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Abstract

Background: Men with prostate cancer (PCa) on active surveillance (AS) are followed
through regular prostate biopsies, a burdensome and often unnecessary intervention,
not without risks. Identifying menwith at a low risk of disease reclassification may help
reduce the number of biopsies.
Objective: To assess the external validity of two Canary Prostate Active Surveillance
Study Risk Calculators (PASS-RCs), which estimate the probability of reclassification
(Gleason grade �7 with or without >34% of biopsy cores positive for PCa) on a
surveillance biopsy, using a mix of months since last biopsy, age, body mass index,
prostate-specific antigen, prostate volume, number of prior negative biopsies, and
percentage (or ratio) of positive cores on last biopsy.
Design, setting, and participants: We used data up to November 2017 from the Move-
mber Foundation’s Global Action Plan (GAP3) consortium, a global collaboration be-
tween AS studies.
Outcome measurements and statistical analysis: External validity of the PASS-RCs for
estimating reclassification on biopsy was assessed by calibration, discrimination, and
decision curve analyses.
Results and limitations: Five validation cohorts (Prostate Cancer Research International:
Active Surveillance, Johns Hopkins, Toronto, Memorial Sloan Kettering Cancer Center, and
Universityof California San Francisco), comprising5105menonAS,wereeligible foranalysis.
The individual cohorts comprised 429–2416men, with amedian follow-up between 36 and
84mo, in both community and academic practices mainly fromwestern countries. Abilities
of the PASS-RCs to discriminate between men with and without reclassification on biopsy
were reasonablygood (areaunder the receiveroperating characteristic curvevalues0.68and
0.65). ThePASS-RCsweremoderatelywell calibrated, andhadagreaternetbenefit thanmost
default strategies between a predicted 10% and 30% risk of reclassification.

1 See Appendix for Members of The Movember Foundation's Global Action Plan Prostate Cancer
Active Surveillance (GAP3) consortium.
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1. Introduction

As many as two-thirds of men with newly diagnosed
prostate cancer are considered to have a low risk of
progression [1]. For these men, active surveillance (AS) is
increasingly recognised as a favourable alternative to
immediate, radical therapy [2]. Although AS can safely
reduce the harmful overtreatment of low-risk disease, it
still entails relatively frequent surveillance prostate
biopsies that are costly, potentially unnecessary, and
harmful [3].

There is wide variability in how AS has been imple-
mented. Surveillance biopsies can be scheduled annually,
every 2–4 yr, or can be triggered after an indirect sign of
disease progression (eg, by prostate-specific antigen [PSA]
kinetics) [4]. However, the outcomes of up to 64–90% of
biopsy procedures do not lead to a change in treatment
strategy [3,5]. In addition, every prostate biopsy is consid-
ered bothersome and is associated with a 0.5–6.9% risk of
serious complications [6]. In clinical practice, this may lead
to a considerable decrease in compliance for scheduled
biopsies [7,8], especially after a previous biopsy complica-
tion [9]. Remarkably, after an indirect sign of disease
progression based on PSA kinetics, when a surveillance
biopsy is potentially most important, the biopsy rate is
<30% [7]. These observations indicate the need to develop
more accurate and personalised monitoring methods that
safely result in fewer unnecessary biopsies, rather than the
“one size fits all” or the “single” trigger-dependent
strategies that are currently used.

To aid in personalised monitoring, the Canary Prostate
Active Surveillance Study Risk Calculator (PASS-RC) [10]was
developed in 2015 and recently updated [11]. The PASS-RCs
estimate the risk of two definitions of disease progression at
surveillance biopsy, based on different sets of interacting
and readily available parameters. They are made available
online (at the Canary PASSwebsite) as tools that can be used
to guide decision-making regarding the performance of a
surveillance biopsy.

Before any risk calculator is broadly implemented in
clinical practice, external validation is needed. Since 2016,
many of the world’s largest AS cohort databases have been
integrated through the Movember Foundation’s Global
Action Plan (GAP3) AS project [12]. The objective of this
study was to externally validate the PASS-RCs using data
from this GAP3 consortium. We focused on the original

PASS-RC because the required set of parameters was
available in all our validation cohorts and reported the
results of the new PASS-RC in a subset of cohorts in the
Supplementary material.

2. Patients and methods

2.0.1. Study population

Weselected five AS cohorts fromGAP3 based on the number
of events (>100 reclassifications on biopsy) and applicabil-
ity to ensure reliable validation results. Similar to the
development cohort [10], the patient inclusion criteriawere
as follows: Gleason �6 localised cT1–2 prostate cancer,
initial PSA<20ng/ml, <34% of the biopsy cores positive for
cancer, and one or more postdiagnostic biopsies. Patients
from the PASS cohorts who are also included in GAP3 were
excluded. Biopsy results were excluded when data were
incomplete, when no PSA within 12 mo prior to the biopsy
procedure was measured, and when PSA appeared to be
spuriously high (>20ng/ml with lower values before and
after). All other biopsy results were taken into account,
irrespective of the biopsy method (ie, systematic biopsy or
possibly taken magnetic resonance imaging [MRI]-guided
biopsy) as the difference was not recorded. Table 1 shows
the variety of follow-up protocols of the development
cohorts and the five validation cohorts [5,13–21]. All cohorts
and all biopsy procedures attributed to the assessment of
the performance of the original PASS-RC. The Toronto
cohort, however, could not be used in the validation of the
new PASS-RC because data on prostate volume were not
available. Furthermore, the performance of the new PASS-
RC could be assessed only for confirmatory biopsy
procedures because data on prostate volume at subsequent
surveillance biopsies were not available.

2.0.2. Risk factors and outcomes

The PASS-RCs are logistic regression models. The original
PASS-RC is based on age at biopsy, months since last biopsy,
last PSA value, one or more prior negative biopsies, and the
percentage of positive cores on the last biopsy [10]. Its target
condition, disease reclassification, was defined as a Gleason
score upgrade from�6 to�7 or an increase in percentage of
biopsy cores positive for cancer from <34% to �34%. The
new PASS-RC is based on age at biopsy, body mass index

Conclusions: Both PASS-RCs improved the balance between detecting reclassification
and performing surveillance biopsies by reducing unnecessary biopsies. Recalibration to
the local setting will increase their clinical usefulness and is therefore required before
implementation.
Patient summary: Unnecessary prostate biopsies while on active surveillance (AS)
should be avoided as much as possible. The ability of two calculators to selectively
identify men at risk of progression was tested in a large cohort of men with low-risk
prostate cancer on AS. The calculatorswere able to prevent unnecessary biopsies in some
men. Usefulness of the calculators can be increased by adjusting them to the character-
istics of the population of the clinic in which the calculators will be used.
© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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(BMI), positive core ratio >0.2, two or more prior negative
biopsies, log (prostate volume), and log (PSA) [11]. We used
the published odds ratios and the newPASS-RC to derive the
model intercept (Canary PASS website accessed: 25 January
2019). Its target condition was defined as a Gleason score
upgrade from �6 to�7, without any cancer volume criteria.

2.0.3. Calibration and discrimination

Calibration and discrimination of the PASS-RCs were assessed
foreachvalidationcohort separately. Calibrationaddresses the
agreement between the predicted probabilities and observed

outcomes, that is, the reliability of the estimated risks.
Calibration was quantified by the calibration in the large
(calibration-i.t.l.) and the calibration slope, and assessed
graphically [22]. The calibration-i.t.l. indicates whether the
predicted probabilities are systematically too low or too high,
and should ideally be zero. The calibration slope indicates
whether the average effects of thepredictors used in thePASS-
RCareonaverage tooweakor too strong, and should ideally be
1. The discriminative ability, between men with and without
reclassification on biopsy, was quantified by calculating the
area under the receiver operating characteristic curve (AUC).
The degree of variety in patient characteristics (case-mix

Table 1 – Follow-up protocols of the cohorts

Cohorta PSA (mo) Confirmatory
biopsy (mo)

Repeat biopsies
(yr from previous)

Triggers for biopsy

Development cohort Canary-PASS 3 0–12 2 –

Validation cohorts Johns Hopkins 6 <12 1 –

MSKCC 6 3 First 1–1.5, then 2–3 DRE change or sustained
PSA increase

PRIAS 3 (for 2 yr), then 6 �12 3 PSA-DT 3–10 yr
Toronto 3 (for 2 yr), then 6 �12 3–4 PSA-DT <3yrb

UCSF 3 <12 1–2 –

Canary-PASS=Canary Prostate Active Surveillance Study; DRE=digital rectal examination; MSKCC=Memorial Sloan Kettering Cancer Center; PRIAS = Prostate
cancer Research International: Active Surveillance; PSA=prostate-specific antigen; PSA-DT=PSA doubling time; UCSF =University of California San Francisco.
a The role of magnetic resonance imaging (and biomarkers) during the study period in these cohorts was not specified.
b As of 2009.

[(Fig._1)TD$FIG]

Fig. 1 – Calibration plots of the original PASS-RCa. MSKCC=Memorial Sloan Kettering Cancer Center; PASS-RC=Prostate Active Surveillance Study Risk
Calculator; PRIAS =Prostate Cancer Research International: Active Surveillance; UCSF=University of California San Francisco.a Calibration plots
depicting the agreement between the predicted probabilities calculated by the original PASS-RC and the observed outcomes in the five validation
cohorts.
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heterogeneity) influences the ability to distinguish a subgroup
on the basis of these characteristics. Case-mix heterogeneity
was therefore quantified using the standard deviation of the
linear predictor of the prediction models [23].

2.0.4. Clinical usefulness

Clinical usefulness was assessed using decision curve
analysis [24]. We assessed the ability of the PASS-RCs to
make better selection of men who need a biopsy compared
with the default strategies of the validation cohorts as
described in Table 1. “Net” benefits were estimated by
summing the benefits (detecting reclassification) and
subtracting the harms (performing unnecessary biopsies),
weighted bya factor related to howmanymen a physician is
willing to biopsy in order to find one reclassification. For
example, if a physician (in a shared decision with the
patient) is willing to biopsy 10 men to detect one man with
reclassification, it implies that the harm of missing a
reclassification is considered nine times greater than that of
performing an unnecessary biopsy (in 10 men undergoing
biopsy, one reclassification detected equates to nine
unnecessary biopsies for each detected reclassification).
In this case, the weighing factor would be 0.11 (1/9),
indicating the so-called “risk threshold” at or above which a
biopsy would be performed. However, as such a risk
threshold is subjective to the preferences of physicians and
patients, a range of risk thresholds needs to be investigated.
The net benefit was plotted for each validation cohort
against a range of clinically relevant risk thresholds. At the
risk thresholds where the PASS-RCs have a higher net
benefit than the default strategy and the strategy of not

performing any biopsies, the PASS-RCs are considered
clinically useful. In addition, we quantified the net benefit
by calculating the “net” number of reduced biopsies when
using the PASS-RCs. The net number of reduced biopsies
considers that a negative biopsy predicted by the PASS-RCs
can be a true or a false negative, and adjusts for the false
negatives. Therefore, the net number of reduced biopsies is
equivalent to the number of biopsies that would be reduced
without missing a reclassification.

All statistical analyses were performed using R version
3.3.0 (R Foundation for Statistical Computing, Vienna,
Austria) using data from the start of the cohort studies
up to November 2017. Missing values for BMI and prostate
volume were imputed using the mice package.

3. Results

3.0.1. Study population

The five validation cohorts comprised a total of 5105 men
eligible for analyses, with considerable differences in
characteristics (Table 2). Twelve, 48, and 162 men were
excluded because of a spuriously high PSA value, because of
no PSA within 1yr of biopsy, and because they were also
included in the PASS development cohorts, respectively.
Compared with the development cohorts, the age at
diagnosis in the Toronto, Johns Hopkins, and Prostate
Cancer Research International: Active Surveillance (PRIAS)
patients was higher (62 vs 65, 66, and 66yr, respectively).
PSA values of the patients from the Johns Hopkins and
Memorial Sloan Kettering Cancer Center (MSKCC) cohorts
were lower (5.5 vs 4.8 and 4.6 ng/ml, respectively). There

Table 2 – Cohort characteristics

Cohorts Development cohorts Validation cohorts

Original PASS-RC New PASS-RC Toronto Johns Hopkins PRIASa UCSF MSKCC

No. of patients 859 558 429 651 2416 864 745
Age at diagnosis (yr), median (IQR) 62 NS 65 (60–70) 66 (62–69) 66 (61–71) 62 (57–67) 63 (57–68)
Body mass index (kg/m2), median (IQR) NS NS NS 26 (25–29) 26 (24–28) 27 (25–30) 27 (25–31)
PSAb (ng/ml), median (IQR) 5.5 (3.0)c NS 5.4 (3.8–7.2) 4.8 (3.6–6.2) 5.5 (4.1–7.3) 5.4 (4.2–7.3) 4.6 (3.4–6.2)
Prostate volume (cm3), median (IQR) NS 41 (28–54) NS 45 (36–60) 38 (28–52) 45 (35–59) 48 (37–63)
Follow-up (mo), median (IQR) 36 (3–149)d NS 84 (54–105) 48 (26–75) 36 (22–54) 50 (30–85) 62 (47–82
No. of surveillance biopsies per patient (%)
Confirmatory biopsy 859 (100) 319 (57) 429 (100) 651 (100) 2416 (100) 864 (100) 745 (100)
One subsequent biopsy 458 (53) 246 (44) 117 (27) 368 (57) 759 (31) 423 (49) 459 (62)
Two or more subsequent biopsies 211 (25) 108 (19) 15 (3) 244 (37) 236 (10) 204 (24) 204 (27)
CR for diagnostic biopsyb, median (IQR) NS 0.08 (0.08) NS 0.08 (0.08) 0.10 (0.08) 0.10 (0.10) 0.08 (0.08)
Total reclassified patients (GS �7 or �34%
positive cores)

41% 41%e 33% 21% 24% 48% 29%

Mean reclassified patients per biopsy round 21% 18% 25% 9% 17% 25% 14%
Owing to GS �7 75% 100% 74% 82% 73% 78% 87%
Owing to �34% positive cores 36% 0% 59% 35% 48% 44% 36%

CR= core ratio; GS =Gleason score; IQR= interquartile range; MSKCC=Memorial Sloan Kettering Cancer Center; NS =not specified; PASS-RC= Prostate Active
Surveillance Study Risk Calculator; PRIAS = Prostate Cancer Research International: Active Surveillance; PSA=prostate-specific antigen; UCSF=University of
California San Francisco.
a PRIAS comprised 148 academic or community practices from 18 countries.
b CR is defined as the number of biopsy cores containing cancer divided by the total number of biopsy cores in the diagnostic biopsy.
c Mean (SD).
d Median (range).
e Of the 319 patients who underwent a confirmatory biopsy.
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were less reclassified patients in the Johns Hopkins and
PRIAS cohorts (41% vs 21% and 24%, respectively), and the
duration of follow-up differed substantially in almost all
cohorts. Johns Hopkins andMSKCC cohorts had lower mean
reclassification rates per biopsy round (9% and 14%,
respectively) than both development cohorts (21% and
18%). Detailed cohort characteristics per biopsy round are
presented in Supplementary material (mmc2).

3.0.2. Calibration and discrimination

The original PASS-RC showed reasonable calibration inmost
cohorts Fig.1. However, the risk of reclassification on biopsy
was overestimated in the Johns Hopkins cohort and
underestimated in the University of California San Francisco
(UCSF) cohort (calibration-i.t.l. –0.51 and 0.51, respectively;
Fig. 2). The effects of the predictors were too weak in the
Johns Hopkins cohort (calibration slope 1.72). The average
AUC of the PASS-RC was 0.68 (95% confidence interval [CI]
0.64–0.72), varying between 0.63 and 0.75 (Fig. 2).

The new PASS-RC overestimated the risk of reclassifica-
tion at confirmatory biopsy in most cohorts (pooled
calibration-i.t.l. –0.27 [95% CI –0.57 to 0.03]; Supplementary
Fig. 1 and 2). Calibration slopes of all cohorts were well
below 1, indicating too strong predictor effects. The average
AUC of the new PASS-RC was 0.65 (95% CI 0.61–0.68),
varying between 0.62 and 0.69.

Supplementary Fig. 3 (mmcX) shows that the degree of
variety in patient characteristics may partially have
influenced the discriminative ability of the PASS-RCs.

3.0.3. Clinical usefulness

The decision curves (Fig. 3) show a higher net benefit in all
cohorts when using the original PASS-RC for a varying risk-
threshold range of reclassification between 10% and 30%,
compared with the default strategy for selecting men who
need a biopsy (“all”) and the strategy of not performing any
biopsies (“none”). Despite a varying net benefit within a
varying risk-threshold range, it seems that the original

PASS-RC is clinically useful and its use would lead to more
efficient detection of reclassification in most cohorts.

In the assessment of the new PASS-RC (mmcX in the
Supplementary materials), the decision curves show that
the new PASS-RC might also be clinically useful in some
cohorts. However, the net benefit and the risk-threshold
range in which the net benefit was higher seemed limited.
Despite that, the use of the new PASS-RCmight lead tomore
efficient detection of reclassification in some cohorts.

The number of biopsies that can be avoided without
missing an extra reclassification by using the PASS-RCs
instead of the default strategies is presented per risk
threshold (for the original PASS-RC in Table 3 and for the
newPASS-RC in Supplementary Table 2 (mmcX)).With both
PASS-RCs, the reduction of avoidable biopsieswas highest in
the Johns Hopkins cohort and lowest in the UCSF cohort. It
should be noted that these numbers are the net numbers,
calculated from the absolute numbers of missed reclassi-
fications and saved biopsies, while accounting for how
many men a physician is willing to biopsy in order to find
one reclassification (the risk threshold). Hence, although
the use of the PASS-RCs implies missing a few reclassifica-
tions, the balance between missed reclassifications and
unnecessary biopsies seems more favourable as compared
with the default strategy at any risk threshold between 10%
and 30% in most cohorts. For example, at a risk threshold of
15%, the numbers of net reduced biopsies per 100 biopsies
ranged between cohorts from3 to 47with the original PASS-
RC and from 12 to 33 with the new PASS-RC.

4. Discussion

In order to reducepotentially unnecessary, costly, andharmful
prostate biopsies during AS, the PASS-RCs were developed to
guide prostate biopsy decision-making. In this study, we
assessed the usefulness and external validity of the PASS-RCs
for predicting reclassification on biopsy in five large AS
cohorts from the Movember Foundation’s GAP3 consortium.

The original PASS-RC was validated in all available
biopsies and in all cohorts. The new PASS-RC used different

[(Fig._2)TD$FIG]

Fig. 2 – Calibration metrics and area under the curve of the original PASS-RCa. Calibration-i.t.l. = calibration in the large; c-statistic = area under the
curve; MSKCC=Memorial Sloan Kettering Cancer Center; PASS-RC=Prostate Active Surveillance Study Risk Calculator; PRIAS =Prostate cancer Research
International: Active Surveillance; RE= random effect; UCSF=University of California San Francisco.a Diamonds and brackets indicate the pooled
summary estimate 95% confidence intervals; horizontal lines and brackets indicate individual cohort 95% confidence intervals.
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parameters, whichwere not always available in the cohorts,
and could therefore be validated only in confirmatory
biopsies and not in the Toronto cohort. Regardless of these
differences, both PASS-RCs seemed clinically useful.

The PASS-RCs estimated probabilities of reclassification
on biopsy, which were in reasonable agreement with the
true outcomes in most of the cohorts. However, there were
substantial over- and underestimations of the true out-

comes in some cohorts. The differences in patient selection,
follow-up protocols, and resulting reclassification rates
between the development and validation cohorts might
explain some of the variable performance of the PASS-RCs.
The risk of reclassification was overestimated in the Johns
Hopkins cohort, possibly because of stringent low-risk
inclusion criteria, frequent performance of biopsies (yearly
vs every other year), and subsequent low reclassification

Fig. 3 – Decision curve analyses of the original PASS-RCa. MSKCC=Memorial Sloan Kettering Cancer Center; PASS-RC=Prostate Active Surveillance Study
Risk Calculator; PRIAS =Prostate Cancer Research International: Active Surveillance; UCSF=University of California San Francisco. a Decision curve
analyses showing the net benefit of the original PASS-RC in reference to the default biopsy strategies (“all”) and not biopsying any man (“none”) for
detecting reclassification across all threshold probabilities in the six validation cohorts. Choosing a risk threshold of 0.15 indicates that the physician
and the patient are willing to biopsy 7.67 times (1 + [1/0.15]) in order to find one reclassification.

Table 3 – Reduction of avoidable biopsies per 100 biopsies by using the original PASS-RC

Risk thresholds (%) Johns Hopkins MSKCC PRIAS Toronto UCSF

5 1 0 0 0 –2
10 24 6 1 2 2
15 47 27 12 11 3
20 60 40 22 18 0
25 67 47 35 19 7
30 72 54 44 26 18

MSKCC=Memorial Sloan Kettering Cancer Center; PASS-RC= Prostate Active Surveillance Study Risk Calculator; PRIAS= Prostate Cancer Research International:
Active Surveillance; UCSF =University of California San Francisco.
Clinical utility is quantified by calculating the net number of biopsies that can be avoided by using the original PASS-RC, as compared with the default strategies
of the validation cohorts. This number is given per risk threshold for reclassification and is equivalent to the reduction in unnecessary biopsies without missing
an extra reclassification.
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rates per biopsy round (9% vs 21%). In contrast, the relatively
high reclassification rates per biopsy round in the UCSF
cohort (25%) might explain the underestimated risk of
reclassification in this cohort. However, it is likely that
interacting factors and unregistered factors (eg, the use of
MRI and other biomarkers) contributed to the variable
performance of the PASS-RCs between cohorts. In general,
all substantial differences regarding the selection and
follow-up of men between the development cohort and
the cohort in which a PASS-RC is to be used can result in
miscalibrations and a reduced net benefit. Therefore,
recalibrating the PASS-RCs to individual cohorts is needed
to avoid over- or underestimation of the risk of reclassifica-
tion, which otherwise would result in performing biopsies
in too many or too few men, respectively.

Theabilityof theoriginalPASS-RC todiscriminatebetween
menwith and without reclassification ranged between AUCs
of0.63and0.75.Thediscriminativeabilityof thenewPASS-RC
rangedbetweenAUCsof 0.62and0.69,with lowerAUCvalues
in both cases as compared with those of the development
cohorts. The discriminative ability partially depends on case-
mix heterogeneity within cohorts, that is, the variability in
patient characteristics. In other words, when men have very
similar characteristics, it is difficult to distinguish a subgroup
on the basis of these characteristics.

Using the PASS-RCs to select men for biopsy instead of the
default strategy would lead to a higher net benefit in most
cohorts. However, thenet benefitwas higher only for avarying
risk-threshold range between 10% and 30% across cohorts.
Therefore, the clinical usefulness of the PASS-RCs also depend
on the risk toleranceofphysiciansandpatients (ie, somemight
accept a higher risk of missing [or delaying] a reclassification,
inexchangefornotperformingabiopsy, thanothers). Ifpatient
and physician are willing to accept a risk of 10–30%, then the
PASS-RCs outperform most default strategies with regard to
detecting reclassification and avoiding unnecessary biopsies.
To our knowledge, potential risk thresholds used for decision-
making in this setting have not yet been explored.

Quantifying the net benefit in terms of the avoidable
number of unnecessary biopsies demonstrated a large
variability between PASS-RCs and cohorts. At a 15% risk
threshold, the original PASS-RC would be equivalent to a
strategy that reduces 3–47% of biopsieswithoutmissing one
extra reclassification compared with the default strategies.
The new PASS-RC would reduce 12–33% of biopsies.
Reducing the number of unnecessary biopsies could lead
to improved adherence to AS protocols [7]. Both PASS-RCs
require readily available clinical parameters and are
available online; therefore, no extra diagnostic tests are
needed and no extra costs are incurred.

The calibration-i.t.l. showed large heterogeneity between
the validation cohorts, reflecting differences in baseline risks
of reclassification on biopsy. Miscalibration of the PASS-RCs
might lead to too many or too few biopsies. Therefore,
recalibration by a local statistician is advised before applying
the PASS-RCs to a new setting [25]. Recalibrationwill result in
higherpercentagesofnet reducedbiopsies acrossabroader set
of risk thresholds and would reduce the risk of lower net
benefits than the default strategies [26]. In other words,

recalibration would increase their clinical usefulness and
would minimise the risk of an unfavourable balance between
missed reclassifications and unnecessary biopsies.

Both PASS-RCs are based on data largely from before
2015, and as the authors acknowledge, new updates with
longer follow-up are needed to improve the PASS-RCs [10],
possibly incorporating information fromMRI andmolecular
biomarkers [27,28]. Furthermore, the new PASS-RC was
developed in a relatively small cohort of 558 men (of whom
only 319 had one ormore surveillance biopsies) because the
remaining men were either used for internal validation or
excluded (mainly based on unavailability of kallikrein data
that were used for another version of the new PASS-RC).
This selection of men might have influenced the perfor-
mance of the new PASS-RC.

The new PASS-RC used reclassification from GS 6 to �7
without any volume criteria as the target condition, which
might be more clinically useful than the one used in the
original PASS-RC (including the criterion of �34% positive
biopsy cores). However, other definitions of reclassification
could be justified, as there is little consensus on the best
criteria for selecting men for immediate treatment [4]. Ow-
ing to missing sequential prostate volume data in the
validation cohorts, we were able to validate the new PASS-
RC at confirmatory biopsy only. Clinicians should take these
differences into account whenmaking a decision to use one
of the PASS-RCs.

Another study validated the original PASS-RC with other
validation methods than those used in this study [29]. It
used a multicentre Spanish cohort and showed results
within the variability of the GAP3 cohort results.

4.1. Strengths and limitations

The five GAP3 cohorts used for this validation provide a
unique reference for the PASS-RCs to explore their usability
in a wide range of clinical settings. The differences between
patient selection and follow-up protocols comprise almost
all possible combinations of present AS strategies world-
wide. The external validation method used in this study is
widely acknowledged to be the most reliable method to
ensure proper assessment of prediction models
[24,30,31]. However, the relatively short follow-up of some
cohorts in combinationwith the inevitable inclusion criteria
for this study (one or more postdiagnostic biopsies) could
have led to a selection bias, especially when considering
that surveillances biopsies are frequently performed later
than planned according to the protocols used by most
centres [32]. Hence, high-risk patients might have been
included (and also sampled) more frequently than low-risk
patients. Furthermore, we acknowledge that we could not
fully explain the variable performance of the PASS-RCs
between cohorts, possibly due to interacting and unregis-
tered differences in the selection and follow-up of patients.

5. Conclusions

The PASS-RCs demonstrated good discriminative ability and
overall calibration in most cohorts assessed here. These
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validation data indicate that PASS-RC may be incorporated
into clinical practice as a tool for improving selection ofmen
for surveillance biopsy. The use of this tool could reduce
unnecessary biopsies, potentially improving adherence to
AS protocols. Since calibration was suboptimal in most
cohorts, recalibration of both PASS-RC models prior to
implementation in a new setting would substantially
improve their clinical usefulness, and would minimise
the risk of an unfavourable balance between missed
reclassifications and unnecessary biopsies.
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