
Abstract. Background: Immune-checkpoint inhibitors (ICI),
including nivolumab and pembrolizumab, are among the
standard treatments for previously treated advanced gastric
cancer (AGC). This study aimed to evaluate the frequency of
immune-related adverse events (irAEs) and the correlation
between irAEs and their efficacy in AGC cases. Patients and
Methods: Patients were divided into two groups according
to irAE occurrence. The frequency of irAEs and the
treatment outcome (response rate [RR], progression-free
survival [PFS], and overall survival [OS]) were evaluated.
The survival rates were evaluated by landmark analysis
considering lead-time bias. Results: Among 108 patients who
received nivolumab or pembrolizumab, 17 (15.7%) had
irAEs. In a 4-week landmark analysis, the RR, median PFS,
and median OS were 28.5%, 3.9 months (95% CI=2.8-9.3),

and 12.2 months (95% CI=3.8-NA) in patients with irAEs,
while 3.0% (2/65), 1.8 months (95% CI=1.4-2.1), and 3.5
months (95% CI, 2.9-5.1) in patients without irAEs,
respectively. In multivariate analysis, irAEs were associated
with better PFS (HR=2.08, 95% CI=1.34-3.21). Conclusion:
The occurrence of irAEs was associated with a better
clinical outcome of ICIs in patients with AGC.

Through development of immune-checkpoint inhibitors
(ICIs), the prognosis of various cancer types, including
gastric and gastroesophageal junction cancers, has improved
(1, 2). Nivolumab, which is a monoclonal antibody targeting
programmed cell death-1 (PD-1), has been shown to have
efficacy and safety in heavily pretreated patients with gastric
cancer (2). In a phase III placebo-controlled ATTRACTION-
2 study in Asia, nivolumab monotherapy obtained an overall
response rate (ORR) of 11.2% and increased the 12-month
OS to 27% versus 11% by placebo [hazard ratio (HR)=0.63;
p<0.0001], independent of PD-L1 positivity (2). In
nonrandomized phase II KEYNOTE-158 study for advanced
noncolorectal cancer with deficiency in DNA mismatch
repair (dMMR) or high microsatellite instability (MSI-H),
pembrolizumab monotherapy showed an ORR of 34.3%,
median progression-free survival (mPFS) of 4.1 months, and
median overall survival (mOS) of 23.5 months (3). In
addition, 24 patients with dMMR/MSI-H gastric cancer
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exhibited a similar activity in comparison to those with other
tumor types. In 2017, on the basis of these study results,
Japan approved nivolumab for gastric cancer treatment, and
in 2019, pembrolizumab was approved for MSI-H cancers
including gastric cancer. 

Different from chemotherapy and targeted therapies, ICI
administration leads to development of unique immune-
related adverse events (irAEs). Retrospectively, irAE
development was associated with better prognosis and
efficacy in patients with advanced melanoma, indicating that
irAE occurrence might reflect antitumor responses (4-6). The
mechanisms of irAE are still unclear, although a molecular
mimicry between melanoma-related antigens and normal
melanocytes might contribute to this association, especially
in cutaneous adverse events (7). A similar association was
observed in patients with non-small cell lung cancer
(NSCLC) (8-10) and renal cell carcinoma (11, 12).
Meanwhile, a single-center retrospective analysis was
conducted involving patients with advanced gastric cancer
(AGC) treated with nivolumab (13). 

Considering these backgrounds, we conducted a
multicenter retrospective analysis to investigate the
association between the irAE profile and the efficacy of
nivolumab or pembrolizumab in patients with AGC. 

Patients and Methods
Patients. We enrolled patients with advanced or recurrent gastric or
gastroesophageal junction cancers who had received at least one
cycle of nivolumab or pembrolizumab monotherapy after a failure
to first-line fluoropyrimidine plus platinum-based and second-line
taxan-based chemotherapy. All of them were treated between
October 2017 and August 2019 at nine institutions including the
Toyama University Hospital. We also reviewed their medical
records such as age, gender, Eastern Cooperative Oncology Group
performance status (ECOG PS), histologic type, HER2 status, MSI
status or MMR deficiency, positivity of Epstein–Barr virus, history
of gastrectomy, number of metastatic sites, history of chemotherapy
before nivolumab or pembrolizumab monotherapy, and laboratory
assessments.

Toxicity was assessed according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0. Furthermore,
adverse events were evaluated according to physical conditions and
laboratory data obtained before every cycle of nivolumab or
pembrolizumab. In this study, irAEs were defined as adverse events
having an immunological basis that required intensive monitoring
or endocrine therapy. The ethics committee of each institution
approved this study, and all patients provided an informed consent
prior to participation.

Treatment regimens and schedule. Patients intravenously received
the standard nivolumab dose of 3 mg/kg or 240 mg once and then
every 2 weeks until disease progression, the occurrence of
unacceptable toxicity, or patients’ refusal to continue the therapy.
Patients with MSI-H gastric cancer received 200 mg of
pembrolizumab once intravenously every 3 weeks. After treatment,
the objective responses of measurable lesions were evaluated

according to the Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) every 6-8 weeks. Meanwhile, patients without
measurable lesions were excluded from the RR analysis. The
amount of ascites was classified into small (limited to the pelvic
cavity or around the liver), moderate (neither small nor massive),
or massive (continuous ascites from the liver surface to the pelvic
cavity) by using computed tomographic (CT) scans. Moderate or
massive response was defined as disappearance or decrease (from
moderate to small or from massive to moderate or small) of ascites. 

Statistical analysis. For descriptive statistics, categorical variables
were calculated as frequencies and percentages and continuous
variables as median and range; they were then assessed by Wilcoxon
and Mann–Whitney U-test or Kruskal–Wallis test, when appropriate.
Progression-free survival (PFS) was measured from the day when
the nivolumab or pembrolizumab treatment was started to the day
when disease progression was confirmed or the final day of follow-
up without disease progression. Meanwhile, OS was measured from
the first day of nivolumab or pembrolizumab treatment to the day of
death or the final day of follow-up. Additionally, mPFS and mOS
were estimated by the Kaplan–Meier method, and the differences
between the two groups (patients with and without irAEs) were
assessed by the log-rank test. Patients who were alive and
progression free were censored at the date of the last follow-up. In
light of the lead-time bias caused by the time-dependent onset of
irAEs, we conducted 4- and 8-week landmark analyses specifically
to patients who were progression free or alive at 28 and 56 days after
starting nivolumab or pembrolizumab treatment for PFS and OS,
respectively. To evaluate the impact of both early and late-onset
irAEs and to minimize the lead-time bias, we selected 6 weeks as
the cutoff for the primary landmark analysis. We also conducted
complementary 4- and 8-week landmark analyses to further
corroborate the hypothesis. All statistical data were analyzed using
the JMP version 14 (SAS Institute, Cary NC), and p<0.05 (two-
sided) was considered to be statistically significant.

Results
Patient characteristics. Ultimately, we included 108 patients.
The median age was 68 (36-87) years. Most patients were male
(62.9%), the PS was mainly 0-1 (67.5%), and the majority had
two or more metastatic sites (60.1%). Before treatment, 32
patients (29.6%) had moderate to massive peritoneal effusion.
Three patients showed an MSI-H status, and all received
pembrolizumab as second-line treatment. Table I lists the
patient characteristics according to irAE development.
Seventeen patients (15.7%) experienced irAEs during ICI
treatment, while 91 patients (84.3%) did not. No significant
differences were found in median age, gender, PS, primary site,
histopathologic type, HER2 status, history of gastrectomy,
number of metastatic sites before ICIs, and treatment line
between the two groups. MSI status/MMR deficiency and
preexisting antibody also did not exhibit significant difference,
although certain patients were not evaluated. 

Profile of irAEs. Table II summarizes the overall safety profile
of nivolumab and pembrolizumab in the entire study
population. Among 17 patients with irAEs, two experienced
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two irEAs (grade 2 adrenal insufficiency with grade 1
diarrhea, and grade 1 interstitial pneumonia with grade 1
diarrhea), and one experienced three irAEs (grade 2 elevated
hepatic enzyme with grade 1 pruritis and diarrhea). Three

patients had one or more grade 3 or 4 adrenal insufficiency
and interstitial pneumonia. Two treatment-related deaths,
namely, myocarditis and interstitial pneumonia, were also
observed. Moreover, systemic steroids were required in 10
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Table I. Patient characteristics before nivolumab or pembrolizumab treatment.

Characteristics                                                                                                              Number of patients (%)                       

                                                                                                          Total                             With irAEs                     Without irAEs                  p-Value
                                                                                                           (%)                                      (%)                                     (%)

Number                                                                                             108                                17 (15.7%)                        91 (84.3%)                            
Gender                                                                                                                                                                                                                             
   Male                                                                                                 68                                        12                                      56                               0.47
   Female                                                                                             40                                          5                                       35                                  
Age                                                                                                                                                                                                                                   
   Median (range)                                                                         68 (36-87)                          67 (36-82)                         68 (39-87)                         0.87
ECOG performance status                                                                                                                                                                                          0.51
   0                                                                                                         6                                          0                                         6                                  
   1                                                                                                       68                                        12                                      56                                  
   ≥2                                                                                                     34                                          5                                       29                                  
Primary site                                                                                                                                                                                                                  0.94
   Gastric                                                                                           102                                        16                                      86                                  
   Esophagogastric junction                                                                  6                                          1                                         5                                  
Histopathologic type                                                                                                                                                                                                   0.06
   Intestinal                                                                                          52                                        12                                      40                                  
   Diffuse                                                                                             56                                          5                                       51                                  
HER2 status                                                                                                                                                                                                                     
   Positive                                                                                            26                                          4                                       22                               0.95
   Negative                                                                                           82                                        13                                      69                                  
MSI status/MMR deficiency                                                                                                                                                                                       0.48
   Positive                                                                                              3                                          1                                         2                                  
   Negative                                                                                           24                                          5                                       19                                  
   Not evaluated                                                                                  81                                        11                                      70                                  
Stage                                                                                                                                                                                                                             0.43
   Advanced                                                                                         84                                        12                                      72                                  
   Postoperative recurrence                                                                 24                                          5                                       19                                  
Metastatic sites                                                                                                                                                                                                                
   Lymph node                                                                                     62                                        10                                      52                               0.89
   Liver                                                                                               54                                          9                                       46                               0.85
   Peritoneum                                                                                      64                                        10                                      54                               0.96
   Moderate to massive peritoneal effusion                                       32                                          6                                       26                               0.94
Number of metastatic sites                                                                                                                                                                                          0.59
   0-1                                                                                                    43                                          8                                       35                                  
   ≥2                                                                                                     65                                          9                                       56                                  
Treatment line before ICI                                                                                                                                                                                           0.87
   1                                                                                                         2                                          0                                         2                                  
   2                                                                                                       78                                        13                                      65                                  
   3                                                                                                       17                                          2                                       15                                  
   ≥4                                                                                                     11                                          2                                         9                                  
ICI drugs                                                                                                                                                                                                                      0.39
   Nivolumab                                                                                     115                                        16                                      89                                  
   Pembrolizumab                                                                                  3                                          1                                         2                                  
Preexisting antibody                                                                                                                                                                                                    0.34
   Present (RF or ANA)                                                                      16                                          2                                       14                                  
   Not present                                                                                      28                                          6                                       22                                  
   Not evaluated                                                                                  64                                          9                                       55                                  

irAEs, Immune-related adverse events; ECOG, Eastern Cooperative Oncology Group; MSI, microsatellite instability; MMR, DNA mismatch repair;
ICIs, immune-checkpoint inhibitors; RF, rheumatoid factor; ANA, antinuclear antibody.



patients for the treatment of irAEs. The median time to irAE
onset was 5.7 (0.9-45) months, consistent with that in previous
clinical trials and real-world study (Figure 1) (13, 14).

Association between irAEs and nivolumab response. Table
III presents the responses to ICIs. The RR and disease
control rate (DCR) in 79 patients with measurable lesions
were 7.6% (6/79) and 32.9% (26/79), respectively. The RR
and DCR in patients with irAEs were 28.5% (4/14) and
64.2% (9/14), whereas those in patients without irAEs were
3.0% (2/65) and 26.1% (17/65), respectively. Thus, patients
with irAEs had significantly higher RR and DCR than those
without (p=0.001 and p<0.0001). Meanwhile, in 32 patients
with moderate to massive peritoneal effusion, the response
to effusion, which indicated a considerable decrease in
ascites, was 50.0% (3/6) in patients with irAEs and 7.6%
(2/26) in patients without irAEs (p=0.01). 

Association between irAEs and survival after nivolumab.
Overall, the mPFS was 1.4 months (95% confidence interval
[CI]=1.2-1.8 months), and the mOS was 3.6 months (95%
CI=3.0-5.3 months). In the 4-week landmark analysis, we
excluded 30 patients in the PFS analysis and nine patients in
the OS analysis. The mPFS was 3.9 (95% CI=2.8-9.3) months
and 1.8 (95% CI=1.4-3.2) months, and the mOS was 12.2
(95% CI=3.8-NA) months and 3.5 (95% CI=2.9-5.1) months
in patients with and without irAEs, respectively (Figure 2).
The development of irAEs was significantly associated with
increased PFS (p=0.002) and OS (p=0.01). Similar results
were obtained in the 8-week landmark analysis. 

Univariate and multivariate analyses of factors associated
with PFS. Table IV shows the univariate and multivariate
analyses of factors associated with the PFS of nivolumab or
pembrolizumab. In the univariate analysis of gender (male
or female), age (≥75 or <75), PS (0-1 or ≥2), resection of
primary sites (yes or no), pathology (intestinal or diffuse),
number of metastatic sites (1-2 or ≥3), Neutrophil-to-
Lymphocyte Ratio (NLR; 4 or <4), preexisting antibody (yes
or no), and occurrence of any irAEs (yes or no) as
covariates, only the PS, NLR, and irAEs were significantly
associated with PFS. In the multivariate analysis, PS ≥2
(HR=2.08; 95% CI=1.30-3.31) and the occurrence of any
irAE (HR=0.36; 95% CI=0.13-0.96) were associated with
PFS. PFS was also evaluated according to the location of
irAEs including gastrointestinal, endocrine, and pulmonary,
and the onset of irAEs; differences were seemingly not
observed between each factor.

Discussion

The ATTRACTION-2 clinical trial, which is a global phase
III study, demonstrated that nivolumab improved the
prognosis of heavily treated patients with AGC (2). This
previous study showed that the ORR, mPFS, mOS, and 12-
month survival rate of these patients were 11.2%, 1.45
months, 5.26 months, and 26.2%, respectively. In this
analysis, the occurrence rate of irAEs was 15.7% in all
grades and 10.9% in grade 3 or 4. Overall, the treatment
efficacy and toxicity profile of the present study are similar
to those of the ATTRACTION-2 study. In our study, the
patients with irAEs had a significantly higher ORR and
longer PFS and OS than those without irAEs, and the irAE
development was associated with a survival benefit in
patients with AGC treated with nivolumab or
pembrolizumab. Our results are consistent with other cancer
types, including head and neck cancer (15), lung cancer (8,
16), melanoma (6), and renal cell cancer (11). Of note, we
included patients with moderate to massive peritoneal
effusion, which is one of the major complications during
palliative chemotherapy for AGC, although this complication
is an exclusion criterion in a previous clinical trial (17). Even
in this population, patients with irAEs had a significantly
higher response to ICIs than those without. 

The adverse events of antitumor agents usually progress
to dose-limiting toxicities or result in anticancer treatment
interruption; hence, patients with such adverse events
generally have a poor prognosis. Conversely, the irAEs of
ICIs typically indicate an encouraging response and
clinical benefit for treated patients. Tumor neoantigens and
normal tissue antigens might present cross-reaction in
patients with irAEs, and this active immune status might
lead to a meaningful outcome (18). Accordingly, our
multivariate analysis revealed that PS 0-1 and development
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Table II. Profile of irAEs.

Category                                             Number of events

                                                  Total   Grade  Grade  Grade  Systemic 
                                                                1-2        3-4         5         steroid 
                                                                                                      therapy

Any                                              21        16          3           2            10
Gastrointestinal                                                                                    
  Diarrhea/Colitis                          7           7          0           0              2
  Elevated hepatic enzyme           1           1          0           0              0
Endocrine                                                                                             
  Adrenal insufficiency                 3           1          2           0              3
  Hypothyroidism                          2           2          0           0              0
Pulmonary                                                                                            
  Interstitial pneumonia                4           2          1           1              3
Other                                                                                                    
  Rash/Pruritis                               1           1          0           0              0
  Myocarditis                                 1           0          0           1              1
  Encephalitis                                1           1          0           0              1
  Immune thrombocytopenia        1           1          0           0              0

irAEs, Immune-related adverse events.  



of irAEs were associated with longer PFS. Meanwhile,
early onset of irAEs within 6 weeks was not a predictive
factor of PFS, probably because of the following two
points. First, early onset of specific irAEs, including
interstitial pneumonitis and myocarditis, as shown in our
study, is reportedly associated with increased mortality
(19-22). Second, patients with long survival might have
immunologic reaction with ICIs. In recent basic and
clinical research, PD-1 was abundantly expressed in
activated B cells, and T cells enhanced the PD-1 antibody
therapeutic effects and might, in turn, induce
autoantibodies in B cells, thereby triggering late-onset
irAEs (14, 23, 24). Therefore, preexisting antibody is
linked to irAEs during ICI treatment for advanced NSCLC;
unfortunately, we could not find these results because our
study has a small sample size (25). 

In our study, three patients with MSI-H received
pembrolizumab treatment, and one patient with response to
pembrolizumab experienced irAEs including grade 1 diarrhea,
pruritis, and grade 2 elevated hepatic enzyme. Meanwhile, the
KEYNOTE-158 clinical trial, which is a phase II study,
demonstrated an active pembrolizumab treatment for
previously treated patients with MSI-H or dMMR
noncolorectal cancer (3). Among all patients treated with
pembrolizumab in this previous study, 54 (23.2%) manifested
irAEs, with hypothyroidism, hyperthyroidism, colitis, and
pneumonitis as the most common. This irAE pattern after
pembrolizumab treatment was anticipated and was consistent
with that across multiple tumor types (3). According to several
clinical studies for gastric cancer, the frequency and profile of
treatment-related adverse events were similar between
nivolumab and pembrolizumab (3, 26, 27).  
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Figure 1. The median time to the onset and the distribution over time of all immune-related adverse events (irAEs) in 17 patients or gastrointestinal,
endocrine, pulmonary, and other irAE.

Table III. Response to nivolumab or pembrolizumab.

Characteristics                                                                                                                 Number of patients (%)

                                                                                                               Total (%)                With irAEs (%)               Without irAEs (%)            p-Value

Target lesion                                                                                                79                                 14                                        65                             
  CR                                                                                                              1                                   1                                          0                              
  PR                                                                                                               5                                   3                                          2                              
  SD                                                                                                              20                                  5                                         15                             
  PD                                                                                                              42                                  4                                         38                             
  Not evaluated                                                                                            11                                  1                                         10                             
Response rate                                                                                            7.6%                           28.5%                                   3.0%                         0.001
Disease control rate                                                                                  32.9%                          64.2%                                 26.1%                      <0.0001
Response to moderate to massive peritoneal effusion                     15.6% (5/32)                50.0% (3/6)                        7.6% (2/26)                   0.01

CR, Complete response; PR, partial response; SD, stable disease; PD, progressive disease. 
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Figure 2. Kaplan–Meier curves of progression-free survival (PFS) and overall survival (OS). PFS (A) and OS (B) following nivolumab or
pembrolizumab treatment in patients with or without irAEs by landmark time (4 weeks); PFS (C) and OS (D) following nivolumab or pembrolizumab
treatment in patients with or without irAEs by landmark time (8 weeks). 

Table IV. Univariate and multivariate analyses of factors associated with progression-free survival.

                                                                                                   Univariate analysis                                                          Multivariate analysis

Factor                                                                     HR                        95% CI                     p-Value                   HR                   95% CI                p-Value

Gender, male (/female)                                         1.07                      0.70-1.65                     0.72                                                                                    
Age, ≥75 (/<75)                                                    0.76                      0.46-1.24                     0.27                                                                                    
PS, 0-1 (/≥2)                                                          2.08                      1.34-3.21                     0.0009                  2.08                 1.30-3.31                 0.002
Resection of primary sites, Yes (/no)                   0.61                      0.35-1.07                     0.08                                                                                    
Pathology, intestinal (/diffuse)                             0.79                      0.52-1.19                     0.27                                                                                    
Number of metastatic sites, 1-2 (≥3)                   0.87                      0.57-1.33                     0.53                                                                                    
NLR, ≥4 (/<4)                                                       1.70                      1.04-2.77                     0.03                      1.30                 0.78-2.14                  0.30
Preexisting antibody, yes (/no)                             0.78                      0.40-1.52                     0.47                                                                                    
Any irAE, yes (/no)                                              0.32                      0.16-0.61                     0.0006                  0.36                 0.13-0.96                  0.04
irAE, Gastrointestinal, yes (/no)                          0.30                      0.09-0.96                     0.04                      0.75                 0.17-3.28                  0.70
irAE, Endocrine, yes (/no)                                   0.29                      0.09-0.92                     0.03                      0.80                 0.18-3.52                  0.76
irAE, Pulmonary, yes (/no)                                   0.42                      0.13-1.34                     0.14                                                                                    
Onset of irAE within 6w, yes (/no)                      0.73                      0.31-1.68                     0.73                                                       

NLR, Neutrophil/lymphocyte ratio; irAE, immune-related adverse event.



Meanwhile, the present study has several limitations,
including its retrospective nature, small sample size, and
insufficient examination of MSI status/MMR deficiency and
preexisting antibody. Given these limitations, we intend to
accumulate a larger number of patients with gastric cancer.
Nonetheless, this study showed an intimate link between the
development of irAEs and the antitumor effect of nivolumab
or pembrolizumab in patients with AGC, including those
with moderate to massive peritoneal effusion. The insight
into whether these two aspects of ICIs can be uncoupled to
maximize benefit while minimizing toxicities for patients is
an emerging oncology research interest. Well-designed
prospective studies are necessary to confirm the true
implications of irAE characteristics on the response of ICIs. 
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