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ABSTRACT

Background: gastric cancer is the 5" most common cancer worldwide, with about one million newly
diagnosed cases annually. It causes one of the highest cancer burdens, as measured by disability-adjusted
life years lost. It is the third-leading cause of cancer-related death worldwide, after lung and liver
malignancies. It is increasingly recognized that variations within clinical outcomes in cancer patients are
influenced by not only the oncological characteristics of the tumor, but also the host-response factors.

Aim of the work: this study aimed to investigate the prognostic value of prechemotherapy NLR in the
gastric cancer patients and also to assess the association between high NLR and clinicopathological features;
e.g. tumor stage, site, gross morphology ...etc. Patients and methods: this retrospective study included
patients, diagnosed with gastric or gastroesophageal cancer, who presented to Oncology Department in
Ain Shams University Hospital from January 2013 till December 2016. 61 patients were included in this
study. Results: we found a significant correlation between presence of ascites and high NLR. This relation
wasn’t discussed in any previous study as far as we know. There was a significant correlation between
NLR and each of the following: - overall survival and event-free survival. This was consistent with the
results of previous studies worldwide. Therefore, our study proved that the prechemotherapy NLR is a
prognostic factor in gastric cancer.

Conclusion: the prechemotherapy NLR was significantly correlated with presence of ascites at diagnosis
of gastric cancer. It is an independent prognostic factor in gastric cancer. It affects both event free survival

and overall survival.
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INTRODUCTION

Gastric cancer is the 5" most common
cancer worldwide, with about one million
(952,000) new cases diagnosed annually .

More than 70% of gastric cancers occur
in the developing countries, particularly in
Eastern Asia. The peak age for gastric cancer is
60-80 years @.According to the GLOBOCAN
database, gastric adenocarcinoma (GC) is the
third leading cause of cancer-related death
worldwide, after lung and liver malignancies,
resulting in around 723,000 deaths in 2012 @9,
Although there have been advances in diagnosis
and management, most GC patients present with
locally advanced or metastatic disease, with a 5-
year survival rate of <10% “. In Egypt, gastric
cancer is the 12" most common cancer in both
sexes, representing 1.6 % of total cancers. It’s the
12" leading cause of cancer death, representing
2.2 % of total cancer mortality. Median age of
gastric cancer in Egypt is 56 years ©.
Environmental risk factors include Helicobacter
pylori (H. pylori) infection, smoking, high salt
intake and other dietary factors. Though most
gastric cancers are considered sporadic, it was
estimated that 5 % to 10 % have a familial
component and 3 % to 5 % were associated with
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inherited cancer predisposition syndromes. The
most common hereditary cancer predisposition
syndromes are: hereditary diffused gastric cancer,
Lynch syndrome, juvenile polyposis syndrome,
Peutz-Jeghers syndrome and familial
adenomatous polyposis ©. Treatment strategies
were determined by TNM staging system.
However, many patients of the same TNM stage
had different prognoses ©. Gastric Cancer
exhibits diverse prognoses according to various
intrinsic characteristics. Therefore, the
development of efficient treatment strategies for
the various prognostic groups within GC is
important. Thus, Chan-Young et al. ? tried to
understand the biological mechanisms of each
subtype of GC, to effectively individualize each
treatment strategy. Several prognostic factors in
GC have been reported such as: performance
status, tumor burden, tumor markers such as
carbohydrate antigen 19-9 (CA-19-9), the high
metabolic landscape of the tumor and weight loss
during chemotherapy. They have been
Esr)ldependently correlated with a poor prognosis

It is increasingly recognized that
variations within clinical outcomes in cancer
patients are influenced; by not only the
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oncological characteristics of the tumor, but also
the host-response factors. The possibility of
combining multiple clinically available host- and
tumor related factors is of great interest; as it
might serve as an excellent basis for clinical
decision-making, treatment planning and
establishing follow-up schedules .

A study had focused on tumor
microenvironment, which was associated with the
systemic inflammatory response and may play an
important role in cancer tumorigenesis and
progression ®. This inflammatory response
reflected a non-specific response to tumor
hypoxia tissue injury and necrosis ©. Systemic
inflammatory response to tumors increases
metastasis through the inhibition of apoptosis,
augmentation of angiogenesis and DNA damage
@9 Many markers of systemic inflammation
response to tumors have been investigated as
prognostic and predictive biomarkers, such as C-
reactive  protein (CRP) and erythrocyte
sedimentation rate (ESR) @Y. Inflammatory
cytokines and chemokines can be produced by
both the tumor and associated host cells, such as
leukocytes, and contribute to  malignant
progression.

Neutrophilia, as an inflammatory response,
inhibits the immune system by suppressing the
cytolytic activity of immune cells such as
lymphocytes, activated T cells and natural killer
cells"?. Neutrophils and other cells, such as
macrophages, have been reported to secrete
tumor growth promoting factors, including: -
vascular endothelial growth factor, hepatocyte
growth factor, IL-6, IL-8, matrix
metalloproteinases and elastases. Thus, they
likely contribute to a stimulating tumor
microenvironment 2. The importance of
lymphocytes has been highlighted in several
studies **. Increasing infiltration of tumors
with lymphocytes has been associated with better
response to cytotoxic treatment and prognosis in
cancer patients . The neutrophil to lymphocyte
ratio (NLR), which is suggested as the balance
between pro-tumor inflammatory status and anti-
tumor immune status, has been shown to be
associated with outcomes in patients with various
types of malignancies ™ such as renal cell
carcinoma, hepatocellular  carcinoma  and
colorectal cancer %,

A recent meta-analysis of nine studies
concluded that an elevated NLR was associated
with poorer rates of survival in GC patients. The
nine selected studies included 3,709 patients with
36.5% classified as High NLR (HNLR). The cut-

off value for HNLR was <3 in four studies, 3<to
<4 and >5 in one study. Six studies assessed
patients undergoing resection of the primary GC
and three studies reported patients undergoing
palliative chemotherapy for GC. NLR was
calculated based on pre-treatment laboratory data
using white blood cell (WBC) differentiated
counts in all of the studies. Three of these cohorts
enrolled <200 patients and six cohorts enrolled >
200 patients. ™©.

Despite heterogeneity
(12 65%, P = 0.004), the pooled HR of 2.16 (95%
Cl: 1.86 to 2.51, P <0.001) showed that patients
with elevated NLR were expected to have shorter
OS after treatment ). A study with cancer
patients showed that chemotherapy can normalize
elevated NLR early after the introduction of
treatment; and that patients with normalized NLR
may have improved outcome ®®. Also, prediction
of the immune response in the tumor
microenvironment is very important for selection
of patients who will most likely benefit from
cancer immunotherapy ®. This study aimed to
investigate the prognostic value of
prechemotherapy NLR in Gastric cancer patients
and also to assess the association between high
NLR and clinicopathological features; e.g. tumor
stage, site, gross morphology ...etc.

Patients and methods

This retrospective study was included
patients, diagnosed  with gastric  or
gastroesophageal cancer, who presented to
Oncology Department in Ain Shams University
Hospital from January 2013 till December 2016.

61 patients were included in this study.

The inclusion criteria of these patients
were: tissue biopsy confirming the diagnosis of
gastric or GEJ cancer, availability of
prechemotherpy CBC with differential count of
leucocytes, no past history of another
malignancy, or history of a simultaneous second
malignancy, no history of hematologic disease,
no history of prior exposure to chemotherapy and
no history of active inflammatory process when
the CBC was withdrawn.

First, we collected the following
demographic data about the patients, at the time
of diagnosis: age, sex, performance status by
ECOG, history of smoking, history of diabetes
mellitus and family history of malignancy.

Next, we collected and analyzed the
following data about clinicopathological features
of the tumor, at the time of diagnosis: tumor site,
Bormann gross morphology of the tumor, tumor
stage, presence of ascites, sites of metastasis,
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number of metastatic sites, tumor grade, tumor
type according to Lauren’s classification,
presence of lymphovascular invasion and
perineural invasion.
NLR: we calculated the median prechemotharpy
neutrophil-to-lymphocyte  ratio (NLR). We
classified the patients accordingly into two
groups; high-NLR group and low-NLR group.
Next, we compared the median OS in the high-
NLR group and the low-NLR group; to assess if
NLR was a prognostic factor regarding OS.We
compared the median EFS in the high-NLR group
and the low-NLR group; to assess if NLR was a
prognostic factor regarding EFS.

We assessed the correlation between
NLR and each of the previously-mentioned
patient’s and tumor characteristics.

We assessed the correlation between
NLR and response to chemotherapy.

The study was done after approval of
ethical board of Ain Shams university and
an informed written consent was taken from
each participant in the study.

Statistical Analysis

The collected data were revised, coded and
tabulated using the statistical pattern for social
science (IBM® SPSS® statistics version 22 for
windows, 2016). We used Chi-square test to assess
correlation. We use Kaplan-Meier curves to show
the relation between NLR and both EFS (Event-free
survival) and OS (overall survival).

RESULTS
Table 1: patient’s demographic characteristics
Frequency Percent
Ade <55 32 52.5%
g >55 29 47.5%
Gender Male 31 50.8%
Female 30 49.2%
Smokin No 14 23.0%
g Yes 47 77.0%
. No 48 78.7%
Co-morbidities (DM) Yes 13 51.3%
1 38 62.3%
Performance Status (ECOG) 2 19 31.1%
3 4 6.6%
Table 2: ascites at diagnosis
Ascites at diagnosis Frequency Percent
No 49 80.3%
Yes 12 19.7%
Table 3: tumor stage
Stage Frequency Percent
I 1 1.6%
1 3 4.9%
11 17 27.9%
[\ 31 50.8%
Unknown 9 14.8%
Table 4: prechemotherapy neutrophil to lymphocyte ratio
NLR Frequency Percent
<24 31 50.8
>2.4 30 49.2
Total 61 100.0
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Table 5: correlation between ascites and NLR

Ascites at diagnosis
Total p value
No Yes
4 Count 28 3 31
NLR - % within Ascites at diagnosis [57.1% 25.0% 50.8% 0.046
>2.4 Count 21 9 30
% within Ascites at diagnosis| 42.9% |75.0% 49.2%
Total Count 49 12 61
% within Ascites at diagnosis |100.0% [100.0% 100.0%
Table 6: correlation between event free survival (EFS) and NLR
Median
NLR N i 95% Confidence Interval P value
Estimate
Lower Bound Upper Bound
<24 19| 8.000 2.896 13.104
>2.4 21| 5.000 3.610 6.390 0.001
Overall 6.000 5.045 6.955
Table 7: correlation between overall survival (OS) and NLR
Median
NLR N . 95% Confidence Interval P value
Estimate
Lower Bound Upper Bound
<24 22 | 9.000 12.662
>2.4 29 | 6.000 7.750 0.013
Overall 8.000 10.311
DISCUSSION (19) and the cut-off value of 2.5 used in Jin et al.

This study included 61 patients with
gastric adenocarcinoma who either received the
first cycle of chemotherapy in our hospital or
presented with prechemotherapy CBC. The
median EFS was 6 months. In Wang et al “®
study on Chinese patients it was 5 months.

The median OS was 8 months. According
to Zeeneldin et al. @ the median OS was 6
months. In Wang et al. ® results the median OS
was 13 months. In Deng et al. ® study on
Chinese patients, the median OS was 24 months.
Jung et al. ® stated that the median OS was 27.2
months (20). This might be explained by the
diversity of population and different stages
included in our study. The median
prechemotherapy NLR in our study was 2.4 and it
was used as the cut-off value; where patients with
NLR <2.4 were classified into the low NLR group
and patients with NLR >2.4 were classified into
the high NLR group. This is comparable to the
cut-off value of 2.36 used in study of Deng et al.

@) study. Other studies used slightly lower or
higher cut-off values. Kim et al.“?. used 2 as a
cut-off value - In contrast, Lee et al. ® used a cut-
off value of 3 and Shimada et al. ®?. used a cut-
off value of 4.

There was no significant correlation
between smoking and NLR. In Musri et al. there
was a significant correlation between smoking and
high NLR (p=0.046) .

There was no significant difference in
NLR between different tumor sites. Also, Jung et
al. @ Hsu et al. ® and Choi et al. @ there was
no correlation between NLR and tumor site.

There was no significant difference in
NLR between different gross morphology types.
Again, in Jung et al. ® study there was no
association between gross morphology and NLR .

There was no significant difference in
NLR between diffused and intestinal GC types.
Similarly, there was no association between
Lauren’s classification subtypes and NLR in Jung
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et al. study ®. In Choi et al. @ study there was
also no correlation between NLR and tumor
histological type whether according to WHO
classification or Lauren’s classification .

There was no significant difference in
NLR between different grades of differentiation.
This was also noticed by Jung et al®?, Deng et al.
19 Hsu et al. ®® and Musri et al. @,

There was no significant difference in
NLR between metastatic and non-metastatic
patients. Hence, there was no significant
correlation between NLR and presence of
metastasis at diagnosis.

In Sahin et al. there was no
statistically significant difference in NLR between
non-metastatic and metastatic groups (p=0.555).
However, there was a statistically significant
difference in median NLR values in stage Il, 1lI,
and IV, compared to stage |. Additionally, when
comparing stage Il and IV to stage Il, the median
NLR levels were significantly higher (p<0.05) .
Also, in Deng et al. study ™. those patients with
tumor stage IlI-1V had a higher NLR than those
with tumor stage I-1l. According to Hsu et al. ©®.
there was a significant correlation between
metastasis and high NLR.

There was a significant correlation
between NLR and presence of ascites at diagnosis
(p value= 0.046). Additionally, all patients who
had newly developed ascites after chemotherapy
belonged to the high NLR group. To our
knowledge, no previous study evaluated the
correlation between prechemotherapy NLR and
presence of ascites at diagnosis in gastric cancer.

There was a significant correlation
between the NLR and EFS; where the median EFS
in the low NLR group and the high NLR group
were 8 months and 5 months, respectively (p value
= 0.001). Similarly, in Wang et al. the median
EFS in low NLR group and the high NLR group
were 6 months and 3 months, respectively
(P<0.001) “.

There was a significant correlation
between the NLR and OS; where the median OS
in low NLR group and the high NLR group were 9
months and 6 months, respectively (p value=
0.013). Wang et al. ® mentioned that the median
OS in the low NLR group and the high NLR group
were 18 months and 10 months, respectively
(P<0.001) .

Studies which were limited to metastatic
patients only also confirmed the prognostic value
of prechemotherapy NLR. According to
Yamanaka et al. ® the median OS was 12.3
months vs. 8 months in the low NLR group and
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high NLR group, respectively . According to Cho
et al. ® Jow NLR group patients had longer
progression-free survival (PFS) than the high NLR
group patients (6.2 months vs.4.8
months; P =0.001) and longer overall survival
(OS) than the high NLR group patients (13.8
months vs.9.3 months; P < 0.001) . Musri et al.
@9 showed that the median PFS was 7.9 months
in patients with low NLR and 6.2 months in
patients with high NLR (p=0.011). The median OS
was 11.6 months in patients with low NLR and
8.3 months in patients with high NLR (p<0.001) .

There are some limitations to this study.
It was a retrospective study. Some of the patients
enrolled in the study died shortly after diagnosis
and before proper staging was done. Some of the
patients, who received chemotherapy, had been
lost before evaluation of the effect of
chemotherapy. The prechemotherapy CBC was
not withdrawn in a unified lab for all patients.

CONCLUSION

The  prechemotherapy = NLR  was
significantly correlated with presence of ascites at
diagnosis of gastric cancer. It was an independent
prognostic factor in gastric cancer. It affects both
event free survival and overall survival.

REFERENCES

1- Chen J, Dongsheng Hong, You Zhai et al.(2015):
Meta-analysis of associations between neutrophil-to-
lymphocyte ratio and prognosis of gastric cancer,
World Journal of Surgical Oncology, 13: 122 -129

2- Zeeneldin AA, Ramadan H, EI Gammal MM et
al.(2014): Gastric  carcinoma at Tanta Cancer
Center: A comparative retrospective clinico-
pathological study of the elderly versus the non-
elderly . Journal of the Egyptian National Cancer
Institute, 26 : 127-137.

3- Ferlay J, Soerjomataram I, Dikshit R et al.(2015):
Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012.
Int. J. Cancer, 136: 359-386.

4- Wang F, Chang YC, Chen TH et al.(2014):
Prognostic significance of splenectomy for gastric
cancer patients undergoing total gastrectomy: a
retrospective cohort study. Int. J. Surg., 12:557-565.

5- NCCN Guidelines Version 1.(2017):
https://www.nccn.org/patients/guidelines/colon/file
s/assets/common/.../files/colon.pdf

6- Jingxu Sun, Xiaowan Chen, Peng Gao et
al.(2016) : Can the Neutrophil to Lymphocyte Ratio
Be Used to Determine Gastric Cancer Treatment
Outcomes? A Systematic Review and Meta-Analysis.
Disease Markers Article ID 78624609,
https://www.hindawi.com/journals/dm/2016/7862469
/

2169


http://www.sciencedirect.com/science/article/pii/S1110036214000260
http://www.sciencedirect.com/science/article/pii/S1110036214000260
http://www.sciencedirect.com/science/article/pii/S1110036214000260

The Prognostic Value of the Prechemotherapy...

7- Chan-Young Ock, Ah-Rong Nam, Joongyub Lee
et al.(2017): Prognostic implication of
antitumor immunity measured by the neutrophil-
lymphocyte ratio and serum cytokines and
angiogenic factors in gastric cancer. Gastric Cancer,
20:254-262.

8- Ock CY, Kim TY, Lee KH et al.(2016): Metabolic
landscape of advanced gastric cancer according to
HER2 and its prognostic implications. Gastric
Cancer, 19:420-30.

9- Chua TC, Chong CH, Liauw W et al.(2012):
Inflammatory markers in blood and serum tumor
markers predict survival in patients with epithelial
appendiceal  neoplasms  undergoing  surgical
cytoreduction and intraperitoneal chemotherapy.
Ann. Surg., 256:342-349.

10-Aldemir MN, Mehmet Turkeli, Melih Simsek et
al.(2015): Prognostic value of baseline neutrophil-
lymphocyte and platelet-lymphocyte ratios in local
and advanced gastric cancer patients. Asian Pac. J.
Cancer Prev., 16 (14): 5933-5937.

11-Nozoe T, lIguchi T, AdachiE, Matsukuma A et
al.(2011) : Preoperative elevation of serum C-
reactive protein as an independent prognostic
indicator for gastric cancer. Surgery Today, 41(4):
510-513.

12-Templeton AJ, Mairéad G. McNamara, Bostjan
Seruga et al.(2014) : Prognostic Role of Neutrophil-to-
Lymphocyte Ratio in Solid Tumors: A Systematic
Review and Meta-Analysis. Journal of National Cancer
Institute, 106(6):23-26.

13-Loi S, Sirtaine N, Piette F et al.(2013) : Prognostic
and  predictive value of tumor-infiltrating
lymphocytes in a phase Il randomized adjuvant
breast cancer trial in node-positive breast cancer
comparing the addition of docetaxel to doxorubicin
with doxorubicin-based chemotherapy: BIG 02-98. J.
Clin .Oncol., 31(7):860-867.

14-Pistelli M, De Lisa M, Ballatore Z et al.(2015) :
Pre-treatment neutrophil to lymphocyte ratio may be
a useful tool in predicting survival in early triple
negative breast cancer patients. BMC Cancer,
15:195-202.

15-Pichler M, Hutterer GC, Stoeckigt C et al.(2013):
Validation of the pre-treatment neutrophil-
lymphocyte ratio as a prognostic factor in a large
European cohort of renal cell carcinoma patients.
British Journal of Cancer, 108(4): 901-907.

16-Chua W, Charles KA, Baracos VE et al.
(2011) : Neutrophil/  lymphocyte  ratio  predicts
chemotherapy outcomes in patients with advanced
colorectal cancer. Br. J. Cancer, 104(8):1288-1295.

17- Choi Y, Jin Won Kim, Kyung Han Nam et
al.(2016): Systemic inflammation is associated with
the density of immune cells in the tumor
microenvironment of gastric cancer. Gastric Cancer;
Gastric Cancer, doi 10.1007/510120-016-0642-0.

18- Wang F, Ze-yi liu, You-you xia et al.(2015): Changes
in neutrophil/lymphocyte and platelet/lymphocyte ratios
after chemotherapy correlate with chemotherapy
response and prediction of prognosis in patients with
unresectable gastric cancer. Oncology Lettres, 10: 3411-
3418.

19-Deng Q, Bangshun He, Xian Liu et al.(2015): Prognostic
value of pre-operative inflammatory response biomarkers in
gastric cancer patients and the construction of a predictive
model. Journal of Translational Medicine, 13: 66-75.

20-Jung RAN, Young KYU Park, JEONG OH et
al.(2011): Elevated preoperative neutrophil to
lymphocyte ratio predicts poor survival following
resection in late stage gastric cancer. Journal of
Surgical Oncology, 104: 504-510.

21-Jin Hailong, Geer Zhang, Xiaosun Liu et
al.(2013):  Blood neutrophil-lymphocyte  ratio
predicts survival for stages IlI-IV gastric cancer
treated with neoadjuvant chemotherapy. World
Journal of Surgical Oncology, 11:112-117.

22-Kim EY, Lee JW, Yoo HM et al.(2015): The
platelet-to lymphocyte ratio versus neutrophil-to-
lymphocyte ratio: which is better as a  prognostic
factor in gastric cancer? Ann. Surg.Oncol., 22:4363—
4370.

23-Lee DY, Hong SW, Chang YG et al.(2013):
Clinical significance of preoperative inflammatory
parameters in gastric cancer patients. J Gastric
Cancer, 13(2): 111-116.

24-Shimada H, Takiguchi N, Kainuma O et al.(2010):
High preoperative neutrophil-lymphocyte ratio
predicts poor survival in patients with gastric cancer.
Gastric Cancer, 13:170-176.

25-Musri  FY, Hasan Mutlu, Melek Karakurt
Eryilmaz et al.(2016): The Neutrophil to
Lymphocyte Ratio is an Independent Prognostic
Factor in Patients with Metastatic Gastric Cancer.
Asian Pac. J. Cancer Prev., 17(3): 1309-1312.

26-Hsu JT, Chun-Kai Liao, Puo-Hsien Le et al.
(2015):  Prognostic Value of the Preoperative
Neutrophil to Lymphocyte Ratio in Resectable
Gastric Cancer. Medicine, 94(39): 1589-1595.

27-Sahin  AG, Cengiz Aydin, Mutlu Unver et
al.(2017): Predictive value of reoperative neutrophil
lymphocyte ratio in determining the stage of gastric
tumor. Med.Sci. Monit.,23: 1973-1979.

28-Yamanaka T, Matsumoto S, Teramukai S et
al.(2007):  The baseline ratio of neutrophils to
lymphocytes is associated with patient prognosis in
advanced gastric cancer. Oncol., 73: 215-220.

29-Cho IR, Park JC, Park CH et al.(2014): Pre-
treatment neutrophil to lymphocyte ratio as a
prognostic marker to predict chemotherapeutic
response and survival outcomes in metastatic
advanced gastric cancer. Gastric Cancer, 17:703-710.

2170


http://jnci.oxfordjournals.org/content/106/6.toc

