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Yu Matsumoto１） Yoko Oshima１） Takashi Suzuki１）
Satoshi Yajima１） Yoshinori Kikuchi２）and Hideaki Shimada１, 3）＊
１）

Department of Surgery, Toho University School of Medicine, Tokyo, Japan

２）

Department of Gastroenterology, Toho University School of Medicine, Tokyo, Japan

３）

Department of Gastroenterological Surgery and Clinical Oncology, Graduate School of Medicine,
Toho University, Tokyo, Japan

ABSTRACT
Introduction: Immune-related adverse events (irAEs) have been reported to be a favorable prognostic factor in patients treated with immune checkpoint inhibitors. To identify the convenient biomarkers to predict
irAEs, we analyzed the relationship between pretreatment laboratory data and irAEs in gastric cancer patients treated with nivolumab.
M ethods: A retrospective analysis was performed on 38 patients treated with nivolumab for unresectable
or recurrent gastric cancer between September 2017 and December 2019. We evaluated the relationships
between pretreatment laboratory data, adverse events, and prognosis. The significance of irAE predictors
was evaluated via univariate and multivariate analyses. The prognostic significance of irAE predictors was
also evaluated. This study was approved by the relevant ethics committee of Toho University Omori Medical Center (No. M21048, 20108, M20300).
R esults: In total, 14 irAEs were recorded in 13 of 38 patients (37%). The irAE (＋) group showed favorable
treatment response (P = 0.038) and prognosis (P = 0.093) in comparison with the irAE () group. The irAE
(＋) group showed low urea nitrogen, high sodium, and low white blood cell count (less than 5100/μl). Although low urea nitrogen and high sodium were identified to be not associated with good overall survival,
the group with low white blood cell count was significantly associated with good overall survival (P = 0.022).
Conclusions: A low white blood cell count at pretreatment may be a predictor of irAEs and favorable
overall survival in gastric cancer patients treated with nivolumab. Gastric cancer patients with a low white
blood cell count may be a good candidate for nivolumab treatment.
Toho J Med 8 (1): 30―38, 2022
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sion 5.0. Objective tumor response was evaluated among

Introduction

patients who had target lesions according to the response

Nivolumab, identified as one of the immune checkpoint
inhibitors, was applied to gastric cancer patients from Au-

evaluation criteria in solid tumors version 1.1, with assessment by computed tomography scan.

gust 2017. Its validity in patients with unresectable or re-

This study was approved by the relevant ethics com-

current gastric cancer who were refractory or intolerant

mittee of Toho University Omori Medical Center (No. M

to at least two previous chemotherapy regimens was con-

21048 20108, M20300).

firmed in the ATTRACTION-2 study.１） Overall survival

Follow-up and survival analyses

was significantly better in the nivolumab treatment group

Overall survival was measured until death or censored

than in the placebo group (median survival, 5.26 months

at the latest follow-up for surviving patients until the end

vs. 4.14 months). Another immune checkpoint inhibitor,

of 2019. We then divided the patients into two groups:

that is, pembrolizumab, also showed efficacy in patients

irAE (＋) group and irAE () group. We compared overall

with chemotherapy-refractory advanced gastric cancer or

survival between these two groups. Probabilities of sur-

gastroesophageal junction cancer.２）

vival were estimated using the Kaplan-Meier method and

Immune checkpoint inhibitors are known to cause
３，
４）

immune-related adverse events (irAEs).

irAEs can affect

compared using the log-rank test.
Laboratory data

a variety of organs, including the skin, endocrine system,

In this study, pretreatment laboratory data included 18

respiratory, and gastrointestinal tracts. The incidence of

items, C-reactive protein, aspartate aminotransferase,

irAEs is estimated to be 30%, and the profile of irAEs dif-

alanine aminotransferase, alkaline phosphatase, lactate de-

fers completely from that of conventional anticancer

hydrogenase, total bilirubin, total protein, albumin, urea ni-

drugs. Interestingly, irAEs have been reported to be a fa-

trogen (UN), creatinine, sodium, potassium, white blood

vorable predictor of overall survival.５，６） In addition, the re-

cell (WBC) count, lymphocyte count, neutrophil count, red

lationship between irAEs and therapeutic efficacy has

blood cell count, hemoglobin, and platelet count.

been reported in nivolumab treatment of gastric cancer,

All patients were confirmed to be free of any infectious

and patients who develop irAEs were reported to have

diseases when we collected pretreatment laboratory data.

better survival.７，８） Thus, the benefits of predicting the risk

We then compared these pretreatment laboratory data be-

of irAEs before treatment may confer advantages to pa-

tween the irAE (＋) and irAE () group. We also analyzed

tients. Moreover, irAE predictors may also predict the effi-

the relationship between the extracted laboratory data

cacy of immune checkpoint inhibitors. However, to date,

and irAEs, along with the relationship between irAE-

only a few risk factors for irAEs have been reported. If

related laboratory data and overall survival.

irAEs can be predicted via routine laboratory data before

The cutoff value used to compare the survival curves of

treatment, careful monitoring of adverse events can be

the two groups was calculated using the area under the

performed easily during the treatment.

receiver operating characteristic curve. We then com-

Therefore, we have investigated whether routine labo-

pared the overall survival curves of the two groups de-

ratory data before nivolumab treatment could predict

fined using the cutoff value as a threshold. The differences

irAEs. We also examined whether the laboratory data as-

between the two groups were analyzed using the Fisherʼs

sociated with irAEs could be associated with patientsʼ

exact probability test and Mann-Whitney U test as uni-

overall survival.

variate analysis. Multivariate analysis was performed us-

Methods
Patients and definition of irAEs
A retrospective analysis was performed on 38 patients
with unresectable or recurrent gastric cancer. They were

ing a logistic regression analysis.
Statistical analysis
All statistical analyses were performed using the EZR
statistical software.９） Two-sided p-values of ＜0.05 were
considered significant.

treated with nivolumab between September 2017 and De-

Results

cember 2019.
We defined irAEs based on National Cancer Institute
Common Terminology Criteria for Adverse Events, verVol. 8 No. 1

Patient backgrounds
The background of the gastric cancer patients is sum-
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Table 1

Baseline characteristics of gastric cancer patients
Total number of patients (n＝38)
and number of each groups (%)

Variables
Male
Female
Median age, years (range)
Age ≧ 65years
Previous treatment regimens
1
2
≧3
Previous treatment drugs
Taxane
Platinum
Ramucirumab
Pyrimidine analogues
Capecitabine
Anti-HER2
Previous gastrectomy
Yes
No

29
9
66
23

(76)
(24)
(35‒86)
(61)

6 (16)
24 (63)
8 (21)
37
33
33
23
14
9

(97)
(87)
(87)
(61)
(37)
(24)

21 (55)
17 (45)

HER2, human epidermal growth factor receptor type 2

Table 2 Immune-related adverse events in the patients
treated with nivolumab

Extracting irAEs
In total, 14 irAEs were noted in 13 of 38 patients (37%).
The details of irAEs are shown in Table 2. The most com-

Total number of patients (n＝38)
Category

All grade (%)

Grade 3 (%)

mon irAE was pruritus in four cases (11%). Other irAEs in-

Any
Skin
Pruritus
Any rash
Endocrine
Hypothyroidism
Adrenal insufficiency
Hyperglycemia
Pneumonitis
Gastrointestinal
Diarrhea
Others
Arthritis
Myosis
Fever

14 (37)

2 (5)

cluded interstitial pneumonia, redness, diarrhea, hypothyroidism, arthritis, and muscle weakness. The representa-

4 (11)
1 (3)
1
1
1
1

(3)
(3)
(3)
(3)

0
0
0
1 (3)
1 (3)
0

1 (3)

0

2 (5)
1 (3)
1 (3)

0
0
0

tive interstitial pneumonia, redness, and nonspecific inflammation of the colon are shown in Fig. 1. Grade 3 irAEs
occurred in two cases (5%), namely, acute adrenal insufficiency (n = 1) and hyperglycemia (n = 1). No grade 4/5
irAEs were observed. Hydrocortisone was administered
for grade 3 acute adrenal insufficiency. Other irAEs were
treated symptomatically with antiallergic agents or topical
steroid.
Treatment response and survival
The irAE (+) group (n = 13) and irAE () group (n = 25)
were compared in terms of treatment response, as shown
in Table 3. In the irAE (＋) group, four patients showed
treatment response (overall response rate = 31%); com-

marized in Table 1. Of the 38 patients, 29 were male and 9

plete response was achieved in one patient, partial re-

were female, with a median age of 66 years (35-86 years).

sponse in three, and stable disease in one. On the other

Moreover, 23 patients (61%) were over 65, 24 patients

hand, in the irAE () group, partial response was achieved

(63%) had previously received up to two regimens of che-

in only one patient (overall response rate = 4%). The irAE

motherapy, and 37 patients (97%) had a history of taxane

(＋) group showed a significantly higher overall response

use before nivolumab treatment. Gastrectomy was per-

rate (P = 0.038) and higher disease control rate (P = 0.012)

formed in 21 cases (55%).

compared to the irAE () group (Table 3).
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Fig. 1 Representative immune-related adverse events by nivolumab.
A Interstitial pneumonitis appeared in both lobes of the lung.
B Pruritus noted on the anterior chest.
C Frequent diarrhea showed nonspecific inflammation of the colon.

Table 3 Presence of immune-related adverse events and best overall
responses
Best overall response

irAE (＋) group
(n＝13)

irAE (−) group
(n＝25)

Complete response
Partial response
Stable disease
Progressive disease
Overall response rate
Disease control rate

1
3
1
8
31%
38%

0
1
0
24
4%
4%

P-value

0.038
0.012

irAE, immune-related adverse events

Fig. 2 Overall survivals in the gastric cancer patients treated with nivolumab.
A Overall survival curve of all 38 patients.
B Comparison of overall survivals between the irAE (＋) group and the irAE (−) group.

The median overall survival of all patients was 4.9

all survival (OS) than the irAE () group, in terms of 1-year

months (Fig. 2A). The irAE (+) group showed better over-

(46.2% vs. 12%, P = 0.04) and 2-year (15.4% vs. 4%, P =

Vol. 8 No. 1
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Table 4 Comparison of blood data before treatment between immune-related adverse events (＋) group and immune-related adverse events (−) group

Variables
C-reactive protein (mg/dl)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Alkaline phosphatase (U/L)
Lactate dehydrogenase (U/L)
Total bilirubin (mg/dl)
Total protein (g/dl)
Albumin (g/dl)
Urea nitrogen (mg/dl)
Creatinine (mg/dl)
Sodium (mmol/L)
Potassium (mmol/L)
White blood cell count (μl)
Lymphocyte count (/μl)
Neutrophil count (/μl)
Neutrophil-to-lymphocyte ratio
Red blood cell count (×106/μl)
Hemoglobin (g/dl)
Platelet count (×104/μl)

All patients
n＝38

irAE (＋)
n＝13

irAE (−)
n＝25

Univariate
analysis

Multivariate
analysis

Median (range)

Median

Median

P-value

P-value

0.4
21
19
316
207
0.5
5.9
2.8
13
0.67
141
3.7
3600
1221
1839
1.841
3.12
9.5
11.6

0.9
25
18
374
199
0.5
6.0
2.7
16
0.80
138
3.8
4400
1523
2538
2.731
2.98
9.5
14.9

0.431
0.611
0.38
0.332
0.829
0.651
1
0.734
0.087
0.131
0.043
0.378
0.085
0.34
0.286
0.372
1
0.46
0.314

0.7
30
19
362
248
0.5
6.4
3.0
14
0.75
140
4.1
5600
1308
3195
2.593
3.49
10.4
20

(0‒20.4)
(10‒83)
(6‒67)
(14‒4179)
(111‒1306)
(0.2‒7.1)
(4.8‒8.8)
(2.0‒4.0)
(5‒33)
(0.42‒1.3)
(132‒147)
(3.1‒4.9)
(1300‒15900)
(195‒3168)
(520‒12577)
(0.708‒17.939)
(2.42‒4.77)
(7.8‒13.8)
(1.7‒73.5)

0.083
0.452
0.276

irAE, immune-related adverse events

0.265) (OS). However, the difference was not statistically

The cutoff value for predicting irAE was determined to

significant at the median survival time (11.8 months vs. 4.7

be 5100/μl by the receiver operating characteristic curve

months, P = 0.093) (Fig. 2B).

of WBC count (area under the curve = 0.674, sensitivity =

Relationship between pretreatment laboratory data

0.720, specificity = 0.615) (Figs. 3A, B). The low WBC group

and irAEs

showed more irAEs than the high WBC group, but the dif-

Pretreatment laboratory data of the irAE (+) group and

ference was deemed not statistically significant (P = 0.163,

irAE () group were compared, as shown in Table 4. The

Fig. 3C).

values of UN, sodium, and WBC count showed small differ-

Similarly, the cutoff value for predicting irAE was deter-

ences between the irAE (＋) group and irAE () groups in

mined to be 2.32 by the receiver operating characteristic

the univariate analysis. The UN value of the irAE (＋)

curve of the neutrophil-to-lymphocyte ratio (NLR) (area

group was lower than that of the irAE () group (13 mg/dl

under the curve = 0.591, sensitivity = 0.680, specificity =

vs. 16 mg/dl, P = 0.087). The sodium level of the irAE (＋)

0.692) (Figs. 4A, 4B). The low NLR group showed more

group was determined to be higher than that of the irAE

irAEs than the high NLR group, but the difference was

() group (141 mmol/L vs. 138 mmol/L, P = 0.043). The

not statistically significant (P = 0.098, Fig. 4C).

WBC count of the irAE (＋) group was lower than that of

Relationship between pretreatment laboratory data

the irAE () group (3600/μl vs. 4400/μl, P = 0.085). How-

and OS

ever, UN, sodium, and WBC count did not show significant

OS curves were compared between the two groups us-

differences in the multivariate analysis.

ing cutoff values of laboratory data. No significant differ-

The cutoff values to predict irAE were determined by

ence was observed in the OS between the low- (＜21 mg/

receiver operating characteristic curves as follows: 21 mg/

dl) UN (n = 29) and high-UN groups (≥21 mg/dl) (n = 9) (P

dl for UN (area under the curve = 0.672, sensitivity = 1.0,

= 0.809). OS rate was observed in the low-UN group versus

specificity = 0.320) and 141 mmol/L for sodium (area under

the high-UN group, in terms of 1-year (20.7% vs. 33.3%, P =

the curve = 0.703, sensitivity = 0.769, specificity = 0.680).

0.655) and 2-year survival rates (6.9% vs. 11.1%, P = 1). No
Toho Journal of Medicine・March 2022
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Fig. 3 Relationship between baseline white blood cell count and immune-related adverse events.
A Comparison of baseline white blood cell count between the irAE (＋) group and the irAE (−) group.
B The receiver operating characteristic curve for determining the cutoff value of white blood cell counts to
predict irAE.
C Comparison of the frequency of irAE between the low WBC group and the high WBC group using a cutoff
value of 5100/μl.

Fig. 4 Relationship between baseline neutrophil-to-lymphocyte ratio and immune-related adverse events.
A Comparison of baseline neutrophil-to-lymphocyte ratio between the irAE (＋) group and the irAE (−) group.
B The receiver operating characteristic curve for determining the cutoff value of neutrophil-to-lymphocyte ratio
to predict irAE.
C Comparison of the frequency of irAE between the low NLR group and the high NLR group ratio using the
cutoff value of 2.32.

significant difference was noted in the OS curves between

rates (10% vs. 5.6%, P = 1).

the low- (＜141 mmol/L) (n = 20) and high sodium groups

The low WBC group (＜5100/μl) (n = 14) showed signifi-

(≥141 mmol/L) (n = 18) (P = 0.68). OS rate was observed in

cantly better OS curve than the high WBC group (≥5100/

the low sodium group versus the high sodium group, in

μl) (n = 24) (median survival, 15.8 months vs. 4.7 months, P

terms of 1-year (25% vs. 22.2%, P = 1) and 2-year survival

= 0.022) (Fig. 5A). Further, 1-year (42.9% vs. 12.5%, P =

Vol. 8 No. 1
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Fig. 5 Overall survivals of white blood cell count and neutrophil-to-lymphocyte ratio.
A Comparison of overall survivals between the low WBC group and the high WBC group
using a cutoff value of 5100/μl.
B Comparison of the overall survivals between the low NLR group and the high NLR group
using a cutoff value of 2.32.

0.052) and 2-year survival rates (21.4% vs. 0%, P = 0.043)

predictor of therapeutic efficacy and prognosis in this cur-

were better in low WBC group than those of the high

rent study.

WBC group.

Only a few reports comparing pretreatment laboratory

The low NLR group (＜2.32) (n = 16) showed slightly bet-

data between irAE (＋) and irAE () groups have been

ter OS than the high NLR group (≥2.32) (n = 22); however,

published. A few reports have evaluated the prognostic

the difference was not statistically significant (median sur-

impact of pretreatment laboratory data in other cancer

vival, 4.9 months vs. 4.7 months, P = 0.348) (Fig. 5B).

types treated with immune checkpoint inhibitors. In patients with malignant melanoma, Matsuoka et al.１０） re-

Discussion

ported a significant difference in lactate dehydrogenase in

In this present study, 37% of patients developed irAEs.

the comparison between irAE and non-irAE groups from

The irAE (+) group showed better overall response rate

the pretreatment blood laboratory data. In addition, in pa-

and disease control rate than the irAE () group. Among

tients with gastric cancer, Masuda et al.６） reported that

the various routine laboratory data, UN, sodium, and WBC

there were no significant differences in pretreatment

count might be predictors of irAEs. Among these parame-

blood laboratory data between irAE and non-irAE groups;

ters, low WBC count was determined to be a significant

however, alkaline phosphatase was significantly associated

predictor of good OS.

with OS. Among their pretreatment laboratory data, the

All irAEs could be controlled by treatment with oral

WBC count of the irAE group was determined to be lower

and topical medications. No severe side effects correspond-

than that of the non-irAE group (P = 0.06). This tendency

ing to grade 4/5 were observed. This result was similar to

was confirmed in this present study.

１）

the frequency of irAEs in the ATTRACTION-2 study.

In general, UN value represents the balance between

Comparing the best overall response between the irAE

urea production and renal excretion and is a useful marker

(＋) and irAE () groups, significant differences were ob-

of renal damage. However, to date, no study has focused

served in both overall response rate and disease control

on the relationship between UN and irAEs or prognosis in

rate. Although there was no significant difference in OS,

gastric cancer patients treated with nivolumab.

the irAE (＋) group appeared to have better prognosis

Although we could not find any relationship between so-

than the irAE () group. This result is similar to the find-

dium levels and the OS curves, sodium levels were higher

ings in previous reports.６―８）Therefore, irAEs may also be a

in the irAE (＋) group than in the irAE () group. Such
Toho Journal of Medicine・March 2022
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electrolyte disturbance is a common symptom in cancer

their report showing that the pretreatment NLR was not a

patients and has been associated with poor patient progno-

prognostic factor. Although our study included relatively

sis.１１） It has also been reported that preoperative low so-

small number of patients, WBC count seemed to be better

dium can be a poor prognostic factor in elderly gastric can-

predictor for OS than NLR.

１２）

cer patients.

In cancer patients, low sodium may influ-

Limitations of the study

ence the activity and regulation of sodium ion pumps and

This study has several limitations. First, all of the labora-

sodium channels. Their abnormal function in cancer pa-

tory data before the administration of nivolumab might

tients may lead to the deterioration of cancer. This sug-

have been affected by prior chemotherapy. Second, this

gests that sodium levels might be affected by the tumor

study was based at a single institution and had a retro-

burden of the patients.

spective design with a small sample size. Large-scale and

WBC count was noted as a statistically significant pre-

multi-institutional studies may be needed to obtain defini-

dictor of a favorable prognosis. The appropriate cutoff

tive findings. Finally, since the follow-up period in this pre-

value of the WBC count was 5100/μl. Several previous re-

sent study was less than 5 years, long-term follow-up data

ports showed that systemic inflammatory response in can-

will be required to assess the precise impact of those labo-

cer patients plays an essential role in tumor formation, tu-

ratory data.

１３，
１４）

mor progression, and the prognosis of the patients.

Iida

Conclusions

et al.１５） reported that higher WBC count was significantly

This present study has presented the relationship be-

associated with the risk of developing gastric cancer.

tween pretreatment blood laboratory data and irAEs in

Based on this present study, low inflammation reflected by

patients with advanced recurrent gastric cancer treated

a low WBC count might indicate a favorable immunologi-

with nivolumab. Low WBC count may be a predictor of

cal response to the tumor. Previously, the relationship be-

both irAEs and favorable prognosis. This suggests that

tween WBC count and treatment response was only as-

those with a low WBC count would be appropriate candi-

１６）

sessed in melanoma patients treated with ipilimumab.

It

dates for nivolumab treatment.

was shown that the WBC count of responders was significantly lower than those of non-responders. These data
were similar to the results of this present study.

fessor Matsuura H. and Mr. Ota T. (Department of Medical Informa-

The high lymphocyte count was reported to be a favorable prognostic factor in cancer patients treated with
１７）

nivolumab.
prognostic

The high NLR was reported to be a poor

factor

in

cancer

patients

treated
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