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Introduction

Although preoperative tumor staging is useful to select 
the appropriate therapeutic strategy for patients with 
gastric cancer, clinical tumor staging alone cannot 
predict patients’ prognosis. A few serum markers were 
found to be associated with poor prognosis in patients 
with gastric cancer and are therefore useful for monitor-
ing and predicting early recurrence and poor prognosis 
[1, 2]. The host infl ammatory response to cancer cells 
is also associated with tumor progression [3, 4]. In 
advanced tumors, a high preoperative C-reactive protein 
level and/or high platelet count were frequently 
observed and were associated with poor patient prog-
nosis [5, 6]. The preoperative neutrophil-lymphocyte 
ratio (NLR) also refl ects patients’ infl ammation status, 
clinical stage, and patients’ survival in colon cancer, lung 
cancer, and liver cancer [7–12]. Increased numbers of 
neutrophils and/or decreased numbers of lymphocytes 
may suppress lymphokine-activated killer cells, thereby 
increasing the propensity to metastasis [13]. However, 
only limited information on the clinical signifi cance and 
prognostic signifi cance of NLR in patients with gastric 
cancer has been reported [14–17]. In this study, we mea-
sured the preoperative NLR in 1028 patients with 
primary gastric cancer to determine its clinicopathologi-
cal and prognostic signifi cance.

Patients and methods

Patients

Between 2001 and 2007, a total of 1028 patients with 
primary gastric adenocarcinoma who underwent gas-
trectomy at the Department of Gastroenterological 
Surgery of Chiba Cancer Center were investigated. The 
patient population consisted of 709 men (69%) and 319 
women (31%), with a median age of 65 years (range, 26 
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Conclusion. A high preoperative NLR may be a convenient 
biomarker to identify patients with a poor prognosis after 
resection for primary gastric cancer.
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to 89 years). All patients underwent either a total or 
subtotal gastrectomy with standard lymphadenectomy. 
The resected specimens were pathologically classifi ed 
according to the 13th edition (2nd English edition) of the 
Japanese classifi cation of gastric carcinoma [18]. The dis-
tribution of cancer stages was as follows: stage I, 584; 
stage II, 132; stage III, 153; and stage IV, 159. All patients 
were followed up regularly until December 2008 or until 
death. The follow-up period ranged from 12 months to 
84 months (median, 23 months).

Blood sample analyses

Peripheral blood was obtained at the time of diagnosis 
before surgery. The numbers of white blood cells and 
platelets were determined with a hemocytometer. The 
percentages of particular types of cells were determined 
by using a Coulter LH 750 Hematology Analyzer 
(Coulter, Brea, CA, USA). Absolute counts of particu-
lar cells were calculated by multiplying the percentage 
of particular cells by the number of white blood cells. 
NLR values were expressed as means ± SD. An NLR 
value of 4.0 was used as a cutoff value,. classify high 
NLR (≥4) and low NLR groups.

Statistical analyses

NLR values were compared using the Mann-Whitney 
U-test. Fisher’s exact probability test was used to deter-
mine the signifi cance of differences between two 
groups. Survival probabilities were calculated using the 
product limit method of Kaplan and Meier, considering 
overall deaths. Survival differences between groups 
were determined using the log-rank test. The infl uence 
of each signifi cant predictor identifi ed by univariate 
analysis was assessed by multivariate analysis using 
Cox’s proportional hazards model. The infl uence of 
each clinicopathological variable on the risk of high 
NLR was assessed by logistic regression analysis. All 
statistical analyses were carried out using Stat View 5.0 
for Windows (SAS Institute, Cary, NC, USA). All P 
values less than 0.05 were considered statistically 
signifi cant.

Results

Preoperative NLR and clinicopathological variables

The mean preoperative NLR in the 1028 patients was 
2.62 ± 1.68, with a median of 2.23 (range, 0.38 to 21.86). 
The distribution of all patients according to NLR was 
as follows; NLR < 1.0, n = 32; 1.0 ≤ NLR < 2.0, n = 381; 
2.0 ≤ NLR < 3.0, n = 321; 3.0 ≤ NLR < 4.0; n = 167; 4.0 

≤ NLR < 5.0, n = 75; and 5.0 ≤ NLR, n = 52. We then 
analyzed the data to determine statistically signifi cant 
differences between each combination of groups accord-
ing to NLR. Log-rank P values were calculated as P = 
0.102 (NLR < 1.0 vs 1.0 ≤ NLR < 2.0), P = 0.272 (1.0 < 
NLR < 2.0 vs 2.0 ≤ NLR < 3.0), P = 0.050 (2.0 ≤ NLR < 
3.0 vs 3.0 ≤ NLR < 4.0), P = 0.027 (3.0 ≤ NLR < 4.0 vs 
4.0 ≤ NLR < 5.0), and P = 0.602 (4.0 ≤ NLR < 5.0 vs 5.0 
≤ NLR). Based on these results, we decided to use 4.0 
as a cutoff value to predict patients’ prognoses.

Based on the cutoff value of 4.0, 127 of the 1028 
(12.4%) patients were classifi ed in the high NLR group. 
Signifi cant differences were observed in the values of 
NLR according to age, tumor depth, nodal status, 
distant metastasis, peritoneal metastasis, and platelet 
count (Table 1). Signifi cant differences were observed 
in the percentages of patients with high NLR according 
to tumor depth, nodal status, peritoneal metastasis, 
and platelet count (Table 1). Patients with peritoneal 
metastasis (32.7%) most frequently had high NLR 
values.

NLR gradually increased with increasing tumor stage, 
from 2.37 ± 1.41 in stage I, 2.38 ± 1.17 in stage II, 
and 3.04 ± 2.03 in stage III to 3.34 ± 2.25 in stage IV 
(Fig. 1A). Although NLR values signifi cantly increased 
according to tumor depth (Fig. 1B), NLR values did not 
signifi cantly increase according to the extent of nodal 
metastases, N1, N2, and N3 (Fig. 1C). The percentage of 
patients with high NLR increased slightly in each stage, 
as follows; 8.4% in stage I, 9.8% in stage II, 19.6% in 
stage III, and 22.0% in stage IV (Fig. 1D).

To evaluate the effect of clinicopathological variables 
on NLR increases, logistic regression analysis was per-
formed. Being elderly (age 65 or more) and/or being 
thrombocytotic were identifi ed as independent risk 
factors for high NLR (Table 2).

Prognostic signifi cance of preoperative NLR

A total of 147 patients died by the end of 2008; 128 of 
these 147 patients (87%) died due to gastric cancer. To 
investigate whether a high NLR value refl ected a poor 
prognosis for patients, a Kaplan-Meier analysis and a 
log-rank test were carried out. The overall survival rates 
gradually declined with increasing NLR. Based on the 
survival curves obtained after dividing the patients into 
six groups (Fig. 2A), 4.0 seemed to be an appropriate 
cutoff value to distinguish a high-risk group with a poor 
prognosis (Fig. 2B).

In regard to the clinicopathological factors evaluated, 
a signifi cantly poor survival was observed in patients 
classifi ed as elderly (age 65 or more), patients with T3 
or T4, N1, M1, P1; poorly differentiated type; high plate-
let count; and high NLR (Table 3). After adjusting for 
TNM stages, high NLR groups showed signifi cantly 
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Table 1. Neutrophil-lymphocyte ratio according to clinicopathological variables

Variables
Number of 

patients NLR Pc
Number of patients 

with high NLRd (%) Pe

Sex Female 319 2.54 ± 1.37 0.275 37 11.6 0.682
Male 709 2.66 ± 1.80 90 12.7

Age (years) <65 489 2.48 ± 1.32 0.011 50 10.2 0.057
≥65 539 2.75 ± 1.95 77 14.3

Tumor depth T1T2 779 2.45 ± 1.41 <0.001 77 9.9 <0.001
T3T4 249 3.16 ± 2.25 50 20.1

N factor N0 575 2.40 ± 1.44 <0.001 51 8.9 <0.001
N1N2N3 453 2.91 ± 1.91 76 16.8

Distant metastasisa M0 1001 2.58 ± 1.63 <0.001 124 12.4 >0.999
M1 27 3.71 ± 2.34 3 11.1

Peritoneal metastasisb P0 976 2.52 ± 1.52 <0.001 110 11.3 <0.001
P1 52 3.42 ± 2.49 17 32.7

Histology Differentiated 521 2.64 ± 1.81 0.796 65 12.5 0.925
Poorly differentiated 507 2.61 ± 1.54 62 12.2

Platelet count 350 × 109/l > 876 2.49 ± 1.53 <0.001 81 9.2 <0.001
350 × 109/l ≤ 152 3.40 ± 2.24 46 30.3

a Distant metastases include distant lymph node metastases and liver metastases
b Peritoneal metastases include macroscopic peritoneal metastases and positive cytology
c P values were calculated by Mann-Whitney U-test
d Number of patients who showed high NLR, 4.0 or more
e P values were calculated by Fisher’s exact probability test
NLR, neutrophil-lymphocyte ratio
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Fig. 1A–C. Neutrophil-lymphocyte (NL) 
ratio according to pathological stage, 
tumor depth, and nodal status. A Stage 
(stage I vs II, P < 0.001; stage II vs III, P 
= 0.001; stage III vs IV; P = 0.217). 
B Tumor depth (T1 vs T2, P < 0.001; T2 vs 
T3, P = 0.033; T3 vs T4, P = 0.247). C Nodal 
status (N0 vs N1, P = 0.005; N1 vs N2, P = 
0.169; N2 vs N3, P = 0.481). Horizontal 
lines within boxes represent median 
values, and boxes denote values between 
the 25th and 75th percentiles. Short hori-
zontal lines indicate the 10th and 90th 
percentiles, respectively, and dots denote 
values outside these range limits. The P 
values were determined using the Mann-
Whitney U-test

poorer survival than did low NLR groups in stages I, II, 
and IV, and a borderline difference was observed in 
stage III (Fig. 3). All signifi cant prognostic factors and 
platelet counts tested by univariate analysis were evalu-
ated by Cox’s proportional hazards model. Tumor pro-
gression, high platelet count, poorly differentiated type, 
and high NLR were independent risk factors for reduced 
patient survival (Table 3).

Discussion

In the present study, a high preoperative NLR value in 
patients with gastric cancer was found to be associated 
with tumor progression and poor prognosis. The gradual 
increase in NLR may be caused by peritumoral infl am-
mation produced by a large number of cancer cells in 
patients with advanced carcinoma.
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Table 2. Multivariate analysis of risk factors related to neutrophil-lymphocyte ratio in patients with gastric cancer

Variables
Multivariate 

Pc
Adjusted hazard 

ratio
Adjusted 95% 

confi dence interval

Sex Female
Male 0.910 0.976 0.636–1.496

Age (years) <65
≥65 0.045 1.503 1.010–2.237

Tumor depth T1T2
T3T4 0.219 1.399 0.818–2.393

N factor N0
N1N2N3 0.287 1.286 0.809–2.045

Distant metastasisa M0
M1 0.135 1.762 0.838–3.708

Peritoneal metastasisb P0
P1 0.163 1.522 0.843–2.747

Histology Differentiated
Poorly differentiated 0.464 0.857 0.566–1.296

Platelet count 350 × 109/l >
350 × 109/l ≤ <0.001 2.442 1.546–3.855

a Distant metastases include distant lymph node metastases and liver metastases
b Peritoneal metastases include macroscopic peritoneal metastases and positive cytology
c Logistic regression analysis

Table 3. Univariate and multivariate analyses of risk factors affecting survival in patients with gastric cancer

Variables
5-Year survival 

rate (%)
Univariate 

Pc
Multivariate 

Pd
Adjusted 

hazard ratio
Adjusted 95% 

confi dence interval

Sex Female 82
Male 76 0.221 0.209 1.266 0.876–1.832

Age (years) <65 83
≥65 74 0.017 0.103 1.332 0.943–1.876

Tumor depth T1T2 91
T3T4 38 <0.001 <0.001 2.604 1.046–2.257

N factor N0 92
N1N2N3 56 <0.001 <0.001 4.505 2.717–7.407

Distant metastasisa M0 82
M1 0 <0.001 <0.001 4.831 1.215–2.717

Peritoneal metastasisb P0 83
P1 15 <0.001 0.004 1.818 3.003–7.752

Histology Differentiated 81
Poorly differentiated 72 <0.001 0.018 1.548 1.079–2.222

Platelet count 350 × 109/l > 81
350 × 109/l ≤ 60 <0.001 0.029 1.536 1.695–2.000

NLR <4.0 81
≥4.0 56 <0.001 0.003 1.845 1.236–2.747

a Distant metastases include distant lymph node metastases and liver metastases
b Peritoneal metastases include macroscopic peritoneal metastases and positive cytology
c Log-rank test
d Cox proportional hazards model
NLR, neutrophil-lymphocyte ratio

Several studies have shown that high preoperative 
NLR values in patients with different types of carci-
noma were associated with a poor prognosis [8–12]. 
Similarly, in our study, the prognosis of patients with a 
high NLR was signifi cantly worse than that of patients 
with a low NLR. Because NLR was signifi cantly associ-
ated with tumor progression, the difference in survival 
may be partly explained by differences in tumor volumes 
between the low and high NLR groups. After control-

ling for these pathological parameters by multivariate 
analysis, the NLR was still shown to be an independent 
prognostic factor separate from TNM factors.

The cutoff value used in the present study was differ-
ent from those in previous reports (2.0, 2.5, or 5.0) [12, 
14, 15]. We, fi rst of all, analyzed overall survival curves 
according to each NLR value, from a minimum level 
(<1.0) to the highest level (5.0 ≤). Based on univariate 
analysis of these survival curves, 4.0 was the best cutoff 
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Fig. 2A,B. Kaplan-Meier survival curves, stratifi ed by pretreatment neutrophil-lymphocyte ratio (NLR), in 1028 patients with 
gastric carcinoma. A Divided into six groups, and B divided into two groups (P < 0.001). P values were determined using the 
log-rank test
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Fig. 3A–D. Kaplan-Meier survival curves of 1028 patients with gastric carcinoma, stratifi ed by pretreatment NLR. A Stage I, 
B stage II, C stage III, and D stage IV patients. P values were determined using the log-rank test
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value to distinguish patients with a poor prognosis from 
those with a good prognosis. Patients with NLR values 
between 4.0 and 5.0, revealed a survival curve similar to 
that of patients with the highest NLR (5.0 ≤). Patients 
with medium NLR values (between 1.0 and 3.0) showed 
relatively better survival curves than those of patients 
with the lowest NLR values (<1.0). The inconsistency of 
survival between the NLR < 1 group and the 1 ≤ NLR 
< 3 group may have been due to the small number of 
patients in the former group. Based on univariate analy-
sis, an NLR of 3.0 was also potentially useful as a cutoff 
value to predict patients’ survival. When an NLR of 3.0 
was used as a cutoff value in multivariate analysis, the 
multivariate P value was 0.0309 and the adjusted hazard 
ratio was 1.466. On the other hand, when an NLR of 4.0 
was used as a cutoff value in multivariate analysis, the 
multivariate P value was 0.0027 and the adjusted hazard 
ratio was 1.845. Although both cutoff values were sta-
tistically signifi cant to predict patients’ prognosis, an 
NLR of 4.0 seemed to be a more useful cutoff value 
than an NLR of 3.0.

A high NLR refl ects an increased neutrophil count 
and/or a decreased lymphocyte count. Teramukai et al. 
[19] reported that an increased neutrophil count in itself 
was an independent risk factor for reduced survival in 
non-small cell lung cancer. In our present study of a 
group with gastric cancer, however, although the neu-
trophil count in itself was not an independent risk factor 
(data not shown), the NLR was selected as an indepen-
dent risk factor for reduced survival.

Recent developments in cancer immunotherapy, and 
the relationship shown between lymphocyte-neutrophil 
numbers and prognosis in the present study could be 
related, and could be exploited to elucidate the response 
and effectiveness of cancer immunotherapy [20–22].

The major limitation of the present study was that the 
blood fi ndings were not compared to fi ndings such as 
peritumoral infl ammation in the primary tumor tissue. 
Therefore, the notion that the increase in the NLR with 
stage is related to an increase in peri-tumoral infl amma-
tion is highly speculative. A comparison between the 
NLR and data for the numbers and specifi c cell types 
involved in peritumoral infl ammation could have pro-
vided a potential functional explanation for our fi ndings, 
which at present, are purely descriptive in nature. Such 
a comparison could have given some new insight into 
the relationship between the NLR and prognosis in 
gastric cancer patients.

The platelet count is another convenient parameter 
within the blood cell count that can help to predict 
patients’ survival. An increased platelet count, throm-
bocytosis, was reported as an independent risk factor for 
reduced survival in advanced gastric cancer and esopha-
geal cancer [6, 23]. Therefore, we co-analyzed high plate-
let count with tumor stages and high NLR in our 

multivariate analysis. A high NLR was revealed to be 
associated with a high platelet count, and moreover, was 
selected as an independent risk factor for reduced 
survival.

Because a peripheral blood cell count is a quick and 
easy assay to perform, measurement of the NLR may 
be useful as a clinical biological marker, not only to 
estimate tumor load but also to predict prognosis in 
patients with gastric cancer.
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