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Abstract: Standard treatment options for patients with advanced gastric cancer (GC) offer 

limited efficacy and are associated with some toxicity, which necessitates the development of 

more effective therapies for improving the treatment outcomes for this disease. Immunotherapy 

involving immune checkpoint inhibitors (ICIs) which inhibit the programmed death 1 (PD-1)/

programmed death ligand 1 interaction has emerged as a new treatment option. Nivolumab, 

a human IgG4 monoclonal antibody inhibitor of PD-1, has demonstrated promising clinical 

activity and induced durable responses in patients with advanced GC. Nivolumab has recently 

been approved for treating patients with pretreated advanced GC in Japan. In the present review, 

we summarized current evidence of the clinical efficacy of ICIs in a variety of solid tumors 

and reported our experience in patients with GC who were treated with nivolumab and the 

interesting features that were observed in these cases. Certain ICI-specific clinical features such 

as pseudo- and hyper-progression of tumor and hyper-response to subsequent chemotherapy 

have been reported in several cancer types. Lastly, we discussed the present scenario regarding 

research on biomarkers for assessing the clinical benefits of ICI therapies.

Keywords: nivolumab, pembrolizumab, avelumab, pseudoprogression, hyperprogression, 

hypersensitivity, microbiome

Introduction
Gastric cancer (GC) is the fifth most frequently occurring cancer and is the third most 

common cause of cancer mortality worldwide.1 Clinical trials have demonstrated the 

effectiveness of conventional chemotherapy in treating patients with advanced GC. 

Particularly, anti-HER2 antibody trastuzumab and the antivascular endothelial growth 

factor receptor-2 antibody ramucirumab have been shown to provide survival benefits 

for patients with advanced GC, while the development of many other molecular tar-

geted drugs has failed. However, the prognosis of advanced GC remains very poor, 

necessitating the development of novel drugs.

Recently, immune checkpoint inhibitors (ICIs) have revolutionized the treatment 

of various types of advanced cancers. ATTRACTION-2 (ONO-4538–12) was the 

first randomized Phase III trial which was designed for investigating the efficacy and 

safety of nivolumab, a human IgG4 monoclonal antibody inhibitor of programmed 

death 1 (PD-1), in heavily pretreated patients with unresectable or recurrent gastric or 

gastro-esophageal junction cancer (GC/GEJC).2 Compared with placebo, nivolumab 
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achieved a higher efficacy in this study. Consequently, 

nivolumab has recently been approved in Japan for treat-

ing patients with pretreated advanced GC/GEJC. Also, 

pembrolizumab, another human IgG4 monoclonal antibody 

inhibitor of PD-1, and avelumab, human IgG1 monoclonal 

antibody inhibitor of programmed death ligand 1 (PD-L1), 

are undergoing clinical trials, although they have not been 

approved yet in Japan.

On the other hand, unusual ICI-specific clinical features, 

such as pseudo- and hyper-progression of tumor and hyper-

response to subsequent chemotherapy, have been reported 

in several types of cancers. However, data regarding ICI-

specific features in GC are limited.

In this review, we summarized current evidence on ICI 

efficacy and safety along with interesting clinical features 

that we experienced while treating patients with GC. Addi-

tionally, we focused on ICI development in the treatment of 

GC and reviewed the present scenario of biomarker research 

associated with ICIs. This review summarizes literature 

searches from PubMed and data reported during major 

oncology conferences until July 2018. Informed consent 

or a substitute for it was obtained from patients for being 

included in this review.

ICIs and GCs: clinical evidence
Nivolumab
The GC cohort of the Phase I/II CheckMate-032 trial revealed 

clinical benefits associated with using nivolumab alone or in 

combination with ipilimumab, a fully human IgG1 monoclonal 

antibody inhibitor of cytotoxic T-lymphocyte associated 

protein-4 (CTLA-4), in patients with chemotherapy-refractory 

advanced GC/GEJC.3,4 A total of 160 heavily pretreated 

patients (79% had $2 pretreatment therapy lines) were 

enrolled into three subgroups. The primary end point was 

objective response rate (ORR). Subgroup 1 received 3 mg/kg 

of nivolumab monotherapy; ORR was 12% (95% CI: 5–23) 

and the median overall survival (OS) was 6.2 months (95% 

CI: 3.4–12.4). Combination therapies with different doses of 

nivolumab plus ipilimumab were also assessed. Subgroup 2 

received 1 mg/kg of nivolumab plus 3 mg/kg of ipilimumab 

and subgroup 3 received 3 mg/kg of nivolumab plus 1 mg/kg 

of ipilimumab. In the subgroups 2 and 3, ORRs were 24% 

(95% CI: 13–39) and 8% (95% CI: 2–19), respectively, 

similar to ORRs in the monotherapy setting. Median OS 

rates were 6.9 (95% CI: 3.7–11.5) and 4.8 (95% CI: 3.0–8.4) 

months, respectively. Grade 3 or 4 treatment-related adverse 

events (TRAEs) were reported in 17%, 47%, and 27% of 

patients in the subgroups 1–3, respectively. Responses 

were observed regardless of tumor PD-L1 status across the 

treatment subgroups. As a result, nivolumab and nivolumab 

plus ipilimumab demonstrated clinically meaningful efficacy 

and manageable safety profile, although combination therapy 

was not superior to nivolumab monotherapy.

On the basis of these results, the Phase III trial 

ATTRACTION-2 included patients with advanced GC/

GEJC who had been pretreated with $2 chemotherapy 

regimens.2 In this randomized, double-blind, placebo-

controlled, Phase III trial, 493 Asian patients were enrolled. 

Patients were randomly assigned (2:1) to intravenously 

receive 3 mg/kg of nivolumab or placebo every 2 weeks. OS 

was the primary end point in the intention-to-treat popula-

tion. The median OS was 5.3 vs 4.1 months (HR =0.63, 

95% CI: 0.49–0.75, P,0.0001), and ORR was 11% vs 

0% (P,0.0001). The efficacy of nivolumab was observed 

irrespective of PD-L1 status (on the basis of a $1% cutoff 

in tumor cells). Notably, clear separation of the nivolumab 

and placebo OS curves occurred over time and was sustained 

beyond 1 year, which suggested a durable OS benefit with 

the use of nivolumab.

ICIs are associated with distinctive inflammatory adverse 

effects known as immune-related adverse events (irAEs), 

which can potentially affect any system in the body, but pre-

dominantly involve the skin, colon, lungs, endocrine glands, 

and liver.5 In the ATTRACTION-2 study, grade 3 or 4 TRAEs 

occurred in 10% of the patients treated using nivolumab 

compared with 4% of those in the placebo arm. All-grade 

TRAEs reported in $5% patients in the nivolumab group 

were pruritus, diarrhea, rash, and fatigue. The safety profile 

shared similarity with previous clinical trials for other tumor 

types.6–12 No GC-specific adverse events were observed.

Pembrolizumab
Pembrolizumab is another human IgG4 monoclonal antibody 

inhibitor of PD-1. In KEYNOTE-012 Phase I clinical trial, 

39 patients with PD-L1-positive GC and chemotherapy-

refractory metastatic disease were treated using pembroli-

zumab. Among these patients, eight (22%) patients were 

judged to have had an overall response at central review.13 In 

the subsequent KEYNOTE-059 Phase II study, an unselected 

population of patients with GC (n=133) who specifically 

received two pretreated lines showed an ORR of 16.4%.14

On the basis of these results, KEYNOTE-061 Phase III 

trial compared pembrolizumab monotherapy with paclitaxel 

monotherapy in non-Asian patients with advanced PD-L1-

positive GC that had progressed following first-line platinum 

and fluoropyrimidine doublet therapy.15 Eligible patients were 

randomized (1:1) to receive either 200 mg of pembrolizumab 

every 3 weeks for up to 2 years or standard-dose paclitaxel. 
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The following two primary end points were considered: OS 

and progression-free survival (PFS) in patients with PD-L1 

expression with combined positive score (CPS) of $1. A 

total of 592 patients were enrolled; of the 395 patients who 

had PD-L1 CPS of $1, 196 patients were administered 

pembrolizumab and 199 patients paclitaxel. Median OS was 

9.1 months with pembrolizumab (95% CI: 6.2–10.7) and 

8.3 months with paclitaxel (95% CI: 7.6–9.0) (HR =0.82, 

95% CI: 0.66–1.03, P=0.0421). The median PFS was 1.5 

months with pembrolizumab (95% CI: 1.4–2.0) and 4.1 

months with paclitaxel (95% CI: 3.1–4.2) (HR =1.27, 95% 

CI: 1.03–1.57). Grade $3 TRAEs occurred in 42 (14%) of 

the 294 patients treated with pembrolizumab and 96 (35%) 

of the 276 patients treated with paclitaxel. Consequently, 

pembrolizumab did not significantly improve OS in com-

parison with paclitaxel as second-line therapy. In subgroup 

analyses, Eastern cooperative oncology group performance 

status (PS) 0, PD-L1 CPS 10, and microsatellite instabil-

ity (MSI)-high were identified as predictive biomarkers for 

pembrolizumab. Together with the favorable safety profile, 

these data support further exploration for identifying patients 

who will likely benefit from pembrolizumab monotherapy 

and the ongoing development of pembrolizumab as part of 

combination therapy regimens for treating GC.

Recently, the US FDA granted approval of pembrolizumab 

for treating unresectable or metastatic MSI-high or mismatch 

repair deficient (dMMR) solid tumors progressing following 

prior treatment and in the absence of satisfactory alternative 

treatment options. This approval was granted on the basis of 

data obtained from 149 patients with MSI-high or dMMR 

cancers enrolled across five single-arm clinical trials.16–20 

Ninety patients had colorectal cancer (CRC) and the remaining 

59 patients had 1 of the 14 other types of solid tumors. The 

ORR with the use of pembrolizumab was 39.6% (95% CI: 

31.7–47.9), including 11 (7.4%) complete response and 48 

(32.2%) partial response (PR). The median duration of response 

was not reached (range: 1.6–22.7 months). Among the patients 

who responded to pembrolizumab treatment, responses of 78% 

lasted for a minimum of 6 months. The findings of these studies 

resulted in the unprecedented FDA approval of pembrolizumab 

in treatment-refractory MSI-high solid tumors on the basis of 

tumor biomarkers, regardless of tissue histology.

Avelumab
Avelumab is a fully human anti-PD-L1 IgG1 monoclonal 

antibody. JAVELIN Gastric 300 Phase III trial compared 

avelumab treatment with the physician’s choice of chemo-

therapy (either using paclitaxel or irinotecan) performed in 

371 patients with advanced GC/GEJC as a third-line therapy, 

unselected for PD-L1 expression.21 The trial did not meet its 

primary end point of OS improvement (4.6 vs 5.0 months, 

HR =1.1, 95% CI: 0.9–1.4, P=0.81) or the secondary end 

points of PFS (1.4 vs 2.7 months, HR =1.73, 95% CI: 1.4–2.2, 

P.0.99) or ORR (2.2% vs 4.3%) in the avelumab treatment 

vs chemotherapy arms, respectively. Grade $3 TRAEs were 

noted in 17 patients (9.2%) in the avelumab arm and in 

56 patients (31.6%) in the chemotherapy arm.

JAVELIN Gastric 100 (NCT02625610) trial compares 

maintenance therapy with avelumab vs continuation of first-

line chemotherapy in patients with advanced GC/GEJC who 

have not shown progression following 12 weeks of oxaliplatin 

plus fluoropyrimidine chemotherapy.22 The hypothesis is that 

avelumab provides durable antitumor response following 

immunogenic priming and tumor shrinkage induced by 

first-line chemotherapy with the added benefit of avoiding 

the burden of toxicity from additional chemotherapy or 

combination therapy. The primary end points are OS and 

PFS, and recruitment has been completed.

Combination therapy
Two ongoing Phase III trials assessing ICI-based combina-

tion therapy as the first-line therapy are KEYNOTE-062 

(NCT02494583)23 and CheckMate 649 (NCT02872116).24 

KEYNOTE-062 assesses the efficacy of pembrolizumab 

alone or in combination with cisplatin/5-fluorouracil (5-FU) 

vs cisplatin/5-FU alone in patients with PD-L1+/HER2- 

advanced GC/GEJC. CheckMate 649 is a three-arm trial 

assessing the efficacy of nivolumab plus ipilimumab vs 

nivolumab plus capecitabine plus oxaliplatin (XELOX) or 

5-FU plus oxaliplatin (FOLFOX) vs the investigator’s choice 

of XELOX or FOLFOX in patients with previously untreated 

advanced or metastatic GC/GEJC. The primary end point in 

both studies is OS in patients with PD-L1-positive tumors.

ATTRACTION-4 (NCT02746796) is a Phase II/III trial 

that evaluated the safety and efficacy of nivolumab in com-

bination with S-1 plus oxaliplatin (SOX) therapy or XELOX 

therapy as the first-line chemotherapy for Asian patients with 

unresectable advanced or recurrent GC/GEJC.25 It reported 

the interim safety and clinical activity data in 39 patients 

from part 1 of the study. The ORR for patients treated with 

nivolumab/SOX and nivolumab/XELOX was 67% and 71%, 

respectively. Grade $3 TRAEs, most of which corresponded 

with frequently occurring side effects of chemotherapy, 

occurred in 52% and 67% of the patients, respectively, and 

no difference was noted in activity and safety between these 

two regimens. Part 2 of this study, a randomized comparison 

of nivolumab vs placebo in combination with SOX/XELOX, 

is ongoing, and the results are awaited.
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NivoRam (NCT02999295) is a Phase I/II trial that evalu-

ated the safety and tolerability of addition of ramucirumab to 

nivolumab in patients with GC as second-line therapy.26 The 

primary end points are dose-limiting toxicity for Phase I and 

6-month PFS for Phase II. Preliminary results were recently 

reported and no new safety signals were noted. These results 

demonstrated promising efficacy and the result of the primary 

end point are expected in the near future.

A Phase I/II trial was also designed for determining the 

recommended dose and for evaluating the efficacy, safety, 

and predictive biomarkers of the combination regimen of 

paclitaxel, ramucirumab, and nivolumab in patients with GC 

as second-line therapy (UMIN000025947). The primary end 

points include dose-limiting toxicity for Phase I and 6-month 

PFS for Phase II.

Ongoing Phase III trials in the neoadjuvant/adjuvant 

setting include ONO-4538–38 (NCT03006705), a trial 

of nivolumab in combination with S-1 or XELOX vs S-1 

or XELOX alone in patients with resected GC/GEJC and 

KEYNOTE-585 (NCT03221426), a trial comparing pem-

brolizumab plus chemotherapy vs chemotherapy alone as 

neoadjuvant or adjuvant treatment for untreated patients 

with GC/GEJC.

Tables 1 and 2 summarize the previous Phase III trials 

and ongoing trials of ICIs in GC, respectively.

Clinical positioning of ICIs in GC
For patients with advanced or metastatic GC/GEJC who 

have good PS, combination therapy of fluoropyrimidine 

and platinum is the standard first-line therapy. Patients who 

have HER2-positive tumors should receive trastuzumab 

combined with fluoropyrimidine plus platinum. As second-

line chemotherapy, paclitaxel combined with ramucirumab 

is recommended. This recommendation is on the basis of 

the results of the RAINBOW study, which showed the sur-

vival benefit of paclitaxel plus ramucirumab compared with 

paclitaxel alone.27 Since trastuzumab did not show a clear 

survival benefit beyond progression in the T-ACT study,28 

continuing anti-HER2 therapy is not recommended for 

second-line chemotherapy following first-line chemotherapy 

with trastuzumab.

On the basis of the findings of the ATTRACTION-2 

study, the Japanese Ministry of Health, Labour and Welfare 

approved nivolumab in September 2017 for the treatment 

of unresectable advanced or recurrent GC/GEJC that had 

progressed following chemotherapy. The latest Japanese 

guideline for GC recommends nivolumab as a third-line 

therapy, regardless of HER2 status. Owing to lack of evi-

dence, administering nivolumab as first-line or second-line 

therapy is presently not recommended.

In the USA, as mentioned earlier, pembrolizumab was 

approved in patients with treatment-refractory MSI-high 

solid tumor, and pembrolizumab represents a candidate for 

the treatment of GC with MSI-high as salvage therapy.

ICI-related clinical features in GC
Among patients treated with ICIs, a small subset manifests 

atypical patterns of response including pseudo-progression 

and hyper-progression of tumor and hyper-response to sub-

sequent chemotherapy. Although the mechanisms of these 

Table 1 Results of Phase iii trials of iCis in patients with GC

Trial Line Primary 
end point

PD-L1
status

Arm N RR (%) PFS 
(months)

OS 
(months)

Grade $3 
TRAEs (%)

ATTRACTiON-02 Third 
and 
above

OS Unselected Nivolumab 330 11.2 1.6 7.5 10
Placebo 163 0 1.5 5.1 4
   HR =0.60 

(0.49–0.75)
P,0.0001

HR =0.63 
(0.49–0.75)
P,0.0001

 

KEYNOTE-061 Second OS
PFS

Positive Nivolumab 196 16 1.5 9.1 14
PTX 199 14 4.1 8.3 35
   HR =1.27 

(1.03–1.57)
HR =0.82 
(0.66–1.03)
P=0.0421

 

JAVELIN Gastric 300 Third OS Unselected Nivolumab 272
133

2.2
4.3

1.4
2.7
HR =1.73 
(1.4–2.2)
P.0.99

4.6
5.0
HR =1.1 
(0.9–1.4)
P=0.81

9.2
31.6Physician’s choice

(PTX or IRI)

Abbreviations: GC, gastric cancer; ICI, immune checkpoint inhibitor; IRI, irinotecan; OS, overall survival; PD-L1, programmed death ligand 1; PFS, progression-free survival; 
PTX, paclitaxel; RR, response ratio; TRAes, treatment-related adverse events.
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reactions are not well elucidated, they may affect clinical 

decisions and the future development of treatment strategies 

using ICIs. We have reviewed these responses illustrating 

each of them with cases of patients treated by us.

Pseudo-progression
The guidelines for the evaluation of immune therapy activity 

in solid tumors define pseudo-progression as a transient 

increase in tumor size while undergoing immunotherapy for 

cancer.29 One hypothesis of pseudo-progression is that tumor 

microenvironment edema and infiltration of immune cells 

cause a transient increase. Additionally, a delayed clinical 

response may cause a transient increase.

Pseudo-progression was initially noted in a melanoma 

while studying the anti-CTLA4 inhibitor ipilimumab.30 

Later, it was also identified in the anti-PD-1 therapy research 

involving pembrolizumab and nivolumab.31 Unconventional 

immune response or pseudo-progression was observed in 

2.8%–15.8% of patients with melanoma treated with ICIs.32–35 

Although pseudo-progression with ICIs occurred across 

various solid tumor types, it has not yet been reported in 

patients with GC.

We observed one case of pseudo-progression in lung 

metastasis during treatment with nivolumab. A 79-year-

old male was diagnosed with GC in the residual stomach 

after distal gastrectomy for early GC. CT findings revealed 

para-aortic lymph node metastasis. The patient was treated 

with standard chemotherapy; however, the para-aortic lymph 

node and lung metastases were noted to be enlarged. We ini-

tiated nivolumab as third-line therapy for him. We detected 

a further enlargement of the lung metastatic lesions at the 

first CT evaluation 6 weeks following the onset of treatment 

(Figure 1A, B, D, and E). However, provided that his general 

condition was stable and his total tumor burden remained 

low, nivolumab was continued. A second CT evaluation at 

12 weeks revealed shrinkage in the lung lesions (Figure 1C 

and F). Lastly, his disease was controlled by nivolumab 

administration for nearly 1 year.

Pseudo-progression is a clinical challenge for practi-

tioners and patients. When patients are informed regarding 

potential pseudo-progression, they may continue treatment in 

the presence of tumor enlargement or new tumor lesions on 

imaging scans. However, some of these patients have true dis-

ease progression and alternative treatment options need to be 

considered. Since these findings of pseudo-progression would 

have been classified as “progressive disease” using historic 

Response Evaluation Criteria in Solid Tumors criteria, new 

imaging criteria had to be developed for precisely evaluating 

the immune-related response. Immune-related response 

criteria (IrRC)29 have been introduced, and they require the 

confirmation of disease progression on repeated, successive 

scans for at least 4 weeks following the first documented pro-

gression. Moreover, these criteria include the measurement 

of new lesions for assessing the total tumor burden.

Table 2 Ongoing trials of iCis in gastric cancer

Trial Phase Line Arm PD-L1  
status

Primary  
end point

CheckMate 649 iii First Nivolumab + ipilimumab nivolumab + XELOX/FOLFOX
XELOX/FOLFOX

Unselected OS in PD-L1+

ATTRACTION-4 II/III First Nivolumab + SOX/XELOX
SOX/XELOX

Unselected OS and PFS

KEYNOTE-062 iii First Pembrolizumab  
Pembrolizumab + cisplatin + 5-FU cisplatin +5-FU

Positive OS and PFS

JAVELIN Gastric 100 iii First Oxaliplatin + fluoropyrimidine→avelumb (maintenance) 
Oxaliplatin + fluoropyrimidine

Unselected OS and PFS

NivoRam I/II Second Nivolumab + ramcirumab 
Ramucirumab

Unselected PFS

– I/II Second Nivolumab + ramcirumab + paclitaxel  
Ramcirumab + paclitaxel

Unselected PFS

ONO-4538-38 iii Adjuvant Nivolumab + S-1/XELOX
S-1/XELOX

Unselected RFS

KeYNOTe-585 iii Neoadjuvant/ 
adjuvant

Pembrolizumab + XP/FP 
Placebo + XP/FP

Unselected OS, RFS,  
pathological CR

Abbreviations: 5-FU, 5-fluorouracil; CR, complete response; FOLFOX, 5-FU plus oxaliplatin; FP, 5FU plus cisplatin; ICI, immune checkpoint inhibitor; OS, overall survival; 
PD-L1, programmed death ligand 1; PFS, progression-free survival; RFS, recurrence-free survival; SOX, S-1 plus oxaliplatin; XELOX, capecitabine plus oxaliplatin; XP, 
capecitabine plus cisplatin.
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Additional information is necessary for using the IrRC 

for making treatment-related decisions in GC. No data from 

the ATTRACTION-2 study have been published regarding 

pseudo-progression.2 Although we experienced one pseudo-

progression, most of our cases showed continuous progres-

sion following nivolumab administration beyond initial 

progression. GC often rapidly progresses and causes compli-

cations such as bowel obstruction, hemorrhage, and severe 

ascites. When disease progression is observed, physicians 

need to carefully evaluate the patient’s condition, consider 

other treatment options, and make a decision regarding the 

continuation of nivolumab administration.

Hyper-progression
Hyper-progression in a disease is defined as dramatic pro-

gression that outpaces the expected rate of growth in the 

absence of ICIs.36 Hyper-progression has been observed 

across numerous tumor types, including melanoma, urothelial 

cancer, CRC, ovarian cancer, biliary tract cancer, lymphoma, 

non-small-cell lung cancer, and head and neck squamous cell 

carcinoma.37–39 Therefore, hyper-progression is considered 

independent of tumor histology.

We observed hyper-progression in a 59-year-old male 

patient initially diagnosed with GC involving HER2 over-

expression. He was treated using capecitabine plus cisplatin 

combined with trastuzumab, paclitaxel plus ramucirumab, 

and irinotecan monotherapy. After four irinotecan adminis-

trations, his liver and lung metastases progressed. We then 

started him on 3 mg/kg of nivolumab every 2 weeks as 

fourth-line therapy. Following two cycles of nivolumab, his 

liver enzymes increased. We performed CT for distinguishing 

irAE and disease progression. The CT showed multiple 

new lesions and remarkable enlargement of liver metastatic 

lesions, indicating a fast cancer progression (Figure 2). His 

condition worsened rapidly, and he died a few weeks later.

The mechanism of hyper-progression remains largely 

unknown. Identification of the predictors and mechanisms 

of hyper-progression has become essential, so that patients 

susceptible to develop hyper-progression with ICIs are not 

treated with any of them and will not be harmed.

Hyper-progression has been associated with the following 

two clinical variables: older age and regional recurrence in 

an irradiated field.37,39 Moreover, specific genomic alterations 

such as MDM2 family amplification and EGFR aberrations 

were reportedly associated with hyper-progression.40 Further 

characterization of hyper-progression is warranted and may 

provide insights into safer and more efficient administration 

of immunotherapy.

Hyper-response to subsequent 
chemotherapy
Studies have reported that ICIs increased the sensitivity to 

subsequent chemotherapy for some cancer types (Table 3).41–43 

In non-small-cell lung cancer, a retrospective analysis showed 

a 39% ORR to single-agent chemotherapy administered fol-

lowing cancer progression on anti-PD-1 antibody, exceeding 

Figure 1 CT imaging of pseudo-progression.
Notes: (A, D) Representative CT imaging before nivolumab treatment. (B, E) CT evaluation at 6 weeks after onset of nivolumab treatment. (C, F) CT evaluation at 
12 weeks revealed shrinkage of these lung lesions. Red arrows indicate lung metastases.
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the 37% ORR in first-line chemotherapy.44 Another retro-

spective analysis evaluated ORR in salvage chemotherapy, 

following ICIs in metastatic urothelial cancer.45 The ORR in 

patients who received ICIs in a first-line therapy followed by 

chemotherapy was 64%, compared with 50% for standard 

platinum-based chemotherapy in the first-line therapy. These 

findings strongly suggest that ICIs enhance the antitumor 

effect of subsequent chemotherapy.

Although there is no evidence for the efficacy of che-

motherapy following nivolumab administration in GC, we 

observed two cases with remarkable tumor shrinkage in GC 

in response to conventional cytotoxic chemotherapy fol-

lowing the progression of the cancer during treatment with 

nivolumab. Case 1 was a 71-year-old male and case 2 was a 

79-year-old male (the same patient with pseudo-progression 

mentioned earlier). Both patients were administered niv-

olumab as third-line chemotherapy, and disease progres-

sion was observed. As fourth-line chemotherapy, case 1 

was treated using irinotecan, and case 2 was treated using 

oxaliplatin plus capecitabine. Both patients showed a 

durable response over 12 months in their fourth-line che-

motherapy. Figure 3 shows the time course of tumor burden 

and treatment.

These results show that our patients showed durable 

responses to salvage-line chemotherapy after the failure of 

nivolumab treatment. Because salvage-line chemotherapy is 

expected to present a very limited response in patients with 

GC, this result indicates that nivolumab may increase the 

sensitivity to subsequent chemotherapy.

One possible explanation for this effect is that nivolumab 

remains in the body after discontinuation and works in com-

bination with subsequent chemotherapy. While its half-life 

is ~2 weeks, nivolumab occupies the PD-1 receptor of lym-

phocytes for more than 2 months.46 The bound nivolumab 

at the time of subsequent chemotherapy possibly adds a 

therapeutic effect. In fact, in non-small-cell lung cancer, 

a better response can be obtained by chemotherapy combined 

with ICI.47 Another possibility is the modification of the 

Figure 2 CT imaging of hyper-progression.
Notes: (A, C) Representative CT imaging before nivolumab treatment. (B, D) CT evaluation after three cycles of nivolumab showed remarkable enlargement of liver 
metastatic lesions, indicating a fast cancer progression. white line shows margins of liver metastases.
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Table 3 Response to chemotherapy after iCis as reported in the literature

References Age 
(years)

Sex Diagnosis Chemotherapy prior 
to ICIs

ICIs Chemotherapy 
after ICIs

Response to 
chemotherapy 
after ICIs

Dwary et al, 
201741

61 F HNSCC First line: CDDP + RT Pembrolizumab CBDCA + PTX + 
cetuximab

CR

54 M HNSCC First line: CDDP + RT
Second line: CBDCA +5 
FU + cetuximab
Third line: MTX

Pembrolizumab CBDCA + PTX + 
cetuximab

CR

54 M HNSCC First line: DTX + CDDP
Second line: CBDCA + 
PTX + RT

Pembrolizumab CBDCA + PTX + 
cetuximab

PR (.2 months)

60 F NSCLC First line: CBDCA + PeM + 
bevacizumab
Second line: DTX

Nivolumab DTX CR

50 M NSCLC First line: CBDCA + PeM Nivolumab DTX PR (.2 months)
21 M T-cell rich B-cell 

lymphoma
First line: R-CHOP Nivolumab GeM + prednisone + 

CDDP
CR

Ogawara et al, 
201842

66 F NSCLC First line: CDDP + GeM
Second line: DTX

Nivolumab S-1 PR (5 months)

75 M NSCLC First line: CDDP + PeM
Second line: DTX
Third line: S-1

Nivolumab CBDCA + nab-PTX PR (5 months)

Simon et al, 
201743

56 M Melanoma First line: vemurafenib
Second line: dabrafenib + 
trametinib
Third line: MTX

Fourth line: 
ipilimumab
Fifth line: nivolumab

Dacarbazine + 
CDDP

PR (.3 months)

Present cases 71 M Gastric cancer First line: CDDP + 
capecitabine + trastuzumab
Second line: PTX + Rmab

Nivolumab irinotecan PR (.12 months)

79 M Gastric cancer First line: CDDP + S-1 + RT
Second line: PTX

Nivolumab Capecitabine + 
oxaliplatin

PR (.12 months)

Abbreviations: 5-FU, 5-fluorouracil; CBDCA, carboplatin; CDDP, cisplatin; CR, complete response; DTX, docetaxel; GEM, gemcitabine; ICI, immune checkpoint inhibitor; 
HNSCC, head and neck squamous cell carcinoma; MTX, methotrexate; nab-PTX, albumin-bound PTX; NSCLC, non-small-cell lung cancer; PEM, pemetrexed; PR, partial 
response; R-CHOP, rituximab, cyclophosphamide, doxorubicin, and vincristine; Rmab, ramucirumab; RT, radiation therapy.

Figure 3 CT imaging and clinical course of the hyper-response in subsequent therapy.
Notes: (A) Representative CT imaging of case 1 after nivolumab treatment. Liver metastasis progressed to 90 mm. (B) CT imaging showed significant response to irinotecan. 
Liver metastasis has shrunken to 20 mm. (C) Time course of case 1, including tumor burden and treatment. Tumor burden, shown as a line graph, was calculated as the sum 
of the target lesions according to the Response Evaluation Criteria in Solid Tumors, version 1.1. (D) Representative CT imaging of case 2 after progression on nivolumab. 
Para-aortic lymph node metastasis progressed to 60 mm. (E) CT imaging showed remarkable response to oxaliplatin and capecitabine. (F) Time course of case 2, including 
tumor burden and treatment. Red markers show the margin of tumor.
Abbreviations: PTX, paclitaxel; Rmab, ramucirumab.
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tumor microenvironment by nivolumab enhances the cyto-

toxic effect of subsequent therapy. Exposure to nivolumab 

could change the microenvironment by an increased pool of 

activated T cells that would then increase the sensitivity to 

chemotherapy. Further large-scale studies are warranted for 

evaluating the efficacy and safety of chemotherapy follow-

ing immunotherapy and for identifying patients who may 

benefit from this. The cases reported in this review suggest 

that nivolumab may increase the sensitivity to subsequent 

chemotherapy in GC.

Biomarkers for evaluating ICI 
benefits in GC
Immunotherapy has changed the therapeutic strategy 

for patients with GC and has improved OS and clinical 

responses. Unfortunately, the response rate remains low, 

and the predictive factors that will identify the subgroup of 

patients who derive the greater benefit of therapy should be 

determined. Any biomarker that could be applied as part of 

standard therapeutic decision-making in GC has not been 

identified to date. In this section, we have reviewed the 

present scenario of biomarker for evaluating ICI benefits 

with emphasis on GC.

Programmed death ligand 1
PD-1 is a negative co-stimulatory receptor that is primarily 

expressed on activated T cells.48 The PD-1 receptor is an 

inhibitory T-cell receptor primarily engaged within the 

tumor microenvironment by its two known ligands, PD-L1 

and programmed cell death 1 ligand 2 (PD-L2). PD-L1 is 

normally expressed by a subset of macrophages and can 

be induced on activated lymphocytes, endothelial cells, 

and other non-malignant cell types in an inflammatory 

microenvironment. It forms part of a physiological pro-

cess to down-modulate ongoing host immune responses 

in peripheral tissues.49 However, tumor cells and associ-

ated stromal cells can also express PD-L1, thereby turn-

ing off T-cell activation and allowing uncontrolled tumor 

cell proliferation. Therefore, PD-L1 expression has been 

considered to be one of the most promising biomarkers for 

anti-PD-1 drugs.50

PD-L1 is expressed in ~25%–65% of GC tissues, 

whereas it is undetectable in normal gastric mucosa of 

healthy individuals.51–53 In KEYNOTE-061, PD-L1 expres-

sion has been correlated with better treatment outcome 

with pembrolizumab.14 These data reinforce the utility of 

PD-L1 expression for selecting patients for treatment with 

pembrolizumab monotherapy. On the contrary, the data 

from the ATTRACTION-2 study showed a significant 

benefit of nivolumab in all patients, including those with 

PD-L1-negative tumors. However, PD-L1 expression in 

ATTRACTION-2 was retrospectively assessed on tumor 

cells using the 28-8 pharmDx assay, with PD-L1 expression 

available for only 39% of the patients.2 In contrast, PD-L1 

expression was prospectively assessed on tumor cells and 

tumor-associated lymphocytes and macrophages using the 

22C3 pharmDx assay in KEYNOTE-61, which may be more 

efficient in predicting outcomes than tumor PD-L1 expres-

sion alone. PD-L1 expression could possibly function as a 

biomarker for identifying patients who are likely to benefit 

the most from these therapies, keeping in mind that existing 

data support the clinical benefit of ICIs even in PD-L1-

negative patients. Overall, PD-L1 expression would not be 

sufficient as a biomarker for identifying patients who may 

be responsive to anti-PD-1 therapy.

Tumor-infiltrating lymphocytes (TILs)
The presence of TILs can be detected in various cancers, 

including GC. TILs are considered as a selected population 

of T-cells with specific immunological reactivity against 

tumor cell. Therefore, the absence of TILs may contribute 

to immunotherapy resistance.54 Specifically, the density of 

tumor infiltrated with CD8+ T cells has been correlated with 

a response to anti-PD1 treatment in the anti-PD1 therapy for 

melanoma.55 Correlations between the levels of TILs and 

clinical outcome have been reported.56 A strong lympho-

cytic infiltration is associated with a good clinical outcome 

in numerous tumor types, including melanoma, head and 

neck cancer, breast cancer, bladder cancer, urothelial can-

cer, ovarian cancer, CRC, renal cancer, prostatic cancer, 

and lung cancer. However, the association between TILs 

and ICIs has not yet been reported in GC.

Microsatellite instability
Defects in DNA mismatch repair result in tumors with an 

increased number of somatic mutations that can induce an 

innate antitumor immune response and stimulate tumors 

for becoming more responsive to immune checkpoint 

blockade.57 As previously mentioned, on the basis of data 

from the Phase I and Phase II studies,16–20 pembrolizumab 

was approved by the US FDA for any solid tumors with 

MSI-high in May 2017.

Some GCs have a high mutational burden, particularly 

MSI-high tumors. The Cancer Genome Atlas has categorized 

GC into the following four molecular subtypes: Epstein–Barr 

virus (EBV)-positive, MSI-high, genomically stable, and 

chromosomally instable.58 Among these, MSI-high accounted 

for 22% of the patients with GC.
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In a post hoc exploratory analysis of KEYNOTE-061, 

patients whose tumors had high levels of MSI were retrospec-

tively assessed at a central laboratory, irrespective of PD-L1 

CPS.15 The results showed a particularly large treatment 

effect with pembrolizumab. Recently, Kim et al performed 

molecular characterization of tissues from 61 patients with 

GC who were treated with pembrolizumab as salvage treat-

ment in a prospective Phase II clinical trial.59 In patients 

with MSI-high tumors, responses were observed in 85.7% 

of the patients, which suggests that these GC subtypes are 

particularly responsive to anti-PD-1 therapy.

epstein–Barr virus
Integrated oncogenic viruses represent another genetic 

alteration in cancers that confers neo-antigenicity, thus 

serving as a molecular biomarker predictive of response to 

immune checkpoint blockade. Integrated viruses expressing 

oncogenes drive several human cancers in both immunode-

ficient and immunocompetent individuals.50 EBV-positive 

GCs are characterized by marked intra- or peri-tumoral 

immune cell infiltration and often exhibits the genomic 

amplification of the chromosome 9 locus containing genes 

encoding PD-L1 and PD-L2.60 Prior clinical trials have 

shown that EBV-positive tumors exhibit robust PD-L1 

expression both in cancer cells and immune cells.13,61 Nota-

bly, Kim et al reported that in 61 patients with GC who 

were treated with pembrolizumab as salvage treatment, 

ORR was 100% in EBV-positive tumors. Remarkably, 

all six patients with EBV-positive GC achieved PR with 

a median duration of response of 8.5 months in third-line 

therapy. This suggests that the presence of EBV represents 

a powerful predictive biomarker for immune checkpoint 

blockade efficacy in GC.

ctDNA
Plasma-derived ctDNA sequencing has been shown to repro-

duce tumor tissue exome sequencing for identifying patients 

who are likely to respond to pembrolizumab.62 Kim et al 

showed that ctDNA mutational load score was well correlated 

with response to pembrolizumab, and it appeared to predict 

PFS, at least, as well as the tissue mutational load.59 These 

data suggest that in patients unable or unwilling to undergo 

invasive tissue biopsy, broad ctDNA profiling may suffice to 

accurately identify potential candidates for pembrolizumab 

therapy. However, this approach will fail to identify EBV-

positive tumors that generally exhibit a low mutational load. 

Post-treatment changes in ctDNA were also predictors of 

both response and progression in GC. The identification 

of patients with a high risk of progression on the basis of 

changes in ctDNA at an early stage is useful for identifying 

patients who may need alternative therapeutic approaches 

and prevent confusion caused by pseudo-progression.

Gut microbiota
Specific members of the gut microbiota act as modulators 

of TILs and may influence the efficacy of immunotherapy. 

Bifidobacterium spp. enhanced the efficacy of anti-PD-L1 

therapy in a mouse model.63 Oral administration of Bifidobac-

terium alone improved tumor control to the same degree as 

PD-L1-specific antibody therapy, and anti-PD-L1 combina-

tion treatment nearly abolished tumor outgrowth. Similarly, 

Bifidobacterium spp. reportedly enhanced the efficacy of 

cancer immunotherapy by CTLA.64

A recent report demonstrated that primary resistance 

to ICIs can be attributed to abnormal gut microbiome 

composition.65 In patients with advanced cancer, antibiotics 

inhibit the clinical benefit of ICIs. Fecal microbiota trans-

plantation (FMT) from cancer patients, who responded to 

ICIs, into sterile mice enhanced the antitumor effects of 

PD-1 blockade, whereas FMT from non-responders did not. 

The correlation between the gut microbiome of melanoma 

patients undergoing anti-PD-1 therapy and its efficacy has 

also been reported.66 Significant differences were observed 

in the diversity and composition of the gut microbiome of 

responders vs non-responders. The analysis of patient fecal 

microbiome samples in responding patients showed signifi-

cantly higher alpha diversity (P,0.01) and relative abun-

dance of bacteria of the Ruminococcaceae family (P,0.01). 

These results indicate that manipulating the microbiota 

modulates cancer immunotherapy.

Conclusion
In the era of targeted therapy and personalized medicine, 

immunotherapy has shifted the treatment paradigm of GC. 

Although nivolumab has proven its efficacy as monotherapy 

in the salvage-line setting, further research is required 

for determining other regimens or combinations that will 

improve efficacy and tolerability. In addition, for guiding 

patient selection and identifying those who could benefit 

from ICIs, deeper genetic and immunological characteriza-

tion of GC is required.
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