
© 2017 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2017:10 2569–2580

OncoTargets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
2569

O r i g i n a l  r e s e a r c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OTT.S134716

Peripheral venous blood neutrophil-to-lymphocyte 
ratio predicts survival in patients with advanced 
gastric cancer treated with neoadjuvant 
chemotherapy

li chen,1 Yanjiao Zuo,1 
lihua Zhu,2 Yuxin Zhang,3 
sen li,1 Fei Ma,4 Yu han,5 
hongjiang song,1 Yingwei 
Xue1

1Department of gastrointestinal 
surgery, harbin Medical University 
cancer hospital, harbin Medical 
University, harbin, heilongjiang, 
2Department of Pathogen Biology, 
school of Basic Medical sciences, 
north china University of science 
and Technology, Tangshan, hebei, 
3Department of general surgery, 
Mudanjiang First People’s hospital, 
Mudanjiang, 4Department of 
Breast surgery, 5Department 
of gastrointestinal Oncology, 
harbin Medical University cancer 
hospital, harbin Medical University, 
harbin, heilongjiang, People’s 
republic of china

Background: Accurate and useful predictors of gastric carcinoma treated with neoadjuvant 

chemotherapy are lacking at present. We aim to explore the potential prognostic significance 

of the neutrophil-to-lymphocyte ratio (NLR) in advanced gastric cancer receiving S-1 plus 

oxaliplatin (SOX) or oxaliplatin and capecitabine (XELOX) regimen.

Methods: We enrolled 91 patients with advanced gastric cancer treated with neoadjuvant 

chemotherapy from August 2008 to September 2015. The peripheral venous blood samples 

were collected before neoadjuvant chemotherapy. The NLR was divided into two groups: low 

NLR ,2.17 group and high NLR $2.17 group. Univariate analysis on disease-free survival 

(DFS) and overall survival (OS) were generated using the Kaplan–Meier method and com-

pared using the log-rank test. Prognostic factors were assessed by univariate analyses, and the 

independent prognostic factors were evaluated using multivariate analysis (Cox’s proportional-

hazards regression model).

Results: The univariate analysis showed that median DFS and median OS were worse for 

high NLR values than low NLR values before neoadjuvant chemotherapy (median DFS: 19.97 

and 26.87 months, respectively, P=0.299; median OS: 25.83 and 29.73 months, respectively, 

P=0.405). Multivariate analysis showed that the NLR before neoadjuvant chemotherapy was 

not an independent prognostic factor for DFS and OS. However, median DFS and median 

OS were worse for high neutrophil values than for low neutrophil values (median DFS: 21.03 

and 26.87 months, respectively, P=0.396; median OS: 24.43 and 29.37 months, respectively, 

P=0.534); for low lymphocyte values than for high lymphocyte values before neoadjuvant che-

motherapy (median DFS: 22.33 and 26.87 months, respectively, P=0.624; median OS: 26.37 and 

27.93 months, respectively, P=0.584). Nevertheless, patients with low NLR had better 1-year, 

3-year, and 5-year DFS and OS rates.

Conclusion: NLR may serve as a cheap and convenient prognostic indicator in gastric carci-

noma patients receiving SOX or XELOX neoadjuvant chemotherapy. Low NLR may help the 

doctors to take efficient treatment measures for gastric cancer.

Keywords: advanced gastric cancer, neoadjuvant chemotherapy, disease-free survival, overall 

survival, neutrophil-to-lymphocyte ratio

Introduction
Gastric carcinoma is one of the most malignant tumors, severely influencing the 

physical and mental health of people, and the second leading major cause of cancer-

related mortality worldwide.1,2 The latest publication data from the World Health 
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Organization (WHO) and International Arctic Research 

Center (IARC) indicate that the incidence of gastric cancer 

is 952,000 worldwide and 405,000 in China, accounting 

for 42.6% of the global incidence.3 In China, most of the 

patients are diagnosed in advanced stages of gastric carci-

noma, ~10% patients are at the early stage of gastric cancer, 

and the 5-year survival rate is 10%–30%.4 Gastric resection 

with D2 lymph node dissection is the mainstay of treatment 

in advanced gastric carcinoma. Many randomized trials 

have indicated that adjuvant chemoradiotherapy has been a 

part of the combined modality therapy of advanced gastric 

cancer.5–7 Therefore, it is of significance to explore actively 

the potential prognostic factor in gastric cancer.

Neoadjuvant chemotherapy has, for several decades, been 

proven to benefit patients with advanced gastric cancer. It has 

been reported that neoadjuvant chemotherapy may decrease 

the tumor staging and volume, increase the R0 resection rate 

without increasing surgical morbidity and mortality compared 

with those undergoing surgical treatment alone.8 Neverthe-

less, there is no internationally generally acknowledged 

standard neoadjuvant chemotherapy regimen for patients 

with advanced gastric carcinoma. For the past few years, 

novel chemotherapeutics have been emerging prominently. 

Although there are numerous neoadjuvant chemotherapy 

regimens for gastric cancer treatment, the S-1 plus oxaliplatin 

(SOX) and oxaliplatin and capecitabine (XELOX) regimens 

are the commonly used.9,10 In Asia, neoadjuvant chemother-

apy regimen with SOX or XELOX delivered at R0 surgical 

resection with D2 lymph node dissection has shown remark-

ably improved survival for patients with locally advanced 

gastric carcinoma compared to those treated with surgery 

alone.11 For the sake of improving the survival outcome and 

providing better treatment measures, it is important to find 

some accurate and sensitive tumor indicators.12

Although there are some immunological and histo-

logical biomarkers that may influence the prognosis of 

patients with gastric carcinoma, these largely depend on 

the primary tumor specimens and are often time consuming 

and expensive; this limits their use in clinical practice.13,14 

Tumor and inflammation are relationships dependent on 

each other.15 Inflammation is an essential component of the 

tumor microenvironment, and the changes in inflammatory 

cells might influence tumor progression, such as neoplastic 

cell proliferation, migration, invasion, collapse of antitumor 

immunity, metastasis, and so forth.16,17 Tumor–inflammation 

interaction might represent a possible therapeutic target for 

cancer treatment. At the time of diagnosis and treatment, 

peripheral blood tests can reflect the tumor inflammatory 

conditions. The peripheral blood parameters, including white 

blood cell, neutrophil, lymphocyte, monocyte, and platelet 

counts, as well as the neutrophil-to-lymphocyte ratio (NLR), 

derived NLR (d-NLR), platelet-to-lymphocyte ratio (PLR), 

and monocyte-to-lymphocyte ratio (MLR), are the systemic 

inflammatory response indicators that have been widely pro-

posed as prognostic factors for many malignancies.18,19

To our knowledge, the NLR has been previously identi-

fied as a useful predictive factor in gastric cancer.20,21 Nev-

ertheless, the NLR is reported rarely in patients receiving 

neoadjuvant chemotherapy for advanced gastric carcinoma, 

especially the SOX or XELOX regimen.22,23 This study was 

aimed at evaluating the prognostic significance of NLR in 

patients with advanced gastric carcinoma receiving neoadju-

vant chemotherapy such as SOX or XELOX regimen.

Materials and methods
The study was approved by the ethics committee of Harbin 

Medical University Cancer Hospital, Harbin Medical 

University, China, and complied with the standards of 

the Declaration of Helsinki. Prior to the research, written 

informed consent was obtained from all patients.

Patient selection
This retrospective analysis included data from 91 patients with 

stage II/III gastric carcinoma and treated with neoadjuvant 

chemotherapy in the Department of Gastrointestinal Surgery, 

Harbin Medical University Cancer Hospital, Harbin Medical 

University, between August 2008 and September 2015. All 

advanced gastric cancer cases were confirmed in accordance 

with pathological evidence, and the clinical stage was deter-

mined as II/III according to the tumor–node–metastasis (TNM) 

staging system.24 The treatment regimens of patients with 

advanced gastric cancer were obtained from the patients’ his-

tory. The inclusion criteria included the following: 1) patients 

with locally advanced gastric cancer were confirmed in accor-

dance with pathological evidence; 2) Eastern Cooperative 

Oncology Group (ECOG) performance status $2, Karnofsky 

performance status (KPS) $80; 3) patients with life expec-

tancy $3 months; 4) no previous chemotherapy, radiotherapy, 

targeted therapy, and so forth. Exclusion criteria included the 

following: 1) patients with distant metastases; 2) patients with 

diabetes mellitus, hypertension, atherosclerotic heart diseases, 

and other acute or chronic diseases; 3) patients with serious 

complications, such as intestinal obstruction, active bleed-

ing, enterobrosis, and obvious infections; 4) patients having 

received a blood product transfusion within 1 month before 

neoadjuvant chemotherapy.
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Treatment protocols
SOX regimen: on the first day, oxaliplatin (130 mg/m2) was 

administered by intravenous infusion in 500 mL of 5% glucose 

over a period of 2 h. From the first day to the 14th day, S-1 

(60 mg, twice daily [bid]) was administered as oral (per os [po]) 

XELOX regimen: on the first day, oxaliplatin (130 mg/m2) 

was administered by intravenous infusion in 500 mL of 5% 

glucose over a period of 2 h. From the first day to the 14th day, 

capecitabine (1,500 mg, bid) was administered by the po route. 

A cycle of the two regimens lasted for 3 weeks.

response evaluation
Response rates were evaluated according to the Response 

Evaluation Criteria in Solid Tumors (RECIST) guidelines.25 

The clinical response was divided into four groups: complete 

response (CR), partial response (PR), stable disease (SD), 

and progressive disease (PD). The clinical objective response 

rate was defined as CR and PR, and nonclinical response was 

defined as SD or PD.

Peripheral venous blood sample
Peripheral venous blood samples were taken at the time of 

diagnosis before neoadjuvant chemotherapy. These samples 

were obtained from patients with empty stomach. Hemato-

logical parameters were analyzed by XE-2100 hematology 

analyzer (Sysmex, Kobe, Japan).

Follow-up
After surgery, all cases were followed regularly every 

3–6 months for the first and second years, every 6–12 months 

from the third to the fifth years, then annually and until death. 

The patients were followed regularly every year thereafter 

with laboratory tests, multislice computed tomography (CT), 

and gastroscopy. Disease-free survival (DFS) was defined as 

the time from surgery to relapse (local recurrence and distant 

metastases). Overall survival (OS) was defined as the time 

from surgery to death by any cause or the last follow-up. The 

last follow-up date was December 3, 2016.

statistical analysis
The optimal cutoff levels were decided using receiver oper-

ating characteristic (ROC) curve analyses. The areas under 

the curve (AUCs) were used to assess the predictive value. 

The categorical variables were described by frequencies and 

percentages (%) and then compared using the chi-square test 

or Fisher’s exact test. The continuous variables were described 

by the mean value ± standard error and were compared using 

the Student’s t-test. Survival curves were generated using the 

Kaplan–Meier and log-rank tests. Univariate analyses were 

used to assess the prognostic factors. Multivariate analysis 

(Cox’s proportional-hazards regression model) was used to 

evaluate independent prognostic factors. Hazard ratio (HR) 

and 95% confidence interval (95% CI) were used as common 

measures to assess relative risk. These analyses were performed 

using SPSS software (version 17.0, SPSS Inc, Chicago, IL, 

USA). Alpha was set at 0.05, and P,0.05 was found to be of 

statistical significance.

Results
Patient demographic and 
clinicopathological characteristics
The AUC of NLR was 0.570, and the optimal cutoff value by 

ROC was 2.17. The patients were categorized into two groups: 

low NLR ,2.17 group and high NLR $2.17 group. Table 1 

shows the distribution of the demographic and clinicopatho-

logical characteristics of the 91 patients in the two groups 

divided according to the NLR. The males and females num-

bered 70 and 21, respectively; the median age was 57 years, 

with the range being 32–73 years; the median body mass 

index (BMI) was 22.32, and the range was 17.06–34.08. The 

number of patients with each of the ABO blood type (A, B, 

O, and AB) was 23, 32, 27, and 9, respectively. Moreover, 

35 patients received the SOX regimen and 56 patients received 

the XELOX regimen. The radical resection cases (R0, R1, 

and R2) were 51, 21, and 19, respectively. All 91 patients 

underwent gastrectomy, 52 underwent distal gastrectomy,  

6 underwent proximal gastrectomy, and 33 underwent total gas-

trectomy. The differentiation of tumors in these patients was as 

follows: 54 patients showed poorly differentiated, 32 patients  

moderately differentiated, and 5 patients well differentiated 

tumors. Tumors were located in the upper one-third (n=11), 

middle one-third (n=31), and the lower one-third (n=49) parts 

of the stomach, respectively. In terms of pathology, 64 patients 

had adenocarcinoma, 10 patients showed mucinous carcinoma, 

12 patients had signet ring cell carcinoma, and 5 patients 

had other types. Of these patients, 54 were human epidermal 

growth factor receptor (HER)2 negative (0–+), and 37 were 

HER2-positive (++–+++). A median neutrophil count of 3.70 

(range: 1.06–11.46), and a median lymphocyte count of 1.68 

(range: 0.70–3.91). The overall response, CR, and PR were 

76.9%, 5.5%, and 71.4%, respectively. A low baseline NLR 

(low NLR ,2.17) correlated with improved demographic and 

clinicopathological characteristics, including age (χ2=3.963, 

P-value =0.046), gender (χ2=5.275, P-value =0.022), neutrophil 

count (χ2=26.381, P-value ,0.001), and lymphocyte count 

(χ2=6.920, P-value =0.009).
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Table 1 Demographic and clinicopathological characteristics of 91 patients with gastric cancer

Parameters N Low NLR ,2.17 High NLR $2.17 χ2 P-value

age, years 3.963 0.046
,57 45 27 (60.0%) 18 (40.0%)

$57 46 18 (39.1%) 28 (60.9%)
gender 5.275 0.022

Male 70 30 (42.9%) 40 (57.1%)
Female 21 15 (71.4%) 6 (28.6%)

BMi 0.011 0.916
,22.32 45 22 (48.9%) 23 (51.1%)

$22.32 46 23 (50.0%) 23 (50.0%)
aBO blood type 7.627 0.055*

a 23 15 (65.2%) 8 (34.8%)
B 32 12 (37.5%) 20 (62.5%)
O 27 11 (40.7%) 16 (59.3%)
aB 9 7 (77.8%) 2 (22.2%)

chemotherapy regimen 2.032 0.154
sOX 35 14 (40.0%) 21 (60.0%)
XelOX 56 31 (55.4%) 25 (44.6%)

radical resection 1.673 0.433
r0 51 26 (51.0%) 25 (49.0%)
r1 21 8 (38.1%) 13 (61.9%)
r2 19 11 (57.9%) 8 (42.1%)

Type of surgery 1.707 0.462*
Distal gastrectomy 52 24 (46.2%) 28 (53.8%)
Proximal gastrectomy 6 2 (33.3%) 4 (66.7%)
Total gastrectomy 33 19 (57.6%) 14 (42.4%)

Differentiation 5.656 0.066*
Poorly differentiated 54 30 (55.6%) 24 (44.4%)
Moderately differentiated 32 15 (46.9%) 17 (53.1%)
Well differentiated 5 0 (0%) 5 (100.0%)

Primary tumor site 0.133 0.936
Upper 1/3 11 5 (45.5%) 6 (54.5%)
Middle 1/3 31 15 (48.4%) 16 (51.6%)
lower 1/3 49 25 (51.0%) 24 (49.0%)

Pathology 8.297 0.066*
adenocarcinoma 64 30 (46.9%) 34 (53.1%)
Mucinous carcinoma 10 2 (20.0%) 8 (80.0%)
signet ring cell carcinoma 12 9 (75.0%) 3 (25.0%)
Others 5 4 (80.0%) 1 (20.0%)

Clinical TNM classification
T stage 1.000*

T3 6 3 (50.0%) 3 (50.0%)
T4 85 42 (49.4%) 43 (50.6%)

n stage 0.925 0.630
n0 24 10 (41.7%) 14 (58.3%)
n1 51 26 (51.0%) 25 (49.0%)
n2 16 9 (56.2%) 7 (43.8%)

TnM stage 1.000*
ii 2 1 (50.0%) 1 (50.0%)
iii 89 44 (49.4%) 45 (50.6%)

Pathological TNM classification
T stage 8.977 0.077*

T0 5 5 (100.0%) 0 (0%)
T1 7 4 (57.1%) 3 (42.9%)
T2 14 9 (64.3%) 5 (35.7%)
T3 43 16 (37.2%) 27 (62.8%)
T4 22 11 (50.0%) 11 (50.0%)

n stage 1.844 0.605
n0 24 14 (58.3%) 10 (41.7%)

(Continued)
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Table 1 (Continued)

Parameters N Low NLR ,2.17 High NLR $2.17 χ2 P-value

n1 23 9 (39.1%) 14 (60.9%)
n2 15 7 (46.7%) 8 (53.3%)
n3 29 15 (51.7%) 14 (48.3%)

TnM stage 6.482 0.110*
Tis 5 5 (100.0%) 0 (0%)
i 9 5 (55.6%) 4 (44.4%)
ii 29 12 (41.4%) 17 (58.6%)
iii 45 21 (46.7%) 24 (53.3%)
iV 3 2 (66.7%) 1 (33.3%)

her-2 1.980 0.159
0-+ 54 30 (55.6%) 24 (44.4%)

++-+++ 37 15 (40.5%) 22 (59.5%)
neutrophil count 26.381 ,0.001

,3.70 44 34 (77.3%) 10 (22.7%)

$3.70 47 11 (23.4%) 36 (76.6%)
lymphocyte count 6.920 0.009

,1.68 43 15 (34.9%) 28 (65.1%)

$1.68 48 30 (62.5%) 18 (37.5%)
response 5.740 0.095*

cr 5 5 (100.0%) 0 (0%)
Pr 65 30 (46.2%) 35 (53.8%)
sD 7 4 (57.1%) 3 (42.9%)
PD 14 6 (42.9%) 8 (57.1%)

Note: *Performed using Fisher’s exact test.
Abbreviations: BMi, body mass index; cr, complete response; her, human epidermal growth factor receptor; nlr, neutrophil-to-lymphocyte ratio; PD, progressive 
disease; Pr, partial response; sD, stable disease; sOX, s-1 plus oxaliplatin; Tis, tumor in situ; TnM, tumor–node–metastasis; XelOX, oxaliplatin and capecitabine.

Prognostic variables for DFs and Os
The median DFS was 23.73 months (range: 1.17–

93.87 months), and the median OS was 26.87 months (range: 

4.03–96.00 months) (Figures 1 and 2). The factors predicting 

high DFS were R0 resection, pathological N0 stage, patholog-

ical tumor in situ (Tis)/I stage. In multivariate Cox regression 

analysis, factors predicting improved DFS were R0 resec-

tion (P-value ,0.001, HR: 3.084, 95% CI: 2.001–4.753), 

pathological N0 stage (P-value =0.002, HR: 4.289, 95% CI: 

1.682–10.937), and pathological Tis/I stage (P-value ,0.001, 

HR: 2.782, 95% CI: 1.829–4.233) (Table 2). Factors pre-

dicting high OS were R0 resection, pathological N0 stage, 

and pathological Tis/I stage. In multivariate Cox regres-

sion analysis, factors predicting high OS were R0 resec-

tion (P-value ,0.001, HR: 2.494, 95% CI: 1.730–3.595), 

pathological N0 stage (P-value =0.002, HR: 4.263, 95% CI: 

1.680–10.815), and pathological Tis/I stage (P-value ,0.001, 

HR: 3.401, 95% CI: 1.949–4.746) (Table 3).

Meanwhile, we found that neutrophil count, lymphocyte 

count, and NLR before neoadjuvant chemotherapy had no 

statistical significance using the cutoff values of 3.70×109/L, 

1.68×109/L, and 2.17 for DFS (P-value =0.510, 0.644, and 

0.550, respectively) and OS (P-value =0.941, 0.621, and 

0.625, respectively) in univariate analysis (Tables 2 and 3). 

However, median DFS and median OS were worse for high 

NLR values than for low NLR values before neoadjuvant 

chemotherapy (Figures 3 and 4). Nevertheless, median 

DFS and median OS were worse for high neutrophil values 

than for low neutrophil values (Figures 5 and 6) and for low 

Figure 1 Disease-free survival of 91 patients with gastric cancer.
Abbreviation: cum, cumulative.
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lymphocyte values than for high lymphocyte values before 

neoadjuvant chemotherapy (Figures 7 and 8) (Table 4).

Tables 5 and 6 show the characteristics of the 91 patients 

before neoadjuvant chemotherapy: patients with low NLR 

and low neutrophil count had better median DFS and OS 

(median DFS: 26.87 and OS: 29.73 months, respectively) 

values; patients with low NLR and high lymphocyte count 

had better median DFS and OS values (median DFS: 36.93 

and OS: 39.33 months, respectively).

Among the 91 patients with gastric cancer, the 1-year, 

3-year, and 5-year DFS rates were 75.8%, 23.1%, and 7.7%; 

the 1-year, 3-year, and 5-year OS rates were 87.9%, 26.4%, 

and 11.0%, respectively. We also found that the patients with 

low NLR ,2.17 had better 1-year, 3-year, and 5-year DFS 

and OS rates (Table 7).

The common hematologic toxicities after neoadju-

vant chemotherapy of the 91 patients with gastric cancer 

were National Cancer Institute Common Toxicity Criteria 

(NCI-CTC) grades 1 and 2 anemia, leukopenia, neutropenia, 

and thrombocytopenia in 33/91 (36.3%), 18/91 (19.8%), 21/91 

(23.1%), and 4/91 (4.4%), respectively (Tables 8 and 9). We 

found that NLR before neoadjuvant chemotherapy had no 

significance on toxicities of the 91 patients with gastric cancer 

using the cutoff value of 2.17 (Tables 8 and 9).

Discussion
Gastric carcinoma is one of the common types of malignant 

tumors worldwide. Although mortality and morbidity rates 

Figure 2 Overall survival of 91 patients with gastric cancer.
Abbreviation: cum, cumulative.

Table 2 Univariate and multivariate cox regression analyses of disease-free survival in 91 patients with gastric cancer

Parameters Univariate analysis P-value Multivariate analysis P-value

Hazard ratio (95% CI) Hazard ratio (95% CI)

age (,57 vs $57 years) 1.026 (0.566–2.932) 0.199 – –
gender (male vs female) 0.812 (0.346–1.905) 0.632 – –
BMi (,22.32 vs $22.32) 0.609 (0.315–1.181) 0.142 – –
aBO blood type (a vs B vs O vs aB) 1.328 (0.868–2.030) 0.191 – –
chemotherapy regimen (sOX vs XelOX) 1.199 (0.571–2.515) 0.632 – –
radical resection (r0 vs r1 vs r2) 2.274 (1.455–3.555) ,0.001 3.084 (2.001–4.753) ,0.001
Type of surgery (distal vs proximal vs total gastrectomy) 0.802 (0.493–1.305) 0.375 – –
Differentiation (poorly vs moderately vs well differentiated) 0.595 (0.323–1.093) 0.094 – –
Primary tumor site (upper vs middle vs low 1/3) 0.544 (0.262–1.132) 0.103 – –
Pathology (adenocarcinoma vs mucinous vs signet ring 
cell carcinoma vs others)

1.352 (0.946–1.933) 0.097 – –

clinical T stage (T3 vs T4) 4.017 (0.437–36.888) 0.219 – –
clinical n stage (n0 vs n1 vs n2) 1.275 (0.747–2.176) 0.373 – –
clinical TnM stage (ii vs iii) 0.166 (0.007–3.876) 0.264 – –
Pathological T stage (T0 vs T1 vs T2 vs T3 vs T4) 0.876 (0.517–1.485) 0.623 – –
Pathological n stage (n0 vs n1 vs n2 vs n3) 6.600 (2.066–21.085) 0.001 4.289 (1.682–10.937) 0.002
Pathological TnM stage (Tis vs i vs ii vs iii vs iV) 3.140 (1.313–7.507) 0.010 2.782 (1.829–4.233) ,0.001
her2 (0-+ vs ++-+++) 1.867 (0.930–3.748) 0.079 – –
neutrophil count (,3.70 vs $3.70) 1.355 (0.548–3.351) 0.510 – –
lymphocyte count (,1.68 vs $1.68) 1.212 (0.536–2.741) 0.644 – –
nlr (,2.17 vs $2.17) 1.282 (0.569–2.889) 0.550 – –
response (cr vs Pr vs sD vs PD) 1.042 (0.628–1.729) 0.873 – –

Abbreviations: BMI, body mass index; CI, confidence interval; CR, complete response; HER, human epidermal growth factor receptor; NLR, neutrophil-to-lymphocyte 
ratio; PD, progressive disease; Pr, partial response; sD, stable disease; sOX, s-1 plus oxaliplatin; Tis, tumor in situ; TnM, tumor–node–metastasis; XelOX, oxaliplatin 
and capecitabine.
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Figure 3 Disease-free survival in relation to nlr.
Abbreviations: cum, cumulative; nlr, neutrophil-to-lymphocyte ratio.

Figure 4 Overall survival in relation to nlr.
Abbreviations: cum, cumulative; nlr, neutrophil-to-lymphocyte ratio.

Table 3 Univariate and multivariate cox regression analyses of overall survival in 91 patients with gastric cancer

Parameters Univariate analysis P-value Multivariate analysis P-value

Hazard ratio (95% CI) Hazard ratio (95% CI)

age (,57 vs $57 years) 1.019 (0.978–1.063) 0.371 – –
gender (male vs female) 0.914 (0.377–2.213) 0.842 – –
BMi (,22.32 vs $22.32) 0.596 (0.302–1.180) 0.137 – –
aBO blood type (a vs B vs O vs aB) 0.987 (0.655–1.489) 0.951 – –
chemotherapy regimen (sOX vs XelOX) 1.732 (0.809–3.706) 0.157 – –
radical resection (r0 vs r1 vs r2) 2.999 (1.895–4.746) ,0.001 2.494 (1.730–3.595) ,0.001
Type of surgery (distal vs proximal vs total gastrectomy) 0.713 (0.440–1.155) 0.170 – –
Differentiation (poorly vs moderately vs well differentiated) 0.781 (0.421–1.449) 0.434 – –
Primary tumor site (upper vs middle vs low 1/3) 0.640 (0.314–1.303) 0.218 – –
Pathology (adenocarcinoma vs mucinous vs signet ring 
cell carcinoma vs others)

1.181 (0.807–1.728) 0.393 – –

clinical T stage (T3 vs T4) 3.456 (0.334–35.745) 0.298 – –
clinical n stage (n0 vs n1 vs n2) 1.256 (0.723–2.181) 0.418 – –
clinical TnM stage (ii vs iii) 0.097 (0.004–2.478) 0.158 – –
Pathological T stage (T0 vs T1 vs T2 vs T3 vs T4) 0.946 (0.552–1.623) 0.841 – –
Pathological n stage (n0 vs n1 vs n2 vs n3) 7.532 (2.227–25.477) 0.001 4.263 (1.680–10.815) 0.002
Pathological TnM stage (Tis vs i vs ii vs iii vs iV) 2.704 (1.057–6.921) 0.038 3.401 (1.949–4.746) ,0.001
her2 (0-+ vs ++-+++) 1.483 (0.776–2.834) 0.234 – –
neutrophil count (,3.70 vs $3.70) 0.968 (0.413–2.271) 0.941 – –
lymphocyte count (,1.68 vs $1.68) 1.220 (0.554–2.685) 0.621 – –
nlr (,2.17 vs $2.17) 1.228 (0.539–2.802) 0.625 – –
response (cr vs Pr vs sD vs PD) 1.135 (0.671–1.919) 0.638 – –

Abbreviations: BMI, body mass index; CI, confidence interval; CR, complete response; HER, human epidermal growth factor receptor; NLR, neutrophil-to-lymphocyte ratio; PD, 
progressive disease; Pr, partial response; sD, stable disease; sOX, s-1 plus oxaliplatin; Tis, tumor in situ; TnM, tumor–node–metastasis; XelOX, oxaliplatin and capecitabine.

of gastric carcinoma have declined over the past several 

decades, the disease still has a poor prognosis and leads to 

hundreds of thousands of deaths annually.26 Over the past 

2 decades, multiple therapies, including radiotherapy, adju-

vant chemotherapy, neoadjuvant chemotherapy, perioperative 

chemotherapy, and targeted therapy, have improved survival 

and quality of life for these gastric cancer patients.27

Cancer and inflammation are closely connected and 

have implications for prevention and treatment. Inflamma-

tion contributes to tumor proliferation, migration, invasion, 
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Figure 8 Overall survival in relation to lymphocyte count.
Abbreviation: cum, cumulative.

Figure 7 Disease-free survival in relation to lymphocyte count.
Abbreviation: cum, cumulative.

Figure 6 Overall survival in relation to neutrophil count.
Abbreviation: cum, cumulative.

Figure 5 Disease-free survival in relation to neutrophil count.
Abbreviation: cum, cumulative.

angiogenesis, and so forth.28,29 Various studies have sug-

gested that a systemic inflammatory response is associated 

with a poor prognosis in many malignancies.30–35 Using the 

cellular components of a systemic inflammatory response in 

peripheral venous blood for predicting survival has received 

increased attention. Nevertheless, the mechanisms are still 

ambiguous and poorly understood. Clinical and epidemio-

logical studies have shown the connection between gastric 

carcinoma and inflammation.36 There is growing interest in 

a clinical interpretation of the relation between inflamma-

tion and tumor cells, resulting in the establishment of novel 

biomarkers of cancer to evaluate the prognostic significance. 

For selecting the optimal treatment regimen for individuals, 

accurate and useful predictors are needed. To our knowledge, 

the association of NLR values with DFS and OS in patients 

receiving neoadjuvant chemotherapy with SOX or XELOX 

regimen has been studied rarely.
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Table 5 clinical and laboratory characteristics as well as disease-free survival of the 91 patients with gastric cancer by nlr

Parameters N Low NLR ,2.17 N High NLR $2.17 χ2 P-value

neutrophil count 0.706 0.401
,3.70 34 (77.3%) 26.87 (8.29–45.45) 10 (22.7%) 19.97 (6.60–33.34)

$3.70 11 (23.4%) 24.87 (15.11–34.64) 36 (76.6%) 18.30 (8.89–27.71)
lymphocyte count 1.432 0.231

,1.68 15 (34.9%) 19.30 (11.56–27.04) 28 (65.1%) 22.33 (12.36–32.30)

$1.68 30 (62.5%) 36.93 (17.02–56.84) 18 (37.5%) 10.67 (2.90–18.44)

Abbreviation: nlr, neutrophil-to-lymphocyte ratio.

Table 6 clinical and laboratory characteristics as well as overall survival of the 91 patients with gastric cancer by nlr

Parameters N Low NLR ,2.17 N High NLR $2.17 χ2 P-value

neutrophil count 0.457 0.499
,3.70 34 (77.3%) 29.73 (18.34–41.12) 10 (22.7%) 25.83 (16.27–35.39)

$3.70 11 (23.4%) 28.94 (18.84–39.04) 36 (76.6%) 24.43 (13.16–35.70)
lymphocyte count 1.084 0.298

,1.68 15 (34.9%) 21.03 (6.01–36.05) 28 (65.1%) 29.37 (7.55–51.19)

$1.68 30 (62.5%) 39.33 (8.53–70.13) 18 (37.5%) 15.90 (8.33–23.47)

Abbreviation: nlr, neutrophil-to-lymphocyte ratio.

Table 7 One-year, 3-year, and 5-year DFs and Os rates of the 91 patients with gastric cancer

Parameters N DFS OS

1-year 3-year 5-year 1-year 3-year 5-year

low nlr ,2.17 45 82.2% (37/45) 26.7% (12/45) 8.9% (4/45) 91.1% (41/45) 28.9% (13/45) 13.3% (6/45)
high nlr $2.17 46 69.6% (32/46) 19.6% (9/46) 6.5% (3/46) 84.8% (39/46) 23.9% (11/46) 8.7% (4/46)
Total 91 75.8% (69/91) 23.1% (21/91) 7.7% (7/91) 87.9% (80/91) 26.4% (24/91) 11.0% (10/91)

Abbreviations: DFs, disease-free survival; nlr, neutrophil-to-lymphocyte ratio; Os, overall survival.

Table 8 Main toxicities according to nci-cTc scale of the 91 patients with gastric cancer

Toxicity N Anemia Leukopenia

Grade 0 Grades 1–2 Grades 3–4 Grade 0 Grades 1–2 Grades 3–4

low nlr ,2.17 45 32 (71.1%) 13 (28.9%) 0 (0%) 35 (77.8%) 10 (22.2%) 0 (0%)
high nlr $2.17 46 26 (56.5%) 20 (43.5%) 0 (0%) 38 (82.6%) 8 (17.4%) 0 (0%)
Total 91 58 (63.7%) 33 (36.3%) 0 (0%) 73 (80.2%) 18 (19.8%) 0 (0%)

Abbreviations: nci-cTc, national cancer institute common Toxicity criteria; nlr, neutrophil-to-lymphocyte ratio.

Table 4 clinical and laboratory characteristics as well as disease-free survival and overall survival of the 91 patients with gastric 
cancer

Parameters Patients  
cases

Disease free  
survival, monthsa

χ2 P-valueb Overall survival,  
monthsa

χ2 P-valueb

neutrophil count 0.720 0.396 – 0.388 0.534
,3.70 44 (48.4%) 26.87 (17.95–35.79) – – 29.37 (24.31–34.43) – –

$3.70 47 (51.6%) 22.33 (11.98–32.68) – – 24.43 (14.45–34.41) – –
lymphocyte count 0.241 0.624 0.300 0.584

,1.68 43 (47.3%) 21.03 (13.75–28.31) – – 26.37 (19.15–33.59) – –

$1.68 48 (52.7%) 26.87 (9.89–43.86) – – 27.93 (12.21–43.65) – –
nlr 1.077 0.299 0.695 0.405

,2.17 45 (49.5%) 26.87 (16.27–37.47) – – 29.73 (17.02–42.44) – –

$2.17 46 (50.5%) 19.97 (11.28–28.66) – – 25.83 (19.02–32.64) – –

Notes: aThe disease-free survival and overall survival data are presented as median survival with the 95% confidence interval (CI) in parentheses. bKaplan–Meier survival 
analysis.
Abbreviation: nlr, neutrophil-to-lymphocyte ratio.
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Table 9 Main toxicities according to nci-cTc scale of the 91 patients with gastric cancer

Toxicity N Neutropenia Thrombocytopenia

Grade 0 Grades 1–2 Grades 3–4 Grade 0 Grades 1–2 Grades 3–4

low nlr ,2.17 45 31 (68.9%) 12 (26.7%) 2 (4.4%) 43 (95.6%) 2 (4.4%) 0 (0%)
high nlr $2.17 46 36 (78.3%) 9 (19.6%) 1 (2.2%) 44 (95.7%) 2 (4.3%) 0 (0%)
Total 91 67 (73.6%) 21 (23.1%) 3 (3.3%) 87 (95.6%) 4 (4.4%) 0 (0%)

Abbreviations: nci-cTc, national cancer institute common Toxicity criteria; nlr, neutrophil-to-lymphocyte ratio.

We analyzed the relationship between NLR and 

clinicopathological characteristics in patients with advanced 

gastric carcinoma. We found that low NLR correlated with 

improved demographic and clinicopathological characteris-

tics, including age, gender, neutrophil count, and lympho-

cyte count. In univariate and multivariate Cox regression 

analyses, factors predicting improved DFS and OS were 

R0 resection, pathological N0 stage, and pathological Tis/I 

stage. We also found that the neutrophil count, lymphocyte 

count, and NLR had no significance using the cutoff values 

of 3.70×109/L, 1.68×109/L, and 2.17 for DFS and OS in 

univariate analysis. However, median DFS and median OS 

were worse for high NLR values than for low NLR values 

before neoadjuvant chemotherapy (median DFS: 19.97 and 

26.87 months; median OS: 25.83 and 29.73 months), and 

this is consistent with the results of other authors.37–39 At the 

same time, median DFS and median OS were worse for high 

neutrophil values than for low neutrophil values (median 

DFS: 21.03 and 26.87 months; median OS: 24.43 and 

29.37 months), as well as for low lymphocyte values than for 

high lymphocyte values before neoadjuvant chemotherapy 

(median DFS: 22.33 and 26.87 months; median OS: 26.37 and 

27.93 months).

Meanwhile, we found that the patients with low NLR 

and low neutrophil count had better median DFS and OS 

(median DFS: 26.87 and OS: 29.73 months); the patients 

with low NLR and high lymphocyte count had better median 

DFS and OS (median DFS: 36.93 and OS: 39.33 months). 

A study by Eo et al40 suggested that low monocyte count and 

high lymphocyte count had better 5-year DFS and OS rates. 

We also found that the 1-year, 3-year, and 5-year DFS and 

OS rates in the low NLR group were higher than in the high 

NLR group. Although the NLR values before neoadjuvant 

chemotherapy lost their independent prognostic significance 

for DFS or OS, they still provided fundamental information 

for clinical practice. Jin et al41 reported that NLR had statisti-

cal significance with PFS, but not with OS, in multivariate 

analysis. Another study by el Aziz38 suggested that NLR 

lost its independent prognostic significance for PFS, but had 

significance with OS, in multivariate analysis.

Various studies have indicated that elevated NLR is 

associated with poor survival in many tumors, and the 

association has not been clear.42–45 The tumor microenvi-

ronment inhabited by inflammatory cells is important in 

carcinogenesis, promoting cancer growth, invasion, tumor 

cell proliferation, and migration.46 The neutrophils inhibit 

the immune system via restraining the cytolytic activity of 

immune cells and influence the tumor environment, thus 

probably contributing to stimulating tumor angiogenesis and 

progression.47 The lymphocyte is known to play a significant 

role in defense of tumor cells by inducing cytotoxic cell death 

and suppressing tumor cell proliferation and migration.48 

Furthermore, patients with lymphocyte infiltration may have 

a better prognosis than those with no infiltration.49 In the 

development of gastric cancer, chronic inflammation may 

be caused by Helicobacter pylori, and it may be a critical 

risk factor for gastric carcinoma.50 The mechanism of NLR 

responses to tumors may be explained as decrease in the num-

ber of lymphocytes and increase in the number of neutrophils. 

Hence, the NLR, calculated based on both the neutrophil and 

the lymphocyte counts, may be a good marker reflecting the 

degree of tumor progression and predict prognosis.

To the best of our knowledge, the significance of NLR 

values’ association with DFS and OS in gastric carcinoma 

receiving neoadjuvant chemotherapy is reported rarely. 

This research suggests that the NLR may be used in the 

prediction of prognosis in advanced gastric carcinoma. It is 

crucial to take into consideration the high gastric cancer 

morbidity and unbalanced medical condition in China, and 

thus, these cheap, noninvasive, and convenient biomarkers 

may be beneficial with regard to the prevention and treat-

ment of gastric cancer. Therefore, better understanding of 

hematologic parameters can help identify new targets for 

individual treatment. Thus, this study may provide important 

information for clinical practice.

In summary, SOX and XELOX regimens were well toler-

ated by all patients who received it. Our study explains the rea-

son for the NLR enhancing tumor progression, and low NLR 

may be a more favorable prognostic factor. The differences 

in the cutoff values of NLR among these studies may be 
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attributable to the differences in the cumulative number of 

patients and the disease stage among the studies. Whether 

the cutoff value of 2.17 for NLR used in our study is correct 

requires further investigation.

Conclusion
It is believed that the NLR may be a cheap and convenient 

prognostic indicator in gastric carcinoma patients receiving 

neoadjuvant chemotherapy. Low NLR may help doctors to take 

efficient treatment measures for gastric cancer. However, more 

studies are needed to assess changes in inflammatory markers 

in larger groups of patients with advanced gastric carcinoma.
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