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Abstract

Background Nonresectable gastric cancer develops rapidly; thus, monitoring disease progression especially in
patients receiving nivolumab as late-line therapy is important. Biomarkers may facilitate the evaluation of nivolumab
treatment response. Herein, we assessed the utility of serum-based inflammatory indicators for evaluating tumor
response to nivolumab.

Methods This multicenter retrospective cohort study included 111 patients treated with nivolumab monotherapy
for nonresectable advanced or recurrent gastric cancer from October 2017 to October 2021. We measured changes in
the C-reactive protein (CRP)-to-albumin ratio (CAR), platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte
ratio (NLR) in serum from baseline to after the fourth administration of nivolumab. Furthermore, we calculated the
area under the receiver operating characteristic curves (AUC ROCs) for CAR, PLR, and NLR to identify the optimal
cutoff values for treatment response. We also investigated the relationship between clinicopathologic factors and
disease control (complete response, partial response, and stable disease) using the chi-squared test.

Results The overall response rate (complete and partial response) was 11.7%, and the disease control rate was
44.1%. The median overall survival (OS) was 14.0 (95% CI 10.7-19.2) months, and the median progression-free survival
(PFS) was 4.1 (95% Cl 3.0-5.9) months. The AUC ROCs for CAR, PLR, and NLR before nivolumab monotherapy for
patients with progressive disease (PD) were 0.574 (95% Cl, 0.461-0.687), 0.528 (95% Cl, 0.418-0.637),and 0.511 (95%
Cl,0.401-0.620), respectively. The values for changes in CAR, PLR, and NLR were 0.766 (95% Cl, 0.666-0.865), 0.707
(95% Cl, 0.607-0.807), and 0.660 (95% Cl 0.556-0.765), respectively. The cutoff values for the treatment response were
3.0, 1.3,and 1.4 for CAR, PLR, and NLR, respectively. The PFS and OS were significantly longer when the treatment
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response values for changes in CAR, PLR, and NLR were below these cutoff values (CAR: OS, p<0.0001 and PFS,
p<0.0001; PLR: OS, p=0.0289 and PFS, p=0.0302; and NLR: OS, p=0.0077 and PFS, p=0.0044).

Conclusions Measurement of the changes in CAR, PLR, and NLR could provide a simple, prompt, noninvasive
method to evaluate response to nivolumab monotherapy.

Trial registration This study is registered with number K2023006.
Keywords Nivolumab, Biomarkers, Stomach neoplasms, Chemotherapy, Blood platelets, Lymphocytes, Neutrophils,

Background

Gastric cancer is the fifth most common cancer world-
wide and accounted for approximately 1.1 million (5.6%)
of all new cancer cases in 2020. It has the fourth great-
est cancer-related death rate, with 769,000 (7.7%) deaths
estimated in the same year worldwide [1]. Various che-
motherapeutic treatment regimens have been effective
in randomized trials and has improved the prognosis for
patients with advanced gastric cancer [2—7]. Nivolumab
and other monoclonal antibodies against human pro-
grammed death receptor-1 (PD-1) have demonstrated
clinical efficacy in advanced nonresectable and recurrent
gastric cancers [8—10]. A phase 3 clinical trial, ATTRAC-
TION-2, demonstrated that nivolumab monotherapy
provides benefit to patients with advanced gastric or
gastroesophageal junction cancers who had previously
received at least two chemotherapy regimens [8]. Fur-
thermore, the phase 3 ATTRACTION-4 and CHECK-
MATE 649 studies demonstrated the efficacy and safety
of nivolumab plus chemotherapy with platinum-con-
taining drugs, such as fluoropyrimidines, in previously
untreated patients with human epidermal growth factor
receptor 2 (HER2)-negative advanced gastric or gastro-
esophageal junction cancers [9, 10]. A systematic review
and meta-analysis showed that subsequent chemother-
apy after first- and second-line chemotherapies improved
post-progression survival and overall survival (OS) in
patients with advanced gastric cancer [11].

Gastric cancers develop faster than many other gas-
trointestinal cancers; therefore, it is important to detect
disease progression to change the chemotherapy regi-
men as soon as possible [9, 12]. However, in advanced
gastric cancer, peritoneal metastasis is common and ren-
ders accurate evaluation of disease progression difficult
[13]. Furthermore, compared with conventional cyto-
toxic agents, pseudoprogression is infrequently observed
with nivolumab treatment [14]. Therefore, it is urgently
needed to develop promising, simple, and effective bio-
markers that can be used to evaluate treatment response.

Inflammation and tumorigenesis are closely and intrin-
sically connected [15]. Several studies reported that
serum-based inflammatory indicators, such as C-reactive
protein (CRP)-to-albumin ratio (CAR), platelet-to-lym-
phocyte ratio (PLR), and neutrophil-to-lymphocyte ratio

(NLR) are significantly negatively related to the progno-
sis of various cancers including advanced gastric cancer
[16-18]. These inflammatory indicators are easy to mea-
sure in outpatient settings, economical, less invasive, and
have a simple calculation method.

Tumor progression causes systemic inflammation and
impaired nutritional status in patients in various can-
cers [19]. Therefore, we focused on the changes in these
serum-based inflammatory indicators to detect tumor
progression earlier. We hypothesized that measurement
of the change in CAR, PLR, and NLR would differenti-
ate progression from no or pseudoprogression in patients
with advanced gastric cancer treated with nivolumab
monotherapy.

Methods

Study design and patients

We conducted a multicenter retrospective cohort study
at Fujita Health University Hospital, Keiyu Hospital,
and Fujita Health University Okazaki Medical Center
in Japan. Eligible patients had nonresectable advanced
or recurrent gastric cancer and received nivolumab
monotherapy as third-line or later therapy from Octo-
ber 2017 to October 2021. The inclusion criteria were
histologically proven adenocarcinoma according to the
Lauren classification, age of =20 years, receipt of four
or more courses of nivolumab during the study period,
and absence of obvious temporary infection and other
synchronous or metachronous malignancy within 5
years after the start of nivolumab treatment. Finally, 111
patients were included in this study (Fig. 1).

Treatment

The patients received intravenous nivolumab at a dose of
3 or 240 mg/body every 2 weeks or 480 mg/body every
4 weeks. All patients received nivolumab within 2 weeks
after the failure of the previous chemotherapy. Medical
interviews, physical examinations, and blood tests were
conducted at every administration of nivolumab. Tumor
progression response was assessed every 6-8 weeks using
computed tomography (CT) or magnetic resonance
imaging according to the Response Evaluation Criteria in
Solid Tumors guidelines version 1.1 [20]. Response was
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2021 were enrolled.

Keiyu Hospital: 28 patients

Overall, 174 patients with nonresectable advanced or recurrent gastric cancer who received
nivolumab monotherapy as third- or later-line therapy between October 2017 and October

Fujita Health University Hospital: 145 patients

Fujita Health University Okazaki Medical Center: 1 patient

P 63 patients were excluded

v

60 patients who received less than 3 cycles of nivolumab
2 patients with temporary infection unrelated to cancer
1 patient with other malignancy within 5 years

Keiyu Hospital: 25 patients

Overall, 111 patients were included in the analysis
Fujita Health University Hospital: 85 patients

Fujita Health University Okazaki Medical Center: 1 patient

Fig. 1 Flowchart of patient selection

classified as complete response (CR), partial response
(PR), stable disease (SD), or progressive disease (PD).

Adverse events were assessed according to the Com-
mon Terminology Criteria for Adverse Events version
5.0. Treatment was continued until PD, onset of severe
adverse events requiring permanent discontinuation of
nivolumab, or patients’ refusal to continue treatment.
The follow-up period ended in January 2022. All patient
data were collected from the medical records of each
institution.

Data collection and measurement of CAR, PLR, and NLR
We measured albumin, CRP and total peripheral blood
lymphocyte, and neutrophil and platelet counts in the
serum. CAR was defined as the CRP level divided by the
total albumin level; PLR, the platelet count divided by
the lymphocyte count; and NLR, the neutrophil count
divided by the lymphocyte count. Changes in the ratios
for all biomarkers were calculated by directly dividing the
values before the first administration by those after the
fourth administration. Ascites was assessed via CT and
graded as follows: 0, no ascites in all slices; grade 1, asci-
tes detected only in the upper or lower abdominal cav-
ity; grade 2, ascites detected in both the upper and lower
abdominal cavities; and grade 3, ascites extending con-
tinuously from the pelvic cavity to the upper abdominal
cavity [21].

The HER2 status was confirmed via immunohisto-
chemistry and/or fluorescence in situ hybridization.

Statistical analysis

Receiver operating characteristic (ROC) curves were
constructed, and the areas under the curves (AUCs)
for the change in CAR, PLR, and NLR from before
nivolumab administration to after the fourth nivolumab
administration were calculated to evaluate the optimal
cutoff values for the treatment response. The relation-
ships between clinicopathologic characteristics and dis-
ease control (defined as CR, PR, and SD) were analyzed
using the chi-squared test.

OS was measured from the date of the first nivolumab
administration to that of the last follow-up or the end of
the follow-up period, whichever occurred first. Progres-
sion-free survival (PFS) was measured from the date of
first nivolumab administration to that of death or pro-
gression. The OS and PFS were estimated using the
Kaplan-Meier method and were compared using the log-
rank test. We considered p<0.05 to indicate statistical
significance. All statistical analyses were conducted using
EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria)
[22].
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Results

Patient demographics

Overall, 111 patients were enrolled in this study. All
patients had not received immune checkpoint inhibitors
before receiving nivolumab. The clinicopathologic fea-
tures of the patients are presented in Table 1. The median
age of the patients was 69 (range 36—90) years, and 81.9%
were male. The median length of follow-up was 334
(range, 78-1656) days for all patients. Histology revealed
intestinal tumors in 68 patients (61.3%) and diffuse-type
tumors in 42 patients (37.8%). Primary-site resection
was performed in 52 patients (46.8%). The tumors were
HER2-positive in 16 patients (14.4%). In total, 57 patients
(51.4%) experienced immune-related adverse events of
any grade.

Tumor response

The best overall response was PD in 62 patients and SD
in 36 patients (Table 2). The overall response rate was
11.7% (13 of 111 patients), and the disease control rate
was 44.1% (49 of 111).

Survival

The median OS and median PFS for all patients were
14.0 (95% CI 10.7-19.2) months and 4.1 (95% CI 3.0-5.9)
months, respectively (Fig. 2). The OS in the PD group
was significantly poorer than that in the disease control
group (p<0.0001; Fig. 3).

ROC curve analyses

The AUC ROC values for CAR, PLR, and NLR
before nivolumab administration were 0.574 (95% CI,
0.461-0.687), 0.528 (95% CI, 0.418-0.637), and 0.511
(95% CI, 0.401-0.620), respectively. The values for the
change in CAR, PLR, and NLR were 0.766 (95% CI,
0.666-0.865), 0.707 (95% CI, 0.607-0.807), and 0.660
(95% CI 0.556-0.765), respectively (Fig. 4). The optimum
cutoff values for the change in CAR, PLR, and NLR to
discriminate between PD and non-PD were 3.0, 1.3, and
1.4, respectively. With these values, the sensitivity and
specificity were 95.3% and 47.9%, 78.0% and 59.6%, and
70.0% and 56.1% for the CAR, PLR, and NLR changes,
respectively.

Relationships between clinicopathologic characteristics
and disease control

No significant correlation was observed between disease
control and any clinicopathologic characteristics other
than changes in CAR, PLR, and NLR (Table 3). We con-
sistently found that the PFS and OS were significantly
longer when the values for the change in CAR, PLR,
and NLR were below the cutoff values for the treatment
response (Fig. 5).
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Discussion

In this study, we found that the changes in the serum-
based inflammatory biomarkers CAR, PLR, and NLR
could help differentiate between PD and non-PD in
patients with unresectable advanced or recurrent gastric
cancer receiving nivolumab monotherapy as third-line or
later treatment. The AUC ROC analysis revealed cutoff
values that were significantly associated with disease con-
trol and prognosis.

Gastric cancer is an aggressive disease, but the use of
chemotherapy after disease progression can improve
prognosis in patients with advanced tumors [11]. In our
study, the median OS (14.0 months) was longer than that
reported by the ATTRACTION-2 trial (5.26 months) [8].
This discrepancy may be due to the differences in ethnic-
ity in the study sample but also the frequent transition to
other subsequent chemotherapy following nivolumab.

To avoid delays in changing treatment and improve
survival outcomes, early detection of PD and prompt
intervention are crucial [11]. This proactive approach
allows for timely modifications to therapeutic strategies,
which can significantly enhance the overall prognosis.
However, diagnosing PD is particularly challenging in
advanced gastric cancer due to the frequent occurrence
of peritoneal metastases, which is difficult to evaluate
with imaging modalities.

The difficulty in diagnosing PD arises from the subtle
and often asymptomatic characteristic of peritoneal
metastases. Standard imaging modalities and traditional
biomarkers might not always provide clear indications of
PD, leading to potential delays in treatment adjustments.
Consequently, there is an urgent need for more reliable
and easily detectable biomarkers that can signal the pres-
ence of PD at an earlier stage.

To the best of our knowledge, this is the first study to
reveal the usefulness of changes in CAR, PLR, and NLR
as potential biomarkers for PD in advanced gastric can-
cer patients.

High CAR is used as an indicator of malnutrition [23],
and several studies have demonstrated that nutritional
management improves prognosis in various cancers [24,
25]. In our study, however, no relationship was observed
between disease control and pre-treatment serum albu-
min levels or body mass index. In addition, although
patients who underwent gastrectomy are prone to mal-
nutrition, the presence or absence of gastrectomy also
did not correlate with the efficacy of nivolumab. Simi-
larly, CAR, NLR, and PLR before treatment were unre-
lated to disease control. Only the “changes” in these
serum-based inflammatory indicators were correlated
with disease control. We presumed that this is because
tumor progression causes systemic inflammation and
impaired nutritional status in patients with gastric can-
cer. For example, the increase in CAR may result from
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Table 1 Patients'demographic characteristics
Variable n=111 (%)
Age (years) 69 (36-90)
Sex
Male 91 (81.9%)
Female 20 (18.0%)
BMI (kg/m?) 19.9 (13.8-30.5)
Histology
Intestinal type 68 (61.3%)
Diffuse-type 42 (37.8%)
Unclassified 1 (0.01%)

Primary-site resection
Yes
No

Metastatic site at the start of nivolumab administration

Liver
Peritoneum
Lymph node
Lung
Abdominal wall
Bone
Postoperative anastomotic portion
Adrenal grand
Brain
Others (pleura, ovary)
Ascites > grade 2
Yes
No
HER2 status
Positive
Negative
Unknown
irAE > grade 3
Yes
No
Blood test results
Baseline serum albumin level (g/dL)
Baseline serum CRP level (mg/dL)
Baseline neutrophil count (/uL)
Baseline lymphocyte count (/L)
Baseline platelet count (x10%/uL)
CAR-pre
PLR-pre
NLR-pre
CAR change
PLR change
NLR change
Previous treatment regimens
2
>3
Post-study treatment
Other subsequent chemotherapy

52 (46.8%)
59 (53.2%)

16 (14.4%)
90 (81.1%)
5 (4.5%)

57 (51.4%)
54 (48.6%)

34(1.9-44)

0.29 (0.01-10.60)
1381 (304-2967)
2848 (748-8097)
206 (7.0-56.1)
0.08 (0.00-4.42)
143.5(47.7-973.7)
2.16 (0.55-22.50)
1.22(0.01-394.78)
1.22 (0.17-4.56)
1.34 (0.43-6.33)

99 (89.2%)
12(10.8%)

58 (52.3%)
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Variable n=111 (%)
Continuation of nivolumab 30 (27.0%)
Best supportive care 23 (20.7%)

BMI: body mass index

HER2: human epidermal growth factor receptor 2
irAE: immune-related adverse event

CRP: C-reactive protein

CAR-pre: CRP-to-albumin ratio right before the first administration of nivolumab

PLR-pre: platelet-to-lymphocyte ratio right before the first administration of nivolumab

NLR-pre: neutrophil-to-lymphocyte ratio right before the first administration of nivolumab

CAR change: CAR after the fourth administration of nivolumab divided by CAR-pre
PLR change: PLR after the fourth administration of nivolumab divided by PLR-pre
NLR change: NLR after the fourth administration of nivolumab divided by NLR-pre

Table 2 Summary of the best overall response
Number of patients ([%] n=111)

Best overall response

Complete response 2(1.8%)
Partial response 11 (9.9%)
Stable disease 36 (32.4%)
Progressive disease 62 (55.9%)
Overall response rate® 13(11.7%)
Disease control rate® 49 (44.1%)

2Complete response plus partial response. PComplete response plus partial
response plus stable disease

the production of cytokines, such as interleukin-6 and
tumor necrosis factor alpha, by gastric cancer [26]. Thus,
we think that CAR change alone was not a reason for but
a result of disease control.

During the study period (i.e,, 2017-2021), Japa-
nese gastric cancer treatment guidelines recom-
mended nivolumab or irinotecan monotherapy for
third- or later-line treatment of advanced gastric can-
cer. At present, based on the findings of the ATTRAC-
TION-4 and CHECKMATE 649 studies, nivolumab

fluoropyrimidines is widely used as first-line treatment
for HER2-negative advanced gastric or gastroesophageal
junction cancer [9, 10]. However, grade 3-5 drug-related
adverse events occurred more frequently with nivolumab
plus chemotherapy than with placebo plus chemotherapy.
Thus, chemotherapy alone is favored as first-line treat-
ment in vulnerable patients. For such patients, nivolumab
monotherapy is generally reserved for late-line treat-
ment. Furthermore, for patients who achieve disease con-
trol with nivolumab plus chemotherapy but suffer from
peripheral neuropathy induced by oxaliplatin, nivolumab
plus fluoropyrimidines therapy or nivolumab monother-
apy will be used as maintenance treatment. Thus, bio-
markers for PD detection remain important. However,
PLR and NLR may be influenced by thrombocytopenia
and neutropenia induced by the cytotoxic effect of com-
bined chemotherapies.

Microsatellite instability (MSI)-high and high com-
bined positive score (CPS) have been reported as effi-
cacy predictors in patients with unresectable advanced

plus chemotherapy with platinum-containing drugs and  or recurrent gastric cancer receiving nivolumab
10 1.0 7|
PFS median: 4.1 months i OS median: 14.0 months
8 08 95% CI (3.0-5.9) o % 95% CI (10.7-19.2)
s One year PFS rate: 27.6% ] One year OS rate: 55.6%
= 06 95% CI [19.6, 36.2] = 067 95% CI [42.8, 62.5]
2 2
g 0.4 | E 04
N 2
02 ] 02 7
0.0 1 T T T T T T 0.0 71 T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
PFS (months) OS (months)

Fig. 2 Kaplan—-Meier curves of the progression-free survival (a) and overall survival (b) of the patients. Marks on the curve indicate censored patients
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Survival rate

Fig. 3 Kaplan—-Meier curves of the overall survival according to response (a) and disease control® (b). “Disease control was defined as patients with com-
plete response, partial response, or stable disease
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Fig. 4 ROC curves for distinguishing patients with PD and those with non-PD based on inflammatory indicators such as CAR-pre (a), PLR-pre (b), NLR-pre
(c), CAR change (d), PLR change (d), PLR change (e) and NLR change (f). ROC curves: receiver operating characteristic curves PD: progressive disease, CAR-
pre: CRP-to-albumin ratio right before treatment, CRP: C-reactive protein, PLR-pre: platelet-to-lymphocyte ratio before treatment, NLR-pre: neutrophil-to-
lymphocyte ratio before treatment, CAR change: CAR after the fourth administration of nivolumab (CAR-4th ) divided by CAR-pre, PLR change: PLR after
the fourth administration of nivolumab (PLR-4th ) divided by PLR-pre, NLR change: NLR after the fourth administration of nivolumab (NLR-4th ) divided
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Table 3 Relationship between disease control and clinicopathologic factors

Factors Number of patients (%) Disease control rate P-value
Age (years)

<75 84 (75.7%) 45.2% (38/84) 0.659
>75 27 (24.3%) 51.9% (14/27)

Sex

Male 91 (82.0%) 45.1% (41/91) 0465
Female 20 (18.0%) 55.0% (11/20)

BMI (kg/m?)

<22 79 (71.2%) 50.6% (40/79) 0.294
>22 32 (28.8%) 37.5% (12/32)

Primary-site resection

Yes 52 (46.8%) 50.0% (26/52) 0.571
No 59 (53.2%) 44.1% (26/59)

Histology

Intestinal 68 (61.3%) 48.5% (33/68) 0.557
Diffused 42 (37.8%) 42.9% (18/42)

Unclassified 1 (0.9%) 100% (1/1)

Liver metastasis

Yes 31 (27.9%) 48.4% (15/31) 1.000
No 80 (72.1%) 46.3% (37/80)

Peritoneal metastasis

Yes 43 (38.7%) 46.5% (20/43)

No 68 (61.4%) 47.1% (32/68)

Ascites > grade2

Yes 23 (20.7%) 52.2% (12/23) 0.642
No 88 (79.3%) 45.5% (40/88)

Number of metastatic sites

<2 70 (63.1%) 44.3% (31/70) 0.556
>2 41 (36.9%) 51.2% (21/41)

HER2

Positive 16 (14.4%) 43.8% (7/16) 0.793
Negative 90 (81.1%) 47.8% (43/90)

Unknown 5 (4.5%) 40.0% (2/5)

irAE>grade 3

Yes 57 (51.4%) 49.1% (28/57) 0.448
No 54 (48.6%) 57.4% (31/54)

Serum albumin (g/dL)

<35 55 (51.4%) 52.7% (29/55) 0441
>35 52 (48.6%) 44.2% (23/52)

CAR change

<30 66 (72.5%) 62.1% (41/66) <0.001
>30 25 (27.5%) 8.0% (2/25)

PLR change

<13 62 (57.9%) 62.9% (39/62) <0.001
>13 45 (42.1%) 24.4% (11/45)

NLR change
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Table 3 (continued)

Factors Number of patients (%) Disease control rate P-value
<15 60 (56.1%) 58.3% (35/60) 0.011
>15 47 (43.9%) 31.9% (15/47)

BMI: Body mass index

irAE: immune-related adverse event
CAR: C-reactive protein-to-albumin ratio
PLR: platelet-to-lymphocyte ratio

NLR: neutrophil-to-lymphocyte ratio

CAR change: CAR after the fourth administration of nivolumab divided by CAR before nivolumab administration

PLR change: PLR after the fourth administration of nivolumab divided by PLR before nivolumab administration

NLR change: NLR after the fourth administration of nivolumab divided by NLR before nivolumab administration

(a) (b) (©
10 - 1.0 1.0 A
— CAR change <3 — PLR change <1.3 — NLR change <1.5
o | —— CAR change >3 o | —— PLR change >1.3 ° — NLR change >1.5
- = 4&;
1 p<00001 = ] p=00289 = »=0.0077
2o 2 2 ,
g Z ) Z
2 | a2 i % \j_ﬁ_ﬁ
e
0 10 20 30 40 50 0 10 2 30 4 50 0 10 2 30 40 50
PFS (months) PFS (months) PFS (months)

(d) (e) ®

7 — CAR change <3 07 — PLR change <1.3 1 — NLR change <1.5
o | ) CAR change >3 | PLR change >1.3 © NLR change >1.5
By 2<00001 E 7 p=00302 = »=0.0044
Ea e 2

£ | E g

= 5 =
v N v wn

OS (months)

0 10 20 30 40 50

OS (months)

0 10 20 30 40 50
OS (months)

Fig. 5 Progression-free survival and overall survival according to inflammatory indicators. Kaplan-Meier curves of progression-free survival rates of pa-
tients with a cutoff of change in CAR at 3 (a), change in PLR at 1.3 (b), change in NLR at 1.5 (c), and overall survival rates with a cutoff of change in CAR
at 3 (d), change in PLR at 1.5 (e), and overall survival rates with a cutoff of change in NLR at 3 (f). CAR: CRP-to-albumin ratio, CRP: C-reactive protein, PLR:
platelet-to-lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio, CAR change: CAR after the fourth administration of nivolumab divided by CAR before
nivolumab administration, PLR change: PLR after the fourth administration of nivolumab divided by PLR before, nivolumab administration, NLR change:

NLR after the fourth administration of nivolumab divided by NLR before nivolumab administration

monotherapy. [27, 28] Patients in the MSI-high group
had better PFS, and response rates were significantly
higher in patients with CPS>5. However, in this study,
determination of serum-based inflammatory indicators
such as CAR, PLR, and NLR changes required perform-
ing blood test after four cycles of nivolumab. Therefore,
they are considered useful biomarkers for assessing
nivolumab treatment response rather than predicting
treatment effect.

This study has several limitations. First, we did not
investigate PD-L1 CPS or MSL. It has been reported that
patients with gastric cancer who have high CPS (=5)

and MSI-high and who are treated with nivolumab plus
chemotherapy have better prognosis than those with
low CPS or MSI-low [10]. Second, the number of regi-
mens before and after nivolumab administration was not
standardized. However, most patients (89.2%) received
nivolumab monotherapy as third-line treatment accord-
ing to the recommendations of Japanese gastric cancer
treatment guidelines (5th edition). Third, cases in which
nivolumab treatment was discontinued after three or
fewer courses were due to reasons such as severe adverse
events, disease progression, and exacerbation of comor-
bidities. This result in the exclusion of some PD cases.
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Forth, this was a retrospective study; therefore, there
were various sources of bias. A large-scale prospec-
tive study involving measurement of CPS and MSI is
required.

Conclusions

The measurement of changes in CAR, PLR, and NLR
appears to be a simple, prompt, noninvasive method to
evaluate response to nivolumab monotherapy in patients
with recurrent or unresectable advanced gastric cancer.
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