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Abstract

The neutrophil-to-lymphocyte ratio (NLR) is a useful biomarker that reflects systemic inflammation responses. However, the
prognostic value of the NLR in patients with primary liver cancer (PLC) remains controversial. We performed a meta-analysis
of 26 studies (comprising 4,461 patients) to evaluate the association between the pre-treatment NLR and clinical outcomes
of overall survival (OS) and disease-free survival (DFS) in patients with PLC. The correlation between NLR and tumor
characteristics or other inflammation-related parameters was also assessed. Data were synthesized using the random-effects
model of DerSimonian and Laird, and the hazard ratio (HR) or odds ratio (OR) with 95% confidence interval (CI) was used to
estimate effect size. Our analysis indicated that a high NLR predicted poor OS (HR, 2.102; 95% CI: 1.741–2.538) and DFS (HR,
2.474; 95% CI: 1.855–3.300) for PLC. A high NLR was associated with the presence of tumor vascular invasion (OR: 1.889, 95%
CI: 1.487–2.400; p,0.001) and an elevated alpha-fetoprotein level (OR: 1.536; 95% CI: 1.152–2.048; p = 0.003). Thus, we
conclude that a high NLR indicates a poor prognosis for patients with PLC and may also be predictive for PLC invasion and
metastasis. Subgroup analysis suggested that the predictive role of NLR in cholangiocarcinoma is limited, and a further large
study to confirm these findings is warranted.
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Introduction

Inflammatory responses have been shown to correlate closely

with tumor progression, including promotion of angiogenesis and

tumor invasion through the up-regulation of cytokines. The

capacity of tumor cells to invade, access the vasculature, and

metastasize is modulated by signals from the primary tumor

microenvironment, bloodstream, and the new microenvironment

(secondary site).[1] [2] Accumulating evidence suggests that these

signals are correlated closely with inflammation-related cells,

including neutrophils,[3,4] platelets,[5] and lymphocytes. Neutro-

phils and lymphocytes in the primary tumor microenvironment

are correlated closely with local inflammation and immune

responses, respectively, and play prominent regulatory roles in

tumor progression.[4]

The neutrophil-to-lymphocyte ratio (NLR) indicates the balance

of the inflammatory and immune systems, making the NLR a

useful index that reflects systemic inflammation responses.

Evidence suggests that the presence of neutrophils in the tumor

stroma is associated with a poor prognosis,[4,6] whereas lympho-

cyte infiltration around a tumor has been reported to be associated

with a better prognosis.[7,8] Therefore, the NLR has attractive

prognostic value for patients with tumors.[9]

Primary liver cancer (PLC) malignancies, primarily hepatocel-

lular carcinoma (HCC) or intracholangiocarcinoma (ICC), occur

worldwide with high mortality and morbidity. Accumulated

evidence indicates that the progression of PLC is correlated

closely with both inflammation[10] and immunocytes.[11] Recent

studies suggest a potential prognostic role of the NLR in the

treatment strategies of PLC, including hepatic resection,[12,13,14]

liver transplantation,[15,16,17] radiofrequency ablation

(RFA),[18,19] and trans-arterial chemo-embolization

(TACE)[20,21]. However, most of these studies were composed

of relatively small samples. Moreover, some studies had negative

results.[22] [23] Therefore, whether NLR is a suitable prognostic

factor for liver cancer remains controversial.

In recent years, significant advances have been made in liver

cancer treatment. However, the appropriate stratification of

cancer patients and subsequent allocation to surgical and palliative

treatments remains a challenge. The conventional prognostic

factors for PLC have limitations. For example, alpha-fetoprotein

(AFP) is not suitable for predicting the prognosis of HCC patients

with a normal AFP level or patients with ICC. In the present

meta-analysis, we evaluated the prognostic roles of the NLR for

survival following treatment of PLC. Our results show that a high

NLR can strongly predict poor survival of PLC, indicating the

predictive value of the NLR as a new biomarker in PLC.
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Materials and Methods

Search strategy and selection criteria
We performed a search of Ovid Medline (1945 to present with

daily update; in-process and other non-indexed citations),

EMBASE (from 1974 to October 16, 2013), Web of Knowledge

including SCIE (Science Citation Index Expanded), CPCI-S

(Conference Proceedings Citation Index-Science) from 1997 to the

present, and the Cochrane library up to October 2013. The main

terms ‘‘hepatocellular carcinoma’’, ‘‘liver cancer’’, ‘‘hepatoma’’,

and ‘‘intracholangiocarcinoma’’ in the title as well as ‘‘neutro-

phil*’’ and ‘‘lymphocyte*’’ in the title/abstract, were used.

References cited in the retrieved articles were also searched for

relevant titles. This meta-analysis was conducted in accordance

with the guidelines provided by the PRISMA statement (Checklist

S1).

Studies concerning the prognostic role of the NLR in liver

cancer, including HCC or ICC, were the first choice for inclusion.

Further criteria for selection included data on overall survival (OS)

or disease-free survival (DFS) for evaluation and pre-treatment

determination of the NLR. Each included study was approved by

an ethics committee or institutional review board. Exclusion

criteria were: (1) no access to the full text for quality assessment

and data extraction; (2) review articles; and (3) non-clinical studies

or case reports.

Data extraction and quality assessment
Three investigators independently reviewed all potentially

eligible studies and collected data on patient and study charac-

teristics. Discrepancies were resolved by discussion and consensus.

The Newcastle-Ottawa Scale (NOS) was used to assess study

quality. The NOS consists of three parameters of quality: selection

(0–4 points), comparability (0–2 points), and outcome assessment

(0–3 points). The maximum possible score is 9 points, representing

the highest quality methodological study.

Data synthesis and analysis
The OS and DFS were assessed as the primary measures of the

treatment effect using the hazard ratio (HR) with 95% confidence

interval (CI). The methods for incorporating summary time-to-

event data into the meta-analysis were described previously.[24] In

addition to the survival analysis, the relationship between the NLR

and clinical-pathologic characteristics was also assessed.

Pooled analyses were performed using DerSimonian-Laird

random-effects models. Sensitivity analyses were performed to

determine the stability of the overall treatment effects. We

excluded one study at a time to ensure that no single study would

be solely responsible for the significance of any result. Accumu-

lated analyses were used to evaluate the total trend of the studies.

Statistical heterogeneity was measured using I-squared statistics.

Subgroup analysis and meta-regression analyses were conducted

to explore and explain the diversity (heterogeneity) among the

results of different studies. Publication bias was assessed using

Begg’s funnel plot and Egger’s test. All p values were two-tailed,

and statistical significance was set at 0.05. Statistical analyses were

performed using STATA version 12.0 (StataCorp, College

Station, TX, USA) and Comprehensive Meta Analysis version

2.0 (Biostat, Inc., Englewood, NJ, USA).

Results

Included eligible studies
The flow chart of the study selection for the meta-analysis is

shown in Figure 1. Briefly, of the initial 421 hits, 61 articles were

retrieved for detailed evaluation and 26 studies [12–38] satisfying

the inclusion criteria were finally analyzed. Ten trials were from

Western countries, including four studies from the United States,

two studies from the United Kingdom, three studies from Italy,

and one study from Brazil. Sixteen studies were from Eastern

countries, including 10 from China, 5 from Japan, and one from

South Korea. Because of the lack of available full text, conference

abstracts were not included. One study of hilar cholangiocarci-

noma was also excluded.[39] Quality assessment of the trials is

shown in Table 1.

The main features of the 26 studies included in the meta-

analysis are shown in Table 1. All of the studies were retrospective

cohort studies. All were reported within the past 5 years, and 50%

were reported in 2013. The studies included 4,461 patients, 1,732

of whom received hepatic resection, 336 received RFA treatment,

1,281 received liver transplantation, and 775 received TACE

treatment. Most of the studies concerned HCC; only one study

concerned ICC. Three study centers each reported two studies;

however, all the studies were assessed in the final meta-analysis

because they involved different cancer types, treatments, or NLR

cut-off values. The percentage of men ranged from 31% to 93%,

and the mean age ranged from 31 to 72 years. HRs were estimated

for each study using the available data or methods described

above. Each individual study reported a ‘‘high’’ NLR level with

survival data; the NLR cut-off value was determined using

different methods among studies.

NLR and survival (OS and DFS)
Pooled HR. Twenty-one studies provided information re-

garding OS. The prognostic role of a high NLR for OS is shown in

Figure 2A. The data indicate high statistical heterogeneity with I-

squared value of 81.3% (p,0.001) and the 95% CIs for the results

of individual trials had a wide range. The prognostic role of a high

NLR in survival was favored in most studies, except for three that

had no significant results. The pooled estimate of the high NLR

was significant (HR, 2.102; 95% CI: 1.741, 2.538; p,0.001),

indicating that patients with a high baseline NLR had poor OS.

Additionally, 17 studies provided data concerning DFS. As shown

in Figure 2B, the pooled estimate of the high NLR for DFS was

significant (HR, 2.474; 95% CI: 1.855, 3.300; p,0.001), indicating

that patients with high pre-treatment NLR had poor DFS.

Sensitivity analyses suggested that the pooled effect of the NLR

on OS was not affected by sequential exclusion of each study (Fig.

S1). Moreover, accumulated analyses indicated that the pooled

trend of the HR for the NLR regarding OS was not affected

following sequential inclusion of each study (Fig. S2). Similar to the

OS, sensitivity analyses suggested that the pooled effect of NLR on

DFS was not affected following sequential exclusion of each study

in turn (data not shown).

Sub-group analyses. We further explored potential causes of

the heterogeneity in the meta-analysis. First, we analyzed the

significance of a high NLR with respect to the OS for patients who

received different treatments. Among six resection studies, two

RFA studies, five TACE studies, and five liver transplantation

studies, the prognostic role of the NLR in OS was favored in most

studies and the pooled estimate of the NLR was significant (HR,

1.679; 95% CI: 1.529, 1.843; p,0.001) (Fig. 3A). Statistical

heterogeneity was found in the subgroups that received multiple

treatments (I-squared = 90.72%; p,0.001) and resection (I-

squared = 49.4%, p = 0.078); heterogeneity was not found in the

subgroups that received RFA (I-squared = 0.0%; p = 0.322),

TACE (I-squared = 6.97%, p = 0.367), or transplantation (I-

squared = 0.0%; p = 0.487).

Role of NLR in Primary Liver Cancer
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Because the NLR cut-off values were clearly different among

the studies, ranging from 1.9 to 5.0, we performed subgroup

analysis based on the NLR cut-off value. In 10 studies with an

NLR cut-off less than 5 and 10 studies with an NLR greater than

5, the prognostic role of NLR in OS was favored in most studies,

and the pooled estimate of the NLR was significant (HR, 1.779;

95% CI: 1.522, 2.079; p,0.001) (Fig. 3B). Statistical heterogeneity

was found in subgroups with an NLR greater than 5 (I-

squared = 87.4%; p,0.0001 and in subgroups with NLR ,5 (I-

squared = 62.6%; p = 0.004).

Because patients with HCC in Western or Eastern countries

have a different medical background with respect to liver disease,

sub-group analyses based on region were also performed.

Although two studies from the Western group and one study

from the Eastern group suggested a negligible role of the NLR in

OS, the prognostic role of the NLR in OS was favored in most

studies and the pooled estimate of the NLR was significant (HR,

1.988; 95% CI: 1.664, 2.375; p,0.001) (Fig. 3C). Statistical

heterogeneity was noted (I-squared = 59.4%, p = 0.031) in both the

Eastern (I-squared = 72.7%; p = 0.001) and Western (I-

squared = 87.9%; p,0.001) groups.

Of all the 26 studies, only one clearly reported the prognostic

role of the NLR in OS for ICC. Consequently, sub-group analysis

suggested that the pooled estimate of the NLR regarding OS in

ICC patients was not significant (p = 0.330). In contrast, the pooled

estimate of the NLR regarding HCC was very strong (HR, 2.203;

95% CI: 1.828, 2.655; p,0.001) (Fig. S3A). In addition, sub-group

analyses suggested a prognostic role of the NLR in OS based on

the median follow-up time (Fig. S3B) or sampling method (Fig.

S3C).

Regarding DFS, sub-group analyses was also performed based

on treatment, NLR cut-off value, region, cancer type, follow-up

time, and sampling method, as shown in Figure S4. The pooled

results were similar to those for OS except that the NLR had no

prognostic role in the DFS of the subgroup with RFA (HR, 1.043;

95% CI: 0.948, 1.148; p = 0.385).

Meta-regression analyses. Meta-regression analysis was

also used to explore the heterogeneity in the studies for OS.

Twenty-one studies were analyzed, and 10 features—publication

year, sample size, mean age, proportion of men, number of high

NLR values, research region, treatment type, cancer type,

sampling method, and NLR cut-off value—were exam-

ined.[6,7,9–13] Data concerning the median follow-up time could

not be analyzed because they were incomplete. The adjusted R-

squared value from univariate meta-regression suggested that the

NLR cut-off value could explain 18.85% heterogeneity alone

(p = 0.025, 95% CI: 1.027, 1.417) (Fig. 4), whereas cancer type

could potentially explain another 18.85% heterogeneity alone

(p = 0.143). Other factors had no significant role in heterogeneity

because they had adjusted R-squared values of less than 5%.

Additionally, the adjusted R-squared values suggested that the

NLR cut-off value (p = 0.001, 95% CI: 1.119, 1.431) and cancer

Figure 1. Search flow diagram for studies included in the meta-analysis.
doi:10.1371/journal.pone.0096072.g001
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type (p,0.001, 95% CI: 0.265, 0.628) combined could explain

84.46% heterogeneity, indicating that the NLR cut-off value and

cancer type were the main sources of heterogeneity.

NLR and clinicopathologic characteristics
NLR and vascular invasion. Twelve studies reported data

concerning high NLR and tumor vascular invasion in PLC,

including 11 HCC studies and one ICC study. A high NLR

seemed to be associated with the presence of vascular invasion in

most studies, and statistical significance was observed in two

studies. Conversely, one study demonstrated a correlation between

a low NLR and vascular invasion. Combined data from all 12

studies showed a trend for a correlation between a high NLR and

vascular invasion (odds ratio (OR): 1.889; 95% CI: 1.487–2.400;

p,0.001), although heterogeneity was evident in the sub-group

with HCC (I-squared = 87.3%; p,0.001). Sub-group analysis

indicated that a high NLR was associated with vascular invasion

in both HCC and ICC (Fig. 5A).

NLR and AFP. In addition to its diagnostic role, AFP has

been suggested to be a prognostic factor for the survival of patients

who received various treatments. Nine studies reported data on

high NLR and AFP in PLC. Of these, six suggested no correlation

between a high NLR and an elevated AFP level and three reported

statistical significance. Combined data from all nine studies

showed a correlation between high NLR and an elevated AFP

level (OR: 1.536; 95% CI: 1.152–2.048; p = 0.003) (Fig. 5B).

NLR and CRP or PLR. C-reactive protein (CRP), a marker

of acute inflammation, and the platelet-to-lymphocyte ratio (PLR)

are both potentially useful prognostic factors for survival in PLC.

Of 26 included studies, five[15,25,30,31,33] reported the prog-

nostic role of CRP in PLC. Four studies[25,30,31,33] confirmed

the prognostic value of CRP; one study[31] showed that the

combined use of CRP and NLR provided incremental prognostic

information, and one study[30] suggested a strong correlation

between CRP and NLR. Only two studies[25,33] reported the

prognostic role of PLR in PLC.

NLR and differentiation or extra-hepatic spread. Seven

studies reported data on high NLR values and poorly differenti-

ated cells; however, only one study suggested a potential

correlation between high NLR and poor differentiation. Addi-

tionally, combined data could not support a correlation (OR:

1.279; 95% CI: 0.911–1.797; p = 0.155; Fig. S5A). Four studies

reported the potential relationship between NLR and extra-

hepatic spread. Although one study suggested that a high NLR

correlated with extra-hepatic spread, the pooled data did not show

statistical significance (OR: 1.570; 95% CI: 0.706–3.491;

p = 0.268; Fig. S5B).

Publication bias
The results of Egger’s test suggested evidence for publication

bias regarding the DFS studies (p,0.001). However, OS

publication bias was not obvious (Fig. S6).

Discussion

Inflammation, as a protective response, has been shown to play

critical roles in tumor development. Inflammation-related neutro-

phils and immunocytes participate in communication between the

microenvironment and tumor cells. However, these cell types play

discrepant roles in the systemic inflammation response. The NLR

potentially balances the functions of neutrophils and immunocytes,

making it a useful prognostic factor. Although accumulated

evidence has suggested the prognostic value of the NLR in PLC,

controversial results persist. The present meta-analysis is the first
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Figure 2. Forest plots of the association between the NLR and survival of patients with primary liver cancer. A random-effects model
was used. (A) Forest plot of the association between the NLR and OS of 21 studies. (B) Forest plot of the association between the NLR and DFS of 17
studies. Blue represents the HR estimate of each study, whereas red represents the overall pooled effective size. NLR = neutrophil-to-lymphocyte
ratio; OS = overall survival; DFS = disease-free survival; *, the different study by Gomez; **, the different study by Wang.
doi:10.1371/journal.pone.0096072.g002
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to show that a high NLR shows prominent prognostic significance

regarding the survival of patients with PLC, particularly those with

HCC. A prognostic role was demonstrated for both OS and DFS

of patients with PLC. Similar to our study, a recent meta-analysis

confirmed the prognostic value of the NLR in colorectal

cancer.[40]

Regarding liver cancer, some tumor characteristics have been

shown to have prognostic value, including vascular invasion[41]

and an increased AFP level[42]. The current meta-analysis

showed that a high NLR correlated closely with vascular invasion

and an elevated AFP level, both of which are known to be

correlated with invasion of tumor cells and to be prognostic factors

for poor survival of patients. Similar to the NLR as a prognostic

factor related to inflammation, CRP, the Glasgow Prognostic

Score[43] and the PLR have also been shown to be potential

prognostic factors. Previous studies have suggested that an elevated

CRP concentration is associated with poor survival in patients with

HCC.[44] Moreover, platelets have been shown to induce an

epithelial-mesenchymal-like transition[45] and platelet-derived

nucleotides were shown to promote tumor cell transendothelial

migration and metastasis.[5] Therefore, the PLR should also be

investigated as a potential prognostic factor. Further research is

required to compare the prognostic roles of these inflammation-

based indices in PLC.

Only one study[27] in the present meta-analysis used the

CD66b+/CD8+ ratio instead of the NLR, and the prognostic role

of CD66b+/CD8+ in the current study seem to be stronger than

that in other studies according to subgroup analysis. It has been

shown that CD4+ T cells and CD8+ T cells play discrepant, and

even opposing roles, in the tumor microenvironment. CD8+
lymphocytes promote the killing of tumor cells, whereas regulatory

CD4+ T cells potentially promote the progression of liver cancer.

Moreover, inflammation can promote tumor invasion and

metastasis through the recruitment of regulatory T lymphocytes.

Therefore, the neutrophil-to-CD8+ T cell ratio[46] may have

stronger prognostic value for survival than the conventional NLR

index, a finding that requires future confirmation. In addition, the

prognostic role of osteopontin in PLC suggested by one meta-

analysis has been confirmed, mainly on the basis of immunohis-

tochemical staining methods.[47] Therefore, the combination of

osteopontin and the NLR, a value that considers the microenvi-

ronment for both local and systemic effects, may have a stronger

prognostic value in PLC.

Subgroup estimation in the present study indicated that a high

NLR was an effective prognostic factor for poor survival for

patients who received various types of treatment, including radical

resection, RFA, transplantation, and non-radical TACE. Although

the predictive role of NLR for pooled OS of patients who received

RFA was positive, the pooled DFS showed a negative predictive

role of NLR in these patients, in part because of the few RFA

studies and discrepancies among studies. Recently, another study

that was published after our search period for the current meta-

analysis suggested the prognostic value of the NLR for patients

who received sorafenib monotherapy.[48] Although liver cancer

has an uneven worldwide distribution, sub-group analysis based on

region suggested that the prognostic roles of NLR were in

accordance with either the Eastern or Western region. The main

cause of heterogeneity in that study may lie in the subgroup

analysis based on the NLR cut-off value, treatment type, and study

region. Conversely, the heterogeneity of the present meta-

regression analysis was mainly due to the NLR cut-off value,

particularly combined with cancer type. Some studies set the NLR

cut-off based on the receiver operating characteristic method,

whereas others set the cut-off by referencing previous evidence.

Figure 3. Stratified forest plots of the association between the NLR and OS. (A) Subgroup analysis in patients who received different
treatments. (B) Subgroup analysis in studies with an NLR cut-off value less than or greater than 5. (C) Subgroup analysis was based on the region in
which the study was reported, including 13 Eastern studies and 8 Western studies. Green represents the subgroup pooled effective size, whereas red
represents the overall pooled effective size. NLR = neutrophil-to-lymphocyte ratio; OS = overall survival; CI = confidence interval; TL =
transplantation; *, the different study by Pinato.
doi:10.1371/journal.pone.0096072.g003

Figure 4. Meta-regression between the NLR cut-off value and lnhr. NLR = neutrophil-to-lymphocyte ratio; lnhr = log of the hazard ratio.
doi:10.1371/journal.pone.0096072.g004
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However, subgroup analysis confirmed that both NLR less than 5

and NLR greater than 5 were effective prognostic factors, in

accordance with the screening results in some studies. In addition,

the difference in the follow-up period between radical therapy and

non-radical treatment may affect heterogeneity. Furthermore,

studies concerning transplantation indicated that patients always

received other treatments before transplantation.

Study limitations
Although we comprehensively evaluated the association be-

tween the NLR and tumor outcome, several limitations of the

current meta-analysis should be acknowledged. Drawbacks

pertinent to the present meta-analysis were mainly differences in

characteristics among the included studies. Heterogeneity is a

potential problem that may affect the interpretation of the results

of all meta-analyses. Subgroup and meta-regression suggested that

cancer type might partially explain the heterogeneity. Of the 26

included studies, only one concerned treatment for ICC.

Therefore, the pooled predictive role of high NLR cut-off for

survival of ICC patients in subgroup analysis was negative because

of the single negative report in the Gomez study. The limited

sample size and number of ICC studies induced heterogeneity in

this meta-analysis, and larger studies of ICC are required to

provide further evidence. In addition, the NLR cut-off value was

set differently among studies, which was one of the main sources of

heterogeneity. Another weakness of our study was publication bias,

Figure 5. Forest plots of the association between the NLR and tumor characteristics. (A) The association between the NLR and vascular
invasion. (B) The association between the NLR and an elevated AFP level. Green represents the subgroup pooled effective size, whereas red
represents the overall pooled effective size. NLR = neutrophil-to-lymphocyte ratio; AFP = alpha feto-protein; CI = confidence interval; *, the
different study by Gomez; **, the different study by Wang.
doi:10.1371/journal.pone.0096072.g005
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which was evident in the meta-analysis. This might be because

positive results were more likely to be published than negative

ones. A tendency for journals to only publish positive results leads

to a larger magnitude of an association in pooled analysis than the

actual value.

In conclusion, this study demonstrated that the NLR is

associated with poor survival of PLC. The NLR is a useful

biomarker that provides essential information for predicting

survival and tumor invasiveness of patients with PLC patients

who received treatment. Subgroup analysis suggested that the

predictive role of NLR in ICC is limited, and a further large study

to confirm these findings is warranted.

Supporting Information

Figure S1 Sensitivity analyses of the association be-
tween the NLR and overall survival. The analyses were

carried out by the sequential exclusion of each study in turn. NLR

= neutrophil-to-lymphocyte ratio; CI = confidence interval; *,

the different study by Pinato.

(TIF)

Figure S2 Accumulated analysis of the association
between the NLR and overall survival. The analyses were

carried out by the sequential addition of each study. NLR =

neutrophil-to-lymphocyte ratio; CI = confidence interval; *, the

different study by Pinato.

(TIF)

Figure S3 Stratified forest plots of the association
between the NLR and OS. (A) Subgroup analysis was based

on cancer type. (B) Subgroup analysis in studies with a median

follow-up time less than or more than 3 years. (C) Subgroup

analysis was based on the sampling method. Green represents the

subgroup pooled effective size, whereas red represents the overall

pooled effective size. NLR = neutrophil-to-lymphocyte ratio; OS

= overall survival; CI = confidence interval; *, the different study

by Pinato.

(TIF)

Figure S4 Stratified forest plots of the association
between the NLR and DFS. (A) Subgroup analysis in patients

who received different treatments. (B) Subgroup analysis in studies

with an NLR cut-off value less than or greater than 5. (C)

Subgroup analysis was based on the region in which the study was

reported. (D) Subgroup analysis was based on cancer type. (E)

Subgroup analysis in studies with a median follow-up time less

than or greater than 3 years. (F) Subgroup analysis was based on

the sampling method. Green represents the subgroup pooled

effective size, whereas red represents the overall pooled effective

size. NLR = neutrophil-to-lymphocyte ratio; DFS = disease-free

survival; CI = confidence interval; *, the different study by

Gomez; **, the different study by Wang.

(TIF)

Figure S5 Forest plots of the association between the
NLR and tumor characteristics. (A) The association between

the NLR and differentiation of tumor cells. (B) The association

between the NLR and extra-hepatic spread. Green represents the

subgroup pooled effective size, whereas red represents the overall

pooled effective size. NLR = neutrophil-to-lymphocyte ratio; CI

= confidence interval; **, the different study by Wang.

(TIF)

Figure S6 Funnel plots for the hazard ratios of recessive
modes in the included studies. (A) OS (n = 26). (B) DFS

(n = 17).

(TIF)

Checklist S1 PRISMA checklist of the meta-analysis.

(DOC)

Acknowledgments

We thank all the patients and clinical investigators who were involved in

the studies selected in this meta-analysis.

Author Contributions

Conceived and designed the experiments: ZGR. Performed the experi-

ments: TCX LZ XYX. Analyzed the data: TCX LXL BHZ. Contributed

reagents/materials/analysis tools: TCX NLG SLY. Wrote the paper:

TCX.

References

1. Joyce JA, Pollard JW (2009) Microenvironmental regulation of metastasis. Nat

Rev Cancer 9: 239–252.

2. Nguyen DX, Bos PD, Massague J (2009) Metastasis: from dissemination to

organ-specific colonization. Nat Rev Cancer 9: 274–284.

3. Grosse-Steffen T, Giese T, Giese N, Longerich T, Schirmacher P, et al. (2012)

Epithelial-to-mesenchymal transition in pancreatic ductal adenocarcinoma and

pancreatic tumor cell lines: the role of neutrophils and neutrophil-derived

elastase. Clin Dev Immunol 2012: 720768.

4. Schwaller J, Schneider P, Mhawech-Fauceglia P, McKee T, Myit S, et al. (2007)

Neutrophil-derived APRIL concentrated in tumor lesions by proteoglycans

correlates with human B-cell lymphoma aggressiveness. Blood 109: 331–338.

5. Schumacher D, Strilic B, Sivaraj KK, Wettschureck N, Offermanns S (2013)

Platelet-derived nucleotides promote tumor-cell transendothelial migration and

metastasis via P2Y2 receptor. Cancer Cell 24: 130–137.

6. Zhou SL, Dai Z, Zhou ZJ, Wang XY, Yang GH, et al. (2012) Overexpression of

CXCL5 mediates neutrophil infiltration and indicates poor prognosis for

hepatocellular carcinoma. Hepatology 56: 2242–2254.

7. Schwarz EC, Qu B, Hoth M (2013) Calcium, cancer and killing: the role of

calcium in killing cancer cells by cytotoxic T lymphocytes and natural killer cells.

Biochim Biophys Acta 1833: 1603–1611.

8. Lee S, Margolin K (2012) Tumor-infiltrating lymphocytes in melanoma. Curr

Oncol Rep 14: 468–474.

9. Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan DC, et al.

(2013) The systemic inflammation-based neutrophil-lymphocyte ratio: experi-

ence in patients with cancer. Crit Rev Oncol Hematol 88: 218–230.

10. Barashi N, Weiss ID, Wald O, Wald H, Beider K, et al. (2013) Inflammation-

induced hepatocellular carcinoma is dependent on CCR5 in mice. Hepatology

58: 1021–1030.

11. Guo CL, Yang HC, Yang XH, Cheng W, Dong TX, et al. (2012) Associations

between infiltrating lymphocyte subsets and hepatocellular carcinoma. Asian

Pac J Cancer Prev 13: 5909–5913.

12. Fu S-J, Shen S-L, Li S-Q, Hua Y-P, Hu W-J, et al. (2013) Prognostic value of

preoperative peripheral neutrophil-to-lymphocyte ratio in patients with HBV-

associated hepatocellular carcinoma after radical hepatectomy. Medical

Oncology 30: 721.

13. Gomez D, Farid S, Malik HZ, Young AL, Toogood GJ, et al. (2008)

Preoperative neutrophil-to-lymphocyte ratio as a prognostic predictor after

curative resection for hepatocellular carcinoma. World Journal of Surgery 32 (8):

1757–1762.

14. Gomez D, Morris-Stiff G, Toogood GJ, Lodge JPA, Prasad KR (2008) Impact of

systemic inflammation on outcome following resection for intrahepatic

cholangiocarcinoma. Journal of Surgical Oncology 97: 513–518.

15. Bertuzzo VR, Cescon M, Ravaioli M, Grazi GL, Ercolani G, et al. (2011)

Analysis of factors affecting recurrence of hepatocellular carcinoma after liver

transplantation with a special focus on inflammation markers. Transplantation

91 (11): 1279–1285.

16. Halazun KJ, Hardy MA, Rana AA, Woodland DCt, Luyten EJ, et al. (2009)

Negative impact of neutrophil-lymphocyte ratio on outcome after liver

transplantation for hepatocellular carcinoma. Annals of Surgery 250: 141–151.

17. Harimoto N, Shirabe K, Nakagawara H, Toshima T, Yamashita YI, et al.

(2013) Prognostic Factors Affecting Survival at Recurrence of Hepatocellular

Carcinoma After Living-Donor Liver Transplantation: With Special Reference

to Neutrophil/Lymphocyte Ratio. Transplantation.

18. Chen TM, Lin CC, Huang PT, Wen CF (2012) Neutrophil-to-lymphocyte ratio

associated with mortality in early hepatocellular carcinoma patients after

Role of NLR in Primary Liver Cancer

PLOS ONE | www.plosone.org 10 May 2014 | Volume 9 | Issue 5 | e96072



radiofrequency ablation. Journal of Gastroenterology and Hepatology 27 (3):

553–561.
19. Dan J, Zhang Y, Peng Z, Huang J, Gao H, et al. (2013) Postoperative

Neutrophil-to-Lymphocyte Ratio Change Predicts Survival of Patients with

Small Hepatocellular Carcinoma Undergoing Radiofrequency Ablation. PLoS
ONE 8 (3).

20. Huang ZL, Luo J, Chen MS, Li JQ, Shi M (2011) Blood neutrophil-to-
lymphocyte ratio predicts survival in patients with unresectable hepatocellular

carcinoma undergoing transarterial chemoembolization. Journal of Vascular

and Interventional Radiology 22 (5): 702–709.
21. McNally ME, Martinez A, Khabiri H, Guy G, Michaels AJ, et al. (2013)

Inflammatory markers are associated with outcome in patients with unresectable
hepatocellular carcinoma undergoing transarterial chemoembolization. Annals

of Surgical Oncology 20 (3): 923–928.
22. Sullivan KM, Groeschl RT, Turaga KK, Tsai S, Christians KK, et al. (2013)

Neutrophil-to-lymphocyte ratio as a predictor of outcomes for patients with

hepatocellular carcinoma: A Western perspective. J Surg Oncol.
23. Guo ZX, Wei W, Zhong C, Shi M, Chen MS, et al. (2009) Correlation of

preoperative neutrophil-to-lymphocyte ratio to prognosis of young patients with
hepatocellular carcinoma. Chinese Journal of Cancer 28 (11): 75–80.

24. Xue TC, Xie XY, Zhang L, Yin X, Zhang BH, et al. (2013) Transarterial

chemoembolization for hepatocellular carcinoma with portal vein tumor
thrombus: a meta-analysis. BMC Gastroenterol 13: 60.

25. Kinoshita A, Onoda H, Imai N, Iwaku A, Oishi M, et al. (2012) Comparison of
the prognostic value of inflammation-based prognostic scores in patients with

hepatocellular carcinoma. British Journal of Cancer 107 (6): 988–993.
26. Lai Q, Castro Santa E, Rico Juri JM, Pinheiro RS, Lerut J (2013) Neutrophil

and platelet-to-lymphocyte ratio as new predictors of dropout and recurrence

after liver transplantation for hepatocellular cancer. Transpl Int.
27. Li YW, Qiu SJ, Fan J, Zhou J, Gao Q, et al. (2011) Intratumoral neutrophils: A

poor prognostic factor for hepatocellular carcinoma following resection. Journal
of Hepatology 54 (3): 497–505.

28. Limaye AR, Clark V, Soldevila-Pico C, Morelli G, Suman A, et al. (2013)

Neutrophil-lymphocyte ratio predicts overall and recurrence-free survival after
liver transplantation for hepatocellular carcinoma. Hepatology Research 43 (7):

757–764.
29. Mano Y, Shirabe K, Yamashita YI, Harimoto N, Tsujita E, et al. (2013)

Preoperative neutrophil-to-lymphocyte ratio is a predictor of survival after
hepatectomy for hepatocellular carcinoma: A retrospective analysis. Annals of

Surgery 258 (2): 301–305.

30. Motomura T, Shirabe K, Mano Y, Muto J, Toshima T, et al. (2013) Neutrophil-
lymphocyte ratio reflects hepatocellular carcinoma recurrence after liver

transplantation via inflammatory microenvironment. Journal of Hepatology 58
(1): 58–64.

31. Oh BS, Jang JW, Kwon JH, You CR, Chung KW, et al. (2013) Prognostic value

of C-reactive protein and neutrophil-to-lymphocyte ratio in patients with
hepatocellular carcinoma. BMC Cancer 13.

32. Pinato DJ, Sharma R (2012) An inflammation-based prognostic index predicts
survival advantage after transarterial chemoembolization in hepatocellular

carcinoma. Translational Research 160 (2): 146–152.
33. Pinato DJ, Stebbing J, Ishizuka M, Khan SA, Wasan HS, et al. (2012) A novel

and validated prognostic index in hepatocellular carcinoma: The inflammation

based index (IBI). Journal of Hepatology 57 (5): 1013–1020.

34. Wang GY, Yang Y, Li H, Zhang J, Jiang N, et al. (2011) A scoring model based

on neutrophil to lymphocyte ratio predicts recurrence of HBV-associated

hepatocellular carcinoma after liver transplantation. PLoS ONE 6 (9): e25295.

35. Wang GY, Yang Y, Zhang Q, Li H, Chen GZ, et al. (2011) [Preoperative

neutrophil-lymphocyte ratio as a prognostic predictor after liver transplantation

for hepatocellular carcinoma]. [Chinese]. Zhonghua yi xue za zhi 91 (22): 1519–

1522.

36. Yoshizumi T, Ikegami T, Yoshiya S, Motomura T, Mano Y, et al. (2013) Impact

of tumor size, number of tumors and neutrophil-to-lymphocyte ratio in liver

transplantation for recurrent hepatocellular carcinoma. Hepatology Research 43

(7): 709–716.

37. Li J, Pan HY, Cai CN, Guan XD, Li PP, et al. (2012) [Preoperative blood

neutrophil-to-lymphocyte ratio as an independent prognostic predictor after

hepatectomy for hepatocellular carcinoma]. [Chinese]. J Sun Yat-sen University

(Medical Sciences) 33:394–397.

38. Li JP, Hu SL, Chen H, Bu WZ, Song JL (2013) [Blood neutrophil-to-lymphocyte

ratio predicts survival in patients with unresectable hepatocellular carcinoma

undergoing transarterial chemoembolization]. [Chinese]. Chin J Cancer Prev

Treat 20:522–525.

39. Dumitrascu T, Chirita D, Ionescu M, Popescu I (2013) Resection for hilar

cholangiocarcinoma: analysis of prognostic factors and the impact of systemic

inflammation on long-term outcome. J Gastrointest Surg 17: 913–924.

40. Li MX, Liu XM, Zhang XF, Zhang JF, Wang WL, et al. (2013) Prognostic Role

of Neutrophil-to-lymphocyte Ratio in Colorectal Cancer: A Systematic Review

and Meta-Analysis. Int J Cancer.

41. Lee YH, Hsu CY, Huang YH, Hsia CY, Chiou YY, et al. (2013) Vascular

Invasion in Hepatocellular Carcinoma: Prevalence, Determinants and Prognos-

tic Impact. J Clin Gastroenterol.

42. Zhang XF, Yin ZF, Wang K, Zhang ZQ, Qian HH, et al. (2012) Changes of

serum alpha-fetoprotein and alpha-fetoprotein-L3 after hepatectomy for

hepatocellular carcinoma: prognostic significance. Hepatobiliary Pancreat Dis

Int 11: 618–623.

43. Kinoshita A, Onoda H, Imai N, Iwaku A, Oishi M, et al. (2013) The Glasgow

Prognostic Score, an inflammation based prognostic score, predicts survival in

patients with hepatocellular carcinoma. BMC Cancer 13: 52.

44. Zheng Z, Zhou L, Gao S, Yang Z, Yao J, et al. (2013) Prognostic role of C-

reactive protein in hepatocellular carcinoma: a systematic review and meta-

analysis. Int J Med Sci 10: 653–664.

45. Labelle M, Begum S, Hynes RO (2011) Direct signaling between platelets and

cancer cells induces an epithelial-mesenchymal-like transition and promotes

metastasis. Cancer Cell 20: 576–590.

46. Carus A, Ladekarl M, Hager H, Nedergaard BS, Donskov F (2013) Tumour-

associated CD66b+ neutrophil count is an independent prognostic factor for

recurrence in localised cervical cancer. Br J Cancer 108: 2116–2122.

47. Zhang CH, Xu GL, Jia WD, Ge YS, Li JS, et al. (2012) Prognostic significance

of osteopontin in hepatocellular carcinoma: a meta-analysis. Int J Cancer 130:

2685–2692.

48. Zheng YB, Zhao W, Liu B, Lu LG, He X, et al. (2013) The blood neutrophil-to-

lymphocyte ratio predicts survival in patients with advanced hepatocellular

carcinoma receiving sorafenib. Asian Pac J Cancer Prev 14: 5527–5531.

Role of NLR in Primary Liver Cancer

PLOS ONE | www.plosone.org 11 May 2014 | Volume 9 | Issue 5 | e96072


