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Abstract: Gastric cancer (GC) is one of the most common and deadly malignancies nowadays, and inflammatory 
cells are closely related to tumor progression. This prospective study aims to uncover clinical significance of periph-
eral immune cells and build a treatment-predictive model. From July 2006 to July 2011, a total of 1131 GC patients 
were selected, with their general characteristics, peripheral blood and pathological parameters, and operational 
information obtained. The relevancies between preoperational neutrophil-lymphocyte ratio (NLR) and postsurgical 
pathological indexes were analyzed. SPSS 17.0 was applied in data analysis, comparing the differences of NLR be-
tween different groups using Mann-Whitney U test, contrasting the pathological differences between NLR elevated 
and reduced groups using Fisher test, and quantifying the correlation between post-surgical pathology and pre-
operational NLR using univariate analysis. Patients were then classified into radical (applied in the training dataset) 
and non-radical gastrectomy (applied in the test dataset) groups, based on which we further tried to build a predic-
tive model indicating appropriateness for radical resection using support vector machine (SVM). We found that: pa-
tients with tumor invading out of the myometrium (pT3-4) had significantly larger NLR than those with lesion limited 
within the myometrium (pT1-2) (P<0.05); poorly differentiated and undifferentiated malignancies were associated 
with higher NLR than well and moderately differentiated ones (P<0.05); there was larger NLR among patients with 
tumor length ≥4 cm than those <4 cm (P<0.01); preoperative NLR was significantly positively correlated with tumor 
TNM classification, number of metastatic lymph nodes, invasive depth and tumor size (P<0.05); larger proportion 
of elevated NLR was significantly associated with larger tumor size, later tumor and nodal stages, and higher TNM 
classification (P<0.01). We finally built a SVM model based on peripheral carcinoembryonic antigen, carbohydrate 
antigen 19-9, lymphocyte percentage and platelet count, effectively predicting the inappropriateness of patients 
undergoing curative gastrectomy when all the 4 parameters elevated with high accuracy (74.61% for the training 
dataset and 75.28% for the test dataset). We concluded that peripheral blood NLR indicated tumor progression, 
and that an efficient treatment-predictive SVM model was constructed.
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Introduction

Gastric carcinoma (GC) is one of the most com-
mon and deadly malignancies nowadays [1, 2]. 
The efficacy of GC treatment depends heavily 
on stage of the lesion and way of gastrectomy 
[3]. Patients receiving resection at early stages 
could enjoy an ideal overall 5-year survival rate 
of over 90%, while more than 95% of those 
detected at advanced stages died within 5 

years post-operation [4]. However, less than 
10% of GC patients could be identified at early 
stages due to insignificant symptoms. Surgery 
is the major treatment, while radical resection 
cannot always be guaranteed [5].

Immune cells in tumor micro-environment 
including granulocytes and lymphocytes, which 
are closely correlated with those in peripheral 
blood, are important components of tumor stro-
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ma, regulating carcinogenesis and metastasis 
[6, 7]. High neutrophil and low lymphocyte per-
centages are considered to be linked with poor 
prognosis [8-10]. Better understanding of the 
correlation between tumor and immune system 
may contribute to screening effective immuno-
therapy strategies [11].

The progressive degree of GC is mainly obtained 
through post-operational pathology. If an effec-
tive treatment-predictive method is available, 
patients’ survival rate might be significantly 
improved with adequate classification-oriented 
treatment applied. Up till now, no study on path-
ological significance of peripheral neutrophil-
lymphocyte ratio (NLR) has been found and no 
GC treatment-predictive model is available. 
This novel study aims to uncover clinical signifi-
cance of peripheral immune cells and build a 
model contributing to an ideal management 
plan before surgery.

Materials and methods

Patients and specimens

From July 2006 to July 2011, a total of 1237 
patients diagnosed with GC pathologically in 
the First Affiliated Hospital of Anhui Medical 

resection or having other gastroenteric diseas-
es were excluded from our study. The selected 
patients did not have a history of gastroentero-
logical surgery. They had not received any 
chemo-, radio-, or interventional therapy before. 
We had complete data of each of them. Written 
informed consent was obtained from each 
patient, and our study was permitted by the 
Ethics Committee of the First Affiliated Hospital 
of Anhui Medical University (reference number 
2012608) and carried out according to the 
Helsinki Declaration. 

Enrolled patients underwent either radical or 
non-radical gastrectomy. All resections were 
conducted by the same group of operators 
(A.M.X., L.H., L.Z. and Z.J.W.), classifying 
patients into radical (n=753, applied in the 
training dataset, including radical partial and 
radical total gastrectomy) and non-radical gas-
trectomy (n=376, applied in the test dataset, 
including laparotomy, palliative resection and 
short-circuit operation) groups.

Before operation, all eligible patients’ periph-
eral blood cells parameters, carcinoembryonic 
antigen (CEA) and carbohydrate antigen 19-9 
(CA 19-9) were obtained. NLR was calculated, 
dividing all patients into NLR elevated (n=218) 

Table 1. Clinicopathological features of the patients enrolled
Item Value
Number of patients enrolled 1131
Gender (Male/Female) 823/308
Pathological general stage (Early/Advanced) 115/1016
Age (y) 60.41±10.58
Hemoglobin (g/L) 113.50±25.94
Leukocyte count (109/L) 5.86±1.98
Neutrophil percentage (%) 62.25±9.74
Lymphocyte percentage (%) 27.95±8.85
Monocyte percentage (%) 6.46±3.37
Eosinophil percentage (%) 2.91±2.88
Basophil percentage (%) 0.42±0.46
Platelet count (109/L) 205.20±80.86
Serum CEAa (μg/L) 17.67±77.39
Serum CA 19-9b (U/mL) 66.77±15.44
Tumor TNM classification (I/II/III/IV) 216/234/610/71
Nodal stage (N0/N1/N2/N3) 391/253/245/242
Differentiation (well and moderate/poor and undifferentiated) 373/758
Tumor length (cm) 5.27±3.05
Tumor width (cm) 4.13±2.34
aCEA, carcinoembryonic antigen; bCA 19-9, carbohydrate antigen 19-9.

University were sele- 
cted. Apart from 106 
individuals who quit-
ted the study half-
way or were affected 
greatly by irrelevant 
factors or whose sa- 
mples or data went 
against our standar- 
ds, finally 1131 pati- 
ents were included 
in analysis (Table 1). 
They were in relati- 
vely fine overall con-
ditions (Hb>90 g/L, 
albumin >30 g/L) wi- 
thout severe dysfun- 
ction of important 
organs or systematic 
unfit like refractory 
ascites or dyscrasia. 
Besides, they were 
confirmed without 
severe mental disor-
ders. Patients under-
going multivisceral 
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and reduced groups (n=913) with a threshold 
of 3.5 based on the median of all data. After 
surgery, the removed specimens were fixed by 
neutral formalin, dehydrated by graded etha-
nol, embedded in paraffin, serially sectioned at 
thickness of 4 μm, dyed by hematoxylin-eosin, 

a classifier of the clinical outcome after treat-
ment. We first tried to optimize the performance 
of SVM (the fraction of correctly classified sam-
ples divided by the total number of samples) on 
a training dataset of 753 patients. Here SVM 
with radical kernel [ISBN 0-387-98780-0] is 

Figure 1. Neutrophil-lymphocyte ratio based on (A) TNM stage, (B) nodal stage 
[N], (C) tumor length, and (D) tumor stage [pT]. (A) There existed significant 
discrepancies in NLR between different tumor TNM classification (I, 2.13±1.00; 
II, 2.40±1.34; III, 2.53±1.25; IV, 2.60±1.07; P=0.000). (B) There existed signifi-
cant differences in NLR between different tumor nodal stage (N0, 2.31±1.15; 
N1, 2.32±1.22; N2, 2.43±1.16; N3, 2.75±1.37; P=0.000). (C) There was larger 
NLR among patients with tumor length ≥4 cm than those <4 cm (2.56±1.24 
vs 2.16±1.15, P=0.000). (D) Patients with tumor invading out of the myome-
trium (pT3-4) had significantly larger NLR than those with lesion limited within 
the myometrium (pT1-2) (2.51±1.24 vs 2.19±1.15, P=0.011). NLR, neutrophil-
lymphocyte ratio.

and observed by optical 
microscopy. Pathological 
results were in accordance 
to Japanese Classification 
of Gastric Carcinoma (3rd 
English edition) [12].

Statistical analyses

We applied SPSS 17.0 to 
analyze data. The differ-
ences of NLR between dif-
ferent groups were mea-
sured using Mann-Whitney 
U test. The pathological dif-
ferences between NLR ele-
vated and reduced groups 
were detected using Fisher 
test. The correlation betw- 
een post-surgical pathology 
and pre-operational NLR 
was calculated using uni-
variate analysis (Pearson or 
Spearman test according to 
data type) with coefficient r 
or rank coefficient rs calcu-
lated. Measurement data 
were in mean ± standard 
deviation. Results were 
considered significant with 
P<0.05, and very signifi-
cant with P<0.01.

Construction of a treat-
ment-predictive model 

Starting from a list of 14 
clinicopathologic features 
including patients’ general 
characteristics (gender and 
age) and peripheral blood 
indexes (percentages of 
neutrophil, lymphocyte, mo- 
nonuclear, eosinophil and 
basophil, and leukocyte, 
erythrocyte and platelet 
counts, and hemoglobin), 
we applied support vector 
machine (SVM) to construct 
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used, because our problem at hand is highly 
complex and non-linear. At the beginning, we 
included every features in the SVM model and 
perform a 5-fold cross-validation to access its 
performance within the training dataset. By a 
trial on removing each single feature, we found 
the least informative feature among the 14 
(that is, the one with best performance upon its 
removal) and get a reduced list of 13 clinico-
pathologic features. We repeated this process 
until only one feature left, and the SVM model 
with the best performance among this whole 
feature selection process is used and reported 
in this study. Finally, we also applied this trained 
SVM model on an additional test dataset of 
376 patients. To use Receiver Operating 
Characteristic (ROC) curve analysis, the clinico-
pathologic features were dichotomized at dif-
ferent cutoffs. 

Results

Pre-operational NLR was 2.43±1.23 (range, 
0.44-10.33). There existed no significant differ-

and nodal stage (N0, 2.31±1.15; N1, 
2.32±1.22; N2, 2.43±1.16; N3, 2.75±1.37; 
P=0.000) (Figure 1).

Pre-operational NLR was significantly positively 
correlated with number of metastatic lymph 
nodes (r=0.091, P=0.004), depth of invasion 
(r=0.096, P=0.002), tumor length (r=0.154, 
P=0.000) and TNM classification (rs=0.112, 
P=0.000) according to post-surgical pathology. 
However, there wasn’t significant correlation 
between NLR and histological type (rs=0.029, 
P=0.368).

Patients with tumor invading out of the myome-
trium (pT3-4) had significantly larger proportion 
of those with elevated NLR than those with 
lesion limited within the myometrium (pT1-2) 
(17.2% vs 8.0%, P=0.000). There was larger 
percentage of elevated NLR among patients 
with tumor length ≥4 cm than those <4 cm 
(20.0% vs 6.7%, P=0.000), and there also exist-
ed significant discrepancies in proportion of 

Figure 2. Receiver Operating Characteristic curve of the training dataset, indi-
cating predictive accuracy, sensitivity and specificity of each potential parame-
ter. With preoperational peripheral blood CEA, CA 19-9, lymphocyte percentage 
and platelet count as significant parameters included in the SVM model, the 
treatment-predictive accuracy was74.61%. CEA, carcinoembryonic antigen; CA 
19-9, carbohydrate antigen 19-9.

ences in pre-operational 
NLR between female and 
male (2.28±1.31 vs 2.49 
±1.19, P=0.495), and indi-
viduals <65 years and 
those ≥65 (2.55±1.29 vs 
2.36±1.19, P=0.140). Pati- 
ents with tumor invading 
out of the myometrium 
(pT3-4) had significantly 
larger NLR than those with 
lesion limited within the 
myometrium (pT1-2) (2.51± 
1.24 vs 2.19±1.15, P= 
0.011). Poorly differentiat-
ed and undifferentiated 
malignancies were associ-
ated with higher NLR than 
well and moderately differ-
entiated ones (2.46±1.40 
vs 2.31±1.14, P=0.020). 
There was larger NLR amo- 
ng patients with tumor 
length ≥4 cm than those <4 
cm (2.56±1.24 vs 2.16± 
1.15, P=0.000), and there 
also existed significant dis-
crepancies in NLR between 
different tumor TNM classi-
fication (I, 2.13±1.00; II, 
2.40±1.34; III, 2.53±1.25; 
IV, 2.60±1.07; P=0.000), 
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elevated NLR between different tumor TNM 
classification (I, 5.0%; II, 14.0%; III, 17.7%; IV, 
27.0%; P=0.000), and nodal stage (N0, 10.2%; 
N1, 13.2%; N2, 16.6%; N3, 23.6%; P=0.000). 
However, the differences between male and 
female (15.6% vs 13.4%, P=0.420), between 
individuals <65 years and those ≥65 (17.2% vs 
13.6%, P=0.140), and between poorly differen-
tiated/undifferentiated malignancies and well/
moderately differentiated ones (16.4% vs 
14.4%, P=0.441) were not statistically signifi- 
cant.

Based on the radical resection group (training 
dataset), significant parameters included in the 
SVM model were preoperational peripheral 
blood CEA, CA 19-9, lymphocyte percentage 
and platelet count with treatment-predictive 
accuracy of 74.61% to indicate patients unsuit-
able for radical gastrectomy when all the above 
4 parameters elevated, while the other clinico-
pathological data’s predictive accuracy was sig-
nificantly lower than the constructed SVM 
model (Figure 2). With non-radical resection 
group as the test dataset, the accuracy of treat-

sor genes, secreting cytokines and enzymes to 
promote proliferation and metastasis, and 
increasing tumor angiogenesis [17-19]. NLR 
reveals inflammatory level, and a Japanese 
research based on peripheral blood shows that 
patients with NLR>4 suffer from poor out-
comes, indicating the prognostic importance of 
response of immune cells to tumor [20]. Up till 
now, researches on pathological significance of 
peripheral NLR have not been found home and 
abroad, and there still exists no effective way to 
predict the appropriateness of imposing radical 
gastrectomy on a specific patient. In this study, 
we tried to bridge peripheral NLR with postsur-
gical pathology, and preoperational clinicopath-
ological data with choice of gastrectomy, which 
appears to be innovative and may be useful for 
gastroenterologists to evaluate and deal with 
GC patients wisely based on one’s specific eas-
ily accessible clinical parameters pre-opera- 
tion.

Our study showed that preoperational NLR was 
significantly correlated with postsurgical pa- 
thology, and that parameters indicating poor 

Figure 3. Receiver Operating Characteristic curve of the test dataset, indicating 
predictive accuracy, sensitivity and specificity of each parameter. The accuracy 
of treatment prediction was as high as 75.28%.

ment prediction of non-rad-
ical gastrectomy was as 
high as 75.28% applying 
the model (Figure 3). The 
resulting prediction speci-
ficity and sensitivity on the 
clinical output, as well as 
those based on the SVM 
model, are plotted in 
Figures 2 and 3.

Discussion

Early in the 19th century, 
Virchow found that malig-
nant tissue was infiltrated 
with many immune cells, 
and infered that carcino-
genesis and metastasis 
were associated with chron-
ic inflammatory, which 
gained scientific prooves 
later [13, 14]. Researches 
have shown that larger 
amount of neutrophils in 
tumor stroma indicates 
poorer prognosis [15, 16]. 
Neutrophils facilitate tumor 
progression by inducing 
mutation of tumor suppres-
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prognosis including later TNM stage, more met-
astatic lymph nodes, larger tumor size and 
deeper invasion were associated with larger 
NLR, suggesting that peripheral blood inflam-
matory cells might reveal degree of tumor prog-
ress. There are two possible mechanisms for 
our findings. 1. Tumor cells secrete chemokines 
attracting neutrophils into tumor stroma, which 
induces increase of peripheral neutrophils. The 
neutrophils in tumor microenvironment pro-
mote proliferation and metastasis of malignant 
cells and induce angiogenesis by secreting 
elastases, defensins and MMP-9 [21]. 2. There 
exists an obvious reduction in peripheral lym-
phocytes, which are suppressed by elevated 
neutrophils, and the reduction suggests mal-
function of anti-tumor immunity, facilitating 
malignancy progression [22]. Thus, preopera-
tional NLR could help to infer to tumor progres-
sion and predict prognosis as a rapid, simple, 
economical, clinically feasible and low-invasive 
method. A rise in NLR could remind gastroen-
terologists of more serious progression, calling 
for a closer investigation combined with imag-
ing examination and tumor markers. Some of 
the information revealed may not be gained 
through pathology and imaging pre-operation, 
and could contribute to more precise classifica-
tion of tumor stage pre-surgery and wiser deci-
sion of comprehensive management and thus 
may show great value to improve patients’ 
prognosis. In the future, treatment strategies 
might be based on researches into inflamma-
tory and immune disorders during tumor 
progression. 

With advancement in diagnostic techniques, 
most GC can be diagnosed correctly with pre-
operational pathology. However, auxiliary exam-
inations cannot tell accurate condition of pro-
gression. Some patients with negative pre- 
surgical test results are only found to be accom-
panied with widespread metastases during 
operation, which could cause systematic 
inflammatory response, leading to rise in neu-
trophils, which aggravate tumor development 
and proliferation. Thus it’s very important to 
judge effectively whether a patient could under-
go radical gastrectomy pre-operation.

The SVM was first introduced by Vapnik [ISBN 
0-387-98780-0] and is widely used in data 
classification now [23]. The application of SVM 
in biomedical studies exhibit particularly active 
development, such as in tumor classification, 

and prediction of prognosis and survival [24]. 
With the versatile computer-aided SVM, we 
successfully built a model based on CEA, CA19-
9, lymphocyte percentage and platelet count 
which are routinely monitored before surgery, 
effectively indicating whether a radical resec-
tion is appropriate for a specific patient. CEA 
and CA 19-9 are commonly detected parame-
ters assisting diagnosis and reflecting tumor 
progression. The later stage a patient is in, the 
lower possibility a radical gastrectomy could be 
conducted. Through comparison, efficiency of 
the SVM model built by us was superior to CEA, 
CA 19-9 and other potential indexes alone in 
our test set, suggesting greater value in predic-
tion. Thus in our clinical practice, according to 
specific characteristics of every patient, we 
could wisely make a decision on the compre-
hensive treatment, potentially benefitting a lot 
to our patients. This serves as a useful novel 
supplement to preoperational imaging tech-
niques when screening potential patients suit-
able to undergo radical operation.

In conclusion, peripheral blood NLR indicates 
tumor progression, and an efficient treatment-
predictive SVM model is constructed.
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