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gastric cancer treated with
immune checkpoint inhibitors
combined with chemotherapy
as first line treatment
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Yulong Zheng1, Luntao Wu1, Lisong Teng2 and Nong Xu1*

1Department of Medical Oncology, The First Affiliated Hospital of Zhejiang University,
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Background: The emergence of immune checkpoint inhibitors has changed

the landscape of first-line treatment of patients with advanced gastric cancer.

Currently, the prognostic significance of inflammatory markers in first-line

immunotherapy combined with chemotherapy for gastric cancer is currently

unclear. This study aimed to identify inflammatory markers with potential to

predict treatment outcome in advanced gastric cancer patients receiving

immunotherapy combined with chemotherapy.

Methods: This retrospective study enrolled untreated advanced or metastatic

gastric or gastro-esophageal junction cancer patients from 5 clinical trials (the

clinical trial cohort) and the real world (the real-word cohort). Inflammatory

markers included in the analysis included neutrophil-to-lymphocyte ratio

(NLR), monocyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte ratio

(PLR), systemic inflammation index (SII), and derived neutrophil-to-

lymphocyte ratio (dNLR). Receiver operating characteristic (ROC) curves

were constructed to identify optimal cut-off values. The prognostic potential

of the markers was determined using Kaplan–Meier analysis, univariate and

multivariate Cox-regression analyses in the clinical trial cohort and the findings

were validated in the real-world cohort.

Results: In the clinical trial cohort (n=45), MLR, PLR and SII were associated

with PFS but not OS (All P<0.05), while dNLR was not correlated with PFS or OS.

Only NLR was associated with PFS and OS and identified as an independent

prognostic predictor in the univariate and multivariate analyses. The prognostic

value of NLR was validated in the real-world cohort (n=55).
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Conclusions: NLRwas a strong predictor of PFS andOS in patients with advanced

gastric cancer receiving immune checkpoint inhibitors combined with

chemotherapy. Further prospective studies are required to validate our results.
KEYWORDS

neutrophil-to-lymphocyte ratio, immune checkpoint inhibitor, inflammatorymarkers,
gastric cancer, prognosis
Introduction

Gastric cancer (GC) is the fourth leading cause of cancer-

related deaths worldwide, with over one million new cases and

769,000 deaths reported in 2020 (1). Although, doublet

fluoropyrimidine-based and platinum-based chemotherapy

regimens are the preferred first-line treatments, immune

checkpoint inhibitors in combination with chemotherapy are

becoming the standard of care for patients with advanced gastric

cancer (2–4). The 2-year follow-up data of the CheckMate 649

trial published at the 2021 ESMO Annual Meeting revealed that

nivolumab combined with chemotherapy resulted in a longer OS

(13.8 vs.11.6 months, HR: 0.80; P≥ 0.0002) compared with

chemotherapy alone (5). As a result, the U.S. Food and Drug

Administration (FDA) approved nivolumab in combination

with chemotherapy in April 2021 as the first-line treatment for

metastatic gastric cancer and esophageal adenocarcinoma. A

recent study showed that the combination of sintilimab plus

chemotherapy improved the OS and PFS regardless of PD-L1

expression status (15.2 vs.12.3 months; HR: 0.766; P ≥ 0.009) (6).

One of the hallmarks of immunotherapy is its long-term efficacy,

making it desirable to identify non-responders.

Several biomarkers such as PD-L1 expression (7), tumor

mutation burden(TMB) (8) and microsatellite instability (MSI)

have been considered to be potential predictors of survival

outcomes (9). Unfortunately, the prognostic value of baseline

biomarkers remains unclear. Currently, evidence from previous

studies has linked inflammation to the proliferation, survival,

and migration of tumor cells (10, 11). The causal link between

inflammation and cancer is now well demonstrated (12, 13). The

significance of inflammatory markers in predicting the outcome

of patients who receive immune checkpoint inhibitors has been

investigated (14). Inflammatory markers, such as neutrophil-to-

lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),

platelet-to-lymphocyte ratio (PLR), systemic inflammation

index (SII), and derived neutrophil-to-lymphocyte ratio

(dNLR), are potential predictors of immunotherapy efficacy in

different cancers (15–17), suggesting that their analogies may

have broad clinical applications. However, few studies have
02
explored the function of inflammatory markers in patients

with advanced gastric cancers receiving immunotherapy

combined with chemotherapy, particularly those receiving the

combination as first line treatment.

In this study, we explored the ability of inflammatory

markers to predict the efficacy of immune checkpoint

inhibitors combined with chemotherapy as first-line therapy

for patients with advanced gastric cancer. The association

between the inflammatory markers and survival was examined

in a clinical trial cohort. The results were validated in an

independent, real-world cohort, with the aim of identifying

potential prognostic markers.
Methods

Study design and patients

This retrospective study enrolled patients diagnosed with

advanced or metastatic gastric or gastro-esophageal junction

cancer at the Medical Oncology Department of the First

Affiliated Hospital of Zhejiang University. The inclusion criteria

were as follows: histologically proven gastric adenocarcinoma;

stage III or IV; received no previous systemic treatment or

received prior neoadjuvant/adjuvant therapy if completed ≥6

months; at least six cycles of combined therapy and one

treatment response evaluation; Eastern Cooperative Oncology

Group (ECOG) PS ≤ 2. The exclusion criteria were as follows:

pre-treatment blood count values were not obtained two weeks

before the treatment initiation; did not receive immunotherapy as

the initial therapy; double primary cancers; recent operation;

infectious diseases; missing medical records of the first cycle;

missing data on blood count. All patients received immune

checkpoint inhibitors combined with chemotherapy as first-line

treatment. All included patients with recurrence underwent R0

resection previously. The chemotherapy regimens were as follows:

oxaliplatin plus capecitabine (XELOX), S-1 plus paclitaxel (SPA),

oxaliplatin plus fluorouracil and leucovorin (FOLFOX) and S-1

plus oxaliplatin (SOX). The choice of combined regimen and
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dosage was based on the actual condition and preference

of patients.

The clinical trial cohort comprised 45 patients from 5

clinical trials conducted in the Medical Oncology Department

of the First Affiliated Hospital of Zhejiang University. The

treatment was initiated from December 2017 to December

2020. Part of these clinical trials had previously been reported

(18–21). The real-world cohort included 55 patients from the

Medical Oncology Department. The treatment was initiated

from March 2018 to June 2021. The study was approved by

the Ethics Committee of Zhejiang University (reference number:

2022–375).
Data collection

Clinicopathological characteristics and follow-up status were

collected. All laboratory values were measured two weeks before

treatment initiation. Data were collected from the electronic

medical records system. Fasting venous blood was collected in

the early morning and analyzed. Staging evaluation was based on

the eighth edition of TMN staging published by the

International Cancer Control Alliance. Computed tomography

(CT) and/or magnetic resonance imaging (MRI) were

performed at baseline and every 2 or 3 cycles. Clinical

response was classified as complete remission (CR), partial

remission (PR), stable disease (SD), and progressive disease

(PD), according to the Response Evaluation Criteria in Solid

Tumors (RECIST [version 1.0]). Human epidermal growth

factor receptor-2 (HER-2) was defined as positive if the IHC

score was 3+ or if fluorescence in situ hybridization (FISH) was

positive. NLR, MLR, PLR, SII and dNLR were calculated using

the formula: neutrophils/lymphocytes, monocytes/lymphocytes,

platelets/lymphocytes, neutrophils*platelets/lymphocytes, and

neutrophils/(leukocytes-neutrophils), respectively.
Frontiers in Oncology 03
Statistical analysis

Baseline characteristics of patients were summarized using

descriptive frequencies and percentages, and categorical

variables were analyzed using the Chi-square test or Fisher’s

exact test. P value < 0.05 indicated statistically significant

differences. Receiver operating characteristics (ROC) curve

analysis was performed to determine the optimal cutoff value

for each parameter. Survival curves were estimated using

Kaplan-Meier analysis and differences were compared using

log-rank test. The median estimated follow-up was calculated

using the reverse Kaplan-Meier method, while univariate and

multivariate Cox regression analyses were conducted to identify

independent predictors of PFS and OS. Factors significantly

associated with the PFS and OS in the univariable analysis were

included in the multivariate analysis based on the stepwise

forward procedure with enter and remove limits of 0.05 and

0.10, respectively. OS was defined as the time between the start of

combined therapy and death or the last follow-up, while PFS was

defined as the time between the start of combined therapy and

disease progression or death. Statistical analyses were conducted

on GraphPad Prism 9.0 (GraphPad Software, La Jolla, CA,

USA), R language (R Core Team) and SPSS 26.0 (IBM Corp.,

Armonk, NY, USA).
Results

Characteristics of patients (clinical trial
cohort)

A total of 45 patients were enrolled in the clinical trial

cohort and their baseline characteristics are shown in Table 1.

The age of the patients ranged from 37 to 74 years, with a

median age of 64 years. Among them, 35 (78%) patients were
TABLE 1 Clinical characteristics of the clinical trial and real-world cohort.

Characteristics Clinical trial cohort (n = 45) n(%) Real-world cohort (n = 55) n(%) P-value

Age 0.364

<60 34 (76) 37 (67)

≥60 11 (24) 18 (33)

Sex 0.867

Male 35 (78) 42 (76)

Female 10 (22) 13 (24)

ECOG PS 0.001*

0 35 (78) 25 (45)

1 10 (22) 25 (45)

2 0 (0) 5 (9)

Location 0.118

(Continued)
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TABLE 1 Continued

Characteristics Clinical trial cohort (n = 45) n(%) Real-world cohort (n = 55) n(%) P-value

GEJ 9 (20) 5 (9)

Non-GEJ 36 (80) 50 (91)

Stage 0.108

III 8 (18) 4 (7)

IV 37 (82) 51 (93)

Lauren classification 0.550

Intestinal type 20 (61) 10 (59)

Diffused type 6 (18) 5 (29)

Mixed type 7 (21) 2 (12)

Unknown 12 38

HER2 expression 0.494*

Positive 0 (0) 2 (5)

Negative 39 (100) 40 (95)

Unknown 6 13

Metastasis site 0.036*

Liver 22 (49) 24 (44)

Peritoneal 6 (13) 13 (24)

Bone 6 (13) 1 (2)

Pancreas 0 (0) 5 (9)

Abdominal wall 0 (0) 5 (9)

Colorectal 1 (2) 2 (4)

Ovary 1 (2) 2 (4)

Bladder 2 (4) 1 (2)

Others 5 (11) 6 (11)

MMR status 0.485*

pMMR 31 (97) 34 (100)

dMMR 1 (3) 0 (0)

Unknown 13 21

PD-L1 expression 1*

Positive 8 (42) 0 (0)

Negative 11 (58) 1 (100)

Unknown 26 54

Differentiation 0.015

Poor 15 (39) 31 (66)

Moderate-well 23 (61) 16 (34)

Unknown 7 8

History of gastric cancer operation 0.110

Yes 7 (16) 16 (29)

No 38 (84) 39 (71)

History of smoke 0.099

Yes 10 (23) 21 (38)

No 34 (77) 34 (62)

Unknown 1 0

History of alcohol 0.475

Yes 10 (23) 16 (29)

No 34 (77) 39 (71)

Unknown 1 0
Frontiers in Oncology
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ECOG PS, Eastern Cooperative Oncology Group Performance Status; MMR, proficient mismatch; pMMR, proficient mismatch repair; dMMR, deficient mismatch repair.
*Fisher’s exact probability method.
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male, 35 (78%) patients were ECOG PS 0, and 9 (20%) patients

had cancer of GEJ. Notably, 8 (18%) of the patients had stage

III whereas 37 (82%) had stage IV. In addition, 39 (100%, 39 of

39) patients were HER2-negative, while the HER2 status of the

remaining patients was undetermined. Moreover, 44 (98%)

patients were treated with capecitabine and oxaliplatin

(XELOX) and only 1(2%) patient was treated with oxaliplatin

plus fluorouracil and leucovorin (FOLFOX). Overall, 44 (98%)

patients received an anti-PD-1 antibody treatment and only 1

(2%) patient received an anti-PD-L1 antibody treatment

(Supplementary Table S1).
Efficiency (clinical trial cohort)

At the cutoff date of August 1, 2021, the median estimated

follow-up time was 27.3 (95% CI 25.9-28.7) months. The median

PFS and OS were 10.0 (95% CI 26.2-13.7) months and 17.7 (95%

CI 29.4-26.0) months (Supplementary Figures S1A, B),

respectively. There were 8 (17.7%) cases of CR, 25 (55.5%)

cases of PR, 11 (24.4%) cases of SD, and 1 (2.2%) case of PD

among the 45 patients. The overall response rate (ORR) was

73.3% and the disease control rate (DCR) was 97.7%. The 1-year

survival rate was 62.2% (Supplementary Table S2).
Prognostic significance of inflammatory
markers (clinical trial cohort)

The area under the ROC curve (AUC) was 0.683 for NLR,

0.660 for MLR, 0.558 for PLR, 0.662 for SII and 0.697 for dNLR

(Supplementary Figure S2). Based on the cut-off value of

inflammatory markers obtained from the ROC curves, the

patients were divided into NLR-high (≥3.85) and NLR-low

(<3.85); MLR-high (≥0.35) and MLR-low (<0.35); PLR-high

(≥214.08) and PLR-low (<214.08); SII-high (≥1154.67) and

SII-low (<1154.67); dNLR-high (≥2.45) and dNLR-low (<2.45)

groups. Figure 1 shows the survival curves grouped according to

levels of inflammatory markers. Compared with patients with

high levels of inflammatory markers, patients with low levels of

inflammatory markers had a longer median PFS when divided

by NLR (12.7 vs. 7.8 months; HR: 0.40, 95% CI 0.18–0.90; P=

0.004; Figure 1A), MLR (12.8 vs. 7.9 months; HR: 0.42, 95% CI

0.21–0.82; P= 0.005; Figure 1C), PLR (12.6 vs. 8.3 months; HR:

0.47, 95% CI 0.19–1.11; P= 0.026; Figure 1E), SII (11.7 vs. 7.9

months; HR: 0.45, 95% CI 0.17–1.18; P= 0.029; Figure 1G).

Median PFS time was only comparable between low-dNLR

group and high-dNLR group (12.6 vs. 7.8 months; HR: 0.53,

95% CI 0.26–1.11; P= 0.056; Figure 1I). There was no significant

difference in OS among groups separated by MLR (NR vs. 13.3

months; HR: 0.48, 95% CI 0.22–1.04; P= 0.059; Figure 1D), PLR

(22.1 vs. 13.8 months; HR: 0.61, 95% CI 0.24–1.56; P= 0.233;

Figure 1F), SII (20.7 vs.14.1 months; HR: 0.74, 95% CI 0.28–2.01;
Frontiers in Oncology 05
P= 0.522; Figure 1H), and dNLR (22.1 vs. 13.8 months; HR: 0.54,

95% CI 0.23–1.23; P= 0.107; Figure 1J). Remarkably, lower NLR

predicted a better OS (23.8 vs. 13.0 months; HR: 0.39, 95% CI

0.16–0.94; P= 0.011; Figure 1B). We also observed that NLR was

still significantly associated with PFS (17.9 vs. 10.6 vs. 7.8

months; P= 0.005; Supplementary Figure S3A) and OS (NR vs.

20.7 vs. 13.0 months; P= 0.024; Supplementary Figure S3B)

when patients were equally divided into three groups.
NLR predicts outcomes in advanced
gastric cancer patients undergoing
immune checkpoint inhibitors combined
with chemotherapy (clinical trial cohort)

Results of the univariate and multivariate proportional hazard

analyses performed between baseline clinicopathological

characteristics and survival in the clinical trial cohort are

summarized in Table 2. Univariate predictors of PFS were age

(HR: 0.48, 95% CI 0.24–0.95; P=0.036), ECOG PS (HR: 2.55, 95%

CI 1.20–5.44; P=0.015), NLR (HR: 2.77, 95% CI 1.35–5.69;

P=0.005), MLR (HR: 2.64, 95% CI 1.30–5.37; P=0.007), PLR

(HR: 2.30, 95% CI 1.08–4.86; P=0.03) and SII (HR: 2.34, 95%

CI 1.07–5.14; P=0.034), while ECOG PS (HR: 2.39, 95% CI 1.03–

5.51; P=0.042) and NLR (HR: 2.59, 95% CI 1.20–5.61; P=0.016)

were identified as independent predictors of PFS in the

multivariate analysis. Similarly, univariate proportional hazard

analyses revealed that NLR (HR: 2.66, 95% CI 1.21–5.82; P=0.015)

was associated with OS and we found that NLR (HR: 3.35, 95% CI

1.42–7.91; P=0.006) along with ECOG PS (HR: 2.52, 95% CI 1.00–

6.32; P=0.049) were independent predictors of OS (Table 2). Based

on the prognostic parameters in the clinical trial cohort, we

created a nomogram for predicting 1-year, 2-year, and median

overall survival, the nomogram yielded an averaged concordance

index (C-index) of 0.609 (95% CI, 0.491–0.727; Supplementary

Figure S4).

In addition, we examined the association between NLR and

adverse events. Adverse events related to first-line treatment in

the clinical trial cohort are listed in Supplementary Table S3. All

45(100%) patients experienced at least one adverse event and 31

(68.9%) patients experienced grade 3 or higher treatment-related

adverse effects. However, NLR-high was not associated with an

increased incidence of high-grade adverse events (P = 0.519, chi-

square test).
Characteristics of patients (real-world
cohort)

We then validated the results obtained from the clinical cohort

in an independent, real-world cohort of 55 patients. Of the 126

patients who had initially been recruited, 72 patients were excluded

due to short treatment duration (n=47), recent operation(n=3),
frontiersin.org
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FIGURE 1

Kaplan–Meier survival curves in the clinical trial cohort stratified by inflammatory markers for (A) PFS for NLR cut-off, (B) OS for NLR cut-off,
(C) PFS for MLR cut-off, (D) OS for MLR cut-off, (E) PFS for PLR cut-off, (F) OS for PLR cut-off, (G) PFS for SII cut-off, (H) OS for SII cut-off,
(I) PFS for dNLR cut-off and (J) OS for dNLR cut-off. The p values were calculated using the log-rank test (two-sided). CI, confidence interval;
dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival;
PLR, platelet-to-lymphocyte ratio; PFS, progression-free survival; SII, systemic immune-inflammation index.
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double primary cancer (n=4), immunotherapy not applied in the

first cycle (n=2), and pre-treatment blood count not measured in 2

weeks(n=15) (Supplementary Figure S5). The baseline

characteristics of patients are presented in Table 1. The age of the

patients ranged from 32 to 81 years, with a median age of 65 years.

42 (76%) patients were male, 25 (45%) patients had an ECOG PS of

0, 25 (45%) patients had an ECOG PS of 1 and 5 (9%) patients had

an ECOG PS of 2. The proportions of patients with stage III and

stage IV disease were 7% and 93%, respectively. Moreover, 5 (9%) of

the patients had GEJ cancer whereas 40 (95%, 40 of 42) patients

were HER-2-negative. All patients received anti-PD-1 antibodies.

The immunotherapy and chemotherapy regimens administered are

presented (Supplementary Table S1). During the follow-up period,

30 patients (79%, 30 of 38) received subsequent treatment after they

had disease progression while receiving first-line treatment. 18

(60%, 18 of 30) patients received targeted therapy, no patients

received radiotherapy. The details of the treatment regimen are

shown in Supplementary Table S4.
Efficiency (real-world cohort)

At the data cutoff date of February 1, 2022, the median

estimated follow-up time was 15.3 (95%CI 11.4–19.2) months.

Median PFS was 8.6 (95%CI 6.1–11.1) months and median OS

was 18.2 (95%CI 17.1–19.4) months (Supplementary Figures

S1C, D). There were 3 (5.5%) cases of CR, 27 (49.1%) cases of

PR, 17 (30.9%) cases of SD and 8 (14.5%) cases of PD in 55

patients. The ORR was 54.5%, and the DCR was 85.5%. The 1-

year survival rate was 54.5% (Supplementary Table S2).
Frontiers in Oncology 07
Validation of the prognostic significance
of NLR (real-world cohort)

Patients were divided into groups based on the same cut-off

values used for the clinical trial cohort. A trend of superior PFS

and OS benefit was consistently observed in NLR-low group

compared with NLR-high group (10.8 vs. 6.5 months; HR: 0.46,

95% CI 0.24–0.88; P= 0.014; NR vs. 17.8 months; HR: 0.35, 95%

CI 0.14–0.83; P= 0.022; Figures 2A, B). Additionally, we

categorized patients into three groups equally and saw a

similar trend in PFS (NR vs. 6.8 vs. 5.8 months; P= 0.016;

Supplementary Figure S6A) and OS (18.5 vs. NR vs. 18.2

months; P= 0.08; Supplementary Figure S6B). Univariate

proportional hazard analysis revealed that NLR, MLR and PLR

were associated with PFS and OS. However, only high NLR (HR:

2.67, 95%CI 1.35–5.27; P= 0.005; HR: 3.69, 95% CI 1.40–9.11; P=

0.008) was found to be an independent predictor of poor

outcomes in multivariate analysis (Supplementary Table S5).

In addition, we validated our nomogram model with the real-

world cohort, and the C-index was 0.669 (95% CI, 0.522–0.816),

indicating good discrimination.
Validation of the prognostic significance
of NLR (pooled cohort)

The two cohorts were pooled to form one cohort for further

analysis. Patients in the high-NLR group (n=41) had a shorter

PFS than those in the low-NLR group (n=59) (7.0 vs. 12.7

months; HR: 2.30, 95% CI 1.40–3.78; P< 0.001; Figure 3A).
TABLE 2 Univariate and multivariate analyses of the association between baseline characteristics and survival in the clinical trial cohort.

Variable PFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI), P HR (95% CI), P HR (95% CI), P HR (95% CI), P

Age (≥60 vs <60) 0.48 (0.24-0.95), P=0.036 P=0.400 0.67(0.31-1.49), P=0.329 –

Gender (female vs male) 1.66 (0.78-3.56), P=0.191 – 1.58(0.63-3.98), P=0.328 –

ECOG PS (1 vs 0) 2.55 (1.20-5.44), P=0.015 2.39(1.03-5.51), P=0.042 1.91(0.83-4.41), P=0.128 2.52(1.00-6.32), P=0.049

Liver metastasis (yes vs no) 0.87 (0.45-1.69), P=0.688 – 0.75(0.35-1.64), P=0.478 –

Peritoneum metastasis (yes vs no) 1.14 (0.44-2.98), P=0.784 – 1.33(0.46-3.87), P=0.600 –

Differentiation (poor vs moderation-well) 1.48 (0.72-3.05), P=0.292 P=0.620 1.63(0.72-3.69), P=0.241 P=0.391

History of operation (yes vs no) 1.72 (0.69-4.27), P=0.241 – 2.09(0.78-5.59), P=0.144 –

History of smoke (yes vs no) 1.48 (0.70-3.18), P=0.312 – 1.32(0.52-3.32), P=0.556 –

History of alcohol (yes vs no) 1.17 (0.53-2.58), P=0.703 – 1.32(0.52-3.32), P=0.556 –

NLR (≥3.85 vs <3.85) 2.77 (1.35-5.69), P=0.005 2.59(1.20-5.61), P=0.016 2.66(1.21-5.82), P=0.015 3.35(1.42-7.91), P=0.006

MLR (≥0.35 vs <0.35) 2.64 (1.30-5.37), P=0.007 P=0.760 2.11(0.96-4.68), P=0.065 –

PLR (≥214.08 vs <214.08) 2.30 (1.08-4.86), P=0.030 P=0.742 1.66(0.72-3.85), P=0.238 –

SII (≥1154.67 vs <1154.67) 2.34 (1.07-5.14), P=0.034 P=0.607 1.35(0.54-3.37), P=0.524 –

dNLR (≥2.45 vs <2.45) 1.91 (0.97-3.75), P=0.060 – 1.87(0.86-4.07), P=0.112 –
CI, confidence interval; dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; MLR, monocyte-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PLR, platelet-to-lymphocyte ratio; PFS, progression-free survival; SII, systemic immune-inflammation index.
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Likewise, the high-NLR group had significantly shorter OS

compared with those of the low-NLR group (13.8 vs. 32.6

months; HR: 2.50, 95% CI 1.36–4.60; P= 0.001; Figure 3B),

with the 1-year OS rates for patients with low NLR and high

NLR being 62.7% and 51.2%, respectively (Supplementary Table

S6); These findings remained significant when we divided the

pooled cohort equally into three groups according to NLR with

respect to PFS (17.9 vs. 10.0 vs. 9.2 months; P= 0.002;

Supplementary Figure S7A) and OS (32.6 vs. 20.7 vs. 13.0

months; P= 0.005; Supplementary Figure S7B). Results of Cox

proportional hazard analysis confirm that NLR was an

independent prognostic factor for PFS (HR: 2.75, 95% CI

1.61–4.71; P<0.001) and OS (HR: 3.25, 95% CI = 1.76–6.00;

P<0.001) and validated to be an independent prognostic factor

in multivariate analysis (Supplementary Table S7).

Results of an exploratory analysis showed that the low-NLR

group had longer PFS compared with the high-NLR group in
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most subgroups and significant improvement in PFS was

achieved in subgroups irrespective of age, status of liver

metastasis, history of smoke, and history of alcohol (all

P<0.05; Figure 4). Among patients receiving platinum-based

chemotherapy, those with low NLR had a better PFS (HR: 2.82,

95% CI 1.66–4.78; P<0.001). Furthermore, a trend of

improvement was observed in PFS in other subgroups,

although statistical significance was not achieved.
Discussion

In the present study, we explored the role of inflammatory

markers using a clinical trial cohort and validated the findings in

a real-world cohort. Our principal finding was that NLR was the

only independent inflammatory prognostic biomarker that

showed a substantial effect on PFS and OS. Subgroup analysis
A B

FIGURE 3

Kaplan-Meier survival curves in the pooled cohort stratified by NLR for (A) PFS for NLR cut-off and (B) OS for NLR cut-off. CI, confidence
interval; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PFS, progression-free survival.
A B

FIGURE 2

Kaplan-Meier survival curves in the real-world cohort stratified by NLR for (A) PFS for NLR cut-off and (B) OS for NLR cut-off. CI, confidence
interval; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PFS, progression-free survival.
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in the pooled cohort based on age, liver metastasis, history of

smoke and history of alcohol intake suggested that low NLR

significantly prolonged PFS. To our knowledge, this is the first

study to comprehensively assess the role of inflammatory

markers in predicting the prognosis of previously untreated

advanced gastric cancer patients receiving immune checkpoint

inhibitors combined with chemotherapy.

More recent evidence has shown that inflammatory markers

can predict short-term efficacy of immunotherapy in advanced

gastric cancer patients. A study comprising 37 patients with

advanced gastric cancer treated with first-line immunotherapy

showed that PLR was an independent predictor of the OS but

not the PFS (22). The baseline and early changes of MLR have

been shown to influence survival outcomes in advanced gastric

cancer on different lines (23). In our study, baseline MLR and

PLR were associated with PFS, but not with OS. This discrepancy

with previous reports may be attributed to confounding arising

from the variety of lines and part of patients who received

monotherapy. Remarkably, our study demonstrated that NLR

was an independent prognostic factor for PFS and OS. Our

results are consistent with those of previous studies, which

demonstrate that NLR can predict the prognosis of several

types of tumors (24). The relationship between elevated NLR

and poor outcomes is supported by an umbrella review of 204

systematic reviews and meta-analyses from 86 studies (25).

Several studies have recently demonstrated that NLR is an

independent prognostic factor in patients with gastric or

gastroesophageal junction cancer treated with nivolumab

monotherapy (26–28). It has also been reported that the

combination of NLR and TMB provides additional predictive
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value in patients treated with immunotherapy (29). The optimal

cut-off of this research was defined as 3.85 for NLR by ROC

analysis by nine-month progressive-free survival, which ranged

from 2.5 to 4 reported in other studies (30–32). Given that the

cut-off values of inflammatory markers are controversial, and

our research provides a reference for future research.

Interestingly, we found no significant association between NLR

variations and ORR. It has been reported that NLR is not

associated with ORR and DCR in patients receiving

immunotherapy (33). Similarly, there was no statistical

difference in ORR and DCR between low NLR and high NLR

groups in 137 patients with metastatic gastric cancer treated with

immunotherapy (34). A trend was found toward a higher CR

rate in the NLR-low group (15.3% vs. 4.9%) and it required

further investigation with larger sample sizes.

Of particular interest is the underlying basis of the

relationship between NLR and outcomes. NLR characterizes

the inflammatory response to cancer and reflects the disease

burden. Neutrophils measured by NLR have been directly

correlated with the intratumor neutrophil population (35).

Tumor-activated neutrophils impair antitumor immunity and

contribute to tumor progression via the GM-CSF-PD-L1

pathway (36) and engage in the metastatic process during

cancer cell dissemination (37). Neutrophils are the primary

source of metalloproteinase-9 (MMP-9), which promotes the

release of vascular epithelial growth factor (VEGF) to create the

tumor vasculature (38). Moreover, an elevated NLR is closely

related to elevated circulating concentrations of inflammatory

cytokines leading to a transition of the tumor microenvironment

favorable for tumor invasion (39). Meanwhile, neutrophils have
FIGURE 4

Forest plot of HRs for PFS based on the pooled cohort stratified by NLR cut-off. ECOG PS, Eastern Cooperative Oncology Group Performance
Status; NLR, neutrophil-to-lymphocyte ratio.
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found to be associated with the myeloid-derived suppressor cells

(MDSC) (40), which is associated with advanced status and

metastases of various solid tumors (41). This may partly explain

why high NLR always reflects a more advanced disease with

potentially more aggressive tumors and is a potential prognostic

factor for poor outcomes for patients with advanced gastric

cancers (39). Cancer-triggered Immune response also relies on

lymphocytes. Zhang et al. concluded that a high level of tumor-

infiltrating lymphocytes (TIL) correlated with a low rate of

metastasis and better survival in gastric cancer (42). The

densities of CD3 (+), CD8 (+), and CD45RO (+) TILs were

associated with lymph node metastasis and survival time (43). In

a meta-analysis of 33 studies including 2559 patients, CD8+ TIL

was an essential biomarker for predicting the efficacy of ICI in

different cancers, regardless of monotherapy or combination

with chemotherapy (44). Immune checkpoint inhibitors have

been shown to improve outcomes of patients with advanced

tumors, especially those infiltrated by CD8+T cells (45).

Chemotherapeutics which induce immunogenicity (e.g.,

oxaliplatin, cyclophosphamide) can also provide additional or

synergistic effects when used in combination with immune

checkpoint inhibitors (46). High NLR indicates relatively

depleted lymphocytes, leading to a weakened immune

response to malignant cells (47, 48). These reasons may

explain the unique prognostic value of NLR in patients treated

with immune checkpoint inhibitors combined with

chemotherapy. dNLR was calculated using the formulas:

neutrophils/(leukocytes-neutrophils). Thus it does not reflect

the level of lymphocytes well, which may be partially responsible

for its ineffectiveness of prognostic value in advanced

gastric cancer.

The exploration of prognostic markers based on clinical

trials followed by validation in real-world settings provides

reliable results with good consistency. Cuzick et al. developed

a prognostic model using IHC markers in patients from the

tamoxifen and anastrozole arms of the ATAC trial and validated

their findings in an independent cohort in the real world (49). At

present, most studies on inflammatory factors in gastric cancer

treated with immunotherapy are based on single cohorts. Little

focus has been paid to the identification of the function of MLR

in patients using real-world cohorts (22). Based on results

obtained from the clinical trial cohort, we concluded that NLR

was an independent prognostic factor, a finding that was

validated in the real-world cohort. Moreover, similar results

were also found in the subgroup analysis in the pooled cohort.

Therefore, the conclusions derived from this analysis are reliable.

However, our study had several limitations. First, this was a

retrospective study involving patients from one study center.

Second, the sample size of this study was small and data on the

molecular characteristics of patients, such as major mismatch

repair and PD-L1 expression, were insufficient. Therefore, it is

difficult to draw a conclusion on the prognostic superiority NLR
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over the molecular indicators. Third, since the application time

of combination therapy in the real world in China is relatively

short, the median follow-up time in the real-world cohort is

shorter than in the clinical trial cohort. Despite its limitations,

this study demonstrates the potential of inflammatory markers

to predict outcomes of patients with advanced gastric cancer

treated with chemotherapy plus immunotherapy as first-line

treatment. Future multicenter investigations are necessary to

validate the results drawn from this research.
Conclusion

In summary, we found that NLR can predict PFS and OS in

patients with advanced gastric cancers who received first-line

treatment of immunotherapy combined with chemotherapy.

Therefore, NLR may become an inexpensive, usable, and

reliable biomarker for predicting outcomes of patients with

advanced gastric cancer in this setting. Further prospective

studies should explore this possibility.
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