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OBJECTIVE To externally validate the European Randomized Study of Screening for Prostate Cancer (ERSPC)
risk calculator (RC) and to evaluate its variability between 2 consecutive prostate-specific antigen
(PSA) values.

MATERIALS AND
METHODS

We prospectively catalogued 1021 consecutive patients before prostate biopsy for suspicion of pros-
tate cancer (PCa). The risk of PCa and significant PCa (Gleason score ≥7) from 749 patients
was calculated according to ERSPC-RC (digital rectal examination-based version 3 of 4) for 2
consecutive PSA tests per patient. The calculators’ predictions were analyzed using calibration
plots and the area under the receiver operating characteristic curve (area under the curve). Cohen
kappa coefficient was used to compare the ability and variability.

RESULTS Of 749 patients, PCa was detected in 251 (33.5%) and significant PCa was detected in 133 (17.8%).
Calibration plots showed an acceptable parallelism and similar discrimination ability for both PSA
levels with an area under the curve of 0.69 for PCa and 0.74 for significant PCa. The ERSPC
showed 226 (30.2%) unnecessary biopsies with the loss of 10 significant PCa. The variability of
the RC was 16% for PCa and 20% for significant PCa, and a higher variability was associated
with a reduced risk of significant PCa.

CONCLUSION We can conclude that the performance of the ERSPC-RC in the present cohort shows a high
similitude between the 2 PSA levels; however, the RC variability value is associated with a de-
creased risk of significant PCa. The use of the ERSPC in our cohort detects a high number of
unnecessary biopsies. Thus, the incorporation of ERSPC-RC could help the clinical decision to
carry out a prostate biopsy. UROLOGY 102: 85–91, 2017. © 2016 Elsevier Inc.

Prostate cancer (PCa) has emerged as the most fre-
quent cancer among men in Europe. It accounts for
22.8% of newly diagnosed cases of cancer in Euro-

pean men.1 Since the introduction of prostate-specific
antigen (PSA) for early detection of PCa, the rate of di-
agnosis has increased, and metastatic disease and specific
mortality have been reduced in most western countries.2

However, one of its drawbacks is that it is an organ-
specific marker, but it has a bad specificity and high vari-

ability of up to 20% (10%-20%),3 so at least 2 values are
recommended before indicating a prostate biopsy.4 Nowa-
days, there is no consensus-based recommendation with
regard to population screening owing to the proven risk
of overdiagnosis and overtreatment in a considerable number
of patients.5

In an attempt to resolve these problems, many RNA,
DNA, and protein-based biomarkers in urine, blood, and
tissue samples have been studied. Also, some emerging areas
of study including microRNA, long noncoding RNA,
metabolomics, exosomes, and microbiota are being
explored.6-8 They are expensive and not routinely used in
clinical practice, so usually a digital rectal examination
(DRE) and PSA are the most widely used tools to select
patients for prostate biopsy.

Nomogram-based PCa risk calculators (RC) are easy and
accessible tools that have been developed to help clinicians
in this selection process. Three of the most used are those
from the Prostate Cancer Prevention Trial (PCPTcohort;
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PCPT-RC) (http://deb.uthscsa.edu/URORiskCalc/
Pages/calcs.jsp), from the European Randomized Study of
Screening for Prostate Cancer (ERSPC cohort; ERSPC-
RC) (http://www.prostatecancer-riskcalculator.com/seven
-prostate-cancer-riskcalculators), and from a local Cana-
dian cohort (http://sunnybrook.ca/content/?page=occ
-prostatecalc) whose original versions have been widely vali-
dated externally.9 Recently, PCPT-RC and ERSPC-RC have
incorporated some modifications,10,11 which have not been
externally validated to the same extent.12 One of these vali-
dation cohorts has also shown that ERPSC-RC slightly out-
performed PCPT-RC version 2.0 for significant PCa.13

However, the variability of this RC between 2 consecutive
PSA levels has not been analyzed, and further external vali-
dations are required.

The present study aimed to externally validate the
new ERSPC-RC, analyze its variability between 2
consecutive PSA levels, and evaluate its clinical
significance.

MATERIALS AND METHODS

Study Population and Design
An observational study was performed on patients from the
ONCOVER cohort who underwent an ultrasound-guided pros-
tate biopsy from January 2013 to July 2015. Clinical follow-up
was 22 months (range 14-32).

The ONCOVER cohort is a group of 1021 patients who have
donated blood and urine in the same morning conditions before
undergoing prostate biopsy according to clinical practice.

The project was approved by the Reina Sofia Hospital Re-
search Ethics Committee, and informed consent was obtained from
all participants.

Inclusion criteria among the ONCOVER cohort are the
following:

– The indications for undergoing a prostate biopsy were suspi-
cious findings on DRE, PSA >10 ng/mL, or PSA 3-10 ng/mL
if free PSA ratio <25% in those with a PSA of 3-10 ng/mL,
and persistently elevated or rising PSA in those previously
biopsied. Following European Association of Urology guide-
lines, at least 2 PSA levels were needed to indicate a prostate
biopsy.

– PSA <50 ng/mL.
– full clinical and laboratory data to calculate ERSPC-RC
– 2 consecutive PSA levels within an interval of 12 weeks
– pathology biopsy results

Exclusion criterion was previously known PCa diagnosis.

Prostate Biopsy and Pathologic Analysis
A transrectal ultrasound (TRUS)-guided prostate biopsy was
carried out under local anesthesia by using a standard peripros-
tatic block, a TRUS transducer, and a 16-gauge automated needle
biopsy instrument. The prostatic volume was measured, and 12
biopsy cores were obtained in patients undergoing their first biopsy,
and a minimum of 16 cores were taken for those previously
biopsied. All biopsy specimens were analyzed by a single uro-
logic pathologist according to International Society of Urologi-
cal Pathology 2005 modified criteria.14

Main Variables Description
Two PSA levels were measured within a variable period no higher
than 12 weeks.

PSA 1: PSA level of biopsy indication.
PSA 2: PSA level before undergoing prostate biopsy.
Prostate volume: Prostate volume estimated by TRUS and cat-
egorized in 3 possible values, 25, 40, and 60 mL, as recommended10

(TRUS volume <30 = 25, 30-50 = 40, and ≥50 = 60 mL).
Significant prostate cancer/high grade (HG): PCa with Gleason
grade ≥7 on biopsy.
ERSPC-RC: ERSPC-RC 3 + DRE formula for patients at initial
biopsy and the ERSPC-RC 4 + DRE for patients at repeat biopsy
were used in this study. These calculators use PSA, prostate volume,
and DRE examination as variables, with the information of a nega-
tive prostate biopsy in ERSPC 4 + DRE in patients previously
biopsied. ERSPC-RC gives a probability of PCa and ERSPC/
HG gives a probability of significant/high-grade or advanced PCa
(Gleason ≥ 7 or T stage > 2B).
1 ERSPC/HG (1 Measure): Risk probability calculated by
ERSPC-RC 3 or 4 ± DRE (depends on previous biopsy) for PCa
using PSA 1/HG—for significant PCa (www.prostatecancer
-riskcalculator.com).
2 ERSPC/HG (2 Measure): Risk probability calculated by
ERSPC-RC 3 or 4 ± DRE (depends on previous biopsy) for PCa
using PSA 2/HG—for significant PCa (www.prostatecancer
-riskcalculator.com).

Biopsy indication according to ERSPC-RC recommenda-
tion: ≥20% of PCa or between 12.5% and 20% for any cancer
and ≥4% for significant PCa.

Variability of PSA and ERSPC probability risk were calcu-
lated by this formula:

1 2 1Measure Measure Measure−

Statistical Analysis
A descriptive study was performed by calculating the
median and interquartile ranges for the quantitative variables
and the absolute frequencies and percentages for the qualitative
variables.

The calibration and discrimination ability of the RC were as-
sessed with both PSA measurements. The discrimination was mea-
sured using the receiver operating characteristic curve and
summarized by the area under the curve (AUC). To compare the
accuracy between the 2 receiver operating characteristic curves,
the DeLong test was applied.

Calibration that shows the agreement between the fre-
quency of observed outcome and the predicted probabilities was
studied using graphical representations of the relationship between
the 2 calibration curves.

Decision curve analyses were performed for the assessment of
the net benefit according to different threshold probabilities
that denote at which point one would consider a biopsy.

We analyzed age as a possible additional predictor within the
RC. An evaluation with 250 repetitions of 10-fold cross valida-
tion was carried out.

To study the agreement between the RC with both PSA mea-
sures and the best cutoff value to diminish the variability, a Cohen
kappa test was used.

A Cox proportional hazard model was used in multivariate
analysis to assess the association of the ERSPC variability with
the biopsy result adjusted by the calculated ERPSC risk.
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SPSS Statistics 17.0 (SPSS Inc., Chicago, IL) and R version
3.2.3 software were used to analyze the data, and a P value of less
than .05 was deemed to be significant.

RESULTS

External Validation
Of 1021 patients, 749 who met inclusion criteria were finally
analyzed. Causes of patient exclusion for analysis are de-
scribed in Supplementary Table S1. The median age was
66 years (interquartile range: 60-71). A total of 251 of 749
(33.5%) patients were diagnosed with PCa and 133 of 749
(17.8%) were diagnosed with significant PCa. Clinical and
demographic variables are shown in Supplementary
Table S2, and Table 1 shows them according to biopsy
results. During follow-up, 105 patients underwent a new
prostate biopsy, according to each clinician’s indication,
diagnosing 17 more patients with PCa, and only 10 of them
are clinically significant.

The calibration plots of the ERSPC-RC showed that
there is an acceptable parallelism at most axis values. Models
underestimate the risk of small risk values and overesti-
mate for higher risk values with both PSA 1 and 2 (Fig. 1).

The discriminative ability for the detection of PCa and
significant PCa was not significantly different between 1
ERSPC and 2 ERSPC (as shown in Supplementary Fig. S1)
with an AUC of 0.68 (95% confidence interval [CI]; 0.64-
0.72) and 0.69 (95% CI; 0.65-0.74) for PCa and 0.74 (95%
CI; 0.70-0.79) and 0.74 (95% CI; 0.70-0.79) for signifi-
cant PCa, respectively. Taking into account PCa diagno-
ses during follow-up, we found that the discriminative ability
of the RC did not change significantly.

The decision curve analyses revealed that RCs in both
PSA groups provided a clinical net benefit from the thresh-
old probability of 0.22 for PCa and from 0.09 for signifi-
cant PCa (Fig. 2).

Taking into account ERSPC cutoff recommendations,
accuracy when a prostate biopsy with 1 ERSPC was indi-
cated was worse with an AUC of 0.64 (95% CI; 0.59-
0.68) for significant PCa.

However, if 1 ERSPC had been calculated before indi-
cating a biopsy in this cohort, 226 of 749 biopsies would
have been avoided (30.2%), misdiagnosing 40 PCa of which
only 10 would have been clinically significant (7.5% of all
significant PCa). This means a negative predictive value
(NPV) of 0.82 for PCa and 0.96 for significant PCa, with
a lower positive predictive value of 0.40 and 0.24,
respectively.

When only patients with PSA lower than 10 ng/mL in
whom the nomogram is more relevant are considered,
among 613 biopsies with 92 significant PCa diagnoses, 197
(32.1%) biopsies would have been avoided, misdiagnos-
ing 7 significant PCa (7.6%) (NPV = 96.4% and positive
predictive value = 20.4%).

Adding the age as a variable for the RC, we found the
analysis shows improved accuracy of the 1 ERSPC for PCa
(AUC 0.73 vs 0.69; P <.05) (Fig. S2) but not for signifi-
cant PCa (data not shown).

Variability of ERSPC-RC
Considering all the cohort, we found that the accuracy of
both ERSPC-RC probabilities was not different (Fig. S1).
However, median variability of ERSPC-RC probabilities
was 0.20 (0.0-0.5) for PCa and 0.17 (0.07-0.33) for sig-
nificant PCa.

Concordance in the indication of a prostate biopsy
between 1 ERSPC and 2 ERSPC was K = 0.71 (P <.001)
(Table S3). The agreement between positive biopsy clas-
sifiers is locally maximal at 0.2, whereas there is no clear
optimal threshold for high-grade tumor classifiers. Both
coefficients become noisy for high thresholds, where
neither classifier is useful (Fig. 3). Of the total cohort, 96
of 749 patients (12.8%) changed the indication of biopsy
between 1 ERSPC-RC and 2 ERSPC-RC; 72 of 749
patients with an indication of prostate biopsy according
to 1 ERSPC-RC had no indication in 2 ERSPC (Table S3),
with 8 of 72 (11%) resulting in significant PCa.

A higher variability between probabilities of ERSPC/
HG-RC was independently associated with a reduced

Table 1. Clinical and demographic characteristics categorized according to biopsy results

Variable
No PCa PCa Significant PCa
N = 498 N = 251 N = 133

Age (y) 64.5 (59-7) 68 (63-73) 70 (64-76)
Family history 89 (17.9) 44 (17.8) 22 (16.5)
Positive DRE 53 (10.6) 79 (31.5) 49 (36.8)
PSA 1 (ng/mL) 5.7 (4.3-8.3) 6.4 (4.5-9.7) 7.0 (5.0-11.2)
PSA 2 (ng/mL) 5.1 (3.7-7.1) 5.9 (4.1-9.3) 6.2 (4.4-10.5)
Prostate volume (cm3) 40 (25-60) 25 (25-40) 25 (25-40)
First biopsy 363 (72.9) 204 (81.3) 114 (85.7)
1 ERSPC 0.22 (0.13-0.36) 0.37 (0.22-0.59) 0.44 (0.27-0.70)
1 ERSPC/HG 0.06 (0.02-0.12) 0.12 (0.05-0.34) 0.17 (0.07-0.49)
2 ERSPC 0.19 (0.11-0.33) 0.34 (0.19-0.54) 0.44 (0.24-0.64)
2 ERSPC/HG 0.04 (0.02-0.10) 0.11 (0.04-0.29) 0.17 (0.06-0.41)

1 ERSPC/HG, probability of PCa and high-grade PCa using the 1° serum PSA; 2 ERSPC/HG, probability of PCa and high-grade PCa using
the 2° serum PSA; DRE, digital rectal examination; PCa, prostate cancer; PSA 1, PSA level of biopsy indication; PSA 2, PSA level before
undergoing prostate biopsy; PSA, prostate-specific antigen; Significant PCa, Gleason ≥7 on biopsy.
Values expressed in median and interquartile range for quantitative variables, and absolute and percentage for qualitative variables.
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risk of significant PCa on biopsy as shown in Table S4,
but its addition to the nomogram did not increase the
accuracy of the RC with an AUC of 0.73 (95% CI;
0.67-0.78).

DISCUSSION
Nowadays, there is still a real problem when dealing with a
patient with high PSA levels. It is well known that despite
PSA organ-specific properties, its accuracy for PCa diagno-
ses is not too accurate; 2 of its problems are specificity and
variability.15

PSA variability has been calculated by different authors
to be around 10%-20% between different periods in theo-
retical basal situations.16,17 Thus, it is recommended not to
perform a prostate biopsy with only 1 PSA value and to
confirm its levels again, with no specific time between the
2 measures.3,4

PCa RCs improved PSA accuracy and are easily avail-
able simple tools, which can be used in clinical practice. Re-
cently, Poyet et al13 and Foley et al18 carried out a direct
comparison and validation of a new version of ERSPC and
PCPT RC, showing less accuracy than in their original cohorts
and ERSPC-RC outperformed PCPT-RC for significant PCa.

Figure 1. Calibration plots for the European Randomized Study of Screening for Prostate Cancer risk calculator (ERSPC-
RC). The x-axis shows predicted probabilities of the models and the y-axis shows observed probabilities. The dashed line
represents perfect predictions. The solid line refers to predicted vs observed event rates with grouped patients and the
gray area refers to the confident interval. (A,B) Results for cancer and significant prostate cancer for 1 ERSPC, respec-
tively. (C,D) Results for cancer and significant prostate cancer for 2 ERSPC, respectively. HG, high grade. (Color version
available online.)
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One of the reasons for the improved accuracy of ERSPC-
RC, and its outperformance of others such as PCPT, is the
use of prostate volume calculated by TRUS.9,18 Including
TRUS as a predictor in a risk model to be used in a routine
screening program could pose some problems as currently
this would require general practitioners to refer patients
to urology specialists, and not all urologists have TRUS
available in the clinic. Also, despite not being painful or
invasive, this could increase psychosocial distress that may
already occur from screening or opportunistic diagnoses.19

The use of prostate volume estimation by DRE catego-
rized in 3 possibilities has been incorporated to the ERSPC-
RC, showing a good correlation with the median volume
calculated by TRUS and also maintaining their predic-
tive accuracy.10

Our study methodology is similar to that used by Poyet
et al13 and Foley et al18 with the same limitation, catego-
rizing prostate volume from TRUS measures and not from
DRE estimation. This allows a direct comparison in the
performance of the RC in our different cohorts. As shown
in our results, the accuracy of the RC in our cohorts is
similar to theirs, around 0.7 for PCa and 0.74 for signifi-
cant PCa. These results are in accordance with the knowl-
edge of reduced accuracy capacity of nomograms in external
validations.20

When we evaluated the correspondence between the pre-
dicted probabilities of the model in our validation series
and the real incidence of PCa, we observed that the model
has an acceptable parallelism for most values but under-
estimates the real number of cancers in low-risk values and

Figure 2. Decision curve analysis for the prediction of prostate cancer (PCa) or significant PCa using the European Ran-
domized Study of Screening for Prostate Cancer risk calculator (ERSPC-RC). The horizontal line along the x-axis assumes
that no patient will have significant prostate cancer, whereas the solid gray line assumes that all patients will have PCa or
significant PCa. (A,B) Results for PCa and significant PCa for 1 ERSPC, respectively. (C,D) Results for PCa and significant
PCa for 2 ERSPC, respectively.
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overestimates in high-risk values as described in the cali-
bration plots.

The variability of the RC between 2 consecutive PSA
values is not insignificant. The median of absolute vari-
ability of the RC was 0.16 for PCa and 0.2 for significant
PCa, which was similar to the variability published for
PSA,3,16,17 emphasizing the high weight of this variable in
the RC. This result of variability implied a change in biopsy
indication in approximately 100 patients, which mean that
although the accuracy of RC with both PSA were similar
in all the cohort, taking an individual approach would have
changed the indication of biopsy in a considerable amount
of patients. Nevertheless, in our cohort, Cohen κ test result
suggests that the use of a threshold near 0.2 would make
the classifier robust to variations in measured PSA for posi-
tive biopsy diagnoses, in agreement with ERSPC
recommendations.

Furthermore, a higher absolute variation in the risk value
between the 2 measures was associated with a decreased
risk of significant PCa, but it did not increase the accu-
racy of the RC for PCa or significant PCa. Similar results,
but only taking into account the PSA value, have re-
cently been published by Nordstrom et al.21 They found
that those patients with a PSA of 3-10 ng/mL and an in-
crease or decrease of more than 20% in 8 weeks were as-
sociated with a reduced probability of Gleason 7 or higher.

Our results show that the introduction of this RC could
save a considerable number of prostate biopsies without mis-
diagnosing a great number of significant PCa, reaching an
NPV of 0.96. These results emphasize the need to
encourage urologists to use these easily available tools in
clinical practice. Despite the fact that with the introduc-
tion of magnetic resonance imaging (MRI) the utility of

these RCs could be reduced,22 Alberts et al23 have re-
cently shown that a risk-based patient selection for MRI-
targeted prostate biopsy, after a negative biopsy, could avoid
unnecessary MRI scans.

Finally, this study has a few limitations that should be
addressed. First, this is a retrospective study, which results
in categorizing prostate volume calculated by TRUS instead
of by DRE estimation. Second, the interval of PSA mea-
sures was not the same for all patients. This fact means we
should interpret with caution the variability of the PSA,
but it also reflects real clinical practice and is a similar ap-
proach as other authors have used, such as Komatsu et al,16

in which the interval of time between PSA measures is not
exact.

Despite the limitations of our study, we can conclude
that the use of ERSPC-RC would improve our manage-
ment and clinical decision to indicate prostate biopsies,
avoiding an important number of unnecessary biopsies and
overdiagnoses. The ERSPC-RC thresholds fit well with our
Mediterranean cohort, and the PSA variations have less
influence. Finally, a higher RC variability between 2 con-
secutive PSA measures is associated with a decreased risk
of Gleason 7 or more.

Thus, further studies are necessary to clarify the role of
this RC with novel biomarkers and imaging techniques and
to study prospectively the role of its variability.
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Figure 3. Cohen κ inter-rater agreement coefficient between prostate-specific antigen (PSA) 1 and PSA 2 classifiers as a
function of the decision threshold.

90 UROLOGY 102, 2017



References
1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, et al. Cancer in-

cidence and mortality patterns in Europe: estimates for 40 coun-
tries in 2012. Eur J Cancer. 2013;49:1374-1403. doi:10.1016/
j.ejca.2012.12.027.

2. Welch HG, Gorski DH, Albertsen PC. Trends in metastatic breast
and prostate cancer—lessons in cancer dynamics. N Engl J Med.
2015;373:1685-1687. doi:10.1056/NEJMp1510443.

3. Soletormos G, Semjonow A, Sibley PE, et al. Biological variation
of total prostate-specific antigen: a survey of published estimates and
consequences for clinical practice. Clin Chem. 2005;51:1342-1351.
doi:10.1373/clinchem.2004.046086.

4. Heidenreich A, Bastian PJ, Bellmunt J, et al. EAU guidelines on pros-
tate cancer. part 1: screening, diagnosis, and local treatment with cu-
rative intent-update 2013. Eur Urol. 2014;65:124-137. doi:10.1016/
j.eururo.2013.09.046.

5. Ilic D, Neuberger MM, Djulbegovic M, et al. Screening for pros-
tate cancer. Cochrane Database Syst Rev. 2013;(9):ED000067.
doi:10.1002/14651858.ED000067.

6. Tosoian JJ, Ross AE, Sokoll LJ, et al. Urinary biomarkers for pros-
tate cancer. Urol Clin North Am. 2016;43:17-38. doi:10.1016/
j.ucl.2015.08.003.

7. Leapman MS, Carroll PR. New genetic markers for prostate cancer.
Urol Clin North Am. 2016;43:7-15. doi:10.1016/j.ucl.2015.08.002.

8. Loeb S, Lilja H, Vickers A. Beyond prostate-specific antigen: utiliz-
ing novel strategies to screen men for prostate cancer. Curr Opin Urol.
2016;26:459-465. doi:10.1097/MOU.0000000000000316.

9. Louie KS, Seigneurin A, Cathcart P, et al. Do prostate cancer risk
models improve the predictive accuracy of PSA screening? A meta-
analysis. Ann Oncol. 2015;26:848-864. doi:10.1093/annonc/mdu525.

10. 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;61:577-583. doi:10.1016/
j.eururo.2011.11.012.

11. Ankerst DP, Hoefler J, Bock S, et al. Prostate Cancer Prevention
Trial risk calculator 2.0 for the prediction of low- vs high-grade pros-
tate cancer. Urology. 2014;83:1362-1367. doi:10.1016/j.urology
.2014.02.035.

12. Foley RW, Lundon DJ, Murphy K, et al. Predicting prostate cancer:
analysing the clinical efficacy of prostate cancer risk calculators in
a referral population. Ir J Med Sci. 2015;184:701-706. doi:10.1007/
s11845-015-1291-8.

13. 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 Pre-
vention Trial (PCPT) risk calculators: independent validation and
comparison in a contemporary European cohort. BJU Int.
2016;117:401-408. doi:10.1111/bju.13314.

14. Epstein JI, Allsbrook WC Jr, Amin MB, et al. The 2005 Interna-
tional Society of Urological Pathology (ISUP) consensus confer-
ence on Gleason grading of prostatic carcinoma. Am J Surg Pathol.
2005;29:1228-1242.

15. Harvey P, Basuita A, Endersby D, et al. A systematic review of the
diagnostic accuracy of prostate specific antigen. BMC Urol. 2009;9:14.
doi:10.1186/1471-2490-9-14.

16. Komatsu K, Wehner N, Prestigiacomo AF, et al. Physiologic
(intraindividual) variation of serum prostate-specific antigen
in 814 men from a screening population. Urology. 1996;47:343-
346.

17. Morote J, Raventos CX, Lorente JA, et al. Intraindividual varia-
tions of total and percent free serum prostatic-specific antigen levels
in patients with normal digital rectal examination. Eur Urol.
1999;36:111-115.

18. Foley RW, Maweni RM, Gorman L, et al. The ERSPC risk calcu-
lators significantly outperform the PCPT 2.0 in the prediction of pros-
tate cancer; a multi-institutional study. BJU Int. 2016;doi:10.1111/
bju.13437. [Epub ahead of print].

19. Brindle LA, Oliver SE, Dedman D, et al. Measuring the psychoso-
cial impact of population-based prostate-specific antigen testing for
prostate cancer in the UK. BJU Int. 2006;98:777-782. doi:10.1111/
j.1464-410X.2006.06401.x.

20. Schroder F, Kattan MW. The comparability of models for predict-
ing the risk of a positive prostate biopsy with prostate-specific antigen
alone: a systematic review. Eur Urol. 2008;54:274-290. doi:10.1016/
j.eururo.2008.05.022.

21. Nordstrom T, Adolfsson J, Gronberg H, et al. Repeat prostate-
specific antigen tests before prostate biopsy decisions. J Natl Cancer
Inst. 2016;108:doi:10.1093/jnci/djw165.

22. Rosenkrantz AB, Verma S, Choyke P, et al. Prostate MRI and MRI-
targeted biopsy in patients with a prior negative biopsy: a consen-
sus statement of the American Urological Association and the Society
of Abdominal Radiology’s Prostate Cancer Disease-Focused Panel.
J Urol. 2016;doi:10.1016/j.juro.2016.06.079. Epub ahead of print.

23. Alberts AR, Schoots IG, Bokhorst LP, et al. Risk-based patient se-
lection for magnetic resonance imaging-targeted prostate biopsy after
negative transrectal ultrasound-guided random biopsy avoids unnec-
essary magnetic resonance imaging scans. Eur Urol. 2016;69:1129-
1134. doi:10.1016/j.eururo.2015.11.01.

APPENDIX

SUPPLEMENTARY DATA
Supplementary data associated with this article can be found,

in the online version, at http://dx.doi.org/10.1016/j.urology.2016
.11.004.

91UROLOGY 102, 2017

http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0010
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0010
http://dx.doi.org/10.1016/j.ejca.2012.12.027
http://dx.doi.org/10.1016/j.ejca.2012.12.027
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0015
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0015
http://dx.doi.org/10.1056/NEJMp1510443
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0020
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0020
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0020
http://dx.doi.org/10.1373/clinchem.2004.046086
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0025
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0025
http://dx.doi.org/10.1016/j.eururo.2013.09.046
http://dx.doi.org/10.1016/j.eururo.2013.09.046
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0030
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0030
http://dx.doi.org/10.1002/14651858.ED000067
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0035
http://dx.doi.org/10.1016/j.ucl.2015.08.003
http://dx.doi.org/10.1016/j.ucl.2015.08.003
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0040
http://dx.doi.org/10.1016/j.ucl.2015.08.002
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0045
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0045
http://dx.doi.org/10.1097/MOU.0000000000000316
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0050
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0050
http://dx.doi.org/10.1093/annonc/mdu525
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0055
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0055
http://dx.doi.org/10.1016/j.eururo.2011.11.012
http://dx.doi.org/10.1016/j.eururo.2011.11.012
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0060
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0060
http://dx.doi.org/10.1016/j.urology.2014.02.035
http://dx.doi.org/10.1016/j.urology.2014.02.035
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0065
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0065
http://dx.doi.org/10.1007/s11845-015-1291-8
http://dx.doi.org/10.1007/s11845-015-1291-8
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0070
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0070
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0070
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0070
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0070
http://dx.doi.org/10.1111/bju.13314
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0075
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0075
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0075
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0075
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0080
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0080
http://dx.doi.org/10.1186/1471-2490-9-14
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0085
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0085
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0085
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0085
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0090
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0090
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0090
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0090
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0095
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0095
http://dx.doi.org/10.1111/bju.13437
http://dx.doi.org/10.1111/bju.13437
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0100
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0100
http://dx.doi.org/10.1111/j.1464-410X.2006.06401.x
http://dx.doi.org/10.1111/j.1464-410X.2006.06401.x
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0105
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0105
http://dx.doi.org/10.1016/j.eururo.2008.05.022
http://dx.doi.org/10.1016/j.eururo.2008.05.022
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0110
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0110
http://dx.doi.org/10.1093/jnci/djw165
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0115
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0115
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0115
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0115
http://dx.doi.org/10.1016/j.juro.2016.06.079
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0120
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0120
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0120
http://refhub.elsevier.com/S0090-4295(16)30808-1/sr0120
http://dx.doi.org/10.1016/j.eururo.2015.11.01
http://dx.doi.org/10.1016/j.urology.2016.11.004
http://dx.doi.org/10.1016/j.urology.2016.11.004

	 European Randomized Study of Screening for Prostate Cancer Risk Calculator: External Validation, Variability, and Clinical Significance
	 Materials and Methods
	 Study Population and Design
	 Prostate Biopsy and Pathologic Analysis
	 Main Variables Description
	 Statistical Analysis

	 Results
	 External Validation
	 Variability of ERSPC-RC

	 Discussion
	 Acknowledgment
	 References
	 Supplementary Data


