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Abstract

Introduction: We evaluate the role of NLR prior to prostate biopsy 
to predict biopsy histology and Gleason score in patients with 
prostate cancer.
Methods: In this retrospective study, we evaluated data of patients 
underwent prostate biopsy between May 2005 and March 2015. 
We collected the following data: age, prostate-specific antigen 
(PSA), biopsy histology, Gleason score (GS) in prostate cancer 
patients, neutrophil counts, and lymphocyte counts. Patients were 
grouped as benign prostatic hyperplasia (BPH), prostate cancer, 
and prostatitis. The Chi square test was used to compare categor-
ical variables and analysis of variance (ANOVA) was applied for 
continuous variables. 
Results: Data of 1836 patients were investigated. The mean age, 
total PSA and neutrophil-lymphocyte ratio (NLR) of the population 
were 66.8 ± 8.17 years, 9.38 ± 4.7 ng/dL, and 3.11 ± 1.71, respect-
ively. Patients were divided as follows: 625 in the group with BPH 
history, 600 in the prostatitis group, and 611 in the prostate cancer 
histology group. The mean NLR of the prostatitis group was higher 
compared to the prostate cancer and BPH groups (p = 0.0001). The 
mean NLR of the prostate cancer group was significantly higher 
compared to the BPH group (p = 0.002). The GS 8–10 group had a 
significantly higher mean NLR compared to GS 5–6 (3.64 vs. 2.54, 
p = 0.0001) and GS 7 (3.64 vs. 2.58, p = 0.0001) patients. 
Conclusions: NLR was found to differ with regard to histology of 
prostate biopsy and higher GS was associated with higher NLR 
in patients with prostate cancer. However prostatitis prevents the 
use of NLR in predicting prostate cancer before a prostate biopsy. 
Also, the retrospective nature and lack of multivariate analysis in 
this study somewhat limits the relevance of these results.

Introduction   

In Europe, prostate cancer is the most common cancer in 
males >70 years of age and is the second most common 

cause of cancer death.1 Its clinical relevance rises especially 
in the developed countries, and especially in elderly men.2

Biopsy is required for the histological diagnosis of prostate 
cancer and transrectal ultrasound (TRUS)-guided prostate 
biopsy is currently the standard route for gaining prostate 
tissue for histological examination. However, benign pros-
tate hyperplasia (BPH) and prostatitis are the two commonly 
observed conditions resulting in prostate-specific antigen 
(PSA) elevation leading to a prostate biopsy. As TRUS-guided 
prostate biopsy is associated with significant complications, 
preventing unnecessary biopsies becomes very important.3 

TRUS-guided prostate biopsies also raise the diagnostic rate 
of clinically insignificant prostate cancer. Various molecular 
biomarkers or imaging modalities have been suggested to 
increase the diagnostic accuracy of prostate biopsy, yet none 
of these methods are available for widespread use either 
due to lack of standardization and regional availability, or 
high cost. 

The role of systemic inflammation in carcinogenesis and 
cancer progression has been studied recently and inflam-
matory markers have been associated with more aggres-
sive disease in various types of cancer, including prostate 
cancer.4-7 Neutrophil-to-lymphocyte ratio (NLR) has been 
studied as an inflammatory marker and neutrophilia and 
lymphocytopenia have been associated with poor survival 
outcomes.8,9 In prostate cancer patients receiving radiation 
therapy, higher NLR was associated with poor survival.6 

In another study, patients with elevated NLR, receiving 
docetaxel-based chemotherapy had worse survival.7

To our knowledge, the role NLR prior to prostate biopsy 
to predict histological outcomes has not been investigated 
in any study. In this study, we identified the role of NLR 
prior to prostate biopsy to predict biopsy histology, and we 
evaluate the relationship of NLR with Gleason score (GS) 
in patients with prostate cancer. 
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Methods 

We retrospectively analyzed the data of 1836 Turkish 
patients who underwent TRUS-guided 12-core prostate 
biopsy between May 2005 and March 2015. Patient charts 
were reviewed and data regarding age, PSA level, biopsy 
histology, GS in prostate cancer patients, neutrophil counts, 
and lymphocyte counts were collected. NLR was calculated 
by dividing the neutrophil count by the lymphocyte count. 

TRUS examinations and biopsies were performed using 
an ultrasound scanner (Toshiba SSA 250- A, Japan) equipped 
with a biplanar (6-MHz end-fire sector, 7-MHz linear) trans-
rectal probe, by transrectal route on axial plane. All patients 
underwent an equal number of biopsies (systematic 12-core 
biopsy) using an automatic spring-loaded device, with an 
18-G needle (Promag, Mannan, FL). Systematic sextant and 
lateral biopsies from the base, middle and apical regions of 
the right and left peripheral zones were taken during the 
12-core biopsy procedure.

Patients with a history of autoimmune or inflammatory 
diseases that may modify NLR levels, patients with a clinical 
suspicion or laboratory signs of bacterial or viral infection at 
the time of biopsy, patients with a history of chemotherapy, 
radiation therapy at any time were excluded from the study. 
Patients with a history of regular use of anti-inflammatory 
drugs or systemic steroids were also excluded from the study. 
Additionally, patients with symptomatic prostatitis, histol-
ogy of high-grade prostatic intraepithelial neoplasia (PIN) 
or atypical small acinar proliferation (ASAP) were excluded 
due to the low number of patients. 

Patients were grouped with regard to histology of the 
biopsy (BPH, prostate cancer and prostatitis) and were com-
pared for age, PSA level, free/total PSA ratio, neutrophil 
count, lymphocyte count and NLR. To group patients with 
mixed histologies, patients with a benign prostate tissue, 
other than prostatitis or BPH, were grouped in the BPH 
group. If the patient had both prostatitis and any other 
benign condition, he was grouped in the prostatitis group. 

Statistical analysis was performed with SPSS ver. 20.0. 
Normal distribution of the data was investigated by the 
Kolmogorov-Simirnov test and data were expressed as the 
mean ± standard deviation. The Chi square test was used to 
compare categorical variables and Student t-test and analysis 

of variance (ANOVA) was applied for continuous variables 
of the groups based on biopsy histology. The Bonferroni test 
was applied to determine intergroup differences.  

Results

During the study period, prostate biopsy was performed in 
2144 patients; of these, 308 did not meet the inclusion cri-
teria for lack of data regarding blood counts or the presence 
of high-grade and ASAP in the pathology report. High-grade 
PIN and ASAP were detected in 30 and 22 patients, respect-
ively. In total, the data of 1836 patients were investigated 
and the mean age of the population was 66.8 ± 8.17 years. 
The mean total PSA level and free/total PSA ratio were 
9.38 ± 4.7 ng/dL (range: 0.9–568 ng/mL) and 0.225 ± 0.188, 
respectively. The mean neutrophil count, lymphocyte count 
and NLR were 5.39 ± 2.31, 2.06 ± 0.77 and 3.11 ± 1.71, 
respectively. 

Regarding the pathology reports, there were 625, 600 
and 611 patients with BPH, prostatitis, and prostate cancer, 
respectively. When the 3 groups of histology were com-
pared, we found that mean age and total PSA levels in the 
prostate cancer group were significantly higher compared 
to the other 2 groups; moreover, the free/total PSA ratio of 
the prostate cancer group was significantly lower compared 
to the other 2 groups (Table 1).  

The mean neutrophil count of the prostatitis group was 
significantly higher, and the mean lymphocyte count of the 
prostatitis group was significantly lower compared to the 
prostate cancer and BPH groups. Therefore, the mean NLR 
of the prostatitis group was significantly higher compared to 
the prostate cancer and BPH groups. The mean neutrophil 
count and NLR of the prostate cancer group was significantly 
higher compared to the BPH group, but the difference of 
the mean lymphocyte counts was not significantly differ-
ent (Table 1). The p values of the 3 histology groups were 
compared using the Bonferroni analysis (Table 2). 

The patients in the prostate cancer group were divided 
according to GS (Table 3). When compared for NLR, the 
GS 8–10 group had a significantly higher mean NLR com-
pared to the GS 5–6 and GS 7 groups. The differences in the 
GS 5–6 and GS 7 patients were not statistically significant 
(p = 0.955) (Table 3).
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Table 1. Comparison of the 3 groups of histology for the study parameters

BPH (n = 625) Prostatitis (n = 600) Prostate cancer (n = 611) p value
Age, years (mean ± SD) 65.6 ± 7.6 66.1 ± 7.7 68.8 ± 8.8 0.0001

Total PSA, ng/mL (mean ± SD) 7.05 ± 3.4 8.23 ± 4.4 12.9 ± 5.1 0.0001

Free/total PSA ratio (%) 0.25 ± 0.13 0.23 ± 0.14 0.19 ± 0.12 0.0001

Neutrophil count, ×103 4.54 ± 1.7 6.65 ± 2.2 5.02 ± 3.3 0.0001

Lymphocyte count, ×103 2.19 ± 0.67 1.83 ± 0.61 2.15 ± 0.94 0.0001

NLR (%) 2.39 ± 2.1 4.07 ± 3.01 2.91 ± 2.67 0.0001
BPH: benign prostatic hyperplasia; SD: standard deviation; PSA: prostate-specific antigen; NLR: neutrophil-to-lymphocyte ratio.
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Discussion 

TRUS-guided prostate biopsy is essential in diagnosing pros-
tate cancer in most cases. The most common indication to 
perform prostate biopsy is elevated PSA levels. However, 
benign conditions, such as BPH, acute or chronic prostatitis, 
or trauma, can also elevate PSA levels, decrease the speci-
ficity of PSA, and lead to unnecessary biopsies. Also up to 
20% of men with prostate cancer may be misdiagnosed in 
the first prostate biopsy.10 Another important point regarding 
prostate biopsies is the diagnosis of clinically insignificant 
prostate cancer with GS 6 and limited volume within the 
prostate. 

To overcome these problems, several molecular, bio-
chemical markers have been studied. Additionally, there 
is growing interest on multiparametric magnetic resonance 
imaging (MRI) studies to increase the diagnostic accuracy 
of the prostate biopsy. Unfortunately, neither molecular nor 
biochemical markers are universally accepted due to lack 
of availability or cost. There is a need to find biomarker that 
is cheap, widely available and applicable to increase the 

diagnostic accuracy of prostate biopsy and prevent unneces-
sary biopsies. 

The role of systemic inflammation in carcinogenesis has 
been studied in various cancer types.10-13 Also markers of 
systemic inflammation, such as C - reactive protein (CRP), 
neutrophil count, platelet count and NLR, have been inves-
tigated in various cancer types.14-17 However, the effect of 
systemic inflammation on PSA levels and related results 
of prostate biopsies have not been studied previously. 
McDonald and colleagues studied the relationship of inflam-
matory markers and PSA levels and found that serum CRP, 
fibrinogen and NLR levels were higher in men with ele-
vated PSA levels compared to men with normal PSA levels. 
However in this study, the results of prostate biopsies were 
not investigated.18

In our study we evaluated the role of NLR prior to prostate 
biopsy to predict the biopsy histology and to assess its asso-
ciation with GS in patients with prostate cancer. We found 
that men with prostate cancer have higher NLR compared to 
men with BPH histology, but lower NLR compared to men 
with prostatitis histology. The same relationship was also 
observed for the neutrophil counts, but not for the lympho-
cyte counts. There was no significant difference between 
the prostate cancer and BPH groups regarding lymphocyte 
counts. NLR was not effective in discriminating benign (BPH, 

Table 2. P values for comparison of the 3 groups of histology for the study parameters with regard to Bonferroni analysis

BPH (n = 625) Prostatitis (n = 600) Prostate cancer (n = 611)

Age, years

BPH 1 0.763 0.0001

Prostatitis 0.763 1 0.0001

Prostate cancer 0.0001 0.0001 1

Total PSA, ng/mL

BPH 1 0.988 0.0001

Prostatitis 0.998 1 0.0001

Prostate cancer 0.0001 0.0001 1

Free/total PSA ratio (%)

BPH 1 0.05 0.0001

Prostatitis 0.05 1 0.0001

Prostate cancer 0.0001 0.0001 1

Neutrophil count

BPH 1 0.0001 0.0001

Prostatitis 0.0001 1 0.0001

Prostate cancer 0.0001 0.0001 1

Lymphocyte count

BPH 1 0.0001 0.889

Prostatitis 0.0001 1 0.0001

Prostate cancer 0.889 0.0001 1

NLR (%)

BPH 1 0.0001 0.002

Prostatitis 0.0001 1 0.0001

Prostate cancer 0.002 0.0001 1
BPH: benign prostatic hyperplasia; PSA: prostate-specific antigen; NLR: neutrophil-to-lymphocyte ratio.

Table 3. Gleason score grouping of patients in the prostate 
cancer group

Gleason score No. patients
5 30

6 193

7 194

8 83

9 92

10 19

Table 4. Comparison of the NLR of GS subgroups

GS 5–6  
(n = 223)

GS 7  
(n = 194)

GS 8–10  
(n = 194)

p value

NLR (%) 2.54 2.58 3.64 0.001
NLR: neutrophil-to-lymphocyte ratio; GS: Gleason score.
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prostatitis) histology and prostate cancer; the mean NLR 
of the prostate cancer group was located between the two 
benign histologies. 

The role of neutrophil counts, but not the NLR, was pre-
viously studied by Fujita and colleagues.19 They evaluated 
results of 323 patients who underwent prostate biopsy, of 
whom 203 were positive for prostate cancer. They also com-
pared patients with prostate cancer and benign histology.
Their results revealed a significantly higher neutrophil count 
in patients with prostate cancer and it was found to be an 
independent prognostic marker in the multivariate analysis. 
However the authors did not classify the benign histology 
subtypes and concluded that elevated neutrophil count may 
be a good indicator of a benign prostate biopsy. They also 
suggested that men with a low neutrophil count and an 
increase of serum PSA should strongly be considered for 
biopsy.19 In our study we also found that neutrophil count 
of our prostate cancer patients was higher than in those 
with benign histology other than prostatitis. However, the 
neutrophil count in the prostatitis group was higher than 
in the prostate cancer and BPH groups. It is worth noting 
that the neutrophil count may vary even within the benign 
histologies.

An important result from our study is the correlation of 
higher GS with NLR. GS 8–10 patients, with a worse prog-
nosis compared to men with GS ≤7, had significantly higher 
mean NLR levels (GS 5–6: 3.64 vs. 2.54, p = 0.0001 and for 
GS 7: 3.64 vs. 2.58, p = 0.0001). This is the first study to 
evaluate the association of GS and NLR levels. Previous stud-
ies evaluated the role of NLR in predicting outcome in cas-
tration-resistant prostate cancer patients receiving docetaxel, 
or patients receiving radiation therapy for localized disease. 
However, the role of NLR to predict treatment outcomes 
after radical prostatectomy has also not been studied. 

Limitations of the study 

The most important drawback of our study is its retrospective 
nature. However, we believe that the number of patients 
in the study mitigates this disadvantage; moreover, patient 
follow-up was not a core part of our study. Another important 
point is the low number of patients with ASAP and high-grade 
PIN. We excluded these cases due to their low number; this 
exclusion led to potential heterogeneity bias within the study 
population. Also we could not perform receiver operating 
characteristic analysis to find the threshold value of NLR to 
determine prostate cancer, due to the mean NLR values of 
prostate cancer group being between the two benign histolo-
gies. 

We could also not verify other markers of systemic inflam-
mation, such as CRP or procalcitonin, due to the retrospect-
ive nature of the study. Our patients are asymptomatic, 
therefore serum CRP or procalcitonin levels were not studied 

in most of patients. Due to the retrospective nature of the 
study, we could not evaluate the role of other confound-
ers, such as smoking, body mass index, and presence of 
metabolic syndrome, which would have been associated 
with the inflammatory response and may be involved in a 
multivariate analysis.

Conclusion

NLR prior to prostate biopsy was higher in patients with 
prostatitis compared to prostate cancer or BPH. Also prostate 
cancer patients had higher mean NLR compared to BPH 
patients. Higher GS was also associated with higher NLR 
in prostate cancer patients. The results support the role of 
inflammation in the development of prostate cancer; how-
ever prostatitis, a common inflammatory condition of pros-
tate gland, prevents the use of NLR in predicting prostate 
cancer prior to prostate biopsy. 
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