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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
Olivier Rouvière, Philippe Puech, Raphaële Renard-Penna, Michel Claudon, Catherine Roy, Florence Mège-Lechevallier, Myriam Decaussin-Petrucci,
Marine Dubreuil-Chambardel, Laurent Magaud, Laurent Remontet, Alain Ruffion, Marc Colombel, Sébastien Crouzet, Anne-Marie Schott,
Laurent Lemaitre, Muriel Rabilloud, Nicolas Grenier, for the MRI-FIRST Investigators*

Summary

Background Whether multiparametric MRI improves the detection of clinically significant prostate cancer and avoids
the need for systematic biopsy in biopsy-naive patients remains controversial. We aimed to investigate whether using
this approach before biopsy would improve detection of clinically significant prostate cancer in biopsy-naive patients.
Methods In this prospective, multicentre, paired diagnostic study, done at 16 centres in France, we enrolled patients
aged 18–75 years with prostate-specific antigen concentrations of 20 ng/mL or less, and with stage T2c or lower
prostate cancer. Eligible patients had been referred for prostate multiparametric MRI before a first set of prostate
biopsies, with a planned interval of less than 3 months between MRI and biopsies. An operator masked to
multiparametric MRI results did a systematic biopsy by obtaining 12 systematic cores and up to two cores targeting
hypoechoic lesions. In the same patient, another operator targeted up to two lesions seen on MRI with a Likert score
of 3 or higher (three cores per lesion) using targeted biopsy based on multiparametric MRI findings. Patients with
negative multiparametric MRI (Likert score ≤2) had systematic biopsy only. The primary outcome was the detection
of clinically significant prostate cancer of International Society of Urological Pathology grade group 2 or higher
(csPCa-A), analysed in all patients who received both systematic and targeted biopsies and whose results from both
were available for pathological central review, including patients who had protocol deviations. This study is registered
with ClinicalTrials.gov, number NCT02485379, and is closed to new participants.
Findings Between July 15, 2015, and Aug 11, 2016, we enrolled 275 patients. 24 (9%) were excluded from the analysis.
53 (21%) of 251 analysed patients had negative (Likert ≤2) multiparametric MRI. csPCa-A was detected in 94 (37%) of
251 patients. 13 (14%) of these 94 patients were diagnosed by systematic biopsy only, 19 (20%) by targeted biopsy only, and
62 (66%) by both techniques. Detection of csPCa-A by systematic biopsy (29·9%, 95% CI 24·3–36·0) and targeted biopsy
(32·3%, 26·5–38·4) did not differ significantly (p=0·38). csPCa-A would have been missed in 5·2% (95% CI 2·8–8·7) of
patients had systematic biopsy not been done, and in 7·6% (4·6–11·6) of patients had targeted biopsy not been done. Four
grade 3 post-biopsy adverse events were reported (3 cases of prostatitis, and 1 case of urinary retention with haematuria).
Interpretation There was no difference between systematic biopsy and targeted biopsy in the detection of ISUP grade
group 2 or higher prostate cancer; however, this detection was improved by combining both techniques and both
techniques showed substantial added value. Thus, obtaining a multiparametric MRI before biopsy in biopsy-naive
patients can improve the detection of clinically significant prostate cancer but does not seem to avoid the need for
systematic biopsy.
Funding French National Cancer Institute.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Multiparametric MRI has excellent sensitivity for
detecting prostate cancer classified as grade group 2 or
higher, according to the International Society of
Urological Pathology (ISUP),1,2 and is increasingly used to
locate suspicious lesions before biopsy.3 Most guidelines
recommend pre-biopsy multiparametric MRI in patients
with a history of negative biopsy and persistent suspicion
of prostate cancer.4,6 However, whether pre-biopsy
multiparametric MRI should be performed in biopsynaive patients remains unclear.3,7–9

Two aspects should be considered when assessing the
role of multiparametric MRI in biopsy-naive patients. The
first is the improvement in detection of clinically significant
prostate cancer—ie, the added value of biopsies targeting
lesions identified by MRI, compared with the classical
diagnostic pathway that uses systematic biopsy. The
second is the added value of systematic biopsy in prostate
areas that appear normal on multiparametric MRI.
Results from two prospective multicentre studies have
clarified these matters. In the PRECISION study,10
500 biopsy-naive patients were randomly assigned to
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Research in context
Evidence before this study
We searched PubMed for publications in English or French using
the search terms “prostate cancer”, “MRI”, “prostate biopsy”,
“systematic biopsy”, and “targeted biopsy”. When MRI-FIRST
was designed in 2013, no prospective randomised trials had
compared systematic and targeted biopsy in biopsy-naive
patients. At least three systematic reviews, published in 2014
and 2015, suggested that targeted biopsy detected more
clinically significant prostate cancer than did systematic biopsy.
However, one of these reviews showed that the improvement
in detection of clinically significant prostate cancer because of
targeted biopsy was substantial in patients with a history of
negative biopsy, but was only marginal in biopsy-naive men.
At least five prospective single-centre randomised trials,
published between 2015 and 2017, gave contradictory results
regarding whether targeted biopsy could improve detection of
clinically significant prostate cancer in biopsy-naive patients.
The prospective multicentre PROMIS study, published in 2017,
assessed multiparametric MRI and systematic biopsy against
template prostate mapping biopsy in biopsy-naive men and
showed that multiparametric MRI was significantly more
sensitive than systematic biopsy in detecting clinically
significant prostate cancer, defined as International Society of
Urocological pathology (ISUP) grade group 3 or higher
tumours, or tumours with maximum cancer core length of at
least 6 mm. The prospective multicentre PRECISION study,
published in 2018, randomly assigned biopsy-naive men to
either systematic biopsy without multiparametric MRI or to
pre-biopsy multiparametric MRI with no biopsy if the
multiparametric MRI was negative, and only to targeted biopsy
if the multiparametric MRI was positive. The detection rate of
ISUP grade group 2 or higher tumours was significantly higher
in men assigned to multiparametric MRI and targeted biopsy

either systematic biopsy without multiparametric MRI,
or to multiparametric MRI with targeted biopsy only (in
the case of positive multiparametric MRI) or no biopsy
(in the case of negative multiparametric MRI). The
detection of ISUP grade group 2 or higher cancers was
significantly higher in men assigned to multiparametric
MRI and targeted biopsy (38%) than in those assigned to
systematic biopsy (26%; adjusted difference 12 percentage
points, 95% CI 4–20, p=0·005). However, this study did
not investigate whether combining systematic biopsy
and targeted biopsy could increase detection of clinically
significant prostate cancer. The PROMIS study11 assessed
multiparametric MRI and systematic biopsy against
template prostate mapping biopsy in 576 biopsy-naive
men. The negative predictive value of multiparametric
MRI was 89% (95% CI 83–94) for clinically significant
prostate cancer, defined as ISUP grade group 3 or higher
cancers or those with a maximum cancer core length
(MCCL) of 6 mm or longer. However, the negative
predictive value was 76% (69–82) for ISUP grade group 2
2

than in those assigned to systematic biopsy. By contrast, the
detection of clinically insignificant tumours (ISUP grade group 1
tumours) was significantly higher in patients assigned to
systematic biopsy.
Added value of this study
Rather than randomly assigning patients to either systematic or
targeted biopsy, we chose to do both biopsy techniques in the
same biopsy-naive men. This approach allowed us to separately
investigate the added value of systematic and targeted biopsy
by analysing discordant pairs. The results of this study nuance
the results of the PRECISION trial. Indeed, we found that both
systematic and targeted biopsy had substantial added value in
detecting ISUP grade group 2 or higher tumours since a third of
these were detected by only one biopsy technique. The added
value of systematic biopsy was marginal only for the detection
of ISUP grade group 3 or higher tumours. Similar to the
PRECISION trial, targeted biopsy in MRI-FIRST detected
significantly fewer low-volume, low-grade tumours than did
systematic biopsy.
Implications of all the available evidence
Findings from both the MRI-FIRST and PRECISION trials suggest
that multiparametric MRI could be safely used as a triage test for
the detection of ISUP grade group 3 or higher cancers, and that
targeted biopsy has added value in the detection of ISUP grade
group 2 or higher cancers. The use of targeted biopsy alone could
decrease the detection of non-significant prostate cancer, but
the added value of systematic biopsy could still be substantial for
the detection of ISUP grade group 2 or higher cancers, which
might be optimised when both approaches are combined.
Further research is needed to assess the influence of the number
of targeted cores on targeted biopsy accuracy, which was lower
(on average) in MRI-FIRST than in the PRECISION trial.

or higher cancers.11 This suggests that targeted biopsy
alone might not provide optimal detection of ISUP grade
group 2 or higher cancers, and that systematic biopsy
might still detect some clinically significant prostate
cancers that are missed by targeted biopsy.
We present the results of the MRI-FIRST trial, a
prospective multicentre study in biopsy-naive patients that
compared, in the same patients, the detection of ISUP
grade group 2 or higher cancers, obtained by 12–14 core
systematic biopsy and 3–6 core targeted biopsy.

Methods

Study design and participants
The study was done in 16 centres in France (11 university
hospitals, two cancer centres, and three private hospitals)
that were experienced in prostate multiparametric MRI
and biopsy (appendix p 3). Participants were recruited in
outpatient clinics by local urologists, among patients
referred for suspicion of prostate cancer on the basis
of increased prostate-specific antigen concentration,
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abnormal digital rectal examination, or family history of
prostate cancer. Eligible men had no history of prostate
biopsy, were aged between 18 and 75 years, had a prostatespecific antigen concentration of 20 ng/mL or less, had a
digital rectal examination that did not suggest extra
capsular (T3) disease (ie, all patients had prostate cancer
stage ≤T2c), were suitable candidates for biopsy of the
prostate and for multiparametric MRI, and had no history
of hip prosthesis, androgen deprivation therapy, pelvic
radiotherapy, or prostate cancer diagnosed after trans
urethral resection of the prostate. The MRI-FIRST
protocol was approved by an ethics committee (Comité de
Protection des Personnes Sud-Est IV, decision A-15-170)
and all included patients provided written informed
consent. The full protocol of this trial is included in the
appendix (pp 16–99).

Procedures
All patients first had prostate multiparametric MRI.
Centres could use their routine imaging protocol, if it was
compliant with international guidelines.12 Multiparametric
MRI was done at 1·5T or 3T, with an external coil, with or
without an endorectal coil. The imaging protocol included
T2-weighted imaging obtained in at least two orthogonal
planes (or three-dimensional T2-weighted imaging), axial
diffusion-weighted imaging obtained with multiple
b-values, and axial contrast-enhanced dynamic imaging
obtained after intravenous injection of a bolus of
gadolinium chelates at a dose of 0·1 mmol/kg of
bodyweight (appendix pp 4, 5).
Multiparametric MRI interpretation was done at the
local site by a single radiologist who had access to clinical
details. There was no centralised reading before biopsy
and local radiologists did not have centralised training.
However, the quality of multiparametric MRI was
checked at the start of the study. We assessed the
likelihood of clinically significant prostate cancer using
5-level Likert scoring (1, highly unlikely; 2, unlikely;
3, equivocal; 4, likely; 5, highly likely). Because a score of
1 corresponded with normal prostate areas, focal lesions
received a score of at least 2.
Transrectal ultrasound-guided prostate biopsy was
done within 3 months of multiparametric MRI, by two
independent senior operators (urologists or radiologists)
with experience in prostate biopsy (appendix p 3), under
local anaesthesia. A first operator, masked to multi
parametric MRI findings, did a systematic biopsy.
Two cores (one medial, one lateral) were first obtained in
each prostate sextant with visual guidance. Up to
two additional cores targeting a hypoechoic lesion could
also be obtained if needed. Then, another operator with
knowledge of multiparametric MRI findings did a
targeted biopsy by targeting up to two lesions with a
Likert score of 3 or higher, with three cores taken from
each lesion. If there were more than two lesions on MRI
with a Likert score of 3 or higher, the two lesions with the
highest Likert scores (or the largest ones if the scores

were equal) were targeted. Patients with negative
multiparametric MRI (Likert score ≤2) had systematic
biopsy only.
Radiologists also provided the Prostate Imaging—
Reporting and Data System version 2 (PI-RADSv2)12
score of each lesion, in addition to the Likert score.
However, in case of discordance, the Likert score was
used for biopsy decision.
For targeted biopsy, centres used the guiding method
corresponding to the standard of care at their institution.
Five centres used cognitive guidance, ten centres used
MRI–ultrasound fusion (n=7 Urostation, Koelis, La
Tronche, France; n=2 Smart Fusion, Applio 500, Toshiba,
Tochigi, Japan; n=1 Percunav, Epiq, Philips, Best,
Netherlands).13 One centre used cognitive guidance with
the help of contrast-enhanced ultrasound after intravenous
injection of ultrasound contrast medium (Sonovue,
Bracco, Milan, Italy) when needed.14
Adverse events occurring between patient inclusion
and until 1 week after prostate biopsy were reported by
local investigators and graded according to the National
Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.3.
All biopsies were centrally reviewed by a uropathologist
(FM-L) with 12 years of experience; systematic biopsy
and targeted biopsy were reviewed separately and in
random order. In each case, we assessed the MCCL and
highest ISUP grade group.15 When the grade group
differed to that reported by the local pathologist, biopsy
findings were reviewed by a third uropathologist (MD-P)
who had 13 years of experience. The final grade group
was then decided by consensus. We used the results of
centralised reading in the rest of the study. Patients who
withdrew their consent were excluded from the analysis,
as were those for whom centralised reading findings for
systematic biopsy and targeted biopsy were not available
(ie, patients who did not have multiparametric MRI or
prostate biopsy, patients for whom biopsy slides were
not received for centralised reading, or patients for
whom systematic and targeted cores were not clearly
labelled for central reading).

Outcomes
We used three clinically significant prostate cancer
(csPCa) definitions, based on the 2014 ISUP classifi
cation:15 grade group 2 or higher tumours (csPCa-A);
grade group 1 tumours with MCCL of 6 mm or longer or
grade group 2 or higher tumours (csPCa-B), and grade
group 3 or higher tumours (csPCa-C). The primary
outcome was the detection of csPCa-A. The secondary
outcomes were the detection of csPCa-B and of csPCa-C,
and the detection of non-clinically significant prostate
cancer (ISUP grade group 1 cancers with MCCL <6 mm).

Statistical analysis
We assumed the total prevalence of csPCa-A detected by
at least one of the two biopsy strategies to be 25%.16 We
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Patients (n=251)

275 patients enrolled

Median age, years
9 excluded
3 withdrew consent
1 lost to follow-up
2 history of negative biopsy
1 >75 years old
2 contraindication to multiparametric MRI

266 received multiparametric MRI

14 excluded
7 withdrew consent
2 lost to follow-up
1 diagnosis of colorectal cancer
1 PSA concentration >20 ng/mL
2 systematic biopsy not done
1 targeted biopsy not done <3 months after
multiparametric MRI

252 received systematic biopsy and targeted biopsy

Median prostate-specific antigen concentration
Median prostate volume

64 (59–68)
6·5 ng/mL (5·6–9·6)
50 cc (38–63)

Digital rectal examination
T1c

172 (69%)

T2a

54 (22%)

T2b

17 (7%)

T2c

6 (2%)

Missing data

2 (1%)

Likert score
1 (no lesion)

36 (14%)

2

17 (7%)

3

60 (24%)

4

72 (29%)

5

66 (26%)

Data are median (IQR) or n (%).

Table 1: Patient characteristics
1 excluded
1 pathological slides lost

251 had pathological central review

251 in the primary analysis population

27 protocol deviations*
1 incorrect date on consent form
2 history of negative biopsy
13 multiparametric MRI and systematic biopsy done by the same
operator
3 systematic biopsy and targeted biopsy done by the same
operator
10 Likert 2 lesion targeted with targeted biopsy†
4 two Likert ≥3 lesions but only one targeted with targeted
biopsy

224 in the per-protocol population

Figure: Trial profile
PSA=prostate-specific antigen. *Some patients had more than one major
deviation (total number of 33 major deviations in 27 patients). †Eight of these
ten patients had only lesions with a Likert score of 2. Two patients had two
lesions (one with a Likert score of 2 and one with a score of 3).

also assumed that 30% of csPCa-A would be detected by
targeted biopsy only, and 6% by systematic biopsy only.17
Thus, the expected probability of detecting csPCa-A by
targeted biopsy only was 7·5% and by systematic biopsy
only was 1·5% (9% of discordant pairs). According to
these parameters, the sample size needed to conclude a
significant difference with a bilateral alpha risk of 5%,
power of 90%, and using a McNemar test for paired data,
was 225 patients. To account for protocol deviations, we
anticipated the inclusion of 275 patients. We calculated
the sample size using nQuery software (version 5.0).
4

We did the primary analysis in all patients for whom the
results of systematic biopsy and targeted biopsy were
available for central reading, including patients with
protocol deviations; we also analysed the per-protocol
population after excluding patients with protocol
deviations. We presented outcomes according to the
standards of reporting for targeted biopsy studies
guidelines.18 We described characteristics using medians
and IQRs for quantitative characteristics, and absolute and
relative frequencies for qualitative characteristics. We
estimated the proportion of patients with csPCa-A detected
by targeted biopsy and systematic biopsy and obtained
their 95% CIs using the Clopper-Pearson exact method,
and compared the proportions using the McNemar test
with continuity correction. We present the added value of
targeted biopsy and systematic biopsy—ie, the proportion
of patients with csPCa-A detected by targeted biopsy only
and by systematic biopsy only—with their 95% CI. We did
the same analyses for secondary outcomes.
We also compared proportions of patients with csPCa-A
in subgroups stratified according to clinical stage
(T1c vs T2a–2c), prostate-specific antigen concentration
(<10 ng/mL vs ≥10 ng/mL), prostate volume (≤50 mL vs
>50 mL), and by type of targeted biopsy guidance (cognitive
guidance vs MRI–ultrasound fusion guidance). For these
subgroup comparisons, we used the exact McNemar test
when the expected number of discordant pairs was too
small. We did all analyses using R (version 3.3.2).
This study is registered with ClinicalTrials.gov, number
NCT02485379.

Role of the funding source
The funder of the study had no role in study design, data
collection, data interpretation, or writing of the report.
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No targeted
biopsies
(negative multi
parametric MRI)*

Targeted biopsies†

Total

Benign ISUP grade
tissue group 1,
MCCL
<3 mm
Benign tissue

ISUP grade
group 1,
MCCL ≥3 mm
and <6 mm

ISUP grade ISUP
grade
group 1,
group 2
MCCL
≥6 mm

ISUP
grade
group 3

ISUP
grade
group ≥4

32

76

4

0

2

3

2

1

120

ISUP grade group 1, MCCL <3 mm

6

13

3

1

1

4

1

0

29

ISUP grade group 1, MCCL ≥3 and <6 mm

2

6

2

1

4

5

0

0

20

ISUP grade group 1, MCCL ≥6 mm

0

2

2

0

0

2

1

0

7

ISUP grade group 2

4

4

1

0

2

16

8

2

37

ISUP grade group 3

0

1

0

0

0

0

13

0

14

ISUP grade group ≥4
Total

1

0

0

0

0

1

4

18

24

45

102

12

2

9

31

29

21

251

Data are numbers of patients. ISUP=International Society of Urological Pathology. MCCL=maximum cancer core length. *Patients with negative multiparametric MRI (Likert
≤2) only had systematic biopsies. †Of patients who had targeted biopsies, eight patients had Likert 2 lesions only.

Table 2: Results of systematic and targeted biopsies

The corresponding author had full access to all the data
in the study and had final responsibility for the decision
to submit for publication.

Results
Between July 15, 2015, and Aug 11, 2016, 275 men were
enrolled. After the exclusion of 24 (9%) patients from the
analysis (figure), central reading results for systematic
biopsy and targeted biopsy were available for 251 patients
(table 1), including 27 patients with protocol deviations
(figure).
36 (14%) patients had no lesions on multiparametric
MRI (table 1). In the remaining 215 patients, 321 lesions
were described; the Likert and PI-RADSv2 scores would
have yielded a concordant biopsy decision in 293 (91%)
lesions (appendix p 6).
In 41 patients, one (n=20) or two (n=21) additional cores
were obtained in hypoechoic lesions. The total number of
systematic biopsy cores was 3070 (mean 12·2 cores per
patient).
Ten patients had lesions with a Likert score of 2 targeted
at biopsy, contrary to protocol. Eight of these ten patients
had only lesions with a Likert score of 2. Thus, 45 (85%) of
53 patients with negative (Likert score ≤2) multiparametric
MRI underwent systematic biopsy without targeted
biopsy. In the remaining 206 patients who had targeted
biopsy, 286 lesions were targeted. The total number of
targeted biopsy cores was 810 (mean 3·2 cores per patient).
csPCa-A was detected in 94 (37%) of 251 patients. Of
these 94 cases, 13 (14%) were detected by systematic biopsy
only, 19 (20%) by targeted biopsy only, and 62 (66%) by
both techniques (table 2). The proportions of csPCa-A
detected by systematic biopsy (29·9%, 95% CI 24·3–36·0)
and targeted biopsy (32·3%, 26·5–38·4) did not differ
significantly (p=0·38; table 3). csPCa-A would have been

ISUP grade
ISUP grade group ≥2 or ISUP grade
group ≥2 (csPCa-A) ISUP grade group 1 with group ≥3 (csPCa-C)
MCCL ≥6 mm (csPCa-B)
Systematic biopsy

29·9% (24·3–36·0)

32·7% (26·9–38·9)

15·1% (10·9–20·2)

Targeted biopsy

32·3% (26·5–38·4)

35·9% (29·9–42·1)

19·9% (15·2–25·4)

Systematic biopsy and targeted
biopsy

37·5% (31·4–43·8)

41·8% (35·7–48·2)

21·1% (16·2–26·7)

Added value of systematic biopsy*

5·2% (2·8–8·7)

6·0% (3·4–9·7)

1·2% (0·2–3·5)

Added value of targeted biopsy†

7·6% (4·6–11·6)

9·2% (5·9–13·4)

6·0% (3·4–9·7)

p value‡

0·38

0·26

0·0095

Results are % (95% CI) of 251 patients, or p value. ISUP=International Society of Urological Pathology. csPCa=clinically
significant prostate cancer. MCCL=maximal cancer core length. *Difference between the detection rate obtained by
combined systematic biopsy and targeted biopsy, and by targeted biopsy alone. †Difference between the detection
rate obtained by combined systematic biopsy and targeted biopsy, and by systematic biopsy alone. ‡From the
comparison of detection rates obtained by systematic biopsy and targeted biopsy.

Table 3: Detection of clinically significant prostate cancer, according to biopsy strategy

missed in 5·2% (95% CI 2·8–8·7) of patients if systematic
biopsy had not been done, and in 7·6% (4·6–11·6) of
patients if targeted biopsy had not been done (table 3).
There was discordance between local and centralised
biopsy reading for the presence of csPCa-A in 15 (6%) of
the 251 patients for systematic biopsy and 8 (4%) of the
206 patients for targeted biopsy (appendix pp 7–8).
csPCa-B was detected in 105 (42%) of 251 patients (15
by systematic biopsy only, 23 by targeted biopsy only, and
67 by both techniques) and csPCa-C was detected in
53 (21%) of 251 patients (3 by systematic biopsy only,
15 by targeted biopsy only, and 35 by both techniques;
table 2). csPCa-B detection by systematic biopsy and
targeted biopsy were not different (p=0·26; table 3);
csPCa-C detection by systematic biopsy was significantly
lower than by targeted biopsy (p=0·0095; table 3). Nonclinically significant prostate cancer was detected in
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56 (22%) of 251 patients (42 by systematic biopsy only,
7 by targeted biopsy only, and 7 by both techniques).
The detection of non-clinically significant prostate cancer
was significantly higher for systematic biopsy (19·5%,
95% CI 14·8–25·0) than for targeted biopsy (5·6%,
3·1–9·2; p<0·0001).
Systematic biopsy detected csPCa-A in five (11%) of the
45 patients with negative multiparametric MRI who did
not have targeted biopsy. Systematic biopsy also detected
csPCa-A missed by targeted biopsy in eight (4%) of
the 206 patients having a targeted biopsy (table 2).
Of those eight patients, five had a lesion with a Likert
score of 3 or higher in the sextant that showed the most
pejorative findings at systematic biopsy, two in an
adjacent ipsilateral sextant, and one in a non-adjacent
ipsilateral sextant; targeted biopsy guidance method was
cognitive guidance in four patients, MRI–ultrasound
fusion in three patients, and contrast-enhanced ultra
sound guidance in one patient.
Detection of csPCa-A by targeted biopsy and systematic
biopsy did not differ in any of the analysed subgroups
n*
T1c stage
T2a–2c stage
PSA <10 ng/mL
PSA ≥10 ng/mL

Systematic biopsy

Targeted biopsy

p value†
0·40

172

22·7% (16·6–29·7)

25·6% (19·2–32·8)

77

46·8% (35·5–58·5)

48·1% (36·5–59·7)

1

195

26·2% (20·1–32·9)

28·7% (22·5–35·6)

0·42

56

42·9% (29·7–56·8)

44·6% (31·3–58·5)

1

Prostate volume ≤50 mL

121

40·5% (31·7–49·8)

42·1% (33·2–51·5)

0·82

Prostate volume >50 mL

114

16·7% (10·3–24·8)

21·1% (14–29·7)

0·18

Centres using cognitive guidance

109

32·1% (23·5–41·7)

33·9% (25·1–43·6)

0·79

Centres using MRI-ultrasound
fusion guidance

134

27·6% (20·2–36·0)

30·6% (22·9–39·1)

0·45

Data are % (95% CI), unless otherwise specified. csPCa-A=clinically significant prostate cancer, defined as tumours with
an International Society of Urological Pathology grade group 2 or higher. PSA=prostate-specific antigen. *Missing data
for two patients for clinical stage, and for 16 patients for prostate volume; eight patients in whom targeted biopsies
were done under contrast-enhanced ultrasound guidance were excluded from the cognitive guidance versus
MRI–ultrasound fusion guidance subgroup analysis. †From the comparison of detection rates obtained by systematic
biopsy and targeted biopsy in each subgroup.

Table 4: Detection rates of csPCa-A, by subgroup

Patients (N) Systematic biopsy
ns PCa

(table 4). Additional biopsies targeting hypoechoic lesions
detected csPCa-A that was missed by systematic cores in
one patient (appendix p 9).
Results of targeted and systematic biopsy according to
the patients’ Likert score are presented in table 5. Targeted
biopsy identified csPCa-A in 12 (12%) of the 99 lesions
with a Likert score of 3, in 30 (29%) of the 103 lesions with
a Likert score of 4, and in 54 (74%) of the 73 lesions with a
Likert score of 5 (appendix p 10). Targeted biopsy also
identified csPCa-A in 53 (27%) of the 194 lesions smaller
than or equal to 15 mm and in 44 (48%) of the 92 lesions
larger than 15 mm (appendix p 11). Biopsy results
obtained in each centre are shown in the appendix
(pp 12, 13). Four grade 3 adverse events occurred within
the week after prostate biopsy (prostatitis, n=3; urinary
retention with haematuria, n=1).
The per-protocol analysis yielded similar results
(appendix pp 14, 15). csPCa-A was detected in 90 (40%) of
224 patients (13 by systematic biopsy only, 19 by targeted
biopsy only, and 58 by both techniques), csPCa-B in 99
(44%) patients (15 systematic biopsy only, 21 targeted
biopsy only, 63 both), csPCa-C in 49 (22%) patients
(2 systematic biopsy only, 15 targeted biopsy only, 32 both),
and non-clinically significant prostate cancer in
51 (23%) patients (38 systematic biopsy only, 6 targeted
biopsy only, 7 both). The proportion of prostate cancers
detected by systematic biopsy and targeted biopsy were
not different, either for csPCa-A (31·7%, 95% CI
25·7–38·2 for systematic biopsy vs 34·4%, 28·2–41·0 for
targeted biopsy; p=0·38) or for csPCa-B (34·8%, 28·6–41·5
vs 37·5%, 31·1–44·2; p=0·40). Systematic biopsy detected
csPCa-C in significantly fewer patients than targeted
biopsy (15·2%, 95% CI 10·7–20·6 vs 21%, 15·8–26·9;
p=0·0036) and non-clinically significant prostate cancer
in significantly more patients than targeted biopsy (20%,
15–26 vs 5·8%, 3·1–9·7; p<0·0001).

Discussion
In MRI-FIRST, detection of csPCa-A did not differ
between targeted biopsy and systematic biopsy. Detection
of csPCa-B also did not differ between the two biopsy

Targeted biopsy

csPCa-A

csPCa-B

csPCa-C

ns PCa

csPCa-A

Combined
csPCa-B

csPCa-C

ns PCa

csPCa-A

csPCa-B

csPCa-C

1

36

7 (19%)

3 (8%)

3 (8%)

1 (3%)

··

··

··

··

7 (19%)

3 (8%)

3 (8%)

2*

17

2 (12%)

3 (18%)

3 (18%)

1 (6%)

0 (0%)

1 (6%)

1 (6%)

0 (0%)

2 (12%)

3 (18%)

3 (18%)

1 (6%)

3

60

10 (17%)

9 (15%)

10 (17%)

2 (3%)

3 (5%)

7 (12%)

8 (13%)

3 (5%)

12 (20%)

10 (17%)

12 (20%)

3 (5%)

4

72

21 (29%)

15 (21%)

20 (28%)

5 (7%)

11 (15%)

22 (31%)

23 (32%)

12 (17%)

26 (36%)

23 (32%)

27 (38%)

12 (17%)

5

66

9 (14%)

45 (68%)

46 (70%)

29 (44%)

0 (0%)

51 (77%)

58 (88%)

35 (53%)

9 (14%)

55 (83%)

60 (91%)

36 (55%)

75

82

38

81

90

50

Total

251

49

14

56

94

105

1 (3%)

53

Data are n or n (%). ns PCa=non-significant prostate cancer, defined as International Society of Urological Pathology (ISUP) grade group 1 tumours with a maximum cancer core length (MCCL) <6 mm.
csPCa-A=clinically significant prostate cancer with ISUP grade group 2 or higher tumours. csPCa-B=clinically significant prostate cancer with ISUP grade group 1 tumours with MCCL 6 mm or longer, or with ISUP
grade group 2 or higher tumours. csPCa-C=clinically significant prostate cancer with ISUP grade group 3 or higher tumours. *Eight patients with a maximum Likert score of 2 had targeted biopsy, contrary to the
protocol.

Table 5: Results of targeted and systematic biopsy, by maximum Likert score
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methods. For detection of csPCa-A and csPCa-B, detection
improved when both systematic and targeted biopsy were
combined. Detection of csPCa-C was significantly lower
with systematic biopsy than with targeted biopsy, and
targeted biopsy detected significantly fewer non-clinically
significant prostate cancer tumours than did systematic
biopsy.
Several important methodological choices were made
in the design of this study. We assessed systematic
biopsy and targeted biopsy in the same patients, which
guarantees the comparability of groups and allows
separate assessment of the added value of targeted biopsy
and systematic biopsy by analysing discordant pairs.
Furthermore, each centre was free to use its own routine
multiparametric MRI protocol (provided it was compliant
with international guidelines)12 and the guiding method
used for targeted biopsy. This approach induced hetero
geneity in the data, but better reflects routine practice.
There was a centralised review of pathological slides
to try and reduce the interobserver variability of the
reference test. We did not use the PI-RADSv2 score to
trigger targeted biopsy because this score was launched
at the beginning of 2015, and was not fully assessed at
the start of this study; we therefore preferred to use the
Likert score, which, despite being subjective, is strongly
predictive of biopsy findings.11,16,19 The two scores showed
highly concordant findings in our study, and thus using
the PI-RADSv2 score would have had little effect on
biopsy decision. It remains unclear whether a positivity
cutoff Likert score of 3 or 4 should be used to trigger
targeted biopsy;20 we chose a cutoff of 3 rather than 4 to
improve the sensitivity of targeted biopsy and assess the
nature of lesions with a Likert score of 3.
Because there is no consensus on the matter,20,21 we used
three definitions for clinically significant prostate cancer.
This approach allows assessment of the added value of
systematic biopsy and targeted biopsy across a panel of
tumour aggressiveness, which was based mainly on ISUP
grade groups. The use of MCCL in clinically significant
prostate cancer definitions is debatable, since a given
MCCL derived from systematic biopsy cores corresponds,
on average, with a larger tumour volume than that derived
from targeted biopsy cores. This approach was therefore
used only for secondary objectives, with the view to
separate large and small low-grade tumours.
The finding that targeted biopsy did not diagnose
csPCa-A tumours in a significantly greater proportion of
patients than systematic biopsy does not mean that
pre-biopsy multiparametric MRI is not useful to improve
detection of grade group 2 or higher tumours. Indeed,
a third of these tumours were detected by use of only one
biopsy technique; csPCa-A would have been missed in
7·6% of the patients had targeted biopsy not been done,
and in 5·2% had systematic biopsy not been done. This
finding suggests that detection of such tumours is
improved when systematic biopsy and targeted biopsy are
combined. We noted similar findings for the wider

definition of clinically significant prostate cancer, which
also included ISUP grade group 1 with MCCL of 6 mm or
more (csPCa-B), but for the most aggressive forms (ISUP
grade group ≥3 [csPCa-C]), the added value of systematic
biopsy was marginal. Thus, using multiparametric MRI
as a triage test (no biopsy when multiparametric MRI is
negative, targeted biopsy only when multiparametric
MRI is positive) might be a valid approach, but only for
diagnosing highly aggressive tumours. The per-protocol
analysis, which excluded patients with protocol deviations,
showed similar results to those in our primary analysis
population.
The subgroup analysis did not identify any factor with a
substantial effect on the difference in detection between
targeted biopsy and systematic biopsy. In particular,
there was no clear difference between the results of
centres using cognitive guidance and those using MRI–
ultrasound fusion guidance. A meta-analysis22 also did not
find a significant difference between cognitive guidance
and MRI–ultrasound fusion guidance.22 Among the
eight patients with positive multiparametric MRI in whom
systematic biopsy detected ISUP grade group 2 or higher
tumours missed by targeted biopsy, five had a suspicious
lesion on MRI in the sextant in which systematic biopsy
found grade group 2 or higher tumour. This finding
suggests that, at least for these five patients, targeted
biopsy might have missed (or undersampled) the target.
The precision of guiding methods under routine
conditions of use has been seldom investigated23 and is
probably still suboptimal considering the size of targeted
lesions. Herein, only three targeted cores per lesion were
obtained; increasing the number of cores taken per target
could have partially compensated the guiding imprecision
and improved targeted biopsy results.17 The proportion of
csPCa-A detected by targeted biopsy was substantially
greater in lesions larger than 15 mm (48%) than in lesions
smaller than or equal to 15 mm (27%). This difference
could be due to high-grade cancers being larger than
benign lesions or low-grade cancers, as suggested by
comparisons with prostatectomy specimens.24 It could also
be partly explained by small high-grade cancers being
more likely to be missed by targeted biopsy.
One centre used contrast-enhanced ultrasound for
targeted biopsy guidance. Although promising results
with this method have been found,14 it is still investi
gational and can be difficult to reproduce. The decision
to allow this guidance method in the protocol was part of
our pragmatic approach that aimed to investigate routine
practice, thus avoiding selection bias by letting the
centres use the targeting technique they were used to. If
the protocol had forbidden contrast-enhanced ultrasound
guidance, the centre using this method in routine
practice might have been inclined to include only patients
who were likely to have large lesions (eg, patients with
positive digital rectal examination), and exclude other
patients to be able to use contrast-enhanced ultrasound.
We believe such selection bias, which is difficult to detect,
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can cause large discrepancies between results obtained
in trials and in real life. However, only eight patients had
contrast-enhanced ultrasound guidance and this is very
unlikely to have changed the results.
We observed a difference of 2·4 percentage points
between the detection of ISUP grade group 2 or higher
tumours obtained by systematic biopsy and targeted
biopsy, which is notably smaller than that reported in the
PRECISION study.10 Both trials included exper
ienced
academic and non-academic centres and used a pragmatic
approach by allowing centres to use their routine
multiparametric MRI protocols and targeting methods.
Furthermore, in both trials, the number of patients was
calculated to achieve a statistical power of 90%. The
populations included were also similar in terms of age
(median age 64 years in MRI-FIRST vs 64·4–64·5 years in
PRECISION), prostate-specific antigen concentration
(6·5 ng/mL vs 6·5–6·75 ng/mL), and prostate volume
(50 cc vs 43·7–46·0 cc). However, the proportion of
patients with abnormal digital rectal examination was
higher in the MRI-FIRST population (31% vs 14–15%),
which might explain the lower proportion of patients with
negative multiparametric MRI (21% vs 29%), and the
higher proportion of patients with highly suspicious
lesions (Likert or PI-RADSv2 score of 5, 26% vs 21%) than
in PRECISION. In MRI-FIRST, the mean number of
cores taken per patient was higher for systematic biopsy
(12·2 vs 11·2) and lower for targeted biopsy (3·2 vs 3·8)
than in PRECISION. It is unlikely that the greater number
of systematic cores per patient explains the higher
detection by systematic biopsy, since additional samples
obtained in hypoechoic lesions detected additional ISUP
grade group 2 or higher tumours in only one patient.
However, the lower number of targeted cores per patient
could explain the fact that the detection rate obtained by
targeted biopsy was lower in MRI-FIRST. Indeed, the
biopsy of a maximum of two suspicious lesions per patient
with a maximum of three targeted cores per lesion was
allowed, compared with a maximum of three suspicious
lesions with up to four targeted cores per lesion in
PRECISION. Given the imprecision of targeting methods
discussed above, this approach could have been of
importance. Further studies are necessary to assess the
optimal number of targeted cores as a function of the
lesion size and prostate volume.
Although the addition of systematic biopsy to targeted
biopsy improved the detection of clinically significant
prostate cancer in MRI-FIRST, it also significantly
increased the detection of patients with low-volume and
low-grade tumours, which could induce over-treatment.
This finding is in accordance with the results of
PRECISION.10
Taken together, these results and those of the
PRECISION trial strongly suggest that targeted biopsy has
added value in biopsy-naive patients and improves the
detection of clinically significant prostate cancer. However,
the results of MRI-FIRST do nuance the results of the
8

PRECISION trial. First, the added value of targeted biopsy
seems to depend on the definition of clinically significant
prostate cancer, which needs to be standardised. Second,
the added value of systematic biopsy might still be
substantial in patients having targeted biopsy, at least for
the diagnosis of ISUP group grade 2 or higher cancers,
and therefore the conditions remain to be defined under
which systematic biopsy could be safely avoided in patients
who had a pre-biopsy multiparametric MRI. Finally, the
minimal number of targeted cores ensuring accuracy for
targeted biopsy needs to be defined. It should be noted
that, for the three definitions of clinically significant
prostate cancer used, the added values of systematic biopsy
(1·2–6·0%) and targeted biopsy (6·0–9·2%) were
moderate compared with the detection obtained when
both approaches are combined (21·1–41·8%), and it should
also be noted that the effect of improved clinically
significant prostate cancer detection on patient survival is
yet to be investigated.
MRI-FIRST does have limitations. First, clinically
significant prostate cancer might have been missed by
both targeted biopsy and systematic biopsy in some
patients. We did not use template prostate mapping
biopsy as a reference standard because it needs spinal or
general anaesthesia, which could have discouraged some
patients and induced a selection bias. Furthermore, we
were interested in assessing whether pre-biopsy multi
parametric MRI could improve detection of clinically
significant prostate cancer, compared with the current
standard of care, which is transrectal ultrasound-guided
systematic biopsy, not template prostate mapping biopsy.
Second, the performance of targeted biopsy might have
been reduced by systematic biopsy-induced bleeding
artefacts and gland swelling. However, these artefacts are
usually mild. Third, all the study centres had experience
in prostate multiparametric MRI and biopsy, and
two centres enrolled more than a third of the overall
patient population, which limits the generalisability of the
results. Assessing the interobserver agreement in
multiparametric MRI interpretation was beyond the scope
of this study. Nonetheless, an ancillary study is planned to
investigate the cross-reading of the multiparametric MRI
of 100 study patients by radiologists of varying experience.
Fourth, we have no follow-up data for patients. Fifth, we
did not use risk calculators, which can help select patients
for biopsy,25 and their effect on the results cannot be
assessed. Similarly, whether clinical parameters or
biomarkers (such as prostate-specific antigen density) can
predict the patients who might benefit from targeted
biopsy (or systematic biopsy)26–30 remains outside the
scope of this study but is an important subject for future
research. Finally, cost-effectiveness and feasibility of
obtaining pre-biopsy multiparametric MRI in all patients
referred for biopsy were beyond the scope of this study.
In conclusion, there was no significant difference
between the detection rate of ISUP grade group 2 or
higher tumours obtained by systematic biopsy and
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targeted biopsy, but analysis of discordant pairs suggests
that tumour detection was improved when systematic
biopsy and targeted biopsy were combined, and thus the
addition of multiparametric MRI information does
improve detection of clinically significant prostate cancer.
Analysis of secondary outcome data suggests that
systematic biopsy could be omitted only for the detection
of ISUP grade group 3 or higher tumours.
Contributors
OR, PP, RR-P, NG, LL, MCl, CR, LM, AR, MCo, SC, A-MS, and MR
designed the study. MD-C and LM collected and assembled the data.
FM-L and MD-P did the pathological central review. LR and MR did
the statistical analysis. OR, PP, RR-P, NG, MCl, CR, LM, LR, MD-C,
A-MS, and MR interpreted and analysed the data. LM and A-MS
provided the figure. OR did the literature search and wrote the first
draft. All authors were involved in the critical review of the manuscript
and approved the final version. All authors agreed to be accountable
for all aspects of the work.
Declaration of interests
OR reports payment of travel expenses by Philips Medical System,
outside the submitted work. NG is a member of the Supersonic Imagine
Advisory Board and reports personal fees from Guerbet group outside
the submitted work. All other authors declare no competing interests.
Data sharing
Individual participant data will be available (including data dictionaries).
Individual participant data that underlie the results reported in this
article, after deidentification (text, tables, figure, and appendices), will
be shared. The study protocol, statistical analysis plan, and analytical
code will also be available. Data will be available between
9 and 36 months after Article publication. Data may be shared with
investigators whose proposed use of the data has been approved by an
independent review committee (learned intermediary) identified for this
purpose. Data is available for analyses that achieve the aims of the
approved proposal. Requests for data should be directed by email to
Prof Olivier Rouvière. To gain access, data requestors will need to sign a
data access agreement.
Acknowledgments
The study was funded by the French National Cancer Institute (Institut
National du Cancer), grant numbers PHRCK1415115N and
ASN#2015-A00519-40. The authors are deeply grateful to Dr Philip
Robinson for help in manuscript preparation, and who is an employee of
the Hospices Civils de Lyon.
References
1
Bratan F, Niaf E, Melodelima C, et al. Influence of imaging and
histological factors on prostate cancer detection and localisation on
multiparametric MRI: a prospective study. Eur Radiol 2013;
23: 2019–29.
2
Le JD, Tan N, Shkolyar E, et al. Multifocality and prostate cancer
detection by multiparametric magnetic resonance imaging:
correlation with whole-mount histopathology. Eur Urol 2015;
67: 569–76.
3
Schoots IG, Roobol MJ, Nieboer D, Bangma CH, Steyerberg EW,
Hunink MG. Magnetic resonance imaging-targeted biopsy may
enhance the diagnostic accuracy of significant prostate cancer
detection compared to standard transrectal ultrasound-guided
biopsy: a systematic review and meta-analysis. Eur Urol 2015;
68: 438–50.
4
Mottet N, Bellmunt J, Briers E, et al. EAU-ESTRO-SIOG guidelines
on prostate cancer. 2018. https://www.uroweb.org/guideline/
prostate-cancer (accessed April 15, 2018).
5
Carroll PR, Parsons JK, Andriole G, et al. NCCN clinical practice
guidelines in oncology—prostate cancer early detection—
version 2.2017. https://www.nccn.org/professionals/physician_gls/
pdf/prostate.pdf (accessed Dec 31, 2017).
Fulgham PF, Rukstalis DB, Turkbey IB, et al. AUA policy statement
6
on the use of multiparametric magnetic resonance imaging in the
diagnosis, staging and management of prostate cancer. J Urol 2017;
198: 832–38.

7
8

9

10
11

12
13

14

15

16
17

18

19

20

21
22

23

24

25

Panebianco V, Barchetti F, Sciarra A, et al. Multiparametric magnetic
resonance imaging vs standard care in men being evaluated for
prostate cancer: a randomized study. Urol Oncol 2015; 33: 17.e1–7.
Baco E, Rud E, Eri LM, et al. A randomized controlled trial to assess
and compare the outcomes of two-core prostate biopsy guided by
fused magnetic resonance and transrectal ultrasound images and
traditional 12-core systematic biopsy. Eur Urol 2016; 69: 149–56.
Tonttila PP, Lantto J, Paakko E, et al. Prebiopsy multiparametric
magnetic resonance imaging for prostate cancer diagnosis in
biopsy-naive men with suspected prostate cancer based on elevated
prostate-specific antigen values: results from a randomized
prospective blinded controlled trial. Eur Urol 2016; 69: 419–25.
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.
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.
Weinreb JC, Barentsz JO, Choyke PL, et al. PI-RADS prostate
imaging—reporting and data system: 2015, version 2. Eur Urol 2016;
69: 16–40.
Costa DN, Pedrosa I, Donato F Jr, Roehrborn CG, Rofsky NM.
MR imaging-transrectal US fusion for targeted prostate biopsies:
implications for diagnosis and clinical management. Radiographics
2015; 35: 696–708.
Cornelis F, Rigou G, Le Bras Y, et al. Real-time contrast-enhanced
transrectal US-guided prostate biopsy: diagnostic accuracy in men
with previously negative biopsy results and positive MR imaging
findings. Radiology 2013; 269: 159–66.
Epstein JI, Egevad L, Amin MB, et al. The 2014 International Society
of Urological Pathology (ISUP) Consensus Conference on Gleason
grading of prostatic carcinoma: definition of grading patterns and
proposal for a new grading system. Am J Surg Pathol 2016; 40: 244–52.
Habchi H, Bratan F, Paye A, et al. Value of prostate multiparametric
magnetic resonance imaging for predicting biopsy results in first or
repeat biopsy. Clin Radiol 2014; 69: e120–28.
Puech P, Rouviere O, Renard-Penna R, et al. Prostate cancer
diagnosis: multiparametric mr-targeted biopsy with cognitive and
transrectal US-MR fusion guidance versus systematic biopsy—
prospective multicenter study. Radiology 2013; 268: 461–69.
Moore CM, Kasivisvanathan V, Eggener S, et al. Standards of
reporting for MRI-targeted biopsy studies (START) of the prostate:
recommendations from an International Working Group. Eur Urol
2013; 64: 544–52.
Costa DN, Lotan Y, Rofsky NM, et al. Assessment of prospectively
assigned Likert scores for targeted magnetic resonance
imaging-transrectal ultrasound fusion biopsies in patients with
suspected prostate cancer. J Urol 2016; 195: 80–87.
Moldovan PC, Van den Broeck T, Sylvester R, et al. what is the
negative predictive value of multiparametric magnetic resonance
imaging in excluding prostate cancer at biopsy? A systematic
review and meta-analysis from the European Association of
Urology Prostate Cancer Guidelines Panel. Eur Urol 2017;
72: 250–66.
Ahmed HU, Hu Y, Carter T, et al. Characterizing clinically
significant prostate cancer using template prostate mapping biopsy.
J Urol 2011; 186: 458–64.
Wegelin O, van Melick HH, Hooft L, et al. Comparing three different
techniques for magnetic resonance imaging-targeted prostate
biopsies: a systematic review of in-bore versus magnetic resonance
imaging-transrectal ultrasound fusion versus cognitive registration.
Is there a preferred technique? Eur Urol 2017; 71: 517–31.
Moldovan P, Udrescu C, Ravier E, et al. Accuracy of elastic fusion of
prostate magnetic resonance and transrectal ultrasound images
under routine conditions: a prospective multi-operator study.
PLoS One 2016; 11: e0169120.
Rouvière O, Dagonneau T, Cros F, et al. Diagnostic value and
relative weight of sequence-specific magnetic resonance features in
characterizing clinically significant prostate cancers. PLoS One 2017;
12: e0178901.
Louie KS, Seigneurin A, Cathcart P, Sasieni P. Do prostate cancer
risk models improve the predictive accuracy of PSA screening?
A meta-analysis. Ann Oncol 2015; 26: 848–64.

www.thelancet.com/oncology Published online November 20, 2018 http://dx.doi.org/10.1016/S1470-2045(18)30569-2

9

Articles

26
27

28

10

Filson CP, Natarajan S, Margolis DJ, et al. Prostate cancer detection
with magnetic resonance-ultrasound fusion biopsy: the role of
systematic and targeted biopsies. Cancer 2016; 122: 884–92.
Hansen NL, Barrett T, Koo B, et al. The influence of
prostate-specific antigen density on positive and negative predictive
values of multiparametric magnetic resonance imaging to detect
Gleason score 7-10 prostate cancer in a repeat biopsy setting.
BJU Int 2017; 119: 724–30.
van Leeuwen PJ, Hayen A, Thompson JE, et al. A multiparametric
magnetic resonance imaging-based risk model to determine the risk
of significant prostate cancer prior to biopsy. BJU Int 2017;
120: 774–81.

29
30

Mehralivand S, Shih JH, Rais-Bahrami S, et al. A magnetic
resonance imaging-based prediction model for prostate biopsy risk
stratification. JAMA Oncol 2018; 4: 678–85.
Lamy PJ, Allory Y, Gauchez AS, et al. Prognostic biomarkers used
for localised prostate cancer management: a systematic review.
Eur Urol Focus 2017; published online March 7. DOI:10.1016/j.
euf.2017.02.017.

www.thelancet.com/oncology Published online November 20, 2018 http://dx.doi.org/10.1016/S1470-2045(18)30569-2

