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Abstract

Background: Risk stratification in the diagnostic pathway of prostate cancer (PCa)
can be used to reduce biopsies and magnetic resonance imaging (MRI) scans, while
maintaining the detection of clinically significant PCa (csPCa). The use of highly dis-
criminating and well-calibrated models will generate better clinical outcomes if
context-dependent thresholds are used.
Objective: To retrospectively assess the effect of the upfront use of the Rotterdam
Prostate Cancer Risk Calculator (RPCRC) developed in a screening cohort and the
RPCRC-MRI developed in a clinical cohort while exploring the need to adapt thresh-
olds in biopsy-naïve men in the PRECISION (Prostate Evaluation for Clinically
Important Disease: Sampling Using Image Guidance or Not?) trial.
Design, setting, and participants: In the transrectal ultrasonography arm, we eval-
uated 188 men; in the MRI arm, we evaluated 206 (for the reduction of MRI scans)
and 137 (for the reduction of targeted biopsies) men.
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Outcome measurements and statistical analysis: Performance was assessed by dis-
crimination, calibration, and clinical utility.
Results and limitations: The performance of the RPCRC was good. However, inter-
cept adjustment was warranted. Net benefit was observed from a recalibrated
probability of 32% for any PCa and 10% for csPCa. After recalibration and applying
a threshold of 20% for any PCa or 10% for csPCa, 28% of all biopsies could have been
reduced, missing five cases of csPCa. The uncalibrated RPCRC could reduce 35% of
all MRI scans, with a threshold of 20% for any PCa or 4% for csPCa. In the MRI
arm, performance was good without stressing recalibration. Net benefit was
observed from a probability of 22% for any PCa and 7% for csPCa. With a threshold
of 20% for any PCa or 4% for csPCa, 9% of all targeted biopsies could be reduced,
missing one grade group 2 PCa.
Conclusions: The performance of the RPCRC and RPCRC-MRI in men included in the
PRECISION trial was good, but recalibration and adaptation of the risk threshold of
the RPCRC are indicated to reach optimal performance.
Patient summary: In this report, we show that risk stratification with the
Rotterdam Prostate Cancer Risk Calculator has added value in reducing harm, but
adjustment to reflect the characteristics of the patient cohort is indicated.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the diagnostic pathway of prostate cancer (PCa), patho-
logical confirmation is required, and it is strongly advised
to perform a prostate biopsy in men who are at an elevated
risk of having clinically significant PCa (csPCa), which can
be burdensome for many men. The Rotterdam Prostate Can-
cer Risk Calculator (RPCRC) quantifies the probability of
detecting PCa and csPCa at prostate biopsy using the infor-
mation of several clinical parameters (ie, prostate-specific
antigen [PSA], presence of abnormal digital rectal examina-
tion [DRE], suspicious lesion on transrectal ultrasound, and
prostate volume) and recommends prostate biopsy if the
individual risk is >20% for any PCa and/or >4% for csPCa. It
has been shown in a population-based biopsy-naïve cohort
that with this so-called multivariable risk-based approach
as compared with a ‘‘biopsy all men with PSA �3.0 ng/
ml,’’ the RPCRC could reduce 33% of all prostate biopsies,
while missing 14% of all PCa and 7% of all csPCa cases [1].

As an alternative or an adjunct to this multivariable risk-
based strategy, imaging can also be used as a risk stratifica-
tion tool. Imaging alone for risk stratification in men
deemed suitable for biopsy was tested in the PRECISION
(Prostate Evaluation for Clinically Important Disease: Sam-
pling Using Image Guidance or Not?) trial, where biopsy-
naïve men with a clinical suspicion of PCa were randomized
to either a magnetic resonance imaging (MRI) arm or a tran-
srectal ultrasonography (TRUS) arm [2]. In the MRI arm, all
men were scanned and only those with positive MRI (ie,
Prostate Imaging Reporting and Data System [PI-RADS]
�3) received targeted prostate biopsy, while all men in
the TRUS arm received systematic prostate biopsy. The data
showed that 28% of all prostate biopsies could be avoided
using MRI as a triage test, which suggests that not all MRI
scans were necessary. This concept has been tested by using
the RPCRC as an upfront risk stratification tool, which led to
a reduction of 51% of all MRI scans for men with a prior

negative biopsy [3]. In addition to the possibility of risk
stratifying before MRI, the RPCRC has recently been updated
to include the PI-RADS score and age as well as the usual
clinical parameters in the new RPCRC-MRI [4] calculator.
Since the PRECISION trial data showed that 21% of all
positive scans were not related to a PCa diagnosis, this
prediction tool could be of aid in decisions to avoid biopsy
after MRI.

The aim of this study is to retrospectively assess the abil-
ity of upfront risk stratification using the RPCRC and the
RPCRC-MRI to reduce systematic prostate biopsies, MRI
scans, and targeted prostate biopsies for biopsy-naïve
men. In addition, we will investigate whether the currently
recommended risk thresholds of 20% for any PCa or 4% for
csPCa need adaptation to reflect contemporary clinical prac-
tice to reach optimal performance [5].

2. Patients and methods

The PRECISION trial study characteristics have been described previously

[2]. In short, 500 men with a clinical suspicion of PCa without a prior

negative biopsy and a maximum PSA level of 20 ng/ml were randomized

to either the MRI arm or the TRUS arm. In the MRI arm, only men with

positive MRI (defined as PI-RADS �3) received targeted prostate biopsies

(a maximum of three lesions were sampled with a maximum of four

biopsies per lesion), while men with negative MRI were not biopsied.

In the TRUS arm, all men received ten to 12 systematic biopsy cores.

Since an abnormal DRE is a strong clinical indicator to pursue to prostate

biopsy, in the current study, we included only men with elevated PSA

and negative DRE findings recorded.

2.1. Statistical analyses

The probability of any PCa and csPCa was calculated using the RPCRC

and the RPCRC-MRI, utilizing the required clinical information [1,4,6].

Discrimination of the model was assessed by the area under the

receiver-operating characteristic curve. Calibration was assessed visu-

ally by calibration curves, and quantified by the calibration slope and
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calibration in the large. The net benefit of the model at a range of risk

thresholds was evaluated by a decision curve analysis (DCA). To account

for the difference in setting (ie, the RPCRC is developed in a population-

based screening setting, while the PRECISION trial represents a contem-

porary clinical setting), we recalibrated the model based on the calibra-

tion in the large. All statistical analyses were performed using R version

3.5.1.

3. Results

3.1. Can we reduce systematic biopsies in men with elevated
PSA and normal DRE?

In the TRUS arm of the PRECISION trial, 42 of the 248 ran-
domized men had a PSA value of <3.0 ng/ml or abnormal
DRE and 18 men were not biopsied, leaving 188 men for
evaluation. Missing information of three men was once
imputed by predicting mean matching. In clinical practice,
there is a preselection for referral compared with a
population-based screening setting (ie, all men with PSA
�3.0 ng/ml are referred for prostate biopsy), as indicated
by the higher PSA density in the PRECISION trial (Table 1).

The performance of the original (ie, uncalibrated, popu-
lation based) and the intercept-adjusted RPCRC is presented
in Figure 1, and shows a good calibration curve with a slope
of 0.68 (95% confidence interval [CI] 0.35–1.05) for any PCa
and 0.87 (95% CI 0.51–1.27) for csPCa and shows a calibra-
tion in the large of 1.11 (95% CI 0.80–1.43) for any PCa and
1.39 (95% CI 1.01–1.76) for csPCa. Note that the calibration
slope does not change after recalibration, and after recali-
bration the calibration in the large is zero. The calibration
curve stresses the importance of recalibration. After inter-
cept adjustment, especially the calibration curve for csPCa
shows excellent calibration. The discrimination is 0.67
(95% CI 0.59–0.75) for any PCa and 0.73 (95% CI 0.63–
0.81) for csPCa. The DCA is presented in Figure 2 and shows
for the intercept-adjusted RPCRC an increase in net benefit
(ie, the model based approach compared to biopsy all

men) from a probability of 32% for any PCa and 10% for
csPCa and limited net benefit of the original RPCRC as com-
pared with biopsying all men.

The recalibrated RPCRC, applying a risk based cutoff for
biopsy of 20% for any PCa or 4% for csPCa, could have
reduced 5% (nine cases) of the 188 prostate biopsies, miss-
ing 6% (five cases) of all PCa and 5% (two cases) of all csPCa.
An increased risk-based cutoff of 20% for any PCa or 10% for
csPCa could have reduced 28% (52 cases) of all prostate
biopsies, missing 18% (16 cases, +11 additional cases) of
all PCa and 12% (five cases, +three additional cases) of all
csPCa (characteristics of missed csPCa: PSA range 4.2–6.9,
PSA density 0.06–0.10, 2 � grade group [GG]2, 2 � GG3, 1
� GG4 disease; see Supplementary Table 1 for a comparison
of sensitivity, specificity, negative predictive value, and pos-
itive predictive value).

3.2. Can we reduce MRI and targeted biopsies in men with
elevated PSA and normal DRE?

In the MRI arm of the PRECISION trial, 39 of the 252 ran-
domized men had PSA below 3.0 ng/ml or an abnormal
DRE, and seven men did not undergo MRI (leaving 206
men to evaluate the reduction on MRIs). Of these men,
141 (66%) had PI-RADS �3, of whom 137 (97%) underwent
targeted prostate biopsy and 84 were diagnosed with PCa
(61%), of whom 70 were defined to have csPCa (51% of all
men biopsied and 83% of all PCa detected; see Table 1 for
patient characteristics).

The uncalibrated RPCRC with a threshold of 20% for any
PCa or 4% for csPCa can reduce 35% (72 cases) of all MRI
scans, of which 28% (40 cases) of all cases with positive
MRI would have been undetected, missing 20% (17 cases)
of all PCa and 16% (11 cases) of all csPCa cases. Applying
the recalibrated RPCRC (based on the prevalence of the
TRUS arm) and a cutoff of 20% for any PCa and 10% for csPCa
would have avoided 13% (27 cases) of all MRI scans, of
which 12% (17 cases) of all positive MRI cases would have

Table 1 – Comparison of patient characteristics from the PRECISION trial and the development cohorts of the RPCRC and RPCRC-MRI

PRECISION PRECISION PRECISION RPCRC RPCRC-MRI
TRUS arm MRI arm MRI arm development cohort development cohort
(n = 188) Reduction MRI Reduction targeted

prostate biopsies
initial biopsy initial biopsy

(n = 206) (n = 137) (n = 3616) (n = 504)

Age
Median (IQR) 65 (60–69) 64 (59–69) 65 (60–70) 66 (61–70) 65 (59–70)

PSA
Median (IQR) 6.5 (5.2–8.5) 6.8 (5.2–9.3) 7.5 (5.4 – 9.9) 4.3 (3.1–6.4) 6.5 (5.0–9.4)

Prostate volume
Median (IQR) 45 (35–60) 47 (35–65) 45 (35 – 61) 41 (32–55) 45 (33–63)
Unknown 3 (2%) – – – –

PSA density
Median (IQR) 0.14 (0.10–0.20) 0.14 (0.10–0.21) 0.16 (0.11 – 0.23) 0.10 (0.06–0.15) 0.14 (0.10–0.23)

PI-RADS score
�2 – 65 (32%) – – 105 (21)
3 – 49 (24%) 47 (34%) – 99 (20)
4 – 54 (26%) 54 (39%) – 163 (32)
5 – 38 (18%) 36 (26%) – 137 (27)

PCa
Any PCa 88 (47%) Only men with positive MRI were biopsied 84 (61%) 885 (25%) 294 (58%)
csPCa (GG �2) 42 (22%) Only men with positive MRI were biopsied 70 (51%) 313 (9%) 213 (42%)

csPCa = clinically significant PCa; GG = grade group; IQR = interquartile range; MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate
Imaging Reporting and Data System; PRECISION = Prostate Evaluation for Clinically Important Disease: Sampling Using Image Guidance or Not; PSA = prostate-
specific antigen; RPCRC = Rotterdam Prostate Cancer Risk Calculator; TRUS = transrectal ultrasonography.
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been undetected, missing 8% (seven cases) of all PCa and 7%
(five cases) of all csPCa (3 � PI-RADS 4, 2 � PI-RADS 5).

The performance of the RPCRC-MRI (ie, only for men
with positive MRI) is presented in Figure 3 and shows an
almost perfect calibration with a slope of 0.99 (95% CI
0.64–1.39) for any PCa and 1.63 (95% CI 1.14–2.21) for
csPCa, and a calibration in the large of 0.30 (–0.10 to 0.70)
for any PCa and 0.59 (95% CI 0.21–0.97) for csPCa, which
does not support the need for recalibration. The discrimina-
tion is 0.80 (95% CI 0.73–0.87) for any PCa and 0.86 (95% CI
0.79–0.92) for csPCa. The DCA is presented in Figure 4 and
shows for the RPCRC-MRI an increase in net benefit from

a probability of 22% for any PCa and 7% for csPCa compared
with biopsy all with positive MRI. For men with positive
MRI, the RPCRC-MRI with a threshold of 20% for any PCa
or 4% for csPCa could reduce 9% (12 cases, all PI-RADS score
3) of all targeted biopsies, missing one GG2 PCa (1% of all
csPCa; see Supplementary Table 1 for accuracy metrics).

4. Discussion

In this study, we assessed the ability of the RPCRC (in the
TRUS arm for the reduction of systematic biopsies and the

Fig. 1 – Calibration curves of the RPCRC in the TRUS arm. csPCa = clinically significant PCa; PCa = prostate cancer; RPCRC = Rotterdam Prostate Cancer Risk
Calculator; TRUS = transrectal ultrasonography.
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Fig. 2 – Decision curve analysis for the recalibrated and original (unadjusted) RPCRC. csPCa = clinically significant PCa; PCa = prostate cancer;
RPCRC = Rotterdam Prostate Cancer Risk Calculator.

Fig. 3 – Calibration of the RPCRC-MRI. csPCa = clinically significant PCa; MRI = magnetic resonance imaging; PCa = prostate cancer; RPCRC = Rotterdam
Prostate Cancer Risk Calculator.
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MRI arm for the reduction of MRI scans) and the RPCRC-MRI
(only in the MRI arm) to reduce the numbers of prostate
biopsies and MRI scans in a contemporary clinical cohort
for biopsy-naïve men. We found that the overall perfor-
mance of the RPCRC and RPCRC-MRI was good, but recali-
bration was warranted for the RPCRC. In addition, we
concluded that only recalibration of the RPCRC does not suf-
fice to reach optimal performance. With an adapted thresh-
old of at least 20% for any PCa or 10% for csPCa, the
recalibrated RPCRC could reduce 28% of all biopsies, missing
five cases of all csPCa. A similar rate of missed csPCa was
reported by a recent study including a Dutch contemporary
clinical cohort, which applied the RPCRC before MRI for
biopsy-naïve men. They found that 37% of all MRI scans
could be avoided, missing only two out of the 51 cases of
csPCa after targeted prostate biopsies with similar clinical
characteristics [7]. Another Dutch contemporary cohort
showed that calibration of the RPCRC was excellent, while
the current data show that recalibration is indicated [8].
This is unexpected since the prevalence of both any PCa
and csPCa is comparable. An explanation for this finding
could be a preselection before referral and not in the differ-
ence in case mix. To elaborate on the latter, the distribution
of probabilities below 10% for any PCa is lower in the cur-

rent study than in the study of Gayet et al [8], although this
is not true for csPCa. It can also be observed that the rate of
abnormal DRE is almost twice as high in the previously
mentioned Dutch studies than in the PRECISION trial. How-
ever, since we only included men with a normal DRE, this is
not likely to explain the discrepancy.

The RPCRC is developed using data of a population-based
screening cohort, while the RPCRC-MRI is developed based
on a contemporary clinical cohort, a difference that influ-
ences a priori probability of detecting (cs)PCa. To account
for the difference in a priori risk, the intercept of the model
can be adjusted [9,10]. In this study, we observed that recal-
ibration was warranted for the RPCRC, while this was not
true for the more contemporary RPCRC-MRI. However, after
adjusting the intercept, it became obvious that, due to this
increased a priori risk, the previously defined risk thresh-
olds for the RPCRC needed to be adjusted as well, as was
reflected by the DCA. To elaborate, with the current recom-
mended threshold of 20% for any PCa or 4% for csPCa, the
RPCRC could have reduced 5% of all prostate biopsies. How-
ever, an updated threshold of 20% for any PCa or 10% for
csPCa could have reduced 28% of all prostate biopsies, miss-
ing five cases (compared with two cases with the standard
threshold) of csPCa. On the contrary, the RPCRC-MRI is

Fig. 4 – Decision curve analysis for the RPCRC-MRI. csPCa = clinically significant PCa; MRI = magnetic resonance imaging; PCa = prostate cancer;
RPCRC = Rotterdam Prostate Cancer Risk Calculator.

E U R O P E A N U R O L O G Y O P E N S C I E N C E 3 6 ( 2 0 2 2 ) 1 – 86



developed in a contemporary setting and did not need
recalibration. With the currently recommended threshold
of 20% for any PCa or 4% for csPCa, the use of the RPCRC-
MRI in this high-risk contemporary cohort could still reduce
9% of all targeted prostate biopsies, missing only one GG2
disease. In summary, with model recalibration (to reflect
the higher a priori risk in a contemporary clinical cohort
in a model developed in a screening cohort), adaptation of
the risk threshold should not be overlooked to reach opti-
mal performance [5].

The role of MRI as a triage test is still debated [11–14].
Several multicenter studies concluded that MRI can safely
be used to reduce the number of biopsies in case of negative
MRI, which reported a similar proportion of missed csPCa
cases as in the current study [15–17]. The Cochrane review
of Drost et al [18,19] demonstrated that 9% of men with
negative MRI actually have csPCa. This percentage applied
to the current data translates into six men who had unde-
tected csPCa, which is almost equal to the five cases of
csPCa that we would miss in the TRUS arm with risk strat-
ification. Follow-up data of the PRECISION trial are not yet
available, so it remains unclear how much csPCa is poten-
tially missed and whether this has implications for the
effect of treatment.

A strength of this study is the high-quality data of the
PRECISION trial, representing 25 centers from 11 countries
with an independent data monitoring committee and cen-
tral pathological and radiological quality control. In addi-
tion, the cohort represents contemporary clinical practice
since the data were collected from 2016 through 2017.
Another strength of this study is that we used a well-
validated risk stratification tool [8,20–23], in which we pro-
vide insight into the application of a validated tool in a con-
temporary setting.

A limitation of the current study is that we could not
evaluate whether it would have been possible to identify
patients with negative MRI who were likely to benefit from
further clinical examination based on clinical variables such
as a high PSA density with negative MRI. Risk stratification
is mostly used to identify patients who are not likely to ben-
efit from further clinical examination, but it can also be
used to select patients with a negative triage test for further
examination. Another limitation is that our results apply
only to a specific population (ie, patients within the PRECI-
SION trial with a negative DRE). However, this patient pop-
ulation represents a contemporary clinical cohort, so we
believe that our results are generalizable to other clinical
cohorts. Another limitation is that the RPCRC3 is developed
for a population-based screening cohort. However, we show
that with an intercept adjustment, this risk calculator can
be applied to a contemporary clinical cohort.

Our results can support a new population-based screen-
ing trial. The most recent population-based screening trial
in Sweden, the Stockholm3 (STHLM3) trial [24], showed
that 62% of the randomized men with elevated PSA who
underwent MRI had negative MRI [25]. The Göteborg PCa
screening 2 trial showed that 75% of the randomized men
with elevated PSA had negative MRI and 38% of all targeted
prostate biopsies were not related to a diagnosis of PCa [26].

With upfront risk stratification using PSA and other clinical
variables, it would have been possible to reduce the num-
bers of MRI scans and prostate biopsies in case of positive
MRI, as is suggested by a new contemporary algorithm for
early detection to stimulate early detection of PCa [27,28].

5. Conclusions

In conclusion, we investigated whether we could reduce the
numbers of systematic prostate biopsy procedures, MRI
scans, and targeted prostate biopsies in a contemporary
clinical cohort. We found that, with good performance of
the RPCRC and RPCRC-MRI, recalibration and an increase
in the threshold of the RPCRC were necessary to reach opti-
mal performance. After recalibration, 28% of all TRUS-
guided systematic biopsies could be avoided, applying a
risk-based cutoff of 20% for any PCa or 10% for csPCa. In
addition, the use of the RPCRC could also have led to a
reduction of 35% of all MRI scans. Subsequently, in men
with positive MRI, the use of the RPCRC-MRI could reduce
9% of all targeted prostate biopsies. Our results confirm that
when using risk stratification tools, albeit biomarkers,
nomograms, or imaging modalities, clinicians should be
aware of the a priori risk of their patient cohort to realize
the full benefit of this powerful approach in daily clinical
practice.

Author contributions: Sebastiaan Remmers had full access to all the data

in the study and takes responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: Roobol, Remmers.

Acquisition of data: Kasivisvanathan, Moore.

Analysis and interpretation of data: Remmers, Kasivisvanathan, Verbeek,

Moore, Roobol.

Drafting of the manuscript: Remmers.

Critical revision of the manuscript for important intellectual content: Rem-

mers, Kasivisvanathan, Verbeek, Moore, Roobol.

Statistical analysis: Remmers.

Obtaining funding: None.

Administrative, technical, or material support: None.

Supervision: None.

Other: None.

Financial disclosures: Sebastiaan Remmers certifies that all conflicts of

interest, including specific financial interests and relationships and affili-

ations relevant to the subject matter or materials discussed in the manu-

script (eg, employment/affiliation, grants or funding, consultancies,

honoraria, stock ownership or options, expert testimony, royalties, or

patents filed, received, or pending), are the following: V. Kasivisvanathan:

grant received from National Institute for Health Research, European

Urology Research Foundation, and American Urology Association. C.M.

Moore: grant received from National Institute for Health Research, Euro-

pean Urology Research Foundation, Movember, Prostate Cancer UK, Can-

cer Vaccine Institute, Wellcome Trust, Department of Health, and

Santander; personal fees from Genomic Health.

Funding/Support and role of the sponsor: None.

E U R O P E A N U R O L O G Y O P E N S C I E N C E 3 6 ( 2 0 2 2 ) 1 – 8 7



Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euros.2021.11.002.

References

[1] Roobol MJ, Steyerberg EW, Kranse R, et al. A risk-based strategy
improves prostate-specific antigen-driven detection of prostate
cancer. Eur Urol 2010;57:79–85.

[2] Kasivisvanathan V, Rannikko AS, Borghi M, et al. MRI-targeted or
standard biopsy for prostate-cancer diagnosis. N Engl J Med
2018;378:1767–77.

[3] Alberts AR, Schoots IG, Bokhorst LP, van Leenders GJ, Bangma CH,
Roobol MJ. Risk-based patient selection for magnetic resonance
imaging-targeted prostate biopsy after negative transrectal
ultrasound-guided random biopsy avoids unnecessary magnetic
resonance imaging scans. Eur Urol 2016;69:1129–34.

[4] Alberts AR, Roobol MJ, Verbeek JFM, et al. Prediction of high-grade
prostate cancer following multiparametric magnetic resonance
imaging: improving the Rotterdam European Randomized Study
of Screening for Prostate Cancer Risk Calculators. Eur Urol
2019;75:310–8.

[5] Wynants L, van Smeden M, McLernon DJ, et al. Three myths about
risk thresholds for prediction models. BMC Med 2019;17:192.

[6] Roobol MJ, van Vugt HA, Loeb S, et al. Prediction of prostate cancer
risk: the role of prostate volume and digital rectal examination in
the ERSPC risk calculators. Eur Urol 2012;61:577–83.

[7] Mannaerts CK, Gayet M, Verbeek JF, et al. Prostate cancer risk
assessment in biopsy-naive patients: the Rotterdam Prostate
Cancer Risk Calculator in multiparametric magnetic resonance
imaging-transrectal ultrasound (TRUS) fusion biopsy and
systematic TRUS biopsy. Eur Urol Oncol 2018;1:109–17.

[8] Gayet M, Mannaerts CK, Nieboer D, et al. Prediction of prostate
cancer: external validation of the ERSPC risk calculator in a
contemporary Dutch clinical cohort. Eur Urol Focus 2018;4:228–34.

[9] Verbeek JFM, Nieboer D, Steyerberg EW, Roobol MJ. Assessing a
patient’s individual risk of biopsy-detectable prostate cancer: be
aware of case mix heterogeneity and a priori likelihood. Eur Urol
Oncol 2021;4:813–6.

[10] Steyerberg EW. Clinical prediction models a practical approach to
development, validation, and updating. New York: Springer; 2009.

[11] Vickers A, Carlsson SV, Cooperberg M. Routine use of magnetic
resonance imaging for early detection of prostate cancer is not
justified by the clinical trial evidence. Eur Urol 2020;78:304–6.

[12] Padhani AR, Villeirs G, Ahmed HU, et al. Platinum opinion
counterview: the evidence base for the benefit of magnetic
resonance imaging-directed prostate cancer diagnosis is sound.
Eur Urol 2020;78:307–9.

[13] van den Bergh RCN, Rouviere O, van der Kwast T, EAU-EANM-
ESTRO-ESUR-SIOG Prostate Cancer Guidelines Panel. Re: Andrew
Vickers, Sigrid V. Carlsson, Matthew Cooperberg. Routine use of
magnetic resonance imaging for early detection of prostate cancer
is not justified by the clinical trial evidence. Eur Urol 2020;78:304–
6: prebiopsy MRI: through the looking glass. Eur Urol 2020;78:
310–3.

[14] Vickers A, Carlsson SV, Cooperberg M. Reply to Roderick C.N. van
den Bergh, Olivier Rouviere, and Theodorus van der Kwast’s Letter
to the Editor re: Andrew Vickers, Sigrid V. Carlsson, Matthew

Cooperberg. Routine use of magnetic resonance imaging for early
detection of prostate cancer is not justified by the clinical trial
evidence. Eur Urol 2020;78:304–6. Prebiopsy MRI: through the
looking glass. Eur Urol 2020;78:314–5.

[15] Ahmed HU, El-Shater Bosaily A, Brown LC, et al. Diagnostic accuracy
of multi-parametric MRI and TRUS biopsy in prostate cancer
(PROMIS): a paired validating confirmatory study. Lancet
2017;389:815–22.

[16] Rouvière O, Puech P, Renard-Penna R, et al. Use of prostate
systematic and targeted biopsy on the basis of multiparametric
MRI in biopsy-naive patients (MRI-FIRST): a prospective,
multicentre, paired diagnostic study. Lancet Oncol 2019;20:100–9.

[17] van der Leest M, Cornel E, Israel B, et al. Head-to-head comparison
of transrectal ultrasound-guided prostate biopsy versus
multiparametric prostate resonance imaging with subsequent
magnetic resonance-guided biopsy in biopsy-naive men with
elevated prostate-specific antigen: a large prospective multicenter
clinical study. Eur Urol 2019;75:570–8.

[18] Drost FH, Osses DF, Nieboer D, et al. Prostate MRI, with or without
MRI-targeted biopsy, and systematic biopsy for detecting prostate
cancer. Cochrane Database Syst Rev 2019;4:CD012663.

[19] Drost FH, Osses D, Nieboer D, et al. Prostate magnetic resonance
imaging, with or without magnetic resonance imaging-targeted
biopsy, and systematic biopsy for detecting prostate cancer: a
Cochrane systematic review and meta-analysis. Eur Urol 2020;77:
78–94.

[20] Poyet C, Nieboer D, Bhindi B, et al. Prostate cancer risk prediction
using the novel versions of the European Randomised Study for
Screening of Prostate Cancer (ERSPC) and Prostate Cancer Prevention
Trial (PCPT) risk calculators: independent validation and comparison
in a contemporary European cohort. BJU Int 2016;117:401–8.

[21] Pereira-Azevedo N, Verbeek JFM, Nieboer D, Bangma CH, Roobol MJ.
Head-to-head comparison of prostate cancer risk calculators
predicting biopsy outcome. Transl Androl Urol 2018;7:18–26.

[22] Radtke JP, Giganti F, Wiesenfarth M, et al. Prediction of significant
prostate cancer in biopsy-naïve men: Validation of a novel risk
model combining MRI and clinical parameters and comparison to
an ERSPC risk calculator and PI-RADS. PLoS One 2019;14:e0221350.

[23] Pullen L, Radtke JP, Wiesenfarth M, et al. External validation of
novel magnetic resonance imaging-based models for prostate
cancer prediction. BJU Int 2020;125:407–16.

[24] Nordström T, Discacciati A, Bergman M, et al. Prostate cancer
screening using a combination of risk-prediction, MRI, and targeted
prostate biopsies (STHLM3-MRI): a prospective, population-based,
randomised, open-label, non-inferiority trial. Lancet Oncol
2021;22:1240–9.

[25] Eklund M, Jaderling F, Discacciati A, et al. MRI-targeted or standard
biopsy in prostate cancer screening. N Engl J Med 2021;385:
908–20.

[26] Wallstrom J, Geterud K, Kohestani K, et al. Bi- or multiparametric
MRI in a sequential screening program for prostate cancer with PSA
followed by MRI? Results from the Goteborg prostate cancer
screening 2 trial. Eur Radiol 2021;31:8692–702.

[27] Van Poppel H, Hogenhout R, Albers P, van den Bergh RCN, Barentsz
JO, Roobol MJ. Early detection of prostate cancer in 2020 and
beyond: facts and recommendations for the European Union and
the European Commission. Eur Urol 2021;79:327–9.

[28] Van Poppel H, Hogenhout R, Albers P, van den Bergh RCN, Barentsz
JO, Roobol MJ. A European model for an organised risk-stratified
early detection programme for prostate cancer. Eur Urol Oncol
2021;4:731–9.

E U R O P E A N U R O L O G Y O P E N S C I E N C E 3 6 ( 2 0 2 2 ) 1 – 88

https://doi.org/10.1016/j.euros.2021.11.002
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0005
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0005
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0005
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0010
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0010
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0010
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0015
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0015
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0015
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0015
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0015
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0020
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0020
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0020
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0020
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0020
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0025
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0025
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0030
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0030
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0030
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0035
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0035
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0035
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0035
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0035
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0040
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0040
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0040
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0045
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0045
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0045
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0045
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0050
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0050
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0055
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0055
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0055
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0060
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0060
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0060
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0060
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0075
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0075
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0075
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0075
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0080
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0080
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0080
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0080
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0085
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0085
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0085
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0085
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0085
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0085
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0090
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0090
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0090
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0095
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0095
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0095
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0095
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0095
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0100
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0100
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0100
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0100
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0100
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0105
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0105
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0105
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0110
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0110
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0110
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0110
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0115
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0115
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0115
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0120
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0120
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0120
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0120
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0120
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0125
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0125
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0125
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0130
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0130
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0130
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0130
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0135
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0135
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0135
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0135
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0140
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0140
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0140
http://refhub.elsevier.com/S2666-1683(21)03379-6/h0140

	Reducing Biopsies and Magnetic Resonance Imaging Scans During the Diagnostic Pathway of Prostate Cancer: Applying the Rotterdam Prostate Cancer Risk Calculator to the PRECISION Trial Data
	1 Introduction
	2 Patients and methods
	2.1 Statistical analyses

	3 Results
	3.1 Can we reduce systematic biopsies in men with elevated PSA and normal DRE?
	3.2 Can we reduce MRI and targeted biopsies in men with elevated PSA and normal DRE?

	4 Discussion
	5 Conclusions
	Appendix A Supplementary data
	References


