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Abstract. Background/Aim: This study aimed to access the
effectiveness of serum neutrophil-to-lymphocyte ratio (NLR)
in patients undergoing prostate needle biopsy with a prostate
specific antigen (PSA) between 4.0 and 10.0 ng/ml. Patients
and Methods: A total of 633 cases were eligible. We
evaluated several factors including age, PSA, PSA-density
(PSAD), platelet-to-lymphocyte ratio (PLR) and NLR in the
presence or absence of prostate cancer (PCa), retrospectively.
We evaluated statistically the associations between each
factor and pathological findings or Gleason score. Results:
A total of 201 were evaluated in this study. Regarding the
presence or absence of prostate cancer, there were
statistically significant differences in age, PSA levels, PSAD,
the PLR and NLR. The mean NLR value of the patients with
PCa was significantly lower compared to the entire cohort.
Multivariate analysis showed that age, PSAD, and NLR were
independent risk factors predicting PCa. Conclusion: For
patients having a PSA between 4.0 and 10.0 ng/ml, NLR was
a predicting factor of PCa prior to prostate needle biopsy and
an effective biomarker and useful tool for avoiding
unnecessary biopsies.

In various carcinomas, the development and progression of
cancers has been associated with chronic inflammation
within the tissue microenvironment (1). In the last few years,
increasing evidence has indicated that cancer development
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and progression depend on complex interactions between
tumor and host factors, including the systemic inflammatory
response (2, 3).

Prostate specific antigen (PSA) is the only biomarker used
for the early detection of prostate cancer (PCa). PSA is
highly specific for prostate but not for PCa. Approximately
70% of men with an increased serum PSA between 4 and 10
ng/ml do not have PCa and hence, this PSA range is referred
to as the “grey area” (4). Some PSA-related testing
parameters [e.g., PSA-density (PSAD), free/total PSA ratio
(F/T), PSA-doubling time (PSA-DT), and prostate health
index test] have been used to improve the accuracy of PCa
prediction (5). Regarding the indication for prostate biopsy
(PBx), not only the PSA value but also digital rectal
examination, magnetic resonance imaging (MRI) findings,
PSAD, F/T ratio and PSA-DT should be used. It is important
to avoid unnecessary PBx by taking an informed decision.
Moreover, PBx has been associated with various
complications such as pain, macrohematuria, dysuria and
severe infections. Therefore, identification of new
biomarkers of PCa that are easy to assess and could be used
to determine the optimal indications for PBx is needed.

The neutrophil-to-leukocyte ratio (NLR) is the proportion
of systemic neutrophils and lymphocytes, and it is a
recognized circulating biomarker in multiple cancers.
Although NLR is a parameter of inflammation, it has been
reported as a prognostic factor for solid cancers including
PCa (6, 7). Also, NLR has been reported to be a new
biomarker to predict PCa in men undergoing PBx (8).
Another report, however, has suggested that low serum
neutrophil count may be a positive predictor of PCa
detection by transrectal ultrasound (TRUS)-guided biopsy
(9). Although some histopathological, clinical, and
epidemiological evidence suggest that chronic inflammation
plays a role in prostate carcinogenesis, an association
between inflammatory markers and the overall detection rate
of PCa remains controversial (10, 11).

1641



in vivo 35: 1641-1646 (2021)

In the present study, we investigated whether NLR could
be used to predict PCa in patients with PSA levels between
4.0 and 10.0 ng/ml.

Patients and Methods

Study subjects. This is a retrospective study that used data extracted
from electronic records. Between April 2009 and August 2018, 633
cases with PSA 4.0-10.0 ng/ml out of 1,435 cases, which underwent
PBx at the Department of Urology, Teikyo University Chiba
Medical Center (Ichihara, Japan), were included. PBx was
performed transrectally under ultrasound sonography with local
anesthesia and routinely performed by using 14-region template in
all patients. The biopsy specimens were examined by a dedicated
histopathologist at our hospital. Complete blood counts (CBCs)
including absolute neutrophil and lymphocyte counts were
performed for all patients. Peripheral blood was collected at our
hospital within one month of the PBx. The institutional review
board of Teikyo University approved this study [20-114].

Clinical and laboratory assessments. The NLR was calculated using
neutrophil and lymphocyte count via CBCS obtained simultaneously
with PSA. We determined the cut-off point of NLR according to the
sensitivity and specificity levels derived from the area under
receiver operator characteristics (AUROC) curve plotted using the
presence or absence of PCa. We evaluated the factors including age,
PSA, PSAD, platelet-to-lymphocyte ratio (PLR) and NLR in the
presence or absence of PCa, retrospectively. The NLR was
calculated by dividing the neutrophil count by the lymphocyte
count, while the PLR was calculated by dividing the platelet count
by the lymphocyte count. The patients were pathologically classified
into benign prostate hypertrophy (BPH), prostatitis, and PCa groups.
In addition, they were divided according to Gleason score (GS), as
GS=6, GS=7 and =GS 8. Then, we statistically evaluated the
association of each factor with pathological finding and GS.

Statistical analysis. Results are shown as the mean+SD. Patient
characteristics and preoperative factors were analyzed using Mann-
Whitney U-test and Kruskal-Wallis test. Analyses were performed
with JMP version 10 (SAS Institute Inc., Cary, NC, USA). A
probability of <0.05 was considered statistically significant.

Results

Of the 633 eligible patients, 201 were evaluated in this study.
The mean age, PSA levels, PSAD, PLR, NLR were 68 years,
6.34 ng/ml, 0.23, 117.7 and 1.84, respectively. Of these, 100
were positive for PCa. None of these patients were found to
have metastatic disease at the time of the diagnosis of PCa.
The mean age of the PCa group (70+5.9) was significantly
higher than that of the non-PCa group (65+6.7; p<0.001).
The mean PSA levels of the PCa group (6.75+1.53) were
significantly higher than that of the non-PCa group
(6.29+1.52; p=0.027). The mean PSAD value of the PCa
group (0.33+0.18) was significantly higher than that of the
non-PCa group (0.23+0.15; p<0.001). The mean PLR value
of the PCa group (121.1+48.4) was significantly lower than
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Table 1. Patients’ characteristics.

Prostate cancer  Non prostate  p-Value
N=100 cancer (N=101)

Age (mean+SD, years) 70+5.9 65+6.7 <0.001
PSA (mean+SD, ng/ml) 6.75+1.53 6.29+1.52 0.027
PSAD (mean+SD), 0.33+0.18 0.23+0.15 <0.001
ng/ml/cm3

PLR (mean+SDO 121.1+48 4 133.3+452 0.019
NLR (mean+SDO 1.93+0.89 2.12+0.72 0.009

PSA: Prostate specific antigen; PSAD: prostate specific antigen density;
PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte ratio.

that of the non-PCa group (133.3+45.2; p=0.019). The mean
NLR value of the PCa group (1.93+0.89) was significantly
lower than that of the non-PCa group (2.12+0.72; p=0.009)
(Table I).

We performed receiver operative characteristic (ROC)
curve analysis to assess the sensitivity and specificity of each
factor for predicting PCa. Subsequently, the cut-off values
for each factor were set (Figure 1). Based on the AUROC
curve, the cut-off levels for age, PSA, PSAD, PLR and NLR
were set at 65, 6.05,0.15, 101.3 and 1.92 for predicting PCa,
respectively. Multivariate analysis showed that age [odds
ratio (OR)=4.85, 95% confidence interval (CI)=2.29-10.74,
p<0.001], PSAD (OR=7.52, 95%CI=2.92-22.5, p<0.001),
and NLR (OR=2.44, 95%CI=1.19-5.17, p=0.002) were
independent risk factors predicting PCa (Table II). The
sensitivity, specificity, positive predictive values (PPV),
negative predictive values (NPV), and accuracy of these
factors are shown in Table III. The PPV and accuracy of the
combination of PSAD and NLR were higher (65.6% and
64.7%, respectively) compared to the PSAD cut-off group
(58.4% and 63.7%, respectively) and NLR cut-off group
(59.8% and 60.7%, respectively) (Table III). The patients in
the PCa group were divided into three groups according to
Gleason score (GS) (Table IV). GS was available for all PCa
patients: 34 (34%) GS6, 40 (40%) GS7, 26 (26%) GS8 over
(Table IV). Significant differences in age and PSAD were
observed between each group. Regarding the pathological
findings, there were 50, 51 and 100 patients with BPH,
prostatitis and PCa, respectively. When we compared the
three groups, we recognized that the mean age and PSAD
value of the PCa group were significantly higher than those
of the other two groups. Moreover, the NLR value of the
PCa group was significantly lower than those of the other
two groups (Table V).

Discussion

In the present study, it was revealed that NLR, which was
used for the diagnosis of PCa with PSA between 4.0 and
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Figure 1. AUROC curve values of variables for predicting prostate cancer. Based on AUROC curve values, the optimal age, PSA, PSAD, PLR, and
NLR cut-off levels for predicting PCa were set at 65, 6.05, 0.15, 101.3, and 1.92, respectively.

Table II. Univariate and multivariate analyses to identify predictors of prostate cancer.

Univariate analysis

Multivariate analysis

OR 95%C1 p-Value OR 95%CI p-Value
Age =65 years 4.25 2.21-8.16 0.001 4.85 2.29-10.74 <0.001
PSA =6.05 2.36 1.32-4.2 0.003 1.55 0.78-3.07 0.107
PSAD =0.15 7.94 3.16-20 <0.001 7.52 2.92-225 <0.001
PLR <101.3 249 1.37-4.53 0.003 1.71 0.81-3.63 0.159
NLR =<1.92 2.4 1.36-4.23 0.002 2.44 1.19-5.17 0.002

OR: Odds ratio; CI: confidence interval; PSAD: prostate specific antigen density; PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte

ratio; PSA: prostate specific antigen.

10.0 ng/ml, showed a high accuracy rate for PCa. Moreover,
when NLR was combined with PSAD, it was validated that
the accuracy rate was further increased. Therefore, we
suggest that NLR would be an effective and useful tool in
the determining the indication for PBx in patients having a
PSA between 4.0 and 10.0 ng/ml.

It has been reported that NLR is an important prognostic
factor for advanced PCa (12). Gu et al. (13) have reported
that increased pretreatment NLR was associated with poor

overall survival (OS) (HR=1.38) and progression free
survival/recurrence free survival (PFS/RFS) (HR=1.24).
They suggested that an increased NLR could predict poor
diagnosis in patients with PCa. Nuhn et al. (14) have shown
that that the NLR was significantly associated with clinical
outcomes in men receiving first-line chemotherapy with
docetaxel for metastatic castration-resistant PCa.
Langsenlehner et al. (15) have reported that the NLR seems
to represent an independent prognostic marker and should be
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Table III. Ability of various parameters to predict prostate cancer.

Sensitivity Specificity PPV NPV Accuracy
Age =65 years 83 46.5 60.6 734 64.7
PSA =6.05 69 51.5 585 63.7 60.2
PSAD =0.15 94 33.7 584 85 63.7
PLR <101.3 45 723 643 58 60.2
NLR =<1.92 64 574 598 61.7 60.7
PSAD+NLR 61 68.3 65.6 639 64.7

PPV: Positive predictive value; NPV: negative predictive value; PSAD:
prostate specific antigen density; PLR: platelet-to-lymphocyte ratio;
NLR: neutrophil-to-lymphocyte ratio; PSA: prostate specific antigen.

considered for future individual risk assessment in patients
with prostate cancer. However, Naito er al. (16) have
reported that there was no significant difference in the NLR
value between localized PCa and metastatic PCa.

In our study, NLR was statistically significantly higher in
the non-PCa group than in the PCa group. Fujita et al. (9)
have demonstrated that a low serum neutrophil count is a
predictor of positive prostate biopsy in 323 Japanese men
(OR=0.408, p<0.002). The value of NLR in patients with PSA
below 10 ng/ml was 2.09 in the negative biopsy group and
1.90 in the positive biopsy group. It was thought that this
result was sufficient similar to our data. Therefore, this finding
indicated that NLR could be a predicting factor of PCa in the
gray zone. Furthermore, Naito et al. (16) have reported that
the median NLR of PCa patients with a PSA below 10 ng/ml
was 1.834, which was lower than the overall median of 1.945,
which included that of the non-PCa patients. In the case of
PSA below 10 ng/ml, the NLR value was high in the non-
prostate cancer. This finding supports our results.

Also, NLR exhibited higher specificity, PPV, and accuracy
for predicting PCa than the PSA levels. So, NLR may be a
biomarker comparable to PSA. In the multivariate analysis,
the OR of NLR was 2.44, which suggested that NLR could
be a useful predictor of PCa. In addition, it was found that
the combination of NLR with PSAD resulted in even more
accurate predictions of PCa. Regarding the indications for
PBx, it is suggested that NLR could facilitate auxiliary
diagnosis, as has been found for other factors. Therefore, the
use of the combination of NLR with PSAD may prevent
unnecessary PBx. Kamali ef al. (17) have evaluated 500
patients who underwent PBx but no statistically significant
difference was not obtained between the NLR of the patients
with positive biopsy and those with negative biopsy
(p=0.112). NLR was not described as a predictive factor for
positive PCa biopsy. Although it was demonstrated that the
AUC value under ROC was 0.58 (8), in the present study
was 0.60, so, it was almost consistent with other reports.
Moreover, based on the AUROC in the present study, the
NLR cut-off value was determined to be 1.92 for patients
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Table IV. Classification of various parameters according to the Gleason
score.

GS 6 GS7 GS 8<  p-Value
(N=34) (N=40) (N=26)

Age (mean+SD), years 68+6.4 70£5.2 72+59 0.028
PSA (meantSD), ng/ml  6.34£136 6.98+167 697145 0.188
PSAD (mean+SD), 0.26+0.14 0.37+0.2 0.35+0.16 0.009
ng/ml/cm3

PLR (mean+SD) 123.7+52 126.6+50.6 109.3+39 0.513
NLR (mean+SD) 1.97£0.75 1.95+1.1 1.83+0.72 0.595

GS: Gleason score; SD: standard deviation; PSAD: prostate specific
antigen density; PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-
lymphocyte ratio; PSA: prostate specific antigen.

Table V. Classification of various parameters according to the
pathological diagnosis.

BPH Cp PCA  p-Value

(N=50) (N=51)  (N=100)
Age (mean+SD), years 66+6.5 65+6.8 7059  <0.001
PSA (mean+SD), ng/ml  6.18+155 6.39+152 6.76+£1.53  0.067

PSAD (mean+SD),
ng/ml/cm?3

PLR (mean+SD)
NLR (mean+SD)

0.23+0.15 0.23+0.14 0.33+0.18 <0.001

134.2+46.1 131.9+44.7 121.1+48.4  0.065
2.23+0.66 2.01+0.77 1.93+0.89  0.008

BPH: Benign prostate hypertrophy; CP: chronic prostatitis; PCA:
prostate cancer; SD: standard deviation; PSAD: prostate specific antigen
density; PLR: platelet-to-lymphocyte ratio; NLR: neutrophil-to-
lymphocyte ratio; PSA: prostate specific antigen.

with PSA between 4.0-10.0 ng/ml. In another report, the
NLR cut-off value was determined to be 2.40 in the gray
zone (8). In several studies analyzing advanced pancreatic
cancer, the NLR cut-off values were approximately 5 (18).
In intrahepatic cholangiocarcinoma and liver metastasis from
colorectal carcinoma, the NLR cut-off value was also set as
5 (19). In renal cell carcinoma varied in different studies
from 2 to 5 (19). Thus, the optimal NLR cut-off point for
predicting PCa varies depending on the target disease and
organ. Furthermore, the NLR value changes depending on
the progression of the disease even in the same organ.
Therefore, it seems difficult to set a universal NLR cut-off
point for predicting PCa.

It has been previously demonstrated that chronic
inflammation is involved in prostate carcinogenesis through
disrupting of the immune response and regulating of the tumor
microenvironment (20). However, regarding the present study,
it was considered that the relationship is not well established
during the early stages of carcinogenesis where PSA levels are
still low. Kawahara et al. (8) have reported that the median
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NLR value was 2.05 in patients with PSA 4 ng/ml below and
2.00 in patients with PSA 4.0-10 ng/ml. In the gray zone, the
NLR value was rather low. Regarding the PCa in the gray
zone, the reason the NLR value was lower than that in the
non-PCa group was unknown. We hypothesized that
significant inflammation rather than carcinogenesis may
characterize the prostate tissue in the gray zone. Molecular
pathological evaluation is necessary in the future. Although it
has been reported that there is a positive correlation between
NLR and PSA (16), we could not confirm the association of
NLR and PSA in the present study. Hashimoto ez al. (21) have
reported that ANLR was the most accurate marker to improve
the total predictive value in repeat PBx for diagnosing PCa.
In the case of gray zone, the NLR value was not constant,
therefore the ANLR may be a marker of a change from non-
cancer status to cancer-positive status. Hence, we suggest that
the assessment of NLR, regardless of its value, is meaningful.
Regarding the association between NLR and GS, Mehmet et
al. (22) have demonstrated that higher GS is associated with
higher NLR in patients with PCa. In the present study of PCa
in the gray zone, NLR showed an insignificant negative
correlation with high GS. The various cancer growth patterns
and histopathological findings in the gray zone might have
affected our results. No evaluations of NLR were performed
in cases in which digital rectal examinations produced positive
results. If the NLR were evaluated in such cases, it would be
possible to clarify the relationship between the degree of
malignancy and the NLR. Regarding the evaluation of the
histopathology, it has been reported that the value of NLR in
the gray zone is higher in prostatitis compared with prostate
cancer (22). In the present study, the NLR value was the
highest in the BPH group, and gradually decreased in the
prostatitis and PCa groups.

As for the other biomarker, Volkan Caglayan et al. (23)
have reported that lymphocyte-to-monocyte (LMR) is a
useful tool for detecting PCa especially in patients with PSA
value between 4 and 10 ng/dl. The combination of free/total
PSA ratio and LMR improved the diagnostic accuracy more
than the use of free/total PSA ratio alone. They demonstrated
that in the 4-10 ng/dl PSA range, LMR value was extremely
lower in patients with positive biopsy than in those with a
negative biopsy (p=0.012). However, unfortunately, there has
not been any detailed discussion about the reasons or the
pathophysiology underlying this relationship in the literature.
Also, Ozgur Haki Yuksel et al. (24) have revealed that PLR
values in the PCa group were significantly higher compared
with the BPH group. They concluded that PLR could be an
additional predictor of PCa and can prevent unnecessary PBx
in the diagnosis of PCa. However, in their report, the reason
why PLR value was high in the PCa was not mentioned.
Conversely, in our study of patients with PSA between 4.0-
10.0 ng/ml, PLR was higher in the BPH group compared
with the PCa group.

There are several limitations in our study. First, it was a
retrospective cohort study, which involved the extraction of
electronically stored clinical data. Second, it had a small
sample size compared with previous studies. Third, we could
not perform a comparison of NLR between the different
stages of PCa. It is possible that the NLR might differ
between advanced PCa and non-advanced PCa in the gray
zone. However, because of its small sample size, it was
difficult to perform such comparisons and evaluations. It is
necessary to validate the findings of this retrospective
analysis in prospective studies, including a randomized
study, with larger populations in the future. The NLR, which
can be measured easily, could help to determine the optimal
indications for PBx. Moreover, the importance of routinely
obtaining a CBC was demonstrated in this study.

Conclusion

The present study suggests that the NLR could be a useful
pre-PBx predictor of PCa, and hence, could help to avoid
unnecessary PBx, in patients with PSA levels of 4.0-10.0
ng/ml. Although the NLR value for PCa in the gray zone was
statistically significantly lower than for non-PCa, we
suggested that the measurement of NLR might be very
meaningful regardless of its value. Moreover, the
combination of NLR with PSAD likely improves both PPV
and accuracy of PBx in patients with PSA value of 4.0-10.0
ng/ml. These findings suggest that it is necessary to perform
a CBC as a routine test in such patients.
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