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Abstract
Background: Several biochemical and clinical markers have
been proposed for selecting patients for active surveillance
(AS). However, some of these are expensive and not easily
accessible. Moreover, currently about 30% of patients on AS
harbor aggressive disease. Hence, there is an urgent need for
other tools to accurately identify patients with low-risk prostate cancer (PCa). Patients: We retrospectively reviewed the
medical records of 260 patients who underwent radical prostatectomy and were eligible for AS according to the follow-
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ing criteria: clinical stage T2a or less, prostate-specific antigen level <10 ng/mL, 2 or fewer cores involved with cancer,
Gleason score (GS) ≤6 grade, and prostate-specific antigen
density < 0.2 ng/mL/cc. Methods: Univariate and multivariate analyses were performed to evaluate the association of
patient and tumor characteristics with reclassification, defined as upstaged (pathological stage >pT2) and upgraded
(GS ≥7) disease. A base model (age, prostate-specific antigen, prostate volume, and clinical stage) was compared with
models considering neutrophil to lymphocyte ratio (NLR) or
platelets to lymphocyte ratio (PLR), monocyte to lymphocyte (MLR), and eosinophil to lymphocyte ratio (ELR). OR and
95% CI were calculated. Finally, a decision curve analysis was
performed. Results: Univariate and multivariate analyses
showed that NLR, PLR, and ELR upgrading were significantly
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Introduction

The widespread use of prostate-specific antigen (PSA)
increased the number of tumors diagnosed at early stages
[1], but it also led to over-diagnosis and over-treatment
of a considerable number of patients with clinically insignificant prostate cancer (PCa) [2]. The proportion of men
with low-risk PCa ranged from 16% in 2000 to 21% in
2006. Accordingly, an increase of “watchful waiting option” from 0 to 39% over the same period was observed
[3]. PIVOT study [4] showed favorable outcomes of
watchful waiting; clinically insignificant disease was
treated excessively and active follow up of these patients
preferred instead of radical treatment. Active surveillance
(AS) is an alternative to initial radical treatment of lowrisk PCa, even if the current parameters used for selection
and follow up, such as clinical T stage, total PSA, PSA
density, Gleason score (GS), and number of positive prostate biopsy cores, incorrectly exclude some patients eligible for AS and misclassify some who actually harbor
significant disease [5]. Currently, the available preoperative tools used in this clinical setting, such as PSA, digital
rectal examination, and biopsy results fail to accurately
predict PCa aggressiveness and distinguish between insignificant PCa and clinically significant PCa and underestimates the GS compared to prostatectomy specimens
in up to 66% of patients, based on PSA levels, biopsy GS,
and clinical stage [6].
Besides these variables, which have been incorporated
in a validated predictive model to predict Gleason upgrading [7], a number of biomolecular markers have been
associated with Gleason upgrading [4, 6]. Recently numerous preoperative prognostic tools analyzed the ability
of prostate cancer antigen 3 (PCA3), sarcosine, [–2]proPSA, and Prostate Health Index in predicting the pathological features at radical prostatectomy (RP) [8, 9].
Furthermore, the PCA3 score was strongly indicative of
a cancer ≥0.5 cm3 and significant PCa in men eligible for
AS, supporting the hypothesis that the PCA3 score may be
a useful marker for improving the selection of these pa2
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tients [10]. Many studies available on the role of mpMRI
during PCa-AS have shown the ability to reduce re-biopsies [11, 12], not always MRI lesions correspond to guided
biopsy or RP specimen findings [12]. Recently, preoperative neural network software, based on mpMRI variables,
PSA level, and GS has been reported to predict insignificant prostate cancer, particularly in the context of clinically non-palpable tumors, suggesting a prognostic and
pathologic predictive role in very low-risk PCa [13]. Some
authors suggested that risk scores based on the mRNA liquid biopsy assay combined with traditional clinical risk
factors identified men at risk of harboring high-grade PCa
on prostate biopsy, suggesting the use of epigenetic testing
for prostate cancer detection using methylation-specific
PCR and cancer-associated epigenetic biomarkers in predicting pathological features at RP [14, 15].
Neutrophil-to-lymphocyte ratio (NLR) has been proposed as an indicator of cancer-related inflammation and
unfavorable prognosis in several types of cancer [16, 17].
In PCa, higher NLR was associated with disease aggressiveness in metastatic patients. It has been demonstrated
that preoperative NLR is an independent prognostic factor for overall- and cancer-specific survival after RP [18].
Gokce et al. [19] showed that higher GS was associated
with higher NLR.
In this study, we evaluated the ability of NLR, monocyte to lymphocyte ratio MLR), platelets to lymphocyte
ratio (PLR), and eosinophil to lymphocyte ratio (ELR) to
predict Gleason upgrading and upstaging in low- and
very low-risk PCa patients eligible for AS.

Materials and Method
We retrospectively reviewed the medical records of patients
who underwent robotic RP for prostate cancer between November
2006 and May 2013. None of the patients included in the current
study received neoadjuvant androgen-deprivation therapy or
drugs that could alter the PSA values, such as dutasteride and finasteride, or a history of prostate surgery. Patients with evidence of
acute prostatitis, no biopsy slide or incomplete data were excluded.
Patients with evidence of acute prostatitis, no biopsy slide or incomplete data were excluded [20]. In total, 260 patients fulfilled
the inclusion criteria for “Prostate Cancer Research International:
AS” [21] defined as follows: clinical stage T2a or less, PSA <10 ng/
mL, 2 or fewer cores involved with cancer, GS ≤6 grade, and PSA
density ≤0.2 ng/mL/cc. We compared the pathological findings
between prostate biopsies and specimens after RP. RP specimens
were processed and evaluated according to the Stanford protocol
[22] by a single, experienced, genitourinary pathologist (G.R.)
blinded to index test results. PCa was identified and graded according to the definitions of the 2005 consensus conference of the
International Society of Urological Pathology [23].
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associated with upgrading (ORs ranging from 2.13 to 4.13),
but not with upstaging except for MLR in multivariate analysis, showing a protective effect. Conclusion: Our results
showed that NLR, PLR, and ELR are predictors of Gleason upgrading. Therefore, these inexpensive and easily available
tests might be useful in the assessment of low-risk PCa, when
considering patients for AS.
© 2018 S. Karger AG, Basel

Statistical Analysis
Reclassification of outcomes were: upgrading (GS ≥7) and upstaging (pathologic stage >pT2).
Informative parameters for the distribution of continuous variables (age, PSA, prostate volume, NLR, MLR, PLR, and ELR) were
calculated, and their distributions tested for normality by the Kolmogorov-Smirnov test.
Univariate analyses were performed to evaluate the association
of patient and tumor characteristics with upgrading and upstaging. The association of continuous variables was assessed by t test
or non-parametric 2-sample Wilcoxon test, as appropriate, and by
chi-square test for clinical stage.
Multivariate unconditional logistic regression models were
performed to assess the independent contribution of patient and
tumor characteristics in the prediction of upgrading and upstaging. A base model with age, PSA, prostate volume, and clinical
stage was compared with models based on the previous one, adding NLR or PLR, MLR, and ELR, OR and 95% CI were calculated.
For multivariate analysis, all ratios were divided based on their best
cut-off obtained by maximizing the sum of sensitivity and specificity. Finally, to graphically evaluate the net benefit for the models
with and without inclusion of ratios, a decision-curve analysis was
performed. Decision curves were constructed by plotting the net
benefit against the threshold probability, as previously described
[24].
Statistical significance was defined as p < 0.05. Statistical analysis was performed using SAS software, version 9.4.

Results

Table 1. Characteristics of the study cohort

Mean ± SD and n (%)
Age, years
PSA
Prostate volume
NLR
PLR
MLR
ELR
Clinical stage
T1c
cT2a
Pathological stage
T2a
T2b
T2c
T3a
T3b
Total Gleason score
5
6
7
8
Upgrading (GS >7)
No
Yes
Upstaging (pT >3a)
No
Yes

62.2±6.4
5.8±1.9
51.9±17.7
2.3±1.0
117.8±34.1
0.3±0.1
0.1±0.1
231 (88.8)
29 (11.2)
31 (11.9)
8 (3.1)
150 (57.7)
68 (26.2)
3 (1.2)
2 (0.8)
164 (63.1)
92 (35.4)
2 (0.8)
166 (63.8)
94 (36.2)
189 (72.7)
71 (27.3)

staging (Table 5) was associated only with MLR, with a
protective effect (OR 0.37; 95% CI 0.19–0.72).
Decision curve analyses are shown in Figures 1 and 2.
Models including NLR or ELR resulted in greater net benefit for upgrading compared to models without NLR over
almost all the range of probabilities, while no differences
are observed for models including PLR in predicting upgrading or models with MLR in predicting upstaging
when compared with base models.

Most of the patients (89%) had clinical stage cT1c.
Pathological stage pT2c was found in 58% of patients, followed by pT3a (26%). A total of 164 patients had a GS =
6, and 92 patients had a GS = 7. There were 94 patients
(36%) with upgrading and 71 patients (27%) with upstaging. The mean age (±SD) of the study subjects was 63 (±6)
years, and the mean PSA was 5.6 (±1.9; Table 1).
Univariate analysis showed that upgrading (Table 2),
but not upstaging (Table 4), was significantly associated
with NLR, PLR, and ELR, with p values <0.0001, 0.0142,
and 0.0403, respectively.
Multivariate analysis confirmed the association of upgrading with NLR, PLR, and ELR, with ORs ranging from
2.13 to 4.13. Furthermore, we found an association between upgrading, age, and prostate volume (Table 3). The
differences between areas under the ROC curve were statistically significant for Model 2 and Model 5 when compared with the base model (Model 1), showing p values
for the differences of 0.0055 and 0.0253, respectively. Up-

AS remains a tool that is able to prevent the side effects
associated with RP. This is particularly relevant for men
harboring low-risk PCa. Currently, patient stratification
in risk class is based on D’Amico criteria (clinical stage,
GS, and PSA). So, GS upgrading is a major concern. Literature data suggest about 30% higher Gleason at RP [25].
Despite several clinical and biochemical parameters
being proposed as a means to select the best candidates

NLR, PLR, and ELR Predict GS Upgrading
in Low-Risk Prostate Cancer Patients

Urol Int
DOI: 10.1159/000494259

Discussion

3

Downloaded by:
Stockholm University Library
130.237.165.40 - 11/14/2018 7:04:40 AM

Study End Points
The primary end points of the study were to determine the accuracy of NLR, MLR, PLR, and ELR in predicting upgrading and
upstaging.

Table 2. Univariate analysis for the association between upgrading (GS ≥7) and patients and tumor characteristics

Variables

p value

Upgrading

Age, years
PSA
Prostate volume
NLR
PLR
MLR
ELR

no, mean (SD)

yes, mean (SD)

61.7 (6.1)
5.7 (1.9)
53.3 (19.0)
2.1 (0.9)
114.4 (34.4)
0.3 (0.1)
0.1 (0.1)

63.1 (6.8)
5.8 (2.0)
49.4 (14.8)
2.6 (1.1)
123.7 (33.0)
0.3 (0.1)
0.1 (0.1)

0.0580
0.7343
0.1496
<0.0001
0.0142
0.4037
0.0403
Overall, n (%)

Upgrading

Clinical stage
cT1c
cT2a

no, n (%)

yes, n (%)

145 (87.3)
21 (12.7)

86 (91.5)
8 (8.5)

231 (88.8)
29 (11.2)

p value

0.3083

Significant p values are in bold.

Table 3. Multivariate analysis for the association between upgrading (GS ≥7) and patients and tumor characteristics

Variables

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Age, years
PSA
Prostate volume
Clinical stage
cT1c
cT2a
NLR*
<1.8687
≥1.8687
PLR*
<86.9198
≥86.9198
MLR*
<0.2468
≥0.2468
ELR*
<0.0428
≥0.0428
AUC
p value for the difference
between models

1.05 (1.00–1.09)
1.06 (0.92–1.22)
0.98 (0.97–0.99)

1.04 (0.99–1.09)
1.04 (0.89–1.20)
0.98 (0.97–1.00)

1.05 (1.00–1.09)
1.05 (0.91–1.21)
0.98 (0.97–0.99)

1.04 (0.99–1.09)
1.06 (0.92–1.22)
0.98 (0.97–0.99)

1.05 (1.00–1.09)
1.04 (0.90–1.20)
0.98 (0.96–0.99)

Reference
0.54 (0.22–1.32)

Reference
0.50 (0.20–1.24)

Reference
0.51 (0.21–1.25)

Reference
0.55 (0.23–1.35)

Reference
0.52 (0.21–1.28)

–
–

Reference
4.13 (2.20–7.74)

–
–

–
–

–
–

–
–

–
–

Reference
2.13 (1.04–4.36)

–
–

–
–

–
–

–
–

–
–

Reference
1.27 (0.73–2.21)

–
–

–
–
0.613

–
–
0.700

–
–
0.647

–
–
0.619

Reference
2.69 (1.40–5.17)
0.670

Reference

0.0055

0.1110

0.5283

0.0253

* Best cut-off for ratios were identified by maximizing the sum of sensitivity and specificity; significant values are in bold.
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malignant phenotype [29, 30]. On this basis, immune
cells from blood samples might potentially be used as a
prognostic predictor in cancer patients [31].
Several reports showed that NLR and PLR might be
useful as predictors of outcome [32–34]. Neutrophil and
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for AS in recent times [14, 26–28], the possibility of misclassification of cancer or missing a high-risk cancer remains a relevant clinical issue.
Several authors reported that inflammatory response
in tumor microenvironment plays a key role in cancer

Table 4. Univariate analysis for the association between upstaging (pT ≥3a) and patients and tumor characteristics

Variables

Age, years
PSA
Prostate volume
NLR
PLR
MLR
ELR

p value

Upstaging
no, mean (SD)

yes, mean (SD)

62.5 (6.1)
5.8 (1.8)
53.1 (18.3)
2.3 (1.1)
117.2 (34.0)
0.3 (0.1)
0.1 (0.1)

61.6 (7.1)
5.7 (2.1)
48.8 (15.7)
2.2 (0.9)
119.2 (34.6)
0.3 (0.1)
0.1 (0.1)

0.5705
0.6054
0.0966
0.4402
0.4402
0.4402
0.8750
Overall, n (%)

Upstaging

Clinical stage
cT1c
cT2a

no, n (%)

yes, n (%)

168 (88.9)
21 (11.1)

63 (88.7)
8 (11.3)

231 (88.8)
29 (11.2)

p value

0.9715

Table 5. Multivariate analysis for the association between upstaging (pT ≥3a) and patients and tumor characteristics

Variables

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR 95% CI)

OR (95% CI)

Age, years
PSA
Prostate volume
Clinical stage
cT1c
cT2a
NLR*
<2.1993
≥2.1993
PLR*
<133.6
≥133.6
MLR*
<0.2134
≥0.2134
ELR*
<0.0526
≥0.0526
AUC
p value for the difference
between models

0.98 (0.94–1.03)
0.99 (0.85–1.15)
0.99 (0.97–1.00)

0.99 (0.94–1.03)
1.00 (0.86–1.17)
0.99 (0.97–1.00)

0.98 (0.94–1.03)
0.99 (0.85–1.16)
0.99 (0.97–1.00)

1.00 (0.95–1.04)
1.00 (0.86–1.17)
0.98 (0.97–1.00)

0.98 (0.94–1.03)
0.99 (0.85–1.16)
0.99 (0.97–1.00)

Reference
1.00 (0.41–2.45)

Reference
1.00 (0.41–2.46)

Reference
0.98 (0.40–2.39)

Reference
1.08 (0.44–2.67)

Reference
1.03 (0.42–2.51)

–
–

Reference
0.70 (0.40–1.24)

–
–

–
–

–
–

–
–

–
–

Reference
1.47 (0.81–2.64)

–
–

–
–

–
–

–
–

–
–

Refernce
0.37 (0.19–0.72)

–
–

–
–
0.566

–
–
0.582

–
–
0.592

–
–
0.621

Reference
0.79 (0.45–1.40)
0.568

Reference

0.5008

0.3514

0.1159

0.9372

platelets are associated with adverse outcomes, whereas
lymphocyte is associated with favorable disease.
In this study, we found that high NLR, PLR, and ELR
were significantly associated with upgrading, but not with
upstaging in patients without systemic or prostate-related

inflammation. These findings suggest that these less expensive and easily accessible tests deserve more attention
as potential tools for selecting eligible patients for AS.
Van Soest et al. [35] demonstrated that higher NLR
is a predictor of aggressive disease and drug resistance
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* Best cut-off for ratios were identified by maximizing the sum of sensitivity and specificity; significant values are in bold.

Net benefit

0.30

Prediction model

With NLR

Treat all

Treat none

With PLR

With ELR

0.20

Color version available online

Upgrading

0.40

0.10
0

0

5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

–0.10
–0.20

Threshold probability, %

Upstaging

0.30
0.20
Net benefit

(“treat none”). The unit is the benefit associated with one upgraded patient evaluated with three different predicted models (including NLR, PLR, and ELR, respectively). PSA, prostate-specific antigen; MLR, monocyte to lymphocyte; NLR, neutrophil to lymphocyte ratio, ELR, eosinophil to lymphocyte ratio; PLR, platelets to
lymphocyte ratio.

Prediction model

Treat all

With MLR

Treat none

0.10
0

0

5

Color version available online

Fig. 1. Violet line: assume no patients have upgrading, Green line:
assume all patients have upgrading. Blue line: base prediction
model with age, PSA, prostate volume, and clinical stage. Dotted
red line: prediction model adding MLR. Dotted black line: prediction model adding PLR. Orange line: prediction model adding
ELR. The graph gives the expected net benefit per patient relative
to the base model with age, PSA, prostate volume and clinical stage

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 80 90 95

–0.10

Threshold probability, %

Fig. 2. Violet line: assume no patients have upstaging. Green line:

tate volume, and clinical stage (“treat none”). The unit is the benefit associated with one upstaged patient evaluated with a predicted model including MLR. PSA, prostate-specific antigen; MLR,
monocyte to lymphocyte.

in CRPC patients. More recently, it has been reported
that [19] NLR is a predictor of GS upgrading and biochemical recurrence in patients with low-risk PCa. Other authors showed that high PLR is a predictor of poor
prognosis in PCa patients treated with radiotherapy
[36] or ADT [37]. Moreover, some studies indicated
that platelets are able to promote cancer aggressive features such as metastasis, angiogenesis, and invasiveness
[38–40].

Recently, the association between subpopulations of
WBCs and high GS has been studied, and it was found
that serum monocyte fraction of WBCs was significantly
increased in patients with GS ≥7 [41]. So, to the best of
our knowledge, our report is the first indicating that ELR
is a predictor of Gleason upgrading.
Interestingly, it has been suggested that eosinophils secrete cytokines involved in cancer progression such as interleukin-6 and tumor necrosis factor-α [42]. Michalaki

assume all patients have upstaging. Blue line: base prediction model with age, PSA, prostate volume and clinical stage. Dotted red
line: prediction model adding MLR. The graph gives the expected
net benefit per patient relative to base model with age, PSA, pros-
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–0.20

et al. [43] showed that serum levels of interleukin-6 and
tumor necrosis factor-α correlate with aggressiveness and
clinical outcome of prostate cancer patients.
Hypothetically, NLR, PLR, and ELR likely reflect a favorable immune microenvironment for tumor development and metastasis. Tumor-infiltrating inflammatory
cells produce cytokines and growth factors able to promote angiogenesis, proliferation, migration, and invasion
[44–46].
In low-risk PCa patients, the use of these hematological markers could be useful to identify subjects harboring
aggressive tumors. Therefore, these tests may be applied
in the clinical management of low-risk PCa patients to
identify who may benefit from delayed surgical treatment. Further studies on larger population should investigate the effect of each specific circulating immune-cells
index on clinical-decision choice.

Our study had several limitations. First, the retrospective nature of the study, second the lack of other systemic
inflammatory index such as C-reactive protein. Third, the
current study involved Italian men and thus cannot be
extended to other ethnic groups.
In conclusion, our results suggest that an increased pretreatment NLR, PLR, and ELR may be associated with GS
upgrading in PCa patients undergoing RP. So, these hematological tests, which are cost-effective and easily measurable, warrant further validation in larger study population.
Disclosure Statement
The authors declare that they have no affiliation with or involvement in any organization or entity with any financial interest
or non-financial interest in the subject matter or materials discussed in this manuscript.

References

NLR, PLR, and ELR Predict GS Upgrading
in Low-Risk Prostate Cancer Patients

9 Cantiello F, Russo GI, Ferro M, et al: Prognostic accuracy of Prostate Health Index and urinary Prostate Cancer Antigen 3 in predicting
pathologic features after radical prostatectomy. Urol Oncol 2015;33:163.e15–e23.
10 Ploussard G, Durand X, Xylinas E, et al: Prostate cancer antigen 3 score accurately predicts
tumour volume and might help in selecting
prostate cancer patients for active surveillance. Eur Urol 2011;59:422–429.
11 Ferro M, Lucarelli G, Bruzzese D, et al: Improving the prediction of pathologic outcomes in patients undergoing radical prostatectomy: the value of prostate cancer antigen
3 (PCA3), prostate health index (PHI) and sarcosine. Anticancer Res 2015;35:1017–1023.
12 Siddiqui MM, Truong H, Rais-Bahrami S, et
al: Clinical implications of a multiparametric
magnetic resonance imaging based nomogram applied to prostate cancer active surveillance. J Urol 2015;193:1943–1949.
13 Walton Diaz A, Shakir NA, George AK, et al:
Use of serial multiparametric magnetic resonance imaging in the management of patients
with prostate cancer on active surveillance.
Urol Oncol 2015;33:202.e1–e7.
14 Ferro M, Ungaro P, Cimmino A, et al: Epigenetic signature: a new player as predictor of
clinically significant prostate cancer (PCa) in
patients on active surveillance (AS). Int J Mol
Sci 2017;18:e1146.
15 Partin AW, Van Neste L, Klein EA, et al: Clinical validation of an epigenetic assay to predict
negative histopathological results in repeat
prostate biopsies. J Urol 2014;192:1081–1087.
16 Ozmen S, Timur O, Calik I, et al: Neutrophillymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) may be superior to C-reactive protein (CRP) for predicting the occur-

Urol Int
DOI: 10.1159/000494259

17

18

19

20

21
22

23

rence of differentiated thyroid cancer. Endocr
Regul 2017;51:131–136.
Lee YS, Nam HS, Lim JH, et al: Prognostic impact of a new score using neutrophil-to-lymphocyte ratios in the serum and malignant
pleural effusion in lung cancer patients. BMC
Cancer 2017;17:557.
Jang WS, Cho KS, Kim MS, et al: The prognostic significance of postoperative neutrophil-to-lymphocyte ratio after radical prostatectomy for localized prostate cancer. Oncotarget 2017;8:11778–11787.
Gokce MI, Hamidi N, Suer E, Tangal S,
Huseynov A, Ibis A: Evaluation of neutrophilto-lymphocyte ratio prior to prostate biopsy
to predict biopsy histology: results of 1836 patients. Can Urol Assoc J 2015;9:e761–e765.
Oh JJ, Kwon O, Lee JK, et al: Association of
the neutrophil-to-lymphocyte ratio and prostate cancer detection rates in patients via contemporary multi-core prostate biopsy. Asian
J Androl 2016;18:937–941.
Bangma CH, Bul M, Roobol M: The prostate
cancer research international: active surveillance study. Curr Opin Urol 2012;22:216–221.
van der Kwast TH, Amin MB, Billis A, et al:
International Society of Urological Pathology
(ISUP) consensus conference on handling and
staging of radical prostatectomy specimens.
working group 2: T2 substaging and prostate
cancer volume. Mod Pathol 2011;24:16–25.
Roobol MJ, Verbeek JF, van der Kwast T,
Kummerlin IP, Kweldam CF, van Leenders
GJ: Improving the rotterdam European randomized study of screening for prostate cancer risk calculator for initial prostate biopsy by
incorporating the 2014 international society
of urological pathology gleason grading and
cribriform growth. Eur Urol 2017;72:45–51.

7

Downloaded by:
Stockholm University Library
130.237.165.40 - 11/14/2018 7:04:40 AM

1 Moyer VA: Screening for prostate cancer:
U.S. preventive services task force recommendation statement. Ann Intern Med 2012;
157:120–134.
2 Bastian PJ, Carter BH, Bjartell A, et al: Insignificant prostate cancer and active surveillance: from definition to clinical implications.
Eur Urol 2009;55:1321–1330.
3 McVey GP, McPhail S, Fowler S, McIntosh G,
Gillatt D, Parker CC: Initial management of
low-risk localized prostate cancer in the UK:
analysis of the British association of urological surgeons cancer registry. BJU Int 2010;
106:1161–1164.
4 Wilt TJ, Brawer MK, Jones KM, et al: Radical
prostatectomy versus observation for localized prostate cancer. N Engl J Med 2012;367:
203–213.
5 Faria EF, Chapin BF, Muller RL, Machado
RD, Reis RB, Matin SF: Radical prostatectomy
for locally advanced prostate cancer: current
status. Urology 2015;86:10–15.
6 Tran E, Paquette M, Pickles T, et al: Population-based validation of a policy change to use
long-term androgen deprivation therapy for
cT3–4 prostate cancer: impact of the
EORTC22863 and RTOG 85–31 and 92–02
trials. Radiother Oncol 2013;107:366–371.
7 Chun FK, Steuber T, Erbersdobler A, et al:
Development and internal validation of a nomogram predicting the probability of prostate
cancer gleason sum upgrading between biopsy and radical prostatectomy pathology. Eur
Urol 2006;49:820–826.
8 D'Amico AV, Whittington R, Malkowicz SB, et
al: Biochemical outcome after radical prostatectomy, external beam radiation therapy, or
interstitial radiation therapy for clinically localized prostate cancer. JAMA 1998;280:969–974.

8

Urol Int
DOI: 10.1159/000494259

33

34

35

36

37

38

dict chemotherapy outcomes and prognosis in
patients with colorectal cancer and synchronous liver metastasis. World J Surg Oncol
2016;14:289.
Bagante F, Tran TB, Postlewait LM, et al: Neutrophil-lymphocyte and platelet-lymphocyte
ratio as predictors of disease specific survival
after resection of adrenocortical carcinoma. J
Surg Oncol 2015;112:164–172.
Carruthers R, Tho LM, Brown J, Kakumanu
S, McCartney E, McDonald AC: Systemic
inflammatory response is a predictor of
outcome in patients undergoing preoperative chemoradiation for locally advanced
rectal cancer. Colorectal Dis 2012; 14:e701–
707.
van Soest RJ, Templeton AJ, Vera-Badillo FE,
et al: Neutrophil-to-lymphocyte ratio as a
prognostic biomarker for men with metastatic
castration-resistant prostate cancer receiving
first-line chemotherapy: data from two randomized phase III trials. Ann Oncol 2015; 26:
743–749.
Langsenlehner T, Pichler M, Thurner EM, et
al: Evaluation of the platelet-to-lymphocyte
ratio as a prognostic indicator in a European
cohort of patients with prostate cancer treated
with radiotherapy. Urol Oncol 2015; 33: 201.
e9–e16.
Wang Y, Xu F, Pan J, et al: Platelet to lymphocyte ratio as an independent prognostic indicator for prostate cancer patients receiving
androgen deprivation therapy. BMC Cancer
2016;16:329.
Bakewell SJ, Nestor P, Prasad S, et al: Platelet
and osteoclast beta3 integrins are critical for

39
40

41

42

43

44
45
46

bone metastasis. Proc Natl Acad Sci U S A
2003;100:14205–14210.
Smyth SS, McEver RP, Weyrich AS, et al: Platelet functions beyond hemostasis. J Thromb
Haemost 2009;7:1759–1766.
Dashevsky O, Varon D, Brill A: Platelet-derived microparticles promote invasiveness of
prostate cancer cells via upregulation of
MMP-2 production. Int J Cancer 2009; 124:
1773–1777.
Hayashi T, Fujita K, Tanigawa G, et al: Serum
monocyte fraction of white blood cells is increased in patients with high gleason score
prostate cancer. Oncotarget 2017; 8: 35255–
35261.
Sakkal S, Miller S, Apostolopoulos V, Nurgali K: Eosinophils in cancer: favourable or
unfavourable? Curr Med Chem 2016;23:650–
666.
Michalaki V, Syrigos K, Charles P, Waxman
J: Serum levels of IL-6 and TNF-alpha correlate with clinicopathological features and patient survival in patients with prostate cancer.
Br J Cancer 2004;90:2312–2316.
Mantovani A, Allavena P, Sica A, Balkwill F:
Cancer-related inflammation. Nature 2008;
454:436–444.
Lu H, Ouyang W, Huang C: Inflammation, a
key event in cancer development. Mol Cancer
Res 2006;4:221–233.
Kusumanto YH, Dam WA, Hospers GA, Meijer C, Mulder NH: Platelets and granulocytes,
in particular the neutrophils, form important
compartments for circulating vascular endothelial growth factor. Angiogenesis 2003; 6:
283–287.

Ferro et al.

Downloaded by:
Stockholm University Library
130.237.165.40 - 11/14/2018 7:04:40 AM

24 Vickers AJ, Elkin EB: Decision curve analysis: a novel method for evaluating prediction
models. Med Decis Making 2006;26:565–574.
25 Sundi D, Ross AE, Humphreys EB, et al:
African American men with very low-risk
prostate cancer exhibit adverse oncologic outcomes after radical prostatectomy: should active surveillance still be an option for them? J
Clin Oncol 2013;31:2991–2997.
26 Cary KC, Cooperberg MR: Biomarkers in
prostate cancer surveillance and screening:
past, present, and future. Ther Adv Urol 2013;
5:318–329.
27 de Cobelli O, Terracciano D, Tagliabue E, et
al: Body mass index was associated with upstaging and upgrading in patients with lowrisk prostate cancer who met the inclusion
criteria for active surveillance. Urol Oncol
2015;33:e201–e208.
28 Ferro M, Lucarelli G, Bruzzese D, et al: Low
serum total testosterone level as a predictor of
upstaging and upgrading in low-risk prostate
cancer patients meeting the inclusion criteria
for active surveillance. Oncotarget 2017; 8:
18424–18434.
29 Grivennikov SI, Greten FR, Karin M: Immunity, inflammation, and cancer. Cell 2010;
140:883–899.
30 Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cell 2011; 144: 646–
674.
31 Wei Y, Jiang YZ, Qian WH: Prognostic role of
NLR in urinary cancers: a meta-analysis. PLoS
One 2014;9:e92079.
32 Wu Y, Li C, Zhao J, et al Neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios pre-

