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Abstract

Objective and Background

Increasing evidence suggests that inflammation plays an essential role in cancer develop-

ment and progression. The inflammation marker neutrophil–lymphocyte ratio (NLR) is cor-

related with prognosis across a wide variety of tumor types, but its prognostic value in

prostate cancer (PCa) remains controversial. In the present meta-analysis, the prognostic

value of NLR in PCa patients is investigated.

Methods

We performed a meta-analysis to determine the predictive value of NLR for overall survival

(OS), recurrence-free survival (RFS), and clinical features in patients with PCa. We system-

atically searched PubMed, ISI Web of Science, and Embase for relevant studies published

up to October 2015.

Results

A total of 9418 patients from 18 studies were included in the meta-analysis. Elevated pre-

treatment NLR predicted poor OS (HR 1.628, 95% CI 1.410–1.879) and RFS (HR 1.357,

95% CI 1.126–1.636) in all patients with PCa. However, NLR was insignificantly associated

with OS in the subgroup of patients with localized PCa (HR 1.439, 95% CI 0.753–2.75).

Increased NLR was also significantly correlated with lymph node involvement (OR 1.616,

95% CI 1.167–2.239) but not with pathological stage (OR 0.827, 95% CI 0.637–1.074) or

Gleason score (OR 0.761, 95% CI 0.555–1.044).
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Conclusions

The present meta-analysis indicated that NLR could predict the prognosis for patients with

locally advanced or castration-resistant PCa. Patients with higher NLR are more likely to

have poorer prognosis than those with lower NLR.

Introduction
Prostate cancer (PCa) is the most common malignancy in men and a leading cause of cancer-
related death [1]. The incidence of PCa has increased markedly in recent years. Despite signifi-
cant improvements in diagnostic and therapeutic strategies, the prognosis of PCa remains
poor, especially in patients with metastatic castration-resistant PCa (mCRPC) [2]. Thus, find-
ing prognostic markers for PCa is urgently needed to help deliver personalized measures and
thus prevent and treat the disease at an early stage.

Increasing evidence suggests that inflammation plays an essential role in cancer develop-
ment and progression [3, 4] and that systemic inflammation is associated with poor prognosis
in a number of cancers [5, 6]. Increased levels of pro-inflammatory cytokines in cancer patients
may reflect both disease activity and the innate response of the host to the tumor [7]. Cancer-
related inflammation affects the tumor microenvironment [8]. Moreover, inflammatory cells
have significant effects on tumor development; thus, systemic inflammation markers may rep-
resent useful prognostic biomarkers [9, 10]. Neutrophil–lymphocyte ratio (NLR) is an indica-
tor of general immune response to various stress stimuli, and it is correlated with prognosis
across a wide variety of tumor types. High NLR is associated with adverse outcomes in a variety
of malignancies [11, 12].

Several retrospective studies have evaluated the prognostic significance of baseline NLR in
patients with PCa. Several studies demonstrated that NLR had prognostic value in localized
and advanced PCa [13–17]; on the contrary, other studies reported that high serum NLR had
no prognostic value in patients with PCa [17, 18]. Thus, the prognostic value of NLR in PCa
remains controversial. A previous meta-analysis on NLR in patients with urologic tumors
found that NLR could predict overall survival (OS) and recurrence-free survival (RFS) in PCa
[19]. However, this meta-analysis included only six original studies, all of which involved
patients with CRPC. Increasing studies on NLR and PCa have been reported recently. Thus, we
performed a systematic review and meta-analysis of published studies to determine the predic-
tive value of NLR for PCa prognosis and clinical features.

Methods

Search strategy
A systematic literature search was performed using the electronic databases PubMed, ISI Web
of Science, and Embase up to October 2015. Search terms included “NLR,” “neutrophil to lym-
phocyte ratio,” “prostate,” and “tumor, cancer, neoplasm or carcinoma.” The titles and
abstracts of potential references were scanned carefully to exclude irrelevant articles. The
remaining articles were evaluated to identify research that contained the topic of interest, and
full texts were then reviewed comprehensively.
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Selection criteria
The studies included in this meta-analysis were randomized controlled studies or observational
studies (case–control or cohort) that evaluated the association between pretreatment NLR and
PCa prognosis. Studies were included if they (1) included patients histopathologically diag-
nosed with PCa, (2) provided pretreatment NLR and reported cut-off values, (3) focused on
the prognosis of PCa, and (4) analyzed the associations between pretreatment NLR and sur-
vival outcomes (clinical RFS [CRFS], biochemical RFS [BRFS], and OS). Exclusion criteria
were (1) non-English papers; (2) review articles, editorial comments, letters, expert opinion,
conference abstracts, or case reports; (3) overlapping or duplicate data; (4) focus on animal
models or cancer cells; (5) insufficient data for estimating hazard ratios (HRs) and 95% confi-
dence intervals (CIs); or (6) full text unavailable.

All evaluations were performed independently by two reviewers to assure accurate inclusion
of studies. When several studies contained overlapping data, the study with the largest data set
was used. Multivariate outcomes were preferred to univariate outcomes if both were provided.
However, univariate outcomes were acceptable if no multivariate results were presented. The
given survival or mortality curves were used to calculate the values. If insufficient data were
provided in the text, then we would contact the authors for the additional necessary data.

Data extraction
All data were extracted by two independent reviewers. Disagreements in data extraction were
resolved through consensus. The qualities of the included studies were assessed according to
the Newcastle–Ottawa Quality Assessment Scale. This scale evaluates three aspects, namely,
selection, comparability, and outcomes in the case and control groups. Studies with scores�6
were defined as high-quality studies [20]. The following relevant data were extracted in a pre-
defined table: author, year, country, age, patient sample, follow-up duration, cut-off score, NLR
(high/low), treatment, and endpoint (OS, CRFS, and BRFS).

Some studies presented survival data using the Kaplan–Meier curves, whereas we used Get-
Data Graph Digitizer 2.26 (http://getdata-graph-digitizer.com/) to digitize and extract the rele-
vant survival data.

The cut-off value for NLR varied among the included studies. Thus, we defined the NLR
standard in accordance with the standards indicated in the original article. Several studies fol-
lowed up patients for either CRFS or BRFS, and we analyzed these outcomes separately first
and then together in the subgroup analysis.

Statistical analysis
This meta-analysis was performed using Stata version 12.0 (StataCorp LP, TX, USA), and the
statistical analysis was conducted according to the guidelines proposed by the Meta-analysis of
Observational Studies in Epidemiology group. Associations between NLR and outcomes were
reported as HRs and 95% CIs, either obtained directly from individual articles or calculated
from indirect data. For the analysis of the relationship between NLR and clinicopathological
features, odd ratios (ORs) and 95% CIs were synthesized as the effective value. Heterogeneity
among studies was measured using Q and I2 tests. A fixed-effect model was used in the absence
of significant heterogeneity; otherwise, a random-effect model was used. Potential publication
bias was identified by Begg’s and Egger’s tests. The influence of publication bias on the overall
effect was assessed by the “trim and fill”method described by Duval et al. [21]. P< 0.05 was
considered statistically significant. All P values were two tailed.

Subgroup analyses were performed to investigate the associations of NLR with clinical fea-
tures and prognosis in relation to geographic area, statistical methods, patient conditions,
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sample size, NLR cut-off value (3< and�3), follow-up duration, and recurrence type. The
prognostic value of NLR value in terms of pathological stage, Gleason score, and lymph node
involvement was only investigated in three, four, and two studies, respectively. Accordingly, we
only performed pooled analysis on these factors. Furthermore, a sensitivity analysis was per-
formed to examine the robustness of the pooled results. The meta-analysis followed the stan-
dard PRISMA checklist (S1 Table).

Results

Search results
A flowchart for the selection of literature is shown in Fig 1. A total of 144 records were returned
using the search strategy; 96 of these records were retrieved after the exclusion of duplicated
data. About 39 records were excluded after the initial evaluation of the title and abstract.
Among the remaining 57 records, 23 were excluded including 12 that were letters, comments,
editorials, reviews, and conference abstracts; 2 articles not written in English; 5 non-prognostic
studies; and 4 studies unrelated to NLR. The full texts of the remaining 34 articles were
assessed.

A total of 16 full-text articles were excluded, including 9 without available data, 3 without
NLR category, 2 that enrolled overlapping patients, 1 with endpoints other than OS or RFS,
and 1 with a sample size that was very small. Finally, 18 studies with 9418 patients were
included in the meta-analysis. All the remaining 18 studies evaluated the prognostic value of
pretreatment NLR in PCa and were reported within 5 years.

Characteristics of eligible studies
Detailed information on the 18 studies is listed in S2–S4 Tables. These studies included 3 from
the United States, 2 from Japan, 2 from Canada, 1 from the Netherlands, 1 from Italy, 2 from

Fig 1. Flowchart of selection of studies for inclusion in meta-analysis.

doi:10.1371/journal.pone.0153981.g001
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China, 1 from a European cohort, 1 from Korea, 1 from Turkey, 1 from a multinational cohort,
1 from the United Kingdom, 1 from Australia, and 1 from Switzerland. These studies included
9418 patients, with a median of 389 patients (range 33–1367) per study. Only 1 study included
2 cohorts, both of which focused on the prognostic role of pretreatment NLR in patients with
mCRPC. The 17 other studies were retrospective observational cohort studies. Among all the
included studies, 10 included locally advanced or mCRPC patients, and the remaining 8
included patients with localized PCa. All the NLR values were detected before treatment.
Patients in 9 studies received docetaxel chemotherapy, patients in 4 received radical prostatec-
tomy, patients in 3 received curative radiotherapy, and patients in 1 received chemotherapy
with cabazitaxel or mitoxantrone. The treatment schedule was unavailable for 1 study. The
median follow-up time was 18 months (range 0–156 months). The relationship between NLR
and OS was investigated in 13 cohorts (11 by multivariate analysis), and 10 studies investigated
the relationship between NLR and RFS (4 by multivariate analysis). Among the 10 studies ana-
lyzing NLR and RFS, 5 investigated BRFS and the 5 other investigated clinical CRFS. A total of
3 studies investigated the associations between NLR and pathological stage and Gleason score,
and 2 investigated the relationship between NLR and lymph node involvement.

Impact of NLR on recurrence in patients with PCa
A total of 10 studies involving 4819 patients investigated the association between NLR and PCa
recurrence. Patients with high pretreatment NLR had a significantly higher recurrence risk
than those with low NLR (HR 1.367, 95% CI 1.126–1.636) (Fig 2 and Table 1). Significant het-
erogeneity was found among these studies (I2 = 57.1, P = 0.013), and thus the data were ana-
lyzed using a random-effect model.

Effect of NLR on OS in patients with PCa
The association between NLR and OS was evaluated in 13 cohorts including 6776 patients.
Those with high pretreatment NLR had significantly poorer OS than those with low NLR (HR
1.628, 95% CI 1.41–1.879) (Fig 3 and Table 1). Significant heterogeneity was observed among
these studies (I2 = 68.7%, P< 0.001).

Fig 2. Meta-analysis of NLR value and RFS in PCa patients.

doi:10.1371/journal.pone.0153981.g002
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Table 1. Results of the meta-analysis on predictive value of NLR in PCa.

Overall survival Recurrence free survival

N HR LCI UCI N HR LCI UCI

Overall 13 1.628 1.41 1.879 10 1.357 1.126 1.636

Geographic area

1. Asian 4 2.49 1.838 3.873 3 1.441 1.034 1.678

2. non-Asian 9 1.481 1.301 1.686 7 1.317 1.034 1.678

Statistical methods

1. univariate 9 1.839 1.467 2.304 10 1.541 1.182 2.008

2. multivariate 11 1.73 1.483 2.018 4 1.577 1.269 1.961

Patient

1. localized 2 1.439 0.753 2.75 7 1.334 1.051 1.693

2. locally advanced or mCRPC 10 1.507 1.395 1.627 3 1.393 1.165 1.665

Sample size

1. <800 9 1.801 1.587 2.043 8 1.498 1.168 1.921

2. > = 800 4 1.326 1.143 1.539 2 1.102 0.944 1.286

NLR standard

1. <3 3 1.365 1.22 1.527 4 1.191 1.008 1.405

2. > = 3 10 1.773 1.449 2.17 6 1.584 1.142 2.196

Follow-up

1. <18 3 1.618 1.386 1.889 1 1.35 1.222 1.624

2. > = 18 4 1.959 1.1 3.486 7 1.334 1.051 1.693

Recurrence type

1. BCR NA NA NA NA 5 1.208 1.078 1.354

2. clinical recurrence NA NA NA NA 5 1.84 1.064 3.184

NLR, neutrophil-to-lymphocyte ratio; mCRPC, metastatic castration-resistant prostate cancer; BCR, biochemical recurrence; LCI, lower confidence

interval; UCI, upper confidence interval; HR, hazard ratio

doi:10.1371/journal.pone.0153981.t001

Fig 3. Meta-analysis of NLR value and OS in PCa patients.

doi:10.1371/journal.pone.0153981.g003
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We explored the heterogeneity by conducting subgroup analyses and meta-regression (S5
Table). In the subgroup analysis of RFS, no significant difference was found between high and
low pretreatment NLR values in terms of RFS in sample sizes�800 (HR 1.102, 95% CI 0.944–
1.286) (S1 and S2 Figs). However, the other subgroup analyses demonstrated better RFS in
patients with low NLR. In the subgroup analyses of OS, no significant difference was observed
between the high and low pretreatment NLR groups in patients with localized PCa (HR 1.439,
95% CI 0.753–2.75); however, higher pretreatment NLR indicated a poorer prognosis in
patients with advanced PCa (HR 1.507, 95% CI 1.395–1.627) (S3 and S4 Figs). The predictive
values of NLR were significant in all the other subgroups analyzed (Supplemental data). The
meta-regression analysis suggested that geographic area (P = 0.017), patient type (P = 0.177),
and sample size (P = 0.008) could partially explain the source of the heterogeneity of pooled
OS. However, meta-regression analysis is only suitable for analyzing more than 10 studies, and
we did not apply this method to the RFS pooled analysis.

Correlations between NLR and clinicopathological features
The correlations between NLR and clinical features of PCa are presented in S6 Table. Three,
four, and two studies were available for the pooled analysis with regard to pathological stage,
Gleason score, and lymph node involvement, respectively. NLR was positively related to lymph
node involvement (OR 1.616, 95% CI 1.167–2.139) but showed no significant correlation with
pathological stage (OR 0.827, 95% CI 0.637–1.074) or Gleason score (OR 0.761, 95% CI 0.555–
1.044). The combined OR value was calculated using the random-effect model because of the
heterogeneity among the studies.

Publication bias analysis
The funnel plot was only asymmetrical for OS. The P values of Begg’s and Egger’s tests for
studies indicated the presence of publication bias in terms of OS (P = 0.001 and P< 0.001) but
not RFS (P = 0.210 and P = 0.235) among the included studies (Figs 4 and 5).

Accordingly, we performed a “trim and fill” analysis for studies focusing on OS. Six studies
evaluating the prognostic value of NLR in OS were estimated to be unpublished. The filled
meta-analysis (HR 1.424, 95% CI 1.231–1.647, P< 0.001) was also similar to our pooled
results.

Sensitivity analysis
A sensitivity analysis was performed in which one study was deleted at a time (S5 Fig). The
pooled HRs for OS and RFS were insignificantly changed, thereby suggesting the robustness of
the results.

Discussion
The present meta-analysis indicated that the inflammation marker NLR had prognostic values
for OS and RFS in patients with PCa. Although high pretreatment NLR had a significant prog-
nostic value in patients with advanced PCa, such NLR had no predictive value in terms of OS
in patients with localized PCa. Therefore, higher pretreatment NLR had a stronger predictive
effect in patients with more advanced disease. In terms of RFS, patients with higher pretreat-
ment NLR had shorter RFS than those with lower NLR in both localized and advanced PCa;
however, the association was more significant in patients with advanced PCa. Two previous
studies in patients with colorectal and lung cancers also concluded that the prognostic value of
NLR was higher in more advanced cancers [22, 23].

Prognostic Value of NLR in Prostate Cancer

PLOS ONE | DOI:10.1371/journal.pone.0153981 April 20, 2016 7 / 13



According to the subgroup analyses, NLR was significantly correlated with OR and RFS
based on the multivariate analysis. Therefore, NLR was an independent risk factor for the out-
comes. The further subgroup analysis showed that an NLR cut-off value�3 had a more signifi-
cant prognostic value than a cut-off value<3 (supplemental data). Thus, a higher NLR cut-off
may increase the specificity for predicting a poor prognosis in patients with PCa.

NLR was also associated with lymph node involvement but not with pathological stage or
Gleason score. This deduction is consistent with the conclusion that NLR is an independent
prognostic marker for PCa. A study that assessed NLR in esophageal cancer also showed that
NLR was associated with tumor invasion and lymph node metastasis but not with tumor differ-
entiation or vascular invasion [24]. In addition, NLR was associated with vascular invasion but

Fig 4. Begg’s test results of OS and RFS of PCa patients.

doi:10.1371/journal.pone.0153981.g004
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not with tumor differentiation in hepatic cancer [25]. These observations suggest that inflam-
mation severity may affect metastasis progression in PCa but not intrinsic tumor characteris-
tics, such as tumor stage and Gleason score. The results of our analysis showed that the
prognostic values of NLR in terms of OS or RFS were more significant in mCRPC, thereby sup-
porting the association between inflammation and metastatic progression. Given the limited
number of studies enrolled in this meta-analysis, these conclusions require further
investigation.

Heterogeneity was observed in the included studies. This heterogeneity may be partially
explained by geographic area, patient type, and sample size. Significant heterogeneity in selec-
tion bias is inevitable in studies with smaller sample sizes. Moreover, the treatments adopted in

Fig 5. Egg’s test results of OS and RFS of PCa patients.

doi:10.1371/journal.pone.0153981.g005
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the studies also varied. Baseline pretreatment, types and doses of chemotherapy regimens, and
dichotomized cut-off values also differed among the studies. However, the subgroup analysis
showed that the prognostic value of NLR was unaffected by the factors included in the analysis.
In addition, the sensitivity analysis indicated that our results were relatively conclusive. The
results of the random-effect model were similar to those of the fixed-effect model, thus indicat-
ing that the pooled results were robust.

Therefore, NLR could serve as a prognostic marker because of the following reasons. First,
inflammation is theoretically a critical component in the pathogenesis and progression of can-
cer [26]. Inflammatory mediators and pro-inflammatory cytokines are systemically elevated in
patients with advanced cancer and contribute to the development of the acute phase response.
NLR is an indicator of systemic inflammation and general immune response of the host [27–
30]. It is also correlated with prognosis across a wide variety of tumor types [31–36]. Second,
NLR can be available from blood routine test in daily clinical practice, an approach that is low
cost, convenient, and reproducible. Finally, as shown in the present meta-analysis, NLR is
closely associated with the progress and prognosis of advanced PCa patients. Therefore, NLR
can better serve as a marker for advanced PCa patients.

NLR has other predictive values in PCa. Higher NLR was associated with lower prostate-
specific antigen response to abiraterone or docetaxel chemotherapy [13, 37]. Thus, NLR could
be used to estimate the probability of response to adjuvant therapy. In addition, NLR could
also act as a biomarker to predict PCa in men undergoing prostate needle biopsy [38] and to
predict the progression of benign prostatic hyperplasia [39]. However, NLR prior to prostate
biopsy was higher in patients with prostatitis than in those with PCa or benign prostate hyper-
plasia [40]. Therefore, patients with prostatitis must be excluded when employing NLR as a
biomarker for PCa.

This study has several limitations. First, most of the included studies were retrospective and
thus more susceptible to bias in data selection and analysis. Second, the NLR cut-off values in
the included studies ranged from 2 to 5, and this heterogeneity could hinder the application of
these ratios in the clinical setting. Therefore, more original research is required to determine
the most suitable NLR cut-off value. Third, one study investigating OS did not include NLR in
the multivariate analysis because it failed to gain statistical significance in the univariate analy-
sis. Thus, the corresponding HR and 95% CI could only be retrieved from univariate analysis.
For BRFS and CRFS, similar conditions were observed in two and four studies, which may
have impaired the accuracy of the pooled analysis. Fourth, the included studies did not report
cancer-specific survival, an outcome important for cancer survival analysis. Fifth, NLR could
be affected by other conditions, such as acute coronary syndromes, valvular heart diseases,
renal diseases, liver diseases, hypertension, inflammatory diseases, infection, and some medica-
tions [41–43]. However, the inaccessibility of these clinical data means that we were unable to
include these factors in the pooled analysis.

Despite the above limitations, our meta-analysis supports the values of pretreatment NLR
for predicting recurrence and survival outcome in patients with locally advanced or metastatic
PCa. Notably, NLR can only predict the recurrence of localized PCa. NLR can be easily
obtained from routine blood tests and thus may supplement prostate-specific antigen, Gleason
score, and magnetic resonance imaging for evaluating the condition of patients.

Conclusions
NLR is a useful predictive marker in the progress and prognosis of patients with locally
advanced or metastatic PCa. Patients with higher NLR are more likely to have poorer prognosis
than those with lower NLR.

Prognostic Value of NLR in Prostate Cancer

PLOS ONE | DOI:10.1371/journal.pone.0153981 April 20, 2016 10 / 13



Supporting Information
S1 Fig. Meta-analysis of the NLR value and OS in the subgroup of PCa patients according
to NLR value.
(TIF)

S2 Fig. Meta-analysis of the NLR value and RFS in the subgroup of PCa patients according
to NLR value.
(TIF)

S3 Fig. Meta-analysis of the NLR value and OS in the subgroup of PCa patients according
to patient type.
(TIF)

S4 Fig. Meta-analysis of the NLR value and RFS in the subgroup of PCa patients according
to patient type.
(TIF)

S5 Fig. Sensitivity analysis for the pooled analysis of OS and RFS.
(TIF)

S1 Table. Checklist of items to include when reporting a systematic review or meta-analysis.
(DOC)

S2 Table. Characteristics of included studies.
(DOC)

S3 Table. Results of the association between NLR and overall survival.
(DOC)

S4 Table. Results of the association between NLR and recurrence-free survival.
(DOC)

S5 Table. Heterogeneity test and publication bias analyses among included studies.
(DOC)

S6 Table. Results of the meta-analysis on the association between NLR and clinical features
in PCa.
(DOC)

Author Contributions
Conceived and designed the experiments: LT XTL XZ. Performed the experiments: XTL BJW.
Analyzed the data: BJW GXL LYC LYG. Contributed reagents/materials/analysis tools: KL YG.
Wrote the paper: BJW LYC KL YG.

References
1. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA: a cancer journal for clinicians. 2010; 60

(5):277–300.

2. Heidenreich A, Aus G, Bolla M, Joniau S, Matveev VB, Schmid HP, et al. EAU guidelines on prostate
cancer. European urology. 2008; 53(1):68–80. PMID: 17920184

3. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002; 420(6917):860–7. PMID: 12490959

4. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature. 2008; 454(7203):436–
44. doi: 10.1038/nature07205 PMID: 18650914

5. de Martino M, Klatte T, Seemann C, Waldert M, Haitel A, Schatzl G, et al. Validation of serum C-reactive
protein (CRP) as an independent prognostic factor for disease-free survival in patients with localised

Prognostic Value of NLR in Prostate Cancer

PLOS ONE | DOI:10.1371/journal.pone.0153981 April 20, 2016 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153981.s011
http://www.ncbi.nlm.nih.gov/pubmed/17920184
http://www.ncbi.nlm.nih.gov/pubmed/12490959
http://dx.doi.org/10.1038/nature07205
http://www.ncbi.nlm.nih.gov/pubmed/18650914


renal cell carcinoma (RCC). BJU international. 2013; 111(8):E348–53. doi: 10.1111/bju.12067 PMID:
23495750

6. Steffens S, Kohler A, Rudolph R, Eggers H, Seidel C, Janssen M, et al. Validation of CRP as prognostic
marker for renal cell carcinoma in a large series of patients. BMC cancer. 2012; 12:399. doi: 10.1186/
1471-2407-12-399 PMID: 22958305

7. Minardi D, Scartozzi M, Montesi L, Santoni M, Burattini L, Bianconi M, et al. Neutrophil-to-lymphocyte
ratio may be associated with the outcome in patients with prostate cancer. SpringerPlus. 2015; 4:255.
doi: 10.1186/s40064-015-1036-1 PMID: 26085975

8. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011; 144(5):646–74. doi:
10.1016/j.cell.2011.02.013 PMID: 21376230

9. de Visser KE, Coussens LM. The inflammatory tumor microenvironment and its impact on cancer
development. Contributions to microbiology. 2006; 13:118–37. PMID: 16627962

10. Joyce JA. Therapeutic targeting of the tumor microenvironment. Cancer cell. 2005; 7(6):513–20. PMID:
15950901

11. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer. Cell. 2010; 140(6):883–99.
doi: 10.1016/j.cell.2010.01.025 PMID: 20303878

12. Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocana A, et al. Prognostic role of
neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis. Journal of the
National Cancer Institute. 2014; 106(6):dju124. doi: 10.1093/jnci/dju124 PMID: 24875653

13. Leibowitz-Amit R, Templeton AJ, Omlin A, Pezaro C, Atenafu EG, Keizman D, et al. Clinical variables
associated with PSA response to abiraterone acetate in patients with metastatic castration-resistant
prostate cancer. Annals of oncology: official journal of the European Society for Medical Oncology /
ESMO. 2014; 25(3):657–62.

14. Nuhn P, Vaghasia AM, Goyal J, Zhou XC, Carducci MA, Eisenberger MA, et al. Association of pretreat-
ment neutrophil-to-lymphocyte ratio (NLR) and overall survival (OS) in patients with metastatic castra-
tion-resistant prostate cancer (mCRPC) treated with first-line docetaxel. BJU international. 2014; 114
(6b):E11–7. doi: 10.1111/bju.12531 PMID: 24529213

15. Sonpavde G, Pond GR, Armstrong AJ, Clarke SJ, Vardy JL, Templeton AJ, et al. Prognostic impact of
the neutrophil-to-lymphocyte ratio in men with metastatic castration-resistant prostate cancer. Clinical
genitourinary cancer. 2014; 12(5):317–24. doi: 10.1016/j.clgc.2014.03.005 PMID: 24806399

16. Templeton AJ, Pezaro C, Omlin A, McNamara MG, Leibowitz-Amit R, Vera-Badillo FE, et al. Simple
prognostic score for metastatic castration-resistant prostate cancer with incorporation of neutrophil-to-
lymphocyte ratio. Cancer. 2014; 120(21):3346–52. doi: 10.1002/cncr.28890 PMID: 24995769

17. Zhang GM, Zhu Y, Ma XC, Qin XJ, Wan FN, Dai B, et al. Pretreatment Neutrophil-to-Lymphocyte Ratio:
A Predictor of Advanced Prostate Cancer and Biochemical Recurrence in Patients Receiving Radical
Prostatectomy. Medicine. 2015; 94(41):e1473. PMID: 26469891

18. Bahig H, Taussky D, Delouya G, Nadiri A, Gagnon-Jacques A, Bodson-Clermont P, et al. Neutrophil
count is associated with survival in localized prostate cancer. BMC cancer. 2015; 15(1):594.

19. Luo Y, She DL, Xiong H, Fu SJ, Yang L. Pretreatment Neutrophil to Lymphocyte Ratio as a Prognostic
Predictor of Urologic Tumors: A Systematic Review and Meta-Analysis. Medicine. 2015; 94(40):e1670.
PMID: 26448011

20. Wells GA S B, O’Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomised studies in metaanalyses. Available: http://wwwohrica/programs/clinical_epidemiology/
oxfordasp. 2008.

21. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and adjusting for publi-
cation bias in meta-analysis. Biometrics. 2000; 56(2):455–63. PMID: 10877304

22. Li MX, Liu XM, Zhang XF, Zhang JF, WangWL, Zhu Y, et al. Prognostic role of neutrophil-to-lympho-
cyte ratio in colorectal cancer: a systematic review and meta-analysis. International journal of cancer
Journal international du cancer. 2014; 134(10):2403–13. doi: 10.1002/ijc.28536 PMID: 24122750

23. Zhao QT, Yang Y, Xu S, Zhang XP, Wang HE, Zhang H, et al. Prognostic role of neutrophil to lympho-
cyte ratio in lung cancers: a meta-analysis including 7,054 patients. OncoTargets and therapy. 2015;
8:2731–8. doi: 10.2147/OTT.S90875 PMID: 26491346

24. Yodying H, Matsuda A, Miyashita M, Matsumoto S, Sakurazawa N, YamadaM, et al. Prognostic Signifi-
cance of Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio in Oncologic Outcomes of
Esophageal Cancer: A Systematic Review and Meta-analysis. Annals of surgical oncology. 2015.

25. Xue TC, Zhang L, Xie XY, Ge NL, Li LX, Zhang BH, et al. Prognostic significance of the neutrophil-to-
lymphocyte ratio in primary liver cancer: a meta-analysis. PloS one. 2014; 9(5):e96072. doi: 10.1371/
journal.pone.0096072 PMID: 24788770

Prognostic Value of NLR in Prostate Cancer

PLOS ONE | DOI:10.1371/journal.pone.0153981 April 20, 2016 12 / 13

http://dx.doi.org/10.1111/bju.12067
http://www.ncbi.nlm.nih.gov/pubmed/23495750
http://dx.doi.org/10.1186/1471-2407-12-399
http://dx.doi.org/10.1186/1471-2407-12-399
http://www.ncbi.nlm.nih.gov/pubmed/22958305
http://dx.doi.org/10.1186/s40064-015-1036-1
http://www.ncbi.nlm.nih.gov/pubmed/26085975
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://www.ncbi.nlm.nih.gov/pubmed/16627962
http://www.ncbi.nlm.nih.gov/pubmed/15950901
http://dx.doi.org/10.1016/j.cell.2010.01.025
http://www.ncbi.nlm.nih.gov/pubmed/20303878
http://dx.doi.org/10.1093/jnci/dju124
http://www.ncbi.nlm.nih.gov/pubmed/24875653
http://dx.doi.org/10.1111/bju.12531
http://www.ncbi.nlm.nih.gov/pubmed/24529213
http://dx.doi.org/10.1016/j.clgc.2014.03.005
http://www.ncbi.nlm.nih.gov/pubmed/24806399
http://dx.doi.org/10.1002/cncr.28890
http://www.ncbi.nlm.nih.gov/pubmed/24995769
http://www.ncbi.nlm.nih.gov/pubmed/26469891
http://www.ncbi.nlm.nih.gov/pubmed/26448011
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://www.ncbi.nlm.nih.gov/pubmed/10877304
http://dx.doi.org/10.1002/ijc.28536
http://www.ncbi.nlm.nih.gov/pubmed/24122750
http://dx.doi.org/10.2147/OTT.S90875
http://www.ncbi.nlm.nih.gov/pubmed/26491346
http://dx.doi.org/10.1371/journal.pone.0096072
http://dx.doi.org/10.1371/journal.pone.0096072
http://www.ncbi.nlm.nih.gov/pubmed/24788770


26. Pinato DJ, Stavraka C, Flynn MJ, Forster MD, O'Cathail SM, Seckl MJ, et al. An inflammation based
score can optimize the selection of patients with advanced cancer considered for early phase clinical tri-
als. PloS one. 2014; 9(1):e83279. doi: 10.1371/journal.pone.0083279 PMID: 24409281

27. Calman KC. Tumour immunology and the gut. Gut. 1975; 16(6):490–9. PMID: 50255

28. Esper DH, Harb WA. The cancer cachexia syndrome: a review of metabolic and clinical manifestations.
Nutrition in clinical practice: official publication of the American Society for Parenteral and Enteral Nutri-
tion. 2005; 20(4):369–76.

29. Gregory AD, Houghton AM. Tumor-associated neutrophils: new targets for cancer therapy. Cancer
research. 2011; 71(7):2411–6. doi: 10.1158/0008-5472.CAN-10-2583 PMID: 21427354

30. Lord BI, Bronchud MH, Owens S, Chang J, Howell A, Souza L, et al. The kinetics of human granulopoi-
esis following treatment with granulocyte colony-stimulating factor in vivo. Proceedings of the National
Academy of Sciences of the United States of America. 1989; 86(23):9499–503. PMID: 2480603

31. Chen H, He J. [Preoperative neutrophil-to-lymphocyte ratio as a prognostic predictor after radical resec-
tion of esophageal squamous cell carcinoma]. Zhonghua zhong liu za zhi [Chinese journal of oncology].
2014; 36(4):294–7.

32. Mano Y, Shirabe K, Yamashita Y, Harimoto N, Tsujita E, Takeishi K, et al. Preoperative neutrophil-to-
lymphocyte ratio is a predictor of survival after hepatectomy for hepatocellular carcinoma: a retrospec-
tive analysis. Annals of surgery. 2013; 258(2):301–5. PMID: 23774313

33. Negrier S, Escudier B, Gomez F, Douillard JY, Ravaud A, Chevreau C, et al. Prognostic factors of sur-
vival and rapid progression in 782 patients with metastatic renal carcinomas treated by cytokines: a
report from the Groupe Francais d'Immunotherapie. Annals of oncology: official journal of the European
Society for Medical Oncology / ESMO. 2002; 13(9):1460–8.

34. Schmidt H, Bastholt L, Geertsen P, Christensen IJ, Larsen S, Gehl J, et al. Elevated neutrophil and
monocyte counts in peripheral blood are associated with poor survival in patients with metastatic mela-
noma: a prognostic model. British journal of cancer. 2005; 93(3):273–8. PMID: 16052222

35. Stotz M, Gerger A, Eisner F, Szkandera J, Loibner H, Ress AL, et al. Increased neutrophil-lymphocyte
ratio is a poor prognostic factor in patients with primary operable and inoperable pancreatic cancer. Brit-
ish journal of cancer. 2013; 109(2):416–21. doi: 10.1038/bjc.2013.332 PMID: 23799847

36. Teramukai S, Kitano T, Kishida Y, Kawahara M, Kubota K, Komuta K, et al. Pretreatment neutrophil
count as an independent prognostic factor in advanced non-small-cell lung cancer: an analysis of
Japan Multinational Trial Organisation LC00-03. European journal of cancer (Oxford, England: 1990).
2009; 45(11):1950–8.

37. Sumbul AT, Sezer A, Abali H, Kose F, Gultepe I, Mertsoylu H, et al. Neutrophil-to-lymphocyte ratio pre-
dicts PSA response, but not outcomes in patients with castration-resistant prostate cancer treated with
docetaxel. International urology and nephrology. 2014; 46(8):1531–5. PMID: 24526335

38. Kawahara T, Fukui S, Sakamaki K, Ito Y, Ito H, Kobayashi N, et al. Neutrophil-to-lymphocyte ratio pre-
dicts prostatic carcinoma in men undergoing needle biopsy. Oncotarget. 2015; 6(31):32169–76. doi:
10.18632/oncotarget.5081 PMID: 26359354

39. Tanik S, Albayrak S, Zengin K, Borekci H, Bakirtas H, Imamoglu MA, et al. Is the neutrophil-lymphocyte
ratio an indicator of progression in patients with benign prostatic hyperplasia? Asian Pacific journal of
cancer prevention: APJCP. 2014; 15(15):6375–9. PMID: 25124628

40. Gokce MI, Hamidi N, Suer E, Tangal S, Huseynov A, Ibis A. Evaluation of neutrophil-to-lymphocyte
ratio prior to prostate biopsy to predict biopsy histology: Results of 1836 patients. Canadian Urological
Association journal = Journal de l'Association des urologues du Canada. 2015; 9(11–12):E761–E5.
doi: 10.5489/cuaj.3091 PMID: 26600880

41. Alkhouri N, Morris-Stiff G, Campbell C, Lopez R, Tamimi TA, Yerian L, et al. Neutrophil to lymphocyte
ratio: a newmarker for predicting steatohepatitis and fibrosis in patients with nonalcoholic fatty liver dis-
ease. Liver international: official journal of the International Association for the Study of the Liver. 2012;
32(2):297–302.

42. Balta S, Cakar M, Demirkol S, Arslan Z, Akhan M. Higher neutrophil to lymhocyte ratio in patients with
metabolic syndrome. Clinical and applied thrombosis/hemostasis: official journal of the International
Academy of Clinical and Applied Thrombosis/Hemostasis. 2013; 19(5):579.

43. Karaman M, Balta S, Seyit Ahmet AY, Cakar M, Naharci I, Demirkol S, et al. The comparative effects of
valsartan and amlodipine on vWf levels and N/L ratio in patients with newly diagnosed hypertension.
Clinical and experimental hypertension (New York, NY: 1993). 2013; 35(7):516–22.

Prognostic Value of NLR in Prostate Cancer

PLOS ONE | DOI:10.1371/journal.pone.0153981 April 20, 2016 13 / 13

http://dx.doi.org/10.1371/journal.pone.0083279
http://www.ncbi.nlm.nih.gov/pubmed/24409281
http://www.ncbi.nlm.nih.gov/pubmed/50255
http://dx.doi.org/10.1158/0008-5472.CAN-10-2583
http://www.ncbi.nlm.nih.gov/pubmed/21427354
http://www.ncbi.nlm.nih.gov/pubmed/2480603
http://www.ncbi.nlm.nih.gov/pubmed/23774313
http://www.ncbi.nlm.nih.gov/pubmed/16052222
http://dx.doi.org/10.1038/bjc.2013.332
http://www.ncbi.nlm.nih.gov/pubmed/23799847
http://www.ncbi.nlm.nih.gov/pubmed/24526335
http://dx.doi.org/10.18632/oncotarget.5081
http://www.ncbi.nlm.nih.gov/pubmed/26359354
http://www.ncbi.nlm.nih.gov/pubmed/25124628
http://dx.doi.org/10.5489/cuaj.3091
http://www.ncbi.nlm.nih.gov/pubmed/26600880

