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IMPORTANCE Multiparametric magnetic resonance imaging (MRI) in conjunction with
MRI–transrectal ultrasound (TRUS) fusion-guided biopsies have improved the detection of
prostate cancer. It is unclear whether MRI itself adds additional value to multivariable
prediction models based on clinical parameters.

OBJECTIVE To determine whether an MRI-based prediction model can reduce unnecessary
biopsies in patients with suspected prostate cancer.

DESIGN, SETTING, AND PARTICIPANTS Patients underwent MRI, MRI-TRUS fusion-guided
biopsy, and 12-core systematic biopsy in 1 session. The development cohort used to derive the
prediction model consisted of 400 patients from 1 institution enrolled between May 14, 2015,
and August 31, 2016, and the validation cohort included 251 patients from 2 independent
institutions who underwent biopsies between April 1, 2013, and June 30, 2016, at 1 institution
and between July 1, 2015, and October 31, 2016, at the other institution. The MRI model
included MRI-derived parameters in addition to clinical variables. Area under the curve of
receiver operating characteristic curves and decision curve analysis were performed.

MAIN OUTCOMES AND MEASURES Risk of clinically significant prostate cancer on biopsy,
defined as a Gleason score of 3 + 4 or higher in at least 1 biopsy core.

RESULTS Overall, 193 (48.3%) of the 400 patients in the development cohort (mean [SD] age
at biopsy, 64.3 [7.1] years) and 96 (38.2%) of the 251 patients in the validation cohort (mean
[SD] age at biopsy, 64.9 [7.2] years) had clinically significant prostate cancer, defined as a
Gleason score greater than or equal to 3 + 4. By applying the model to the external validation
cohort, the area under the curve increased from 64% to 84% compared with the baseline
model (P < .001). At a risk threshold of 20%, the MRI model had a lower false-positive rate
than the baseline model (46% [95% CI, 32%-66%] vs 92% [95% CI, 70%-100%]), with only
a small reduction in the true-positive rate (89% [95% CI, 85%-96%] vs 99% [95% CI,
89%-100%]). Eighteen of 100 fewer biopsies could have been performed, with no increase in
the number of patients with missed clinically significant prostate cancers.

CONCLUSIONS AND RELEVANCE The inclusion of MRI-derived parameters in a risk model could
reduce the number of unnecessary biopsies while maintaining a high rate of diagnosis of
clinically significant prostate cancers.
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T ransrectal systematic biopsy remains the standard of
care for diagnosing prostate cancer. Use of this biopsy
has led to an increased detection of low-grade cancers,

which can result in overtreatment.1,2 Although prostate bi-
opsy is generally considered safe, there has been an increase
in biopsy-related septic complications owing to a rising preva-
lence of fluoroquinolone-resistant bacterial infections.3 Thus,
it would be desirable to reduce the biopsy rate in men who
ultimately prove to have benign conditions or low-grade dis-
ease. Current guidelines endorse the application of validated
risk calculators to determine the risk of a positive prostate
biopsy.4 In addition, new serum-based and urine-based bio-
markers have become available to reduce unnecessary bi-
opsy. Multiparametric magnetic resonance imaging (MRI) of
the prostate in conjunction with MRI-transrectal ultrasound
(TRUS) fusion-guided biopsy could also serve as a biomarker
to avoid biopsy in low-risk patients.5 However, an important
limitation of MRI is its variability among readers.6 To pro-
mote standardization, the Prostate Imaging-Reporting and Data
System version 2 (PI-RADSv2)7 was introduced in 2015 for re-
porting multiparametric MRI scans. We hypothesized that a
risk prediction model incorporating MRI-derived prostate
volumes and PI-RADSv2 categories as variables in addition to
conventional clinical predictors could reduce unnecessary
prostate biopsies compared with a model based solely on clini-
cal predictors. We test a model based on 1 institution’s data and
test it against data from 2 different institutions.

Methods
Study Population for Model Development
Patients were enrolled at Institution 1 (National Cancer Insti-
tute, Bethesda, Maryland) between May 14, 2015, and August
31, 2016, as part of an ongoing prospective trial8 with ap-
proval from the National Institutes of Health Institutional Re-
view Board and written informed consent. Patients with el-
evated serum prostate-specific antigen (PSA) levels or abnormal
results of a digital rectal examination and at least 1 lesion de-
tected on results of multiparametric MRI were included. Ex-
clusion criteria were having negative MRI results, nondiag-
nostic MRI results owing to artifacts (eg, excess patient motion
or metallic prosthesis–related artifacts), prior treatment for
prostate cancer (radical prostatectomy, external beam radio-
therapy, brachytherapy, focal therapy, or androgen depriva-
tion therapy), or other forms of local treatment (transure-
thral resection of prostate or bladder instillation therapy). For
patients with multiple biopsy sessions, only the first session
was included in our analysis (Figure 1). All detected lesions were
evaluated and assigned a category based on the PI-RADSv2
guideline.7 Prostate Imaging-Reporting and Data System ver-
sion 2 category 3 or higher lesions routinely underwent MRI-
TRUS fusion-guided biopsy, while category 1 and 2 lesions were
targeted only under certain circumstances or based on pa-
tient preference. Only the category of the index lesion was con-
sidered in this study and was defined by the highest PI-
RADSv2 category in the prostate gland. In the case of multiple
lesions with the same highest PI-RADSv2 category, the lesion

with the largest size or greatest risk for extraprostatic exten-
sion was considered to be the index lesion.

Study Population for Model Validation
The validation population consisted of patients from 2 inde-
pendent institutions (Institution 2: University of Chicago
Medical Center; Institution 3: University of Alabama at Bir-
mingham) using the same criteria as Institution 1. All
patients underwent multiparametric MRI, and lesions were
assigned PI-RADSv2 categories. The same definitions for
index lesions and biopsy decision rules were applied as in
the development cohort. Patients from Institution 2 under-
went biopsies between April 1, 2013, and June 30, 2016, and
PI-RADSv2 categories were assigned retrospectively. Patients
from Institution 3 underwent biopsies between July 1, 2015,
and October 31, 2016, and PI-RADSv2 categories were
assigned prospectively.

Figure 1. Inclusion and Exclusion Criteria for the Development Cohort

800 Excluded (did not undergo
prostate biopsy)

1233 Patients underwent multiparametric MRI

3 Excluded (underwent systematic
biopsy only)

5 Excluded for multiple biopsy sessions

425 Patients with MRI and 1 session
of fusion-guided biopsy

25 Excluded after treatment

400 Patients included in the final
population for the model

433 Patients with MRI and biopsies

430 Patients with MRI and fusion-guided biopsies

MRI indicates magnetic resonance imaging.

Key Points
Question How can patients with positive findings on prostate
magnetic resonance imaging who would benefit from a prostate
biopsy be differentiated from those who would not benefit?

Findings In this cohort study, a prediction model based on clinical
and magnetic resonance imaging parameters was first developed
in 400 patients and subsequently validated in 2 independent
populations of 251 patients. The model reduced the number of
unnecessary prostate biopsies while still detecting most clinically
significant prostate cancers.

Meaning This model improved risk stratification among patients
with positive findings on prostate magnetic resonance imaging
and can be applied to other independent patient populations;
further prospective validation is justified.
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MRI Technique and Evaluation
Imaging parameters of all 3 institutions are summarized in
eTables 1-3 in the Supplement. Most imaging was performed
with a 16-channel surface coil (SENSE, Philips Healthcare) and
an endorectal coil (BPX-30, Medrad). In a small number of pa-
tients, the endorectal coil was omitted and a 32-channel car-
diac coil (SENSE, InVivo) was used. Prostate volume was mea-
sured by a semiautomated segmentation tool (Dynacad, In
Vivo). At Institution 1, all examinations were interpreted by 1
highly experienced radiologist (B.T.) with 9 years of experi-
ence in prostate cancer imaging. Scans from Institution 2 were
read by 1 highly experienced radiologist (A.O.) with 12 years
of experience in genitourinary imaging. Scans from Institu-
tion 3 were all reviewed in the setting of a multidisciplinary
prostate imaging conference for consensus reading and PI-
RADSv2 assignment based on interpretation by any of 5 fel-
lowship-trained radiologists (J.V.T.) and 2 urologic oncolo-
gists (S.R.-B. and J.W.N.) with prostate cancer imaging
experience.

Biopsy Procedure
Patients from all 3 institutions underwent MRI-TRUS fusion-
guided biopsies using the office-based UroNav platform (Phil-
ips, InVivo) and an 18 × 25-cm spring-loaded core needle bi-
opsy instrument (Bard Max-Core, Bard Biopsy Systems). All
detected lesions were labeled on the T2-weighted sequence by
the readers. During the procedure, the image of the prostate
was segmented and coregistered with real-time TRUS. Each le-
sion was biopsied with at least 2 biopsy cores per lesion, as pre-
viously recommended.9 After obtaining the targeted biop-
sies, a 12-core systematic biopsy was performed. Biopsy
specimens were evaluated and Gleason scores were assigned
by 1 genitourinary pathologist per center (J.B.G. and M.J.M.),
who was blinded to the results of the MRI. From each in-
cluded lesion, the specimen with the highest Gleason score was
considered for the model. All Gleason scores were assigned in
concordance with the 2014 International Society of Urologi-
cal Pathology consensus guideline.10

Model Design
The baseline model included the same clinical predictor vari-
ables as 2 commonly used risk calculators consisting of age
(years), African American ethnicity (yes or no, anamnesti-
cally evaluated), prior negative biopsy (yes or no), abnormal
results of digital rectal examination (yes or no), and PSA (ng/mL
[to convert to micrograms per liter, multiply by 1.0]).11,12 The
MRI model included all these predictors plus MRI-derived pros-
tate volume (mL) and PI-RADSv2 category as a categorical vari-
able (≤2, 3, 4, or 5), with PI-RADSv2 category 2 or less as ref-
erence. The outcome was risk of clinically significant prostate
cancer on biopsy, defined as a Gleason score of 3 + 4 or higher
in at least 1 biopsy core as a binary variable (yes or no).

Statistical Analysis
Data acquisition and reporting were consistent with the Stan-
dards of Reporting for MRI-targeted Biopsy Studies (START)
of the recommendations for the prostate.13 Two multivari-
able logistic regression models were developed and validated

to predict the risk of clinically significant prostate cancer. To
improve the fit of the models to the observed data, PSA and
prostate volume were transformed using the natural loga-
rithm logPSA and logprostate volume. In the MRI model, PSA and
prostate volume were expressed in terms of logPSA density and
logprostate volume. The risk models were recalibrated in the
validation cohort by fitting a simple intercept-slope logistic
regression to the logit of predicted risks.14,15 A calibration slope
near 1 reflects proper fit of the model.

Diagnostic accuracies of the 2 models were measured and
compared by area under the curve (AUC) of the receiver oper-
ating characteristic curve. Model fit was assessed by calibra-
tion plot.14,15 Prediction accuracy was evaluated by the true-
positive rate (TPR) and false-positive rate (FPR), where TPR is
the proportion of patients above a risk threshold among those
with clinically significant prostate cancer, and FPR is the pro-
portion of patients above the same threshold among those
without clinically significant prostate cancer. Clinical utility
of the model was measured by the proportion of avoided bi-
opsies, net benefit, and net reduction in the number of
false-positives.16

We calculated 95% CIs and SEs of the prediction perfor-
mance estimators in each model and differences between the
2 models from 2000 bootstrap samples by randomly sam-
pling patients with replacement. For the development co-
hort, the prediction models were refitted, and predicted risk
of each model was recalculated in each bootstrap sample. The
95% CIs were obtained from the 2.5% and 97.5% percentiles
of the bootstrap resampling distribution. For the validation
cohort, the data used for the bootstrap resampling procedure
consisted of disease status (presence or absence of clinically
significant prostate cancer) and uncalibrated predicted risk cal-
culated from each risk prediction model. In each bootstrap
sample, a simple logistic regression model for recalibration was
refitted, and calibrated predicted risk was recalculated. Dis-
tributions of study variables between the development and
combined validation cohort were compared by the χ2 test
for categorical variables and the Wilcoxon test for continu-
ous variables. All tests were 2-sided, and P < .05 was consid-
ered statistically significant.

Results
Study Populations
A total of 400 prospectively accrued consecutive patients met
the inclusion criteria and were included in the development
of the model. The external validation cohort consisted of 251
patients, 101 from Institution 2 and 150 from Institution 3. Pa-
tient demographics of all 3 cohorts are summarized in Table 1.
The prevalence of clinically significant prostate cancer was
48.3% (n = 193) in the development cohort (mean [SD] age at
biopsy, 64.3 [7.1] years) and 38.2% (n = 96) in the combined
validation cohort (mean [SD] age at biopsy, 64.9 [7.2] years).

The development cohort had a similar mean age, family
history, race/ethnicity, and median PSA profile compared with
the validation cohort but had significantly lower median PSA
density, lower proportion of PI-RADSv2 categories 3 and 4, and
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a higher proportion of positive results of digital rectal exami-
nations, prior negative prostate biopsies, and PI-RADSv2
category 5.

Prediction Model Development
All the clinical variables were independent predictors in the
multivariate baseline model, and, except for positive results
of digital rectal examinations, they remained statistically sig-
nificant in the MRI model (Table 2). The risk for clinically sig-
nificant prostate cancer was inversely associated with pros-
tate volume and increased with PSA density and PI-RADSv2
category. The calibration plot demonstrated superior fit of the
MRI model compared with the baseline model in both the de-
velopment cohort and validation cohort (eFigures 1 and 2 in
the Supplement).

Compared with the baseline model, AUC increased from
72% to 84% (P < .001) in the MRI model in the development

cohort (eFigure 3A and eTable 4 in the Supplement). In the vali-
dation cohort, compared with the baseline model, AUC in-
creased from 64% to 84% (P < .001) (Table 3 and Figure 2A).

The TPR and FPR of both models are shown in eTable 4
and eFigure 3B in the Supplement for the development co-
hort. The TPR and FPR of the calibrated risk models (eTable 5
in the Supplement) are displayed in Table 3 and Figure 2B for
the validation cohort. The MRI model had lower FPR than the
baseline model, with a minimal loss of TPR.

Decision Curve Analysis
Net benefits and net reduction in the number of false-
positives are shown in eFigure 3C and D in the Supplement for
the development cohort and in Figure 2C and D for the vali-
dation cohort. By applying the MRI model to the validation co-
hort, higher net benefit and net reduction in the number of
false-positives than the baseline model and the strategy of

Table 1. Patient Demographics of Development and Validation Cohorts

Variable

Development Cohort:
Institution 1
(n = 400)

Validation Cohort

P Valuea
Institution 2
(n = 101)

Institution 3
(n = 150)

Age at biopsy, mean (SD), y 64.3 (7.1) 64 (8.0) 64.9 (7.2) .84

Race/ethnicity, No. (%)

White 321 (80.3) 90 (89.1) 121 (80.7)

.47
African American 53 (13.3) 11 (10.9) 29 (19.3)

Asian 15 (3.8) 0 0

Hispanic 3 (0.8) 0 0

Family history of prostate
cancer, No. (%)

Yes 95 (23.8) 29 (28.7) 33 (22.0)
.83

No 305 (76.3) 72 (71.3) 117 (78.0)

Prior negative prostate
biopsy results, No. (%)

Yes 221 (55.3) 27 (26.7) 68 (45.3)

<.001No 179 (44.8) 73 (72.3) 82 (54.7)

Unknown NA 1 (1.0) NA

DRE results, No. (%)

Positive 49 (12.3) 11 (10.9) 7 (4.7)
.05

Negative 351 (87.8) 90 (89.1) 143 (95.3)

PSA, median (IQR), ng/mL 6.6 (4.7-9.5) 6.2 (4.7-8.9) 6 (4.5-9.1) .15

Prostate volume, median
(IQR), mL

55 (41.2-78.0) 42 (28.5-61.0) 44.3 (33.6-64.5) <.001

PSA density, median (IQR),
ng/mL/mL

0.11 (0.08-0.17) 0.13 (0.10-0.21) 0.13 (0.08-0.23) .003

PI-RADSv2 category, No. (%)

1 1 (0.3) 23 (22.8) 0

<.001

2 32 (8.0) 11 (10.9) 5 (3.3)

3 53 (13.3) 17 (16.8) 42 (28.0)

4 182 (45.5) 26 (25.7) 67 (44.7)

5 132 (33.0) 24 (23.8) 36 (24.0)

Gleason score, No. (%)

No cancer 128 (32.0) 32 (31.7) 50 (33.3)

.006

3 + 3 79 (19.8) 27 (26.7) 46 (30.7)

3 + 4 107 (26.8) 33 (32.7) 23 (15.3)

4 + 3 36 (9.0) 5 (5.0) 17 (11.3)

8 41 (10.3) 3 (3.0) 6 (4.0)

9-10 9 (2.3) 1 (1.0) 8 (5.3)

Abbreviations: DRE, digital rectal
examination; IQR, interquartile range;
NA, not applicable; PI-RADSv2,
Prostate Imaging-Reporting and Data
System version 2; PSA,
prostate-specific antigen; Validation
Cohort Institution 2, University of
Chicago Medical Center; Validation
Cohort Institution 3, University of
Alabama at Birmingham.

SI conversion factor: To convert PSA
to micrograms per liter, multiply by
1.0.
a Comparison between development

and combined validation cohorts.
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conducting a biopsy for every patient (biopsy-all) could be
achieved for risk thresholds above 10%. For example, at the
20% risk cutoff, the net benefit was 23% (95% CI, 15%-30%)
in the treat-all model, 23% (95% CI, 16%-30%) in the baseline
model, and 27% (95% CI, 21%-34%) in the MRI model, and net
reduction in the number of false-positives was 0% in the treat-
all model, 4% (95% CI, –2% to 10%) in the baseline model, and
18% (95% CI, 7%-33%) in the MRI model. The net benefit of
the MRI model was equivalent to performing 27 biopsies per
100 men without negative biopsies, 4 more than the baseline
model. The net reduction in the number of false-positives based
on the MRI model, compared with having to perform a bi-
opsy in all patients with positive MRI results, was equivalent
to performing 18 fewer unnecessary biopsies per 100 men, with
no increase in the number of clinically significant prostate can-

cer left undiagnosed. Overall, 38% (95% CI, 22%-48%) of bi-
opsies could have been avoided compared with 6% (95% CI,
0%-24%) of biopsies avoided by the baseline model at this
threshold.

Discussion
When MRI was incorporated into a prediction model, it exhib-
ited improved model fit and superior diagnostic accuracy, re-
ducing unnecessary biopsies while maintaining a similar level
of sensitivity for high-risk cancers compared with the base-
line model. Although the prediction model was developed at
1 institution using 1 set of physicians, it demonstrated gen-
eral applicability by confirmation in a validation cohort of 251

Table 3. Performance of the 2 Risk Prediction Models in the Validation Cohort

Performance Parameter
Risk
Threshold, %

Model Comparison

Baseline MRI MRI vs Baseline
AUC (95% CI) NA 64 (57-71) 84 (79-89) 20 (14 to 27)a

TPR, % (95% CI) 10 100 (100-100) 97 (93-100) −3 (−7 to 0)

15 100 (96-100) 96 (90-98) −4 (−9 to −1)

20 99 (89-100) 89 (85-96) −9 (−13 to 2)

FPR, % (95% CI) 10 100 (95-100) 74 (58-87) −26 (−40 to −13)

15 97 (84-100) 62 (41-77) −35 (−52 to −21)

20 92 (70-100) 46 (32-66) −46 (−59 to −27)

NB, % (95% CI) 10 31 (24-38) 32 (25-38) 1 (−1 to 2)

15 27 (20-34) 30 (23-36) 2 (0 to 5)

20 23 (16-30) 27 (21-34) 4 (1 to 8)

NRFP, % (95% CI) 10 0 (0-3) 5 (8-20) 5 (−9 to 19)

15 2 (1-6) 15 (0-27) 13 (−1 to 26)

20 4 (2-10) 18 (7-33) 14 (4 to 31)

PAB, % (95% CI) 10 0 (0-3) 17 (9-28) 17 (9 to 27)

15 2 (0-12) 25 (16-41) 24 (14 to 36)

20 6 (0-24) 38 (22-48) 32 (18 to 40)

Abbreviations: AUC, area under the
receiver operating characteristic
curve; FPR, false-positive rate;
MRI, magnetic resonance imaging;
NA, not applicable; NB, net benefit;
NRFP, net reduction in
false-positives; PAB, percentage of
avoided biopsies; TPR, true-positive
rate.
a P < .001 for the comparison of

AUCs.

Table 2. Logistic Regression Prediction Models of Clinically Significant Prostate Cancer for the Development Cohort

Characteristic

Baseline Model

P Value

MRI Model

P ValueCoefficient OR (95% CI) Coefficient OR (95% CI)
Intercept −2.44 NA .02 2.38 NA .14

Age at biopsy, y 0.04 1.04 (1.01-1.07) .02 0.05 1.05 (1.01-1.09) .009

African American race/ethnicity, yes 1.10 3.03 (1.54-5.88) .001 1.10 3.03 (1.39-6.67) .005

Prior negative prostate biopsy
results, yes

−1.20 0.30 (0.19-0.47) <.001 −1.12 0.33 (0.19-0.56) <.001

Abnormal DRE results, yes 0.70 2.02 (1.02-4.01) .04 0.40 1.49 (0.66-3.38) .34

Log (PSA), ng/mL 0.82 2.27 (1.54-3.34) <.001 NA NA NA

Log (prostate volume), mL NA NA NA −0.78 0.46 (0.24-0.88) .02

Log (PSA density), ng/mL/mL NA NA NA 0.94 2.55 (1.57-4.15) <.001

PI-RADSv2 category

1 + 2 NA NA NA 1 [Reference] 1 [Reference] <.001

3 NA NA NA 0.4 1.49 (0.46-4.84)

4 NA NA NA 0.86 2.37 (0.88-6.36)

5 NA NA NA 2.48 11.9 (4.11-34.96)

Abbreviations: DRE, digital rectal examination; MRI, magnetic resonance imaging; NA, not applicable; OR, odds ratio; PI-RADSv2, Prostate Imaging-Reporting and
Data System version 2; PSA, prostate-specific antigen.
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patients from 2 independent centers. In clinical practice, the
threshold for biopsy should be decided after a physician and
patient both weigh the relative harm of potentially unneces-
sary biopsy and benefit of diagnosing clinically significant pros-
tate cancer. Therefore, there is not a single risk threshold that
is used to determine who needs to undergo biopsy but rather
a range of risk thresholds. For instance, by choosing a risk
threshold of 20%, a total of 38% of biopsies could have been
avoided while still identifying 89% of clinically significant can-
cers. In this validation cohort, 96 of 251 patients (38.2%) would
have been spared a biopsy while 11 of 96 patients with clini-
cally significant disease (11.5%) would have been missed.

It has become more common that the results of multipa-
rametric MRI are used to guide clinical decision making on
prostate biopsy. Recently, Ahmed et al17 published the results

of a large multicenter study of 740 patients in the United King-
dom. Using multiparametric MRI with a 5-point Likert score,
27% of patients could have avoided a biopsy, while the use of
MRI resulted in 18% more cases of clinically significant pros-
tate cancer (defined as a Gleason score ≥4+3 = 7, or a maxi-
mum cancer core length ≥6 mm) being detected. However, no
generalizable clinical prediction models were implemented in
this analysis; therefore, there is no comparison with how MRI
can improve clinical practice. Furthermore, the study used
5-mm template prostate mapping biopsy rather than image-
guided biopsy as a reference test. Although template biopsies
are more appropriate to assess tumor burden compared with
transrectal systematic biopsies, template biopsies are too com-
plex and invasive, which inhibits their applicability in clini-
cal practice. Contrary to the study by Ahmed et al,17 lesions in

Figure 2. Plot of Performance Metrics of the Validation Cohort
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our study were biopsied with an MRI-TRUS fusion-guided sys-
tem, which can be performed under local anesthesia in an office-
based setting as done in our study. Another limitation of the
study by Ahmed et al17 was that it relied on a 5-point Likert scale
rather than the standardized PI-RADSv2 scale. As the Likert scale
is not widely used, it may be difficult to replicate.

Several prediction models incorporating MRI have been
proposed. Radtke et al18 created a multivariate prediction
model in 1159 patients who underwent MRI-TRUS fusion-
guided biopsy and transperineal template biopsy. The same
clinical and imaging-based predictors were used as in our cur-
rent study. The prediction model demonstrated an AUC of 83%
in biopsy-naïve patients and 81% in patients after previous bi-
opsies. Beyond the 10% threshold, the model in the study by
Radtke et al18 showed greater net benefit compared with the
biopsy-all strategy and a reduction of unnecessary biopsies.
However, their main limitation was the lack of external vali-
dation of the model, which is an important step before a model
can be applicable in clinical practice. Our model performed well
in an external cohort despite differing clinical characteristics
compared with the training cohort. In addition, the analysis
of Radtke et al18 was based on version 1 of the PI-RADS guide-
line instead of the currently used version 2.

Van Leeuwen et al19 also developed a multiparametric MRI-
based prediction model, which was based on 393 patients and
externally validated in 198 men. Their model had the highest
AUC (88.3%) when compared with a PSA and PSA-clinical–
based model. Their decision curve analysis revealed that, at
thresholds between 2.5% and 15%, a total of 10.7% to 37.9%
of biopsies could have been avoided while missing 0% to 7.4%
of cases with clinically significant disease compared with the
biopsy-all strategy. However, their model was not able to pro-
vide benefit to their validation cohort; while the validation co-
hort had a higher rate of clinically significant disease, their
model underpredicted the risk. In addition, their biopsy data
were based mostly on transperineal template biopsy and only
in some cases on fusion-guided biopsy. Finally, version 1 of
PI-RADS was also used instead of the current PI-RADSv2 used
in our study.

Limitations
The model we propose produces results comparable with those
previously reported. However, there are several caveats. First,

only patients with MRI-detected lesions underwent MRI-
TRUS fusion-guided biopsies. Patients with negative MRI re-
sults did not routinely undergo biopsies. This factor could con-
tribute to verification bias.20 It is, however, well known that
the likelihood of clinically significant prostate cancer in pa-
tients with negative results of multiparametric MRI is low.21

Thus, on one hand, patients with negative MRI results are
unlikely to benefit from a biopsy. Our model, on the other hand,
can help identify patients who are likely to benefit from a bi-
opsy. Second, the data on pathologic findings used in the model
are based on systematic and MRI-TRUS fusion-guided biopsy
data, which can potentially underestimate the real tumor bur-
den. However, MRI-TRUS fusion-guided biopsy pathologic find-
ings have a higher concordance with radical prostatectomy his-
topathologic findings than systematic biopsy.5 Studies with
whole-mount pathologic specimens as the reference stan-
dard are subject to selection bias because such populations are
dominated by patients with intermediate or high-risk pros-
tate cancer who are nevertheless in sufficiently good health
to undergo surgery. Template mapping biopsy is a potential al-
ternative to the use of radical prostatectomy specimens, but
its use in clinical practice is limited by practical issues. Fi-
nally, our sample size of 400 patients in the development set
is small compared with established prediction tools based on
large prospective randomized trials with several thousand
patients.11 However, the power of a study is driven by the num-
ber of events, not simply by the total number of patients.22 With
a prevalence of 48% of patients with clinically significant pros-
tate cancer in our development cohort, the size of our study
was adequate to power a comparison of the 2 risk prediction
models that were assessed.

Conclusions
Our MRI-based risk calculator incorporating prostate volume
and PI-RADSv2 score can be used to reduce the number of
unnecessary prostate biopsies in patients who are unlikely to
harbor clinically significant prostate cancer while capturing
most of the patients with clinically significant prostate can-
cer. The successful validation in 2 independent external
cohorts justifies its use in other external centers for prospec-
tive validation.
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