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Gastric cancer (GC) ranks as the fourth among all 
malignancies and the second leading cause of cancer 
mortality worldwide[1]. Countries in East Asia (including 
China, Japan and Korea) have a high incidence of GC 
(>40 cases/100 000 men), and 47% new cases of GC 
diagnosed were in China every year[2, 3]. It has been 
clinically recognized that lymph node metastasis 
(LNM) is the most important way for GC diffusion 
and the most significant factors influencing the 
curative effect and prognosis of GC. The overall 5-year 
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Summary: In the present study, we aimed at exploring the applied value of preoperative 
neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR) in the prediction of 
lymph node metastasis (LNM) and prognosis in patients with early gastric cancer (EGC). We 
retrospectively analyzed a total of 248 consecutive patients who underwent curative gastrectomy 
to be identified T1 stage gastric adenocarcinoma between January 1, 2010 and May 1, 2016 in 
a single institution. According to median preoperative NLR and PLR value, we divided the 
patients into four groups: high NLR ≥1.73 and low NLR <1.73, high PLR ≥117.78 and low 
PLR <117.78. Furthermore, to evaluate the relationship between preoperative NLR and PLR 
values, we categorized patients according to cutoff preoperative NLR-PLR score of 2 [high 
NLR (≥1.73) and high PLR (≥117.78)], 1 [either high NLR or high PLR], and 0 [neither high 
NLR nor high PLR]. Statistical analyses were conducted using SPSS 20.0 software. The results 
showed that the preoperative NLR or PLR values, lower or higher, could not predict the LNM 
in patients with EGC (both P=0.544>0.05). The invasive depth of tumor was significantly 
correlated with LNM of EGC (P<0.001). Kaplan-Meier plots illustrated that preoperative NLR 
and PLR values were not associated with overall survival (OS) in patients with EGC. It was 
concluded that the preoperative NLR and PLR may be the predictors for LNM and prognosis in 
patients with advanced gastric cancer; nevertheless, they cannot predict LNM and prognosis in 
patients with EGC.
Keywords: early gastric cancer; neutrophil lymphocyte ratio; platelet lymphocyte ratio; lymph 
node metastasis; prognosis

survival rates among GC patients undergoing curative 
gastrectomy have been reported to be only about 
30%[4–6]. Nevertheless, the prognosis of these patients 
with early GC (EGC), in which the tumors located in 
mucosal or submucosal of stomach (pT1 stage)[7], has 
been improved[8]. 

Inflammation is associated with the development 
and malignant progression of most cancers[9]. The sys-
temic inflammatory response is clearly associated with 
the progressive nutritional and functional decline in can-
cer patients and their subsequent poor outcome[10]. Pre-
vious studies suggested that neutrophils, lymphocytes 
and platelets are important in tumor-induced systemic 
inflammatory response[11]. Furthermore, increased pre-
operative NLR and PLR levels have been shown to be 
correlated with the increase in tumor-induced systemic 
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inflammatory response, and independent predictors of 
outcome amongst several types of cancers[12]. Based on 
these theories, the relationships between preoperative 
NLR or PLR and LNM or prognosis in patients with 
malignancies, including GC, have been researched for 
many years[13–15]. Moreover, GC is a typical infection 
and inflammation-driven cancer in which H pylori play 
a critical role[16]. Up to now, accumulating studies have 
demonstrated the role of preoperative NLR and PLR in 
predicting LNM and prognosis patients with resectable 
GC[15, 17, 18].

The occurrence and progression of GC are com-
plex processes involving multi-factors, and multi-steps. 
Despite improvements in therapeutic strategies, such 
as surgical technique and adjuvant chemotherapy, the 
prognosis of GC patients remains unsatisfactory. The 
main reason for such low survival is that GC is gen-
erally diagnosed at advanced stage. Therefore, better 
biomarkers are needed to predict GC at its early stage. 
So far, few studies have assessed the preoperative NLR 
and PLR and their potential role in LNM and prognosis 
of EGC. Therefore, the aim of our investigation was 
to explore the applied value of preoperative NLR and 
PLR in the prediction of LNM and prognosis in pa-
tients with EGC.

1 MATERIALS AND METHODS

1.1 Patients
The present study included patients who fulfilled 

the following criteria: (1) curative gastrectomy; 
(2) histopathologically confirmed pT1 gastric 
adenocarcinoma; (3) available results from preoperative 
routine blood tests for review. And the exclusion 
criteria included: (1) preoperative chemoradiotherapy; 
(2) complicated serious systemic disease; (3) infectious 
diseases before surgery; (4) a previous history of gastric 
surgery. We retrospectively enrolled 248 consecutive 
patients who underwent curative gastrectomy to be 
identified pT1 stage gastric adenocarcinoma, according 
to the 7th edition of the American Joint Committee 
on Cancer and International Union Against Cancer 
classification for gastric cancer, between January 1, 
2010 and May 1, 2016 in the Department of General 
Surgery, Union Hospital, Tongji Medical College, 
Huazhong University of Science and Technology. 
The clinicopathological characteristics of the patients 
enrolled in the present study are detailed in table 1. The 
study was approved by the Ethics Committee of Tongji 
Medical College, Huazhong University of Science and 
Technology.

Table 1 The clinicopathological features of all the patients
Variables n (%) Variables n (%)

All patients   248          LNM      
Age (years)                       N0 192 (78%)
     Median (range) 53 (27–86)           N1   28 (11%)
Sex           N2 23 (9%)
     Male 153 (62%)           N3   5 (2%)
     Female 95 (38%)  AJCC stage
Tumor location           IA 192 (78%)
     Upper 25 (10%)           IB   28 (11%)
     Middle 42 (17%)           IIA 23 (9%)
     Lower 181 (73%)           IIB   5 (2%)
Degree of differentiation  Operation method
     Signet ring cell carcinoma 51 (21%)       Proximal gastrectomy 19 (8%)

     Poorly  91 (37%)       Distal gastrectomy 180 (72%)
     Moderately 65 (26%)       Total gastrectomy   49 (20%)
     Highly  41 (16%)  Blood types
Depth of invasion           O   78 (31%)
     pT1a 114 (46%)           A   88 (36%)
     pT1b 134 (54%)           B   58 (23%)

          AB   24 (10%)

1.2 Blood Samples and Routine Blood Tests
The peripheral venous blood samples were 

obtained between 7:00 and 7:30 a.m. before surgery 
within a week. The samples were collected into a sterile 
ethylenediaminetetraacetic acid (EDTA) tube. Routine 
blood tests were performed by electrical impedance 
with a Beckman coulter LH750 instrument (Beckman 

Coulter, Inc., USA) within 30 min after collection. The 
neutrophils, platelets and lymphocytes were counted 
from the routine blood tests. The NLR or PLR was 
calculated by dividing the neutrophil or platelet count 
by the lymphocyte count, respectively. We used the 
median NLR and PLR values as the cutoff by which 
the patients were divided into four groups: high 
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NLR ≥1.73 and low NLR <1.73, high PLR ≥117.78 
and low PLR <117.78. Furthermore, to evaluate the 
relationship between preoperative NLR and PLR 
values, we categorized patients according to the cutoff 
preoperative NLR-PLR score of 2 [high NLR (≥1.73) 
and high PLR (≥117.78)], 1 [either high NLR or high 
PLR], and 0 [neither high NLR nor high PLR].
1.3 Survival Data  

Main survival data were acquired by follow-up. 
The follow-up protocol included clinical review and 
telephone follow-up 4 weeks after discharge, then 
performed every 3 months for the 1st year, every 6 
months for the 2nd year, and then annually until the 
last follow-up. The last follow-up date was September 
1, 2016. Survival time was defined as the time from 
the date of surgery until the patient succumbed or last 
follow-up. The cancer-specific survival analyses were 
performed to determine the overall survival (OS).
1.4 Statistical Analysis  

Statistical analyses were conducted using SPSS 
20.0 software (SPSS, Inc., USA). The associations 
between preoperative NLR or PLR levels and LNM 
were explored and assessed by the chi-square tests. 
Univariate logistic regression analysis was used to 
examine the effect of variables on LNM. For the 
analysis of survival data, Kaplan-Meier curves were 
illustrated, and statistical analysis was carried out using 
the log-rank test. OS was defined as the time from the 
date of surgery to death from any cause. Univatiate Cox 
regression was performed for each outcome parameter, 
using a backwards elimination technique to derive 
a potentially suitable set of predictors. All values of 

P<0.05 were considered statistically significant.  

2 RESULTS

2.1 Patients’ Characteristics
A total of 248 patients who had undergone D2 

curative gastrectomy (72% distal gastrectomy, 20% 
total gastrectomy and 8% proximal gastrectomy) and 
been histopathologically confirmed EGC were eligible 
for inclusion in study. The clinicopathological features 
of all the patients are listed in table 1. Our research 
comprised 153 males and 95 females, with a mean age 
of 53 (27–86) years. The most common pathological 
features included tumors of poorly differentiated type 
(58%), lower location (73%), N0 (78%), AJCC stage 
IA (78%). 
2.2 Relationship between Preoperative NLR and 
PLR Levels with Clinicopathological Features

The cutoff values, according to median preoperative 
NLR or PLR values, were defined as 1.73 and 117.78, 
respectively. According to these cutoff values, we 
divided the patients into the four groups: high NLR (NLR 
≥1.73) and low NLR (NLR <1.73), high PLR (PLR 
≥117.78) and low PLR (PLR <117.78), respectively. 
As presented in table 2, no significant difference was 
observed in age, gender, degree of differentiation and 
tumor location between these four groups. In addition, 
the different preoperative NLR and PLR levels had no 
statistically significant differences in depth of invasion 
(P=0.074>0.05, P=0.610>0.05 respectively), LNM 
(P=0.544>0.05, P=0.544>0.05 respectively) and AJCC 
stage (P=1.000>0.05, P=0.229>0.05 respectively).

Table 2 Relationships between preoperative NLR and PLR levels with clinicopathological features

Clinicopathological features n
NLR (n) PLR (n)

Low High χ2 P value Low High χ2 P value
Gender 4.931 0.026 0.017 0.896 
     Male 153   68   56   77   76
     Female   95   85   39   47   48
Age(years) 2.573 0.109 0.286 0.593 
     <65 211 110 101 107 104
     >65   37   14   23   17   20
Degree of differentiation 0.000 1.000 0.264 0.608 
     Poorly and Signet ring cell 142   71   71   73   69
     Highly and moderately 106   53   53   51   55
Tumor location 1.002 0.317 0.020 0.886 
     Upper and Middle   67   30   37   33   34
     Lower 181   94   87   91   90
LNM 0.369 0.544 0.369 0.544 
     Positive   56   26   30   26   30
     Negative 192   98   94   98   94
Depth of invasion 3.182 0.074 0.260 0.610 
     pT1a 114   64   50   59   55
     pT1b 134   60   74   65   69
AJCC stage 0.000 1.000 1.449 0.229 
     IA, IB 220 110 110 107 113
     IIA, IIB   28   14   14   17   11
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2.3 Risk Factors for Lymph Node Metastasis
According to tables 3 and 4, there was a 

significant association between depth of invasion and 
LNM (P<0.001), with a higher positive rate of LNM 
in pT1b. Nevertheless, high preoperative NLR and 
PLR levels had no significant relationship with LNM 
(P=0.977>0.05, and P=0.608>0.05, respectively). 
Moreover, no significant correlations were found 
between preoperative NLR-PLR score and LNM 
(P=0.572>0.05).

Table 3 Risk factors for lymph node metastasis

Variables
LNM

OR 95% CI P value
Male 0.541 (0.276–1.060)      0.073
Age >65 years 1.730 (0.720–4.156)      0.220
Poorly differentiated 1.743 (0.859–3.539)      0.124
Lower tumor loca-

tion
0.729 (0.357–1.488)      0.385

T1b 5.111 (2.439–10.711)   <0.001

High NLR 1.010 (0.509–2.004)      0.977
High PLR 1.191 (0.611–2.323)      0.608

2.4 Correlation between Preoperative NLR and 
PLR Levels with OS

Of  the 248 patients studied, 13 (5.2%) died during 
the mean follow-up period of 38 months. The Ka-
plan-Meier plots indicated that preoperative NLR (A) 
and PLR (B) have no significant correlations with OS of 
patients with EGC (P=0.124>0.05, P=0.955>0.05 re-
spectively) (fig. 1), moreover, preoperative NLR-PLR 
score cannot be the predictor of OS (P=0.204>0.05) 
(fig. 2). As shown in table 5, univariate analysis reveals 
that 0/10 risk factor affected OS.

Table 4 Relationship between LNM and preoperative 
                 NLR-PLR score

LNM
NLR-PLR score

P value
0 (n=79) 1 (n=90) 2 (n=79)

Positive 17 18 21
0.572

  Negative 62 72 58

Fig. 1 Kaplan-Meier survival curves for patients with EGC based on preoperative NLR (A) and PLR (B)

Fig. 2 Kaplan-Meier survival curves for patients with EGC based on preoperative NLR-PLR score 
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3 DISCUSSION

This study showed that preoperative NLR and 
PLR have no significant association with LNM in 
patients with EGC. The invasive depth of tumor was 
significantly correlated with the LNM of EGC, with 
a higher positive rate of LNM in pT1b (P<0.001). 
In addition, neither preoperative NLR nor PLR can 
predict the OS in patients with EGC.

It is well known that inflammation is the root 
cause of many cancers[9]. Meanwhile, inflammation 
also participates in the process of tumor formation and 
development[19, 20]. It has been accepted that neutrophils, 
platelets, and lymphocytes play prominent roles in 
the tumor related inflammation and immunology[11]. 
More and more articles have been demonstrated that 
preoperative NLR and PLR, the biomarkers of systemic 
inflammation, have significant associations with the 
prognosis of malignancy, particularly with colon, 
gastric, pancreatic, esophageal, ovarian, lung and breast 
cancers[21–27]. Indeed, Zhang et al[15] have found that a 
high preoperative NLR might be associated with poor 
prognosis of patients with GC from a meta-analysis of 
10 studies (involving a total of 2952 patients). Zhou 
et al[18] confirmed that high preoperative PLR could 
serve as an independent unfavorable prognostic factor 
in patients with resectable GC.

Several mechanisms between inflammation 
and malignancy have been proposed. At first, tumor 
microenvironment inhabited by inflammatory cells 
can enhance tumor progression by increasing cells 

Table 5 Univariate analysis of risk factors for OS

Variables
OS

HR 95% CI P 
Gender
   (Male or female) 0.464 (0.098–2.207) 0.335 
Age
   (<65 or >65 years ) 0.452 (0.056–3.667) 0.457 
Degree of differentiation
   (Poorly or highly and moderately) 0.837 (0.233–3.004) 0.784 
Tumor location
   (Lower or upper and middle) 2.044 (0.612–6.825) 0.245 
LNM
   (Positive or negative) 1.235 (0.203–7.505) 0.819 
Depth of invasion
   (pT1a or pT1b) 2.259 (0.628–8.120) 0.212 
AJCC stage
   (IA, IB or  IIA, IIB) 0.817 (0.062–10.804) 0.878 
NLR
   (Low or high) 4.645 (0.875–24.661) 0.071 
PLR
   (Low or high) 4.008 (0.618–25.985) 0.145 
NLR-PLR Score
   (0, 1, 2) 0.130 (0.012–1.374) 0.090 

proliferation and migration[28, 29]. Furthermore, tumor 
cells and tumor-associated leukocytes could produce 
various inflammatory cytokines, such as tumor necrosis 
factor-alpha, interleukin-6, and vascular endothelial 
growth factor. These inflammatory cytokines and 
chemokines can effectively potentiate cancer growth, 
invasion, and metastasis[30]. At last, cancer-related 
inflammation can recruit regulatory T cells and activate 
chemokines, which suppress antitumor immunity[31, 

32]. However, the underlying mechanisms between 
inflammation and malignancies, especially early tumor, 
are still poorly understood yet.

Surprisingly, we found that the preoperative NLR 
and PLR have no significant associations with LNM 
and prognosis in patients with EGC. Our findings dis-
agreed with those of previous studies, in which preop-
erative NLR and PLR were significantly related with 
LNM and prognosis in patients with resectable GC[17, 

18].
Karin[33] advocated that inflammation has an 

influence on the whole progression of tumorigenesis, 
from initiation through tumor promotion, even to the 
metastasis progression. What we are interested in is 
the relationship between preoperative NLR or PLR 
and LNM and prognosis of EGC, in other words, the 
interaction between inflammation and tumor initiation 
along with early period of tumorigenesis. Tumor 
initiation and early period of tumorigenesis is a process 
in which normal cells acquire the mutational hit that 
sends them on the tumorigenic track and mutated 
cells prepare to proliferate and grow. Grivennikov et 
al[34] asserted that in established tumors, the balance 
of tumor-promoting inflammation and antitumor 
immunity is profoundly tilted toward tumor-promoting 
inflammation, since advanced tumors rarely regress 
without therapeutic intervention. Nevertheless, it is 
hardly to unequivocally assess the overall impact of 
immunity and inflammation on early tumorigenic 
events, because further suitable models for evaluating 
the effects of these phenomenon initial tumor growths 
are nonexistent. According to the consequence of our 
study, the relationship between inflammation and 
early growth and LNM of tumor, such as EGC, is still 
unclear.

In our study, the cutoff values, according to me-
dian preoperative NLR or PLR values, were defined 
as 1.73 and 117.78, respectively. We found that these 
were significantly lower than the median values in ad-
vanced GC (4.02, 208, respectively)[17]. Meanwhile, 
what we can acquire from Lian et al[17] was that our 
median preoperative NLR and PLR levels of EGC pa-
tients are even lower than the healthy subjects (1.73 
and 2.18, 117.78 and 140, respectively), which may in-
dicate both a non-heightened neutrophil-dependent or 
platelet-dependent inflammatory response and a stable 
lymphocyte-mediated antibacterial immune reaction 
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promote tumorigenesis in the early period. Thus, it 
may accept that the sensitivity of prediction, indicat-
ed by preoperative NLR and PLR value, was limited 
in a low level in EGC. Nevertheless, Qian and Pollard 
demonstrated that at the early stage of the neoplastic 
progression, inflammation definitely promoted benign 
neoplasms to cancers[9]. Therefore, more work  should 
be done to explore the interaction between inflamma-
tion and early tumorigenic events in the future.

In addition, we found that the invasive depth of tu-
mor is significantly correlated with the LNM of EGC, 
the deeper the invasion is, the higher the LNM positive 
rate is (P<0.001). Our findings agreed with these of 
previous studies[35–37], which advocated that the reason 
of higher rate of LNM in submucosal carcinoma may 
be associated with rich submucosal lymphatic capillar-
ies and blood vessels, which are vulnerably invaded by 
cancer cells.

There are some limitations in our study. First, 
this was a retrospective study despite comprising a 
relatively large and consecutive data set. Second, this 
was a single institution study, which may lead to some 
potential biases. Third, our study included some cen-
sored cases who did not reach 5 years after surgery, 
and therefore, the results may indicate the possibility 
of bias in the survival analysis. All in all, a larger sam-
ple size prospective multicenter study to confirm our 
results is warranted; meanwhile, more work is required 
to elucidate the interplay between inflammation and 
early tumorigenic processes. 
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