieving the elimination of tumor cells (TCs) hinges on 

several key components of the cancer immunity cycle, 

recognition and stimulation, recruitment, expansion, and 

ultimately memory. Briefly, TC-derived neoantigens are 

captured by dendritic cells for processing and presented 

on major histocompatibility complex class I (MHCI) and 

class II molecules to T cells, culminating in effector T-cell 

priming and activation.20 The delicate balance of effector 

and regulatory T cells determines the nature of the immune 

response. Once activated, the effector T cells (mainly CD8+) 

infiltrate the tumor microenvironment and interact with 

the cancer cells via T-cell receptor (TCR) and its antigen 

bound to MHCI, leading to cytolytic activity. The dying 

TC releases more neoantigens that potentially amplify and 

propagate further immune response. The binding of the 

T-cell surface receptor PD-1 to its cognate ligand PD-L1 

(B7-H1) or PD-L2 (B7-DC) results in inhibition of T-cell 

effector function and decreased cytotoxic activity. The ubiq-

uitous TCR CTLA-4 has nonoverlapping suppressive effects 

on antitumor immunity and is preferentially involved in the 

earlier immune response, primarily in lymphoid organs.21 

Understanding the nonoverlapping functions provided 

rationale for combination therapies in GC and other tumor 

types, although incorporation of CTLA-4 blockade is gen-

erally associated with increased immune-related adverse 

events (irAEs). Thus far, the greatest therapeutic success 

has been achieved by interfering with normal checkpoints, 

specifically the PD-1/PD-L1 axis, commonly co-opted by 

cancers.20 A recent preclinical study demonstrated that 

phosphatidylinositol-4,5-bisphosphate 3-kinase gamma 

(PI3Kγ) is a molecular switch that controls immune sup-

pression.22 PI3Kγ inhibition synergized with anti-PD-1 to 

suppress the growth of human papillomavirus+ (HPV+) 

head and neck squamous cell carcinoma (HNSCC) tumors 

and to a lesser extent HPV−HNSCC tumors.22 It remains 

to be seen whether the Epstein–Barr virus (EBV) positive 

and microsatellite instable (MSI-H) subtype of GC, which 

have high PIK3CA mutation frequencies, would derive 

clinical benefits from combined PI3K and PD-1 inhibitors, 

although there is some isoform specificity with PI3Kγ more 

commonly involved in immune cells (ICs) over somatic 

tumor mutations.23

GC genomics and immune profiling
Large-scale molecular characterization of GC by the 

Asian Cancer Research Group (ACRG) and The Cancer 

Genome Atlas (TCGA) has highlighted distinct molecular 

subgroups, with 4 types suggested by the TCGA analyses: 

EBV-associated, MSI-H, chromosomally instable, and a 

genomically stable group.23 ,24 The EBV subgroup is associ-

ated with amplification of the 9p24.1 locus, which harbors 

both the PD-L1 and PD-L2 genes. Proteomic studies and 

messenger RNA (mRNA) analyses confirmed expression 

of these 2 proteins was highly correlated with genomic 

amplification. PD-1 expression within tumor-infiltrating 

lymphocyte cells is observed in more than half of the 

EBV-positive gastric tumors.25 The MSI-high group was 

associated with high DNA mutation burden as well as 

DNA hyper-methylation. EBV and MSI comprised 9% and 

22% of the total, respectively, and immunohistochemical 

(IHC) studies revealed high PD-L1 staining in association 

with MSI-high and EBV-positive tumors.25 The increased 

concentration of tumor-infiltrating lymphocytes and expres-

sion of PD-L1 provided another surrogate supporting the 

immunogenicity associated with MSI.24,26 Colloquially these 

have been referred to as “hot” or inflamed tumors while 

poorly immunogenic tumors are described as “cold.” The 

“hot” tumors, in addition to exhibiting presence of cytotoxic 

T cells, also strongly express immune-inhibitory pathways, 

such as PD-L1, indoleamine-2,3-dioxygenase (IDO), and 

regulatory T cells.27,28 These immune-inhibitory pathways 

counteract the effects of cytotoxic T cells. In contrast, the 

“cold” tumors that lack cytotoxic T-cell infiltration do not 

express immune-inhibitory molecules to the same degree 

and evade immune destruction partly by T-cell exclusion. 
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These tumors do not express important chemokines (ie, 

CXCL9 and CXCL10) that recruit T cells to the tumor 

microenvironment.27,29,30 Activation of the tumor-intrinsic 

Wnt/β-catenin pathway seems to directly impact T-cell 

exclusion in melanoma.31 The TCGA and ACRG provide a 

framework for further studies on the intersection of genom-

ics and immunotherapies in GC, and ongoing combinato-

rial approaches to convert cold tumors to hot may expand 

the proportion of GC patients for whom immunotherapy 

may improve outcomes. Furthermore, emerging evidence 

suggests that there are racial and geographical variations 

of tumor-immune signatures, which may predict response 

to immunotherapy. GCs from non-Asian patients were 

associated with enrichment of tumor-infiltrating lympho-

cytes and high T‑cell gene-expression signatures, such as 

CTLA‑4 signaling.32 Increasing routine clinical use of next 

generation sequencing-based assays which can determine 

tumor mutational burden (TMB), a presumed surrogate 

for higher probability of tumor-derived immunogenic 

neoantigens, may identify those more likely to respond 

to immune-mediated therapies.33 Clinical support for this 

observation has been demonstrated in MSI (high TMB) 

tumors, including GC.34,35
 In urothelial bladder cancer and 

non-small cell lung cancer (NSCLC) elevated TMB seems 

to identify a more immuno-responsive subset, although 

responses are observed in low TMB patients.36–38
 Whether 

or not non-MSI elevated TMB will be a predictive response 

biomarker in GC remains to be determined and requires 

ongoing clinical trial data sets. 

PD-1 and PD-L1 staining in GC
Data from NSCLC and other tumor types have suggested 

that PD-L1 IHC positivity on TCs and/or ICs from biopsy 

specimens is correlated with predicted benef it from 

checkpoint inhibitor therapy.39 Several series reported IHC 

positivity rates in GC, and these data are being collected 

prospectively in ongoing GC immunotherapy trials.40 While 

there are variations in methodologies and antibody clones 

used, PD-L1 is expressed in up to 65% of gastric tumors 

whereas it was undetectable in normal gastric mucosal 

tissue in healthy subjects.20,25,41,42 The frequencies of PD-1 

expression in tumor-infiltrating lymphocytes and TCs were 

53.8% and 30.1%, respectively, in another recent series.25 

There are currently insufficient data to determine if levels 

of intensity (<1%, 1%–24%, 25%–49%, >50%) or IC 

to TC scoring systems used in other tumor types can be 

extended to GC.43 Current caveats with the use of PD-L1 

IHC include intra-tumoral variability, inter-tumoral vari-

ability, temporal variability, and the subjective interpretation 

of the stains. Different drug developers employ different 

antibody assays and cutoff values to determine the degree 

of PD-L1 expression. Each assay includes its own primary 

antibody, detection system, and scoring criteria, although 

concordance among the 6 most common antibodies (SP142, 

E1L3N, 9A11, SP263, 22c3, and 28-8) for PD-L1 detection 

is high.44 The antibody assays for nivolumab, pembroli-

zumab, avelumab (Merck KgaA; Darmstadt, Germany), 

and durvalumab (AztraZeneca; Cambridge, UK) are Dako 

(28-8 Ab), Dako (22c3), Ventana (Merck Clone 73-10), 

and Ventana (SP263), respectively.45 The cutoff thresh-

olds for PD-L1 positivity in most nivolumab studies are 

0%–1% (negative), 1%–5% (weak), 5%–10% (medium), 

and at least 10% (strong). On the other hand, the cutoff 

thresholds for pembrolizumab in clinical studies include 

0%–1% (negative), 1%–50% (medium), and at least 50% 

(strong). Consequently, some authors proposed harmoniza-

tion of PD-L1 testing as an effort to standardize the results. 

Scheel et al proposed a 6-step scoring system that integrates 

all cutoff criteria by different antibody assays and found 

moderate interobserver concordance using this system in 

PD-L1-positive NSCLC TCs.45 Variability in positivity rates 

and thresholds limit cross-trial comparisons in gastric and 

other tumor types and ultimately larger prospective data sets 

and assay harmonization will be important to refine the role 

of PD-1 and PD-L1 inhibitors in esophagogastric cancers.

There are conflicting reports with regard to PD-L1 expres-

sion and prognosis. Some studies reported that patients with 

PD-L1-positive cancer had significantly shorter survivals 

compared with those with PD-L1-negative cancer.42,46–48 

However, recent studies have found PD-L1 expression to be 

a favorable prognostic marker in GC.25,41,43 IC PD-L1 expres-

sion was frequently associated with intestinal type cancer, a 

lower risk of lymph node metastasis, and lower tumor stages 

compared to MSI-H GCs without PD-L1 expression.41 PD-L1 

expression in intra- or peritumoral ICs predicts improved 

survival in patients with high MSI-H gastric carcinoma.41 

Additionally, higher CD3+ and CD8+ cell density were 

associated with better OS.49 In patients with locally advanced 

GC receiving adjuvant S1, postoperative neutrophil to lym-

phocyte ratio (reflected by high neutrophils and low PD-1+ 

cells) and carcinoembryonic antigen were independent 

prognostic factors for recurrence after surgery.50 Recently, 

an IHC-based immunoscore from a series of 879 Chinese 

GC patients suggested that high immunoscore is associated 
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with lower recurrence rates and better survival after adjuvant 

therapy.51 It is anticipated that the IHC data collected as part 

of ongoing trials in locoregional and advanced GC will refine 

the predictive and prognostic role of PD-1/PD-L1 expression 

in locoregional and advanced GC.

PD-1 and PD-L1 checkpoint 
inhibitors in GC: clinical data
The promise of improved survival, durable response, and 

favorable toxicity has spawned a multitude of clinical trials 

investigating checkpoint inhibitors in GC (Table 1). A 

nuanced discussion of each trial is beyond the scope of this 

review, and established data are presented here in the context 

of other ongoing studies. 

Anti-PD-1 antibodies
Nivolumab
Nivolumab (Bristol-Myers Squibb, New York, NY, USA), 

like pembrolizumab, is a humanized immunoglobulin G4 

monoclonal antibody (mAb) against PD-1 with activity in 

Table 1 Representative clinical trials investigating immunotherapies in gastric and gastroesophageal cancers 

Compound Target or combo Phase GC setting Primary  
endpoint

Clinical  
trial ID

PD-1 monotherapy
JS001 PD-1 Ib/II >1 prior line ORR NCT02915432
Pembrolizumab PD-1 I/II Neoadj pCR, PFS NCT02730546
Pembrolizumab (KEYNOTE-059) PD-1 II First-line (cohort 3) ORR, AEs NCT02335411
Pembrolizumab (KEYNOTE-061) PD-1 III Second-line OS, PFS in PD-L1+ NCT02370498
Pembrolizumab (KEYNOTE-062) PD-1 III First-line (arm 1) PFS, OS NCT02494583
Nivolumab PD-1 III >2 prior lines OS NCT02267343
PD-L1 monotherapy

Avelumab (JAVELIN gastric 100) PD-L1 III First-line maintenance OS NCT02625610
Avelumab (JAVELIN gastric 300) PD-L1 III Third-line OS NCT02625623
Atezolizumab PD-L1 I No limits DLTs NCT01375842
Durvalumab (PLATFORM) PD-L1 II Maintenance after  

stage II–III treatment
PFS NCT02678182

Dual checkpoint inhibitor
Nivolumab + ipilimumab (CheckMate-649) PD-1 + CTLA-4 III First-line OS NCT02872116

Durvalumab + tremelimumab PD-L1 + CTLA-4 I/II >1 prior line AEs, ORR, PFS NCT02340975

Nivolumab + ipilimumab (FRACTION-GC) PD-1 + CTLA-4 II Advanced GC ORR, DOR, PFS NCT02935634

Checkpoint inhibitor + cytotoxic therapy
Pembrolizumab (KEYNOTE-059) PD-1 + Cis/5FU II First-line (cohort 2) ORR, AEs NCT02335411
Pembrolizumab (KEYNOTE-062) PD-1 + Cis/5FU III First-line (arm 2) PFS, OS NCT02494583
Pembrolizumab PD-1 + FOLFOX I/II FOLFOX indicated Safety NCT02268825
Pembrolizumab PD-1 + chemo II Perioperative DFS at 24 m NCT02918162
Pembrolizumab PD-1 + FOLFOX II Perioperative pCR, AEs NCT02943603
Nivolumab PD-1 + SOX or CapOX II First-line ORR NCT02746796
Pembrolizumab PD-1 + HER2 + Cis/5FU I/II First-line ORR, RP2D NCT02901301

Checkpoint + biologic or other combinations
Pembrolizumab + radiation PD-1 + radiation II No limits Biomarkers NCT02830594

Ramucirumab + pembrolizumab VEGFR2 + PD-1 I 0–2 prior lines DLTs NCT02443324

Ramucirumab + durvalumab PD-L1 + VEGFR2 I 1–2 prior lines DLTs NCT02572687
Pembrolizumab with trastuzumab and 
cisplatin/5FU

PD-1 + HER2 + chemo II First-line PFS NCT02954536

GDC-0919 and atezolizumab IDO inhibitor and PD-L1 I >1 prior line DLTs, AEs NCT02471846
Epacadostat and durvalumab IDO inhibitor + PD-L1 I/II >1 prior line DLTs, ORR NCT02318277
PLX3397 and pembrolizumab CSF1R + PD-1 I/II >1–2 prior lines AEs NCT02452424
Durvalumab and olaparib (MEDIOLA) PARP + PD-L1 I/II >1–2 prior lines DCR, safety NCT02734004
PEGPH20 with pembrolizumab Hyaluronidase and PD-1 Ib >1 prior line DLT, ORR NCT02563548
GS-5745 and nivolumab MMP-9 and PD-1 II First-line ORR NCT02864381

Notes: Data are derived from clinicaltrials.gov (accessed 1/2017). Due to space constraints, a complete list is not shown and preference is given to trials focused on GC and 
GEJ cancers over those accepting all solid tumors. Several trials have multiple arms; please refer to clinicaltrials.gov for further details.
Abbreviations: VEGFR, vascular endothelial growth factor receptor; MMP, matrix metalloproteinase; GC, gastric cancer; DLT, dose limiting toxicity; DCR, disease control 
rate; AEs, adverse events; RP2D, recommended Phase II dose; DFS, disease-free survival; DOR, duration of response; ORR, overall response rate; PFS, progression-free 
survival; OS, overall survival; m, months; CSF, colony stimulating factor; chemo, chemotherapy; IDO, indoleamine-2,3-dioxygenase; Neoadj, neoadjuvant; GEJ, gastroesophageal 
junction; PARP, poly (ADP-ribose) polymerase inhibitor; pCR, pathologic complete response; Cis/5FU, SOX, S-1 and oxaliplatin; CapOX, capecitabine and oxaliplatin.
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multiple tumor types. The ongoing Phase I/II CheckMate-032 

investigating the safety and efficacy of nivolumab as a single 

agent or in combination with Ipi in heavily pretreated patients 

with advanced or metastatic solid tumors, including GC 

patients (NCT01928394), has been partly reported.52 Results 

from 160 GC patients enrolled in 3 arms nivolumab 3 mg/

kg (N3), nivolumab 1 mg/kg + Ipi 3 mg/kg (N1+I3), and 

nivolumab 3 mg/kg + Ipi 1 mg/kg (N3+I1) were reported. 

Eighty-one patients harbored PD-L1-negative tumors while 

35 patients harbored tumors with >1% PD-L1 expression. 

Tumor PD-L1 expression was assessed retrospectively in 

pretreatment tumor specimens with the Dako assay (28-8 

pharmDx). Toxicities were more common in the N1+I3 group 

with 84% versus N3 (70%), and N3+I1 (75%). Common 

treatment-related adverse events (TRAEs) in all 3 groups 

included fatigue, pruritus, diarrhea, nausea, and decreased 

appetite. Thyroid disease was more common in N1+I3 

compared to the other groups. Grade 3–4 TRAEs in the N3, 

N1+I3, and N3+I1 were 17%, 45%, and 27%, respectively. 

Important grade 3–4 TRAEs included pneumonitis, diarrhea, 

transaminitis, and increased amylase. Among 154 evaluable 

patients, the confirmed objective response rate (ORR) was 

16%: 14% (N3), 26% (N1+I3), and 10% (N3+I1), including 

2 patients with complete response (1 in N3; 1 in N1+I3) and 

a disease control rate (DCR; ORR + stable disease [SD]) of 

38%. The median OS in the N3, N1+I3, and N3+I1 arms 

were 5.0 (3.4–12.4), 6.9 (3.6– not accessed [NA]), and 

4.8 (3.0–9.1), respectively (Table 2).52 Up to 44% patients 

with PD-L1 expression responded to N1+I3 combination 

compared with 27% for the other 2 arms. Despite relative 

higher toxicity, the N1+I3 combination showed encouraging 

activity and led to initiation of the CheckMate-649 Phase III 

trial (NCT02872116). In this study, the investigators plan to 

enroll 870 patients with untreated advanced or metastatic 

GC/gastroesophageal junction (GEJ) cancer with or with-

out PD-L1 expression to receive nivolumab + ipi (4 doses; 

followed by nivolumab monotherapy) versus investigator’s 

choice of capecitabine/oxaliplatin (XELOX) or fluorouracil/

leucovorin/oxaliplatin (FOLFOX).53 Primary endpoint is OS 

in patients with PD-L1+ tumors. Secondary endpoints include 

OS in all patients and progression-free survival (PFS) and 

time to symptom deterioration in all patients and patients 

with PD-L1+ tumors.53

Preliminary data from a double-blinded, randomized, 

Phase III trial (ONO-4538/BMS-936558) demonstrated 

the efficacy of nivolumab as salvage treatment as a third 

or later line of treatment in 493 patients with advanced 

gastric or gastroesophageal junction cancer compared to 

placebo (NCT02267343).54 PD-1/L1 positivity was not 

required for study enrollment. Median OS was 5.32 months 

with nivolumab versus 4.14 months with placebo (hazard 

ratio [HR], 0.63; 95% confidence interval [CI], 0.50–0.78; 

p<0.0001). OS rates at 6 and 12 months were 46.4% versus 

34.7% and 26.6% versus 10.9%, respectively. Median PFS 

was longer with nivolumab than placebo (1.61 vs 1.45 

months) with HR, 0.60; 95% CI, 0.49–0.75; p<0.0001 

(Table 2). The ORR was 11.2% with nivolumab versus 0% 

with placebo (p<0.0001). Grade ≥3 drug-related adverse 

events (AEs) occurred in 11.5% of nivolumab and 5.5% of 

placebo.54 Biomarker analysis is under investigation.

Pembrolizumab 
The large multi-cohort Phase Ib KEYNOTE-012 first high-

lighted the activity of pembrolizumab in PD-L1-positive 

Table 2 Clinical activity of PD-1/PD-L1 and CTLA-4-directed therapies in advanced gastric cancer

Study Phase Trial population n ORR  
(%)

6 m 
PFS  
(%)

6 m 
OS  
(%)

12 m 
PFS  
(%)

12 m 
OS  
(%)

Median  
OS
(m)

Median 
PFS
(m)

Ref

KEYNOTE-012 Ib Advanced GC 39 22 26 66 NR 42 11.4 1.9 43
KEYNOTE-028 Ib Advanced esophageal 23 30 30 NR 21.7 NR NR NR 55
CheckMate-032
N 3 mg/kg

I/II Advanced GC 59 14 18 49 7 36 5 1.3 52

CheckMate-032
N 3mg/kg, I 1mg/kg

I/II Advanced GC 52 10 9 43 NR NR 4.6 1.6 52

CheckMate-032
N 1mg/kg, I 3mg/kg

I/II Advanced GC 49 26 18 54 18 34 6.9 1.5 52

JAVELIN Ib Advanced GC/GEJ, second line 62 9.7 NR NR NR NR NR 1.5 56
Tremelimumab II Advanced GC, esophageal 18 5 NR NR NR 33 4.8 2.8 73
ONO-4538 III >2 prior lines, gastric, GEJ 493 11.2 NR 46.4 7.6 26.6 5.32 1.6 54

Notes: Data reflect updates through ASCO GI 2017. For the JAVELIN study, only the second line subgroup is reported.
Abbreviations: GC, gastric cancer; GEJ, gastroesophageal junction; N, nivolumab; I, ipilimumab; ORR, overall response rate; PFS, progression-free survival; OS, overall 
survival; m, months; NR, not reported; ASCO, American Society of Clinical Oncology.
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GC (NCT01848834). Of the 162 patients with GC who 

were assessed for PD-L1 expression, 65 (40%) had PD-

L1-positive tumors and 39 were enrolled in the trial. Among 

the 39 patients with gastric tumors expressing PD-L1 (IHC 

positive in >1% of tumor and/or contiguous mononuclear 

inflammatory cells using Dako Assay, 22C3 antibody), the 

majority failed prior treatments (1–5 lines of therapies) and 

were treated with pembrolizumab at 10 mg/kg intravenously 

every 2 weeks.43 Treatment with pembroluzumab led to par-

tial response (PR) in 8 patients (22%) and SD in 5 patients 

(13%) with no significant differences between Asian and 

non-Asian patients. The median PFS as assessed by central 

review was 1.9 months (95% CI, 1.8–3.5), with 6-month 

PFS of 26% (95% CI, 13–41) (Table 2). Median OS was 

11.4 months (95% CI, 5.7–not reached) (Table 2). Common 

grade 1 or 2 AEs included poor appetite (13%), fatigue (13%), 

pruritus (13%), hypothyroidism (4%), and arthralgia (4%). 

This study did not find an association between the interferon-γ 

signature score and overall response (p=0.070) or PFS 

(p=0.28).43 The interferon-γ signature score was calculated as 

the average of the normalized values of the 6-gene signature 

(CXCL9, CXCL10, IDO1, IFNG, HLA-DRA, and STAT1). 

These 6 genes were significantly associated with response 

to pembrolizumab in melanoma. The similarly designed 

KEYNOTE-028 (NCT02054806) is a nonrandomized, 

multi-cohort, Phase Ib trial of pembrolizumab for PD-L1- 

positive advanced solid tumors. The updated results of KEY-

NOTE-028 esophageal/GEJ cohort included 23 patients with 

esophageal cancer treated with pembrolizumab at 10 mg/kg 

intravenously every 2 weeks up to 2 years.55 The majority 

of patients were Asian (n=12), and 74% of all patients had 

esophageal squamous cell carcinoma (n=17), and progressed 

on >2 lines of therapy (n=20). Nine patients (39%) had AEs, 

most commonly decreased appetite (n=3, 13.0%). irAEs, 

regardless of attribution by the investigator, were grade 2 

hypothyroidism (n=2, 8.7%) and adrenal insufficiency (n=1, 

4.3%). Treatment-related events did not lead to any death or 

study discontinuation. Seven patients had PR (30%) and 3 

patients had SD (13%). The PFS at 6 and 12 months were 

30.4% and 21.7%, respectively (Table 2). Pembrolizumab 

led to a higher response rate in adenocarcinoma (40%) than 

squamous cell histology (29%). The study also attempted 

to analyze response rate and duration using the interferon 

inflammatory 6-gene-expression signature (IDO1, CXCL10, 

CXCL9, HLA-DRA, STAT1, and IFN-g). Patients with low 

signature score (non-inflamed) tumors generally had lower 

response rates and did not show delays in progression. Con-

versely, delays in progression and increased ORR tended to 

occur among patients with higher immune gene signatures 

scores. Similar patterns were observed for head and neck 

and GC cohorts.

Although there are multiple caveats in cross-trial com-

parisons, it is important to note that the KEYNOTE-012 

and KEYNOTE-028 studies included a large proportion of 

patients (~60% in KEYNOTE-012) who had received ≥3 

prior lines of therapy, a population in which no large trial 

has demonstrated significant activity. The relatively small 

sample sizes limit the ability to determine differential activity 

of checkpoint inhibitors in relation to the number and type 

of prior therapies although this remains an interesting ques-

tion. The ORR and 6-month survivals in these heterogenous 

populations of pretreated patients approach that of true 2L 

studies, which is encouraging. It should be noted that PFS 

has limitations in analyzing immunotherapy trials, and 

landmark analyses such as 6 and 12-month survival may be 

more reflective of benefit given the long-tail/plateau pattern 

observed in Kaplan–Meier analyses from multiple other 

tumor types (Table 2).

Anti-PD-L1 antibodies
Avelumab 
Avelumab (MSB0010718C) is a fully human anti-PD-L1 

IgG1 antibody being investigated in a Phase Ib JAVELIN trial 

in patients with advanced gastric or GEJ cancers who had at 

least 1 prior therapy (2L) or who received avelumab as switch 

maintenance (SwM) after chemotherapy (NCT01772004).56 

The data from 151 patients (62 patients in 2L, 89 patients in 

SwM group) receiving 10 mg/kg avelumab were presented 

at the American Society of Clinical Oncology 2016 meeting 

(Chicago, USA). The most common AEs were infusion-

related reactions (19 [12.6%]) and fatigue (16 [10.6%]). 

Fifteen patients (9.9%) experienced grade ≥3 toxicities, 

including fatigue, asthenia, thrombocytopenia, anemia, and 

increased gamma-glutamyl transpeptidase. One patient died 

of hepatic failure secondary to autoimmune hepatitis. In 

the 2L group, the ORR, DCR, and median PFS were 6/62 

patients (9.7%), 29.0%, and 6.0 weeks (95% CI, 5.7, 6.4), 

respectively. In the SwM group, the ORR, DCR, and median 

PFS were 8/89 patients (9%), 57.3%, and 12.0 weeks (95% 

CI, 9.9, 17.6), respectively (Table 2). In this study, PD-L1 

expression status is defined as positive or negative using the 

Dako IHC assay (anti-PD-L1 clone 73-10, Merck KGaA) at 

various cutoff levels based on the quanity and intensity of 

staining. These cutoff levels included at least 1%, 5%, or 25% 

TCs or at least 10% tumor-infiltrating ICs. Among 22 patients 

in the 2L groups who were evaluated for PD-L1 expression, 
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the ORR in the PD-L1-positive subset was higher than in 

patients with PD-L1-negative tumors (18.2% vs 9.1%). In the 

SwM group (n=52), patients with tumors harboring PD-L1 

expression also exhibited higher responses than tumors 

without PD-L1 expression (10% vs 3.1%).56

Durvalumab (MEDI4736) 
Durvalumab (AstraZeneca, London, UK) is an engineered 

human anti-PD-L1 IgG1 isotype that binds PD-L1, prevent-

ing its binding to PD-1 and CD80. In a Phase I study, patients 

with solid tumors including GC (NCT01693562) patients 

were treated with durvalumab up to 10 mg/kg intravenously 

every 2 weeks for up to 12 months.57 Treatment-related AEs 

occurred in 33% of patients, including 7% patients with 

grade 3 toxicities. The most frequently observed treatment-

related AEs were fatigue (13%), nausea (8%), rash (6%), 

vomiting (5%), and pyrexia (5%). Preliminary efficacy data 

demonstrated an ORR of 25% in (4/16) patients with GC. 

Two cases of heavily pretreated GC remained stable over 24 

weeks, exceeding the current median PFS of approved 2L 

therapies.57 

In summary, checkpoint inhibitors demonstrated clini-

cal benefit in patients with advanced and refractory GC. As 

observed in other tumor types, PD-L1 expression seems to 

be associated with higher response to checkpoint inhibitors. 

In the KEYNOTE-012 trial, the ORR, 12-month OS, and 

median OS among patients with PD-L1-positive tumors 

who received pembrolizumab were 22%, 42%, and 11.4 

months, respectively. The proportion of patients who had 0, 

1, 2, 3, and ≥4 lines of therapies were 15%, 18%, 10%, 21%, 

and 36%, respectively. In contrast, the single agent activity 

of nivolumab in CheckMate-032 yieled ORR of 14% and 

median OS of 5 months in PD-1/L1 unselected advanced GC/

GEJ patients who failed previous treatments (41% of patients 

had 1 and 56% had 2–3 lines of prior treatments). The lower 

ORR and median OS in this trial may be due to the inclusion 

of unselected patients. However, these 2 studies included 

different patient populations, and one cannot conclude that 

activity is equivalent based on these limited data sets. The 

addition of Ipi (3 mg/kg) to nivolumab (1 mg/kg) yielded 

an impressive response rate (ORR of 26% in unselected 

patients and 44% in patients with PD-L1 expression) at the 

expense of higher incidence of TRAEs. This combination is 

promising in patients with good performance status and low 

combordity score, and Phase III trials are ongoing (Table 2, 

NCT02872116). Longer follow-up is required to determine 

the durability of response from this combination. Data from 

ONO-4538 also showed similar single agent activity of 

nivolumab in unselected patients with advanced and heavily 

pretreated GC (>2 lines of therapy) compared with the 

CheckMate-032 study. There are currently insufficient data 

to determine differences in clinical efficacy between PD-1 

and PD-L1 targeting approaches. 

Combination therapy
The efficacy of anti-PD-1-directed therapy in GC has 

spawned combination studies with other active targeted 

biologic agents. Preclinical work has shown synergistic 

activity between blockade of both the PD-1/PD-L1 axis and 

the vascular endothelial growth factor (VEGF)/vascular 

endothelial growth factor receptor (VEGFR) pathway.58 Dual 

inhibition has the potential to induce deeper responses, longer 

PFS, and ultimately prolonged OS. Early phase studies of 

combination PD-1/PD-L1 and VEGF/VEGFR blockade in 

other solid tumors have already shown an acceptable safety 

profile but outcomes data are yet to be established.59–62 

Orthogonal chemo–immuno combination support from 

NSCLC was recently reported. The randomized, open-label, 

Phase II KEYNOTE-021 trial demonstrated that the addition 

of pembrolizumab to carboplatin and pemetrexed yielded 

higher response rate compared to carboplatin and pemetrexed 

alone (55% vs 29%, p=0.0016) in patients with treatment-

naïve NSCLC (NCT02039674).62 The incidence of grade 3 

or worse TRAEs was similar between the 2 arms, which con-

sisted mainly of neutropenia, anemia, thrombocytopenia, and 

fatigue. The positive result from this study is being further 

explored in an ongoing randomized, double-blind, Phase III 

KEYNOTE-189 trial (NCT02578680).

In GC, a Phase Ia/Ib study of combination anti-PD-L1 and 

anti-VEGFR2 antibodies, durvalumab, and ramucirumab has 

been investigated and the interim safety and efficacy data of 40 

patients with refractory GC/GEJ tumors have been presented 

(NCT02443324).63 In this study, PD-L1 expression >1% was 

classified as positive although not an inclusion criterion for 

study entry. The dosing regimen was pembrolizumab 200 mg 

on day 1 every 3 weeks and ramurcirumab 8 mg/kg on days 1 

and 8 (cohort A) or 10 mg/kg on day 1 only (cohort B). Pre-

liminary efficacy data showed 3 of 40 (7.5%) patients (PD-L1 

negative, n=1; PD-L1 positive, n=2) responded to treatment 

with a 45% DCR. Median PFS was 2.10 months (95% CI, 

1.18–4.04) and 2.60 months (1.38, not reported) for cohorts A 

and B, respectively. Common toxicities included fatigue (30%), 

infusion-related reaction (12.5%), decreased appetite (12.5%), 

pruritus (10%), maculopapular rash (10%), and hypertension 

(10%). Ten (25%) patients had grade 3–4 toxicities, most com-

monly colitis (7.5%) and hypertension (7.5%).63 
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Combination anti-PD-1 and chemotherapy approaches 

have also undergone active investigation given the recogni-

tion that chemotherapy may also promote immunogenic 

cell death.64 In the ongoing Phase II KEYNOTE-059 study, 

preliminary data were obtained from 25 patients with 

advanced HER2-negative gastric adenocarcinoma who 

were treated with first-line 5-fluorouracil and cisplatin in 

combination with pembrolizumab. All 25 patients experi-

enced TRAEs of any grade, and 72% (18/25) experienced 

grade 3 and 4 TRAEs. No patients were discontinued due 

to pembrolizumab-related AEs suggesting the combination 

has a manageable side effect profile.65,66 The ongoing Phase 

III KEYNOTE-062 study (NCT02494583) is carrying this 

combination forward randomizing advanced, metastatic 

gastric/GEJ adenocarcinoma patients whose tumors express 

PD-L1 to pembrolizumab monotherapy versus pembroli-

zumab plus cisplatin and fluorouracil versus placebo plus 

cisplatin and fluorouracil for treatment-naïve diseases (Table 

2). The promising results of such anti-PD-1/PD-L1 single 

agent and combination studies in advanced disease have 

naturally spawned multiple trials in earlier stage disease, 

including the adjuvant nivolumab Phase III trial in resected 

esophageal and GEJ (CheckMate-577), and a Phase I neo-

adjuvant trial of nivolumab and Ipi in stage II–III patients 

(NCT03044613).53

Given that patients with HER2-overexpressing tumors 

invariably demonstrate progression and resistance to 

trastuzumab-containing therapies, combination efforts are 

also investigating combining PD-1 blockade with anti-HER2 

agents. Preclinical studies indicate that Her-2 inhibition can 

promote T-cell activation and trafficking and boost natural 

killer cell secretion of interferon-γ and antibody-dependent 

cellular toxicity which may be prime for PD-1/L1 effective-

ness.67 A Phase Ib/II, open-label, dose-escalation study is 

investigating the novel anti-HER2 mAb margetuximab in 

combination with pembrolizumab in patients with advanced 

HER2-amplified GC who are refractory to standard trastu-

zumab-based combination chemotherapy (NCT02689284) 

(Table 1).68 Dual targeting of both the tumor microenviron-

ment as well as multiple nodes in the cancer immunity cycle 

is also an attractive option. These include combining anti-

PD-1/PD-L1 therapies with agents inhibiting other immune 

checkpoints (TIM3, LAG3), T-cell costimulatory agonist 

antibodies (GITR, OX40, 4-1BB), enzymatic inhibitors 

(IDO-1), as well as radiation and other cytotoxic drugs. Addi-

tionally, the combination of nivolumab and GS-5745, a matrix 

metalloproteinase 9 inhibitor, is also being investigated in 

patients with unresectable or recurrent GC/GEJ adenocar-

cinoma (NCT02864381). These trials are all under ongoing 

clinical investigation (Table 1). Notably, there is a paucity of 

GC-specific preclinical data providing specific combinatorial 

rationale. Radiation therapy, however, has been of significant 

interest in PD-1/PD-L1 combinatorial approaches due to the 

well annotated although rarely observed clinical phenomenon 

of the abscopal response in cancer radiotherapy, in which non-

irradiated metastatic lesions are noted to regress after radia-

tion to the primary tumor site. In multiple preclinical tumor 

models, combination radiotherapy and PD-1/PD-L1 axis 

blockade exhibit synergistic antitumor activity and reduce 

tumor-infiltrating myeloid-derived suppressor cells.69,70 

GC-specific trials are ongoing including studies combining 

pembrolizumab with palliative radiotherapy in the metastatic 

setting, as well as with neoadjuvant chemoradiotherapy for 

GEJ and gastric cardia cancers in earlier stage resectable 

disease (NCT02730546).71

Future directions
Early trials involving immunotherapy in non-GC tumors 

were notable for prolonged responses in some patients, but 

often low ORRs highlighting the need for response biomark-

ers.11,13–15 Among the reported trials, there is a general trend 

toward higher ORR in PD-1 and/or PD-L1-positive samples 

(TCs or ICs). Among the subgroup of MSI-H tumors, it 

seems clear that high TMB is the biologic underpinning of 

the observed high response rates. Results from multiple ongo-

ing trials in GC will further refine the roles for biomarkers 

selection and optimal combination approaches. 

Importantly, ~40% of patients with GC develop peri-

toneal carcinomatosis and ascites, a phenotype associated 

with a particularly poor prognosis.72 More work is needed to 

study the immune milieu of the peritoneum in these patients 

with readily accessible tissue and stromal cells. Activity of 

checkpoint inhibitors has not been reported specifically in 

this population and perhaps intraperitoneal delivery of single 

agent or rational combinations can be considered. 

This study has reviewed the role of PD-1 in GC with a 

focus on emerging clinical data. With the expected approval 

of PD-1 inhibitors, many important questions remain; how-

ever, promising results are expected for the future of GC. 
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