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Association of the neutrophil-to-lymphocyte ratio
and prostate cancer detection rates in patients via
contemporary multi-core prostate biopsy

Jong Jin Oh, Ohsung Kwon, Jung Keun Lee, Seok-Soo Byun, Sang Eun Lee, Sangchul Lee, Sung Kyu Hong

The aim of this study was to determine whether the neutrophil-to-lymphocyte ratio (NLR), a measure of the systemic inflammatory
response is associated with the overall prostate cancer detection rate in men who underwent contemporary multi (>12)-core
transrectal ultrasound (TRUS) biopsy. We reviewed the records of 3913 patients with initial prostate-specific antigen (PSA)
levels ranging from 4 to 10 ng ml-! who underwent TRUS-guided prostate biopsy between April 2006 and May 2014. NLR was
calculated by prebiopsy neutrophil and lymphocyte counts. We excluded patients who had evidence of acute prostatitis, a history
of prostate surgery, and any systemic inflammatory disease. A multivariate logistic regression model was used to analyze prostate
cancer detection. After adjusting for confounding factors, predictive values were determined according to the receiver operating
characteristic-derived area under the curve, both including and excluding the NLR variable. In univariate analyses, NLR was a
significant predictor of prostate cancer detection (P < 0.001). In multivariate analyses, a higher NLR was significantly associated
with prostate cancer detection after adjusting for other factors (OR = 1.372, P = 0.038). The addition of NLR increased the
accuracy from 0.712 to 0.725 (P = 0.005) in the multivariate model for prostate cancer detection. NLR may be a potentially
useful clinical marker in the detection of prostate cancer among men with a PSA level in the 4-10 ng ml-! range. These findings

are derived from a retrospective analysis and should be validated in larger populations through prospective studies.
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INTRODUCTION

Prostate-specific antigen (PSA) is secreted from prostate luminal
cells, and the serum PSA level is a useful tool for detecting prostate
cancer. After detecting elevated PSA levels, it is recommended that
patients undergo a prostate biopsy, which is the only method currently
available to confirm the diagnosis of prostate cancer. A significant
percentage of men with an elevated PSA level >4 ng ml™ who undergo
an invasive prostate biopsy does not have prostate cancer' as PSA
lacks sufficient sensitivity and specificity for detecting prostate
cancer.” Furthermore, an invasive prostate biopsy may miss cancer
in some men, given that up to 20% of men will have prostate cancer
in a repeat biopsy.?

Systemic inflammation plays a role in the development and
progression of cancer, and many epidemiological studies associate
inflammatory markers, including the neutrophil-to-lymphocyte
ratio (NLR) with many different types of cancer, including lung,
colorectal, pancreatic, and ovarian cancers.”® NLR, which combines
circulating neutrophil and lymphocyte counts, is one of the most
common indicators of inflammation in cancer patients and has been
reported to be significantly correlated with clinical outcomes in
several types of cancer.”* In the last few years, increasing evidence has
indicated that cancer development and progression depend on complex

interactions between tumor and host factors, including the systemic
inflammatory response.'®!! These host factors appear to be linked;
e.g., patients with elevated C-reactive protein levels demonstrated
increased weight loss and poor performance status. This finding
suggests that systemic inflammation may be an important etiological
factor for the nutritional and functional decline of patients during
cancer development and progression.'*'?

Although some histopathological, clinical, and epidemiological
evidence suggests that chronic inflammation plays a role in prostate
carcinogenesis, an association between inflammatory markers and
the overall detection rate of prostate cancer remains controversial.'*'*
A recent analysis demonstrated a positive association between
prediagnostic circulating markers of inflammation and an increased
risk of prostate cancer.'” Another report, however, suggested that low
serum neutrophil count may be a positive predictor of prostate cancer
detection during transrectal ultrasound (TRUS)-guided biopsy.! We,
therefore, formed hypothesis that there was significant association
between prebiopsy NLR and prostate cancer detection rate among
men who underwent TRUS-guided biopsy. The study participants
included Korean men who had PSA levels between 4 and 10 ng ml™*
and subsequently underwent prostate biopsy via the contemporary
multi (>12)-core approach.
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MATERIALS AND METHODS

After obtaining the approval of the Institutional Review Board at the
Seoul National University Bundang Hospital (IRB No.: B-1406/202-111),
we reviewed the records of men who underwent multi (>12)-core
TRUS-guided biopsy of their prostates at our institution. All data were
analyzed anonymously. All men underwent TRUS prostate biopsies
secondary to either elevated PSA levels, abnormal digital rectal
exams (DREs), or hypoechoic lesions (as detected by TRUS). In all men,
the prostate was routinely biopsied bilaterally near the base, mid-gland
region, and apex, taking at least six biopsies per side. If necessary,
additional biopsies were obtained to evaluate further suspicious lesions.

A total of 4335 men who underwent TRUS-guided biopsy between
April 2006 and May 2014 and initial PSA levels of 4 to 10 ng ml™* were
enrolled. We excluded the patients who underwent biopsy prior to
the implementation of the 2005 International Society of Urological
Pathology (ISUP) modification of the Gleason scoring system.'* Among
them, men who had evidence of acute prostatitis (n = 11), who had
undergone prior biopsies at other institutions (n = 122), or had previous
prostate surgery before receiving a biopsy at our institution (n = 14)
were excluded from the study. And we excluded the patients who had
medically active illness (n = 24), history of systemic inflammatory
diseases such as systemic lupus erythematosus, Behget disease,
sarcoidosis, Sjogren syndrome, etc., (n = 19) and medicine history of
anti-inflammatory drug history (n = 211). Also, patients were excluded
if relevant data, including NLR, were missing (n = 21). For subjects
who underwent more than one prostate biopsy at our institution, only
data from the initial biopsy were analyzed. Accordingly, a total of 3913
men were included in our study.

The NLR value was calculated from the laboratory data obtained
prior to the prostate biopsy. The results are shown as the median (IQR).
Biopsy results, age, body mass index (BMI), DRE findings (abnormal
vs normal), the presence of hypoechoic lesions on TRUS, the number
of biopsy cores obtained, and the NLR results were also assessed using
the Chi-square test or Mann-Whitney U-test to determine statistically
significant differences. After adjusting for confounding factors, univariate
and multivariate logistic regression analyses were performed to determine
the association between prostate cancer detection and NRL. The predictive
accuracy of the multivariate model was assessed using receiver operating
characteristic (ROC)-derived area under the curve (AUC) analysis. Two
multivariate models, including either the presence or absence of NLR,
were compared via the Mantel-Haenszel test. The IBM SPSS software

Table 1: Characteristics of subjects according to biopsy outcome

package version 21.0 (Statistical Package for Social Sciences™, Chicago, IL,
USA) and MedCalc software version 11 (MedCalc Software, Mariakerke,
Belgium) were used for statistical analysis. A two-tailed P < 0.05 was
considered as significant for all analyses.

RESULTS

The median age of the 3913 men analyzed in the present study was
65 years, the median BMI was 24.3 kg m2, the median prostate volume
was 40 ml, and the median PSA level was 6.04 ng ml™. Of the 1845
men for whom sufficient data were available, 360 (19.5%) had abnormal
DRE findings. A total of 420 (15.7%) of 2668 subjects had hypoechoic
TRUS findings. Among all the subjects, prostate cancer was detected
via biopsy in 1106 (28.3%). There were 116 (10.5%) men with a high
Gleason prostate cancer score (24 + 3).

The subject characteristics according to the presence of prostate
cancer are shown in Table 1. Among the patients in the total biopsy
cohort, the prostate cancer patients were older (median age, 67 vs 64,
P <0.001), had higher PSA levels (median PSA, 5.80 vs 5.26, P < 0.001),
higher rates of abnormal DRE findings (17.2% vs 9.1%, P < 0.001),
hypoechoic lesions on TRUS (19.6% vs 10.2%, P < 0.001), and smaller
prostate volumes (35.0 cc vs 41.0 cc, P < 0.001) compared to noncancer
patients. The mean core number was also higher in the biopsy-positive
group than in the biopsy-negative group. The NLR value was higher
in the biopsy-positive group than in the biopsy-negative group
(1.63 vs 1.61, P < 0.001). The NLR value in high Gleason prostate
cancer (>4 + 3) was 1.83, significantly higher than the biopsy-negative
group and low-grade prostate cancer group (P < 0.001) (Figure 1).

As shown in Table 2, age, PSA, prostate volume, abnormal
DRE findings, hypoechoic lesions on TRUS, number of biopsy
cores (213 vs 12), and NLR were all significant factors associated
with prostate cancer detection that were determined by univariate
logistic regression analysis. On multivariate analyses, a higher
NLR (OR = 1.37, 95% CI: 1.017-1.850, P = 0.038) was significantly
associated with prostate cancer detection (after adjusting for age,
serum prostate-specific antigen, prostate volume, abnormal DRE
findings, presence of hypoechoic lesions on TRUS, and number of
biopsy cores). In multivariate analysis to predict higher Gleason grade
prostate cancer (>4 + 3), NLR was significant predictor after adjusting
aforementioned variables (OR = 1.75,95% CI: 1.034-2.012, P=0.003).

The predictive accuracy calculated (AUC) for the multivariate
model (including age, PSA, and prostate volume as continuous

Variable No cancer Cancer P
Number of patients (%) 2807 (71.7) 1106 (28.3)
Median age (year) (IQR) 64 (57-69) 67 (62-72) <0.001
Median BMI (kg m-?) (IQR) 24.34 (22.65-25.97) 24.24 (22.49-26.08) 0.600
Median PSA (ng ml-?) (IQR) 5.26 (4.0-6.9) 5.8 (4.3-7.5) <0.001
Number of abnormal DRE (%) 255 (9.1) 190 (17.2) <0.001
Number of hypoechoic lesion on TRUS (%) 287 (10.2) 217 (19.6) <0.001
Median prostate volume (ml) (IQR) 41.0 (31.0-54.0) 35.0 (28.0-44.0) <0.001
Number of biopsy cores obtained (%)
12 2020 (72.0) 723 (65.4) <0.001
>13 787 (28.0) 383 (34.6)
Median NLR (IQR) 1.61 (1.25-2.14) 1.63 (1.22-2.16) <0.001
PCa above Gleason >4+3 (%) 166 (10.5)

Median NLR (IQR) in PCa Gleason <4+3
Median NLR (IQR) in PCa Gleason >4+3

1.62 (1.22-2.14)
1.83 (1.51-2.41)

IQR: interquartile range; BMI: body mass index; PSA: prostate-specific antigen; DRE: digital rectal examination about prostate; TRUS: transrectal ultrasound; NLR: neutrophil-to-lymphocyte

ratio; PCa: prostate cancer
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variables + abnormal DRE findings, hypoechoic lesions on TRUS,
and number of biopsy cores as categorical variables), excluding NLR,
was 0.705 (95% CI, 0.672-0.738, Figure 2a). This accuracy level
significantly increased to 0.720 from the multivariate model that NLR
was additionally included aforementioned multivariate model (95%
CI, 0.691-0.748; P = 0.005, Figure 2b).

DISCUSSION
In the current study, we observed that NLR was significantly associated
with prostate cancer detection among men with PSA levels ranging
from 4 to 10 ng ml™ who underwent multi (>12)-core TRUS-guided
biopsy. After adjusting for confounding factors, multiple logistic
regression analyses suggested that the NLR is positively associated with
prostate cancer detection. Using the multivariate model, we identified
an additional predictive factor, the NLR, for detecting prostate cancer
via the ROC-derived AUC value.

Prediagnostic inflammatory factors have been positively associated
with the detection of cancer and cancer mortality in solid organ
cancers, including colorectal, lung, and gastric cancers.*”’** In a
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Figure 1: Box plot of neutrophil-to-lymphocyte ratio (NLR) in no cancer
patients, low grade prostate cancer patients (Gleason score <4 + 3) and
high grade prostate cancer patients (>4 + 3) after transrectal ultrasound
prostate biopsy.
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recently published prospective population-based study in Japan,
elevated leukocyte counts were associated with a two-fold increased
risk of gastric cancer.' Similarly, in a cohort study in the United States,
elevated leukocyte counts were associated with a 2.8-fold increased
risk of lung cancer." However, there are few epidemiologic data that
suggest a positive association between prostate cancer and systemic
inflammation. In a study of 2571 men, Toriola et al. reported that
prediagnostic inflammatory markers had a significantly positive
association with prostate cancer and that an elevated leukocyte count
was associated with a 2.57-fold increased risk of prostate cancer
mortality.”®

The functional relationship between inflammation and cancer
has long been discussed. In 1863, Virchow hypothesized that cancer
originated at the site of chronic inflammation and was triggered
by chronic inflammation and increased cell proliferation.?® These
inflammatory markers, along with some growth factors, have
DNA damage-promoting properties, which may potentiate and/or
promote neoplastic activity. Many cancers have been associated with
inflammation, and the causal relationship between inflammation,
innate immunity, and cancer has been widely accepted. However, many
of the molecular and cellular mechanisms mediating this relationship
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Figure 2: Receiver operating characteristics curves of the multivariate
logistic regression model, (a) excluding neutrophil-to-lymphocyte
ratio (NLR), (b) including NLR which was developed for prostate cancer
detection via contemporary multi (>12)-core transrectal ultrasound
biopsy (P = 0.005).

Table 2: Univariate and multivariate analysis on the potential association of analyzed variables and detection of PCa via prostate hiopsy

Univariate Multivariate
OR 95% Cl P OR 95% Cl P
Univariate and multivariate to overall PCa detection
Age (years, continuous) 1.058 1.047-1.068 <0.001 1.065 1.049-1.081 <0.001
PSA (ng mI~!, continuous)* 1.110 1.058-1.163 <0.001 1.574 1.146-2.161 0.005
PV (cc, continuous)* 0.973 0.968-0.978 <0.001 0.969 0.961-0.977 <0.001
DRE finding (yes vs no) 2.544 2.008-3.223 <0.001 1.654 1.247-2.193 <0.001
Hypoechoic lesion on TRUS (yes vs no) 2.256 1.823-2.791 <0.001 2.001 1.473-2.720 <0.001
Number of biopsy (=13 vs 12) 1.356 1.149-1.601 <0.001 1.098 0.818-1.474 0.5634
NLR (continuous) 1.032 1.012-1.053 <0.001 1.372 1.017-1.850 0.038
Univariate and multivariate to high grade PCa detection (>4+3)
Age (years, continuous) 1.158 1.053-1.234 <0.001 1.077 1.036-1.141 <0.001
PSA (ng ml-1, continuous)* 1.134 1.075-1.197 <0.001 1.741 1.017-2.710 0.005
PV (cc, continuous)* 0.965 0.957-0.974 <0.001 0.987 0.951-0.991 <0.001
DRE finding (yes vs no) 3.147 2.441-4.047 <0.001 2.748 1.147-3.181 <0.001
Hypoechoic lesion on TRUS (yes vs no) 3.014 1.754-4.752 <0.001 2.471 1.473-3.517 <0.001
Number of biopsy (=13 vs 12) 1.234 1.074-1.744 <0.001 1.981 0.917-1.841 0.5634
NLR (continuous) 1.087 1.038-1.127 <0.001 1.751 1.034-2.012 0.003

*PSA and PV were analyzed by logarithmic transformation. PSA: prostate-specific antigen; PV: prostate volume; DRE: digital rectal examination of prostate; TRUS: transrectal
ultrasound; NLR: neutrophil-to-lymphocyte ratio; OR: odds ratio; Cl: confidence interval; PCa: prostate cancer
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remain unresolved. Coussens and Werb?' reported an association
between inflammation and enhanced tumor growth mediated via a
chemokine effect. In such a model, tumor-associated leukocyte and
systemic inflammatory markers would be partially responsible for
tumor initiation and growth. Some reports have shown a positive link
between inflammation and prostate carcinogenesis.'>'* Experimental
evidence has demonstrated that mice infected with bacteria developed
prostatitis as early as 5 days, which subsequently progressed to chronic
inflammation and dysplastic changes akin to prostatic intraepithelial
neoplasia.?? Despite the aforementioned studies, the relationship
between prostate inflammation and prostate cancer in men remains
unclear.

Many studies have demonstrated that the histologic detection of
inflammation is an indicator of a negative biopsy."*** Because serum
PSA has been positively associated with prostate inflammation, it is
possible for PSA to be elevated with no underlying prostate cancer.
As such, a highly elevated PSA level is not strongly correlated with
prostate cancer. Fujita et al.' demonstrated that alow serum neutrophil
count was a predictor of positive prostate biopsy in 323 Japanese
men (OR = 0.408, P < 0.002). In reality, the PSA level was elevated
secondary to prostate inflammation. Therefore, it was possible that
the PSA was falsely elevated in men who had clinical prostatitis, not
prostate cancer. These studies concluded that inflammation caused PSA
elevation; therefore, decreased incidence of prostate cancer. However,
most of these studies lack evidence that chronic prostatitis is associated
with systemic inflammation. There are no definitive data regarding
an association between elevation of a systemic inflammatory marker,
chronic prostatitis, and cancer development. Therefore, it is important
to avoid hasty conclusions.'**

Two European cohort studies have shown results that are similar
to ours. In a Swedish cohort, 44% increased prostate cancer risk was
reported when leukocyte counts were elevated in relatively young
men, and 60% increased prostate cancer risk was reported in a cohort
in Finland.'*? Similar to our results, in studies with large numbers of
participants, a higher NLR led to 37.2% increase in the risk of prostate
cancer compared with alow NLR. In advanced PCa studies, NLRs are
important factors in survival outcome predictions.'** The NLR may be
related to immune function. It has been described that low lymphocyte
counts were associated with a generalized state of immunosuppression
in several different types of cancer, and this immunosuppression
seemed to be associated with the outcome of these patients.”

Further evidence of the role of inflammation in prostate
carcinogenesis can be derived from studies showing that prostate
carcinoma cells strongly express the cyclooxygenase-2 (COX-2)
enzyme in one report.”” COX-2 is necessary for prostaglandin synthesis
and is an important mediator of the inflammatory cascade.?*
Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit COX-2
synthesis which leads to decreased activation of the inflammatory
cascade and decreased epithelial proliferation.” Studies have reported
an inverse relationship between NSAID use and the risk of prostate
cancer although the only NSAID examined was aspirin.**

This study had several limitations. First, it was a retrospective
cohort study that involved manual extraction of clinical data. The
second limitation was that neutrophil and lymphocyte counts
varied from individual to individual due to various physiological,
pathological, and physical factors. Although the NLR has been
reported to be fairly stable ' and we excluded the patients who had
medically active illness, history of systemic inflammatory disease and
medicine history of anti-inflammatory drug history, NLR could be
varied from person to person and various medical condition which
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was unknown factors. However, NLR is a useful marker for detecting
prostate cancer, and it may be an effective and simple marker that can
be assessed in blood samples. Another limitation was that we could not
exclude patients who had pathological proven prostatitis after biopsy.
To eliminate any bias derived from an association between PSA and
prostatitis, ideally, future studies should enroll men who have normal
prostate tissue or prostate cancer; however, this is impossible in a real
clinical setting. The strengths of our study were the large sample size
and the adjustment for confounding factors. We selected the NLR
from prebiopsy data and excluded patients with evidence of acute and
subacute prostatitis. Therefore, we recommend that if patients had high
NLR and PSA was 4-10 ng ml™! without systemic or prostate-related
inflammation, they should be underwent TRUS-guided biopsy. Our
results provided strong evidence linking inflammation with prostate
carcinogenesis.

CONCLUSIONS

The NLR marker that is representative of systemic inflammation
demonstrated its positive association with prostate cancer detection
in men who underwent multi (212)-core TRUS-guided biopsy in
the PSA gray zone. The NLR might be a promising, readily available,
inexpensive biomarker with significantly accurate predictive power
after adjusting for other confounding variables.
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