
Abstract. Background/Aim: This study aimed to seek
clinical biomarkers of nivolumab monotherapy for advanced
gastric cancer (AGC) of which efficacy is limited. We
focused on Glasgow Prognostic Score (GPS), which reflects
systemic inflammatory and nutritional status as well as
disease control by chemotherapy immediately before
nivolumab (DCBC). Patients and Methods: AGC patients
with measurable lesions who were treated with nivolumab in
the third- or later-line were included. DCBC was defined as
a best overall response of complete response (CR), partial
response, stable disease, or non-CR/non-progressive disease
achieved by chemotherapy immediately before nivolumab.
Results: Eighty patients were analyzed. Among the various
clinical factors, multivariable analysis revealed that a GPS
of 2 was significantly associated with a shorter overall
survival and DCBC was significantly associated with a
longer progression-free survival. Conclusion: We present the
potential of GPS and DCBC as efficient biomarkers of
nivolumab for AGC, that warrants further evaluation.

Immune checkpoint inhibitors (ICIs) have recently been
found to confer clinical benefit in patients with various types

of advanced solid tumors (1-4). Nivolumab, a fully human
monoclonal immunoglobulin G4 against programmed cell
death–1 (PD-1), is one of the most widely administered ICIs
and shows efficacy for several types of cancers, contributing
to durable survival in patients in the palliative setting. With
regard to advanced gastric cancer (AGC), nivolumab
monotherapy conferred a survival benefit in heavily
pretreated patients in a global phase III trial (5), although the
proportion of patients who showed such benefit was smaller
compared to other types of solid tumors, with a response rate
of only 11%, highlighting the importance of identification of
individuals likely to benefit from this treatment.

Attempts to develop biomarkers for ICI treatment of AGC
have thus far identified only high microsatellite instability
(MSI-H) (6) and tumor expression of the PD-1 ligand PD-
L1 (7). Although other candidate biomarkers such as
Epstein-Barr virus positivity and PIK3CA mutation have
been proposed (8, 9), the value of such information is
uncertain and patients accessible to these examinations are
limited. 

The Glasgow prognostic score (GPS) is an objective
scoring tool that is based on the serum concentrations of C-
reactive protein (CRP) and albumin and thus reflects the
systemic inflammatory and nutritional status (10). GPS has
been identified as a prognostic factor for various types of
cancers (11-13) and as a predictive factor for adjuvant
chemotherapy in gastric cancer patients after curative surgery
(14), for which the immune response has been implicated as
a key determinant. No data are available with regard to the
predictive or prognostic value of GPS for nivolumab
treatment in patients with AGC. 

Short-term induction with certain chemotherapeutic agents
was recently shown to enhance sensitivity to subsequent ICI

1921

This article is freely accessible online.

Correspondence to: Hisato Kawakami, MD, Ph.D., Department of
Medical Oncology, Kindai University Faculty of Medicine, 
377-2 Ohno-higashi, Osaka-sayama, Osaka 589-8511, Japan. Tel:
+81 723660221, Fax: +81 723605000, e-mail: kawakami_h@
med.kindai.ac.jp

Key Words: Advanced gastric cancer, immune checkpoint inhibitors,
nivolumab, Glasgow Prognostic Score (GPS), biomarkers.

in vivo 34: 1921-1929 (2020)
doi:10.21873/invivo.11989

Glasgow Prognostic Score (GPS) and Tumor Response 
as Biomarkers of Nivolumab Monotherapy in Third- 
or Later-line Setting for Advanced Gastric Cancer 

TAKASHI KUROSAKI1, HISATO KAWAKAMI1, SEIICHIRO MITANI1, RYOHEI KAWABATA2, 
TAKAYUKI TAKAHAMA3, YOSHIKANE NONAGASE4, SOICHI FUMITA1, TOMOHIRO OZAKI4, 

YASUTAKA CHIBA5, TAKAO TAMURA3 and KAZUHIKO NAKAGAWA1

1Department of Medical Oncology, Kindai University Faculty of Medicine, Osaka-Sayama, Japan;
2Department of Surgery, Osaka Rosai Hospital, Sakai, Japan;

3Department of Medical Oncology, Kindai University Nara Hospital, Ikoma, Japan;
4Department of Medical Oncology, Kishiwada City Hospital, Kishiwada, Japan;
5Clinical Research Center, Kindai University Hospital, Osaka-Sayama, Japan



treatment in metastatic triple-negative breast cancer (15).
Besides, achievement of a clinical response to chemotherapy
immediately before nivolumab was shown to increase the
likelihood of disease control obtained by nivolumab in non-
small cell lung cancer (16), of which concept may be applied
to AGC. We have, therefore, herein assessed a large group
of unselected, consecutive AGC patients who were treated
with nivolumab in the clinical practice setting in an attempt
to identify potential biomarkers of nivolumab for AGC
among the various clinical factors including GPS and the
response to chemotherapy administered immediately prior to
nivolumab.

Patients and Methods
Patients. We retrospectively reviewed the medical records of all
patients with unresectable advanced or recurrent gastric or gastro-
esophageal junction cancer who were treated with nivolumab
monotherapy at the Kindai University Hospital, Kindai University
Nara Hospital, Kishiwada City Hospital, or Osaka Rosai Hospital
between October 2017 and March 2019. Patients who met the
following eligibility criteria before nivolumab therapy were enrolled
in the study: a history of standard therapy with two or more
regimens including pyrimidine analogs and taxanes, an Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of
0 to 2, adequate organ function, no prior ICI treatment, and the
presence of a measurable lesion. We excluded patients whose
response to nivolumab was unevaluable. Nivolumab was
administered intravenously at a dose of 3 mg/kg or 240 mg/body
every 2 weeks. The study protocol was approved by the institutional
review board of each participating hospital (Kindai University
Hospital, No. 29-115).

Data collection. We collected information on the following
clinicopathological features: sex, age, ECOG PS, histological type,
HER2 status, number of organs with metastases, presence of liver
metastasis, serum levels of lactate dehydrogenase (LDH), CRP, and
albumin, and white blood cell differential at the time of the first
nivolumab administration. We also retrieved treatment history and
tumor response to the chemotherapy administered immediately
before the onset of nivolumab treatment. Tumor response was
assessed according to the Response Evaluation Criteria in Solid
Tumors version 1.1 (RECIST1.1). We defined overall response rate
(ORR) as the proportion of patients with a best overall response of
complete response (CR) or partial response (PR), and disease
control rate (DCR) as the proportion of patients with a best overall
response of CR, PR, or stable disease (SD). Progression-free
survival (PFS) was measured from the time of treatment initiation
to clinical or radiographic progression or death from any cause.
Overall survival (OS) was measured from the time of treatment
initiation to death from any cause. Patients without documented
clinical or radiographic disease progression or who were still alive
were censored at the last follow-up. 

We recorded GPS at the time of first administration of
nivolumab. Patients with an elevated CRP level (>1.0 mg/dl) and
hypoalbuminemia (<3.5 g/dl) were assigned a score of 2. Those
with only one of these abnormalities were assigned a score of 1, and
those with neither a score of 0. The neutrophil/lymphocyte ratio
(NLR) at the time of the first administration of nivolumab was also
recorded, and we specified 5 as the cutoff between a high and low
NLR as in previous studies (17, 18). 

Statistical analysis. PFS and OS were compared according to
baseline characteristics with the use of a Cox proportional hazards
model, with the hazard ratio (HR) and its 95% confidence interval
(CI) being presented. A p-value of <0.2 in univariable analysis was
selected as explanatory variable for multivariable analysis. Survival
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Figure 1. Flow diagram of the study. ICIs, Immune checkpoint inhibitors; AGC, advanced gastric cancer.



was also analyzed with the Kaplan-Meier method and was
compared between groups with the log-rank test. Comparison of
ORR or DCR according to baseline characteristics was performed
with the Fisher’s exact test. All statistical analyses were performed
with EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria). A p-value of <0.05 was
considered statistically significant.

Results

Patient characteristics. A search of medical records at four
Institutions identified 107 patients who were treated with
nivolumab for AGC. Of these patients, 80 individuals met the
eligibility criteria and were enrolled in the present study
(Figure 1); their clinical characteristics are summarized in
Table I. All 80 patients received nivolumab as a third- or later-
line treatment. The median age at the onset of nivolumab
treatment was 71 years (range=43-87 years). Thirty (37.5%),
32 (40.0%), and 18 (22.5%) patients had a GPS of 0, 1, and
2, respectively. The median serum LDH level was 234 IU/l
(range=114-1077 IU/l). The most commonly administered
chemotherapy regimen immediately before the onset of
nivolumab treatment was ramucirumab plus paclitaxel
(48.8%), followed by irinotecan monotherapy (17.5%),
paclitaxel monotherapy (11.3%), nanoparticle albumin-bound
paclitaxel monotherapy (6.3%), and others (16.3%). The best
overall response to the chemotherapy administered
immediately before nivolumab treatment was evaluable in 75

(93.8%) of the 80 patients. We defined disease control by the
chemotherapy administered immediately prior to nivolumab
treatment (DCBC) as a best overall response to such
chemotherapy of CR, PR, SD, or non-CR/non–PD
(progressive disease). DCBC was achieved in 58 of 75
patients (77.3%). Patients whose best overall response to this
chemotherapy was not evaluable were treated as missing
values in the following analysis related to DCBC.

Efficacy and safety of nivolumab. With regard to the best
response to nivolumab, 1 patient achieved a CR (1.3%), 7
(8.8%) a PR, and 18 (22.5%) a SD, with the remaining 54
patients experiencing PD (67.5%), yielding an ORR and
DCR of 10.0% (8 of 80 patients, 95% CI of 4.4-18.8%) and
32.5% (26 of 80 patients, 95% CI of 22.4-43.9%),
respectively. With a median follow-up time of 5.1 months,
the median PFS was 1.63 months (95% CI=1.28-1.84
months) and median OS was 5.30 months (95% CI=4.11-
7.30 months) for the total study population. Immune-related
adverse events of grade 3 or higher were observed in 1
patient, who developed both grade 3 colitis and grade 3
hypertransaminasemia; this was the only patient for whom
nivolumab was discontinued as a result of adverse events.

Treatment after nivolumab. At the time of data cutoff, 73
(91.3%) of the 80 patients had experienced PD on
nivolumab, and 27 (37.0%) of these 73 patients had received
at least one subsequent therapy. The most common
subsequent therapy was irinotecan monotherapy (13 of 27
patients, 48.1%), followed by irinotecan plus ramucirumab
(3 of 27 patients, 11.1%), capecitabine plus oxaliplatin (3 of
27 patients, 11.1%), and others (8 of 27 patients, 29.6%).

Factors affecting nivolumab efficacy. Univariable Cox
proportional hazards regression revealed that a GPS of 1 or
2 was significantly associated with a shorter PFS for
nivolumab, and that DCBC was significantly associated with
a longer PFS (Table II). An ECOG PS of 2, number of
metastatic sites of ≥2, the presence of liver metastasis, a high
NLR, and a GPS of 1 or 2 were significantly associated with
a shorter OS, whereas DCBC was significantly associated
with a longer OS (Table II). Multivariable analysis (Table
III) revealed that a GPS of 2 was associated with a shorter
PFS (HR=1.91 with a 95% CI=0.94-3.89, p=0.074) and OS
(HR=5.89 with a 95% CI=2.52-13.80, p<0.001), although
only the latter association was significant. Conversely,
DCBC was associated with a longer PFS (HR=0.51 with a
95% CI=0.27-0.96, p=0.038) and OS (HR=0.60 with a 95%
CI=0.31-1.16, p=0.125), with only the former association
being significant.

Kaplan-Meier survival curves were clearly separated
according to GPS, with a higher GPS being significantly
associated with a shorter median PFS (3.0 vs. 1.6 vs. 1.4
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Table I. Patient characteristics.

Characteristic No. of patients %

Median age (range), years 71 (43-87)
Gender, male/female 67/13 83.8/16.3
ECOG PS, 0/1/2 14/54/12 17.5/67.5/15.0
Histology, differentiated/ 49/22/9 61.3/27.5/11.3
undifferentiated/unknown

HER2 status, positive/negative 16/64 20/80
No. of metastatic sites, 1/≥2 26/54 32.5/67.5
Liver metastasis, yes/no 36/44 45/55
Previous gastrectomy, yes/no 40/40 50/50
No. of previous regimens, 50/18/12 62.5/22.5/15.0
2/3/≥4

Neutrophil/lymphocyte ratio, 63/17 78.8/21.3
<5/≥5

GPS, 0/1/2 30/32/18 37.5/40.0/22.5
Best overall response to 0/20/38/17/5 0/25.0/47.5/21.3/6.3
chemotherapy before 
nivolumab, CR/PR/SD/PD/NA

ECOG PS, Eastern Cooperative Oncology Group performance status;
HER2, human epidermal growth factor receptor 2; GPS, Glasgow
prognostic score; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; NA, not available.



months for a GPS of 0 vs. 1 vs. 2, respectively, p=0.005)
(Figure 2A) and OS (11.0 vs. 5.1 vs. 2.9 months for a GPS
of 0 vs. 1 vs. 2, respectively, p<0.001) (Figure 2B). Such
curves also showed a separation according to DCBC
status, with patients who achieved DCBC having a
significantly longer median PFS (1.7 vs. 1.4 months,
p=0.004) (Figure 2C) and OS (7.0 vs. 4.8 months,
p=0.005) (Figure 2D). No significant difference in PFS or
OS for nivolumab was apparent according to the type of
chemotherapy regimen administered immediately prior to
nivolumab treatment in patients who achieved DCBC
(Figure 3).

Analysis of the association between the best OS to
nivolumab and either GPS or DCBC status revealed that GPS
was significantly associated with ORR (23.3% vs. 3.1% vs.
0% for a GPS of 0 vs. 1 vs. 2, respectively, p=0.010) and DCR
(50.0% vs. 25.0% vs. 16.7% for a GPS of 0 vs. 1 vs. 2,
respectively, p=0.034), whereas DCBC was associated with
ORR (12.1% vs. 0% for DCBC+ vs. DCBC–, respectively,
p=0.339) and DCR (41.4% vs. 5.9% for DCBC+ vs. DCBC–,
respectively, p=0.007), with only the latter association being
significant. 

Finally, we analyzed PFS and OS for nivolumab stratified
according to both GPS and DCBC status. We found that a
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Table II. Univariable analysis of PFS and OS for nivolumab. 

Characteristic PFS OS

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

Age, ≥75 years (vs. <75) 0.84 0.51-1.38 0.491 1.14 0.67-1.94 0.625
Gender, female (vs. male) 0.89 0.47-1.69 0.719 0.95 0.47-1.94 0.893
ECOG PS, 2 (vs. 0 or 1) 1.36 0.71-2.59 0.358 2.22 1.14-4.32 0.019
Histology, undifferentiated (vs. differentiated) 1.02 0.60-1.73 0.944 1.21 0.69-2.13 0.500
HER2 status, positive (vs. negative) 1.22 0.69-2.16 0.501 0.80 0.41-1.59 0.528
No. of metastatic sites, ≥2 (vs. 1) 1.46 0.88-2.41 0.142 1.78 1.02-3.10 0.043
Liver metastasis, yes (vs. no) 1.26 0.79-2.01 0.336 1.73 1.03-2.91 0.038
Previous gastrectomy, yes (vs. no) 0.83 0.52-1.32 0.426 0.99 0.60-1.64 0.973
No. of previous regimens, ≥3 (vs. 2) 1.12 0.70-1.80 0.631 1.24 0.74-2.08 0.423
LDH level, ≥median (vs. <median) 1.39 0.87-2.20 0.166 1.19 0.72-1.97 0.487
Neutrophil/lymphocyte ratio, ≥5 (vs. <5) 1.70 0.98-2.95 0.057 2.33 1.30-4.16 0.004
GPS

1 (vs. 0) 1.78 1.04-3.04 0.035 2.78 1.46-5.31 0.002
2 (vs. 0) 2.67 1.43-4.97 0.002 7.95 3.78-16.73 <0.001

DCBC, yes (vs. no) 0.44 0.25-0.79 0.006 0.43 0.23-0.78 0.006

PFS, Progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; HER2, human epidermal growth factor receptor 2; LDH, lactate dehydrogenase; GPS, Glasgow prognostic score; DCBC, disease
control by chemotherapy prior to nivolumab.

Table III. Multivariable analysis of PFS and OS for nivolumab. 

Characteristic PFS OS

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

ECOG PS, 2 (vs. 0 or 1) 2.09 0.91-4.80 0.084
No. of metastatic sites, ≥2 (vs. 1) 1.39 0.81-2.37 0.229 1.84 0.90-3.78 0.095
Liver metastasis, yes (vs. no) 1.15 0.58-2.28 0.693
LDH level, ≥median (vs. <median) 1.41 0.87-2.30 0.163
Neutrophil/lymphocyte ratio, ≥5 (vs. <5) 1.61 0.87-2.98 0.129 1.57 0.76-3.23 0.219
GPS

1 (vs. 0) 1.49 0.83-2.69 0.182 1.94 0.95-3.99 0.070
2 (vs. 0) 1.91 0.94-3.89 0.074 5.89 2.52-13.80 <0.001

DCBC, yes (vs. no) 0.51 0.27-0.96 0.038 0.60 0.31-1.16 0.125

PFS, Progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; LDH, lactate dehydrogenase; GPS, Glasgow prognostic score; DCBC, disease control by chemotherapy prior to nivolumab.



higher GPS tended to be associated with a shorter median
PFS (3.7 vs. 1.6 vs. 1.3 months for a GPS of 0 vs. 1 vs. 2,
respectively) and OS (11.0 vs. 5.5 vs. 2.4 months for a GPS
of 0 vs. 1 vs. 2, respectively) in patients who achieved
DCBC, whereas such a trend was not apparent for patients
who did not achieve DCBC (Figure 4).

Discussion

On the basis of the results of the pivotal ATTRACTION-2
trial (5), that established nivolumab as standard therapy for
heavily pretreated patients with AGC, nivolumab
monotherapy is now administered in Japan as a third- or
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Figure 2. Kaplan-Meier analysis for progression-free survival (A), and overall survival (B) according to GPS. Kaplan-Meier analysis of progression-
free survival (C) and overall survival (D) according to whether DCBC was achieved (DCBC+) or not (DCBC−). p-Values were calculated with the
log-rank test. GPS, Glasgow prognostic score; DCBC, disease control by the chemotherapy just prior nivolumab; PFS, progression-free survival;
OS, overall survival; CI, confidence interval.



later-line treatment for AGC. The efficacy of nivolumab
monotherapy for our study population in the clinical practice
setting was essentially consistent with that reported in
ATTRACTION-2. We now identified GPS and DCBC as
effective biomarkers of nivolumab monotherapy for AGC. 

GPS has been widely adopted as a systemic inflammatory
and nutritional marker (10), with the score before treatment
having been shown to be a prognostic factor not only for
postoperative survival in gastric cancer patients but also for
survival in such patients receiving palliative chemotherapy
(19). Given that recent studies have suggested that cancer-
related inflammation suppresses effective antitumor immunity
through multiple pathways (20), GPS may serve as a biomarker
to reflect sensitivity to immunotherapy. However, to the best
of our knowledge, our study is the first to show a significant
association between GPS and nivolumab efficacy for AGC.
Our multivariable analysis revealed that a higher GPS was
significantly associated with a shorter OS and tended to be
associated with a shorter PFS. Moreover, a higher GPS was
significantly associated with a lower ORR and DCR. Together,
these findings suggest that GPS may be a predictive factor as
well as a prognostic factor for nivolumab monotherapy in
AGC, and this potential of GPS thus warrants further study.

We also found that DCBC was associated with the
efficacy of nivolumab for AGC, consistent with previous
findings in non-small cell lung cancer (16). Multivariable
analysis revealed that patients who achieved DCBC had a
significantly longer PFS and tended to have a longer OS
for nivolumab compared to those who did not. DCBC was
also associated with a higher ORR and significantly
associated with a higher DCR for nivolumab, suggesting
that chemotherapy immediately prior to nivolumab
treatment can have an immunostimulatory effect and
thereby enhance the response to nivolumab. Paclitaxel and
irinotecan were the two most commonly administered
chemotherapeutic agents just before nivolumab treatment,
with these two drugs having been found to enhance the
antitumor immune response through different pathways
(21-24). Further studies are warranted to identify
chemotherapeutic regimens with the largest effects on the
efficacy of subsequent nivolumab therapy, although no
significant differences among regimens in this regard were
apparent in the present study. 

We found that GPS was associated with PFS and OS for
nivolumab in patients who achieved DCBC, but not in those
who did not. Our data thus suggest the importance of changes
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Figure 3. Kaplan-Meier analysis for progression-free survival (A) and overall survival (B) according to the chemotherapy regimen just prior
nivolumab in patients who achieved disease control by the chemotherapy just prior nivolumab. p-Values were calculated with the log-rank test.
RAM+PTX, ramucirumab plus paclitaxel; IRI, irinotecan monotherapy; PTX, paclitaxel monotherapy; nabPTX, nanoparticle albumin-bound
paclitaxel monotherapy; PFS, progression free survival; OS, overall survival; CI, confidence interval.



in serum albumin and CRP levels during chemotherapy as a
determinant of when to switch to nivolumab monotherapy in
patients who have achieved disease control, especially in
those without measurable lesions. 

Both of GPS and DCBC have several advantages relevant
to clinical practice. First, they are readily accessible and
thus potentially widely applicable. Second, although
examinations for PD-L1 expression, MSI or Epstein-Barr
virus positivity require technical expertise, GPS and DCBC
do not. Finally, with the use of GPS and DCBC, prediction
can be made prior to administration of nivolumab, unlike
previously suggested biomarkers such as development of
immune-related adverse events (25). On the other hand, the
following disadvantages should be taken into account: GPS
is intrinsically susceptible to transient inflammation
including acute infection, and DCBC can be utilized only
when the information of response to chemotherapy
immediately prior to nivolumab is available.

Our study has several limitations. First, it was
retrospective in nature and lacked a control group of
patients who did not receive nivolumab. The identified
biomarkers (GPS and DCBC) may thus not necessarily be
specific to nivolumab. Second, we did not assess

molecular biomarkers such as MSI-H and PD-L1
expression and so did not take these factors into account
in our analysis. However, evidence suggests that not a few
AGC patients with stable microsatellite or PD-L1-lacking
tumors indeed respond to ICIs (5, 7). Third, we
investigated the efficacy of only nivolumab, and it remains
to be determined whether GPS and DCBC might also be
related to immunotherapies other than nivolumab
monotherapy. Given that a recent study demonstrated a
noninferior survival benefit for the ICI pembrolizumab
compared to chemotherapy in the first-line setting for AGC
(26), our data suggest that GPS might also identify patients
likely to benefit from pembrolizumab monotherapy in this
setting. Moreover, several phase III studies to evaluate the
efficacy of ICIs plus chemotherapy in the first-line setting
are ongoing. Further studies on the relation of GPS to ICI
efficacy are therefore warranted. 

In conclusion, we identified GPS and DCBC as potential
biomarkers of nivolumab monotherapy in the third or later-
line setting for AGC. Further study is warranted to determine
whether GPS might be suitable as a predictive or prognostic
biomarker of immunotherapies in earlier-line settings or in
combination with chemotherapeutic agents. 
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Figure 4. Kaplan-Meier analysis for progression-free survival (A) and overall survival (B) according to GPS stratified by DCBC+/−. p-Values were
calculated with the log-rank test. GPS, Glasgow prognostic score; DCBC, disease control by the chemotherapy just prior to nivolumab; PFS,
progression-free survival; OS, overall survival; CI, confidence interval.
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