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Abstract

Introduction: The purpose of this study was to perform a direct 
comparison of several existing risk-stratification tools for localized 
prostate cancer in terms of their ability to predict for biochemical 
failure-free survival (BFFS). Two large databases were used and an 
external validation of two recently developed nomograms on an 
independent cohort was also performed in this analysis.
Methods: Patients who were treated with external beam radio-
therapy (EBRT) and/or brachytherapy for localized prostate cancer 
were selected from the multi-institutional Genitourinary Radiation 
Oncologists of Canada (GUROC) Prostate Cancer Risk Stratification 
(ProCaRS) database (n=7974) and the Centre Hospitalier de 
l’Université de Montréal (CHUM) validation database (n=2266). 
The primary outcome was BFFS using the Phoenix definition. 
Concordance index (C-index) reported from Cox proportional haz-
ards regression using 10-fold cross validation and decision curve 
analysis (DCA) were used to predict BFFS.
Results: C-index identified Cancer of the Prostate Risk Assessment 
(CAPRA) score and ProCaRS as superior to the historical GUROC 
and National Comprehensive Cancer Network (NCCN) risk-strat-
ification systems. CAPRA modeled as five and three categories 
were superior to GUROC and NCCN only for the CHUM database. 
C-indices for CAPRA score, ProCaRS, GUROC, and NCCN were 
0.72, 0.72, 0.71, and 0.72, respectively, for the ProCaRS data-
base, and 0.66, 0.63, 0.57, and 0.60, respectively, for the CHUM 
database. However, many of these comparisons did not demon-
strate a clinically meaningful difference. DCA identified minimal 
differences across the different risk-stratification systems, with no 
system emerging with optimal net benefit. External validation of the 
ProCaRS nomograms yielded favourable calibrations of R2=0.778 
(low-dose rate [LDR]-brachytherapy) and R2=0.868 (EBRT).

Conclusions: This study externally validated two ProCaRS nomo-
grams for BFFS that may help clinicians in treatment selection 
and outcome prediction. A direct comparison between existing 
risk-stratification tools demonstrated minimal clinically significant 
differences in discriminative ability between the systems, favour-
ing the CAPRA and ProCaRS systems. The incorporation of novel 
prognostic variables, such as genomic markers, is needed.

Introduction

Risk-stratification for localized prostate cancer can assist cli-
nicians in selecting the most appropriate treatment for their 
patients based on pertinent clinical and pathological factors. 
A variety of pre-treatment tools have been reported based 
primarily on the prognostic power of initial prostate-specific 
antigen (PSA), biopsy Gleason score, and clinical T stage.1

One of the first systems, and arguably still the most wide-
ly used, was proposed by D’Amico et al, which stratified 
patients into three groups based on their risk of biochemical 
failure after either radical prostatectomy or external beam 
radiotherapy (EBRT).2 Health organizations, such as the 
National Comprehensive Cancer Network (NCCN), have 
also published classification systems for prostate cancer. 
The NCCN guideline adds very low-risk and very high-risk 
groups to the traditional three-group classification.3

Common risk-stratification tools, such as the D’Amico and 
NCCN classifications, can help clinicians predict treatment 
outcomes. One limitation of these tools is that they assume 
patients within each risk group are essentially similar and do 
not distinguish, for instance, between Gleason 3 + 4 vs. 4 
+ 3 or by the number of intermediate or high-risk features. 
Consequently, several new risk-stratification systems that 
incorporate these clinical variables have been developed. 
One such system developed by the Genitourinary Radiation 
Oncologists of Canada (GUROC), known as the Prostate 
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Cancer Risk Stratification (ProCaRS) is based on an updated 
version of a risk-stratification system first published in 2001.4,5

Also, clinical nomograms have been developed to predict 
treatment outcomes prior to radiotherapy. For instance, the 
GUROC have published two separate nomograms to predict 
for biochemical failure after exclusive low-dose rate (LDR)-
brachytherapy and exclusive EBRT.4 Several studies have 
demonstrated that nomograms can yield accurate models 
with predictability comparable to risk-stratification models.6-9

Deciding which risk-stratification model to use in the 
clinical setting can be difficult with so many different, but 
related models in existence. To our knowledge, no direct 
comparison between the ProCaRS and other risk-stratifica-
tion models has yet been published. 

The present study aimed to compare the different risk-strat-
ification systems in two large databases, with an overarching 
hypothesis being that newer risk-stratification systems would 
demonstrate more favourable predictability compared to older 
systems. An additional goal of this work was to validate the 
GUROC ProCaRS nomograms for LDR-brachytherapy only 
and for EBRT only in a single-institution database. 

Methods

Patient selection

The CHUM database (validation database)
The Centre Hospitalier de l’Université de Montréal (CHUM) 
database has been described previously.10 The database con-
tains retrospectively collected data from 2266 patients treated 
with conventionally fractionated or hypofractionated EBRT, 
LDR-brachytherapy, high-dose rate (HDR)-brachytherapy, 
or combined therapy for primary localized prostate cancer. 
All patients were treated between 1994 and 2015. Patients 
receiving radical prostatectomy as primary treatment were 
excluded. Institutional research ethics board approval was 
obtained from CHUM prior to study initiation.

The GUROC ProCaRS database
The GUROC ProCaRS database is a retrospective, multi-
institutional database containing data from 7974 patients 
with localized prostate cancer. All patients received LDR-
brachytherapy, HDR-brachytherapy, conventionally frac-
tionated EBRT, or combination. Similarly, patients receiving 
radical prostatectomy as primary treatment were excluded. 
All patients were treated between 1994 and 2010 at one of 
four participating Canadian institutions (British Columbia 
Cancer Agency [n=3771], Princess Margaret Hospital 
[n=1752], McGill University Health Centre [n=194], and 
L’Hotel Dieu de Québec [n=2257]). Additional details per-
taining to the creation of the GUROC ProCaRS database 
have been previously published.11

Clinical outcomes

Biochemical failure-free survival (BFFS) was selected as the 
primary endpoint for this investigation, calculated as time 
from initiation of radiotherapy to date of last followup and/
or biochemical failure (according to the ASTRO II Phoenix 
consensus definition of a PSA increase of 2 ng/mL above the 
nadir PSA), and/or death, whichever came first.12 Benign PSA 
bounces were classified as technical biochemical failures 
only, and were adjusted using a quality assurance procedure 
previously reported.11,13,14

Risk-stratification systems

This investigation examined the ability of four distinct prog-
nostic risk-stratification systems to predict for BFFS. 

The Cancer of the Prostate Risk Assessment (CAPRA) 
tool classifies patients on a continuous scale from 0‒10 
based on: (1) age at diagnosis (≥50 [one point]); (2) PSA at 
diagnosis measured in ng/mL (6.1‒10 [one point]; 10.1‒20 
[two points]; 20.1‒30 [three points]; >30 [four points]); (3) 
Gleason score (secondary pattern 4 or 5 [one point]; primary 
pattern 4 or 5 [three points]); T-stage (T3a [one point]); and 
percentage of positive biopsy cores (>34 % [one point]).15

For this analysis, CAPRA was examined as a continuous 
10-point scale (CAPRA score) as a three-risk category system 
(CAPRA-3) defining risk as low (0‒2), intermediate (3‒5), 
and high (6‒10); and as a novel five-risk category system 
(CAPRA-5) defining risk as low (0‒2), low-intermediate (3), 
high-intermediate (4‒5), high (6‒7) and very high (8‒10).16

The GUROC system groups patients into three risk cat-
egories: low (T1‒T2a and PSA ≤10 ng/mL and Gleason ≤6); 
intermediate (T1‒T2 and PSA ≤20 ng/mL and Gleason ≤7 
and not otherwise low-risk); and high (T3‒T4 or PSA >20 
ng/mL or Gleason 8‒10).11

The ProCaRS (ProCaRS-5) system groups patients into five 
risk categories according to the GUROC system: low (T1‒
T2a and PSA ≤10 ng/mL and Gleason ≤6); low-intermediate 
(T1‒T2 and PSA ≤20 ng/ml and PSA ≤10 ng/mL or [PSA 
>10 ng/mL and T1‒T2a or Gleason ≤6]); high-intermediate 
(T1‒T2 and PSA ≤20 ng/mL and [PSA >10 ng/mL and T2b/c or 
Gleason 7]); high (T3‒T4 or [PSA >20 ng/mL and PSA <30 ng/
mL or Gleason 8‒10] and positive core percentage <87.5%); 
and very high ([T3‒T4 or Gleason 8‒10 or PSA >20 ng/mL] 
and [PSA ≥30 ng/mL or positive core percentage ≥87.5%]).11

The NCCN risk stratification system groups patients into 
fve risk categories: very low (T1c and Gleason ≤6 and PSA 
<10 ng/mL and <3 positive core biopsies); low (T1‒T2a and
Gleason ≤6 and PSA <10 ng/mL); intermediate (T2b‒T2c 
or Gleason 7 or PSA=10‒20 ng/mL); high (T3a or Gleason 
8‒10 or PSA >20 ng/mL); and very high (T3b‒T4 or Gleason 
primary pattern 5).3
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Statistical analysis

Descriptive statistics were generated for baseline patient, 
tumour, and treatment characteristics for all patients and 
compared between databases (ProCaRS [n=7974], CHUM 
[n=2266]) using the Chi-square test, Fisher’s exact test, two-
sample T-test or Wilcoxon rank sum test, as appropriate. 
Univariable Cox proportional hazards regression was per-
formed for BFFS for each risk-stratification variable, sepa-
rately by database. Kaplan-Meier estimates of BFFS were 
generated for each risk-stratification variable for the CHUM 
database only, and compared using the Log-rank test. 

The concordance index (C-index) was calculated and 
reported from Cox proportional hazards regression for BFFS 
using 10-fold cross-validation for all possible risk-stratification 
variables, as described previously (CAPRA score, CAPRA-5, 
CAPRA-3, ProCaRS, GUROC, and NCCN).17 Decision curve 
analysis (DCA) was performed, measured at five years follow-
ing initiation of radiotherapy for BFFS. CAPRA score, CAPRA-
5, CAPRA-3, ProCaRS, GUROC, and NCCN were compared 
to the scenarios of all patients having no recurrence (“none”) 
and all patients having recurrence (“all”).18

External validation of the previously published ProCaRS 
nomograms to predict five-year BFFS (as defined previously) 
for LDR-brachytherapy only and EBRT only was performed 
using the CHUM database.4 This was performed using cali-
bration plots of nomogram-predicted probability compared to 
corresponding Kaplan-Meier five-year BFFS estimates, respec-
tively, and restricted to patients with a minimum of six months 
of followup, as reported previously.4 All statistical analysis was 
performed using SAS version 9.4 software (SAS institute, Cary, 
NC, U.S.) and the R language environment for statistical com-
puting version 3.3.0 (open source, www.r-project.org), using 
two-sided statistical testing at the 0.05 significance level. 

Results

Baseline patient characteristics of both databases are 
shown in Table 1. Biochemical failure was observed in 134 
patients (6%) and death in 102 patients (5%) with a corre-
sponding five-year BFFS of 92.9% for the CHUM database 
(Supplementary Table 1; available at www.cuaj.ca). Clinical 
outcomes and patient characteristics for the ProCaRS data-
base have been described in detail previously.11,19 Median 
followup was 3.67 years for the CHUM database compared 
to 6.57 years in the ProCaRS database (p<0.001). 

Comparison of different risk-stratification tools

The C-indices demonstrated a narrow range of improvement 
across the systems, with minimal clinically significant differ-
ences observed, particularly for the ProCaRS database (Table 
2). This resulted in a maximum difference of 0.023 (range 

0.700‒0.723) for the ProCaRS database and 0.088 (range 
0.568‒0.656) for the CHUM database. However, C-index 
identified CAPRA score and ProCaRS as superior to the his-
torical GUROC and NCCN risk-stratification systems for both 
databases. CAPRA-5 and CAPRA-3 were found to be supe-
rior to GUROC and NCCN for the CHUM database only. 
C-indices for CAPRA score, ProCaRS, GUROC, and NCCN 
were 0.723 (95% confidence interval [CI] 0.701‒0.745), 
0.723 (95% CI 0.707, 0.739), 0.707 (95% CI 0.691‒0.723), 
and 0.716 (95% CI 0.698‒0.734) for the ProCaRS data-
base and 0.656 (95% CI 0.599‒0.713), 0.632 (95% CI 
0.579‒0.685), 0.568 (95% CI 0.517‒0.619), and 0.600 
(95% CI 0.547‒0.653) for the CHUM database, respec-
tively. DCA plots are shown in Fig. 1. Similarly, most of 
the risk-stratification systems demonstrated comparable net 
benefit to threshold probability profiles, with minimal clini-
cally significant differences. For both databases, the CAPRA 
systems showed either equivalent or modest improvements 
in net benefit overall (as shown in grey). 

Additionally, each of the examined risk-stratification sys-
tems was found to be an overall significant predictor of BFFS 
for both databases (all p<0.001). For example, the CAPRA 
score (per one unit increase) was associated with a hazard 
ratio (HR) for BFFS of 1.39 (p<0.001) and 1.24 (p<0.001) for 
the ProCaRS and CHUM databases, respectively. Comparing 
CAPRA-3 intermediate- and high-risk to low-risk resulted in 
HRs of 3.27 (p<0.001) and 7.60 (p<0.001) for the ProCaRS 
database and 2.07 (p=0.001) and 3.74 (p<0.001) for the 
CHUM database, respectively. Compared to ProCaRS low-
risk, this resulted in HRs of 2.22 (p<0.001), 5.61 (p<0.001), 
5.95 (p< 0.001), and 10.87 (p<0.001) for the ProCaRS data-
base for each respective ProCaRS risk category vs. HRs of 
2.13 (p<0.001), 2.83 (p<0.001), 1.90 (p=0.050), and 3.77 
(p<0.001) for the CHUM database.

Validation of the ProCaRS nomograms 

The calibration plots of the ProCaRS nomograms predic-
tive of five-year BFFS for LDR-brachytherapy and EBRT are 
shown in Fig. 2 (nomograms reproduced in Supplementary 
Fig. 1 with permission; available at www.cuaj.ca). External 
validation of the ProCaRS nomograms yielded favourable 
calibrations of R2=0.778 (LDR-brachytherapy) and R2=0.868 
(EBRT). Given the consistent underestimation of survival for 
both nomograms, more validation is required to further cali-
brate the nomograms.

Discussion 

The importance of key clinical factors as prognostic tools is 
well known and has formed the basis of several commonly 
used prostate cancer risk-stratification models. As such, this 
study sought to compare predictive models that have been 
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available for several years with recently developed tools in a 
combined cohort of over 10 000 patients treated with primary 
radiotherapy or brachytherapy. 

First, we compared the different clinical predictive tools 
in the ProCaRS and CHUM databases. We found that the 
CAPRA score and ProCaRS were superior to the GUROC and 
NCCN risk-assessment models for predicting BFFS in both 
cohorts. However, many of these comparisons did not yield 
a clinically meaningful difference, with maximum concor-
dance index differences of 0.023 and 0.088 for the ProCaRS 
and CHUM databases, respectively. This finding was also 

consistent with the degree of similarity observed between 
the various systems using DCA. As such, it is reasonable to 
conclude that all of the models tested differ little in their abil-
ity to stratify patients with prostate cancer. Thus, in order to 
warrant a more complex and possibly more time-consuming 
risk-stratification tool, a clinically meaningful improvement in 
predictability must be demonstrated. Given our results, it is 
probably more important to use a system that is user-friendly 
and easy to calculate in clinical practice.

Although our results demonstrate that clinical scoring sys-
tems perform reasonably well in predicting BFFS, further 

Table 1. Baseline tumour, patient, and treatment characteristics for all patients stratified by database 

Characteristic n
ProCaRS database 

(n=7974)
n

CHUM database 
(n=2266)

p

Age, mean ± SD, 
median (min, max)

7970 66.5 ± 7.4
67.0 (34.0, 88.0)

2241 67.0 ± 6.7
68.0 (44.0, 87.0)

0.002

Baseline PSA (ng/mL), 
median (min, max)

7844
6.8 (0.1, 250.0)

2252
6.4 (0.2, 145.0)

<0.001

T stage, n (%)
T1
T2
T3
T4

7860 3553 (45.2)
3613 (46.0)
644 (8.2)
50 (0.6)

2238 1413 (63.1)
724 (32.4)
100 (4.5)
1 (0.04)

<0.001

Gleason score, n (%)
2–5
6
7
8–10

7839 885 (11.3)
4267 (54.4)
2301 (29.4)
386 (4.9)

2223 24 (1.1)
1030 (46.3)
1021 (45.9)
148 (6.7)

<0.001

Positive cores %, mean ± SD,
median (min, max)

4475 40.2 ± 24.6
33.3 (0.0, 100.0)

2218 42.8 ± 23.7
37.5 (0.0, 100.0)

<0.001

Positive cores ≥50%, n (%) 4475 1686 (37.7) 2218 961 (43.3) <0.001

Positive cores <34%, n (%) 4475 2403 (53.7) 2218 1079 (48.7) <0.001

Radiotherapy treatment year,median (min, max) 7973 2003 (1994, 2010) 2237 2010 (1998, 2015) <0.001

Radiotherapy treatment year, n (%)
1994–1999
2000–2002
2003–2005
2006–2010
2011–2015

7973 1953 (24.5)
1973 (24.8)
2238 (28.1)
1809 (22.7)

--

2237 1 (0.04)
54 (2.4)
181 (8.1)
951 (42.5)
1050 (46.9)

–

Radiotherapy type, n (%) 
LDR–brachytherapy only
EBRT only 
HDR–brachytherapy + EBRT
LDR–brachytherapy + EBRT
HDR–brachytherapy only 

7974 4508 (56.5)
2677 (33.6)
711 (8.9)
52 (0.7)
26 (0.3)

2266 1055 (46.6)
967 (42.7)
168 (7.4)
76 (3.4)

–

<0.001

EBRT: Dose (Gy), mean ± SD,  
median (min, max)

3439 63.3 ± 11.8
66.0 (19.0, 79.8)

984 68.5 ± 12.6
73.5 (36.0, 80.0)

<0.001

EBRT: Dose per fraction (Gy), mean ± SD,  
median (min, max)

2838 2.1 ± 0.3
2.0 (1.8, 3.0)

692 2.4 ± 1.0
2.0 (1.8, 7.4)

<0.001

EBRT: Biologic equivalent dose1 (Gy), mean ± SD, 
median (min, max)

2838 137.5 ± 13.6
136.0 (37.1, 165.0)

692 139.2 ± 24.2
150.0 (80.0, 173.9)

<0.001

ADT, n (%) 7974 2999 (37.6) 2266 310 (13.7) <0.001

ADT (months), mean ± SD,  
median (min, max)

2660 10.5 ± 14.4
6.0 (0.1, 143.7)

289 17.0 ± 12.7
18.0 (3.0, 36.0)

<0.001

Death, n (%) 7974 1230 (15.4) 2266 102 (4.5) <0.001

ASTRO II Phoenix biochemical failure, n (%) 7550 1254 (16.6) 2266 134 (5.9) <0.001
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improvement in risk-stratification is possible. In order to 
increase our ability to discriminate patients and ultimately 
better tailor our treatments, we will likely need to comple-
ment clinical information with other potential prognostic 
factors, such as genomic biomarkers and/or radiological 
information. Currently, there exist several commercially 
available genomic biomarker tests for prostate cancer that 
are performed on biopsy or radical prostatectomy speci-
mens.20-22 These are presently being validated in retrospec-
tive cohorts using various endpoints. Analogous to tests such 
as the Oncotype DX® Breast Cancer Assay,23 which can help 
define the benefit of chemotherapy and has been integrated 
into clinical practice, these new prostate cancer assays may 
help answer pertinent clinical questions. For instance, these 
tools might aid clinicians to decide between active surveil-
lance and immediate treatment, adjuvant radiotherapy vs. 
observation, and radiation with or without hormones or hor-
mones alone as salvage therapy upon PSA rise.24 The combi-
nation of a clinical score (CAPRA-S) with a genomic assay25

to predict for metastasis after prostatectomy26 have been 
recently studied. In the study by Cooperberg et al, patients 
with elevated scores on both CAPRA-S and a genomic assay 

were at very high risk of prostate cancer-specific mortal-
ity and should be considered for more aggressive thera-
pies.25 However, the genomic assay was found to re-classify 
a significant number of patients classified as high-risk to 
intermediate-risk using CAPRA-S. Many of these patients 
subsequently experienced a biochemical failure. Finally, 

Table 1 (cont’d). Baseline tumour, patient, and treatment characteristics for all patients stratified by database

Characteristic n
ProCaRS database 

(n=7974)
n

CHUM database 
(n=2266)

p

CAPRA score, mean ± SD,  
median (min, max)

4394 3.1 ± 1.9
3 (0, 10)

2212 3.3 ± 1.8
3 (1, 10)

<0.001

CAPRA-5, n (%)
Low (0–2)
Low-intermediate (3)
High-intermediate (4–5)
High (6–7)
Very high (8–10)

4394 2050 (46.7)
1509 (34.3)
341 (7.8)
369 (8.4)
125 (2.8)

2212 881 (39.8)
850 (38.4)
194 (8.8)
224 (10.1)
63 (2.9)

<0.001

CAPRA-3, n (%)
Low (0–2)
Intermediate (3–5)
High (6–10)

4394 2050 (46.7)
1850 (42.1)
494 (11.2)

2212 881 (39.8)
1044 (47.2)
287 (13.0)

<0.001

ProCaRS, n (%)
Low
Low-intermediate
High-intermediate
High
Very high

7781 3928 (50.5)
2255 (29.0)
501 (6.4)
759 (9.8)
338 (4.3)

2220

879 (39.6)
926 (41.7)
157 (7.1)
165 (7.4)
93 (4.2)

<0.001

GUROC, n (%)
Low
Intermediate
High

7913 3928 (49.6)
2883 (36.4)
1102 (13.9)

2257 879 (39.0)
1120 (49.6)
258 (11.4)

<0.001

NCCN, n (%)
Very low

Low
Intermediate
High
Very high

7913 877 (11.1)
2742 (34.7)
3191 (40.3)
758 (9.6)
345 (4.4)

2257 291 (12.9)
556 (24.6)
1151 (51.0)
245 (10.9)
14 (0.6)

<0.001

Median followup (years)2, median (95% CI) 7974 6.57 (6.42, 6.71) 2266 3.67 (3.33, 4.00) <0.001
1Calculated using an α/β of 2; 2reverse Kaplan-Meier Method; p values <0.05 are statistically significant. ADT: androgen-deprivation therapy; CAPRA: Cancer of the Prostate Risk Assessment; 
CI: confidence interval; EBRT: external beam radiotherapy; GUROC: Genitourinary Radiation Oncologists of Canada; HDR: high-dose rate; LDR:low-dose rate; NCCN: National Comprehensive 
Cancer Network; ProCaRS: Prostate Cancer Risk Stratification; PSA: prostate-specific antigen; SD: standard deviation. 

Table 2.  Summary of concordance indices reported from 
Cox proportional hazards regression using 10-fold cross 
validation for biochemical failure-free survival for risk 
stratification variables separately by database 

Variable
ProCaRS database

(n=7974)
CHUM database

(n=2266)

C-Index 95% CI C-Index 95% CI
CAPRA 0.723 (0.701, 0.745) 0.656 (0.599, 0.713)

CAPRA-5 0.713 (0.691, 0.735) 0.636 (0.583, 0.689)

CAPRA-3 0.700 (0.678, 0.722) 0.635 (0.584, 0.686)

ProCaRS 0.723 (0.707, 0.739) 0.632 (0.579, 0.685)

GUROC 0.707 (0.691, 0.723) 0.568 (0.517, 0.619)

NCCN 0.716 (0.698, 0.734) 0.600 (0.547, 0.653)
CAPRA: Cancer of the Prostate Risk Assessment; CI: confidence interval; C-Index: 
concordance index; ProCaRS: Prostate Cancer Risk Stratification; GUROC: Genitourinary 
Radiation Oncologists of Canada; NCCN: National Comprehensive Cancer Network.
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genomic markers might also be used in prospective clinical 
trials as inclusion/exclusion factors that enhance compara-
tive cohorts for the desired endpoints. Future investigations 
will explore the development of hybrid risk-assessment tools 
to integrate existing prognostic factors currently in use with 
novel genomic markers.

This study also validated the ProCaRS five-year BFFS nomo-
grams for LDR-brachytherapy and EBRT in an independent 
cohort. However, both nomograms consistently produced 
an underestimation of the true five-year BFFS values. This 

finding may be partially attributed to 
the limited number of patients with 
observed BFFS <90%, but is more 
likely due to the observed shorter 
followup in the CHUM database 
(p<0.001) in combination with the 
detection of fewer biochemical fail-
ures. Thus, it is possible that with 
additional followup and detection 
of previously unidentified biochemi-
cal failures, more favourable results 
would be observed. Further valida-
tion and adjustment of the nomo-
grams may be required to account 
for variation in length of followup 
in future studies.

We believe these nomograms 
are clinically useful tools that can 
give clinicians prognostic informa-
tion, which may be used in help-
ing patients select the most appro-
priate treatment. For instance, the 
LDR-brachytherapy nomogram 
may help identify which patients 
will benefit most from exclusive 
LDR-brachytherapy. However, 
institution-specific adjustments may 

be needed, in part due to shorter followup in the CHUM 
database as compared to the ProCaRS database. 

This study was limited by its retrospective nature and 
heterogeneity in data-collection between institutions. 
Given the range in treatment years for both databases, 
changes in data collection techniques may have occurred 
during this period. In addition to the type of radiothera-
py offered (e.g. LDR-brachytherapy vs. EBRT), EBRT was 
offered under a range of conditions, including in combina-
tion with HDR-brachytherapy, conventional fractionation, 

and dose-escalation. Although 
some previous work had focused 
on these groups individually, the 
present study reports on the entire 
cohort to preserve maximum statis-
tical power. Androgen-deprivation 
therapy was examined and incor-
porated into the development the 
ProCaRS nomograms,4 as validated 
in the current study, but was not 
adjusted for in the comparison of 
existing risk-stratification tools. As 
previously mentioned, the shorter 
followup of the CHUM database 
may have introduced a bias in the 
nomogram validation portion, but 
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Fig. 1. Decision curve analysis plots measured at five years following radiotherapy for (A) biochemical-failure-
free survival (binary); (B) overall survival (binary); (C) biochemical failure-free survival (time-to-event); and (D) 
overall survival (time-to-event), comparing CAPRA Score, CAPRA-5, CAPRA-3, ProCaRS, and GUROC to the 
“treat all” condition for the CHUM database (n=2266). CAPRA: Cancer of the Prostate Risk Assessment; GUROC: 
Genitourinary Radiation Oncologists of Canada; NCCN: National Comprehensive Cancer Network;  ProCaRS: 
Prostate Cancer Risk Stratification. 

Fig. 2. ProCaRS nomogram calibration plots predicting five-year ASTRO II Phoenix biochemical failure-free 
survival for (A) LDR-brachytherapy only; and (B) EBRT only (with and without linear probability adjustment) for the 
CHUM database (n=2266). BFFS: biochemical failure-free survival; EBRT: external beam radiotherapy; LDR: low-
dose rate; ProCaRS: Prostate Cancer Risk Stratification.
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also precluded analysis of BFFS at later time points (e.g. 
>5 years) and other survival outcomes. Finally for concor-
dance index comparisons, no consensus exists for what 
designates a clinically meaningful difference, although dif-
ferences <0.10 are generally thought to be minimal (as was 
observed in the current study).

Conclusion

A direct comparison between existing risk-stratification tools, 
using a variety of statistical techniques, demonstrated mini-
mal clinically significant differences in discriminative ability 
between the systems, favouring the CAPRA and ProCaRS 
systems. This study also externally validated two ProCaRS 
nomograms for BFFS that may help clinicians in treatment 
selection. The incorporation of novel prognostic variables, 
such as genomic markers, is needed in order to usher in a 
new era of risk-stratification for prostate cancer. 
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