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Background: Neutrophil-lymphocyte ratio (NLR) is an indicator of the inflammatory state, and its increase has been shown
to be a negative prognostic factor for many malignancies. The aim of this study was to determine whether
there was a relationship between NLR and tumor aggressiveness in gastric cancer patients and to investigate
the prognostic significance of NLR.

Material/Methods: The medical records of 189 patients with gastric cancer between January 2009 and January 2014 were exam-
ined for the presence of metastasis, tumor staging, tumor differentiation grade, and preoperative NLR value.
Results: Of the 189 patients, 61 were female (32.2%) and 128 were male (67.7%). Eight-eight patients had NLR values
of four or higher. A comparison of the high NLR value group and the low NLR value group found no statistical-
ly significant difference for clinicopathological features of age, gender, type of operation, of degree of differen-
tiation; differences ranged from 20.7% to 46.2%, p<0.001.

Conclusions: Increase in NLR has been associated with poor prognosis in univariate analysis and variations of this parame-
ter have also been shown to be correlated with tumor progression. NLR values should be considered as a use-
ful follow-up parameter.
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Material and Methods

Gastric cancer is a common cancer type occurring in every re-
gion of the world. The most diagnosed cancers in the world
are lung (13%), stomach (11.9%) and colon (9.7%), while death
rates from different cancer have been reported to vary: lung
(19.4%), liver (9.1%), and stomach (8.8%). The incidence of
stomach (gastric) cancer is more common in males that fe-
males (male/female ratio 2/1), and usually increases in future
years and peaks in the early 60 years of age [1,2].

Gastric cancer is a cancer that usually occurs with late clinical
findings. It is usually asymptomatic until advanced stages. The
most common symptoms in symptomatic patients are loss of
appetite and weight loss. The five-year survival rate in patients
who are diagnosed at an early stage cancer is reported to be
improving, reaching up to 80% [3]. In countries where gastric
cancer is frequently observed and routine screening programs
are implemented, such as Japan, gastric cancer is more like-
ly to be caught earlier, providing more chance of cure if pos-
sible [4]. Despite improvements in diagnosis and treatment,
there are many unanswered questions about gastric cancer,
including the boundaries of lymph node dissection, optimal
surgical strategies (organ resections/borders, etc.) and vari-
able chemotherapy regimens.

In addition, the role of neutrophils is of interest. Our blood has
a liquid structure that consists of blood cells and plasma, and
90% of plasma is water. The remaining components consist
of proteins and other soluble substances. Erythrocytes, leuko-
cytes, and platelets form the blood cells. Leukocytes are divid-
ed into two forms “like pieced” (granulocytes, polymorphonu-
clear leukocytes) and “non-split” (agranulocytes, mononuclear
leukocytes). Neutrophils, eosinophils, and basophils form the
granulocytes group, while lymphocytes and monocytes form
the agranulocytes group. The main functions of neutrophils are
removing impurities which are harmful to the body through
phagocytosis and destroying the impurities with its enzymes.
Lymphocytes form the humoral immune response. The basic
functions of this group are to recognize microorganisms and
to create an antibody response against them. In normal white
blood cells, the percentage of neutrophils is 62-65% and the
percentage of lymphocytes is 30-35%; the neutrophil/lympho-
cyte ratio is approximately 2: 1 [5].

In recent years, the effect of NLR on prognosis has been inves-
tigated in bladder tumors, kidney tumors, and colorectal tu-
mors. This study was designed to investigate the relationship
between NLR, which is routinely preoperative measured in gas-
tric cancer patients, and pathological tumor stage.

Between January 2009 and January 2014, the clinical records
of 189 patients with gastric cancer who had surgery in Tepecik
Training and Research Hospital General Surgery Clinic/izmir/
Turkey were retrospectively reviewed. Patient data included
age, gender, type of operation, presence of metastasis, tumor
staging (TNM), tumor differentiation degree, and preoperative
NLR value. In patients who had surgery due to gastric cancer,
the relationship between postoperative pathologic staging and
preoperative NLR values was investigated. The patients with
insufficient file information were excluded from the study.

Data analysis was done by using SPSS/Windows 11.5 pack-
age program. Descriptive statistics are shown as mean + stan-
dard deviation or median (minimum-maximum) for continuous
and discrete numeric variables, and number of cases and (%)
for categorical variables. The significance of the difference in
median levels of NLR between the two groups was analyzed
by Mann Whitney U test when the number of independent
groups was two; and if the number was more than two it was
analyzed by Kruskal-Wallis test. When the Kruskal-Wallis re-
sults were found important; condition(s) that caused the dif-
ference were determined with using Conover’s non-paramet-
ric multiple comparison tests. Whether there is a statistically
significant correlation between age, T stage, N stage, and de-
gree of differentiation with NLR values was investigated by
using Spearman’s correlation test. Whether there was a sta-
tistically significant correlation between categorical variables
and overall survival was evaluated by Kaplan-Meier survival
analysis using log-rank test. In addition, 1-3 year overall sur-
vival rate, 5-year cumulative overall survival rate, the expect-
ed average life, and 95% confidence intervals (Cl) for the du-
ration were calculated for each variable. Whether there was a
statistically significant effect on overall survival of continuous,
discrete, and ordinal variables was evaluated by using univar-
iate Cox proportional hazard regression analysis. Relative risk
and 95% Cl of each variable were calculated. As a result of
univariate statistical analysis, when the correction was done
according to all of the risk factors that had an effect on over-
all survival or that were considered to be effective clinically,
then whether the impact of NLR on the outcome was continu-
ing or not was investigated by Cox multivariate proportion-
al hazard regression analysis. In univariate analysis variables
that were identified as p<0.25 were included in multivariate
models as risk factors. Results with p<0.05 were considered
statistically significant.

Results

There was a total of 189 patients, 128 were male (67.7%) and
61 were female (32.3%). The male/female ratio was 2.09. The
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Table 1. Distribution of gastric cancer patients (who underwent
surgery) by pathological stage.

Stage n %

IA 20 10.5
""""""" B 14 75
1A 19 10.1
S omw. 2 mwr
A 26 13.7
""""""" e x2 169
""""""" w4 23
v 15 7.9

youngest patient was 29 years old, the oldest patient was 89
years old; the median age was 60.3 years of age. When exam-
ined by age groups, 10 patients (5.3%) were under 40 years
of age, 30 (15.3%) were between 40 and 50 years of age, 51
(27%) were between 50 and 59 years of age, 46 (24.3%) were
between 60 and 69 years of age, 43 (22.8%) were between
70 and 79 years of age, and 9 (4.8%) were between 80 and
89 years of age.

Of the 179 of the patients who had operable disease, 140 pa-
tients (74.1%) had total gastrectomy and 39 patients (20.6%)
had subtotal gastrectomy. Ten patients (5.3%) had disease that
was considered inoperable. In operable patients, pancreatic in-
vasion (20 cases), invasion of the column (11 cases), spleen in-
vasion (3 cases), and liver metastases (8 cases) were detected.

When the 179 surgical patients were evaluated according to
the degree of pathological differentiation, 96 patients (53.6%)
had less differentiated gastric carcinoma, 70 patients (39.1%)
had moderate differentiated gastric carcinoma, and 13 patients
(16.8%) had well differentiated gastric carcinoma.

The 179 cases (resection procedure applied) were staged ac-
cording to the TNM staging system. When the T stage (stom-
ach wall involvement) was analyzed, 20 patients (11.1%) were
identified as T1, 17 (9.4%) as T2, 28 (15.6%) as T3, and 114
(63.9%) as T4. When the N stage (lymph node involvement)
was analyzed, 55 patients (29.1%) were identified as NO, 18
(9.5%) as N1, 30 (15.9%) as N2, 46 (24.3%) as N3a, and 30
(21.2%) as N3b. In the 189 patients who had surgery, the ab-
sence of metastases was found in 171 cases; metastasis was
seen in 18 cases.

When patients were grouped according to TNM, 34 patients
(18%) were found to be stage I, 40 patients (21.2%) stage II,
100 patients (52.9%) stage Ill, and 15 patients (7.9%) stage
IV (Table 1).

CLINICAL RESEARCH

Table 2. NLR level of patients who underwent surgery for gastric

cancer.
NLO levels n %
<2.00 13 6.9
"""" 200-299 4 238
"""" 300-399 4 28
"""" 400-499 25 132
"""""" >500 6 333
<4.00 101 53.4
"""""" >400 88 466

When the patients were evaluated according to NLR, the medi-
an value was found to be 3.8. In 13 patients (6.9%) NLR value
was less than two, in 45 (23.8%) 2-3, in 43 (22.8%) between
3 and 4, in 25 (13.2%) between 4 and 5, and in 63 patients
(33.3%) it was calculated as 5 and higher. When the reference
value for NLR was taken as 4, in 101 patients (53.4%) NLR val-
ue was detected less than four and in 88 patients (46.6%) it
was detected as 4 or higher (Table 2).

In gastric cancer patients who underwent surgery, when medi-
an NLR levels were examined according to patient age, gender,
type of surgery and pathologic differentiation degree, there
were no statistically significant difference (p>0.05) (Table 3).

When the patients were evaluated according to NLR levels con-
sidering tumor size (T), lymph node involvement (N), metas-
tasis state (M), and pathological stages, for T stage there was
statistically significant difference in median NLR values in T3,
T4 compared with T1, and in T4 compared with T2 the median
NLR levels were statistically significantly higher (p<0.05). There
was no statistically significant difference between non-meta-
static and metastatic groups (p=0.555). For stages, there was
a statistically significant difference in median NLR values: in
stage II, lll, and IV compared with stage I; and in stage Ill and
IV compared with stage Il the median NLR levels were statis-
tically significant higher (p<0.05) (Table 4, Figure 1).

When overall survival levels (1-3 year survival rate and 5-year
survival) and median survival times (month basis) were ana-
lyzed according to T, N, M, and pathologic stages in gastric can-
cer patients who underwent surgery, the overall survival lev-
els differed statistically significantly (p<0.001) compared with
T, N, and pathologic stage. In the metastatic group, the prog-
nosis was statistically significantly worse than the non-meta-
static group (p<0.001) (Table 5).

When overall survival rates of 1-3 year and 5-year survival, and
median survival times (month basis) were analyzed accord-
ing to NLR values in gastric cancer patients who underwent
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Table 3. NLR level of patients who underwent surgery for gas- Table 4. The relationship between T, N, M, and pathologic stages

tric cancer according to their demographic and clini- with median NLR values in gastric cancer patients who
underwent surgery.

cal characteristics.

Variables Mediatl R alue p value Variables Mec-iian g p value
(min-max) (min-max)
Age groups 0.626

”””” @oyears 35 (161

”””” s0-49yeas 33 (L080)

”””” s0-s9years 38 (16135

”””” 60-69years 40 (782

”””” 0-79years 37 (0990

”””” g0-89years 45 (2-110)

CGender o098

”””” Male 37 (o135

”””” Female 38 (09-86)

Operationtype 0842

”””” Tota 37 Q9110

Subtotal 3.6 (1.5-13.5)

 Differentiation degree 0732

”””” ltle 43 (09-135)

”””” midde 37 @183

”””” Good 35 (888

surgery, the overall survival levels differed statistically signifi- v 48 (2680)
cantly (p<0.001). In the group with NLR value less than 4, the

prognosis was statistically significantly worse than the group 0

with NLR value >4 (p<0.001) (Figure 2, Table 6).

g
Discussion

6
Surgery is the only curative treatment for gastric cancer. Surgical
treatment provides the best palliation and most accurate stag- |
ing. In most patients with gastric cancer, gastric resection is 4
required. Patients who have widespread metastasis and who
cannot tolerate abdominal surgery are the exceptions. In some 27

patients with symptomatic primary tumors with systemic me-
tastasis, the decision for surgery is controversial. The pallia- 0 . . . .
tion is usually not good for this group if resection operation Stagel  Stagell  Stagelll  StagelV
cannot be done. Tumor staging alone does not provide suffi-
cient information about the prognosis of the patients. It was Figure 1. Distribution of NLR values according to the stages.
found that there is a relationship between poor prognosis and

some laboratory markers in gastric cancer patients. It is also
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Table 5. 1-3 year and 5-year survival rates according to T, N, M and pathological staging.

Survival rates

Median survival time

10.4 (4.4-16.4)

NLR

= 5and over

+ 5and over-censored

© 4.00-4.99
4.00-4.99-censored

3.00-3.99
3.00-3.99-censored
© 2.00-2.99
+ 2.00-2.99-censored

2 <2.00
+ <2.00-censored

The cumulative overall survival

0 12 24 36 48 60 72

Figure 2. Kaplan-Meier curves that show the cumulative overall
survival levels of the cases according to the NLR
values.

believed that those markers are useful in prediction of early
recurrence and bad prognosis.

One such marker that has been investigated is preoperative
levels of NLR. In a study by Shimada et al. of 1,028 patients,

the median NLR value was 2.62; in 32 cases it was <1.0; in 381
cases it was between 1 and 2; in 321 cases it was between 2
and 3; in 167 cases it was between 3 and 4; in 75 cases it was
between 4 and 5; and in 52 cases it was greater than 5. In this
study, when the threshold value for NLR was taken as 4.0, in
127 patients (12.4%) NLR was found to be >4.0, while in 901 pa-
tients (87.6%) it was found to be <4.0 [6]. In our study median
NLR value was 3.8. In 13 cases (6.9%) NLR value was calculated
as <2.0; in 45 cases (23.8%) NLR was between 2.0 to <3.0; in 43
cases (22.8%) it was 3.0 to <4.0; in 25 cases (13.2%) it was 4.0
to <5.0; and in 63 cases (33.3%) it was 5 or greater. In 101 cas-
es (53.4%) NLR value was <4; while in 88 cases (46.6%) it was
>4. A study by Lee et al. of 174 gastric cancer patients found no
significant relationship between age and gender and NLR val-
ues (p=0.002) (7). However, another study of 220 gastric can-
cer patients, found increased NLR values were correlated with
advanced age (>60 years) (p=0.016); but there was no statis-
tically significant relationship between male or female gender
and NLR values [8]. Similarly, a study by Azab et al. found that
while advanced age (>60 years) was associated with high NLR
values (p=0.01), women had statistically significantly lower NLR
values than men (p=0.01) [9]. In our study, there was no signifi-
cant correlation between gender and age of the patients or op-
erations performed on patients based on NLR values.
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Table 6. General survival rates of gastric cancer patients who underwent surgery by NLR values.

Survival rates

Median survival time

20.7 (16.9-24.6)

In our study, there was a statistically significant difference in
median NLR levels according to the T and N stage. But there
was no significant statistical difference in terms of median NLR
values between the metastatic and non-metastatic groups. In
terms of stage, there was a significant difference in NLR val-
ues: increase of stage levels was correlated with median NLR
values. In a study by Lee et al,, a proportional relationship
between increased NLR levels with TNM stages was shown
(p=0.046) [7] similar to our study findings. In another study
by Atila et al., a high level of NLR was shown to be a prognos-
tic factor associated with metastasis of primary disease [10].
Shimada et al. found that in patients with T3/T4 stage disease,
N1 and M1 stages had high NLR levels; similarly a progress
in NLR levels from stage Il to stage IV was shown [6]. In our
study, there was a statistically significant difference in overall
survival times according to T, N, and disease stage (p<0.001).
Similarly, the prognosis of patients with metastasis was worse
than patients without metastasis (p<0.001). When other stud-
ies in the literature were examined with this perspective, it
has been shown that 1-3 year and 5-year life expectancy rates
were higher in patients that had low stage disease with low-
er T and N levels and no metastasis [10-12].

It is known that chronic inflammation induces carcinogene-
sis, contributing to the onset or progression of cancer [13].
However, tumors do not only occur in areas of inflammation; for
example, Helicobacter pylori infection is an agent considered a
potential factor in the development of gastric cancer [14]. But
still, chronic inflammation can trigger regional formation of
immune response and release of inflammatory factors around
tumors and this may result in a formation of an inflamma-
tory microenvironment. As a result, an inflammatory process
accompanies cancer progression contributing to tumorigene-
sis by secreting various cytokines that start angiogenesis and
consequently tumor growth and metastasis, for example, vas-
cular endothelial growth factor (VEGF), interleukin-18 (IL-18),

and matrix metalloproteinases in the tumor microenvironment
can contribute to tumorigenesis [15-17]. In recent years, sev-
eral markers have been identified and put into practice for pre-
dicting the prognosis of gastric cancer. Carcinoembryonic anti-
gen (CEA), human epidermal growth factor receptor-2 (HER-2)
are pathological markers used for routine evaluation of gas-
tric cancer. Ki-67, caspase-3, and p53 have also been report-
ed to be related to survival in gastric cancer patients [18].
In addition, it is well known that microRNAs (miRNA) have
many important regulatory functions in the pathogenesis of
cancer [19]. However, because these biomarkers need to be
studied in carcinogenic tissue, it is not possible to monitor
the levels of these markers continuously throughout the pro-
gression of the disease. Whereas NLR can be analyzed easi-
ly in plasma or serum.

NLR is known to have a prognostic value in cancer patients.
There are several possible mechanisms to explain the relation-
ship between the poor prognosis and NLR in cancer patients.
First, the increased number of neutrophils around the tumor
area may suppress the anti-tumor responses of natural kill-
er cells and activated T cells [20]. High NLR level reflects in-
creased neutrophil-dependent inflammatory response as well
as decreased lymphocyte-mediated anti-tumor immune reac-
tion, and this contributes to aggressive tumor biology, cancer
progression, and poor prognosis by weakening the lympho-
cyte mediated anti-tumor cellular immune response. Second,
neutrophils can contribute to tumor growth and progression
by producing cytokines such as tumor necrosis factor (TNF),
IL-1, IL-6, angiogenic factors, and VEGF [21]. Third, reduction
in the number of lymphocytes can weaken the lymphocyte-
mediated anti-tumor cellular immune response. The number
of neutrophils may not reflect the prognostic feature alone;
likewise, low total lymphocyte counts may fail to show the ef-
fect on tumor growth. Therefore, high levels of NLR determined
by the combined effect of neutrophilia and lymphocytopenia
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can provide more information about the tumor growth pro-
cess and outcomes.

In this context, in our study the correlation between the NLR
levels and the prognosis of disease was examined. According
to our results, when the NLR classification was considered, the
overall survival levels showed a statistically significant differ-
ence (p<0.001). In the group of patients with NLR level >4, the
prognosis was worse than those with <4 (p<0.001). Similarly,
Atila et al. investigated the prognostic importance of preop-
erative NLR level in gastric cancer patients and found that the
5-year survival rate was statistically significantly worse in pa-
tients with low levels of NLR compared to patients with high
levels [10]. Shimada et al. reported that the prognosis was poor
in patients with high NLR levels [6], as similar to our study.
In addition, the significant correlation between the neutro-
phil count or NLR level and survival has been put forward in
many other studies involving gastric cancer patients. A study
by Lee et al. found that only the increased neutrophil count
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