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Abstract

In Japan, South Korea, and Taiwan, nivolumab might provide overall survival benefits for
patients with advanced gastric cancer. However, it is effective only in a limited number of
patients. The Glasgow prognostic score is an indicator of the systematic inflammatory
response and nutritional status. This study aimed to investigate the ability of the Glasgow
prognostic score and other markers to predict the outcomes of patients treated with nivolu-
mab. We reviewed the medical records of patients treated for advanced gastric cancer and
who received nivolumab between February 2015 and June 2019 at Hyogo Cancer Center.
The patients were categorized into two groups according to their Glasgow prognostic
scores. Overall, 53.3% and 46.7% of the patients were assigned to groups with Glasgow
prognostic scores of 0 and 1/2, respectively. The median durations of progression-free and
overall survival of the participants were 2.3 and 5.7 months, respectively. The patients with
a Glasgow prognostic score of 0 had significantly higher median overall survival than those
with scores of 1 or 2 (16.4 vs. 4.2 months; p = 0.0006). This observation suggests that a pre-
treatment Glasgow prognostic score of 0 is associated with better outcomes, and this scor-
ing system may be used as a predictor of outcomes in patients with advanced gastric
cancer treated with nivolumab.

Introduction

Although the prognosis for advanced gastric cancer (AGC) remains poor, overall survival (OS)
has increased following improvements in systemic chemotherapy treatment [1-3]. In a phase
III study [4], nivolumab, which blocks programmed cell death 1, has shown a survival benefit
over placebo in patients who were previously treated for AGC regardless of human epidermal
growth factor receptor 2 (HER2) status [5]. Consequently, nivolumab has been approved as a
standard monotherapy in Japan, South Korea, and Taiwan. However, at present, the number
of patients with gastric cancer who benefit from the therapeutic effects of nivolumab is limited.
Whereas the Tumor Proportion Score is correlated with treatment outcomes in non-small cell
lung cancer patients treated with nivolumab [6], this score does not predict the effect of

PLOS ONE | https://doi.org/10.1371/journal.pone.0247645 February 26, 2021 1/9


https://orcid.org/0000-0002-2899-8322
https://doi.org/10.1371/journal.pone.0247645
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247645&domain=pdf&date_stamp=2021-02-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247645&domain=pdf&date_stamp=2021-02-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247645&domain=pdf&date_stamp=2021-02-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247645&domain=pdf&date_stamp=2021-02-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247645&domain=pdf&date_stamp=2021-02-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0247645&domain=pdf&date_stamp=2021-02-26
https://doi.org/10.1371/journal.pone.0247645
https://doi.org/10.1371/journal.pone.0247645
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.6084/m9.figshare.14038955
http://dx.doi.org/10.6084/m9.figshare.14038955

PLOS ONE

Glasgow prognostic score to predict nivolumab outcomes in gastric cancer

Competing interests: The authors have declared
that no competing interests exist.

nivolumab treatment in AGC. The Combined Positive Score, mismatch repair status, and
Epstein-Barr virus positivity are also potential markers for the efficacy of pembrolizumab and
nivolumab treatments [7,8]; however, additional studies are needed. Accurate prediction con-
tributes to better management of patients with AGC; therefore, it is extremely important to
identify clinically practical markers to predict the outcome of nivolumab treatment in patients
with AGC.

The Glasgow prognostic score (GPS) has been extensively investigated for its ability to pre-
dict the postoperative outcomes of various cancers [9-11]. The GPS is a combination of serum
C-reactive protein (CRP) and albumin levels, which are biomarkers of the systematic inflam-
matory response and nutritional status, respectively [12]. Previous studies have indicated that
a high GPS is a negative prognosticator in gastric cancer patients undergoing gastrectomy
[13-16]. However, the use of the GPS for predicting treatment outcomes in patients with AGC
who were treated with nivolumab has not been assessed. Therefore, in the present study, we
analyzed the predictive ability of GPS and other markers in nivolumab-treated patients with
AGC.

Materials and methods
Patients

We retrospectively reviewed the medical records of all patients with advanced or recurrent
(stage IV) gastric cancer who had been treated with nivolumab at Hyogo Cancer Center
between February 2015 and June 2019. In total, 47 patients were administered nivolumab dur-
ing this period. The eligibility criteria for the present study were the following: 20 years of age
or older; histologically proven adenocarcinoma of the stomach or esophagogastric junction;
measurable or evaluable lesions according to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1; preserved Eastern Cooperative Oncology Group (ECOG) performance
status (PS) of < 2; no major organ dysfunction; no active multiple primary cancers; available
data regarding serum CRP and albumin levels (determined within 7 days before the initiation
of nivolumab treatment); refractoriness or intolerance to fluoropyrimidines (fluorouracil, S-1,
or capecitabine) in a first-line setting (includes 4 patients who did not receive platinum); and
refractoriness or intolerance to taxanes (paclitaxel, docetaxel, or nab-paclitaxel) or irinotecan
in a second-line setting. This study was approved by the ethics committee of Hyogo Cancer
Center (Approval number G-53, 2019). Although the records are not anonymous, the ethics
committee waived the requirement for informed consent for this study. Two patients were
excluded from our analysis because they had histologically proven neuroendocrine carcinoma.
A total of 45 patients with AGC met the criteria and were included in this study (Fig 1).

Treatment

Nivolumab was intravenously administered at a dose of 3 mg/kg every 2 weeks except that the
treatment regime was adjusted to 240 mg/body per 2 weeks after September 2018. In total, 34
and 8 patients were administered the dose of 3 mg/kg and 240 mg/body, respectively. The
other three patients initially received nivolumab at 3 mg/kg and then received 240 mg/body
after September 2018. The treatment was repeated until disease progression, unacceptable tox-
icity, or refusal by the patient to continue. The end of the follow-up period was June 2019.

Evaluation

Information for each patient was retrospectively evaluated using electronic medical records.
Items surveyed in this study included age, sex, ECOG PS, HER2 status, tumor status, site of the
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Fig 1. Consort flow diagram.

https://doi.org/10.1371/journal.pone.0247645.9001

primary tumor, metastatic sites, liver metastasis, peritoneal metastasis, ascites, number of pre-
vious therapies, Lauren classification, neutrophil-to-lymphocyte ratio (NLR), and the GPS.
Progression-free survival (PFS) was defined as the time from the first administration of nivolu-
mab to the first occurrence of disease progression or death. OS was defined as the time from
the onset of nivolumab treatment until death by any cause. Information regarding chemother-
apy included the administration doses, best response, PES, and OS. The overall response rate
was assessed according to RECIST version 1.1[17].

Statistical analyses

For each patient, a GPS was calculated from CRP and albumin levels obtained within 7 days
prior to the initiation of nivolumab treatment. Each patient with increased CRP (> 1.0 mg/dL)
and hypoalbuminemia (< 3.5 g/dL) levels was assigned a score of 2. Patients with only one
abnormal value were assigned a score of 1. Patients who had CRP and albumin levels within
normal ranges were assigned a score of 0. We sorted the patients into two groups according to
their GPSs, GPS-H (1 or 2) and GPS-L (0). In addition, we obtained NLRs by dividing absolute
neutrophil counts by absolute lymphocyte counts. We used an NLR threshold of 5, consistent
with previous studies [18,19]. Kaplan-Meier analyses of PFS and OS were performed based on
these cut-off values, with differences between each pair of groups assessed with the log-rank
test. The hazard ratio and 95% confidence interval were calculated using the univariable Cox
proportional hazards model. Parameters with p < 0.05 in the univariable analysis were selected
as covariates in the multivariable Cox proportional hazards regression analysis. Relationships
between the best response and biomarker categories were analyzed with Fisher’s exact test. All
p values were based on a two-sided hypothesis, with those < 0.05 considered statistically signif-
icant. Statistical analyses were performed with JMP software version 8.00 (SAS Institute).

Results
Patient characteristics

A total of 45 patients were included in this study. The clinical characteristics of these patients
are summarized in Table 1. The information was obtained at the onset of nivolumab treat-
ment. All the patients received nivolumab as a third-line or later treatment. The median age of
the patients was 65 years (range 40-81 years). Fourteen females and 31 males were included.
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Table 1. Patient characteristics.

Characteristic N=45
Median age (range) (years) 65 (40-81)
Sex (male/female) 31/14
ECOG PS (0/1/2) 16/23/6
HER2 status (+/-/unknown) 10/33/2
Tumor status (unresectable/recurrence) 27/18
Site of primary tumor (U/M/L) 18/32/30
Metastatic sites (1/2/> 3) 19/19/7
Liver metastasis (+/-) 10/35
Peritoneal metastasis (+/-) 26/19
Ascites (no/low/medium/massive) 20/12/5/8
Number of previous therapies (2/> 3) 21/24
NLR (< 5/> 5) 41/4

GPS (0/1/2) 25/18/2

ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, Human Epidermal Growth Factor
Receptor 2; U/M/L, upper (U), middle (M), and lower (L) sections of the stomach; low ascites, localized buildup of
ascites in the perihepatic or pelvic space; medium ascites, ascites of intermediate size; massive ascites, accumulation
of ascites extending throughout the abdominal cavity; NLR, neutrophil-to-lymphocyte ratio; GPS, Glasgow

prognostic score.

https://doi.org/10.1371/journal.pone.0247645.t001

Computed tomography (CT) or magnetic resonance imaging was generally performed every
6-12 weeks. One patient, who was enrolled in a clinical study and allocated to a nivolumab
treatment group, was evaluated by CT examination every 6 weeks initially; after the end of
cycle 9, CT examination was performed every 12 weeks, according to the study protocol. All
the other patients were evaluated every 6-9 weeks.

Univariate and multivariable analysis of markers for survival outcome

At the time of the data cut-off, 41 patients (91%) had progressed and 34 (76%) had died. The
median PFS was 2.3 months (95% confidence interval: 1.4-3.5 months), and the median OS
was 5.7 months (95% confidence interval: 4.2-8.2 months). According to the Kaplan-Meier
analysis, patients with GPS-L experienced significantly longer OS than those with GPS-H (16.4
vs. 4.2 months, respectively; p = 0.0006; Fig 2). The univariate analysis results indicated that
factors significantly associated with better OS included sex (male), ECOG PS 0, no peritoneal
metastasis, no ascites, high serum albumin levels, and GPS-L status (Table 2). Having a small
study population rendered the multivariate analysis unreliable, where no ascites, low serum
albumin (not high), and GPS-L status were significantly associated with better OS (S1 Table).

Response to treatment according to GPS

Overall response was evaluated in 22 patients with measurable lesions. Partial response was
observed in 7 patients (31.8%), and disease control was observed in 13 patients (59.1%). When
stratified according to GPS-L and GPS-H, the GPS-L patients tended to correlate with better
response rates (42.9% vs. 12.5%; p = 0.14; Table 3).

Discussion

Several studies have reported biomarkers that can predict the outcome of nivolumab treatment
for AGC [20,21]. To the best of our knowledge, this is the first study to evaluate the role of the
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Table 2. Univariate analysis of OS.

oS
Parameter Category HR 95% CI p-value
Age < 65/> 65 1.65 0.83-3.43 0.16
Sex Male/female 2.22 1.06-4.49 0.035
ECOG PS 0/1,2 3.32 1.53-8.01 0.002
Lauren classification Intestinal/diffuse 1.37 0.70-2.78 0.36
HER2 +/- 1.80 0.78-4.86 0.18
Tumor status Unresectable/recurrent 0.97 0.47-1.95 0.94
Liver metastasis +/- 1.02 0.47-2.56 0.96
Metastatic sites 1/>2 1.78 0.88-3.77 0.109
Peritoneal metastasis +/- 0.29 0.13-0.61 0.0009
Ascites +/- 0.26 0.12-0.55 0.0003
Number of previous therapies 2/>3 0.85 0.43-1.71 0.65
Serum albumin > 3.5/< 3.5 (g/dL) 2.72 1.28-5.76 0.0061
Serum CRP < 1.0/> 1.0 (mg/dL) 2.09 0.83-4.64 0.079
NLR <5/>5 1.54 0.37-4.39 0.51
GPS 0/1,2 3.63 1.73-7.91 0.0006

OS, overall survival: HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, Human Epidermal Growth

Factor Receptor 2; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; GPS, Glasgow prognostic score.

https://doi.org/10.1371/journal.pone.0247645.t1002
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Table 3. Response rates according to GPS.

GPS All Responders Non-responders ORR p-value
GPS-L 14 (63.6%) 6 8 429 0.14
GPS-H 8 (36.3%) 1 7 12.5

GPS, Glasgow prognostic score; GPS-L, GPS 0; GPS-H, GPS 1 or 2; ORR, overall response rate.

https://doi.org/10.1371/journal.pone.0247645.t003

pretreatment GPS as a predictor of the outcome in nivolumab-treated patients with AGC. We
found that GPS-L was associated with better outcomes, suggesting that GPS status can be used
as a predictor to identify patients who are likely to experience a favorable clinical outcome.

In this study, patients treated with nivolumab monotherapy had median PFS and OS of 2.3
and 5.7 months, respectively, which are better outcomes than those reported in a previous
study [4]. However, nivolumab was administered as a fourth- or later-line treatment in 79.1%
of the patients in the previous study, whereas 46.7% of our patients were administered nivolu-
mab monotherapy as a third-line treatment. Thus, this difference may explain the observed
discrepancies in clinical outcomes. Contrary to a previous report [21], the NLR was not signifi-
cantly associated with OS in nivolumab-treated AGC patients in our analysis. In univariate
analyses, serum albumin was also a predictive factor; additionally, we consider that the immu-
nosuppressive tumor microenvironment (indicated by a higher serum CRP) may play a critical
role in nivolumab treatment. This scenario may explain why the GPS was a more powerful
predictor of outcomes than serum albumin alone (the estimated hazard ratio for OS was 2.72
for Alb < 3.5vs. Alb > 3.5 (p = 0.0061) and 3.63 for GPS-H vs. GPS-L (p = 0.0006) in the pres-
ent study, and the NLR was not.

ECOG PS, peritoneal metastasis, and ascites, which are potential prognosticator candidates
described in a previous report [20], were pronounced predictive markers in our study. These
observations suggest that a low GPS, a better ECOG PS, no peritoneal metastasis, and no asci-
tes reflect a healthier systemic immune environment.

The KEYNOTE-061 trial [22], the aim of which was to compare the clinical outcomes of
pembrolizumab and paclitaxel treatments in patients with second-line PD-L1-positive gastric
cancer, did not reveal any superior effect of pembrolizumab over paclitaxel. In subgroup analy-
sis, the efficacy of pembrolizumab treatment was greater in patients with PD-L1 Combined
Positive Score positive status and for patients with high-level microsatellite instability in their
tumors. Although these findings were consistent with a previous retrospective study involving
nivolumab treatment [20], the markers utilized require additional examinations, such as
immunohistochemistry or polymerase chain reaction fragment analysis [23]. Indeed, the
advantages of using peripheral blood as a source of indicators over tumor tissues include both
ease of access and facile assay performance. Moreover, we consider that combining several bio-
markers may assist clinical decision-making regarding patients treated with nivolumab.

GPS-L may reflect the local tumor immunity available to be activated by nivolumab (which
is sufficient to mediate a clinically meaningful anti-tumor effect). A retrospective study in
esophageal cancer [24] has demonstrated that a better serum albumin-based nutritional condi-
tion is significantly associated with the CD8-positive cell count. A recent study has shown that
higher CRP levels indicate an immunosuppressive tumor microenvironment in patients with
clear cell renal cell carcinoma [25]. The authors found that CRP levels were significantly higher
in patients with strong infiltration of CD8+ Foxp3+ cells, and cancer-specific survival was sig-
nificantly worse in these patients than in patients with weak infiltration. As the immune
response is balanced by interactions between T cells and other regulatory cells [26,27], the
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GPS, which is a combination of the levels of serum CRP and albumin, might enable a better
prediction of nivolumab treatment outcome.

There are limitations to our study. First, we did not evaluate the outcomes of patients who
had not received nivolumab. Second, we did not analyze PD-L1 expression, mismatch repair
status, or cancer genome alterations in the patients, which are also reported predictive factors
[20]. Third, a further prospective validation study is needed to evaluate the clinical use of our
findings. Lastly, measurable tumors were more frequent among the GPS-L patients in our
study, which may have affected the treatment outcome [28].

In conclusion, we demonstrated that the pretreatment GPS is a predictor of outcomes in
patients with AGC at the initiation of nivolumab treatment. Although the sample size was too
small to conclude that the combination of two baseline blood biomarkers has definitive appli-
cation, the predictive value of this combination warrants further investigation in additional
patients. As the GPS can easily be calculated using data from widely available tests without
additional costs, this parameter may help identify nivolumab-treated patients with good out-
comes and help optimize treatment plans for AGC.

Supporting information

S1 Table. Multivariate analysis of OS.
(DOCX)

Acknowledgments
The authors wish to thank all the patients who participated in this study.

Author Contributions

Conceptualization: Nagahiro Tokuyama, Naoki Takegawa, Masahiro Tsuda.
Data curation: Nagahiro Tokuyama, Masahiro Tsuda.

Formal analysis: Nagahiro Tokuyama, Masahiro Tsuda.

Funding acquisition: Masahiro Tsuda.

Investigation: Nagahiro Tokuyama, Naoki Takegawa, Michiko Nishikawa, Aya Sakai, Takuya
Mimura, Saeko Kushida, Hidetaka Tsumura, Yoshinobu Yamamoto, Ikuya Miki, Masahiro
Tsuda.

Methodology: Naoki Takegawa, Masahiro Tsuda.

Project administration: Naoki Takegawa, Masahiro Tsuda.
Validation: Nagahiro Tokuyama.

Writing - original draft: Nagahiro Tokuyama.

Writing - review & editing: Naoki Takegawa.

References

1. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M, et al. S-1 plus cisplatin versus S-1
alone for first-line treatment of advanced gastric cancer (SPIRITS trial): a phase Il trial. Lancet Oncol.
2008; 9: 215-221. https://doi.org/10.1016/S1470-2045(08)70035-4 PMID: 18282805.

2. BangY-J, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al. Trastuzumab in combi-
nation with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric
or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247645 February 26, 2021 7/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247645.s001
https://doi.org/10.1016/S1470-2045%2808%2970035-4
http://www.ncbi.nlm.nih.gov/pubmed/18282805
https://doi.org/10.1371/journal.pone.0247645

PLOS ONE

Glasgow prognostic score to predict nivolumab outcomes in gastric cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

Lancet (London, England). 2010; 376: 687-697. https://doi.org/10.1016/S0140-6736(10)61121-X
PMID: 20728210.

Wilke H, Muro K, Van Cutsem E, Oh S-C, Bodoky G, Shimada Y, et al. Ramucirumab plus paclitaxel
versus placebo plus paclitaxel in patients with previously treated advanced gastric or gastro-oesopha-
geal junction adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial. Lancet Oncol.
2014; 15: 1224—1235. https://doi.org/10.1016/S1470-2045(14)70420-6 PMID: 25240821.

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in patients with advanced gastric
or gastro-oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy
regimens (ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. 2017; 390: 2461-2471. https://doi.org/10.1016/S0140-6736(17)31827-5 PMID:
28993052.

Satoh T, Kang YK, Chao Y, Ryu MH, Kato K, Chung HC, et al. Exploratory subgroup analysis of patients
with prior trastuzumab use in the ATTRACTION-2 trial: a randomized phase Il clinical trial investigating
the efficacy and safety of nivolumab in patients with advanced gastric/gastroesophageal junction can-
cer. Gastric Cancer. 2020; 23: 143—-153. https://doi.org/10.1007/s10120-019-00970-8 PMID:
31087200.

Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al. Nivolumab versus docetaxel in
advanced nonsquamous non-small-cell lung Cancer. N Engl J Med. 2015; 373: 1627-1639. https://doi.
org/10.1056/NEJMoa1507643 PMID: 26412456.

Kim ST, Cristescu R, Bass AJ, Kim K-M, Odegaard JI, Kim K, et al. (2018) Comprehensive molecular
characterization of clinical responses to PD-1 inhibition in metastatic gastric cancer. Nat Med. 2018;
24:1449-1458. https://doi.org/10.1038/s41591-018-0101-z PMID: 30013197.

Hagi T, Kurokawa Y, Kawabata R, Omori T, Matsuyama J, K Fuijitani, et al. Multicentre biomarker cohort
study on the efficacy of nivolumab treatment for gastric cancer. Br J Cancer. 2020; 123: 965-972.
https://doi.org/10.1038/s41416-020-0975-7 PMID: 32616848.

Hsueh S-W, Liu K-H, Hung C-Y, Kuo Y-C, Tsai C-Y, Hsu J-T, et al. Significance of the Glasgow prog-
nostic score in predicting the postoperative outcome of patients with stage Il gastric cancer. J Clin Med.
2019; 8: 1448. https://doi.org/10.3390/jcm8091448 PMID: 31547247.

Vashist YK, Loos J, Dedow J, Tachezy M, Uzunoglu G, Kutup A, et al. Glasgow prognostic score is a
predictor of perioperative and long-term outcome in patients with only surgically treated esophageal
cancer. Ann Surg Oncol. 2011; 18: 1130-1138. 1 https://doi.org/10.1245/s10434-010-1383-7 PMID:
20981494.

Yamada S, Fuijii T, Yabusaki N, Murotani K, Iwata N, Kanda M, et al. Clinical implication of inflamma-
tion-based prognostic score in pancreatic cancer: Glasgow prognostic score is the most reliable param-
eter. Medicine (Baltimore). 2016; 95: €3582. https://doi.org/10.1097/MD.0000000000003582 PMID:
27149487.

Laird BJ, Kaasa S, McMillan DC, Fallon MT, Hjermstad MJ, Fayers P, et al. Prognostic factors in
patients with advanced cancer: a comparison of clinicopathological factors and the development of an
inflammation-based prognostic system. Clin Cancer Res. 2013; 19: 5456-5464. https://doi.org/10.
1158/1078-0432.CCR-13-1066 PMID: 23938289.

Jiang X, Hiki N, Nunobe S, Kumagai K, Kubota T, Aiko S, et al. Prognostic importance of the inflamma-
tion-based Glasgow prognostic score in patients with gastric cancer. Br J Cancer. 2012; 107: 275-279.
https://doi.org/10.1038/bjc.2012.262 PMID: 22713657.

Nozoe T, Iguchi T, Egashira A, Adachi E, Matsukuma A, Ezaki T, et al. Significance of modified Glas-
gow prognostic score as a useful indicator for prognosis of patients with gastric carcinoma. Am J Surg.
2011; 201: 186—-191. https://doi.org/10.1016/j.amjsurg.2010.01.030 PMID: 20832047.

Pan QX, Su ZJ, Zhang JH, Wang CR, Ke SY A comparison of the prognostic value of preoperative
inflammation-based scores and TNM stage in patients with gastric cancer. Onco Targets Ther. 2015; 8:
1375-1385. https://doi.org/10.2147/0OTT.S82437 PMID: 26124667.

Yuan SQ, Nie RC, Chen YM, Qiu HB, Li XP, Chen XJ, et al. Glasgow Prognostic Score is superior to
ECOG PS as a prognostic factor in patients with gastric cancer with peritoneal seeding. Oncol Lett.
2018; 15: 4193-4200. https://doi.org/10.3892/01.2018.7826 PMID: 29541185.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New response evalua-
tion criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer (Oxford, England:
1990). 2009; 45: 228-247. https://doi.org/10.1016/j.ejca.2008.10.026 PMID: 19097774.

Bagley SJ, Kothari S, Aggarwal C, Bauml JM, Alley EW, Evans TL, et al. Pretreatment neutrophil-to-
lymphocyte ratio as a marker of outcomes in nivolumab-treated patients with advanced non-small-cell
lung cancer. Lung Cancer (Amsterdam, Netherlands). 2017; 106: 1-7. https://doi.org/10.1016/j.
lungcan.2017.01.013 PMID: 28285682.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247645 February 26, 2021 8/9


https://doi.org/10.1016/S0140-6736%2810%2961121-X
http://www.ncbi.nlm.nih.gov/pubmed/20728210
https://doi.org/10.1016/S1470-2045%2814%2970420-6
http://www.ncbi.nlm.nih.gov/pubmed/25240821
https://doi.org/10.1016/S0140-6736%2817%2931827-5
http://www.ncbi.nlm.nih.gov/pubmed/28993052
https://doi.org/10.1007/s10120-019-00970-8
http://www.ncbi.nlm.nih.gov/pubmed/31087200
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1507643
http://www.ncbi.nlm.nih.gov/pubmed/26412456
https://doi.org/10.1038/s41591-018-0101-z
http://www.ncbi.nlm.nih.gov/pubmed/30013197
https://doi.org/10.1038/s41416-020-0975-7
http://www.ncbi.nlm.nih.gov/pubmed/32616848
https://doi.org/10.3390/jcm8091448
http://www.ncbi.nlm.nih.gov/pubmed/31547247
https://doi.org/10.1245/s10434-010-1383-7
http://www.ncbi.nlm.nih.gov/pubmed/20981494
https://doi.org/10.1097/MD.0000000000003582
http://www.ncbi.nlm.nih.gov/pubmed/27149487
https://doi.org/10.1158/1078-0432.CCR-13-1066
https://doi.org/10.1158/1078-0432.CCR-13-1066
http://www.ncbi.nlm.nih.gov/pubmed/23938289
https://doi.org/10.1038/bjc.2012.262
http://www.ncbi.nlm.nih.gov/pubmed/22713657
https://doi.org/10.1016/j.amjsurg.2010.01.030
http://www.ncbi.nlm.nih.gov/pubmed/20832047
https://doi.org/10.2147/OTT.S82437
http://www.ncbi.nlm.nih.gov/pubmed/26124667
https://doi.org/10.3892/ol.2018.7826
http://www.ncbi.nlm.nih.gov/pubmed/29541185
https://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1016/j.lungcan.2017.01.013
https://doi.org/10.1016/j.lungcan.2017.01.013
http://www.ncbi.nlm.nih.gov/pubmed/28285682
https://doi.org/10.1371/journal.pone.0247645

PLOS ONE

Glasgow prognostic score to predict nivolumab outcomes in gastric cancer

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Jung M, Ryu M-H, Oh DY, Kang M, Zang DY, Hwang IG, et al. Efficacy and tolerability of ramucirumab
monotherapy or in combination with paclitaxel in gastric cancer patients from the Expanded Access Pro-
gram Cohort by the Korean Cancer Study Group (KCSG). Gastric Cancer. 2018; 21: 819-830. https:/
doi.org/10.1007/s10120-018-0806-1 PMID: 29427038.

Mishima S, Kawazoe A, Nakamura Y, Sasaki A, Kotani D, Kuboki Y, et al. Clinicopathological and
molecular features of responders to nivolumab for patients with advanced gastric cancer. J Immunother
Cancer. 2019; 7: 24. https://doi.org/10.1186/s40425-019-0514-3 PMID: 30704511.

Ogata T, Satake H, Ogata M, Hatachi Y, Inoue K, Hamada M, et al. Neutrophil-to-lymphocyte ratio as a
predictive or prognostic factor for gastric cancer treated with nivolumab: a multicenter retrospective
study. Oncotarget. 2018; 9: 34520-34527. https://doi.org/10.18632/oncotarget.26145 PMID:
30349646.

Shitara K, (")ngroqu M, Bang Y-J, Di Bartolomeo M, Mandala M, Ryu M-H, et al. Pembrolizumab ver-
sus paclitaxel for previously treated, advanced gastric or gastro-oesophageal junction cancer (KEY-
NOTE-061): a randomised, open-label, controlled, phase 3 trial. Lancet (London, England). 2018; 392:
123-1383. https://doi.org/10.1016/S0140-6736(18)31257-1 PMID: 29880231.

Luchini C, Bibeau F, Ligtenberg MJL, Singh N, Nottegar A, Bosse T, et al. ESMO recommendations on
microsatellite instability testing forimmunotherapy in cancer, and its relationship with PD-1/PD-L1
expression and tumour mutational burden: a systematic review-based approach. Ann Oncol. 2019; 30:
1232-1243. https://doi.org/10.1093/annonc/mdz116 PMID: 31056702.

Okadome K, Baba Y, Yagi T, Kiyozumi Y, Ishimoto T, lwatsuki M, et al. Prognostic nutritional index,
tumor-infiltrating lymphocytes, and prognosis in patients with esophageal cancer. Ann Surg. 2018; 271:
693-700. https://doi.org/10.1097/SLA.0000000000002985 PMID: 30308614.

Nakayama T, Saito K, Kumagai J, Nakajima Y, Kijima T, Yoshida S, et al. Higher serum C-reactive pro-
tein level represents the immunosuppressive tumor microenvironment in patients with clear cell renal
cell carcinoma. Clin Genitourin Cancer. 2018; 16: e1151—e1158. https://doi.org/10.1016/j.clgc.2018.
07.027 PMID: 30213543.

Carretero R, Sektioglu IM, Garbi N, Salgado OC, Beckhove P, Himmerling GJ, et al. Eosinophils
orchestrate cancer rejection by normalizing tumor vessels and enhancing infiltration of CD8(+) T cells.
Nat Immunol. 2015; 16: 609-617. https://doi.org/10.1038/ni.3159 PMID: 25915731.

Gabrilovich DI, Ostrand-Rosenberg S, Bronte V Coordinated regulation of myeloid cells by tumours.
Nat Rev Immunol. 2012; 12: 253-268. https://doi.org/10.1038/nri3175 PMID: 22437938.

Kim JH, Ryu M-H, Park YS, Ma J, Lee SY, Kim D, et al. Predictive biomarkers for the efficacy of nivolu-
mab as > third-line therapy in patients with advanced gastric cancer (AGC): From a subset analysis of
ATTRACTION-2 phase lll trial. J Clin Oncol. 2019; 37: 152—-152. https://doi.org/10.1200/JC0O.2019.37.
4_suppl.152.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247645 February 26, 2021 9/9


https://doi.org/10.1007/s10120-018-0806-1
https://doi.org/10.1007/s10120-018-0806-1
http://www.ncbi.nlm.nih.gov/pubmed/29427038
https://doi.org/10.1186/s40425-019-0514-3
http://www.ncbi.nlm.nih.gov/pubmed/30704511
https://doi.org/10.18632/oncotarget.26145
http://www.ncbi.nlm.nih.gov/pubmed/30349646
https://doi.org/10.1016/S0140-6736%2818%2931257-1
http://www.ncbi.nlm.nih.gov/pubmed/29880231
https://doi.org/10.1093/annonc/mdz116
http://www.ncbi.nlm.nih.gov/pubmed/31056702
https://doi.org/10.1097/SLA.0000000000002985
http://www.ncbi.nlm.nih.gov/pubmed/30308614
https://doi.org/10.1016/j.clgc.2018.07.027
https://doi.org/10.1016/j.clgc.2018.07.027
http://www.ncbi.nlm.nih.gov/pubmed/30213543
https://doi.org/10.1038/ni.3159
http://www.ncbi.nlm.nih.gov/pubmed/25915731
https://doi.org/10.1038/nri3175
http://www.ncbi.nlm.nih.gov/pubmed/22437938
https://doi.org/10.1200/JCO.2019.37.4_suppl.152
https://doi.org/10.1200/JCO.2019.37.4_suppl.152
https://doi.org/10.1371/journal.pone.0247645

