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Abstract

Background Neutrophil-lymphocyte ratio (NLR) is a widely used, representative marker of systemic inflammatory response
within the body. NLR can be calculated from simple, inexpensive peripheral blood samples. High NLR is a negative
prognostic factor in a variety of malignancies including urological tumors. In this study, we aim to assess the prognostic
value of preoperative neutrophil- lymphocyte ratio (NLR) in patients treated with radical prostatectomy (RP) for localized
prostate cancer (PCa).

Materials and methods Records of 7426 patients were retrospectively analyzed from prospectively collected datasets. A cut-
off point of 3 was taken for NLR based on ROC analyses and previous literature.

Results 23% (n=1707) of patients had an NLR of 23. Patients with NLR 23 were more likely to harbor unfavorable
pathological features such as higher biopsy Gleason score (GS), higher RP GS, higher rates of extra capsular extension,
nodal involvement (all p <0.001) and positive surgical margins (p =0.002). On multivariable analyses, NLR =23 was
associated with higher RP GS (OR 2.32; p < 0.001), seminal vesicle invasion (OR 1.60; p < 0.001) and nodal involvement
(OR 1.43; p <0.001). On multivariable analyses, NLR 2 3 was significantly associated with GS upgrading at RP (OR 1.39
p <0.001). During a median follow up of 45 months, NLR 23 was associated with higher risk of BCR (p =0.001).
However, on multivariable Cox regression analysis such association was not shown (HR 0.86; p =0.4).

Conclusion Preoperative NLR 23 was associated with aggressive PCa, such as upgrading at RP. Even though its effect on
clinical-decision making seems to be limited when all clinical and pathological confounders are taken into account, pre-
operative NLR may still be useful in selected patients to identify aggressive PCa helping patient selection for active
surveillance protocols. Conversely, it does not predict BCR when adjusted for the effect of pathological features.

Introduction Inflammation plays a key role in the initiation and pro-

gression of various cancers [2]. Indeed, markers of systemic
Prostate cancer (PCa) alone accounts for 27% of newly  inflammation is associated with poor prognosis in urologi-
diagnosed cancers in men each year in the United States and  cal and other malignancies [3—-5]. In the tumor micro-

it is the second most common cause of male deaths [1]. environment, tumor infiltrating inflammatory cells produce
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mediators and cytokines that can induce or promote
angiogenesis, tumor growth, invasion and metastasis [2, 6,
7]. In concert with these processes, various systemic
inflammation markers such as serum white blood cells,
neutrophils, lymphocytes, platelets and acute-phase proteins
have been shown to predict prognosis and response to
therapy in various malignancies [4, 8, 9].

Neutrophil-lymphocyte ratio (NLR) is a widely used,
representative marker of systemic inflammatory response
within the body. NLR can be calculated from simple,
inexpensive peripheral blood samples. High NLR is a
negative prognostic factor in a variety of malignancies
including urological tumors [10—13]. Previous studies have
shown possible clinical use of NLR at various PCa disease
states. For example NLR predicts PCa presence in men who
underwent prostate needle biopsy [14] as well as worse
prognosis in patients with advanced metastatic castration
resistant PCa [15, 16]. Further studies assessed the prog-
nostic value of NLR in patients with localized PCa, a dis-
ease stage that needs biomarkers to improve risk
stratification to help with clinical decision-making. In two
recent, relatively small cohort studies (n = 1367 and n =
175), high NLR was associated with unfavorable outcomes
such as biochemical recurrence (BCR) after RP [10, 17]. In
a recent meta-analysis, high pretreatment NLR was found to
have significant prognostic value with regards to patients
with advanced PCa but not in patients with localized PCa
[12].

We hypothesized that preoperative NLR is associated
with unfavorable outcomes for localized PCa and assessed
its prognostic effect in a large contemporary multicenter
cohort of men treated with RP for clinically non-metastatic
PCa. We focused on its value in improving our predictive
accuracy for identifying low risk patients who are safe to
undergo active surveillance.

Materials and methods

Records of all patients who were treated with RP between
2000 and 2010 were retrospectively analyzed from pro-
spectively collected data after receiving approval from the
Institutional Review Board of the Weill Cornell Medical
College. Preoperative complete blood cell count with dif-
ferential were collected and NLR was calculated as the
neutrophil count divided by the lymphocyte count. In
patients where multiple measurements were taken, the mean
value was taken into account. To minimize confounding
effects blood test were obtained earliest 3 weeks after
prostate biopsy and within 30 days prior to RP. As standard
procedure, urine dipstick examinations as well as urine
cultures were performed prior to surgery. Hundred forty-
three patients with a history of chronic inflammatory disease

or on chronic steroid medication were excluded. None of
the patients had adjuvant therapy for PCa. Preoperative and
postoperative clinico-pathological characteristics and BCR
outcomes were collected from our database. A rise in the
PSA level 20.2 ng/mL on two consecutive occasions was
defined as BCR [18]. The date of the first rise was con-
sidered as the date of BCR. Dedicated uro-pathologists
processed the RP specimens were processed according to
international standards [19]. Staging and grading was
reported according to the 2009 American Joint Committee
on Cancer TNM staging system and the International
Society of Urological Pathology 2005. All specimens were
re-reviewed locally to standardize reporting. Follow-up
consisted of PSA measurements that were generally carried
out quarterly in the first year, semiannually in years 2-5 and
annually thereafter.

Statistics

A cut-off point of 3 was taken for NLR based on visual best
correlation of the ROC analyses focusing on BCR; this was
in line with the previous literature [12]. Means, medians,
and Interquartile ranges (IQR) were reported for con-
tinuously coded variables. Chi-square and Mann-Whitney-
U tests were used to compare the statistical significance of
differences in proportions and medians, respectively.
Logistic regression analyses were performed to assess the
association of NLR with adverse pathological features and
Gleason score upgrading. Kaplan Meier and Cox regression
analyses were performed to assess the association of NLR
with BCR. The area under the curve (AUC) for each vari-
able was estimated and compared according to DeLong
et al. [20]. Bonferroni corrections were carried out for
multivariable logistic regression analysis. Subgroup ana-
lyses were also performed by stratifying the patients into
D’Amico risk groups [21]. SPSS software package (version
21.0; SPSS, Chicago, IL, USA) and Stata v.12 (Stata Corp
LP, College Station, TX, USA) were used for statistical
analysis. All p values were two-sided and those <0.05 were
considered statistically significant.

Results

A total of 7426 patients who underwent RP for PCa were
included in the final analysis. Median age was 61 years
[IQR: 57-66]. 23% (n = 1707) of patients had a NLR of 23.
The patients with NLR 23 were more likely to harbor
unfavorable pathological features such as higher biopsy
Gleason score (GS) (p <0.001), higher RP GS (p < 0.001),
extra capsular extension (p < 0.001), nodal involvement (p
< 0.001) and positive surgical margins (p = 0.002). Clinico-
pathological characteristics of all patients and their
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Table 1 Clinico-pathological
characteristics of all patients and
their association with
preoperative
neutrophil-lymphocyte ratio
(NLR) stratified by the cut-off of
3 in 7426 patients treated with
radical prostatectomy for
clinically non-metastatic
prostate cancer

M. Ozsoy et al.
Variables Overall NLR =3 (N=1,707, NLR <3 (N=5,719, p-value
23.0%) 77.0%)
Age at RP (years)
Mean 61.2 61.6 61.1 0.003
Median (IQR) 61 (57-66) 62 (57-67) 61 (57-66)
Preoperative PSA (ng/ml)
Mean 7.7 7.8 7.6 0.5
Median (IQR) 6 (4-9) 6 (4-9) 6 (4-9)
Biopsy gleason score
GS 6 4023 (54.2%) 798 (46.7%) 3225 (56.7%)
GS 7 2880 (38.8%) 736 (43.1%) 2144 (37.5%) <0.001
GS 8-10 478 (6.4%) 159 (9.3%) 319 (5.6%)
Clinical T stage
Tl 6885 (92.7%) 1565 (91.7%) 5320 (93.0%) 0.08
T2 416 (5.6%) 114 (6.7%) 302 (5.3%)
T3 3 (0.1%) 1 (0.1%) 2 (0.1%)
D’Amico classification
Low risk 3208 (43.2%) 615 (37.0%) 2593 (46.4%)
Intermediate risk 3283 (44.2%) 821 (49.4%) 2.462 (44.0%) <0.001
High risk 764 (10.3%) 226 (13.6%) 538 (9.6%)
Modality
Laparoscopic 890 (12.0%) 221 (12.9%) 669 (11.7%) 0.2
Open 3125 (42.1%) 729 (42.7%) 2396 (41.9%)
Robotic 3411 (45.9%) 757 (44.3%) 2654 (46.4%)
Extraprostatic disease (pT3a) 2012 (27.1%) 628 (36.8%) 1384 (24.2%) <0.001
Seminal vesicle invasion 502 (6.8%) 171 (10.0%) 331 (5.8%) <0.001
(pT3b)
Nodal involvement 699 (9.4%) 217 (12.7%) 482 (8.4%) <0.001
Radical prostatectomy gleason score
GS 6 2232 (30.1%) 344 (20.2%) 1888 (33.0%)
GS 7 4603 (7.9%) 1116 (65.4%) 3487 (61.0%) <0.001
GS 8-10 586 (7.9%) 247 (14.5%) 339 (5.9%)
Positive surgical margin 1114 (15.0%) 295 (17.3%) 819 (14.3%) 0.002

GS Gleason Score, NLR Neutrophil-lymphocyte ratio, PSA prostate specific antigen

association with NLR stratified by the cut-off of 3 are
summarized in Table 1.

In multivariable logistic regression analysis that adjusted
for the effects of age, preoperative PSA, preoperative
biopsy GS and clinical stage, NLR 2 3 was associated with
higher RP GS (OR 2.32; p <0.001), seminal vesicle inva-
sion (OR 1.60; p < 0.001) and nodal involvement (OR 1.43;
p <0.001) even after performing Bonferroni corrections
(Table 2). Similarly, after stratifying the patients according
D’Amico risk groups, preoperative NLR =3 remained
associated with adverse pathological results for low and
intermediate, but not high D’Amico risk groups in multi-
variable analyses ([OR 2.07; p <0.001] and (OR 1.73; p <
0.001), for low and intermediate groups respectively)
(Table 3).

SPRINGER NATURE

A preoperative model predicting higher RP GS including
biopsy GS, age, clinical stage and preoperative PSA had an
AUC of 0.80. Addition of preoperative NLR increased the
discrimination of the model to 0.82. However, addition of
preoperative NLR did not increase the discrimination of this
model build on standard preoperative features to predict
positive surgical margin status, seminal vesicle invasion or
nodal involvement (data not shown).

Overall 2983 (40.2%) patients had GS upgrading from
biopsy to RP specimens. In multivariable logistic regression
analysis that adjusted for the effects of age, year of surgery,
preoperative PSA, and clinical stage, NLR 23 was sig-
nificantly associated with GS upgrading (OR 1.39 p<
0.001). In the subgroups analyses 2126 of the 4023 (52.8%)
patients who had GS 6 and 736 of the 2013 (36%) patients
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Table 2 Multivariable logistic

regression predicting lymph
node involvement, positive

surgical margins, radical
prostatectomy Gleason score
8-10 and seminal vesicle
invasion in 7426 patients treated
with radical prostatectomy for
clinically non-metastatic

prostate cancer

Biopsy Gleason Score

GS 6
GS 7
GS 8-10

Preoperative PSA
Clinical Stage
(2T2 vs. T1)

Ref

4.15 (3.43-5.01)
5.69 (4.25-7.60)
1.00 (0.99-1.01)

0.32 (0.20-0.51)

Ref

1.41 (1.23-1.62)
1.71 (1.33-2.21)
1.04 (1.03-1.05)

0.51 (0.35-0.72)

Ref

4.10 (3.18-5.30)
35.04 (26.2-46.9)
1.03 (1.02-1.04)

1.18 (0.84-1.66)

Parameter Nodal Positive surgical ~ Radical prostatectomy Seminal vesicle
involvement margin gleason score 8—10 invasion
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age 0.99 (0.98-1.01) 1.00 (0.99-1.01) 1.02 (1.01-1.03) 1.01 (1.00-1.02)
Preoperative 1.43 (1.20-1.72) 1.20 (1.03-1.40)* 2.32 (1.90-2.83) 1.60 (1.30-1.95)
NLR =23

Ref

3.47 (2.75-4.35)
7.60 (5.61-10.30)
1.03 (1.02-1.55)

1.07 (0.75-1.53)

CI concordance index, GS Gleason Score, NLR Neutrophil-lymphocyte ratio, OR odds ration, PSA prostate

specific antigen

*p = 0.08 after Bonferroni correction

Table 3 Multivariable logistic regression predicting adverse
pathological features (nodal involvement, positive surgical margins,
radical prostatectomy gleason 8—10, seminal vesicle invasion) within
each D’Amico subgroup in 7426 patients treated with radical

prostatectomy for clinically non-metastatic prostate cancer

Parameter Low risk D’Amico  Intermediate D’Amico
OR (95% CI) OR (95% CI)
Age, years 0.96 (0.94-0.99) 1.00 (0.99-1.01)

Year of surgery
Preoperative NLR 23
Biopsy gleason score

GS 6 (3+3)

GS 7 (3+4)

GS 7 (4+3)
Preoperative PSA
cStage

cT1

cT2a

cT2b

0.75 (0.71-0.80)
2.07 (1.48-2.89)

1.04 (0.96-1.12)

Ref
1.37 (0.97-1.94)

0.85 (0.83-0.88)
173 (1.42-2.11)

Ref

4.27 (3.06-5.95)
6.05 (4.27-8.57)
1.02 (1.01-1.04)

Ref
1.35 (1.11-1.65)
2.36 (1.74-3.20)

NLR Neutrophil-lymphocyte ratio, OR odds ration, CI concordance
index, PSA prostate specific antigen

who had GS7 (3+4) at the initial biopsy had GS upgrading
at RP. Similarly, in multivariable logistic regression ana-
lysis that adjusted for the effects of age, year of surgery,
preoperative PSA, and clinical stage, NLR 23 was sig-
nificantly associated with GS upgrading at RP for both
subgroups ((OR 1.84 p <0.001) and (OR 2.30 p <0.001),
respectively). A preoperative model predicting GS upgrad-
ing at RP in the overall population including age, year of
surgery, preoperative PSA and clinical stage had an AUC of
0.62. Addition of preoperative NLR increased the dis-
crimination of the model to 0.65.

During a median follow up of 45 months (IQR
29.7-55.0), 815 (11%) patients experienced BCR. On
Kaplan Meier analysis, patients with NLR 23 had a sig-
nificantly higher risk of experiencing BCR (p =0.001).
However, on multivariable Cox regression analysis that
adjusted for the effects of standard clinical and pathological
features, NLR did not retain its association with BCR (HR
0.86; p=0.4) Stratifying patients according to D’Amico
risk groups did not affect the lack of significance of the
associations between NLR and BCR. (p 20.2)

Discussion

We found that preoperative NLR 23 is associated with
adverse pathological features such as higher RP GS, semi-
nal vesicle invasion and nodal involvement. Knowledge of
preoperative NLR helped most with prediction of GS
upgrading from biopsy to RP, specifically in patients who
could be considered for active surveillance. Considering
the strong prognostic power of biopsy GS for the prediction
of clinical behavior and treatment response at almost
each disease stage [22] knowledge of preoperative NLR
seems to add information to improve clinical decision-
making.

Similar to our findings, a high NLR was associated with
adverse pathological features in a recent publication by Lee
et al. [10]. In this study patients with NLR=2.5 had a
higher biopsy GS (p < 0.001), pathological GS (p < 0.001),
and pathological stage (p < 0.001) than patients with NLR
< 2.5. Multivariable analysis revealed high NLR to be
significantly correlated with adverse pathological outcomes
such as higher pathological stage (HR 1.688; p =0.009)
and extra-prostatic disease (HR 1.698; p = 0.008).
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On the other hand, Maeda et al. was unable to demon-
strate a relationship between NLR and adverse pathologic
features after RP [23]. However conclusions from this study
are limited because of its small cohort size (n = 73). Similar
to their findings, Minardi et al. found no association
between NLR 23 and baseline total PSA, GS or patholo-
gical stage [24]. Another study where NLR was unable to
predicting adverse pathologic outcomes in PCa was pub-
lished by Young et al. [25]. Their patient cohort consisted of
217 low-risk PCa patients who had undergone robot-
assisted RP. A high NLR was not associated with disease
upstaging, GS upgrading or with BCR [25]. These last
results are in contradiction with our findings. We could
show a significant association between preoperative NLR 2
3 and adverse pathological features such as upstaging and
upgrading. In our study, 40.2% of patients in the overall
population showed GS upgrading at RP and NLR 23 was a
strong predictor for GS upgrading. In addition, the subgroup
of patients with preoperative NLR 2 3 who had biopsy GS 6
or biopsy GS 7 (3+4) had significantly higher risk of
having GS upgrading at RP. Furthermore, in our multi-
variable analysis, patients with preoperative NLR 2 3 in the
D’Amico low risk and intermediate risk groups had sig-
nificantly more pathological features of biologically and
clinically aggressive disease compared to patients with
NLR < 3.

D’Amico risk classification is used to predict prognosis
and decide management strategies. Patients belonging to
D’Amico low-risk group can for example be counseled to
undergo active surveillance protocols depending on their
prostate biopsy results. In the past, some studies even
offered active surveillance to patients belonging to
intermediate-risk group [26, 27].

To increase the accuracy of patient selection to ensure
the identification of right patient with the right tumor for
active surveillance, various tests have been proposed such
as Decipher™, Oncotype DX®, Prolaris® and ProMark®.
Even though these biomarkers can be helpful for post-
biopsy decision-making for low risk patients and post-
radical prostatectomy for patient selection, they are very
expensive and not widely available [28]. On the other hand
NLR is a simple and inexpensive tool.

The impact of high NLR on predicting BCR seems to be
limited when all clinical and pathological confounders are
taken into account. Even though patients with NLR = 3 had
a significantly higher risk of experiencing BCR after RP in
univariable analysis, in multivariable analysis that adjusted
for the effects of standard clinical and pathological features,
it did not retain its association with BCR. Similarly, in a
study with 731 patients treated with RP for clinically
localized PCa, patients with a NLR =3 had a higher like-
lihood to experience recurrence than those patients with a
NLR < 3. But in multivariable analyses that adjusted for

SPRINGER NATURE

total neutrophil and lymphocyte count, age, total PSA,
Gleason grading, stage, and surgical margin status, NLR
was not anymore associated with BCR [24].

Most of the studies published to date that investigated the
relationship of NLR with PCa had relatively smaller patient
cohorts. In order to overcome this limitation, Tang et al.
conducted a systematic review and meta-analysis assessing
the prognostic value of NLR in localized and advanced PCa
[12]. A total of 9418 patients from 18 studies were included
in their meta-analysis; 10 studies included locally advanced
or metastatic castration resistant PCa patients, and the other
8 included patients with localized PCa. Dichotomized cut-
off values for NLR varied from 2 to 5 in the included stu-
dies. However, the subgroup analysis showed NLR 23 to
have the most significant prognostic value. In 4819 patients
from 10 studies, higher NLR was associated with an
increased risk of disease recurrence (HR 1.367) but the
studies suffered from significant heterogeneity (I = 57.1, P
= 0.013). Sub-group analysis revealed this effect to be more
significant in patients with advanced PCa manifested as
clinical recurrence (HR 1.840), than in patients with localized
PCa manifested as BCR (HR 1.208). NLR was positively
related to lymph node involvement (OR 1.616) but unlike our
study the meta-analysis showed no impact of NLR on
pathological stage (OR 0.827) or GS (OR 0.761) [12].

The contradictory data regarding the predictive value of
preoperative NLR in localized PCa stems from the hetero-
geneity and differences in patient cohorts. Despite the ret-
rospective nature of our study, its large size and multicenter
nature could be considered as strength. Limitations of our
study are, utilization of different laboratories for NLR
measurements and the relatively short follow-up time.
Choosing the optimal cut-off point is also another challenge
and even though there are various calculations in the lit-
erature, most large studies agree at the cut-off value of
NLR 23 [12]. Our database lacked detailed biopsy results
such as number of positive cores or percentage of positive
cores but even if their biopsy results would be suitable for
active surveillance, patients with NLR 2 3 are probably not
the best candidates for deferred treatment strategies.

Conclusions

Preoperative NLR 23 was associated with pathological
features of biologically and clinically aggressive PCa, such
as upgrading at RP. Even though its effect on clinical-
decision making seems to be limited when all clinical and
pathological confounders are taken into account, pre-
operative NLR may be still be useful in selected patients to
identify aggressive PCa helping patient selection for active
surveillance protocols. Conversely, it does not predict BCR
when adjusted for the effect of pathological features.
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