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Abstract
Background The present study aimed to compare the efficacy and safety of nivolumab (NIVO) and irinotecan (IRI) and to 
identify clinical factors that facilitate treatment selection.
Methods Patients with advanced gastric cancer (AGC) who underwent NIVO or IRI treatment between November 2016 
and June 2018 at three institutions were retrospectively reviewed. The inclusion criteria were histologically confirmed 
gastric/gastroesophageal adenocarcinoma pretreated with fluoropyrimidines and taxanes, no previous NIVO or IRI 
treatment, and adequate organ function. Main outcome measures were objective response rate (ORR), progression-free 
survival (PFS), overall survival (OS), and adverse events. Interaction between treatment groups and clinical factors 
regarding OS were tested using a multivariate Cox proportional hazards model adjusted for relevant variables.
Results Both NIVO (n = 71) and IRI (n = 61) groups had similar baseline characteristics, except for sex distribution. NIVO 
and IRI groups had ORR of 20% and 6%, median PFS of 1.6 and 1.8 months, and median OS of 6.4 and 6.4 months, respec-
tively. Interaction analysis did not reveal any significant interaction between NIVO and IRI related to OS for various factors. 
NIVO group tended to have fewer ≥ grade 3 adverse events than IRI group, especially neutropenia (3% vs. 28%) and febrile 
neutropenia (1% vs. 8%). In the NIVO group, one patient developed pneumonitis, and four patients developed skin reactions.
Conclusions Although no remarkable differences in efficacy were found between IRI and NIVO for AGC, NIVO had a better 
safety profile compared to IRI. We found no clinical markers that can assist treatment decisions.
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Introduction

Gastric cancer is the fifth most frequently diagnosed cancer 
and the third most frequent cause of cancer-related deaths 
worldwide [1]. In Japan, gastric cancer was the second 

most common cancer in 2016 and the third leading cause 
of cancer-related deaths in 2018 [2]. Although early-stage 
gastric cancer is amenable to cure by endoscopic or sur-
gical excision, a substantial proportion of patients present 
with incurable or recurrent disease. Systemic chemotherapy 
is the current therapeutic option for advanced gastric can-
cer (AGC), but the prognosis is still poor (5-year survival 
rate: < 10%) [3].

Doublet combination regimens with fluoropyrimidine 
plus platinum and ramucirumab in combination with pacli-
taxel or a single-agent regimen are recommended as first- 
and second-line treatment for fit patients with AGC [4]. In 
the placebo-controlled randomized phase III trials ATT RAC 
TION-2 and TAGS, nivolumab targeting the programmed 
cell death 1 (PD-1) and trifluridine/tipiracil extended the 
survival of patients with AGC refractory to, or intoler-
ant of, at least two previous regimens [5, 6]. These results 
provide robust level I evidence for the use of nivolumab 
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or trifluridine/tipiracil in this clinical setting [4]. There is 
a lack of high-quality evidence supporting the use of iri-
notecan monotherapy, but it has shown tolerable safety 
profile and modest efficacy against AGC [7–9]. Recently, 
nivolumab combined with chemotherapy demonstrated 
superior survival benefit versus chemotherapy alone in 
treatment-naïve patients with human epidermal growth fac-
tor receptor 2 (HER2)-negative AGC; however, an explora-
tory analysis suggested that survival benefit with nivolumab 
was modest in patients whose tumors express programmed 
death-ligand 1 (PD-L1) with a combined positive score 
(CPS) < 5 or < 1 [10]. In two pivotal randomized phase III 
trials, CheckMate-649 and KEYNOTE-062, reconstructed 
Kaplan–Meier plots in unreported PD-L1 CPS subgroups 
suggest the lack of survival benefit in addition to immune 
checkpoint inhibition to chemotherapy for patients with 
low PD-L1–expressing tumors [11]. These data indicate 
that cytotoxic chemotherapies with trifluridine/tipiracil or 
irinotecan, or anti-PD-1 inhibitor nivolumab are still viable 
options for patients with low PD-L1 tumor in the later-line 
treatment setting. In these studies, the median overall sur-
vival (OS) values were just approximately 6 months and still 
need to be improved.

In general, immune checkpoint inhibitors are associ-
ated with fewer severe adverse events and more sustained 
response compared to cytotoxic chemotherapies. Long-term 
follow-up data of the ATT RAC TION-2 trial showed promis-
ing 1-year and 2-year OS rates in the nivolumab arm (27.3% 
and 10.6%, respectively) [12]. However, owing to the pau-
city of evidence supporting the use of specific agents, selec-
tion of therapy in the third- or later-line setting is a clinical 
challenge. Therefore, in this study, we retrospectively com-
pared the efficacy and safety of nivolumab and irinotecan in 
patients with AGC in the third- or later-line setting.

Patients and methods

Patient population

Data pertaining to AGC patients who received nivolumab 
or irinotecan monotherapy as third- or later-line treatment 
between November 2016 and June 2018 at three institu-
tions were retrospectively reviewed. The inclusion criteria 
were: age ≥ 18 years; Eastern Cooperative Oncology Group 
Performance Status (ECOG PS): 0 to 2; histologically con-
firmed gastric/gastroesophageal adenocarcinoma; disease 
refractory to or intolerant of fluoropyrimidines and taxanes; 
no previous treatment with either nivolumab or irinotecan; 
and adequate organ function. The following clinical data 
were collected: age, sex, ECOG PS, histological type of 
tumors, HER2 status, oral intake (adequate or inadequate), 
history of gastrectomy, number of metastatic sites, sites of 

metastasis, the severity of ascites, history of chemotherapy, 
time from the start of first-line therapy, history of antibiot-
ics within 30 days before treatment, neutrophil/lymphocyte 
ratios (NLR), lactate dehydrogenase (LDH) level, Glasgow 
Prognostic Score (GPS), and subsequent therapies. The need 
for total parenteral nutrition was defined as inadequate oral 
intake. The severity of ascites on CT scan was graded as 
none, mild, moderate, or massive: “mild” ascites was local-
ized in only the upper abdominal space or pelvis; “mod-
erate” was neither mild nor massive; “massive” extended 
throughout the abdominal cavity. The NLR was calculated 
as the absolute neutrophil count divided by the absolute lym-
phocyte count. The cutoff values for NLR and LDH level 
were determined according to a median value and upper 
limit of the normal, respectively. The GPS was graded as 2 
in presence of both elevated C-reactive protein (CRP) level 
(> 1.0 mg/dL) and hypoalbminemia (< 3.5 g/dL), 1 in pres-
ence of either elevated CRP level or hypoalbminemia, and 0 
in the presence of neither of these [13]. All patients provided 
written informed consent prior to receiving treatment. This 
study was approved by the Institutional Review Board of the 
Aichi Cancer Center Hospital, Saitama Cancer Center, and 
Kobe City Medical Center General Hospital.

Treatment and assessments

Patients received nivolumab 3 mg/kg or 240 mg (since 
November 2018) administered as 30-min intravenous infu-
sion every 14 days or irinotecan 150 mg/m2 as 90-min intra-
venous infusion every 2 weeks. Treatment was continued 
until the occurrence of confirmed disease progression, unac-
ceptable toxicity, patient’s refusal, or at the investigator’s 
discretion. Tumor response was assessed in patients with 
measurable disease by the attending doctors according to 
the Response Evaluation Criteria in Solid Tumors (RECIST) 
ver. 1.1 [14]. Treatment toxicity was evaluated according to 
Common Terminology Criteria for Adverse Events ver. 4.0.

Statistical analysis

Between-group differences with respect to clinicopatho-
logical factors were compared using the Fisher’s exact test 
for categorical variables and the Mann–Whitney U test for 
continuous variables. Objective response rate (ORR) was 
defined as proportion of patients with confirmed complete 
response (CR) or partial response (PR). Disease control rate 
(DCR) was defined as proportion of patients with CR, PR, 
or stable disease (SD). PFS was calculated from the date of 
the initiation of treatment until the date of disease progres-
sion or death from any cause. OS was calculated from the 
date of the initiation of treatment until the date of death from 
any cause. Patients who were still alive were censored at 
the last follow-up. The PFS and OS curves were estimated 
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using the Kaplan–Meier method and between-group differ-
ences assessed using the log-rank test. Survival differences 
between treatment groups were also evaluated by multi-
variate analyses using the Cox proportional hazards model, 
adjusted for relevant variables that were associated with p 
values < 0.05 in univariate analyses. Interaction between 
treatment groups and demographic factors regarding OS was 
tested using a multivariate Cox proportional hazards model 
adjusted for relevant variables. All statistical analyses were 
performed with EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), which is a graphical user 
interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria) [15]. Two-sided p values < 0.05 were 
considered indicative of statistical significance.

Results

Patient characteristics

A total of 71 patients treated with nivolumab and 61 with 
irinotecan were eligible for this study. The last follow-up 
time was April 2019. The baseline patient characteristics are 
summarized in Table 1. There was no significant between-
group difference with respect to baseline characteristics 
except for sex distribution. Numerically, more patients in 
the nivolumab group had peritoneal metastases, inadequate 
oral intake, and greater severity of ascites, compared with 
the irinotecan group.

Treatment exposure and subsequent treatment

The median follow-up duration was 12.1 (range 5.1–20.2) 
months in the nivolumab group and 16.9 (range 2.8–29.0) 
months in the irinotecan group. Treatment was discontinued 
in 67 (94%) patients with nivolumab and 61 (100%) with iri-
notecan. The main reasons for discontinuation were disease 
progression (92% and 97%) and adverse events (3% and 3%) 
in the nivolumab and irinotecan groups, respectively. The 
subsequent cancer therapy is listed in Table 2. Subsequent 
chemotherapy agents were administered to 32 (45%) patients 
in the nivolumab group (of which 17 patients received iri-
notecan) and 36 (59%) patients in the irinotecan group (of 
which 23 patients received nivolumab) (p = 0.22).

Tumor response and survival outcomes

Tumor response in patients with target lesions is shown in 
Table 3. A trend toward better ORR was observed in the 
nivolumab group compared with irinotecan group (20% 
vs. 6%, p = 0.17). There was no significant between-group 
difference with respect to DCR (30% vs. 39%, p = 0.46). 
Median PFS was 1.6 (95% confidence interval [CI], 1.4–2.3) 

Table 1  Baseline characteristics of the study population

Variables Nivolumab group
n = 71

Irinotecan group
n = 61

p value

Median age, years 
(range)

69 (33–86) 68 (46–79) 0.19

Sex, n (%)
 Male 44 (62) 50 (82) 0.01
 Female 27 (38) 11 (18)

ECOG PS, n (%)
 0 16 (23) 14 (23) 0.75
 1 42 (59) 39 (64)
 2 13 (18) 8 (13)

Histological type, n (%)
 Differentiated 24 (34) 24 (39) 0.33
 Undifferentiated 44 (62) 37 (61)

Unknown 3 (4) 0 (0)
HER2 status, n (%)
 Positive 16 (23) 9 (15) 0.28
 Negative 55 (77) 52 (85)

Oral intake, n (%)
Adequate 65 (92) 60 (98) 0.12
 Inadequate 6 (8) 1 (2)

Previous gastrectomy, n (%)
 Yes 33 (46) 27 (44) 0.86
 No 38 (54) 34 (56)

Number of metastatic sites, n (%)
 1 37 (52) 26 (43) 0.30
  ≥ 2 34 (48) 35 (57)

Peritoneal metastases, n (%)
 Yes 53 (75) 38 (62) 0.14
 No 18 (25) 23 (38)

Liver metastases, n (%)
 Yes 19 (27) 18 (30) 0.85
 No 52 (73) 43 (70)

Ascites, n (%)
 None 18 (25) 28 (46) 0.10
 Mild 34 (48) 22 (36)
 Moderate 9 (13) 6 (10)
 Massive 10 (14) 5 (8)

Number of prior regimens, n (%)
 2 63 (89) 54 (89) 0.89
 3 7 (10) 7 (11)
  ≥ 4 1 (1) 0 (0)

Prior platinum, n (%)
Yes 63 (89) 56 (92) 0.77
No 8 (11) 5 (8)
Prior ramucirumab, n (%)
 Yes 60 (85) 52 (85) 1.00
 No 11 (15) 9 (15)

Time from the start of first-line therapy (months), n (%)
  < 12 30 (42) 29 (48) 0.60
  ≥ 12 41 (58) 32 (52)
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months with nivolumab and 1.8 (95% CI, 1.6–2.3) months 
with irinotecan (hazard ratio [HR] 0.93, 95% CI 0.65–1.32, 
p = 0.67) (Fig.  1a). After adjusting for relevant factors 
(Supplementary Table 1), the between-group difference 
was not statistically significant (adjusted HR 1.06, 95% CI 
0.72–1.56, p = 0.76). A total of 54 (76%) patients receiving 
nivolumab and 55 (90%) patients receiving irinotecan had 
died at the time of data cutoff. The median OS was 6.4 (95% 
CI 5.0–8.2) months in the nivolumab group and 6.4 (95% 
CI 5.5–8.1) months in the irinotecan group (HR 0.88, 95% 

Table 1  (continued)

Variables Nivolumab group
n = 71

Irinotecan group
n = 61

p value

History of antibiotics within 30 days before treatment, n (%)
 Yes 9 (13) 5 (8) 0.57
 No 62 (87) 56 (92)

Neutrophil/lymphocyte ratios, n (%)
  < 2.5 39 (55) 28 (46) 0.38
  ≥ 2.5 32 (45) 33 (54)

Alkaline phosphatase (IU/L), n (%)
  < 360 32 (45) 23 (38) 0.48
  ≥ 360 39 (55) 38 (62)

Lactate dehydrogenase (IU/L), n (%)
  < 230 23 (32) 23 (38) 0.58
  ≥ 230 48 (68) 38 (62)

Glasgow prognostic score, n (%)
 0 21 (30) 18 (30) 0.79
 1 30 (42) 28 (46)
 2 19 (27) 13 (21)
 Unknown 1 (1) 2 (3)

ECOG PS Easter Cooperative Oncology Group performance status, 
HER2 human epidermal growth factor receptor 2

Table 2  Subsequent cancer treatment

FOLFOX 5-fluorouracil and l-leucovorin combined with oxaliplatin

Treatment, n (%) Nivolumab group
n = 67

Irinotecan group
n = 61

p value

Chemotherapy 32 (48) 36 (59) 0.22
Nivolumab 0 (0) 23 (38)
Irinotecan 17 (25) 0 (0)
FOLFOX 5 (7) 4 (7)
Others 10 (14) 9 (15)
Best Supportive 

Care
35 (52) 25 (41) 0.22

Table 3  Tumor response based on RECIST

RECIST Revised Evaluation Criteria in Solid Tumor, CI confidence 
interval

Category Nivolumab
n = 40

Irinotecan
n = 31

Overall response, n (%)
 Complete response 0 (0) 0 (0)
 Partial response 8 (20) 2 (6)
 Stable disease 4 (10) 10 (32)
 Progressive disease 23 (58) 13 (42)
 Not evaluable 5 (13) 6 (19)

Objective response rate, n 
(%; 95% CI)

8 (20; 9.1–35.6) 2 (6; 0.8–21.4)

Fig. 1  Kaplan–Meier curves of progression-free survival (a) and 
overall survival (b) according to the treatment
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CI 0.60–1.28, p = 0.50) (Fig. 1b). After adjusting for rel-
evant factors (Supplementary Table 2), a similar result was 
observed (adjusted HR 0.78, 95% CI 0.51–1.20, p = 0.26). 
The one-year survival rate in the nivolumab group was 
numerically better than that in the irinotecan group (26% vs. 
19%, p = 0.61). Subgroup analysis of OS revealed no obvi-
ous interaction between treatment groups and various clin-
icopathological factors (Fig. 2). On the other hand, patients 
with one metastatic site, liver metastases, no history of anti-
biotics, and ALP levels above the upper limit of normal level 
had a better OS in the nivolumab group than those in the iri-
notecan group (interaction test p < 0.20). Patients with three 

or more of these factors exhibited significantly longer OS in 
the nivolumab group than in the irinotecan group (median, 
6.6 vs. 4.7 months; HR, 0.36; 95% CI, 0.16–0.81; p = 0.01), 
but there was no significant difference between the patients 
in the two groups with less than three factors (median, 
6.1 months vs. 8.0 months; HR, 1.03; 95% CI, 0.66–1.60; 
p = 0.89) (Supplementary Fig. 1). While analyzing patients 
who achieved PR or SD, OS (median 13.8 vs. 10.3 months; 
HR 0.56, 95% CI 0.20–1.58; p = 0.27) and PFS (median 
6.7 vs. 4.0 months; HR 0.50, 95% CI 0.20–1.20; p = 0.12) 
showed a tendency to be prolonged in the nivolumab group 
compared with the irinotecan group.

Fig. 2  Subgroup analysis for overall survival. ECOG PS Eastern Cooperative Oncology Group Performance Status, NLR neutrophil–lymphocyte 
ratio, ALP Alkaline phosphatase level, LDH lactate dehydrogenase, GPS Glasgow prognostic score, CI confidence interval, HR hazard ratio
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Adverse events

The adverse events in our study population are listed in 
Table 4. Any grade 3 or 4 adverse events occurred in 22 
(31%) patients in the nivolumab group and 31 (51%) in the 
irinotecan group (p = 0.02). The frequency of grade 3 or 4 
neutropenia in the nivolumab group was significantly lower 
than that in the irinotecan group (3% vs. 28%, p < 0.01). 
Febrile neutropenia in the irinotecan group was numerically 
more frequent compared with the irinotecan group (8% vs. 
1%). The frequency of any grade neutropenia, nausea, diar-
rhea, constipation, fatigue, and anorexia in the nivolumab 
group was significantly lower than that in the irinotecan 
group. Immune-related adverse events in the nivolumab 
group were pneumonitis in one patient (grade 1) and rash in 
four patients (grade 1 in 3 and grade 2 in 1 patient). In one 
patient in the nivolumab group, the treatment was stopped 
because of liver disorder diagnosed by computed tomogra-
phy. There was no treatment-related death in either group.

Discussion

In the present study, we compared the efficacy and safety of 
nivolumab and irinotecan in patients with AGC treated in 
third- or later-line setting. The efficacy results were similar 
between nivolumab and irinotecan, but the one-year survival 
rate (26%) in the nivolumab group was numerically higher 
than that in the irinotecan group (19%) and was comparable 
to that (27%) in the ATT RAC TION-2 trial [12]. In terms 
of safety, toxicity profiles of both groups were consistent 

with results from previous studies [5, 7]. As expected, the 
irinotecan group experienced a higher frequency of all grade 
3 or 4 adverse events compared with the nivolumab group. 
The frequencies of any grade neutropenia, nausea, diarrhea, 
fatigue, and anorexia were higher in the irinotecan group. It 
was observed that the frequency of immune-related adverse 
events reported in the current study was lower than that 
reported in previous studies [16, 17]. This difference can 
be attributed to the retrospective nature of the study and the 
possibility that the data regarding grade 1–2 adverse events 
were not adequately collected from the medical records and 
the mild adverse events were not properly diagnosed as this 
study was conducted when nivolumab was just approved. 
Although estimating the frequency of such events was dif-
ficult to judge because of the small number of subjects, we 
do not believe that there is a marked difference between the 
frequency reported in this study and the frequency in the 
ATT RAC TION-2 trial [5].

In the JAVELIN 300 trial, avelumab, which is an anti-
body targeting PD-L1, failed to demonstrate superiority 
over chemotherapy in terms of OS in third-line treatment 
of AGC [18]. However, this is not the case with nivolumab 
because avelumab leaves the PD-1/PD-L2 pathway intact 
in spite of frequent expression of PD-L2 in gastric cancer 
tissue in the absence of PD-L1 and functional PD-1/PD-L2 
interactions in the anti-tumor response of cytotoxic T lym-
phocytes [19, 20]. Nivolumab in combination with chemo-
therapy as first-line treatment was shown to improve the 
OS and PFS compared with chemotherapy alone in patients 
with AGC and became one of standard treatment option for 
these patients [10]. However, patients with HER2-positive 

Table 4  Adverse events in the 
two treatment groups

Gr grade, AST aspartate aminotransferase, ALT alanine aminotransferase

Nivolumab
n = 71

Irinotecan
n = 61

p value p value

Any Gr Gr ≥ 3 Any Gr Gr ≥ 3 Any Gr Gr ≥ 3

Any adverse events 70 (99) 22 (31) 61 (100) 31 (51) 1.00 0.02
Hematological
 Neutropenia 5 (7) 2 (3) 32 (52) 17 (28)  < 0.01  < 0.01
 Anemia 62 (87) 12 (17) 57 (93) 11 (18) 0.38 1.00
 Thrombocytopenia 21 (30) 3 (4) 22 (36) 2 (3) 0.46 1.00

Non-hematological
 Nausea 6 (8) 2 (3) 20 (33) 1 (2)  < 0.01 1.00
 Diarrhea 3 (4) 1 (1) 23 (38) 1 (2)  < 0.01 1.00
 Constipation 0 (0) 0 (0) 5 (8) 0 (0) 0.02 1.00
 Fatigue 4 (6) 0 (0) 16 (26) 2 (3)  < 0.01 0.21
 Anorexia 5 (7) 1 (1) 26 (43) 4 (7)  < 0.01 0.18
 Increased AST 49 (69) 5 (7) 42 (69) 6 (10) 1.00 0.75
 Increased ALT 37 (52) 5 (7) 30 (49) 5 (8) 0.86 1.00
 Febrile neutropenia 1 (1) 1 (1) 5 (8) 5 (8) 0.09 0.09
 Pneumonitis 1 (1) 1 (1) 0 (0) 0 (0) 1.00 1.00
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or low expression of PD-L1 CPS tumors may still receive 
nivolumab as third- or later-line treatment and, therefore, the 
choice between irinotecan and nivolumab remains a clini-
cal challenge. In another study comparing the two agents 
as third-line treatment, nivolumab was more effective when 
patients had factors such as good PS, no liver metastases, 
and low baseline tumor volume. On the contrary, irinotecan 
was found to be more effective in patients with two or more 
of these factors [21]. In the present study, nivolumab was 
significantly better than irinotecan in patients with three or 
more clinical factors, including having one metastatic site, 
liver metastases, no history of antibiotics, and elevated ALP; 
however, this is only an exploratory study, and the contra-
dictory results for liver metastasis with previous reports 
need to be validated in a larger cohort of patients. Since the 
prognosis was favorable in cases where disease control was 
achieved, further investigation on biomarkers to predict their 
efficacy, including PD-L1 CPS, is required in the future. 
The 6-month PFS rate (15.5% vs. 6.6%) and 1-year OS rate 
(26.3% vs. 19.3%) were better in the nivolumab group, and 
with a longer observation period, the nivolumab group may 
have had a better outcome as previously reported [21].

In general, cytotoxic drugs are associated with short-term 
adverse events, such as myelosuppression and gastrointes-
tinal toxicity, whereas immune checkpoint inhibitors pro-
duce immune-related events that are less frequent but require 
long-term management. Although these differences in safety 
profiles need to be taken into account in treatment selec-
tion, nivolumab may be more suitable as third- or later-line 
treatment for nivolumab-naïve AGC patients because of the 
lower toxicity profile, the long-term survival expected in a 
certain proportion of patients, and the suggested enhance-
ment of subsequent treatment efficacy [22, 23].

Some limitations of our study should be acknowledged. 
First, this was a retrospective nonrandomized analysis. Sec-
ond, none of the cases were treated with trifluridine/tipiracil 
because these drugs were not yet approved for use in Japan 
during the study reference period. In the TAGS trial, trifluri-
dine/tipiracil extended survival of patients with AGC refrac-
tory to, or intolerant of, at least two previous chemotherapy 
regimens compared to placebo [6]. At present, trifluridine/
tipiracil is also used as third- or later-line therapy for AGC, 
but no direct comparisons between them have been made. 
Therefore, there is room for further studies on the selection 
of trifluridine/tipiracil and nivolumab in the late-line set-
ting. Third, we did not measure the markers such as tumor 
mutation burden, high frequency of microsatellite instability 
or PD-L1 CPS that are potential predictive factors for effi-
cacy of immune checkpoint inhibitors [24–26]. The PD-L1 
CPS has been consistently suggested to be a significant effi-
cacy biomarker in first- and second-line treatment setting 
for AGC [10, 24]. Larger studies are required to investigate 

the usefulness of these clinical or molecular biomarkers for 
treatment selection.

In conclusion, in this study, nivolumab as third- or later-
line treatment for AGC showed better safety profile and a 
tendency toward better efficacy compared to irinotecan; 
however, we did not identify any clinical factors that may 
help inform the choice of one drug over the other. Future 
studies should seek to identify biomarkers that may be useful 
for selection of nivolumab, irinotecan, and/or trifluridine/
tipiracil in this setting.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10147- 023- 02330-0.
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