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Abstract
Background: Chemotherapy for advanced gastric cancer is recommended in the 
guidelines; however,  later- line  treatment remains controversial. Since  immune 
checkpoint inhibitors have been used for the treatment of various malignancies, 
trials have been performed for gastric cancer. A phase 3 trial indicated the sur-
vival benefit of nivolumab monotherapy for gastric cancer patients treated with 
prior chemotherapy regimens.
Patients and methods: A regional cohort study was undertaken to determine 
the real- world data of nivolumab treatment for patients with advanced or recur-
rent gastric cancer. The patients were enrolled for 2 years from October 2017 to 
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1   |   INTRODUCTION

Nivolumab,  an  immune  checkpoint  inhibitor,  has  been 
investigated  in  the  treatment  of  unresectable  or  recur-
rent  chemotherapy- resistant  gastric  cancer.  A  phase  3 
trial (ATTRACTION- 2) indicated the survival benefits of 
nivolumab for the Asian patients with gastric and gastro-
esophageal  junction  cancer  that  was  treated  with  prior 
chemotherapy  regimens.1  The  study  reported  a  median 
overall survival (OS) of 5.26 months with nivolumab and 
4.14 months with placebo. Nivolumab treatment was then 
recommended  for  gastric  cancer  patients  as  ≥third- line 
chemotherapy in the gastric cancer treatment guidelines 
of Asian countries.2,3 However, nivolumab treatment has 
only been approved as later- phase chemotherapy for gas-
tric  cancer  in  very  limited  countries.4  As  the  European 
Society  of  Medical  Oncology  clinical  practice  guidelines 
for the diagnosis, treatment, and follow- up of gastric can-
cer do not recommend any third- line treatment, the effec-
tiveness  of  later- line  chemotherapy  for  advanced  gastric 
cancer is still controversial.5,6

A  total  of  782,685  gastric  cancer- related  deaths  were 
reported worldwide in 2018.7 The gastric cancer incidence 
reached  1,033,701  and  the  disease  was  frequently  found 
in Eastern Asia, Eastern Europe, South America, Western 
Asia,  and  other  countries.  Gastric  cancer  mortality  in 
Japan  is  reported  to  be  30,000  patients/year,8  while  the 
gastric  cancer  mortality  in  Asahikawa  city,  Hokkaido— 
which  has  a  population  of  350  million— is  proximately 
140 patients/year. We conducted a regional cohort study 

to  assess  the  real- world  evidence  in  the  survival  data  of 
gastric cancer patients who received nivolumab. The clin-
ical  information  about  the  chemotherapy  regimens  that 
the  patients  received  and  their  total  survivals  were  also 
collected  in  a  data  center.  We  herein  present  the  1- year 
follow- up results of the Asahikawa gastric cancer cohort. 
The  clinical  characteristics  were  analyzed,  and  factors 
predicting  the  survival  were  investigated  in  the  cohort 
group. The total survival period from the beginning of the 
chemotherapy to the death was additionally examined to 
investigate the impact of recent advances in gastric cancer 
treatment in a real- world setting.

2   |   MATERIALS AND METHODS

2.1  |  Study design and patients

We performed a multicenter prospective cohort study of 
gastric carcinoma treated with nivolumab to obtain real- 
world  data.  The  Asahikawa  gastric  cancer  cohort  study 
group includes a special function hospital and four cancer 
medical  cooperation  base  hospitals— where  nivolumab 
treatment  is  conducted— in  Asahikawa  city,  Hokkaido, 
Japan. All clinical data of gastric cancer patients who re-
ceived  nivolumab  treatment  were  collected,  and  a  data 
analysis was performed at the section of Cancer Genomic 
Medicine  in  Asahikawa  Medical  University.  The  proto-
col  was  approved  by  the  Asahikawa  Medical  University 
Research Ethics Committee (approval #1912) and by each 

October 2019 and were prospectively followed for 1 year to examine the overall 
survival (OS). The patient characteristics were analyzed in a multivariate analysis 
and a nomogram to predict the probability of survival was generated.
Results: In total, 70 patients who received nivolumab as ≥third- line chemother-
apy were included in the Asahikawa Gastric Cancer Cohort. The median OS was 
7.5 (95% CI, 4.8– 10.2) months and the response rate was 18.6%. Diffuse type clas-
sification, bone metastasis, high neutrophil/lymphocyte ratio, and high CRP were 
associated with poor OS/prognosis in the multivariate analysis. A nomogram was 
developed based on these clinical parameters and the concordance index was 0.80 
(95% CI, 0.68– 0.91). The  responders were aged and were  frequently diagnosed 
with intestinal type gastric cancer, including patients with a HER2- positive status 
(27.3%) or microsatellite instability- high (27.3%) status.
Conclusions: The regional cohort study of nivolumab monotherapy for gastric 
cancer patients revealed prognostic factors and a nomogram was developed that 
could predict the probability of survival.

K E Y W O R D S

biomarker, chemotherapy, gastric carcinoma, microsatellite instability, nomogram
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institute. Patients were enrolled for 2 years from October 
2017 to October 2019. Patients of ≥20 years of age with un-
resectable advanced or recurrent gastric cancer that was 
confirmed to be adenocarcinoma were eligible for inclu-
sion in this study. Patients treated with standard chemo-
therapy regimens and patients with carcinomas that were 
refractory to or intolerant of the chemotherapy. A 1- year 
follow- up  period  after  the  end  of  the  enrollment  period 
was assigned, and collection of survival data was ended on 
October 2020. Clinical data, including the sex, age, tumor 
status  (macroscopic  type,  histological  classification, 
HER2  status,  and  site  of  metastasis),  history  of  gastrec-
tomy,  previous  chemotherapy,  and  pretreatment  blood 
chemistry  data  (neutrophil/lymphocyte  ratio  [NLR], 
C- reactive  protein  [CRP],  and  albumin  level).  Any  case 
with  immunohistochemistry  (IHC)  3+  or  IHC  2+  with 
fluorescence  in  situ  hybridization  (FISH)  +  was  consid-
ered to be HER2- positive according to the Pharmaceutical 
and Medical Devices Agency and the European Medicines 
Agency. The NLR at  the  time of  the  first administration 
of  nivolumab  was  defined  high  and  low  (cut- off  value: 
5).9  The  Glasgow  prognostic  score  (GPS)  at  the  first  ad-
ministration  was  defined  according  to  a  previous  re-
port.10  Patients  with  an  elevated  CRP  (>1.0  mg/dl)  and 
low albumin level (<3.5 g/dl) were assigned a score of 2. 
Either one of  them was assigned a score of 1; no factors 
were assigned a score of 0.

The  patients  received  3  mg/kg  or  240  mg/body 
nivolumab  intravenously  every  2  weeks.  The  patients 
received  treatment until disease progression or until  the 
development  of  unacceptable  toxicity.  Tumor  responses 
were assessed by the investigator using computed tomog-
raphy (CT) or magnetic resonance imaging (MRI), accord-
ing  to  the Response Evaluation Criteria  in Solid Tumors 
guidelines. Tumor assessment was performed by each in-
vestigator and after the end of the treatment. Patients with 
a  complete  response  (CR)  or  partial  response  (PR)  were 
classified as responders. The disease control rate was de-
fined as the proportion of patients with CR, PR, or stable 
disease (SD). Adverse events (AEs) were evaluated by the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (CTCAE) version 4.0. The incidence of 
grade >1 treatment- related AEs (TRAEs) was evaluated in 
this study.

2.2  |  Outcomes

The  primary  endpoint  was  overall  survival  (OS),  which 
was defined as the period from the initiation of nivolumab 
treatment to the death of the patients. The secondary end-
points were total OS, defined as the period from the begin-
ning of the primary chemotherapy to death, the treatment 

continuation  rate,  and  the  objective  response  rate  (pro-
portion of responders). We also performed an exploratory 
post hoc analysis of OS according to response and exist-
ence of TRAEs.

2.3  |  Statistical analysis

The  median  OS  and  95%  confidence  interval  (CI)  were 
calculated using the Kaplan– Meier method. The log- rank 
test  was  used  to  compare  the  difference  in  OS  between 
the groups. Hazard ratios (HRs) with 95% CIs were calcu-
lated using a  stratified Cox proportional hazards model. 
The prognostic variables were assessed in a multivariable 
analysis. The histological type, liver metastasis, peritoneal 
metastasis,  and  CRP  were  selected  as  explanatory  vari-
ables,  as  their  p  values  in  the  univariable  analysis  were 
significant (p ≤ 0.001). The NLR was selected as a variable 
based on a retrospective observational study.9 All analyses 
were performed using the SPSS software program, version 
25 (IBM, New York, NY, USA), and p values of <0.05 were 
considered to indicate statistical significance.

2.4  |  Construction and validation of 
a nomogram

Independent  risk  factors  associated  with  longer  sur-
vival  were  chosen  to  construct  a  nomogram  using  R 
version  4.0.3  software  (The  R  Foundation  for  Statistical 
Computing, Vienna, Austria). The nomogram was gener-
ated by the Bell Curve for Excel (Social Survey Research 
Information  Co.  Ltd.,  Tokyo,  Japan).  The  probability  of 
survival at  the  time of  the mean OS was predicted  from 
the  nomogram.  Validation  of  the  nomogram  was  per-
formed  through  repeated  independent  samplings  based 
on our cohort. The concordance index (C- index) provided 
a  probability  value  between  the  observed  and  predicted 
probability.  A  receiver  operator  characteristics  (ROC) 
curve was created using the nomogram and independent 
risk factors.

2.5  |  Histochemical analysis

Responders were subjected to a histological analysis after 
obtaining  their  written  informed  consent.  Formalin- fixed 
paraffin- embedded  (FFPE)  surgically  resected  specimens 
and endoscopically biopsied tissue were used for the histo-
logical and immunohistochemical examinations. Mismatch 
repair (MMR) protein expression was evaluated with IHC. 
MMR proteins were assessed  in  the  tumor cells with an-
tibodies  against  mutL  homolog  1  (MLH1),  postmeiotic 
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segregation  increase 2 (PMS2), MutS homolog 2 (MSH2), 
and MutS homolog 6 (MSH6). Cancer with the decreased 
expression levels was defined as MMR- deficient (dMMR).

3   |   RESULTS

3.1  |  Patient characteristics and 
treatment efficacy

During  the  patient  enrollment  period,  70  gastric  cancer 
patients  received  nivolumab  treatment.  The  patients’ 
characteristics are shown in Table 1. The median age was 
69 (39– 84) years, 65.7% were male, and 62.3% were elderly 
(≥65). All patients were histologically diagnosed with gas-
tric  adenocarcinoma,  with  an  unresectable  tumor  and/
or recurrent metastatic cancer. HER2 (evaluated by IHC 
and/or FISH) was positive in 12 patients (17.1%). The me-
dian  age  at  the  first  diagnosis  was  66  (36– 83)  years  and 
all  patients  had  previously  received  chemotherapy.  The 
previous  chemotherapy  regimens  are  listed  in  Table  S1 
and S2. Twenty- six patients (37.1%) received >2 regimens 
before nivolumab treatment.

The final analysis was performed 12 months after the 
end of  the enrollment period. At  this  time point, 57 pa-
tients  (81.4%)  had  died.  Among  13  surviving  patients 
(18.6%), 5 patients (7.1%) continued to receive nivolumab 
treatment. Tumor response could be evaluated with CT or 
MRI in all cases. The response rate was 18.6% (PR, n = 13; 
CR, n = 0) and the disease control rate was 41.4% (Table 2). 
The median duration of  treatment was 3.0 months with 
six cycles of nivolumab (Figure 1A). Subsequent chemo-
therapy  after  the  discontinuation  of  nivolumab  was  ad-
ministered to 26 patients (37.1%). The regimens used are 
shown in Table S3. As the primary endpoint, the median 
OS reached 7.5 (95% CI, 4.8– 10.2) months (Figure 1B). In 
this clinical cohort, the median total survival period from 
the  beginning  of  the  first- line  chemotherapy  was  27.5 
(95% CI, 23.2– 31.8) months (Figure 1C). A subgroup anal-
ysis of OS according to the response was performed using 
the  Kaplan– Meier  curves  (Figure  2A).  Responders  (pa-
tients with PR) showed longer median OS (32.0 months, 
8.0, and 5.0 for PR, SD, and PD, respectively, p < 0.001).

3.2  |  Safety and efficacy

Overall, the incidence of TRAE in patients who received 
nivolumab was 41.4% (Table 2 and Table S3). Fatigue and 
liver functional disorder were frequently observed; how-
ever,  there  were  no  cases  in  which  discontinuation  or 
treatment delay was required due to common TRAEs. Out 
of the 29 patients with TRAEs, 18 cases were injured with 

severe TRAEs (grade ≥3) with specific AEs are shown in 
Table  S3.  The  TRAEs  included  interstitial  pneumonia, 
hypoadrenocorticism,  hypothyroidism,  colitis,  and  optic 
nerve disorder.

T A B L E  1   Patient characteristics

Number of 
patients (%)

Gender

Male 46 (65.7)

Female 24 (34.3)

Age

Median (range) 69 (39– 84)

Macroscopic type

0 4 (5.7)

1 21 (30.0)

2 30 (42.9)

3 13 (18.6)

4 2 (2.9)

Histological classification

Intestinal 36 (51.4)

Diffuse 34 (48.6)

HER2 status

Positive 12 (17.1)

Negative 58 (82.9)

Metastatic site

Liver 21 (30.0)

Lymph node 28 (41.4)

Bone 3 (4.3)

Lung 4 (5.7)

Peritoneum 34 (48.6)

Other organ 4 (5.7)

History of gastrectomy 31 (44.3)

Previous chemotherapy

1,2 44 (62.9)

≥3 26 (37.1)

Pretreatment NLR

Low 17 (24.3)

High 51 (72.9)

Pretreatment CRP (mg/dl)

Median (range) 0.37 (0.0– 9.4)

Pretreatment albumin (g/dl)

Median (range) 3.3 (2.2– 4.5)

Glasgow prognostic score

0 21 (30.0)

1 28 (40.0)

2 15 (21.4)

Abbreviation: NLR, neutrophil/lymphocyte ratio.
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The  response  to  nivolumab  is  shown  in Table  2,  and 
the response rate was the same as the PR rate due to the 
absence of CR cases. The response rate and disease control 
rate in patients with TRAEs were 27.6% (8/29) and 51.7% 
(15/29),  respectively,  whereas  those  in  patients  without 
TRAEs  were  12.2%  (5/41)  and  34.1%  (14/41).  Patients 
with TRAEs did not show a significantly higher response 
in  comparison  to  those  without TRAEs  (p  =  0.103,  chi- 
squared  test).  The  association  between  TRAEs  and  OS 
was analyzed with a log- rank test and the Kaplan– Meier 
curves  were  determined  (Figure  2B). The  median  OS  in 
patients with and without TRAE was 10.0  (95% CI, 4.8– 
15.2) months and 7.0 (5.1– 8.9) months, respectively. Thus, 
the development of TRAEs was associated with a signifi-
cantly longer OS (p = 0.039).

3.3  |  Clinicopathological factors 
associated with the OS

The univariate and multivariate analyses of factors associ-
ated with survival after nivolumab  treatment are shown 
in Tables 3 and 4. In the univariate analysis, macroscopic 
type of gastric  carcinoma, histological  classification,  site 
of metastasis (liver, bone, or peritoneum), history of gas-
trectomy, NLR, Glasgow prognostic score, and CRP were 
significantly associated with the OS (Table 3). In the mul-
tivariate analysis, the histological diffuse type (HR, 2.40; 
95% CI, 1.30– 4.40), peritoneal metastasis  (HR, 2.51; 95% 
CI,  1.39– 4.55),  and  high  CRP  (HR,  2,89;  95%  CI,  1.51– 
5.52) were associated with the OS (Table 4). These clinico-
pathological factors may predict the longer survival before 
nivolumab treatment.

3.4  |  The development and validation   
of the nomogram to predict the survival in 
patients receiving nivolumab treatment

Four independent risk factors (histological classification, 
peritoneal  dissemination,  NLR,  and  CRP)  were  used  to 

develop a nomogram to predict the survival at 7.5 months 
after  the  initiation  of  nivolumab  treatment  (Figure  3A). 
The total points were determined as the sum of the point 
of the factors predicting the survival probability. An inter-
nal calibration curve was developed and the C- index was 
0.80 (95% CI, 0.68– 0.91) (Figure 3B). The ROC curve indi-
cated that area under the curve was 0.797 (95% CI, 0.685– 
0.910).  The  sensitivity  was  0.750  and  the  specificity  was 
0.759 (Figure 3C).

3.5  |  Exploratory analysis

Among  13  responders,  FFPE  specimens  were  obtained 
from 11 cases, in which 6 were surgically resected tissue 
and 5 were biopsy specimens (Table S4). All were elderly 
patients (age ≥65 years), with the exception of one patient 
who was 45 years of age. The analysis of the responders 
included seven cases (63.6%) with the intestinal histologi-
cal type. Three HER2- positive cases and a case of gastric 
carcinoma  with  lymphoid  stroma  were  observed.  Three 
cases (27.3%) showed a loss of MLH1 and PMS2 antibody 
staining, and were classified as dMMR cancers.

4   |   DISCUSSION

A  regional  cohort  study  was  conducted  to  acquire  clin-
icopathological factors from a real- world setting, and the 
characteristics of gastric carcinoma and biochemical data 
from the patients were extracted. We analyzed predictive 
and prognostic factors in gastric cancer patients who re-
ceived nivolumab  treatment. A  total of 70 patients were 
enrolled in the cohort study in the 2 years after nivolumab 
for  the  treatment  of  gastric  cancer  received  coverage  by 
the Japanese health insurance system (in October 2017). 
Based  on  gastric  cancer- associated  mortality  in  Japan, 
one quarter of patients with advanced gastric cancer  re-
ceived nivolumab treatment in this area. Since the charac-
teristic data were obtained from all hospitals performing 
nivolumab treatment in the area, the results of this study 

Number of patients (%)

Response Total
With 
TRAE

Without 
TRAE

Complete response (CR) 0 (0) 0 (0) 0 (0)

Partial response (PR) 13 (18.6) 8 (27.6) 5 (12.2)

Stable disease (SD) 16 (22.9) 7 (24.1) 9 (22.0)

Progressive disease (PD) 41 (58.6) 14 (48.3) 27 (65.9)

Disease control (CR, PR, or SD) 29 (41.4) 15 (51.7) 14 (34.1)

Abbreviation: TRAE, treatment- related adverse event.

T A B L E  2   Best response to nivolumab 
treatment



   | 411TANAKA et al.

should be widely reproducible in Japan. The median OS 
was 7.5 months, which was longer than that reported in 
the  ATTRACTION- 2  trial  (5.3  months)  and  equivalent 
to  other  retrospective  studies  (4.3– 9.6  months).9– 12  The 
regional  real- world  data  supported  the  effectiveness  of 
nivolumab  treatment  that  was  reported  on  the  previous 
clinical trial.

The  subgroup  analysis  showed  that  the  mean  OS  of 
patients with a PR (responders) was 32.0 months. In the 

2- year  update  of  the  ATTRACTION- 2  trial,  the  median 
OS in patients with CR+PR was 26.61 months, while the 
12- month OS rate was 87.1%.4 Responders  to nivolumab 
showed  extremely  long  survival  as  a  matter  of  course. 
During  follow- up  among  330  patients  treated  with 
nivolumab,  3  showed  a  CR  (1.1%)  and  29  showed  a  PR 
(10.8%). Based on the analyses of the survival curves in the 
PR and PD cases, nivolumab was not superior to placebo. 
Patients with a PR showed  increased survival  in our co-
hort, with a 24- month OS rate of 53% in these responders. 
Taken together, responders can obtain the long- term sur-
vival with immunotherapy. However, the disease control 
rate of 41.4% was not high in comparison to the rate in pa-
tients treated with cytotoxic chemotherapy. For example, 
the disease control rate in patients receiving trifluridine/
tipiracil treatment was 44%.13

Patients who had experienced AEs also survived  lon-
ger in comparison to patients without AEs, as reported in 
a previous study.14 Patients with TRAEs showed a mean 
OS time of 10.0 months in our cohort. Although the best 
response  and  AE  were  associated  with  the  OS,  as  previ-
ously  reported,  they  were  not  predictive  factors  because 
those  factors  were  only  obtained  after  the  initiation  of 
nivolumab treatment. Factors that can be observed before 
treatment should be identified for real- world application. 
Thus, the characteristics of the patients before nivolumab 
treatment  were  used  in  the  univariate  and  multivariate 
analyses.  As  predictors  of  nivolumab  efficacy  for  gastric 
cancer, both the systemic inflammatory response and nu-
tritional biomarkers were investigated in previously pub-
lished  retrospective  studies.9,10  NLR  was  thus  found  to 
effectively predict the response to nivolumab treatment in 
patients with advanced gastric carcinoma.15 GPS, which is 
estimated with CRP and the albumin level which demon-
strates  the presence of systemic and local  inflammation, 
has  also  been  identified  as  a  prognostic  indicator  for 
both survival and cancer progression.16 Among the char-
acteristics  of  gastric  cancers,  the  histological  types  had 
higher predictive value. A nomogram was created based 
on this cohort study and this trial  is the first one to pre-
dict the prognosis of gastric cancer patients treated with 
nivolumab.

In our cohort, we found extremely long total survival 
from  the  initiation  of  the  primary  chemotherapy  to  the 
death. Patients who received nivolumab as the third- line 
regime  or  later  for  gastric  cancer  survived  >27  months. 
Surprisingly,  the  elongation  of  survival  was  associated 
with  the  development  of  second- line  chemotherapy  or 
later. For example, a review reported that the second- line 
chemotherapy  rate  influenced  the  OS  in  phase  III  trial 
series for advanced gastric cancer.17 Our cohort included 
44 patients who received ramucirumab plus paclitaxel or 
nab- paclitaxel as a second- line treatment. The RAINBOW 

F I G U R E  1  The Kaplan– Meier plots of continuation rate of 
nivolumab (A), overall survival (B) after 1 year of follow- up. The 
Kaplan– Meier plot of total overall survival from the initiation of the 
primary treatment (C)
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trial, a phase III trial of second- line chemotherapy, showed 
that the OS of the patients treated with ramucirumab plus 
paclitaxel reached 9.6 months.18 Third- line chemotherapy 
or later may prolong the total OS. Combination treatment 
with  cytotoxic  chemotherapy  and  immunotherapy  may 
contribute  to  improving  survival.19  Needless  to  say,  our 
cohort included a selection bias in our patients who were 
received ≥third- line  chemotherapy  and  immunotherapy. 
The patients could not receive ≥third- line chemotherapy 
unless  their  gastric  cancer  had  responded  to  previous 
chemotherapies. Our patients frequently received TS- 1 or 
capecitabine plus platinum as a first- line treatment and ra-
mucirumab plus taxane as a second- line treatment. These 
treatments  are  commonly  used  in  real- world  settings 
in  accordance  with  the  recommendations  of  the  guide-
lines.2,20,21 Our cohort was composed of patients whose tu-
mors were sensitive to the standard chemotherapy; thus, 

the  total  survival period may have been much  longer  in 
comparison  to  the  patients  who  were  included  in  phase 
3 trials.19

Very  recently,  the  3- year  update  of  the 
ATTRACTION- 2 showed that 5.6% of the nivolumab group 
was alive at 36 months, which is nearly half of the survival 
rate at 24 months (10.6%).22 In responders (CR+PR), 35.5% 
achieved survival at 36 months;  in contrast,  the survival 
rates at 24 months and 12 months were 61.3% and 87.1%, 
respectively. The result indicates that the survival rate de-
creased year- by- year. Any strategy should be implemented 
to achieve a cure. It was assumed that there are three op-
tions for obtaining longer survival. First, nivolumab treat-
ment with another chemotherapy should be administered 
as the first therapy. In the ATTRACTION- 4, the combina-
tion of nivolumab with S- 1/capecitabine plus oxaliplatin 
showed encouraging efficacy  in untreated gastric cancer 

F I G U R E  2  The Kaplan– Meier plots 
of sub- analysis. (A) The sub- analysis of 
overall survival according to the best 
overall response among patients. PR, 
partial response; SD, stable disease; PD, 
progressive disease. (B) The sub- analysis 
of overall survival according to treatment- 
related adverse events (AEs) among 
patients with and without AEs
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patients.23 The median OS was not reached in this interim 
analysis of 1- year follow- up data. A future study is planned 
to  investigate  whether  OS  will  reach  to  27.5  months  in 
our  cohort.  Very  recently  the  CheckMate- 649  clinical 
trial  compared  first- line  treatment  with  nivolumab  plus 
chemotherapy  to  chemotherapy  alone,  and  showed  that 
nivolumab plus chemotherapy prolonged the median OS 
by 3.3 months.24 To improve the total survival, a compar-
ison between these combination treatments and sequen-
tial treatment with chemotherapy and immunotherapy is 

needed. Second, adjuvant chemotherapy with nivolumab 
may  induce  a  better  prognosis  in  patients  who  undergo 
gastrectomy.  In  our  cohort,  the  patients  with  prior  gas-
trectomy  showed  a  better  prognosis,  as  far  was  assessed 
in the univariate analysis in Table 3. Adjuvant nivolumab 
in resected esophageal or gastroesophageal junction can-
cer prolonged disease- free survival in comparison to pla-
cebo in the CheckMate- 577 clinical trial.24 A further study 
should  be  performed  to  compare  the  result  those  of  pa-
tients with resected gastric cancer. Third, biomarkers pre-
dicting  the  sensitivity  to  immune  checkpoint  inhibitors 
should  be  investigated.  The  programmed  death- ligand 
1  (PD- L1)  expression  was  not  associated  with  a  survival 
benefit in the ATTRACTION- 2 trial.1 It is still controver-
sial whether PD- L1 positivity is a biomarker of sensitivity 
to  nivolumab  in  gastric  cancer.25  In  a  subgroup  analysis 
of  the  ATTRACTION- 2  trial,  in  which  the  HER2  status 
was  not  determined,  the  efficacy  of  nivolumab  was  de-
termined to be consistent in gastric cancer, regardless of 
prior  trastuzumab  use.26  HER2- positive  cases  were  also 
found in our cases and the HER2 expression is expected 
to  be  a  marker  of  nivolumab  sensitivity.  According  to 
The  Cancer  Genome  Atlas  (TCGA)  research  network, 
MSI and EBV infection may be predictive markers.27 Our 

Factor HR 95% CI p value

Gender Male (/female) 0.83 0.48– 1.43 0.491

Age ≥65 (/<65) 0.59 0.34– 1.02 0.058

Macroscopic type 0.046

2 (/0) 0.75 0.21– 2.61 0.648

3 (/0) 1.10 0.33– 3.66 0.880

4 (/0) 2.43 0.69– 8.62 0.169

5 (/0) 1.81 0.30– 10.90 0.518

Histological classification Diffuse (/intestinal) 2.50 1.44– 4.33 0.001

HER2 status Positive (/negative) 0.61 0.30– 1.21 0.158

Metastatic site

Liver Yes (/no) 5.31 0.29– 0.97 0.038

Lymph node Yes (/no) 0.83 0.49– 1.42 0.500

Bone Yes (/no) 6.87 1.98– 23.82 0.002

Lung Yes (/no) 1.33 0.48– 3.69 0.589

Peritoneum Yes (/no) 3.00 1.73– 5.20 <0.001

Other organ Yes (/no) 1.29 0.46– 3.62 0.632

History of gastrectomy Yes (/no) 0.55 0.32– 0.96 0.036

NLR ≥5 (/<5) 1.99 1.10– 3.63 0.024

Glasgow prognostic score 0.019

1 (/0) 1.32 0.70– 2.49 0.386

2 (/0) 2.82 1.35– 5.90 0.006

CRP ≥1 (/<1) 3.09 1.70– 5.61 <0.001

Albumin <3.5 (/≥3.5) 1.29 0.75– 2.22 0.354

Abbreviations: CRP, C- reactive protein; NLR, neutrophil/lymphocyte ratio.

T A B L E  3   A univariate analysis of 
factors associated with the overall survival

T A B L E  4   A multivariate analysis of factors associated with the 
overall survival

Factor HR 95% CI p value

Histological 
classification

Diffuse (/
intestinal)

2.40 1.30– 4.49 0.005

Metastatic site

Liver Yes (/no) 0.56 0.28– 1.11 0.098

Peritoneum Yes (/no) 2.51 1.39– 4.55 0.002

NLR ≥5 (/<5) 1.81 0.98– 3.37 0.059

CRP ≥1 (/<1) 2.89 1.51– 5.52 0.001

Abbreviations: CRP, C- reactive protein; NLR, neutrophil/lymphocyte ratio.
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limited experiments did not lead to a definite conclusions; 
however,  same  of  our  cases  were  classified  as  dMMR 
(Table S4), confirming the findings of a multicenter bio-
marker  cohort  study.28  Facilitating  precision  medicine 
approaches for patients with gastric cancers is proposed, 
with  the optimized  the selection of patients  for  targeted 
therapies.29  A  nomogram  based  on  such  biomarkers  or 
genetic phenotype is expected to predict the prognosis of 

gastric  cancer  patients  who  receive  treatment  with  im-
mune checkpoint inhibitors.

Our  limitation  of  our  cohort  study  was  that  only  a 
small  number  of  the  patients  with  gastric  cancer  were 
treated with nivolumab. Only a portion of the gastric can-
cer patients could be treated with ≥third- line chemother-
apy.  The  population  of  Asahikawa  city  (~350,000)  does 
not  seem  sufficient  for  these  statistical  analyses.  When 

F I G U R E  3  Development and validation of the nomogram. (A) The nomogram of different risk factors for survival at 7.5 months in 
gastric cancer patients treated with nivolumab. (B) The calibration curve of the nomogram model. (C) The receiver operator characteristic 
(ROC) curve of the nomogram model
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these analyses are conducted in a larger population, the 
C- index would be expected  to be higher  than  the result 
reported in this study. The nomogram should be validated 
in a verification cohort  to confirm the clinical utility of 
this visual tool, which is the first nomogram constructed 
from gastric cancer patients treated with nivolumab.

5   |   CONCLUSIONS

A  regional  cohort  study  of  nivolumab  treatment  for  the 
patients with advanced gastric cancer showed median OS 
of 7.5 months. Among the characteristics of the patients 
that were assessed by a Cox regression analysis,  the his-
tological  classification,  site  of  metastasis,  and  CRP  were 
found  to  be  significant  prognostic  factors.  A  nomogram 
was made to identify the patients in whom the survival at 
7.5 months was predicted.
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