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cause of cancer death in men. in the United 
States and in europe, starting with the late 
1980’s and into the early 1990’s, there was 
a significant increase in diagnosis and treat-

Introduction

Prostate cancer (Pca) is the most common 
solid neoplasm and the second leading 

R E V I E W

Decision-making tools in prostate cancer: 
from risk grouping to nomograms

Paolo fonTanella 1, luigi BeneccHi 2, angelica graSSo 3, 
vipul PaTel 4, David alBala 5, claude aBBoU 6, francesco PorPiglia 7, 

Marco SanDri 8, Bernardo rocco 3, 9 *, giampaolo BiancHi 9

1Department of Surgery, regional Hospital of Mendrisio, Mendrisio, Switzerland; 2Department of Urology, cremona 
Hospitals, cremona, italy; 3Department of Urology, ca’ granda institute for research and care, Maggiore Polyclinic 
Hospital, Milan, italy; 4Department of Urology, college of Medicine, global robotics institute, University of central 
florida, florida Hospital celebration Health, Kissimmee, fl, USa; 5Department of Urology, associated Medical 
Professionals and crouse Hospital, Syracuse, nY, USa; 6Department of Urology, Henri Mondor Hospital, assistance-
Publique Hopitaux de Paris, créteil, france; 7Department of Urology, San luigi gonzaga Hospital, University of 
Turin, orbassano, Turin, italy; 8DMS Statlab, Data Methods and Systems Statistical laboratory, University of 
Brescia, Brescia, italy; 9Department of Urology, University of Modena and reggio emilia, Modena, italy
*corresponding author: Bernardo rocco, Department of Urology, University of Modena and reggio emilia, Modena Polyclinic, 
viale del Pozzo, 41124 Modena, italy. e-mail: bernardo.rocco@gmail.com

anno: 2017
Mese: December
volume: 69
no: 6
rivista: Minerva Urologica e nefrologica
cod rivista: Minerva Urol nefrol

lavoro: 2832-MU
titolo breve: DeciSion-MaKing ToolS in ProSTaTe cancer
primo autore: fonTanella
pagine: 556-66
citazione: Minerva Urol nefrol 2017;69:556-66

a B S T r a c T
inTroDUcTion: Prostate cancer (Pca) is the most common solid neoplasm and the second leading cause of cancer 
death in men. after the Partin tables were developed, a number of predictive and prognostic tools became available for risk 
stratification. These tools have allowed the urologist to better characterize this disease and lead to more confident treat-
ment decisions for patients. The purpose of this study is to critically review the decision-making tools currently available 
to the urologist, from the moment when PCa is first diagnosed until patients experience metastatic progression and death.
eviDence acQUiSiTion: a systematic and critical analysis through Medline, eMBaSe, Scopus and Web of Science 
databases was carried out in february 2016 as per the Preferred reporting items for Systematic reviews and Meta-
analyses (PriSMa) statement. The search was conducted using the following key words: “prostate cancer,” “prediction 
tools,” “nomograms.”
EVIDENCE SYNTHESIS: Seventy-two studies were identified in the literature search. We summarized the results into 
six sections: Tools for prediction of life expectancy (before treatment), Tools for prediction of pathological stage (before 
treatment), Tools for prediction of survival and cancer-specific mortality (before/after treatment), Tools for prediction of 
biochemical recurrence (before/after treatment), Tools for prediction of metastatic progression (after treatment) and in 
the last section biomarkers and genomics.
conclUSionS: The management of Pca patients requires a tailored approach to deliver a truly personalized treat-
ment. The currently available tools are of great help in helping the urologist in the decision-making process. These tests 
perform very well in high-grade and low-grade disease, while for intermediate-grade disease further research is needed. 
newly discovered markers, genomic tests, and advances in imaging acquisition through mpMri will help in instilling 
confidence that the appropriate treatments are being offered to patients with prostate cancer.
(Cite this article as: fontanella P, Benecchi l, grasso a, Patel v, albala D, abbou c, et al. Decision-making tools in prostate 
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Key words: Prostate neoplasms - Prostatectomy - nomograms - Diagnosis.

Minerva Urologica e nefrologica 2017 December;69(6):556-66
DOI: 10.23736/S0393-2249.17.02832-6

© 2017 eDiZioni Minerva MeDica
Online version at http://www.minervamedica.it

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



DeciSion-MaKing ToolS in ProSTaTe cancer fonTanella

vol. 69 - no. 6 Minerva Urologica e nefrologica 557

the total number of articles found (n.=1005), 
only 68 articles were selected for review, and 
additional 4 studies were manually added. We 
assessed the methodological quality of stud-
ies using the newcastle-ottawa Quality as-
sessment Scale (noS) for cohort studies, as 
recommended by cochrane collaboration. 
This instrument uses a star system to evaluate 
observational studies based on three criteria: 
participant selection, comparability of study 
groups and assessment of outcome or expo-
sure. a maximum of four stars, two stars, and 
three stars can be awarded respectively for 
each category. Studies awarded over 6 points 
were considered to be of high quality (fig-
ure 1).

Evidence synthesis

The 72 selected articles have been summa-
rized and grouped according to the clinical 
phase to which they refer (as indicated in fig-
ure 2). We identified three main chronological 
steps: 1) before treatment; 2) treatment op-
tions; 3) after treatment.

Tools aimed at each phase were further 
grouped into more specific subsets, according 
to the peculiar aspect they refer to. The last 

ment of patients with Pca. This spike in di-
agnosis and treatment was largely due to the 
implementation of PSa into everyday clinical 
practice. This spike was followed by a plateau 
with an incidence of approximately 160 cases 
per 100,000 males/year. In the following 10-15 
years, Pca mortality has declined slowly (be-
cause of the large number of treated patients) 
and decidedly less than expected.1 it then be-
came apparent the need to develop tools to 
better stage and properly stratify patients diag-
nosed with Pca, in order to offer the most ap-
propriate treatment options. in recent years, it 
has become widely accepted that prostate can-
cer treatments offered need to be tailored to the 
disease of each patient. improved diagnostics 
will allow urologists to better understand the 
natural history of prostate cancer disease. The 
disease is therefore no longer seen as a stat-
ic condition, but as the array of its evolutive 
characteristics, much in the same way a photo 
differs from a movie. a better understanding of 
the disease process allows for a more refined 
treatment and more precise surgical, radio-
therapeutic and pharmacological action. We 
reviewed the literature with focus on offering 
the Urologist the most up-to-date tools in the 
decision-making process in patients with Pca.

Evidence acquisition

The current study is a systematic review 
of the literature conducted following the Pre-
ferred reporting items for Systematic re-
views and Meta-analyses (PriSMa) state-
ment.2 a systematic and critical analysis 
through Medline, eMBaSe, Scopus and Web 
of Science databases was carried out by two 
authors (P.f, l.B.) separately, using the fol-
lowing key words: “prostate cancer,” “predic-
tion tools,” and “nomograms.” The search was 
conducted across the title and abstract fields of 
the records, with the following limits: humans, 
gender (male), and language (english). only 
full-text articles were taken into consideration 
and abstracts were not included.

We decided not to include data from con-
gress abstract proceedings as they might lack 
the completeness of data we needed. out of 

figure 1.—flow chart of study inclusion process.

146 excluded:
-  study quality
-  not validated
-  not applicable/

not integrated in 
prediction tools

218 studies evaluated

791 studies excluded 
after screening  
of title/abstract

72 studies included

1005 studies identified
through search

4 studies 
manually added

1009 total number 
of studies selected
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indices ranging from 0.60-0.84, the tools with 
higher discrimination, those of Walz et al.8 and 
cowen et al.,9 both required a treatment to be 
selected to obtain predictions.

Kim et al.10 also reported on the lack of life 
expectancy tools being utilized by clinicians. 
They found that only one in four radiation on-
cologists or urologists used a formal method 
for evaluating life expectancy. This finding 
might best be interpreted as rational behavior, 
given the lack of appropriate tools.

Tools for prediction of pathological stage (be-
fore treatment)

Many models have been proposed to esti-
mate pathologic stage at radical prostatectomy, 
those tools aid in the treatment planning for 
new diagnosed patients.11

oesterling et al. initially attempted to predict 
the pathologic stage of clinically localized pros-
tate cancer using logistic regression (lg).12

in 1993, Partin et al. combined the PSa ex-
pression level, clinical classification, and the 
gleason Score (gS) to predict the pathologic 
stage in males treated for clinically localized 
prostate cancer by a single surgeon at Johns 
Hopkins Hospital (Baltimore, MD, USa).13 
Partin et al.14-17 subsequently combined the 
clinical data from three academic institu-
tions and updated the lr-based nomogram 
to simultaneously predict the pathological 
stage. The tables were validated in 1997 and 
2004.14, 18 although the Partin tables repre-
sented a landmark in pre-treatment Pca stag-
ing, they have limitations. for example, the 
probability of extracapsular extension (ece) 
cannot be predicted in a side-specific fashion.

in order to aid surgical technical planning 
graefen et al. developed a regression tree 
capable of predicting ECE in a side-specific 
manner (SS-ece),19 and both ohori et al.20 
(n.=763) and Steuber et al.21 (n.=1118) de-
veloped accurate tools to predict SS-ece (c-
index: 79-81% and 84%, respectively).

in 2010, chung et al. (n.=1031) developed a 
model to predict ece based upon a population 
of Korean men who underwent radical pros-
tatectomy for clinically localized Pca.22 The 

section is dedicated to the most recent research 
findings, part of which still needs to be imple-
mented in readily available tools, but already 
proving to be too effective to be exempted 
from the present review.

Tools for prediction of life expectancy (before 
treatment)

Shariat et al.3, 4 reviewed 111 predictive 
tools for prostate cancer and reported 5 that 
pertained to life expectancy. Mattew and vick-
ers reported that most of the tools for pros-
tate cancer were either inappropriate for use 
in the clinic or provided highly questionable 
estimates or recommendations, such as sur-
gery for low risk cancer in a substantial pro-
portion of 80-year-olds.5 although guidelines 
consider life expectancy as a criterion for de-
termining treatment options, it is not easy to 
identify tools that could be appropriately used 
into a point-of-care decision aid; moreover, 
age limit for radical prostatectomy is currently 
debated.5

The Male model 6 needs an abundance of 
specific comorbidity factors such as angina 
classification or the level of aortic stenosis. It is 
not easy to obtain such extensive information 
at the initial consultation for prostate cancer.5 
Jeldres et al.7 encountered similar problems 
when evaluating tools that could aid clinicians 
in predicting life expectancy for prostate can-
cer patients. although they report concordance 

figure 2.—grouping of papers for the review according to 
the clinical phase they refer to.

Phase 1 (Pre-treatment)
1. life expectancy
2. Pathologic stage

a) imaging
b) genomics, new biomarkers

3. Survival

Phase 2 (treatment)
1. Watchful waiting

2. Surgery
3. rx- brachytherapy

Phase 3 (Prognosis)
1. Biochemical recurrence

2. MTS progression
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creased significantly (Partin from 0.85 to 0.92; 
MSK from 0.86 to 0.94). mpMri proved more 
successful in predicting ece by 15-40% when 
compared to the clinical nomograms.

radtke et al.34 investigated the role of Mri 
in predicting ece, Svi, and negative surgical 
margins at rP, in different Pca risk groups of 
patients (N.=132), trying to define a standard, 
and retrospectively investigated eSUr score 
for ece and Svi. Their work showed how 
standardized ece scoring on mpMri is an in-
dependent predictor of pT3 disease and may be 
useful in planning rP with improved oncologic 
security, including in high-risk patients. More-
over, it helps to accurately select a subgroup of 
patients for systematic Mri-guided intraopera-
tive frozen sections.

in 2006, Wang et al.35 investigated the value 
of endorectal coil Mr imaging and combined 
endorectal Mr imaging Mr spectroscopic im-
aging to the staging nomograms for predicting 
organ-confined prostate cancer.15 The model 
including Mri variables (presence of ece or 
SVI) had significantly better discriminative 
ability than did the base model (aUc=0.892 
vs. 0.633, respectively; P<0.01).

in 2007, Wang evaluated whether endorec-
tal MR imaging findings contribute to increase 
value to the Kattan nomogram 24 for predicting 
Svi in patients with prostate cancer. in fact, the 
Kattan nomogram plus endorectal Mr imaging 
(0.87) had a significantly larger (P=0.05) AUC 
than either endorectal Mr imaging alone (0.76) 
or the Kattan nomogram alone (0.80).

More recently de rooij et al.36 elaborated a 
meta-analysis on Mri, proving that it appears 
to have a high specificity but poor and heteroge-
neous sensitivity for detection of ece, Svi, and 
overall stage T3, but it is not satisfying to accu-
rately stage local Pca. They also showed how 
prediction of the correct T stage can be improved 
when MRI findings are combined with other clin-
ical data (such as the D’amico risk categories).

Tools for prediction of biochemical recurrence 
(before/after treatment)

Biochemical recurrence (BCR) is defined as 
2 consecutive serum PSA values >0.2 ng/mL 

model showed good discrimination in the vali-
dation cohort (n.=440; aUc=0.782).

in 2012, caire et al. developed from a cohort 
of 1985 patients a model for determining non-
organ confined disease. The model included 
race, age, body mass index, PSa, biopsy glea-
son sum and clinical stage.23

Models to predict the probability of semi-
nal vesicles invasion were developed in 2003 
by Koh et al.24 and gallina et al.25 in 2007. in 
2012, lughezzani compared three different 
tools for prediction of seminal vesicle invasion; 
they reported that the Partin tables represent the 
ideal strategy for stratifying the risk of seminal 
vesical invasion.26

in 2006 Briganti et al. developed a lni pre-
diction tool from 602 patients who underwent 
extended pelvic lymphadenectomy (ePlnD) 
(76% discrimination).27 in 2012 this model 
was updated increasing the predictive accuracy 
for lni.28 an interesting model was developed 
to suspect invasion of exclusive non-obturator 
lymph node metastasis.29

a head-to-head comparison of the national 
comprehensive cancer network (nccn) 
practice guideline lymph node invasion (lni) 
nomogram,30 Partin tables,16 and D’amico risk-
classification 31 was conducted by abdollah et 
al. for prediction of lni at radical prostatec-
tomy (rP).32 The nccn nomogram provided 
the greatest discrimination (aUc=82%), and 
decision-curve analysis demonstrated that this 
model had the highest net-benefit for threshold 
probabilities ≥4%. However, for a threshold 
probability for lni<4%, the Partin tables pro-
vided the greatest net-benefit.

The role of magnetic resonance imaging 
(Mri) in prostate cancer staging has been 
emerging with improved Mr techniques. cur-
rent Pca mpMri techniques vary, and this 
results in the lack of an unequivocal, widely 
accepted standard both in image acquisition/
elaboration as well as in clinical interpretation.

feng et al.33 compared the accuracy of 
mpMri against the Partin tables and Memo-
rial Sloan Kettering (MKS) nomogram for pre-
dicting ece (n.=112), and developed a tool to 
estimate pathologic ece risk. When adding 
mpMri to the ece prediction tools, aUc in-
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tity of gS 4, and the quantity of gS 4 in the 
index lesion) predict Bcr better than the tra-
ditional gS (c-index 0.83-0.84, vs. traditional 
gS 0.82).

Tools for prediction of survival and cancer-
specific mortality (before/after treatment)

PCa-specific mortality (PCSM) is the single 
most important cancer-control endpoint in rP 
candidates. To assess this issue, D’amico et 
al.47 and cooperberg et al.48 developed risk 
stratifications tools to predict PCSM, returning 
80% discrimination in internal validation.

a meta-analysis comparing the 5 available 
tools, showed how the model developed by 
Stephenson et al.,49 and externally validated in 
a large cohort of patients (n.=6278, discrimi-
nation 82%), outperformed other tools, mak-
ing it the preferred choice.26 This nomogram 
evaluates biopsy gleason grade, PSa, and 
clinical stage.

Korets et al.50 evaluated accuracy of the 
Kattan nomogram across all Pca risk groups. 
They stratified the cohort (N.=1877) according 
to D’amico risk criteria, and compared the no-
mogram with actuarial Kaplan-Meier survival 
statistics. They confirmed accurate prediction 
of survival across all Pca risk groups (c-index 
0.67) although prediction ability varied by risk 
group. Similarly to the D’amico model, c-in-
dex increased to 0.69 when intermediate-risk 
patients were removed from the model.

cooperberg et al.51 compared caPra-s and 
the Decipher gc in order to predict PcSM in 
a cohort of post-rP patients who experienced 
cSM (cohort n.=185, cSM n.=28). The mod-
els were evaluated individually and compared 
for prediction of cSM (c-index, decision-
curve analysis, reclassification, cumulative 
incidence, cox regression). c-indexes were 
0.75 for caPra-s, 0.78 for gc. Moreover, 
GC returned higher net-benefit on decision-
curve analysis, but the combination score of 
caPra-s and gc did not improve the aUc 
after optimism-adjusted bootstrapping. They 
concluded that patients with both caPra-s 
and GC high risk scores have a significantly 
elevated post-rP risk for lethal Pca.

after radical prostatectomy; after radiation 
therapy, a rising PSA level 2.0 ng/mL above 
the nadir value, rather than a specific threshold 
value, is the most reliable sign of persistent or 
recurrent disease.37

Pre-surgical prediction of BCR was first ad-
dressed by Kattan et al.38 with the development 
of a nomogram to predict 5-year biochemical 
recurrence (Bcr) for patients treated with rP. 
Accuracy of 75% (65-83%) was confirmed on 
external validation.39-41 However, since pre-re-
quirement for surgical treatment of Pc is a life 
expectancy >10 years, the 5-year follow-up 
time is an insufficient prediction. Their work 
was later updated by Stephenson et al.42 with 
a follow-up of 10 years (77% discrimination). 
Suardi et al.43 developed a prediction tool that 
extends to 20 years after rP, accounting for 
disease-free interval (77-83% discrimination, 
confirmed in two external validation cohorts).

Seo et al.44 validated the caPra-s for re-
currence-free survival in a cohort of 115 Ko-
rean men treated by a single surgeon. They 
defined BCR as 2 consecutive PSA values 
≥0.2 ng/mL. They studied the cohort with the 
seven-group model (each caPra score sum) 
and three-group model (low, intermediate, and 
high risk). The caPra score showed high 
accuracy in prediction of recurrence-free sur-
vival (c-index 0.74, 0.77, respectively), thus 
it was suggested to aid Urologists in planning 
treatment for localized Pca.

Most recently, Hu et al.,45 studying a cohort 
of 1656 men, developed an artificial neural 
network (ann) to predict Bcr, and compared 
it with a logistic regression (lr) model; the 
aUc was 0.754 for ann and 0.755 for the lr 
model, and suggested that combination of gS 
and ann output value, the Bcr prediction is 
more accurate especially for high-risk patients 
with GS≥7.

Deng et al.,46 starting from the recent acqui-
sition that the risk of Bcr after rP for patho-
logic gS 7 directly relates to the proportion of 
the gS 4 component, analyzed 2630 radical 
prostatectomy patients and determined that 3 
quantitative measures of gS 4 pattern (propor-
tion of tumor composed of gS 4, prostate size 
weighted score considering the global quan-
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indicated favorable sensitivity and specificity 
profiles compared to choline-based PET imag-
ing techniques.

Biomarkers and genomics

genomics classifiers

genomic tests measure biological markers 
in the tumor. Whereas a test for PSa provides 
information about a single molecular marker, 
genomic tests evaluate more than a million 
molecular markers, improving the detection of 
aggressive Pca. This information can be use-
ful in after surgery decision-making.

Paris et al.56 developed the geMcaP ge-
nomic classifier to improve prediction of meta-
static Pca in a high-risk cohort. This resulted 
in outperforming the prediction of the Kattan 
nomogram in negative lymph nodes high-risk 
patients. This is where the nomogram has 
weakness and suggests that the inclusion of 
this tool may improve results (improving the 
aUroc from 0.81 to 0.84-0.85).

oh et al.57 used exome genotyping to pre-
dict pathological gS upgrade in low-risk rP 
patients (n.=257). Their results found that 15 
single nucleotide repeats (SNPs) were signifi-
cant in predicting gS upgrade in low-risk Pca 
patients; but one SNP remained significant af-
ter multiple testing. They later added this into a 
multivariate model (PSa, biopsy gS, Positive 
core number, tumor per core ratio, and age) 
improving the accuracy of prediction from 
78.4% to 82.9% (P=0.0196).

Marrone et al.58 reviewed the available data 
of a genomic classifier based on 22-gene ex-
pression assay, developed to predict 5-year 
risk of metastatic progression of Pca in post 
rP patients.

The Decipher genomic classifier is an exten-
sively validated genomic classifier, for postop-
erative risk prediction of metastasis and Pca 
mortality. The Decipher result is reported as a 
percentage risk of metastasis that categorizes 
Pca as either high or low risk based on the 
genomics of their individual cancer. However, 
in terms of clinical utility, no evidence was 
found regarding improved outcomes (defined 

as for eBrT, Kattan et al.52 studied a co-
hort of 1677 patients to devise a pre-treatment 
nomogram to predict probability of MTS at 5 
years following eBrT, evaluating PSa clinical 
stage, biopsy gleason sum; this was externally 
validated and showed excellent discrimination 
(n.=1626, c-index 81%).

Tools for prediction of metastatic progression 
(after treatment)

Men diagnosed with similar Pca often de-
velop significantly variable outcomes after 
radical local therapy, even those classified at 
a high risk of recurrence. Tools for predicting 
metastatic progression are crucial in evaluat-
ing adequate post-surgery treatment.

current tools for prediction of metastatic 
progression stemmed from the need of a more 
complete predictive ability, rather than only 
predicting gleason sum upgrade or Bcr. 
cooperberg et al.48 evaluated the caPra-
s, assessing its accuracy in predicting meta-
static progression. Studying a large cohort 
(n.=10,627) of men with clinically localized 
Pca, they proved how every single point in-
crease in the caPra score, associates with 
increased bone metastases (Hr for bone me-
tastasis 1.47, 95% ci: 1.39-1.56). Therefore, 
the caPra score is accurate in predicting me-
tastases (c-index 0.78).

Porter et al.53 developed and internally vali-
dated a post-treatment nomogram (n.=752) 
that indicated pathological stage T3, elevated 
pathological gleason sum as independent pre-
dictors of metastatic progression. Their model 
showed accuracy of 80.2, 77.7, 77.6, and 76.0 
at 5, 10, 15, and 20 years after prostatectomy, 
respectively.

lindberg et al.54 remarked how metastatic 
Pca is a monoclonal disease, and how prog-
nosis prediction is connected to intraprostatic 
tumor heterogeneity, and suggested intraductal 
carcinoma as a marker of aggressive disease. 
Tools integrating this aspect have yet to be de-
veloped.

Perera et al.55 elaborated a meta-analysis 
on 68Ga prostate-specific membrane antigen 
positron-emission tomography. The results 
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mulative incidence of Bcr, metastasis, and 
PCa specific mortality (P<0.01). Moreover, 
inclusion of the Decipher score into validated 
clinico-pathological models improved their 
prognostic performance.

The oncotype DX Prostate cancer as-
say is a multi-gene rT-Pcr expression as-
say specifically designed for use with prostate 
needle biopsies. it measures expression of 12 
cancer-related genes representing four biologi-
cal pathways and 5 reference genes which are 
combined to calculate the genomic Prostate 
Score (gPS). This biopsy-based assay has 
been analytically and subsequently clinically 
validated as a predictor of aggressive prostate 
cancer. results from Knezevic et al.62 showed 
how it is a robust and reliable assay that en-
ables improved decision making for patients 
with early-stage Pca.

in 2014 Sommariva et al.63 elaborated a 
meta-analysis on the cell cycle progression 
(ccP) score (Prolaris). The ccP is an rna 
expression signature based on analysis of 31 
genes that determine cancer aggressiveness 
of Pca and predict the probability of disease 
progression. Their results show how the ccP 
score highlights the aggressive potential of an 
individual’s Pca outperforming existing as-
sessment tools.

Urinary biomarkers

recent research in detection of Pca and dis-
crimination from BPH at the molecular level, 
is exploring microrna urinary traces of Pca. 
Salido-guadarrama et al.64 identified and vali-
dated a urinary microrna-based signature 
(miR-100/200b) to enhance the specificity of 
Pca diagnosis to overcome the limits of serum 
PSa They developed a model that includes 
age, prostate-specific antigen (PSA), percent-
age of free PSa and Dre, and a second model 
enriched with the miR-100/200b signature. 
The combined model significantly outper-
formed the capacity of both PSa (P<0.001) 
and the base model (P=0.01) in discriminating 
Pca from BPH patients. Decision curve analy-
sis showed that the combined model improved 
the clinical benefit for patients and produced 

as lowered cSM and treatment related adverse 
effects) from using the gc results to guide 
post-rP treatment, and they suggested further 
clinical evidence is required to show improved 
clinical outcomes.

This allows for a clear step towards a tai-
lored approach, through an improvement in 
risk stratification that distinguishes local from 
systemic disease, as genomic identification al-
lows for personalized treatment.

Klein et al.59 tested in a cohort of 169 
men with postoperative high risk Pca (pT3, 
PSA>20 ng/L, or positive margin) and proved 
how adding the Decipher classifier to common 
risk-stratifications tools (CAPRA score and 
Stephenson nomogram) increases the accura-
cy of prediction of rapid metastasis (metastatic 
disease within 5 years after surgery, n.=15) 
and non-rapid metastasis (n.=154). The Deci-
pher test proved to be a significant predictor 
(c-index 0.77), outperforming both Stephen-
son (0.75) and caPra-s (0.72). integration of 
Decipher test into the Stephenson nomogram 
increased prediction for metastatic progression 
(c-index 0.79), suggesting it as a validated tool 
for identification of patients with increased 
risk of developing metastatic disease. This in-
formation can then be used to involve patients 
with multimodality therapy.

Klein et al.60 recently applied the Decipher 
classifier to prostate biopsies, in order to pre-
dict metastasis risk (n.=57). The performance 
evaluation was performed with a cox multi-
variable proportional hazard model, and sur-
vival c-index. The Decipher plus nccn mod-
el (national comprehensive cancer network) 
had improved the c-index of 0.88 compared to 
nccn alone (c-index 0.75). Moreover, on a 
multivariate analysis, Decipher was the only 
significant predictor when adjusted for con-
founding factors. The limited number of pa-
tients in this study needs further validation.

ross et al.61 tested the Decipher gc in post 
rP high-risk patients (n.=356) who did not 
receive additional treatment until the time of 
metastatic progression. Decipher scores were 
obtained in 260 patients, of whom 99 experi-
enced metastasis. Their results showed how 
Decipher scores correlated with increased cu-
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the Urologist, and provided to the patient to 
inform him of accurate predictions and likely 
outcomes and possible side-effects connected 
to each management option. only in this fash-
ion can the clinician offer a personalized treat-
ment and the best Qol.

nomograms are currently the most accu-
rate prediction tools available, however, sev-
eral of them are lacking external validation 
This renders them susceptible to limitations 
when applied to different populations from 
the one adopted for their development. after 
PCa diagnosis is first made, prediction of life 
expectancy needs to be taken in consideration 
as a first step, however the available tools are 
generally underused because of their poor per-
formance.10 Prediction of pathological stage 
of the disease is also very challenging, and the 
available tools are undergoing a rapid evolu-
tion since the integration of mpMri scores in 
the available nomograms, returning signifi-
cantly improved accuracy.36

The interest for active surveillance is in-
creasing in very-low and low risk disease.69 
The prediction of pathological stage of the 
disease plays an important role to guide treat-
ment decisions in low risk Pca, an example is 
the recent study in which candidates for active 
surveillance had a good oncological outcome 
despite upstaging on final pathological stage.70

competing risks also pose a very delicate 
issue: life expectancy, Bcr and cSM need 
to be predicted with distant end-points, while 
most studies are limited to 5-year follow-up, 
which is inadequate for quality planning. Bcr 
is crucial in deciding whether adjuvant therapy 
is needed: the 20-year follow-up Suardi nomo-
gram proved to be accurate, and more recently 
proportion of gS 4 in index lesion has been 
shown to be a simple and reliable predictor of 
BCR. While the final benchmark for effective-
ness of a tool is the clinical consequences, the 
quality of a nomogram should be evaluated by 
its accuracy.71 Cancer specific mortality is the 
most important single endpoint in Pca: caP-
ra-s has been validated as a well performing 
tool, and when integrated with genomic classi-
fiers (Decipher) helps identifying patients with 
significantly elevated risk for lethal PCa. Risk 

a substantial reduction in unnecessary (BPH) 
biopsies across a range of reasonable threshold 
probabilities (10-50%)

van neste et al.65 focused on detection of 
clinically significant PCa, and developed a 
multimodal model (n.=519) and validated it 
on a different cohort (n.=386), incorporating 
messenger rna (mrna) biomarkers and tra-
ditional risk factors in order to identify patients 
with biopsy high-grade PCa (GS≥7). Two mi-
crorna (HoXc6 and DlX1) levels performed 
as good predictors for detection of high-grade 
Pca. overall aUc of the multimodal model 
was 0.90 (95% ci: 0.85-0.95) in the validation 
cohort and 0.86 in the first cohort. A second 
model included Dre and reached aUc of 
0.86 (95% CI: 0.80-0.92; AUC 0.90 in the first 
cohort). Both models were successfully vali-
dated, with no significant change in AUC in 
validation. DCA indicated a strong net benefit 
and the best reduction in unnecessary biopsies 
compared with other clinical decision-making 
tools, such as the Prostate cancer Prevention 
Trial risk calculator and the Pca3 assay.

While promising, these new tests still need 
to prove their analytical and clinical validity; 
urging for larger and prospective studies to 
compare them thoroughly and test their value 
in clinical management of Pca is necessary. 
Furthermore, the field of these new approaches 
to Pca is rapidly and continuously evolving, 
likely leaving some of these new tools to be 
abandoned and substituted by yet to be discov-
ered ones.66

Discussion

Pca is a very complex disease, and the mul-
titude of studies and predictive and prognos-
tic tools available, while increasing tailoring 
possibilities, complicates clinical decisions, 
in diagnostic as well as in treatment and post-
treatment decisions. existing models allow the 
clinicians to provide an evidence-based ap-
proach, offering individualized treatment op-
tions for each patient. This has been shown to 
yield better results than intuitive clinical de-
cision-making.67, 68 The available information 
needs therefore to be organized and filtered by 
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nomic tests, microrna and mpMri, will most 
likely in the very near future alter deeply the 
way PCa is understood, diagnosed, identified, 
classified and accordingly treated. These tools 
will lead to more tailored approach to prostate 
cancer management.
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of metastatic progression has been assessed 
accurately by the caPra-s, and recently, the 
ccP gc was validated as outperforming the 
caPra-s in prediction of aggressiveness and 
MTS progression risk.

The number of available tools poses the 
Urologists with the choice of which tools to 
apply: nguyen and Kattan 72 tried to ease the 
issue by building a metagram of the available 
tools, stratifying them by accuracy, quality, and 
usefulness in the clinical setting. The available 
tools analyzed 16 possible treatment options 
and 10 outcomes of cancer control, survival 
and morbidity. Of the 160 treatment/outcome 
combinations, only 31 possibilities are ad-
dressed by available tools, suggesting that 
many more are needed; moreover, the flexibil-
ity of predictive and prognostic tools needs to 
be improved, as clinicians may not access all 
the variables needed to employ the tools.

Besides the difficulties and lacking evidence 
in evaluating the clinical benefit of many of the 
prediction models, decision-making should be 
centered on enhanced modeling that includes 
new biomarkers, diagnostic imaging, longer 
time frames for predicted outcomes, and is fo-
cused on Qol.

Moreover, with the advent of new therapeu-
tic options, such as ralP, larP, HifU and 
focal ablative therapy, tools should be devel-
oped to specifically evaluate each approach, 
and its implications when combined with the 
currently available options.

Conclusions

currently available tools are of great help 
in shaping the decision-making process of the 
Urologist in every step from the first elevated 
PSa to the surgical and post-treatment phases, 
however, only the integration of multiple tools 
allows for a proper care of each patient.

at present, most of the available tools based 
upon clinical and pathological variables still 
leave an open gap; in fact, non-high-risk tu-
mors may lead to an extremely malignant 
evolution, whereas some high-grade tumors 
follow a more benign path. The current devel-
opment of new powerful resources, such as ge-
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