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Abstract: Background: Increasing amounts of evidence suggest patient-related systemic inflammatory response 
(SIR) as a powerful prognostic factor in cancer and applicability of SIR as a prognostic factor has been investigated. 
Aim: To evaluate the prognostic significance of SIR, which is among routinely analysed blood parameters in patients 
with all stages of gastric cancer (GC). Methods: A total of 245 patients with gastric cancer who were followed up 
and treated in four clinics of medical oncology were included in the study. At first admission of the patients, from 
routinely determined whole blood cell counts in medical oncology clinics, their neutrophil/lymphocyte ratio (NLR) 
and platelet/lymphocyte ratio (PLR) values were estimated and recorded before initiating chemo- or radiotherapy. A 
univariate non-parametric analytical method and chi-square test examined the correlation between prognostic fac-
tors, and survival rates. Survival curves were estimated using the Kaplan-Meier method. Results: Sixty-eight (27.8%) 
female and 177 (72.2) male patients (total n=245) were included in the study. When NLR was used as an indicator 
of SIR, 108 (44.1%) patients were SIR negative and 137 (55.9%) patients were SIR positive. When PLR was used 
as an indicator of SIR, SIR negativity and positivity were detected in 93(38%) and 152 (62%) patients, respectively. 
A statistically significant correlation was found between status of lymph node metastasis, stage of the disease and 
NLR (P=0.001, P=0.017). SIR determined with PLR was found to be correlated with the depth of tumor invasion 
and stage of the disease (P=0.016, P=0.033). A significant correlation was not detected between PLR and survival 
(P=0.405). Conclusion: According to our study, parameters of NLR and PLR calculated preoperatively from periph-
eral blood samples can be used in patients with various sizes of tumours in different disease stages. Still based on 
our results, NLR calculated during diagnostic workup is a parameter with a prognostic value. In addition, NLR is a 
determinative factor in the selection of surgical method and chemotherapeutic modalities, which also functions as 
a potential contributory marker in effective immunotherapeutic strategies.
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Introduction

Gastric cancer (GC) is one of the types of can-
cer with a higher mortality and diagnosis is usu-
ally made at a later stage [1]. As important 
prognostic factors, disease stage, histological 
type, margin of resection and in some studies 
age and gender of the patients have been 

reported [2]. Its higher mortality rates have led 
the investigators to search for other prognostic 
factors. Recently, changes in white blood cells 
in peripheral blood components as neutrophils, 
lymphocytes, monocytes and also neutrophil/
lymphocyte ratio (NLR) estimates have been 
determined as simple, applicable, cost-effec-
tive and reliable prognostic indices [3-7].
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In addition to benign diseases as autoimmune 
disorders and infection, malignant diseases 
also induce chronic inflammation [8, 9]. There- 
fore, the relationship between alterations in  
the microstructure of the tumour and prognosis 
has been investigated. Immune system cells as 
granulocytes and lymphocytes in the microen-
vironment of the tumour are important compo-
nents of tumor stroma, which regulates car-
cinogenesis, and development of metastases. 
Correlation between granulocytes and lympho-
cytes in the peripheral blood is closely related 
to these immune system cells [10]. Although 
the causes of systemic inflammatory response 
(SIR) development in cancer patients are not 
fully understood, hypoxia secondary to tumour 
necrosis, alterations in neuroendocrine metab-
olism, synthesis of interleukin and production 
of acute phase proteins have been blamed 
[11]. Platelet/lymphocyte ratio (PLR) and NLR 
have been demonstrated as important prog-
nostic factors in some cancers including renal, 
gynecologic, pulmonary and colorectal can-
cers, also prognostic role of PLR and NLR has 
been reported in GC [9, 12-16]. Changes in 
white blood cell counts are reliable predictive 
markers for survival and therapeutical benefit 
in cancer patients [3].

Our objectives in this study are to determine 
the correlation between PLR and NLR, which 
are calculated from routine whole blood param-
eters and prognosis of GC patients, and also 
evaluate their correlations with the depth of the 
tumor invasion, status of lymph nodes and 
stage of the disease.

Materials and methods

Study design

A total of 245 patients with histopathologically 
confirmed diagnosis of gastric cancer who were 
followed up and treated in 4 clinics of medical 
oncology were included in the study. Patient 
files were retrospectively screened to obtain 
information about age and gender of the 
patients, histopathologic subtype and stage of 
the tumour, development of metastases and 
survival rates. Staging was based on the crite-
ria set forth by American Joint Committee on 
Cancer (AJCC) Staging Manual. At first admis-
sion of the patients, from routinely determined 
whole blood cell counts in medical oncology 
clinics, their NLR and PLR values were estimat-

ed and recorded before initiating chemo- or 
radiotherapy.

Patients who received blood transfusions or 
heparin treatment within the last 2 months, 
cases with active bleeding, bleeding diathesis, 
hyper-, or hypothyroidism, infection, dissemi-
nated intravascular coagulation and connec-
tive tissue disorders were excluded from the 
study.

Approvals of all four medical oncology centers 
were obtained. Besides, approval was obtained 
from Ethics Committee of Bakırkoy Dr. Sadi 
Konuk Training and Research Hospital (proto-
col # 20l4/09/27) on 7.14.2014 in compliance 
with Helsinki Declaration concerning Good 
Clinical Practice.

NLR is the ratio between absolute neutrophil 
and neutrophil counts. Patients with NLRs of 
<2.56 and ≥2.56 were accepted as SIR nega-
tive and positive cases, respectively [17]. 
Patients with PLRs of <160 and ≥160 were con-
sidered as SIR negative and positive cases, 
respectively [18]. Lymphocyte counts were 
divided into 2 categories as those with counts 
<1500/mm3 and ≥1500/mm3. Platelet counts 
were also considered in 2 categories (i.e. 
<300000/mm3 and ≥300000/mm3) [9, 17].

Statistical analysis

Data were analyzed using the Statistical 
Package for Social Sciences 15.0 for Windows 
(SPSS Inc., Chicago, IL). A univariate non-para-
metric analytical method and chi-square test 
examined the correlation between prognostic 
factors, and survival rates. Survival curves 
were estimated using the Kaplan-Meier meth-
od. All differences associated with a chance 
probability of .05 or less were considered sta-
tistically significant.

Results

Sixty-eight (27.8%) female and 177 (72.2) male 
patients (total n=245) were included in the 
study. Mean age of the patients was 59.6±11.8 
(range, 28-86) years. Histopathological evalua-
tion revealed adenocarcinoma (n=168; 68.6%) 
and signet ring cell adenocarcinoma (n=77; 
31.4%).

The patients were also, evaluated and catego-
rized according to the depth of tumour invasion 
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as cases with T in situ (n=35; 14.3%), T1 (n=10; 
4.1%), T2 (n=17; 6.9%), T3 (n=46; 18.8%) and 
T4 (n=88; 35.9%) lesions. In 49 (20%) patients, 
information about the depth of invasion could 
not be obtained.

Lymph node metastases could not be detected 
in 18 (7.3%) patients with primary tumours, 
while lymph node metastases were disclosed 
in a total of 137 patients (N1, n=35, 14.3%; N2, 
n=51; 20.8% and N3, n=51, 20.8%). In 90 
(36.7%) patients, information about lymph 
node metastasis was lacking.

The patients were also evaluated as for disease 
stages (Stage 1, n=15, 6.1%; Stage 2, n=25, 
10.2%; Stage 3, n=102, 42% and Stage 4, 
n=103, 42%).

When NLR was used as an indicator of SIR, 108 
(44.1%) patients were SIR negative and 137 
(55.9%) patients were SIR positive. A significant 
correlation between NLR, gender of the patients 
and depth of the tumor invasion was not found 
(P=0.768, P=0.277). However, a statistically 
significant correlation was found between sta-
tus of lymph node metastasis, stage of the dis-
ease and NLR (P=0.001, P=0.017) (Table 1).

When PLR was used as an indicator of SIR, SIR 
negativity and positivity were detected in 93 
(38%) and 152 (62%) patients, respectively. A 
statistically significant correlation was not 
detected between PLR, gender of the patients 
and status of lymph node metastases (P=0.727, 
P=0.517). SIR determined with PLR was found 
to be correlated with the depth of tumor inva-
sion and stage of the disease (P=0.016, 
P=0.033). Rate of SIR positivity increased in 
parallel with increasing depth of the tumor inva-
sion (Table 2).

Median follow-up period of the patients was 
11.5 months. When all patients were evaluated 
in combination, median survival time was 
19.9±2.2 (95% Confidence Interval [CI] 15.4-
24.3) months. When factors effective on sur-
vival were evaluated in univariate analysis, sig-
nificant correlations were detected between 
these factors, depth of invasion and disease 
stage (P<0.001, P<0.001). However, a signifi-
cant correlation was not detected between his-
tological subtype of the tumor, gender of the 
patient and status of the lymph node metasta-
sis (P=977, P=864, P=0.651).

A significant correlation was detected between 
NLR and survival times (P=0.018, Figure 1). In 

Table 1. Relation of the other prognostic 
factors with NLR

NLR
P value

Negative (%) Positive (%)
Gender 0.768
    Female 28.7 27
    Male 71.3 73
T Stage 0.001
    Tins 11.6 22.7
    T1 8.1 2.7
    T2 8.1 9.1
    T3 36 13.6
    T4 36 51.8
N Stage 0.277
    N0 13.5 9.9
    N1 28.4 17.3
    N2 29.7 35.8
    N3 28.4 37
Stage 0.017
    I 8.3 4.4
    II 14.8 6.6
    III 44.4 39.4
    IV 32.4 49.6

Table 2. Relation of the other prognostic 
factors with PLR

PLR
P value

Negative (%) Positive (%)
Gender 0.727
    Female 29 27
    Male 71 73
T Stage 0.016
    Tins 12 21.5
    T1 9.3 2.5
    T2 13.3 5.8
    T3 28 20.7
    T4 37.3 49.6
N Stage 0.517
    N0 12.3 11.1
    N1 27.7 18.9
    N2 32.3 33.3
    N3 27.7 36.7
Stage 0.033
    I 11.8 2.6
    II 10.8 19.9
    III 38.7 43.4
    IV 38.7 44.1
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SIR negative and positive patients as deter-
mined with NLR estimates, median survival 
times were 23.7±6.6 (95% CI, 10.7-36.8 
months) and 14.6±2.1 (95% CI, 10.4-18.9) 
months, respectively.

tors are important in the determination of the 
intensity of chemotherapy [3, 19].

Inflammatory cells play important roles in the 
growth and progression of some tumours [8, 9]. 

Figure 1. Kaplan-Meier cumulative survival curves for gastric cancer patients 
strafied by neutrophil-lymphocyte ratio (NLR).

Figure 2. Kaplan-Meier cumulative survival curves for gastric cancer patients 
strafied by platelet-lymphocyte ratio (PLR).

A significant correlation 
was not detected between 
PLR and survival times 
(P=0.405, Figure 2).

However, in patients with 
systemic inflammatory re- 
sponse positivity as deter-
mined with PLR, decreased 
survival times were detect-
ed. Median survival times 
in SIR negative and positive 
patients were 23.7±3.3 
(95% CI, 17.2-30.3) and 
15.3±2.5 (95% CI, 10.2-
20.3) months, respectively.

Discussion

SIR is associated with a 
worse prognosis in many 
solid tumours [11]. In our 
study, we detected that 
NLR positivity, which is one 
of the indicators of SIR, 
was a marker of poor prog-
nosis. As another indicator 
PLR positivity demonstrat-
ed tendency to a poor prog-
nosis, but we could not 
detect any statistically sig-
nificant correlation.

Incidence of GC ranks 
fourth among all malignan-
cies and GC-related mortal-
ity takes the second place 
among cancer-related mor-
tality rates [1]. Since dis-
ease is frequently asympto-
matic at its early stage, 
diagnosis is generally made 
at a late stage of the dis-
ease. Although, chemother-
apy increases survival time, 
survival time shortens in 
line with increasing stage 
of the disease. Chemothe- 
rapeutic agents used for 
these patients have life-
threatening complications. 
Therefore prognostic fac-
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Infiltrates of many immune cells have been 
detected in malignant tissue [20, 21]. Excessive 
number of neutrophils in tumour stroma have 
been associated with poor prognosis. 
Neutrophils induce tumour progression and 
development of metastases via secretion of 
cytokines and chemokines and accelerating 
tumor angiogenesis [21]. It has been detected 
that NLR estimated from peripheral blood com-
ponents predicts degree of tumor-promoting 
inflammation and also prognostic significance 
of antitumor immune cell response has been 
demonstrated [22]. However in another study, 
NLR demonstrated correlation with histopatho-
logical characteristics of gastric resection 
material [21]. Survival times of only locally 
advanced gastric tumours with NLR values less 
than 2.5 were observed longer than those with 
NLR values higher than 2.5 [17]. In our study 
which encompassed patients at all stages of 
the disease, survival times were relatively long-
er in patients with NLR values less than 2.56 
(P=0.018). Besides as an indicator of tumour 
progression, NLR was correlated with the sta-
tus of lymph node metastasis and disease 
stage. (P=0.001, P=0.017).

PLR is associated with prognosis of many types 
of cancer including colorectal, pulmonary and 
hepatocellular cancers. However, specific 
mechanism of this correlation has not been 
fully understood [23]. Platelets can trigger 
growth of the tumour by accelerating angiogen-
esis via cytokine vascular endothelial factor 
(VEGF) pathway [24]. When compared with 
healthy control group, considerable increases 
in VEGF-A levels in platelets of cancer patients 
have been demonstrated [25]. Preoperatively 
calculated PLR has been reported as an inde-
pendent prognostic factor in operable gastric 
cancers. In patients with locally advanced 
stage gastric cancers, importance of PLR as a 
prognostic marker has been reported. Although 
prognostic role of PLR in ovarian and pancreas 
cancers has been demonstrated, we did not 
find any correlation between PLR and progno-
sis of the gastric cancer patients in our study 
which encompassed patients with every stage 
of gastric cancer [6, 25, 26]. Though not statis-
tically significant, PLR positivity demonstrated 
tendency for poor prognosis because of differ-
ences in median survival rates. Moreover, a sig-
nificant correlation was found between PLR 
and increasing tumor size and disease stage. 
According to our study, PLR is a potential mark-

er indicating tumor progression, while it has not 
any prognostic significance.

Based on this study, we suggest that NLR has a 
role in indicating tumor progression and prog-
nosis of the disease which can be used, combi-
nation with other tumour markers and imaging 
modalities for the follow-up of the patients at 
every stage of gastric cancer. In addition to this 
marker of inflammation (i.e. NLR) aggressivity 
of both surgery and chemoradiotherapy can be 
determined at the onset. However PLR can be 
an indicator which can be used in the determi-
nation of the tumor growth and stage of the dis-
ease in patients with GC without any prognostic 
significance.
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