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A B S T R A C T

Background: Prediction models need external validation to assess their value beyond the

setting where the model was derived from.

Objective: To assess the external validity of the European Randomized study of Screening

for Prostate Cancer (ERSPC) risk calculator (www.prostatecancer-riskcalculator.com) for

the probability of having a positive prostate biopsy (P(posb)).

Design, setting and participants: The ERSPC risk calculator was based on data of the initial

screening round of the ERSPC section Rotterdam and validated in 1825 and 531 men biopsied

at the initial screening round in the Finnish and Swedish sections of the ERSPC respectively.

P(posb) was calculated using serum prostate specific antigen (PSA), outcome of digital rectal

examination (DRE), transrectal ultrasound and ultrasound assessed prostate volume.

Measurements: The external validity was assessed for the presence of cancer at biopsy by

calibration (agreement between observed and predicted outcomes), discrimination (separa-

tion of those with and without cancer), and decision curves (for clinical usefulness).

Results and limitations: Prostate cancer was detected in 469 men (26%) of the Finnish cohort

and in 124 men (23%) of the Swedish cohort. Systematic miscalibration was present in both

cohorts (mean predicted probability 34% versus 26% observed, and 29% versus 23%

observed, both p < 0.001). The areas under the curves were 0.76 and 0.78, and substantially

lower for the model with PSA only (0.64 and 0.68 respectively). The model proved clinically

useful for any decision threshold compared with a model with PSA only, PSA and DRE, or

biopsying all men. A limitation is that the model is based on sextant biopsies results.

Conclusions: The ERSPC risk calculator discriminated well between those with and without

prostate cancer among initially screened men, but overestimated the risk of a positive

biopsy. Further research is necessary to assess the performance and applicability of the ERS-

PC risk calculator when a clinical setting is considered rather than a screening setting.
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er Ltd. All rights reserved.
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1. Introduction
Prostate cancer (PCa) screening using a prostate specific anti-

gen (PSA) based threshold of 3–4 ng/ml as indication for pros-

tate biopsy lacks specificity. This leads to unnecessary

biopsies and missing PCa diagnosis in men with a PSA level be-

low the threshold.1,2 Risk calculators (or nomograms) for the

prediction of a positive prostate biopsy have been developed

to support physicians in clinical decision making with respect

to the individual patient and reduce the number of unneces-

sary biopsies with a marginal loss of potentially aggressive

PCa’s.2–7 Risk calculators improve the diagnostic value of PSA

by increasing its sensitivity and specificity by adding other po-

tential predictive risk factors to the decisional process and pro-

vide individual risk estimation of having a biopsy-detectable

PCa.8 Roobol and colleagues reported that 33% fewer biopsies

could be done by using a risk calculator based on a lateralised

sextant biopsy, applying the PSA cut-off of P3 ng/ml and a cal-

culated probability cut-off of 12.5%, compared with using PSA

alone.2 Another model reduced the number of biopsies with

57% using a probability cut-off of 20% compared to the model

including age and PSA.6 The European Randomized study of

Screening for Prostate Cancer (ERSPC) section Rotterdam has

developed the ERSPC risk calculator, using multivariable logis-

tic regression analysis. This risk calculator has 6 levels (based

on 6 different logistic regression models) and is internet based

(www.prostatecancer-riskcalculator.com).2 In the second level

only PSA is included. The third level of this risk calculator esti-

mates the probability of having a positive sextant biopsy in

unscreened men. Next to the PSA level the results of digital rec-

tal examination (DRE) and transrectal ultrasound (TRUS), i.e.

the presence of hypoechogenic lesions and prostate volume,

are included in the risk calculation.9

The aim of this study was to externally validate the ERSPC

risk calculator (level 3) for assessing the probability of having

a positive sextant prostate biopsy in previously unscreened

men, using the data of the first screening rounds of the Finn-

ish and Swedish section of the ERSPC. We assessed the perfor-

mance of the risk calculator not only for calibration and

discrimination, but also for its clinical usefulness.10

2. Patients and methods

2.1. Study population

The risk calculator has been developed in the Dutch section of

the ERSPC and is based on the data of 3624 biopsied men,

in the age of 55–75. All men were evaluated between 1993

and 2000. Biopsy indication was a serum PSA P 4 ng/ml

and/or a suspicious DRE or TRUS (1993–1996) and from 1997

only a serum PSA of P 3 ng/ml.9

External validation was performed using the data of the

Finnish and Swedish section of the ERSPC. The Finnish cohort

consisted of 1922 men, aged 55–67 years, from Helsinki and

Tampere screened for the first time in the period 1996–2003.

For validation 1825 men with a PSA P 3 ng/ml were included,

excluding 56 (3%) men due to missing values. Biopsy indica-

tions were a serum PSA P 4 ng/ml and a PSA of 3.0–3.9 ng/

ml if there is a suspicious DRE (in the period 1996–1998) or if
the proportion of free PSA is < 0.16 (since 1999). The Swedish

cohort consisted of 661 men from Goteborg screened for the

first time in period 1995–1996, 612 men were biopsied for

the first time. We excluded 81 men younger than 55 years

(n = 78, 13%) and those with missing values (n = 3, <1%), leav-

ing 531 men aged 55–67 years for analysis. Men with serum

PSA P 3 ng/ml underwent a DRE, TRUS and a prostate biopsy.

2.2. Statistics

The differences between the characteristics of the three

groups were assessed by using the Chi-square test for categor-

ical variables and the analysis of variance and the Kruskal–

Wallis tests for continuous variables. Multivariable logistic

regression analysis was used to refit the model combining

data of all three cohorts. We compared this model with the

original model, and tested for differences in predictive effect

by statistical interaction tests of the form ‘cohort*predictor’.

A significant interaction term means that the relationship be-

tween a predictor and outcome varies by cohort. Comparisons

were made to models with PSA only and with PSA and DRE.

These models were fitted on the data of the Dutch cohort

and validated in the Swedish and Finnish cohorts. These

comparisons were considered relevant since these models

do not require data from an invasive test (TRUS). Statistical

analyses were performed using SPSS software (version 17;

SPSS, Inc., Chicago, III) and R (version 2.8.1; R foundation for

Statistical Computing, Vienna, Austria). A p-value < 0.05 was

considered statistically significant.

2.3. Calibration and discrimination

Calibration, discrimination, and clinical usefulness were as-

sessed in the 3 cohorts for the level 3 of the ERSPC risk

calculator.

Calibration refers to the agreement between observed and

predicted outcomes. The extent of over- or underestimation

relative to the observed and predicted rate was explored

graphically using validation plots.11 We assessed calibration-

in-the-large by fitting a logistic regression model with the

model predictions as an offset variable. The intercept indi-

cates whether predictions are systematically too low or too

high, and should ideally be zero. The calibration slope reflects

the average effects of the predictors in the model and was esti-

mated in a logistic regression model with the logit of the mod-

el predictions as the only predictor. For a perfect model, the

slope is equal to 1. The area under the Receiver Operating

Characteristic (ROC) curve was used to assess the ability of

the model to discriminate between those with and without

PCa. We compared the area under the curve (AUC) of the mod-

el in the different cohorts with the AUC of the model using

only PSA (level 2 of the ERSPC risk calculator).

2.4. Clinical usefulness

Clinical usefulness was assessed by using decision curve

analyses.12,13 These analyses estimate a ‘net benefit’ for pre-

diction models by summing the benefits (true positives biop-

sies) and subtracting the harms (false-positives biopsies). The

http://www.prostatecancer-riskcalculator.com
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latter are weighted by a factor related to the relative harm of a

missed cancer versus an unnecessary biopsy. The weighting

is derived from the threshold probability of PCa at which a pa-
Fig. 1 – Validation plot A for the prediction of the model in the D

for Prostate Cancer (ERSPC) (n = 3624) and the validation plots B

Table 1 – Characteristics of the participants.

Dutch cohort n = 3624

Age (years) (Average, sd, range) 65.5 (5.4, 55–75)
PSA ng/ml median (25–75 percentile) 4.3 (3.1–6.4)
Number suspicious DRE (%) 1284 (35)
Number suspicious TRUS (%)
(hypoechogenic lesions)

1233 (34)

Prostate volume (cc) median
(25–75 percentile)

41 (32–55)

Number prostate cancer detected
on needle biopsy (%)

893 (25)

PSA: Prostate Specific Antigen; DRE: Digital Rectal Examination; TRUS: T
tient would opt for biopsy. This threshold can vary from pa-

tient to patient. We concentrated on the net benefit for

threshold probabilities between 10% and 40%.14 This implies
utch cohort of the European Randomized study of Screening

and C in the Finnish (n = 1825) and Swedish cohort (n = 531).

Finnish cohort n = 1825 Swedish cohort n = 531 p-Value

62.3 (4.3, 55–67) 61.2 (3.1, 55–67) <0.001
5.6 (4.5–7.8) 4.5 (3.5–6.6) <0.001
389 (21) 99 (19) <0.001
194 (11) 151 (28) <0.001

37 (28–48) 40 (30–51) <0.001

469 (26) 124 (23) 0.490

ransrectal Ultrasound Statistical significant: p-value of <0.05.



Table 2 – Performance of the risk calculator predicting a positive prostate biopsy in the Dutch cohort of the European
Randomized study of Screening for Prostate Cancer (ERSPC) and in the two validation cohorts (Finland and Sweden).

Predicted
outcome (%)

Observed
outcome (%)

Calibration-in-the-large
(95% C.I.)

Calibration
slope (95% C.I.)

AUC (95% C.I.)

Risk calculator: PSA, DRE,
TRUS and prostate volume.
Dutch cohort 25 25 0 ()0.09–0.09) 1.0 (0.93–1.09) 0.79 (0.77–0.81)
Finnish cohort 34 26 )0.55 ()0.67–0.42) 0.83 (0.73–0.93) 0.76 (0.74–0.79)
Swedish cohort 29 23 )0.45 ()0.69–0.21) 0.78 (0.61–0.95) 0.78 (0.73–0.83)

PSA: Prostate Specific Antigen; DRE: Digital Rectal Examination; TRUS: Transrectal Ultrasound.
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a weight of 9:1 for the 10% threshold, and 3:2 for the 40%

threshold for missing cancer versus unnecessary biopsy.

The reduction in number of biopsies using different P(posb)

in combination with the PSA cut-off value of 3.0 ng/ml was

further assessed and related to the number and percentage

of insignificant PCa (Gleason 6 6) and significant PCa (Glea-

son > 6 and/or metastasis). We specifically studied the previ-

ously suggested 12.5% threshold2, so that the risk of missing

relevant PCa was limited. The interpretation of a decision

curve is that the model with the highest net benefit at a par-

ticular threshold probability should be chosen. We compared

our level 3 model with the level 2 model, which includes only

PSA to predict the presence of cancer at biopsy, and with the

model that includes PSA and DRE. Reference strategies were

biopsying all men and biopsying no men.

3. Results

3.1. Study population

Except for the number of PCa diagnosis, the men in the three

cohorts differed significantly in age, PSA levels, suspicious

DRE, suspicious TRUS and prostate volume (Table 1).

3.2. Calibration and discrimination

Calibration was perfect for the Dutch cohort (Fig. 1), but the

mean predicted outcome probability was higher than the
Table 3 – Comparison of results of Logistic Regression analyses
European Randomized study of Screening for Prostate Cancer (E

Variables Dutch cohort n = 3624 Finnish cohort n = 1825 S

B Exp(B) (95% C.I.) B Exp(B) (95% C.I.)

LogPSA 3.76 42.80 (30.24–60.57) 2.57 13.07 (7.71–22.16)
Log
volume

)4.21 0.02 (0.01–0.03) )4.31 0.01 (0.01–0.03) )

DRE 0.82 2.27 (1.88–2.73) 1.20 3.31 (2.51–4.37)
TRUS 0.87 2.38 (1.97–2.87) 0.02 1.02 (0.70–1.50)
Finland
Sweden
Constant 2.55 12.84 3.13 22.85

LogPSA: natural log transformation of the serum Prostate Specific Antigen

Digital Rectal Examination; TRUS: Transrectal Ultrasound.

Statistical significant: p-value of <0.05.

* Significant p-value for interaction means that the relationship between
fraction of observed outcomes for both validated cohorts (Fin-

land: 34% versus 26% and Sweden: 29% versus 23%; both

p < 0.001) (Table 2). The effects of the predictor variables were

somewhat weaker than expected in the validation cohorts, as

reflected in calibration slopes of 0.83 and 0.78, respectively

(Table 2). The effect of TRUS was smaller in the validation co-

horts compared to the Dutch cohort (p < 0.001, Table 3)). The

predictive effect of PSA was smaller in the Swedish cohort

compared with the Dutch cohort (p < 0.001, Table 3). An up-

dated version of the risk calculator is presented in the Appen-

dix. For the updated version, the model intercept was such

that calibration was on average good in the Finnish and Swed-

ish cohort. For the model with PSA and DRE the predicted out-

come was substantially higher than the fraction of observed

outcomes for both validated cohorts (Finland: 49% versus

26% and Sweden: 45% versus 23%).

Discrimination was similar among the 3 cohorts (Table 2).

The AUC was 0.76 and 0.78 in the validation cohorts and 0.79

in the Dutch cohort, but substantially lower for the model

with PSA only (AUC 0.64, 0.68 and 0.69 respectively).

3.3. Clinical usefulness

The net benefit, as shown on the y-axis, was highest for the

risk calculator over the whole probability ranges in all co-

horts, compared with the use of only PSA or biopsying all

men or no men (Fig. 2). For the model included PSA and

DRE there was no net benefit in the Finnish and Swedish co-
on data obtained from Dutch, Finnish, Swedish cohort of the
RSPC) and the data of all three cohorts.

wedish cohort n = 531 All three cohorts n = 5980 p-Value for
interaction*

B Exp(B) (95% C.I.) B Exp(B) (95% C.I.)

2.68 14.63 (5.66–37.83) 3.36 28.77 (22.02–37.60) <0.001
4.14 0.02 (0.00–0.07) )4.18 0.02 (0.01–0.02) 0.349

0.96 2.61 (1.48–4.59) 0.88 2.41 (2.08–2.78) 0.344
0.34 1.40 (0.83–2.37) 0.63 1.87 (1.60–2.19) <0.001

)0.40 0.67 (0.52–0.86)
)0.55 0.58 (0.49–0.68)

2.78 16.07 2.84 17.06

; Logvolume: natural log transformation of the prostate volume; DRE:

the predictor and the outcome varies by cohort.



Fig. 2 – Decision curve A for the predicted probabilities in the Dutch cohort of the European Randomized study of Screening for

Prostate Cancer (ERSPC) and the decision curves B and C in the Finnish and Swedish cohort of the ERSPC (validation cohorts)

for the model, model with PSA and DRE and for PSA alone. The table at each decision curve shows the number of biopsies in

the different cohorts and cancer at initial screening with various cut-offs of the positive sextant biopsy next to a prostate

specific antigen cut-off P3 ng/ml.
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horts (Fig. 2). A threshold of a calculated P(posb) P12.5% in

addition to requiring PSA P 3 ng/ml, would result in 35%

(n = 1284), 14% (n = 257) and 30% (n = 157) fewer biopsies in

the Dutch, Finnish and Swedish cohort respectively (Fig. 2).

The price for this reduction would be that we miss 12%

(n = 111), 4% (n = 17) and 10% (n = 13) of the PCa respectively,

with 2% (n = 18), <1% (n = 2) and 2% (n = 2) with a Gleason

score >6, all with no proven metastasis.

4. Discussion

In this study, we externally validated the ERSPC risk calcula-

tor to predict the probability of having a positive prostate

biopsy in previously unscreened men in two independent

screening cohorts. The model discriminated well between

men with and without PCa with AUCs over 0.76. The model

did overestimate the risk of a positive sextant lateralised

P(posb) in the Finnish and Swedish cohorts. This may be

caused by interobserver variation of pathologists of small

atypical foci in prostate biopsies or adenocarcinoma, which

might have led to less PCa diagnoses.15,16 Furthermore, the ef-

fect of TRUS (positive for hypoechogenic lesions) in these co-

horts was smaller than in the Dutch cohort. This may be

caused by interobserver variation of the TRUS outcome.17

The performance of TRUS as a screening tool is relatively poor

with only 3.5% of a biopsy of hypoechogenic lesions being

positive for PCa.18 Furthermore, the effect of PSA was smaller

in the Finnish and Swedish cohort than in the Dutch cohort,

which can not readily be explained in the context of the

well-controlled and standardised ERSPC study. In the Dutch

cohort, the effect of PSA was greater under the 3.0 ng/ml

than P3 ng/ml. However, if we refit the model for

PSA P 3 ng/ml, the predictive value of PSA decreased, but

was still greater compared with the predictive value of PSA

in the Finnish and Swedish cohort. Another reason for this

risk overestimation may be caused by the effect of specific

characteristics in the Finnish and Swedish cohorts which

were not included in the model.11

Models predicting the probability of a positive sextant

biopsy differ, because of the use of different predictors next

to serum PSA, and the specifics of the studied cohorts.4 Exter-

nal validation is therefore required for models before they can

be applied in other settings. There are some other models for

the prediction of PCa at initial biopsy using the sextant biopsy

technique and developed in a screening setting.6,19,20 The

AUCs of these models were between 0.66 and 0.84.6,19,20 The

AUC of our risk calculator was over 0.76 in the relatively large

cohorts considered for external validation. Moreover, the net

benefit calculations as shown in decision curves indicated

that the risk calculator was useful in taking biopsy decisions

in previously unscreened men who wish to undergo PSA dri-

ven testing for PCa. Net benefit analysis gives a scientifically

better founded judgement of the performance of a prediction

model or nomogram than calibration and discrimination

alone.10,13,21 In our study, the net benefit was substantially

higher for the risk calculator compared with only PSA in the

model. In this net benefit calculation the burden of TRUS

was not formally included. It would be difficult to determine

the exact weight of the burden in balance to missing prostate
cancer and unnecessary biopsy. There was no clinical useful-

ness with PSA and DRE in the model in the Finnish and

Swedish cohort, which is explained by the substantial miscal-

ibration of the model predictions. So, we can conclude that

the optimal clinical result will be obtained by determining

the indication for biopsy by use of the risk calculator, despite

its problems in calibration. Another method for validation of

a model is comparison of the performance among models in

different cohorts, which may be more straightforward to

interpret.22

A limitation of the study is that the risk calculator relied

on sextant biopsies. This procedure has been replaced by 8

to 18 core biopsies in current practice. Sextant biopsies may

lead to missing PCa. Different studies have reported that

when more than 6 cores are taken, for example 8 to 12 cores,

this might increase the PCa detection rate in a clinical

setting.23–27 A possible drawback of these increased PCa

detection is that not only significant PCa is detected, but also

more insignificant PCa.28 Schröder and colleagues29 con-

cluded that most aggressive PCa which are initially missed,

will be detected in a curable state with a lateralised sextant

biopsy at rescreening after 4 years. Some may however sur-

face as interval cancers with less favourable outcomes. The

question remains whether extended biopsy schemes are

needed in a PCa screening setting with repeated screening.

Further research is necessary to validate the risk calculator

when more than 6 prostate biopsy cores are taken, and when

a clinical setting is considered rather than a screening setting.
5. Conclusions

In a screening setting the ERSPC risk calculator is useful to

predict the probability of a positive lateralised sextant pros-

tate biopsy and discriminates well between men with and

without prostate cancer. The updated version of the ERSPC

risk calculator predicts more accurately the probability in

the Finnish and Swedish cohort. The risk calculator proved

clinically most useful for decision thresholds between 10%

and 40% compared with PSA alone or biopsied all men. Use

of the risk calculator with thresholds between 10% and 25%

substantially reduces doing unnecessary prostate biopsies

with missing very few important prostate cancers. The risk

calculator can hence support in decision making in a screen-

ing setting.
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Appendix A. Model updating

We refitted the model with the data of the three cohorts

(n = 5980; 4494 men without PCa and 1486 with PCa). The lo-

gistic regression formula of the refitted model for the proba-

bility of having a positive sextant prostate biopsy was

P(posb) = 1/(1 + exp()L), with L = 2.837 + 3.359 logPSA + )4.181

logvolume + 0.878 DRE + 0.627 TRUS + )0.403 Finland + )0.547

Sweden.



B S.E. Wald df p-Value Exp(B) 95% C.I. for Exp(B)

logPSA 3.359 0.136 605.742 1 <0.001 28.772 22.018 37.597
logVolume )4.181 0.223 350.126 1 <0.001 0.015 0.010 0.024
DRE 0.878 0.075 138.583 1 <0.001 2.406 2.079 2.784
TRUS 0.627 0.079 62.389 1 <0.001 1.872 1.602 2.187
Cohortgroup 44.938 2 <0.001
Cohortgroup (1: Finland) )0.403 0.130 9.575 1 0.002 0.668 0.518 0.863
Cohortgroup (2: Sweden) )0.547 0.084 42.157 1 <0.001 0.579 0.491 0.683
Constant 2.837 0.342 68.969 1 <0.001 17.059

LogPSA: natural log transformation of the serum Prostate Specific Antigen; Logvolume: natural log transformation of the prostate volume; DRE:

Digital Rectal Examination; TRUS: Transrectal Ultrasound Statistical significant: p-value of <0.05.
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