
Int J Clin Exp Med 2016;9(1):78-90
www.ijcem.com /ISSN:1940-5901/IJCEM0017080

Original Article
Neutrophil-lymphocyte ratio predicts the prognosis of 
patients with colorectal cancer: a meta-analysis

Ding-Cheng Zheng1, Cheng Zheng1, Jian Wu2, Hua Ye1, Jing-Jie Chen1, Bin Zhou1, Qi Zheng1, Feng Wu1,  
Wen-Yu Dai1, Ping Chen1, Qiao-Ming Zhi3

1Department of General Surgery, Ningbo No. 2 Hospital, Ningbo, China; 2Department of Liver Surgery, The First Af-
filiated Hospital of Sun Yat-Sen University, Guangzhou, China; 3Department of General Surgery, The First Affiliated 
Hospital of Soochow University, Suzhou 215006, China

Received September 29, 2015; Accepted December 12, 2015; Epub January 15, 2016; Published January 30, 
2016

Abstract: Emerging evidences show that host inflammatory responses are associated with tumor progression. NLR, 
which is calculated as the ratio of neutrophils to lymphocyte count, is regarded as a useful marker of reflecting 
the general immune response to various stress stimuli. Our aim of this meta-analysis is to evaluate the prognos-
tic role and clinicopathological differences of NLR in CRC patients. A total of 21 studies with 9363 CRC patients 
up to February 2015 were included in our study. Our data indicated that elevated NLR was a negative predictor 
for OS (HR=1.918, 95% CI=1.585-2.323, P<0.001) and PFS (HR=1.918, 95% CI: 1.508-2.438, P=0.007) in CRC. 
Subgroup analyses were performed based on the location, treatment and cut-off value, and none of the subgroup 
estimations altered the prognostic role of NLR for OS and PFS in CRC. Meanwhile, elevated NLR was significantly 
associated with the presence of tumor differentiation (OR=1.558, 95% CI: 1.220-1.990, P<0.001), advanced TNM 
stage (OR=1.248, 95% CI: 1.055-1.477, P=0.01) and a higher incidence of CEA≥5 ng/ml (OR: 1.502, 95% CI: 1.320-
1.710, P<0.001). Our findings suggested that NLR, which could be examined in a simple and invasive way as a com-
mon hematologic marker, might serve as a novel and effective prognostic biomarker in CRC. NLR can be a potential 
direction for developing diagnostic and therapeutic approaches in CRC.

Keywords: Colorectal cancer, NLR, prognosis, meta-analysis

Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors and ranks as the third 
leading cause of cancer-related deaths world-
wide [1]. Despite a significant improvement in 
CRC management and new developments for 
cancer surveillance, the long-term outcome 
remains dismal due to its high disease recur-
rence and fatality [2, 3]. To date, the Tumor 
Node Metastasis (TNM) system and Duke’s sys-
tem remain the most common prognostic fac-
tors for predicting the clinical outcomes of 
patients with CRC. However, the accuracy of 
TNM/DUKES’ stage is still unsatisfactory, and it 
is fairly common that patients belonging to the 
same stage have different outcomes [4, 5]. 
Therefore, there is an urgent need for us to per-
form researches to identify some novel and 
effective prognostic biomarkers with high spec-
ificity and sensitivity, which can help clinicians 

to adopt more effective measures for at-risk 
CRC patients.

Recently, emerging evidences showed that host 
inflammatory responses were associated with 
tumor progression, including promotions of 
tumor invasion and metastasis, and inhibiting 
apoptosis by regulations of some cytokines, 
such as TNF alpha, CRP, neutrophilia, IL-17 and 
chemokines [6, 7]. Some other studies also 
demonstrated that increased systemic inflam-
mations closely correlated with the overall sur-
vival (OS) of patients with cancers [8, 9]. 
Systemic inflammations can be evaluated by 
several available indexes including albumin, 
C-reactive protein (CRP) level and platelet/lym-
phocyte ratio (PLR).

NLR, which is calculated as the ratio of neutro-
phils to lymphocyte count, is regarded as anoth-
er useful marker of reflecting the general 
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immune response to various stress stimuli [10]. 
Interestingly, recent evidence showed that ele-
vated NLR participated in the tumor progres-
sion [11-13], and NLR can be considered as an 
effective prognostic predictor in many malig-
nant tumors, including non-small-cell lung can-
cer, ovarian cancer, gastric cancer and hepato-
cellular carcinoma [14-17]. Several other 
clinical studies investigated the prognostic role 
of NLR in CRC which focused on the overall sur-
vival (OS), progression-free survival (PFS) and 
clinicopathological factors [18, 19], but their 
conclusions were still controversial. Therefore, 
we performed a meta-analysis of all eligible 
studies to acquire a more precise evaluation of 
the prognostic significance of NLR for the OS 
and DFS of patients with CRC. In addition, the 
relationships between the NLR level and some 
other clinicopathological variables such as 
lymph node metastasis, tumor differentiation, 
TNM stage and CEA levels were also 
examined.

Materials and methods

Search strategy

Up to February 2015, we performed a compre-
hensive literature search from the electronic 
databases: Pubmed, Ovid, Embase, the 
Cochrane Library and Web of Science databas-
es. The search strategy was based on combina-
tions of the following keywords: “CRC” (“colorec-
tal cancer”, “colon cancer” or “rectal cancer”), 
“NLR” (“neutrophil to lymphocyte ratio”, “neu-
trophil lymphocyte ratio”, “neutrophil/lympho-
cyte ratio” or “neutrophil-to-lymphocyte ratio”) 
and “prognosis” (“outcome”, “survival”, “prog-
nosis”, “mortality” or “recurrence”). Articles 
were included in this meta-analysis if they met 
the following criteria: (i) studies had to investi-
gate the correlations between the serum NLR 
levels and OS/PFS in CRC patients, (ii) the NLR 
levels were measured preoperatively, (iii) stud-
ies directly extracted the hazard ratio (HR) and 
95% confidence intervals (CI) or provided suffi-
cient information to estimate them, and (iv) the 
sample size of the study was equal to or greater 
than 20. The excluded criteria were as follows: 
(i) conference abstracts, editorials, letters, 
review articles, or case reports, (ii) studies with 
insufficient data for estimating the HR (OR) and 
95% CI, and (iii) studies did not provide the cut-
off value to define “elevated NLR”. When there 
were multiple publications from the same insti-

tutions or overlapping patient cohorts, only the 
most recent or most complete study was 
included in our analysis to avoid duplicate 
information.

Qualitative assessment

Quality assessment of the cohort studies was 
evaluated in each of the acceptable studies in 
duplicate by independent reviewers (Cheng 
Zheng and Wu jian) using the Newcastle-Ottawa 
Scale (NOS). This scale consists of 8 factors 
and 3 categories: the patient selection, compa-
rability of study groups and assessment of out-
comes. A score between 0 and 9 was used to 
designate the lowest and highest quality stud-
ies. Studies labeled with a score of 6 or higher 
were considered to be of high quality.

Data extraction and management

3 investigators independently evaluated all 
searched articles, and the relevant information 
was extracted according to the guidelines of 
the meta-analysis of Observational Studies in 
Epidemiology. Any discrepancies were resolved 
by discussions. Data extracted from eligible 
studies included first author’s name, year of 
publication, country of origin, number of 
patients, stage, detection method, cut-off 
value, tumor characteristics, follow-up period, 
study outcomes, HRs, and 95% CIs for OS/PFS. 
If a study reported the results of multivariate 
and univariate proportional hazard regression 
analysis, the former was preferred. When the 
HRs and 95% CIs were not directly reported, we 
calculated them from the available numerical 
data according to the methods developed by 
Parmar et al [20]. Data were extracted from 
Kaplan-Meier survival curves, and an HR esti-
mate and its variance were reconstructed 
according to the described method. The 
Newcastle-Ottawa Scale (NOS) was used to 
evaluate the study quality. Each study was 
given a point rating (range: 0-9 points) after dis-
cussion of any discrepancies, and a study with 
a score of 6 or higher was considered a high-
quality study.

Statistical analysis

The included studies were divided into two 
groups for our analyses: those with OS data 
and those with DFS data. Combined HRs and 
their 95% CIs were used to estimate the 
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strength of associations between the NLR level 
and OS or PFS, while pooled odds ratios (ORs) 
and their 95% CIs were used to assess the rela-
tionships between NLR and clinicopathologic 
characteristics, including lymph node metasta-
sis, tumor differentiation, TNM stage and CEA 
levels.

The heterogeneity of combined HRs was deter-
mined using Cochran’s Q test and Higgins’ 
I-squared statistic. A P<0.05 for the Q-test was 
considered as significant heterogeneity among 
the studies. The random-effects model 
(DerSimonian-Laird method) was used if het-
erogeneity was observed (P<0.05). Otherwise, 
the fixed-effects model (Mantel-Haenszel 
method) was performed to generate pooled 
HRs/ORs. An observed HR>1 indicated poor 
prognosis for patients with increased NLR lev-
els, and it was considered to be statistically sig-
nificant if the 95% CI for the overall HR did not 
overlap 1. To investigate the potential source of 
heterogeneity among studies, meta-regression 
and subgroup analysis was conducted using 
variables such as study location, ethnicity, ana-
lytic method and cut-off value. Publication bias 
was evaluated by the Begg’s funnel plot and 
Egger’s test. To validate the reliability of out-
comes, sensitivity analysis was performed by 
sequentially deleting each individual study to 
examine the influence of individual dataset on 
the combine HR. The influence of publication 
bias on overall effect was estimated using the 

patients were eligible for this meta-analysis. By 
full-text reviewing, 2 studies were excluded 
because of non-English published literatures, 
and 5 studies were excluded due to a lack of 
data integrity, including cut-off, HR and 95% CI. 
The searching results were shown in Figure 1. 
Therefore, 21 studies with 9363 CRC patients 
who met our inclusion criteria were ultimately 
included in this meta-analysis. The mean num-
ber of patients per study was 446 (range: 
50-3731) and the mean or median age ranged 
from 56 to 70 year old. Most of the studies 
were performed within the past 5 years, and 6 
trials were reported in 2013. 17 articles pro-
vided OS data, whereas PFS was only reported 
in 14 studies. Each individual study reported a 
“high” NLR level with survival data, and the NLR 
cut-off values applied in the studies were incon-
sistent. The main features of the included stud-
ies were listed in Table 1.

Impact of NLR on OS in CRC patients 

18 eligible studies containing a total of 8795 
patients provided the information of OS in CRC 
patients. As shown in Figure 2A, an elevated 
level of pre-treatment NLR was significant  
associated with the enhanced mortality risk of 
CRC patients with a random-effects model 
(combined HR=1.918, 95% CI=1.585-2.323, 
P<0.001) despite exhibiting heterogeneity 
among studies (I2=69.4%, pheterogeneity<0.001). 
Subgroup analyses by type of treatment 

Figure 1. Methodological flow 
diagram of this meta-analysis.

“trim and fill” method. All stati- 
stical calculations were 
performed by using STA- 
TA Version 12.0 software 
(StataCorp, College Station, 
TX, USA).

Results

Included eligible studies

Using our search strategy, 
a total of 84 relevant arti-
cles were identified after 
removing the duplicate 
records. After our careful 
evaluation by applying our 
exclusion criteria men-
tioned above, 28 studies 
evaluating the prognostic 
value of NLR in CRC 
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Table 1. Main features of included studies in our meta-analysis
NOS  
score

6

6

7

7
5

5

6

6

4

7

4

6
6

6

5
4
6

5

NLR  
cut-off

5

5

5

4
2

5

5

5

5

3

4

5
5

3

5
5
5

3.4

Multivariate  
analysis

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
No

Yes

Yes
Yes
Yes

Yes

Outcome  
measured

OS

OS
PFS
OS

PFS
OS

OS
PFS
OS
PFS
OS
PFS
OS
PFS

OS

OS

PFS
OS
OS

OS
PFS
PFS
PFS
OS
PFS
OS

Follow-up Mean/ 
median (months)

48 (36-73)

24 (11-97)

28 (2-102)

16 (3-99)
58 (43-74)

NR

NR

74.5 (45.9-136.8)

27.1 (5-62)

31.7

96.2 (11.6-139.1)

17 (0.77-61.6)

33.6
36 (12-71)

21.87

3.35 (0.1-8)
39.3 (2-156)

42 (1-66)

42

TNM

I-III
IV
NR

NR

II
I-IV

NR

II

I-IV

NR

I-III

NR

I-IV
I-IV

IV
I-IV
I-IV
IV
I-III

I-IV

Mean/median Ages 
(years)

<65 ys: N=48; 65-74 ys:  
N=52; >75 ys: N=49

64 (32–88)

56 (26–81)

61 (24–80)
mean: 61.2 range: 

(28-81)
61 (33–84)

>65 ys: N=610; <65 ys: 
N=429

59 (43–78)

63.8 (32.3-81.1)

NLR<3: meadian=62.3;  
NLR>3: median=63.9

60 (30–81)

64 (26–83)
<65 ys: N=74; 65-74 ys:  

N=79; >75 ys: N=53

56 (18–83)

70 (23–93)
60 (33-82)

60

NR

Study 
period

1998-2006

1996-2006

1997-2007

2002-2006
1999-2006

1999-2007

1995-2005

2000-2008

2000-2005

1998-2003

1998-2003

2005-2010

2005-2008
2006-2010

2005-2010

2003-2004
2001-2009
2005-2007

2000-2010

Treatment

resection
chemotherapy

resection

chemotherapy- 
resection

chemotherapy
resection
resection

chemotherapy

resection

radiofrquency  
ablation

chemoradia-
tion

resection 
(colon)

resection 
(rectal)

chemotherapy

resection
resection

chemotherapy

resection
resection
resection

resection

Number

149
84

440

200

90
141
123

171

1039

92

115

1943

1788

50

200
206

243

297
130
624

50

Racial

Western

Western

Western

Asian
Asian

Western

Asian

Asian

Western

Asian

Asian

Asian
Western

Asian

Western
Western

Asian

Western

Country

UK

UK

USA

China Mainland
China Mainland

Australia

Taiwan

China Mainland

UK

Taiwan

Japan

Korea
UK

China                                                  
Mainland

UK
Poland
Korea

Ireland

Year

2007

2007

2009

2010
2010

2011

2011

2011

2012

2012

2012

2012
2013

2013

2012
2013
2013

2013

Study

Leitch

Halazun

Kishi

Ding
Liu

Chua

Hung

Zhang

Carruthers

Chiang

Kaneko

Kwon
Guthrie

He

Mallappa
Zeman
Son

East



NLR in colorectal cancer

82 Int J Clin Exp Med 2016;9(1):78-90

Abseger 2013 Austria Western 504 resection 2002-2011 65 (27-95) II-III 45 (1-108) OS Yes 4 6
PFS No

Toiyam 2013 Japan Asian 84 chemotherapy- 
resection

2001-2012 64.5 (33-80) I-III 56 (2-147) OS Yes 5 6
PFS No

Paik 2013 Korea Asian 600 resection 2006-2009 62.3 I-IV 27.4 (1-72) OS No 5 6
PFS No
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revealed that the prognostic role of NLR for OS 
was favored in most studies, and the pooled 
estimate of NLR was significant for all sub-
groups including resection group (HR=1.814, 
95% CI: 1.421-2.316, I2=74.6%, Pheterogeneity< 
0.001), non-surgical group (HR=1.962, 95% CI: 
1.420-2.713 I2=51.8%, Pheterogeneity=0.065) and 
multi-treatment group (HR=2.436, 95% CI: 
1.248-5.111, I2=0.0%, Pheterogeneity=0.326) (Fig- 
ure 2B). Although the NLR cut-off was different 
for each study, we divided all of the studies into 
two groups by defining the cut-off of elevated 
NLR (5 vs less than 5). Our results indicated 
that the pooled estimation of NLR was signifi-
cant for both groups (5 group, HR=1.928, 95% 
CI: 1.544-2.407, I2=45.9%, Pheterogeneity=0.031; 

less than 5 group, HR=1.897, 95% CI: 1.349-
2.667, I2=84.4%, Pheterogeneity<0.001) (Figure 2C). 
In a subgroup analysis based on location, a 
negative predictor of NLR for OS was found  
in the Eastern (HR=1.502, 95% CI: 1.247-
1.808, I2=44.9%, Pheterogeneity=0.053) and West- 
ern group (HR=2.271, 95% CI: 1.764-2.923, 
I2=53.8%, Pheterogeneity=0.021) (Figure 2D).

To further explore the source of heterogeneity, 
meta-regression was conducted by treatment, 
cut-off value and location. Our results indicated 
that the location had significant heterogeneity 
(P=0.001), which could potentially explain 
42.45%. We also found the type of treatment 
partially explained the source of the heteroge-

Figure 2. Forest plots of the associations between NLR and the OS of patients with CRC. A. Stratified forest plots of 
the relationships between NLR and OS; B. Subgroup analysis of patients who received different treatments; C. Sub-
group analysis of studies with NLR cut-off values of 5 or less than 5; D. Subgroup analysis of the location including 
9 Eastern and 8 Western studies.
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neity (P=0.02). Other factors had no obvious 
role in heterogeneity because they had adjust-
ed R-squared values less than 5%.

Impact of NLR on PFS in CRC patients 

14 eligible articles including a total of 4530 
patients presented the information of pre-treat-
ment NLR and PFS in CRC. The prognostic role 
of high NLR for PFS was shown in Figure 3. Our 
data showed that elevated NLR predicted a 
worse outcome for PFS with the combined HR 
of 1.918 (95% CI: 1.508-2.438, I2=54.6%, 
Pheterogeneity=0.007) (Figure 3A). The subgroup 
analyses were also performed based on treat-
ment, NLR cut-off value and location (Figure 
3B-D). All subgroup analyses implied that an 
elevated NLR level was associated with the 

poor PFS, which were similar to those subgroup 
analyses for OS. Due to the high heterogeneity, 
meta-regression analyses demonstrated that 
“location” could explain 49.48% heterogeneity 
(P=0.001), and different types of treatment 
could also partially account for the source of 
the heterogeneity (P=0.046). These results 
indicated that location and type of treatment 
were the main sources of heterogeneity.

Sensitivity analysis

To test the robustness of HR estimates, sensi-
tivity analyses were done by the sequential 
removal of individual studies. Our results indi-
cated that the pooled effects of NLR were not 
affected by omitting each individual study in 
the OS and PFS groups, which verified the sta-
bility of our meta-analyses (Figure 4A, 4B).

Figure 3. Forest plots of the associations between NLR and the PFS of patients with CRC. A. Stratified forest plots 
of the relationships between NLR and PFS; B. Subgroup analysis of patients who received different treatments; C. 
Subgroup analysis of studies with NLR cut-off values of 5 or less than 5; D. Subgroup analysis of the location includ-
ing 9 Eastern and 8 Western studies.
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Publication bias

We used Begg’s funnel plot and Egger’s test to 
assess the publication bias in our literatures. 
The shape of the funnel plots indicated that 
there was evidence of publication bias for OS 
(P=0.008) and without bias for PFS (P=0.051). 
After using the trim and fill method, our results 
showed that the adjusted combined HR con-
cerning the relationships between elevated 
NLR and OS (HR=1.405, 95% CI: 1.139-1.732) 
was attenuated but remained significant, indi-
cating the stability of our pooled results (Figure 
5A, 5B).

Relationships between NLR and clinicopatho-
logical parameters in CRC patients

As shown in Figure 6A, 5 eligible studies 
showed that the elevated pre-treatment NLR 
level was not associated with lymph node 
metastases (OR=0.99, 95% CI: 0.908-1.069, 
P=0.723) with no obvious heterogeneity 

(I2<0.01%, P=0.697). However, our analysis 
indicated that high NLR in patients with CRC 
was associated with the following clinicopatho-
logical parameters: tumor differentiation (95% 
CI: 1.220-1.99, Figure 6B), advanced TNM 
stage (OR=1.248, 95% CI: 1.055-1.477, 
P=0.01, Figure 6C) and CEA levels (OR: 1.502; 
95% CI: 1.320-1.710, P<0.001, Figure 6D) with 
no heterogeneities.

Discussion

Experimental and clinical data indicate that 
chronic inflammation has been shown to play 
critical roles in cancer development [21, 22]. 
Inflammation participates in tumor develop-
ment via multiple mechanisms, including initia-
tion, malignant conversion, the promotion of 
angiogenesis, invasion, and metastasis [23-
25]. Though it has been confirmed that the 
presence of systemic inflammatory response 
may lead to poorer outcomes by many studies, 
the mechanisms of NLR effects the tumor pro-

Figure 4. Sensitivity analyses in our meta-analysis. A. OS; B. PFS in CRC patients.

Figure 5. Funnel plots for publication bias in our meta-analysis. A. OS; B. PFS in CRC patients.
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gression remains undefined. Some close atten-
tions have recently been focused on the asso-
ciations between NLR and OS of patients with 
cancer. According to the recent studies, there 
are several potential explanations. One possi-
ble explanation is that patients with a high NLR 
level usually have an enhanced neutrophil 
response [26]. Increased numbers of circulat-
ing neutrophils have been shown to produce 
and secrete a vast majority of pro-angiogenetic 
factors and cytokines, such as interleukin-6, 
tumor necrosis factor, matrix metalloprotein-
ase (MMP) and vascular endothelial growth fac-
tor (VEGF), which may contribute to the pro-
gression of malignancy and lead to a poor 
prognosis [27-29]. Others studies also reported 
that elevated NLR related to the increased 
interleukin-17 and the peritumoral infiltration of 
macrophages, which may induce elevated cir-
culating concentrations of several cytokines 
(IL-1ra, IL-6, IL-7, IL-12, interferon γ, interferon 
γ-induced protein, macrophage inflammatory 
protein 1β, and platelet-derived growth factor) 
[30-32]. Another explanation is that patients 
with elevated NLR usually have relative lympho-
cytopenia, which always associates with a 
poorer lymphocyte-mediated immune response 
to tumors [33]. Because the host immune 

response to tumors mainly depends on lympho-
cytes, increased NLR attenuates lymphocyte-
mediated anti-tumor immune reactions and 
promotes the recurrence and metastases of 
tumors [34]. Such a vicious cycle may lead to a 
poorer prognosis for affected patients. 
Furthermore, elevated neutrophils, which con-
tribute to suppressing the cytolytic activity of 
lymphocytes, cytotoxic T8 cells and natural kill-
er cells, can suppress immune surveillance and 
affect tumor growth in a negative way [35, 36]. 

Recently, there has been increasing evidence 
that inflammation plays an important role at 
the earliest stages of neoplastic progression 
and associates with a poor outcome in patients 
with cancer [37]. Emerging studies have also 
examined the prognostic value of various 
inflammation-based factors including CRP, 
Glasgow Prognostic Score (GPS), PLR and NLR 
in cancer populations [38-40]. Changes in 
blood NLR may be a useful index of predicting 
outcomes in patients with cancer, though reli-
able biomarkers are still unclarified. Because 
NLR assessment may be obtained easily from 
routine blood tests, it has the advantage of 
more cost-effectiveness in clinical practice. 
Therefore, elevated NLR, which has local and 
systemic effects in the microenvironment, may 

Figure 6. Forest plots of the associations between NLR and clinicopathological parameters. A. Lymph node metas-
tasis; B. Tumor differentiation; C. TNM stage; D. An elevated CEA level in CRC patients.
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reflect a novel inflammatory response and is 
associated with poor prognosis in cancer.

The prognostic value of NLR in CRC remains 
controversy. Inconsistent data have emerged 
regarding the prognostic value of NLR for pre-
dicting the OS and PFS in CRC patients [18, 19]. 
In addition, the relationships between NLR and 
tumor clinicopathological variables also remain 
contradictory and not convincing. We thus con-
ducted this meta-analysis to obtain a precise 
evaluation of elevated NLR in CRC. 

Previously, a meta-analyses published by Li et 
al. had investigated the associations between 
elevated NLR and higher risks for OS and RFS 
poorer outcome in patients with CRC [41]. 
Compared with the preceding of meta-analysis, 
our study contained 21 studies with 9,363 
patients, more than 16 studies of 6,859 
patients in Li’s study. In the current meta-anal-
ysis, preliminary combined HRs showed that 
high NLR was significantly associated with a 
poor OS (HR=1.918, 95% CI=1.585-2.323, 
P<0.001) and PFS (HR=1.918, 95% CI: 1.508-
2.438, P=0.007) in CRC patients, which was 
similar to the results of Li et al. But differently, 
we performed the main subgroup analyses 
based on the location, treatment and cut-off 
value. Despite heterogeneity, our data indicat-
ed that none of the subgroup estimations 
altered the prognostic role of NLR on OS and 
PFS in CRC. All of the subgroup estimations 
indicated that increased NLR could lead to a 
poorer OS. Furthermore, meta-regression was 
performed to explore potential sources of het-
erogeneity. Our results showed that the main 
heterogeneity was primarily due to treatment 
and NLR cut-off value for OS. Some studies 
used NLR cut-offs according to the previous 
evidence, while others set the cut-off by using 
receiver operating characteristic (ROC) curve 
analyses. However, subgroup analyses demon-
strated that the results were also consistent 
whether using 5 (HR 1.98, 95% CI: 1.58-2.49, 
I2=46.8%) or less than 5 (HR 1.90, 95% CI: 
1.35-2.67, I2=84.4%) as the cut-off value. 
Moreover, studies concerning nonsurgical 
treatment suggested that patients were in a 
higher clinical tumor stage, which had an 
impact on heterogeneity.

We also conducted the pooled analyses of the 
relationships between elevated NLR and clini-
copathologic characteristics in CRC patients. 

Similar to the previous study [41], our results 
suggested that increased NLR was closely 
related to tumor differentiation, higher inci-
dence of CEA≥5 ng/ml. But interestingly, our 
data implied that increased NLR level was also 
significantly associated with the advanced TNM 
stage of CRC. These indicators such as tumor 
differentiation, CEA level and TNM stage were 
all the most powerful variables, which were 
associated with CRC metastases and recur-
rences. In other words, increased NLR was sig-
nificantly associated with the highly aggressive 
phenotype of CRC, which could be seen as a 
potential prognostic factor. 

When interpreting the results of our present 
meta-analysis, certain limitations cannot be 
ignored. Firstly, the majority of enrolled studies 
were retrospective, which may lead to some 
biases. Secondly, the cut-off value for defining 
high NLR was set differently among studies, 
which led to between-study heterogeneity and 
might affect our results. Thirdly, in this analysis, 
only articles published in English language 
were included which may cause a potential 
bias. Because positive studies were more likely 
to be published in English, while negative 
results tended to be published in native lan-
guage. Meanwhile, negative or small-sample 
studies were less likely to be published. Thus, 
the pooled results might be somehow overesti-
mated. Finally, in the absence of directly report-
ed HRs and corresponding 95% CIs, these data 
were calculated from an available numerical 
index from survival curves. The reliability of the 
pooled analyses may thus be impaired. Due to 
these limitations, our results should be inter-
preted with caution. Likewise, high-quality and 
large multi-center prospective studies are 
needed to obtain more convincing evidence in 
the future.

Though larger well-designed studies with more 
ethnic groups and larger population studies are 
required, to the best of our knowledge, this is 
the first comprehensive meta-analysis to evalu-
ate the prognosis role of NLR in CRC. Our 
results demonstrated that elevated NLR was a 
negative predictor for OS and PFS in CRC. 
Meanwhile, elevated NLR was significantly 
associated with the presence of tumor differen-
tiation, TNM stage and a higher incidence of 
CEA≥5 ng/ml. These results suggested that 
NLR, which can be examined in a simple and 
invasive way as a common hematologic marker, 
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may serve as a novel and effective prognostic 
biomarker in CRC. NLR can be a potential direc-
tion for developing diagnostic and therapeutic 
approaches in CRC.

Acknowledgements

This work was supported by grants from the 
subject of regional center for tumor diseases in 
Zhejiang province (No. 2014-98) and the 
Special Subject of Diagnosis Treatment of Key 
Clinical Diseases of Shuzhou City Sci-tech 
Bureau (LCZX201401).

Disclosure of conflict of interest 

None.

Address correspondence to: Dr. Ping Chen, 
Department of General Surgery, Ningbo No. 2 
Hospital, Ningbo, China. E-mail: chenpingmaster@
yeah.net; Dr. Qiao-Ming Zhi, Department of General 
Surgery, The First Affiliated Hospital of Soochow 
University, Suzhou 215006, China. E-mail: strex-
boy@163.com

References

[1] Siegel R, Ma J, Zou Z, Jemal A. Cancer statis-
tics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2] John SK, Robinson SM, Rehman S, Harrison B, 
Vallance A, French JJ, Jaques BC, Charnley RM, 
Manas DM, White SA. Prognostic factors and 
survival after resection of colorectal liver me-
tastasis in the era of preoperative chemother-
apy: an 11-year single-centre study. Dig Surg 
2013; 30: 293-301.

[3] Gonzalez M, Poncet A, Combescure C, Robert 
J, Ris HB, Gervaz P. Risk factors for survival af-
ter lung metastasectomy in colorectal cancer 
patients: a systematic review and meta-analy-
sis. Ann Surg Oncol 2013; 20: 572-579.

[4] Li J, Guo BC, Sun LR, Wang JW, Fu XH, Zhang 
SZ, Poston G, Ding KF. TNM staging of colorec-
tal cancer should be reconsidered by T stage 
weighting. World J Gastroenterol 2014; 20: 
5104-5112.

[5] Harisi R, Schaff Z, Flautner L, Winternitz T, Ja-
ray B, Nemeth Z, Kupcsulik P, Weltner J. Evalu-
ation and comparison of the clinical, surgical 
and pathological TNM staging of colorectal 
cancer. Hepatogastroenterology 2008; 55: 66-
72.

[6] Roshani R, McCarthy F, Hagemann T. Inflam-
matory cytokines in human pancreatic cancer. 
Cancer Lett 2014; 345: 157-163.

[7] Xiao Y, Fan H, Zhang Y, Xing W, Ping Y, Zhao H, 
Xu C, Li Y, Wang L, Li F, Hu J, Huang T, Lv Y, Ren 

H, Li X. Systematic identification of core tran-
scription factors mediating dysregulated links 
bridging inflammatory bowel diseases and 
colorectal cancer. PLoS One 2013; 8: e83495.

[8] Bodelon C, Polley MY, Kemp TJ, Pesatori AC, 
McShane LM, Caporaso NE, Hildesheim A, 
Pinto LA, Landi MT. Circulating levels of im-
mune and inflammatory markers and long ver-
sus short survival in early-stage lung cancer. 
Ann Oncol 2013;24: 2073-2079.

[9] Tan CS, Read JA, Phan VH, Beale PJ, Peat JK, 
Clarke SJ. The relationship between nutritional 
status, inflammatory markers and survival in 
patients with advanced cancer: a prospective 
cohort study. Support Care Cancer 2015; 23: 
385-391.

[10] Jiang N, Deng JY, Liu Y, Ke B, Liu HG, Liang H. 
The role of preoperative neutrophil-lymphocyte 
and platelet-lymphocyte ratio in patients after 
radical resection for gastric cancer. Biomark-
ers 2014; 19: 444-451.

[11] Toiyama Y, Fujikawa H, Koike Y, Saigusa S, In-
oue Y, Tanaka K, Mohri Y, Miki C, Kusunoki M. 
Evaluation of preoperative C-reactive protein 
aids in predicting poor survival in patients with 
curative colorectal cancer with poor lymph 
node assessment. Oncol Lett 2013; 5: 1881-
1888.

[12] Ishizuka M, Oyama Y, Abe A, Kubota K. Combi-
nation of platelet count and neutrophil to lym-
phocyte ratio is a useful predictor of postoper-
ative survival in patients undergoing surgery 
for gastric cancer. J Surg Oncol 2014; 110: 
935-941.

[13] Shimada H, Takiguchi N, Kainuma O, Soda H, 
Ikeda A, Cho A, Miyazaki A, Gunji H, Yamamoto 
H, Nagata M. High preoperative neutrophil-
lymphocyte ratio predicts poor survival in pa-
tients with gastric cancer. Gastric Cancer 
2010; 13: 170-176.

[14] Forget P, Machiels JP, Coulie PG, Berliere M, 
Poncelet AJ, Tombal B, Stainier A, Legrand C, 
Canon JL, Kremer Y, De Kock M. Neutrophil: 
lymphocyte ratio and intraoperative use of ke-
torolac or diclofenac are prognostic factors in 
different cohorts of patients undergoing 
breast, lung, and kidney cancer surgery. Ann 
Surg Oncol 2013; 20 Suppl 3: S650-660.

[15] Williams KA, Labidi-Galy SI, Terry KL, Vitonis 
AF, Welch WR, Goodman A, Cramer DW. Prog-
nostic significance and predictors of the neu-
trophil-to-lymphocyte ratio in ovarian cancer. 
Gynecol Oncol 2014; 132: 542-550.

[16] Lee S, Oh SY, Kim SH, Lee JH, Kim MC, Kim KH, 
Kim HJ. Prognostic significance of neutrophil 
lymphocyte ratio and platelet lymphocyte ratio 
in advanced gastric cancer patients treated 
with FOLFOX chemotherapy. BMC Cancer 
2013; 13: 350.

mailto:strexboy@163.com
mailto:strexboy@163.com


NLR in colorectal cancer

89 Int J Clin Exp Med 2016;9(1):78-90

[17] Sullivan KM, Groeschl RT, Turaga KK, Tsai S, 
Christians KK, White SB, Rilling WS, Pilgrim 
CH, Gamblin TC. Neutrophil-to-lymphocyte ra-
tio as a predictor of outcomes for patients with 
hepatocellular carcinoma: a Western perspec-
tive. J Surg Oncol 2014; 109: 95-97.

[18] He W, Yin C, Guo G, Jiang C, Wang F, Qiu H, 
Chen X, Rong R, Zhang B, Xia L. Initial neutro-
phil lymphocyte ratio is superior to platelet lym-
phocyte ratio as an adverse prognostic and 
predictive factor in metastatic colorectal can-
cer. Med Oncol 2013; 30: 439.

[19] Carruthers R, Tho LM, Brown J, Kakumanu S, 
McCartney E, McDonald AC. Systemic inflam-
matory response is a predictor of outcome in 
patients undergoing preoperative chemoradia-
tion for locally advanced rectal cancer. Colorec-
tal Dis 2012; 14: e701-707.

[20] Parmar MK, Torri V, Stewart L. Extracting sum-
mary statistics to perform meta-analyses of 
the published literature for survival endpoints. 
Stat Med 1998; 17: 2815-2834.

[21] Rose DP, Vona-Davis L. Biochemical and mo-
lecular mechanisms for the association be-
tween obesity, chronic inflammation, and 
breast cancer. Biofactors 2014; 40: 1-12.

[22] Kamp DW, Shacter E, Weitzman SA. Chronic 
inflammation and cancer: the role of the mito-
chondria. Oncology (Williston Park) 2011; 25: 
400-410, 413.

[23] Kalani A, Kapali M, Orr T, Petrie A, Lawson M. 
Chronic inflammation predisposing to cancer 
metastasis: lesson learned from a chronically 
embedded foreign body in a duodenal diver-
ticulum. J Gastrointest Cancer 2014; 45 Suppl 
1: 136-139.

[24] Khatami M: Inflammation, aging, and cancer: 
tumoricidal versus tumorigenesis of immunity: 
a common denominator mapping chronic dis-
eases. Cell Biochem Biophys 2009; 55: 55-79.

[25] Baniyash M, Sade-Feldman M, Kanterman J. 
Chronic inflammation and cancer: suppressing 
the suppressors. Cancer Immunol Immunoth-
er 2014; 63: 11-20.

[26] Noble F, Hopkins J, Curtis N, Kelly JJ, Bailey IS, 
Byrne JP, Bateman AC, Bateman AR, Under-
wood TJ. The role of systemic inflammatory 
and nutritional blood-borne markers in predict-
ing response to neoadjuvant chemotherapy 
and survival in oesophagogastric cancer. Med 
Oncol 2013; 30: 596.

[27] Guthrie GJ, Roxburgh CS, Richards CH, Horgan 
PG, McMillan DC. Circulating IL-6 concentra-
tions link tumour necrosis and systemic and 
local inflammatory responses in patients un-
dergoing resection for colorectal cancer. Br J 
Cancer 2013; 109: 131-137.

[28] Dell’Aica I, Niero R, Piazza F, Cabrelle A, Sartor 
L, Colalto C, Brunetta E, Lorusso G, Benelli R, 

Albini A, Calabrese F, Aqostini C, Garbisa S. Hy-
perforin blocks neutrophil activation of matrix 
metalloproteinase-9, motility and recruitment, 
and restrains inflammation-triggered angio-
genesis and lung fibrosis. J Pharmacol Exp 
Ther 2007; 321: 492-500.

[29] Nakamura I, Shibata M, Gonda K, Yazawa T, 
Shimura T, Anazawa T, Suzuki S, Sakurai K, 
Koyama Y, Ohto H, Tomita R, Gotoh M, Tak-
enoshita S. Serum levels of vascular endothe-
lial growth factor are increased and correlate 
with malnutrition, immunosuppression involv-
ing MDSCs and systemic inflammation in pa-
tients with cancer of the digestive system. On-
col Lett 2013; 5: 1682-1686.

[30] Kasten KR, Prakash PS, Unsinger J, Goetzman 
HS, England LG, Cave CM, Seitz AP, Mazuski 
CN, Zhou TT, Morre M, Hotchkiss RS, Hildeman 
DA, Caldwell CC. Interleukin-7 (IL-7) treatment 
accelerates neutrophil recruitment through 
gamma delta T-cell IL-17 production in a mu-
rine model of sepsis. Infect Immun 2010; 78: 
4714-4722.

[31] Capelli A, Di Stefano A, Lusuardi M, Gnemmi I, 
Donner CF. Increased macrophage inflamma-
tory protein-1alpha and macrophage inflam-
matory protein-1beta levels in bronchoalveolar 
lavage fluid of patients affected by different 
stages of pulmonary sarcoidosis. Am J Respir 
Crit Care Med 2002; 165: 236-241.

[32] Unal D, Eroglu C, Kurtul N, Oguz A, Tasdemir A. 
Are neutrophil/lymphocyte and platelet/lym-
phocyte rates in patients with non-small cell 
lung cancer associated with treatment re-
sponse and prognosis? Asian Pac J Cancer 
Prev 2013; 14: 5237-5242.

[33] de Jager CP, van Wijk PT, Mathoera RB, de 
Jongh-Leuvenink J, van der Poll T, Wever PC. 
Lymphocytopenia and neutrophil-lymphocyte 
count ratio predict bacteremia better than con-
ventional infection markers in an emergency 
care unit. Crit Care 2010; 14: R192.

[34] Motomura T, Shirabe K, Mano Y, Muto J, Toshi-
ma T, Umemoto Y, Fukuhara T, Uchiyama H, 
Ikegami T, Yoshizumi T, Soejima Y, Maehara Y. 
Neutrophil-lymphocyte ratio reflects hepatocel-
lular carcinoma recurrence after liver trans-
plantation via inflammatory microenvironment. 
J Hepatol 2013; 58: 58-64.

[35] Borzoueisileh S, Monfared AS, Abediankenari 
S, Mostafazadeh A, Khosravifarsani M. The ef-
fects of residence duration in high background 
radiation areas on immune surveillance. J Nat 
Sci Biol Med 2013; 4: 218-222.

[36] Szodoray P, Nakken B, Barath S, Csipo I, Nagy 
G, El-Hage F, Osnes LT, Szegedi G, Bodolay E. 
Altered Th17 cells and Th17/regulatory T-cell 
ratios indicate the subsequent conversion 



NLR in colorectal cancer

90 Int J Clin Exp Med 2016;9(1):78-90

from undifferentiated connective tissue dis-
ease to definitive systemic autoimmune disor-
ders. Hum Immunol 2013; 74: 1510-1518.

[37] Pinato DJ, Shiner RJ, Seckl MJ, Stebbing J, 
Sharma R, Mauri FA. Prognostic performance 
of inflammation-based prognostic indices in 
primary operable non-small cell lung cancer. 
Br J Cancer 2014; 110: 1930-1935.

[38] Li QQ, Lu ZH, Yang L, Lu M, Zhang XT, Li J, Zhou 
J, Wang XC, Gong JF, Gao J, Li J, Li Y, Shen L. 
Neutrophil count and the inflammation-based 
glasgow prognostic score predict survival in 
patients with advanced gastric cancer receiv-
ing first-line chemotherapy. Asian Pac J Cancer 
Prev 2014; 15: 945-950.

[39] Kunisaki C, Takahashi M, Ono HA, Oshima T, 
Takagawa R, Kimura J, Kosaka T, Makino H, 
Akiyama H, Endo I. Inflammation-based prog-
nostic score predicts survival in patients with 
advanced gastric cancer receiving biweekly 
docetaxel and s-1 combination chemotherapy. 
Oncology 2012; 83: 183-191.

[40] Proctor MJ, McMillan DC, Morrison DS, Fletch-
er CD, Horgan PG, Clarke SJ. A derived neutro-
phil to lymphocyte ratio predicts survival in 
patients with cancer. Br J Cancer 2012; 107: 
695-699.

[41] Li MX, Liu XM, Zhang XF, Zhang JF, Wang WL, 
Zhu Y, Dong J, Cheng JW, Liu ZW, Ma L, Lv Y. 
Prognostic role of neutrophil-to-lymphocyte ra-
tio in colorectal cancer: A systematic review 
and meta-analysis. Int J Cancer 2014; 134: 
2403-2413.


