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Abstract

Context: Magnetic resonance imaging (MRI), with or without MRI-targeted biopsy (MRI
pathway), is an alternative test to systematic transrectal ultrasonography-guided biopsy
in men suspected of having prostate cancer. At present, evidence on which test to use is
insufficient to inform detailed evidence-based decision making.
Objective: To determine the diagnostic accuracy of the index tests MRI only, MRI-
targeted biopsy, MRI pathway, and systematic biopsy, as compared with template-
guided biopsy (reference standard), in detecting clinically significant prostate cancer,
defined as International Society of Urological Pathology grade 2 or higher, in biopsy-
naive men or those with a prior-negative biopsy (or mix of both).
Evidence acquisition: We systematically searched the literature and considered for
inclusion any cross-sectional study if it investigated (1) one or more index tests verified
by the reference standard, and (2) paired testing of the MRI pathway with systematic
biopsy. Quality and certainty of evidence were assessed by the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) and Grading of Recommendations Assessment,
Development and Evaluation, respectively.
Evidence synthesis: Accuracy analyses: Using a baseline cancer prevalence of 30%, MRI
pathway (sensitivity 0.72 [95% confidence interval {CI}: 0.60–0.82]; specificity
0.96 [0.94–0.98]; eight studies) may result in 216 (180–246) true positives, 28 (14–42)
false positives, 672 (658–686) true negatives, and 84 (54–120) false negatives per
1000 men. Systematic biopsy (sensitivity 0.63 [0.19–0.93]; specificity 1.00 [0.91–1.00];

$ This article is based on a Cochrane Review published. Drost FH, Osses DF, Nieboer D, Steyerberg
EW, Bangma CH, Roobol MJ, et al. Prostate MRI, with or without MRI-targeted biopsy, and systematic
biopsy for detecting prostate cancer. The Cochrane Database of Systematic Reviews 2019;4:
Cd012663. https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD012663.pub2/full.
Cochrane Reviews are regularly updated as new evidence emerges and in response to feedback,
and the Cochrane Database of Systematic Reviews should be consulted for the most recent version of
the review.
* Corresponding author. Department of Radiology & Nuclear Medicine (Room Ns-549), Erasmus
University Medical Centre, P.O. Box 2040, Rotterdam 3000 CA, The Netherlands; Dr. Molenwaterplein
40, 3015GD Rotterdam, The Netherlands. Tel. +31 10 7042006.
E-mail address: i.schoots@erasmusmc.nl (I.G. Schoots).
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1. Introduction

To reduce overdiagnosis and overtreatment of indolent
prostate cancer, while improving the detection of clinically
significant prostate cancer and reducing the number of
biopsy procedures, we need more accurate diagnostic
methods and better risk stratification [1]. In a recent
international multicentre randomised controlled trial,
magnetic resonance imaging (MRI) in combination with
MRI-targeted biopsy (MRI pathway) detected an absolute
12% more clinically significant prostate cancer and 13% less
indolent prostate cancer than systematic biopsy in biopsy-
naive men, and achieved 28% reduction of biopsies, because
men with negative MRI did not receive prostate biopsy
[2]. These results indicate that prebiopsy MRI and MRI-
targeted biopsy in the presence of an MRI-suspicious lesion
would be superior to a systematic biopsy. If this is
confirmed by other studies and longer follow-up of men
who were not biopsied, it may initiate a change to
guidelines.

Previous systematic reviews on diagnostic performances
of the MRI pathway or prebiopsy MRI approach [3–11] have
been based on study designs that did not accurately capture
target conditions and index or reference test definitions,
leading to a number of biases and inaccurate findings.
Studies in these reviews included mainly men with positive
MRI and disregarded men with negative MRI, inevitably
leading to inaccurate true- and false-negative values of the
MRI pathway. In addition, these reviews used systematic
biopsy or radical whole-mount surgical specimens as
reference standards, which inherently have a number of
biases. Furthermore, the established definitions of clinically
significant prostate cancer, based on histology from
systematic biopsy and possibly additional nonhistological
parameters, cannot be applied to results from the MRI
pathway [12]. In this (copublished) Cochrane review and
meta-analysis [13] we have largely overcome these limita-
tions.

2. Evidence acquisition

For further detailed information on methods, we refer to the
original Cochrane review [13].

2.1. Objectives

We aimed to determine the diagnostic accuracy of the index
tests MRI only, MRI-targeted biopsy, MRI pathway (MRI
with or without MRI-targeted biopsy), and systematic
biopsy, as compared with template-guided biopsy as the
reference standard, in detecting International Society of
Urological Pathology (ISUP) grade 2 or higher (primary
target condition), grade 3 or higher, and grade 1 prostate
cancer (secondary target condition). Furthermore, we
aimed to determine the agreement and disagreement,
and the potential change in the number of biopsy
procedures between the two index tests, MRI pathway,
and systematic biopsy, for detecting the primary and
secondary target conditions.

2.2. Inclusion criteria

2.2.1. Types of studies

We considered any cross-sectional study, if it investigated
(Fig. 1) the following: (1) diagnostic test accuracy of one or
more of the index tests (MRI, MRI pathway;including MRI-
targeted biopsy], or systematic biopsy) verified by the
reference standard (template-guided biopsy), with each
index test and reference standard performed in the same
men or compared as in a randomised trial of test accuracy;
or (2) agreement evidence between the MRI pathway and
systematic biopsy, with each test performed in the same
men.

Studies involving MRI had to report on both MRI-
positive and MRI-negative men. The primary target
condition had to be reported on a per-participant basis
for all studies (Fig. 2).

four studies) may result in 189 (57–279) true positives, 0 (0–63) false positives,
700 (637–700) true negatives, and 111 (21–243) false negatives per 1000 men.
Agreement analyses: With a direct comparison of the MRI pathway with systematic
biopsy concerning significant disease, we found pooled detection ratios of 1.05
(95% CI: 0.95–1.16; 20 studies) in biopsy-naive men and 1.44 (1.19–1.75; 10 studies)
in men with a prior-negative biopsy. Concerning insignificant disease, we
found detection ratios of 0.63 (95% CI: 0.54–0.74), and 0.62 (95% CI: 0.44–0.88),
respectively.
Conclusions: MRI pathway had the most favourable outcome in significant and
insignificant prostate cancer detection compared with systematic biopsy. The cer-
tainty in our findings was reduced by study limitations.
Patient summary: We reviewed recent advances in prostate biopsy by magnetic
resonance imaging (MRI) guidance and targeting for prostate cancer detection in
comparison with standard diagnosis by systematic biopsies. The findings of this
Cochrane review suggest that MRI pathway is better than systematic biopsies in
making a correct diagnosis of clinically important prostate cancer and reducing
redundant biopsies and the detection of unimportant cancers substantially. However,
MRI pathway still misses some men with important prostate cancer. Therefore,
further research in this area is important.
© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.

E U R O P E A N U R O L O G Y X X X ( 2 0 1 9 ) X X X – X X X2

EURURO-8458; No. of Pages 17

Please cite this article in press as: Drost F-JH, et al. Prostate Magnetic Resonance Imaging, with or Without Magnetic Resonance
Imaging-targeted Biopsy, and Systematic Biopsy for Detecting Prostate Cancer: A Cochrane Systematic Review and Meta-analysis.
Eur Urol (2019), https://doi.org/10.1016/j.eururo.2019.06.023



2.2.2. Study population

The study population consisted of men with a clinical
suspicion of prostate cancer (based on prostate-specific
antigen or digital rectal examination outcome) in the
biopsy-naive or prior-negative biopsy setting (or a mix of
both).

2.2.3. Index tests

MRI (index test 1) comprised at least T2-weighted imaging
and one functional imaging technique (diffusion-weighted
imaging or dynamic contrast-enhanced imaging), reported
according to any MRI-scoring system, mainly based on a
five-point scale (Likert or Prostate Imaging Reporting and
Data System) [14,15]. We defined the default threshold for
MRI-positivity as 3/5 or more where possible. MRI-targeted
biopsy (index test 2) included only MRI-positive men. The
MRI pathway (index test 3) included MRI-positive men (in
whom MRI-targeted biopsy was performed) and MRI-
negative men (in whom no MRI-targeted biopsy was
performed). Systematic biopsy (index test 4) included
either systematic transrectal or transperineal ultrasound-
guided biopsies. We defined the MRI pathway and
systematic biopsy as positive when histopathology of one
of the target conditions in the biopsy cores was confirmed.

2.2.4. Reference standard

Template-guided biopsy, including transperineal template-
guided mapping biopsy and the template-guided saturation
biopsy, served as the reference standard [16,17]. We defined a

positive template-guided biopsy as histopathological confir-
mation of one of the target conditions within the biopsy cores.

2.2.5. Target conditions

We solely focused on target conditions based on histological
definitions according to the ISUP grading, as was recom-
mended by International Working Group on Standards of
Reporting for MRI-targeted biopsy studies (START) in order
to overcome differences between definitions and biopsy
methods [18]. The primary target condition was clinically
significant prostate cancer, defined as ISUP grade 2 or higher
based on histopathology findings, and scored as Gleason
score (GS) 3 + 4 or higher [19]. Secondary target conditions
were grade 1 (GS 3 + 3, indolent prostate cancer) and grade
3 or higher (GS 4 + 3 or higher).

2.3. Search strategy

We performed a comprehensive search with no restriction
on language or status of publication (including on-going
studies), in electronic databases (CENTRAL, MEDLINE,
Embase, and nine other databases), and updated to 31 July
2018 (Supplementary material, Appendix 1).

2.4. Data collection and analysis

2.4.1. Selection of studies, data extraction, and management

Two reviewers independently screened all abstracts and
full-text articles for eligibility, and extracted data using a

Fig. 1 – Clinical pathway flow diagram and study design.
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predefined data-extraction form. We constructed two-by-
two tables for cross-classification of the index tests versus
reference standard for test accuracy data and the MRI
pathway versus systematic biopsy for agreement data,
based on per-participant data (Supplementary material,
Appendix 2).

2.4.2. Assessment of methodological quality

Two reviewers independently assessed all included studies
for methodological quality using the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool [20], tailored
to this Cochrane review [13].

2.4.3. Statistical analysis and data synthesis

For the test accuracy analysis, we calculated pooled
estimates of sensitivity and specificity using the bivariate
model [21]. For the agreement analysis (MRI pathway vs
systematic biopsy), we calculated the proportion of
detected cases (total number of cancers) as the number
of concordant positive results plus the number of discordant
positive results of both tests (Supplementary material,
Appendix 2). We calculated the detection rate of either test
as the number of positive results of that test divided by the
total number of cancers detected. We synthesised pooled
estimates of detection ratios (detection rate of MRI
pathway/detection rate of systematic biopsy) by performing

random-effect meta-analyses. We used mixed models
(multinomial logistic regression models with a random
intercept for study effects) to calculate pooled proportions
of concordance and discordance between tests (Cochrane
review [13]). Added value (discordance) data were con-
structed such that we assessed the tests as add-on tests (ie,
considering reclassification by each test; Supplementary
material, Appendix 3). We used Statistical Analysis Software
(SAS), version 9.3, for Windows and R version 3.5.0 to
perform all statistical analyses.

2.4.4. Investigations of heterogeneity and sensitivity analyses

To explore sources of heterogeneity, we assessed covari-
ates by adding them one by one in our bivariate model:
population setting, MRI magnet strength, MRI sequences,
MRI-positivity threshold, endorectal coil, MRI-targeted
biopsy method, biopsy approach, and radiologists’ experi-
ence. We tested the same covariates using meta-regression
techniques for the detection ratio in the agreement
analysis.

2.4.5. Certainty of evidence

We rated the certainty of evidence on a per-outcome
basis according to Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) guidance for
studies of diagnostic accuracy [22]. For the four main

Fig. 2 – Study flowchart. csPCa = clinically significant prostate cancer; MRI = magnetic resonance imaging; MRI pathway = magnetic resonance imaging
with subsequent magnetic resonance imaging-targeted biopsy; PCa = prostate cancer.
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comparisons, we rated the certainty of evidence using
GRADEpro GDT.

3. Evidence synthesis

For further detailed information on results, we refer to the
original Cochrane review [13].

3.1. Results of the search

A total of 43 studies were eligible for inclusion in this review
(Fig. 1) and provided data for multiple tests (Supplementary
material, Appendix 4). Eighteen studies addressed the test
accuracy analysis (index tests vs reference standard):
15 studies on MRI, eight studies on MRI, MRI-targeted
biopsy, and MRI pathway in the same men and four studies
on systematic biopsy (Table 1). These studies included
6871 men, of whom 5075 were biopsy naive, and 1796 had a
history of at least one prior-negative biopsy. Twenty-five
studies addressed the agreement analysis between MRI
pathway and systematic biopsy in detecting prostate cancer
with 6944 men, of whom 5353 were biopsy naive and
1591 had a history of at least one prior-negative biopsy
(Table 1).

3.2. Methodological quality of included studies

As a result of QUADAS-2 assessment (Supplementary Fig. 2),
we acknowledge overall concerns about the independence
and applicability of tests in both test accuracy and
agreement analyses, for which we performed sensitivity
analyses to exclude studies with such quality concerns.

3.3. Findings

3.3.1. Test accuracy analysis (index tests verified by reference

standard)

3.3.1.1. Detection of grade 2 or higher prostate cancer. MRI (pooled
sensitivity of 0.91 [95% confidence interval {CI} 0.83–0.95],
specificity of 0.37 [0.29–0.46]; 12 studies, 3091 men; Table 2)
at a baseline prevalence of 30% (300/1000) may result in 273
(249–285) true positives, 441 (378–497) false positives, 259
(203–322) true negatives, and 27 (15–51) false negatives per
1000 men (Table 3). Hence, MRI did not identify 9% (27/300)
of men with grade 2 or higher prostate cancer.

These accuracy and predictive metrics are also presented
for the index tests MRI-targeted biopsy, MRI pathway, and
systematic biopsy (Tables 2 and 3). MRI-targeted biopsy,
MRI pathway, and systematic biopsy missed, respectively,
20% (60/300), 28% (84/300), and 37% (111/300) of men with
grade 2 or higher prostate cancer at the prevalence of 30%
(300/1000), identified by the reference standard. Implica-
tions of these results, taking into account each step in the
MRI pathway (MRI with subsequent MRI-targeted biopsy in
MRI-positive men only) and systematic biopsy, are shown in
Fig. 3.

A comparison of MRI with MRI pathway showed a
substantial decrease in sensitivity (from 0.91 to 0.72; Fig. 4)
and an increase in specificity (from 0.37 to 0.96), which

were both statistically significant (p < 0.01; Table 2).
Comparing MRI pathway with systematic biopsy showed
a substantial decrease in sensitivity (0.72 vs 0.63; p = 0.06;
Table 2) and similar specificities (Fig. 4).

At a baseline prevalence of 30% grade 2 or higher prostate
cancer, the negative predictive values for MRI, MRI-targeted
biopsy, MRI pathway, and systematic biopsy are 91% (86–
94%), 92 (88–94%), 89% (85–92%), and 86% (65–95%),
respectively (Table 2). Consequently, in the MRI pathway,
negative MRI falsely predicts the absence of grade 2 or
higher prostate cancer in 9% of men, while a negative
systematic biopsy falsely predicts the absence of grade 2 or
higher prostate cancer in 14% of men.

3.3.1.2. Detection of grade 1 prostate cancer. The pooled sensitivi-
ty and specificity for detecting grade 1 prostate cancer of
all index tests are shown in Table 2. Comparing the
sensitivity of the MRI pathway and systematic biopsy, the
MRI pathway potentially avoided the detection of 66% of
men with grade 1 prostate cancer, whereas systematic
biopsy potentially avoided 45% of men with grade
1 prostate cancer (p = 0.52).

3.3.1.3. Detection of grade 2 or higher prostate cancer at a higher MRI-

positive threshold. In clinical practice, lesions with an MRI
suspicion score of 3 (likelihood for clinically significant
cancer is equivocal [23]) might or might not be targeted
with biopsies. By increasing the threshold of MRI positivity
from 3/5 to 4/5, the proportion of negative MRI increased
from 30% (23–38%) to 59% (43–74%). The pooled sensitivity
of MRI for detecting grade 2 or higher prostate cancer
decreased from 0.89 (0.82–0.94) to 0.72 (0.52–0.86). The
pooled specificity increased from 0.39 (0.32–0.47) to 0.78
(0.68–0.86). Consequently, with a threshold 4/5 for MRI
positivity, negative MRI missed identifying 28% of men with
grade 2 or higher prostate cancer.

3.3.2. Agreement analysis between MRI pathway and systematic

biopsy

In this section, we focused on agreement and disagreement
(concordance and discordance) in the number of target
conditions identified by the MRI pathway and systematic
biopsy.

3.3.2.1. Detection of grade 2 or higher prostate cancer. In a mixed
population (of biopsy-naive and prior-negative biopsy
men), the pooled detection ratio of grade 2 or higher
prostate cancer was 1.12 (1.02–1.23; 25 studies, 6944 men),
meaning that the MRI pathway increased the detection rate
of grade 2 or higher prostate cancer by 12% compared with
systematic biopsy.

For men in the biopsy-naive setting, cancer proportion
(total prostate cancer detected by both tests) was 27.7%
(23.7–32.6%; 20 studies, 5219 men) versus prior-negative
biopsy setting of 22.8% (20.0–26.2%; 10 studies, 1564 men;
Table 4). The pooled detection ratios for grade 2 or higher
prostate cancer were 1.05 (0.95–1.16), and 1.44 (1.19–1.75),
respectively (p < 0.01; Fig. 5). When focusing on only MRI-
positive men in both subgroups, the pooled detection ratio
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Table 1 – Characteristic of the diagnostic test accuracy and agreement studies

Study Tests Target
condition

Recruitment Patient characteristics

Index tests Reference
standard

Author
(year)

Index tests
analysed

MRI scale;
threshold

MRI TBx,
technique

Route Technique Independence ISUP
grade (G)

Study
designa

Consecutive
enrolment

Population No. of
participants

Median age
(range/SD)

Median
PSA ng/ml
(range)

Median
prostate

volume cm3

(range)

Diagnostic test accuracy studies
Abd-Alazeez
(2014)

MRI 1–5; �3 Cognitive Transperineal TTMB No G = 1, �1,
�2, �3

Retrospective No Prior-
negative Bx

54 64
(39–75)

10
(2–23)

53
(19–136)

Ahmed
(2017)

MRI, SBx 1–5; �3 NA Transrectal TTMB Yes G = 1, �1,
�2, �3

Prospective Yes Bx naive 576 63 (7.6)b 7.1 (2.9)b NR

Dal Moro
(2019)

MRI,
MRI TBx,
MRI pathway

1–5; �3 Cognitive Transrectal TSBc Yes G = 1, �1,
�2, �3

Prospective Yes Prior-
negative Bx

123 62
(57–68d)

6.3
(4.8–8.9d)

55
(20–149)b

Distler
(2017)

MRI, MRI TBx,
MRI pathway

1–5; �3 Software Transperineal TSBe No G � 2 Prospective Yes Mixedf 1040
(597/443)

65
(60–71d)

7.2
(5.3–10.4d)

45
(34–64d)

Grey
(2015)

MRI 1–5; �3 Cognitive Transperineal TSBe No G = 1, �1,
�2, �3

Prospective Yes Mixed f 83 64 (6.8)b 13.3
(12.1)b

68 (35)b

103 65 (7.6)a 12.6
(13.7)a

54 (31)a

Hansen
(2016)

MRI, MRI TBx,
MRI pathway

1–5; �3 Software/
transperineal

Transperineal TSBe Unclear G = 1, �1,
�2, �3

Prospective Yes Prior-
negative Bx

295 65
(59–69d)

7.8
(6.0–12d)

65
(44–83d)

Hansen
(2018)

MRI 1–5; �3 Software Transperineal TSBe No G = 1, �1,
�2, �3

Prospective Yes Bx naive
(centre 1)

163 64
(57–69d)

6.6
(4.6–9.0d)

44
(33–55d)

Cognitive Bx naive
(centre 3)

242 65
(60–70d)

5.9
(4.6–8.0 d)

25
(24–47d)

Hansen
(2017)

MRI, MRI TBx,
MRI pathway

1–5; �3 Software/
transperineal

Transperineal TSBe Unclear G � 2 Prospective Unclear Prior-
negative Bx

287 66
(61–72d)

9.7
(7.1–13.9d)

52
(36–75d)

Kesch
(2017)

MRI, MRI TBx,
MRI pathway

1–5; �3 Software/
transperineal

Transperineal TSBg Yes G = 1, �1,
�2, �3

Prospective Unclear Mixed f 146
(95/51)

65
(58–71d)

7.2
(5.4–10.2d)

46
(36–60d)

Lawrence
(2014)

MRI, MRI TBx,
MRI pathway

1–4; �2 Software Transperineal TSBe No G = 1,
�1, �2

Retrospective No Prior-
negative Bx

39 64
(47–77)b

10
(1.2–36)

NR

Mortezavi
(2018)

MRI, MRI TBx,
MRI pathway

1–5; �3 Software Transrectal TSB No G = 1, �1,
�2, �3

Retrospective Yes Bx naive 163 63
(57–68d)

5.8
(4.4–8.9d)

44
(34–60d)

Prior-
negative Bx

86 64
(60–69d)

8.6
(5.7–13d)

54
(41–70d)

Muthuveloe
(2016)

MRI 1–5; �3 NA NA TSBh Unclear G = 1, �1,
�2, �3

Retrospective Unclear Bx naive 9 68
(46–81)

11.5
(1.2–92.5)

NR

Prior-
negative Bx

162 65
(47–78)

10
(2.7–61)

NR

Pepe
(2013)

MRI, MRI TBx,
MRI pathway

0–1: �1 Cognitive Transrectal TSBh No G = 1,
�1, �2

Prospective Unclear Prior-
negative Bx

78 63 (49–72) 11 (3.7–45) NR

Thompson
(2016)

MRI 1–5; �3 Software,
cognitive

Transperineal TTMB No G = 1, �1,
�2, �3

Prospective Yes Bx naive 344 63 (56–67d) 5.2
(3.7–7.1d)

40
(30–54d)

Tsivian
(2017)

MRI 1–5; �3 NA NA TTMB Yes G = 1, �1,
�2, �3

Retrospective Unclear Prior-
negative Bx

33 65 (61–69d) 7.1 (5.1–
13.6d)

44
(32–65d)

Nafie
(2014)

SBx NA NA Transrectal TSBh Yes G = 1, �1,
�2, �3

Prospective Unclear Bx naive 50 67 (54–84)b 8 (4–18)b 58
(19–165)b
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Table 1 (Continued )

Study Tests Target
condition

Recruitment Patient characteristics

Index tests Reference
standard

Author
(year)

Index tests
analysed

MRI scale;
threshold

MRI TBx,
technique

Route Technique Independence ISUP
grade (G)

Study
designa

Consecutive
enrolment

Population No. of
participants

Median age
(range/SD)

Median
PSA ng/ml
(range)

Median
prostate

volume cm3

(range)

Nafie (2017) SBx NA NA Transrectal TSBh Yes G = 1, �1, �2 Prospective Unclear Prior-
negative Bx

42 65 (50–75)b 8.3 (4.4–
19)b

59 (21–152)b

Ploussard
(2014)

SBx NA NA Transrectal TSBc No G = 1, �1, �2 Prospective Yes Bx naive 2753 64 (8)b 12.5 (7.2)b 46 (25)b

Agreement studies
Alberts
(2017)

MRI pathway
vs SBx

1–5; �3 Software Transrectal NA Yes G = 1, �1, �2,
�3

Prospective Yes Bx naive 74 73 (72–74d) 4.2 (3.4–
5.8d)

53 (37–71d)

Prior-
negative Bx

84

Boesen
(2017)

MRI pathway
vs SBx

1–5; �3 Software Transrectal NA Yes G = 1, �1, �2,
�3

Prospective Unclear Prior-
negative Bx

206 65 (58–68d) 12.8 (8.9–
19.6d)

NR

Boesen
(2018)

MRI pathway
vs SBx

1–5; �3 Software Transrectal NA Yes G = 1, �1, �2,
�3

Prospective Yes Bx naive 1020 67 (61–71d) 8 (5.7–13d) 53 (40–72d)

Castellucci
(2017)

MRI pathway
vs SBx

1–5; �3 Cognitive Transrectal NA Unclear G = 1, �1, �2,
�3

Prospective Yes Bx naive 168 61 (8)f 8.3 (6.1)f 49 (7)f

Chang
(2017)

MRI pathway
vs SBx

1–5; �3 Cognitive Transrectal NA No G = 1, �1, �2,
�3

Retrospective Yes Prior-
negative Bx

65 64 (60–68d) 10.9 (7.2–
14.7d)

48 (34–63d)

Chen (2015) MRI pathway
vs SBx

1–5; �3 Cognitive Transperineal NA Yes G � 2 Prospective Yes Bx naive 420 67 (45–91) 9.7 (2.4–
35.7)

45 (21–83)

Cool (2016) MRI pathway
vs SBx

Other Software Transrectal NA Unclear G = 1, �1, �2 Prospective Unclear Bx naive 50 59 (8)f 6.0 (3.5)f 38 (18)f

Prior-
negative Bx

50 62 (7)f 7.9 (3.9)f 56 (27)f

Costa (2013) MRI pathway
vs SBx

1–5; �4 Cognitive Transrectal NA No G � 2, �3 Retrospective No Prior-
negative Bx

38 64 (48–77)f 14.4 (1.8–
33.1)f

NR

Delong-
champs
(2013)

MRI pathway
vs SBx

1–5; �3 Software Transrectal NA Unclear G �2 Prospective Yes Bx naive 391 64 (7)f 8.5 (3.9)f 56 (30)f

Filson (2016) MRI pathway
vs SBx

1–5; �3 Software Transrectal NA Unclear G � 2, �3 Prospective Yes Bx naive 329 64 (59–69d) 5.8 (4.4–
8.1d)

45(33–62d)

Prior-
negative Bx

324 66 (59–70d) 7.6 (5–
11.5d)

58 (40–84d)

Garcia
Bennett
(2017)

MRI pathway
vs SBx

1–5; �3 Cognitive Transperineal NA Yes G = 1, �1, �2,
�3

Prospective Unclear Bx naive 60 64 (6.7)f 7.2 (6–9.4d) 48 (35–63d)

Grönberg
(2018)

MRI pathway
vs SBx

1–5; �3 Software Transrectal NA No G = 1, �1, �2,
�3

Prospective Yes Bx naive 387 64 (45–74)f 6.3 (4.4d) (32–70)i

Prior-
negative Bx

145

Jambor
(2015)

MRI pathway
vs SBx

1–5; �4 Cognitive Transrectal NA Yes G = 1, �1, �2,
�3

Unclear,
unclear

Unclear Bx naive 53 66 (47–76) 7.4 (4–14) 42 (17–107)

Jambor
(2017)

MRI pathway
vs SBx

1–5; �3 Cognitive Transrectal NA No G = 1, �1, �2,
�3

Prospective Unclear Mixed 134 65 (6)f 7.5 (5.7–
9.6d)

37 (28–49d)
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Table 1 (Continued )

Study Tests Target
condition

Recruitment Patient characteristics

Index tests Reference
standard

Author
(year)

Index tests
analysed

MRI scale;
threshold

MRI TBx,
technique

Route Technique Independence ISUP
grade (G)

Study
designa

Consecutive
enrolment

Population No. of
participants

Median age
(range/SD)

Median
PSA ng/ml
(range)

Median
prostate

volume cm3

(range)

27
Kim (2017) MRI pathway

vs SBx
1–5; �4 Software,

cognitive
Transrectal NA No G = 1, �1, �2,

�3
Retrospective Unclear Bx naive 183 64 (7)f 10.2 (15.1)f NR

Prior-
negative Bx

154

Lee (2016) MRI pathway
vs SBx

1–4; �2 Cognitive Transrectal NA No G = 1, �1, �2,
�3

Retrospective Unclear Bx naive 76 66 (43–83) 6.4 (3.3–
9.8)

39 (17–127)

Lee (2017) MRI pathway
vs SBx

1–4; �2 Cognitive Transrectal NA No G = 1, �1, �2,
�3

Retrospective Unclear Bx naive 123 62 (10)f 6.4 (1.8)f 40 (18)f

Okcelik
(2016)

MRI pathway
vs SBx

0–1: �1 Cognitive Transrectal NA Unclear G = 1, �1, �2 Prospective Unclear Bx naive 52 62 (43–79) 5 (3–8.9) 45 (17–93)

Panebianco
(2018)

MRI pathway
vs SBx

1–5; �3 Cognitive Transrectal NA Unclear G = 1, �1, �2,
�3

Prospective Yes Bx naive 570 64 (51–82) NR NR

Prior-
negative Bx

355

Peltier
(2015)

MRI pathway
vs SBx

1–4; �2 Software Transrectal NA No G = 1, �1, �2,
�3

Prospective Yes Bx naive 110 65 (7)f 8.4 (6.3)f 49 (22)f

Pokorny
(2014)

MRI pathway
vs SBx

1–5; �3 In-bore Transrectal NA Unclear G = 1, �1, �2,
�3

Prospective Yes Bx naive 223 63 (57–68d) 5.3 (4.1–
6.6d)

41 (30–59d)

Rouvière
(2019)

MRI pathway
vs SBx

1–5; �3 Software Transrectal NA Yes G = 1, �1, �2,
�3

Prospective Yes Bx naive 251 64 (59–68d) 6.5 (5.6–
9.6d)

50 (38–63d)

Say (2016) MRI pathway
vs SBx

1–4; �2 Software Transrectal NA Unclear G = 1, �1, �2,
�3

Retrospective Yes Prior-
negative Bx

143 64 (47–82)f 11.59 (0.4–
96.9)f

69 (17–309)f

Tonttila
(2016)

MRI pathway
vs SBx

1–4; �2 Cognitive Transrectal NA Yes G = 1, �1, �2,
�3

Prospective Yes Bx naive 53 63 (60–66d) 6.1 (4.2–
9.9d)

28 (24–37d)

Van der
Leest (2018)

MRI pathway
vs SBx

1–5; �3 In-bore Transrectal NA Yes G = 1, �1, �2,
�3

Prospective Yes Bx naive 626 65 (59–68d) 6.4 (4.6–
8.2d)

55 (41–77d)

Bx = biopsy; ISUP G = International Society of Urological Pathology grade; MRI = magnetic resonance imaging; MRI pathway = magnetic resonance imaging with or without magnetic resonance imaging-targeted biopsy;
MRI TBx = magnetic resonance imaging-targeted biopsy; N = number; NA = not applicable; NR = not reported; PSA = prostate-specific antigen; SBx = systematic biopsy; SD = standard deviation; TSB = transperineal
saturation biopsy; TTMB = transperineal template mapping biopsy.
a Included participants were part of the same study cohort (no randomised populations were included).
b Included participants were part of the same study cohort (no randomised populations were included).
c Transrectal.
d Interquartile range (as opposed to range).
e Ginsburg biopsies.
f Mean value (as opposed to median value).
g Transperineal optimised prostate biopsy.
h In-house transperineal saturation biopsy.
i Range of interquartile ranges across three centres.
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Table 2 – Diagnostic accuracy and predictive metrics of the index tests verified by template-guided biopsy as the reference standard for different target conditions

Target condition Index testa No. of participants
(studies)

Proportion
negative MRI

(95% CI)

Accuracy metrics Prevalenceb

(95% CI)
Assumptive
prevalencec

Predictive metrics

Sensitivity
(95% CI)

Specificity
(95% CI)

p value NPVd (95% CI) PPVd (95% CI)

ISUP G � 2 prostate cancer MRI 3091 (12) 0.29 (0.22–0.37) 0.91 (0.83–0.95) 0.37 (0.29–0.46) p < 0.01e 0.29 (0.22–0.38) 0.30 0.91 (0.86–0.94) 0.38 (0.36–0.40)
MRI Tbxf 1553 (8) NA 0.80 (0.69–0.87) 0.94 (0.90–0.97) 0.34 (0.24–0.46) 0.92 (0.88–0.94) 0.85 (0.77–0.91)
MRI pathway 2257 (8) 0.29 (0.24–0.35) 0.72 (0.60–0.82) 0.96 (0.94–0.98) p = 0.06g 0.26 (0.18–0.36) 0.89 (0.85–0.92) 0.90 (0.83–0.94)
SBx 3421 (4) NA 0.63 (0.19–0.93) 1.00 (0.91–1.00) 0.34 (0.21–0.51) 0.86 (0.65–0.95) 1.00 (0.73–1.00)

ISUP G � 3 prostate cancer MRI 1438 (7) 0.31 (0.21–0.42) 0.95 (0.87–0.99) 0.35 (0.26–0.46) IDe 0.14 (0.08–0.23) 0.15 0.98 (0.95–0.99) 0.21 (0.19–0.23)
MRI Tbxf 428 (3) NA ID ID 0.21 (0.12–0.35) ID ID
MRI pathway 604 (3) 0.29 (0.26–0.33) ID ID IDg 0.16 (0.09–0.27) ID ID
SBx 626 (2) NA ID ID ID ID ID

ISUP G = 1 prostate cancer MRI 1764 (10) 0.28 (0.20–0.38) 0.70 (0.59–0.80) 0.27 (0.19–0.37) p < 0.01e 0.20 (0.17–0.23) 0.20 0.79 (0.74–0.82) 0.20 (0.18–0.21)
MRI Tbxf 497 (5) NA 0.51 (0.21–0.81) 1.00 (0.77–1.00) 0.22 (0.19–0.26) 0.89 (0.80–0.94) 0.97 (0.21–1.00)
MRI pathway 681 (5) 0.24 (0.16–0.36) 0.34 (0.19–0.53) 1.00 (0.90–1.00) p = 0.52g 0.21 (0.18–0.24) 0.86 (0.82–0.89) 0.95 (0.37–1.00)
SBx 3421 (4) NA 0.55 (0.25–0.83) 0.99 (0.81–1.00) 0.20 (0.16–0.25) 0.90 (0.81–0.95) 0.94 (0.37–1.00)

CI = confidence interval; ISUP G = International Society of Urological Pathology grade; ID = inadequate data; MRI = magnetic resonance imaging; MRI pathway = magnetic resonance imaging with or without magnetic
resonance imaging-targeted biopsy; MRI TBx = magnetic resonance imaging-targeted biopsy; NA = not applicable; NPV = negative predictive value; PPV = positive predictive value; SBx = systematic biopsy.
a Data did not allow differentiation between the mix of included participants (biopsy-naive and prior-negative biopsy men).
b Prevalence is pooled estimate of all detected cancer by template-guided biopsy.
c Assumptive prevalence is an extrapolation from the pooled estimates of all detected cancer by template-guided biopsy per target condition. This assumptive prevalence is necessary for adequate comparison of PPVs and
NPVs between index tests.
d Based on the Bayes’ theorem using the point estimates and 95% confidence intervals of the pooled positive and negative likelihood ratio and the point estimate of the prevalence.
e Comparing sensitivity between MRI and the MRI pathway.
f MRI-positive men only, instead of MRI-positive + MRI-negative men, implicating a higher risk profile and increased prevalence of clinically significant prostate cancer.
g Comparing sensitivity between the MRI pathway and SBx.
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increased from 1.05 to 1.12 (1.01–1.23) and from 1.44 to 1.49
(1.22–1.82), respectively.

3.3.2.2. Detection ratios for grade 1 prostate cancer. For men in the
biopsy-naive and the prior-negative biopsy settings, cancer
proportions of grade 1 prostate cancer were 27.2% (23.9–
31.1%; 17 studies, 4079 men) and 23.0% (18.0–30.2%; eight
studies, 1202 men), respectively; the pooled detection ratio
was 0.63 (0.54–0.74) and 0.62 (0.44-0.88), respectively
(Table 4).

3.3.2.3. Added values (discordance) in detection of grade 2 or higher

prostate cancer. Per 100 biopsy-naive men, the MRI pathway
detected approximately 23 men with grade 2 or higher
prostate cancer (23.4% [19.4–28.2]; Table 4). In addition to
the MRI pathway, systematic biopsy detected four addi-
tional men (4.3% [2.6–6.9%]). The total number of detected
cases was 27 (27.7% [23.7–32.6%]). Conversely, systematic
biopsy detected 21 men (21.4% [17.2–26.5%]) and the MRI-
pathway detected six additional men (6.3% [4.8–8.2%]).
Further details on mixed population and prior-negative
biopsy men are shown in the Cochrane review [13].

3.3.2.4. Added values (discordance) in detection of grade 1 prostate

cancer. Per 100 biopsy-naive men, the MRI pathway
detected approximately 11 men with grade 1 prostate
cancer (11.2% [8.4–14.9%]; Table 4). In addition to the MRI
pathway, systematic biopsy detected 10 additional men
(9.8% [8.0–11.8%]). The total number of detected cases was
21 (20.9% [18.0–24.7%]). Conversely, systematic biopsy
detected 19 men (18.5% [15.6–22.2%]) and the MRI pathway
detected two additional men (2.4% [1.4–4.0%]).

3.3.2.5. Added values (discordance) in detection of grade 2 or higher

prostate cancer in MRI-positive and MRI-negative men. Stratifying
men further into having positive or negative MRI aids in
interpreting the added value in each of these categories. The
pooled proportions of positive and negative MRI were
respectively 67.0% (58.7–74.4%) and 33.0% (25.6–41.3%) in
the biopsy-naive setting, and were equivalent in the prior-
negative biopsy setting (Table 4).

Per 100 biopsy-naive men with positive MRI, the MRI
pathway detected approximately 39 men with grade 2 or
higher prostate cancer (39.2% [33.3–45.7%]). In addition to
the MRI pathway, systematic biopsy detected five men (4.9%
[2.8–8.3%]). The total number of detected cases was 44
(44.2% [38.6–50.4%]). Conversely, systematic biopsy
detected 34 men (34.4% [28.3–41.3%]) and the MRI pathway
detected 10 additional men (9.8% [7.1–13.2%]).

Per 100 biopsy-naive men with negative MRI, systematic
biopsy detected eight additional men with grade 2 or higher
prostate cancer (8.1% [5.6–11.6%]) and 18 additional men
with grade 1 prostate cancer (18.4% [14.2–23.7%]).

3.4. Heterogeneity analyses and sensitivity analyses

For the test accuracy analyses (index tests vs reference
standard [template-guided biopsy]), we observed consid-
erable heterogeneity in all index tests (Cochrane review
[13]). For the agreement analyses (MRI pathway vs
systematic biopsy), the heterogeneity (total tau-
square = 0.03) is illustrated in Figure 5. We found a
statistically significant difference in the detection ratio of
the MRI pathway versus systematic biopsy between the
subgroups of population (prior-negative biopsy vs biopsy

Table 3 – Summary of Grading of Recommendations Assessment, Development and Evaluation (GRADE) guidance for diagnostic test accuracy
of individual index tests

Population: Men suspected of having clinically significant prostate cancer undergoing their first biopsy (biopsy-naive men) or a repeat
biopsy (prior-negative biopsy men)

Setting: University hospitals and specialised care centres
Reference
test:

Template-guided biopsy, which comprehensively samples all zones of the prostate

Threshold: ISUP grade �2 prostate cancer

Index test: MRI MRI-targeted biopsy MRI pathway Systematic biopsy

Threshold: MRI score �3 out of 5 ISUP grade �2 prostate cancer ISUP grade �2 prostate cancer ISUP grade �2 prostate cancer
Population: 3091 (12) 1553 (8) 2257 (8) 3421 (4)
Pooled sensitivity: 0.91 (95% CI: 0.83–0.95) 0.80 (95% CI: 0.69–0.87) 0.72 (95% CI: 0.60–0.82) 0.63 (95% CI: 0.19–0.93)
Pooled specificity: 0.37 (95% CI: 0.29–0.46) 0.94 (95% CI: 0.90–0.97) 0.96 (95% CI: 0.94–0.98) 1.00 (95% CI: 0.91–1.00)
Results per 1000 men tested (95% CI): at a baseline prevalence of 30% ISUP grade �2 prostate cancer by the reference test
True positives: 273 (249–285) 240 (207–261) 216 (180–246) 189 (57–279)
False negatives: 27 (15–51) 60 (39–93) 84 (54–120) 111 (21–243)
True negatives: 259 (203–322) 658 (630–679) 672 (658–686) 700 (637–700)
False positives: 441 (378–497) 42 (21–70) 28 (14–42) 0 (0–63)

Certainty of evidence (tp/fn): **�� Lowa,b **�� Lowa,b **�� Lowa,b ***� Moderatea,b,c

Certainty of evidence (tn/fp): **�� Lowa,b **�� Lowa,b **�� Lowa,b **�� Lowa,b,c

CI = confidence interval; fn = false negative—test indicates that clinically significant prostate cancer is not present but patient actually has clinically significant
prostate cancer; fp = false positive—test indicates clinically significant prostate cancer but patient actually does not have clinically significant prostate cancer;
ISUP = International Society of Urological Pathology; MRI = magnetic resonance imaging; tn = true negative—test indicates that clinically significant prostate
cancer is not present and patient actually does not have clinically significant prostate cancer; tp = true positive—indicates clinically significant prostate cancer
and patient actually has clinically significant prostate cancer.
a A considerable number of studies had a high or unclear risk of bias, mainly in the participant selection and reference standard domains.
b Considerable, clinically relevant, heterogeneity was observed across pooled study results.
c Important imprecision was noted, which contributed to decision to downgrade for inconsistency.
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naive), suggesting that they may be sources of heterogene-
ity (Cochrane review [13]).

We performed sensitivity analyses for the detection of
grade 2 or higher prostate cancer by excluding studies
based on certain quality and additional criteria. Excluding
studies with a high or an unclear risk of bias or
applicability concern in one of the four QUADAS-2 domains
did not substantially change the accuracy results of MRI,
MRI-targeted biopsy, and the MRI pathway (Cochrane
review [13]).

3.5. Discussion

This copublished Cochrane review presents the test
accuracy of prostate MRI, MRI-targeted biopsy, MRI
pathway (MRI with or without MRI-targeted biopsy), and
current standard testing with systematic biopsies in
prostate cancer diagnosis, using template-guided biopsy
sampling of the whole prostate as the reference standard.
This analysis provides evidence to determine their discrim-
inative value in current clinical practice. Both the MRI

Fig. 3 – Test results and implications of a hypothetical cohort of 1000 men tested for prostate cancer using the (A) MRI pathway and (B) systematic
biopsy. fn = false negative—test indicates that clinically significant prostate cancer is not present but patient actually has clinically significant prostate
cancer; fp = false positive—test indicates clinically significant prostate cancer but patient actually does not have clinically significant prostate cancer;
MRI = magnetic resonance imaging; tn = true negative—test indicates that clinically significant prostate cancer is not present and patient actually does
not have clinically significant prostate cancer; tp = true positive—indicates clinically significant prostate cancer and patient actually has clinically
significant prostate cancer. a The numbers in this figure are based on findings of the MRI pathway; therefore, MRI and MRI-targeted biopsy results
differ slightly from the numbers in Table 3. b Diagnoses by the MRI pathway and reference standard are based on biopsy histopathology, with equal
chance of up- or downgrading following radical prostatectomy.
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pathway and the systematic biopsy missed considerable
proportions of grade 2 or higher prostate cancer, but the
MRI pathway missed less than the systematic biopsy.

Furthermore, the agreement analyses for detecting
prostate cancer between two index tests (the MRI pathway
and the current practice of systematic biopsy) provide
additional evidence for biopsy decision making, indicating
that the MRI pathway is more favourable than systematic
biopsy. The difference between the detection rates of the
MRI pathway and systematic biopsy was largest in men with
a prior-negative biopsy and insignificant in biopsy-naive
men. Evidence further suggested that the MRI pathway
beneficially missed more grade 1 prostate cancer than
systematic biopsy in both population types. Therefore, the
MRI pathway could potentially reduce the amount of
overdiagnosis, and harms related to surveillance and
overtreatment.

3.5.1. MRI-directed biopsy management

The benefits of using MRI (reducing biopsy procedures and
the overdiagnosis of grade 1 prostate cancer with improving
the detection of grade 2 and higher prostate cancer) are

largest if MRI has a direct impact on biopsy decision
management and shared decision making. In other words,
the MRI before any biopsy and the MRI pathway as the
replacement for systematic biopsy, thus omitting system-
atic biopsy in specified circumstances, might provide the
most favourable diagnostic strategy.

Approximately one-third of all men had negative MRI.
This is a substantially large population in whom additional
systematic biopsies may potentially be avoided. Some
expert centres even report up to 50% MRI-negative men,
suggesting that an even larger population may benefit when
experience in MRI reading may improve [24]. The added
value of performing systematic biopsy in MRI-negative men
for the detection of grade 2 or higher prostate cancer could
be considered as limited with regard to total detection and
additional harms. As a prostate biopsy is associated with
patient burden, infection, morbidity, overdiagnosis, and
related overtreatment, it should be avoided when possible.
Omitting systematic biopsy in men with negative MRI might
be considered acceptable in some clinical situations.
However, benefits and harms are difficult to balance on
an individual basis. Therefore, men with negative MRI could

Fig. 4 – Comparison of diagnostic test accuracy between MRI, MRI pathway, and systematic biopsy for detecting ISUP grade 2 and higher prostate
cancer. Summary ROC plots of MRI, MRI pathway, and systematic biopsy, verified by template-guided biopsy, with references to included studies (see
original review for further details [1]). A comparison of MRI with MRI pathway showed a substantial decrease in sensitivity (from 0.91 to 0.72) and an
increase in specificity (from 0.37 to 0.96), both of which were statistically significant (p < 0.01; Table 3). A comparison of the MRI pathway with
systematic biopsy showed a substantial decrease in sensitivity (from 0.72 to 0.63; p = 0.06; Table 3), and similar specificities. CI = confidence interval;
ISUP = International Society of Urological Pathology; MRI = magnetic resonance imaging; ROC = receiver operating characteristics.
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Table 4 – Agreement analysis of proportion of prostate cancer detected by the MRI pathway and systematic biopsy tests in biopsy-naive men

Population Target
condition
(ISUP
grade)

Patients
(studies)

Proportion prostate cancer detected in %
(95% CI)

Detection ratio
(95% CI)b

Difference
between

populations,
p valuec

Biopsy
status

MRI in %
(95% CI)a

Combined MRI
pathway + SBx
(total cancer
detected)

MRI
pathway

SBx Both MRI
pathway
and SBx

Only by MRI
pathway

(added value)

Only by SBx
(added value)

MRI pathway
versus SBx

p value

Biopsy-
naive men

Positive + negative
(100 [100–100])

G = 1 4079 (17) NA 13.5 (10.7–17.2) 22.4
(19.1–26.3)

NA NA NA 0.630
(0.535–0.742)

0.000 0.905

G = 1d 4079 (17) 20.9 (18.0–24.7) 11.2 (8.4–14.9) 18.5 (15.6–22.2) 8.8 (6.2–12.3) 2.4 (1.4–4.0) 9.8
(8.0–11.8)

0.611
(0.485–0.769)

0.000 –

G � 1 4799 (19) 53.2 (48.7–57.9) 41.0 (35.8–46.4) 47.8 (42.8–52.9) 35.6 (30.2–41.2) 5.4 (3.6–8.0) 12.2
(8.7–16.7)

0.845
(0.767–0.930)

0.001 0.121

G � 2 5219 (20) 27.7 (23.7–32.6) 23.4 (19.3–28.1) 21.4 (17.2–26.5) 17.1 (13.0–22) 6.3 (4.8–8.2) 4.3
(2.6–6.9)

1.050
(0.948–1.162)

0.349 0.002

G � 3 4306 (16) 15.5 (12.6–19.5) 12.7 (9.9–16.5) 10.8 (8.0–14.8) 8.0 (5.4–11.6) 4.7 (3.5–6.3) 2.8
(1.7–4.8)

1.087
(0.937–1.261)

0.269 0.004

Positive
(67.0 [58.7–74.4])

G = 1 2682 (16) NA 21.3 (17.0–26.9) 23.7 (19.6–29.1) NA NA NA 0.854
(0.743–0.982)

0.026 0.347

G = 1d 2682 (16) 21.1 (16.7–27.1) 17.0 (12.6–22.9) 17.7 (13.3–23.8) 13.6 (9.3–19.5) 3.4 (2.1–5.3) 4.1
(2.5–6.7)

0.909
(0.770–1.072)

0.257 –

G � 1 2955 (17) 70.9 (65.0–76.6) 63.7 (56.3–70.6) 63.8 (56.2–70.7) 56.6 (47.7–64.6) 7.1 (4.2–11.9) 7.2
(4.7–10.8)

0.994
(0.915–1.079)

0.881 0.053

G � 2 2955 (17) 44.2 (38.6–50.4) 39.2 (33.3–45.7) 34.4 (28.3–41.3) 29.5 (23.2–36.5) 9.8 (7.1–13.2) 4.9
(2.8–8.3)

1.119
(1.014–1.234)

0.025 0.005

G � 3 2899 (15) 24.8 (21.0–29.6) 21.2 (17.4–25.7) 17.5 (13.8–22.3) 13.9 (10.3–18.3) 7.3 (5.4–9.7) 3.7
(2.2–6.1)

1.158
(1.024–1.310)

0.020 0.007

Negative
(33.0 [25.6–41.3])

G = 1 1287 (16) 18.4 (14.2–23.7) NA 18.4 (14.2–23.7) NA NA 18.4
(14.2–23.7)

NA NA NA

G � 1 1343 (17) 25.5 (20.7–30.9) NA 25.5 (20.7–30.9) NA NA 25.5
(20.7–30.9)

NA NA NA

G � 2 1343 (17) 8.1 (5.6–11.6) NA 8.1 (5.6–11.6) NA NA 8.1
(5.6–11.6)

NA NA NA

G � 3 1297 (15) 3.0 (1.6–5.5) NA 3.0 (1.6–5.5) NA NA 3.0
(1.6–5.5)

NA NA NA

CI = confidence interval; ISUP = International Society of Urological Pathology; MRI = magnetic resonance imaging; MRI pathway = magnetic resonance imaging with or without magnetic resonance imaging-targeted biopsy;
NA = not applicable; SBx = systematic biopsy.
a Proportion of participants with a positive or negative magnetic resonance imaging result, based on the studies reporting grade 2 or higher.
b Detection ratio is the detection rate of MRI pathway divided by the detection rate of systematic biopsy; the detection rate is the pooled number of positive results of the test divided by the pooled total number of positive
results from both tests.
c Evaluating the difference in detection ratios between the populations (biopsy-naive men vs prior-negative biopsy) for each target condition.
d The tests are considered as “add-on tests”, taking into account grade reclassification by each test. Therefore, G = 1e results differ from G = 1 results, where the tests are considered as “replacement tests”, not taking into
account grade reclassification.
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be counselled to pursue clinical and biochemical monitor-
ing as a reasonable alternative for systematic biopsy, as also
argued by others [25–27].

Men with positive MRI have a clear indication for MRI-
targeted biopsy and can opt for additional systematic
biopsy. The added value of performing systematic biopsy in
MRI-positive men for the detection of grade 2 or higher
prostate cancer, however, could be considered as limited
with regard to total detection and additional harms. The
conditions under which systematic biopsy could be safely
avoided in men with positive MRI remain to be defined
[26,28,29]. When in this population, the MRI pathway does
not detect significant prostate cancer, a monitoring
approach could be introduced (instead of systematic
biopsy), based on clinical, biochemical, and imaging
parameters, and would result in a “safety net”. This safety
net could easily be adopted in the shared decision making in
current diagnostic work-up, as already recommended in
international guidelines [30–32].

3.5.2. Strength and weaknesses

For the in-depth analysis of quantity and quality of
evidence, strengths and weaknesses of included studies,
and strengths and weaknesses of the review process, we
refer to the original Cochrane review [13].

3.5.3. Context of other research

Distinguishing between biopsy-naive men and men with a
prior-negative biopsy is paramount in daily practice. The
agreement analysis, balancing the results of detecting grade
2 or higher prostate cancer, grade 1 prostate cancer, and
reduction of biopsies in MRI-negative men, can be
compared with selected high-quality studies (Supplemen-
tary Table 1). Recently, two multicentre randomised
controlled trials in biopsy-naive men [2,33] investigated
the MRI pathway and systematic biopsy. Furthermore, two
large high-quality prospective multicentre cohort studies
[24,34] investigated the agreement of prostate cancer
detection between the MRI pathway and systematic biopsy.

The most remarkable differences are the following. Both
randomised controlled trials showed that the MRI pathway
detected significantly more grade 2 or higher prostate
cancer than systematic biopsy [2,33], in contrast to the
results from the agreement analyses in this review [13],
including the two cohort studies [24,34]. Hence, while the
randomised controlled trials showed superiority of the MRI
pathway over systematic biopsy, the agreement studies did
not. Despite these inconsistencies, none of the studies
showed the MRI pathway to be inferior to systematic biopsy
in detecting grade 2 or higher prostate cancer. In addition, in
this Cochrane review, the proportion of men with grade 2 or
higher prostate cancer detected by the MRI pathway was
23.4% (95% CI: 19.3–28.1%), while this was substantially
higher in the two randomised controlled trials (Supple-
mentary Table 1). Regarding the proportions of men with
grade 1 prostate cancer, the MRI pathway in this review

Fig. 5 – Forest plots of the agreement analysis (MRI pathway vs
systematic biopsy) for detecting grade 2 and higher prostate cancer.
The upper plot is based on all included men; the lower plot is based
on MRI-positive men. Continuous lines and brackets indicate study
individual 95% confidence intervals; diamonds indicate the pooled
summary estimate 95% confidence intervals; and dashed lines
indicate the pooled 95% prediction intervals. Detection rate = pooled
number of positive results of one test divided by the pooled total
number of positive results from both tests; detection
ratio = detection rate of the MRI pathway divided by detection rate of
SBx; MRI magnetic resonance imaging; MRI pathway: MRI with
subsequent MRI-targeted biopsy; RE model = random-effect model;
SBx = systematic biopsy; t2: tau-square (heterogeneity); + = positive
result; � = negative result.
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detected 14% (95% CI: 11–17%), while this was lower in the
two randomised controlled trials. Explanatory reasons
might be multiple and are discussed within the context
of this review (Cochrane review [13]).

3.5.4. Future research and perspectives

Quality control in the MRI pathway should be further
employed to improve MRI acquisition, MRI reading, and
MRI-targeted biopsy methods. The role of biparametric MRI
as well as the different approaches for targeted biopsy
(fusion, cognitive/visual, in bore), the route (transrectal/
transperineal), and the clinical validity and utility of
artificial intelligence with machine learning tools should
be further investigated. Education, training, procedural
standardisation, better imaging, and biopsy equipment
require a multidisciplinary approach in the management of
men with suspected prostate cancer [7,15,35,36]. This
diagnostic chain is only as strong as its weakest link
[37]. To improve the clinical utility of MRI-driven tests,
factors influencing the outcome of the MRI pathway (such
as per-lesion instead of a per-patient analysis, number of
MRI-targeted biopsy cores, MRI positivity threshold in
relation to clinical risk profiles, underlying MRI reading
problems, and inaccurate MRI-targeted biopsy) should be
further investigated. Risk calculators may aid in balancing
harms and benefits by further refining the selection of those
men who are at a risk of potentially life-threatening disease.
Research should be initiated with recently introduced
multivariable risk prediction models, including the MRI
suspicion score as an extra input variable, to better identify
those who would benefit from MRI and subsequent MRI-
targeted biopsy, or an additional systematic biopsy, or both
[38–42].

4. Conclusions

Balancing the potential benefits (reduction of biopsies and a
decrease of grade 1 prostate cancer overdiagnosis) against
the potential disadvantages (missing some grade 2 or higher
prostate cancer), in disregard to further economic metrics
(availability and costs), we conclude that the MRI pathway
may represent a more favourable diagnostic test than
systematic biopsy in all men suspected to have clinically
significant prostate cancer. Therefore, performing prostate
MRI before any biopsy should be structurally incorporated
in the diagnostic work-up. Our certainty in our findings was
reduced by study limitations. Furthermore, the MRI
pathway relies on experience and skills in acquiring and
reading MRI images, on targeting biopsy, and on high-end
equipment of MRI and biopsy hardware and software,
which are not yet widely available. Based on these
considerations, further improvement of the prostate cancer
diagnostic pathways should be pursued.
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Comparison of Magnetic Resonance Imaging and Transrectal
Ultrasound Informed Prostate Biopsy for Prostate Cancer
Diagnosis in Biopsy Na€ıve Men: A Systematic Review and
Meta-Analysis
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Purpose: Multiparametric magnetic resonance imaging with informed targeted
biopsies has changed the paradigm of prostate cancer diagnosis. Randomized
studies have demonstrated a diagnostic benefit of clinical significance for tar-
geted biopsy compared to standard systematic biopsies. We evaluated whether
multiparametric magnetic resonance imaging informed targeted biopsy has su-
perior diagnosis rates of any, clinically significant, high grade and clinically
insignificant prostate cancer compared to systematic biopsy in biopsy na€ıve men.

Materials and Methods: Data were searched in Medline�, Embase�, Web of
Science and Evidence-Based Medicine Reviews-Cochrane Database of System-
atic Reviews from database inception until 2019. Studies were selected by 2
authors independently, with disagreements resolved by consensus with a third
author. Overall 1,951 unique references were identified and 100 manuscripts
underwent full-text review. Data were pooled using random effects models. The
meta-analysis is reported according to the PRISMA statement and the study
protocol is registered with PROSPERO (CRD42019128468).

Results: Overall 29 studies (13,845 patients) were analyzed. Compared to sys-
tematic biopsy, use of multiparametric magnetic resonance imaging informed tar-
geted biopsy was associated with a 15% higher rate of any prostate cancer diagnosis
(95% CI 10e20, p <0.00001). This relationship was not affected by the study
methodology (p[0.11). Diagnoses of clinically significant and high grade prostate
cancer were more common in the multiparametric magnetic resonance imaging
informed targeted biopsy group (risk difference 11%, 95% CI 0e20, p[0.05 and 2%,
95% CI 1e4, p[0.005, respectively) while there was no difference in diagnosis of
clinically insignificant prostate cancer (risk difference 0, 95% CI -3 to 3, p[0.96).
Notably, the exclusion of systematic biopsy in the multiparametric magnetic
resonance imaging informed targeted biopsy arm significantly modified the asso-
ciation between a multiparametric magnetic resonance imaging strategy and lower
rates of clinically insignificant prostate cancer diagnosis (p[0.01) without affecting
the diagnosis rates of clinically significant or high grade prostate cancer.

Conclusions: Compared to systematic biopsy a multiparametric magnetic reso-
nance imaging informed targeted biopsy strategy results in a significantly higher
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diagnosis rate of any, clinically significant and high grade prostate cancer. Excluding systematic biopsy from
multiparametric magnetic resonance imaging informed targeted biopsy was associated with decreased rates
of clinically insignificant prostate cancer diagnosis without affecting diagnosis of clinically significant or high
grade prostate cancer.

Key Words: multiparametric magnetic resonance imaging, prostatic neoplasms, biopsy

PROSTATE cancer diagnosis by systematic, random,
histological sampling of the prostate has, until
recently, been the standard of care.1 Transrectal
ultrasound guided 12-core template systematic bi-
opsy has been widely recommended for men at risk
for PCa.2 However, SBX templates are limited by
inherent random and systematic errors. Specific
regions of the prostate are consistently under
sampled, including the anterior region and apex3

and, unless hypoechoic lesions are seen on TRUS,
sampling occurs by chance. Thus, SBX can miss up
to 20% of CS PCa, resulting in under diagnosis.4

Additionally, SBX detects a relatively high per-
centage of clinically insignificant PCa (GGG 1),
which may result in overtreatment if proper use of
active surveillance is not practiced.2

With the introduction of multiparametric pros-
tate magnetic resonance imaging the pathways for
PCa diagnosis have changed. mpMRI is unique in
that it can risk stratify men for prostate biopsy and
allow anatomical guidance for biopsy. The spatial
information provided by mpMRI allows for precise
mpMRI informed targeted biopsy, where clinically
significant PCa (GGG 2 or greater5) is detected with
fewer biopsy cores6 and diagnosis of CI PCa de-
creases.7 Randomized studies have demonstrated
the superior diagnosis rate of TGBX in diagnosing
CS PCa in biopsy na€ıve men.8,9 However, TGBX has
limitations, missing CS PCa in 2.1% to 15% of
cases.10e13 Although the most recent European As-
sociation of Urology2 and National Institute for
Health and Care Excellence14 guidelines recom-
mend performing mpMRI in biopsy na€ıve men with
suspected PCa, these recommendations are not
widely adopted in North America, where mpMRI is
usually reserved for men with a previous negative
biopsy. Furthermore, the added benefit of
combining SBX with TGBX remains unclear with
conflicting data supporting TGBX alone7,15 as well
as combining SBX with TGBX.16 The combination
appears to detect more CS PCa than TGBX alone.4,7

The European Association of Urology and American
Urological Association guidelines currently recom-
mend adding SBX in men with a suspicious mpMRI
lesion undergoing TGBX.2,17

To synthesize the available data on these ques-
tions we undertook a systematic review and meta-
analysis of all studies comparing SBX and TGBX,
alone or in combination with SBX, to assess the

detection rate of any PCa, CS PCa, high grade PCa
(GGG 4 or greater) and CI PCa in biopsy na€ıve men.

METHODS
This systematic review and meta-analysis is reported ac-
cording to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement.18 The
study protocol was registered with PROSPERO
CRD42019128468.

Research Question
Is mpMRI informed TGBX with or without SBX associ-
ated with higher rates of any, CI, CS and HG PCa diag-
nosis than SBX alone in biopsy na€ıve men at risk for PCa?

Types of Studies
Randomized clinical trials and observational cohort
studies were included. Other publications including edi-
torials, commentaries, review articles, meeting abstracts
and publications not subject to peer review (ie reports of
data from vital statistics and dissertations or theses) were
excluded. Only studies with paired cohorts, with patients
with a positive mpMRI undergoing TGBX alone or
together with SBX were included. To prevent duplication
of patients used in our analyses we selected 1 study (when
more than 1 was published on the same patient cohort)
based on contemporary timing, cohort size and granu-
larity of data reported. Our main interest was to compare
the outcomes of mpMRI informed TGBX alone or in
combination with SBX to SBX outcomes in biopsy na€ıve
men. Thus, studies comparing mpMRI guided TGBX and
SBX in biopsy na€ıve men were included and those in men
with prior negative biopsy or with prior PCa diagnosis
were excluded from analysis.

Outcome Measures
The primary outcome of interest was the rate of any PCa
diagnosis. Secondary outcomes were rates of CS PCa
(GGG 2 or greater), HG PCa (GGG 4 or greater) and CI
PCa (GGG 1).

Search Strategy
Medline, Embase, Web of Science, Scopus� and Evidence-
Based Medicine Reviews-Cochrane Database of System-
atic Reviews databases were searched by a professional
medical librarian using the OvidSP platform for studies
indexed from database inception to February 15, 2019. We
used subject headings and text word terms for “prostate
cancer”, “prostate neoplasm”, “biopsy”, “no prior”, “no
previous”, “na€ıve”, “ultrasound”, “magnetic resonance
imaging”, “systematic”, “targeted” and related and
exploded terms including MeSH (medical subject head-
ings) terms in combination with keyword searching. A full
search strategy is presented in supplementary Appendix 1
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(https://www.jurology.com). Only English language pub-
lications were included in analysis and all duplicates were
excluded.

Study Review Methodology
The study selection was conducted by 2 authors (AEA and
TC) independently. Disagreements were resolved by
consensus with a third author (HG). Titles and abstracts
were used to screen for initial study inclusion. Full-text
review was used when abstracts were insufficient to
determine if the study met inclusion criteria. A data
extraction form was created and piloted prior data
extraction, which was performed by a single author (AEA)
and subsequently verified by 2 additional authors (HG
and ZK) independently.

Risk of Bias Assessment
The Cochrane Collaboration tool for assessing risk of
bias19 and the NOS (Newcastle-Ottawa Scale) were used
for risk of bias assessment in randomized clinical trials
and cohort studies, respectively. The NOS assesses risk of
bias in the domains of 1) selection of study groups,
2) comparability of groups and 3) ascertainment of expo-
sure and outcome.20,21 Studies with scores of 7 or greater
were considered as having a low risk of bias, scores of 4 to
6 as having a moderate risk of bias, and scores less than 4
as having a high risk of bias.

Assessment of Heterogeneity
Heterogeneity was assessed using the Q test, estimated
using the DerSimonian-Laird method and finally quanti-
fied using I2 values.22 Given the identified clinical het-
erogeneity, we used random effects models for each of our
analyses.

Data Synthesis
We expressed the outcome as the risk difference for PCa
diagnosis between mpMRI informed TGBX and SBX. This
was determined as the proportion of patients diagnosed
with PCa in the SBX group minus the proportion of pa-
tients diagnosed in the mpMRI informed TGBX group.
Therefore, a risk difference less than zero (negative risk
difference) indicates that PCa diagnosis was more
frequent in the mpMRI informed TGBX group while a risk
difference greater than zero (positive risk difference) in-
dicates that PCa diagnosis was more frequent in the SBX
group.

We used the Mantel-Haenszel method for meta-
analysis of dichotomous data using the risk difference as
our measure of effect. For each outcome we performed
meta-analysis among 3 strata defined by study method-
ology (randomized controlled trials, prospective cohort
studies and retrospective cohort studies) as differences in
study methodology may reasonably be expected to affect
study conclusions. We tested for subgroup differences
between strata for each outcome using the chi-squared
test. Where the chi-squared test for subgroup differences
was insignificant, we pooled results for each outcome
across the study methodologies to provide a single pooled
effect estimate. Where the chi-squared test for subgroup
differences was significant (p <0.05) we deemed it inap-
propriate to pool results and, thus, reported pooled results
among each stratum individually.

We performed a priori subgroup analysis to assess
whether inclusion of SBX in the mpMRI informed TGBX
arm would affect the risk difference for PCa diagnosis
between mpMRI informed TGBX and SBX for each
outcome. Again, we tested for subgroup differences be-
tween strata for each outcome using the chi-squared test
to assess for effect modification due to this factor.

Meta-analysis was performed using Review Manager
5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration 2014) software. Statistical sig-
nificance was determined at p <0.05.

RESULTS

Literature Search Results

We identified 1,951 unique references (see figure).
Overall 100 manuscripts underwent full-text review
and 29 studies were selected for final analyses.
Reasons for exclusion are provided in the figure. Of
these studies 19 (65.5%) enrolled patients prospec-
tively. However, only 5 studies (17.2%) randomly
assigned patients to the mpMRI informed TGBX or
SBX group. Publication details of all included
studies can be found in supplementary Appendix 2
(https://www.jurology.com).

Characteristics of Identified Studies

Studies were conducted in 4 continents (65.5% in
Europe, 20.7% in Asia, 6.9% in the U.S. and 6.9% in
Australia) and 89.7% were conducted after 2010
(supplementary table, https://www.jurology.com).
Overall 21 studies (72.5%) were from single centers,

PRISMA flow chart
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3 studies (10.3%) analyzed 2 centers and 5 studies
(17.2%) were multicenter.

Across the 29 included studies there were 13,845
patients, of whom 1,085 (7.8%) were enrolled in
randomized trials. Nearly all studies included men
based on an elevated prostate specific antigen and/
or an abnormal digital rectal examination (supple-
mentary table, https://www.jurology.com).

With respect to MRI performance and interpre-
tation 21 studies (72.4%) used 3 Tesla mpMRI and 8
(27.6%) used 1.5 Tesla. PI-RADS (Prostate Imaging
Reporting and Data System) was used in most
studies (21, 72.4%), while 7 studies (24.1%) used the
Likert and similar 4 or 5-point scales. A total of 14
studies (48.3%) included SBX in addition to mpMRI
informed TGBX in the mpMRI arm. Targeted biopsy
was performed with an ultrasound fusion biopsy
technique in 18 studies (62.1%). Cognitive fusion
biopsy and in-bore fusion biopsy were used in 8
(27.6%) and 2 studies (7%), respectively. Most
studies (24, 82.7%) used transrectal biopsy.

All studies reported on overall PCa and CS PCa
detection rate, defined based on Gleason score and/
or maximum PCa core length (supplementary
table, https://www.jurology.com). However, for our
analysis we considered CS PCa to be GGG 2 or
greater alone.5

Risk of Bias Assessment

All randomized controlled trials included concealed
random sequence generation and were similarly at
low risk for attrition and reporting bias (supple-
mentary Appendix 3, https://www.jurology.com).
While all studies were unblinded and, thus, poten-
tially at risk for performance and detection bias, it is
not likely that this would influence the outcome of
PCa diagnosis.

The risk of bias in the prospective and retro-
spective cohort studies was low in all included
studies (supplementary Appendix 4, https://www.
jurology.com). In some studies patients with nega-
tive mpMRI were excluded, which may have
potentially introduced selection bias. As the
outcome of interest was overall PCa or CS PCa
diagnosis rate, all studies were deemed to have
adequate followup.

Quantitative Synthesis

Any prostate cancer diagnosis. Assessing the associa-
tion between use of mpMRI informed TGBX or SBX
and rates of any PCa diagnosis, we pooled results
from 29 studies representing 31 unique patient co-
horts and 13,845 participants. Among randomized
controlled trials (5 studies; 1,085 participants) the
use of mpMRI informed TGBX � SBX was associ-
ated with a 16% increased likelihood of PCa diag-
nosis (risk difference -0.16, 95% CI -0.22 to -0.11,

p <0.00001, I2[4%) compared to SBX alone (sup-
plementary fig. 1, a; https://www.jurology.com).
Among 14 prospective cohort studies (5,508 partic-
ipants) the use of mpMRI informed TGBX � SBX
was associated with a 20% increased likelihood of
PCa diagnosis (risk difference -0.20, 95% CI -0.27 to
-0.12, p <0.00001, I2[89%) compared to SBX alone.
Finally, among 10 retrospective cohort studies
(7,252 participants) the use of mpMRI informed
TGBX � SBX was associated with a 9% increased
likelihood of PCa diagnosis (risk difference -0.09,
95% CI -0.16 to -0.01, p[0.03, I2[89%) compared to
SBX alone. The test for subgroup differences was
insignificant (chi-squared 4.40, p[0.11, I2[54.5%).
Thus, we pooled results across these strata.
Assessing all 13,845 participants from 29 studies
the use of mpMRI informed TGBX � SBX was
associated with a 15% increased likelihood of PCa
diagnosis (risk difference -0.15, 95% CI -0.20 to
-0.10, p <0.00001, I2[89%) compared to SBX alone.

We then assessed whether inclusion of SBX in
the mpMRI informed TGBX arm affected the
observed association between mpMRI informed
TGBX and any PCa diagnosis. Among cohorts in
which data were available for patients in the
mpMRI informed TGBX arm who underwent tar-
geted biopsy alone (22 studies, 75.9%), the use of
mpMRI informed TGBX was associated with a 12%
increased likelihood of PCa diagnosis (risk differ-
ence -0.12, 95% CI -0.18 to -0.07, p <0.00001,
I2[89%) compared to SBX alone (supplementary
fig. 2, a; https://www.jurology.com). For cohorts in
which data were available for patients who under-
went TGBX and SBX (14 studies, 48.3%) the use of
mpMRI informed TGBX was associated with a 17%
increased likelihood of PCa diagnosis (risk differ-
ence -0.17, 95% CI -0.24 to -0.09, p <0.00001,
I2[91%) compared to SBX alone. The test for sub-
group differences was insignificant (chi-squared
0.78, p[0.38, I2[0%), suggesting that the inclu-
sion of SBX in patients undergoing mpMRI
informed TGBX does not modify the association
between mpMRI informed TGBX and rates of any
PCa diagnosis.

Clinically significant prostate cancer diagnosis. A total
of 27 studies (13,089 participants) provided data for
meta-analysis of the outcome of CS PCa. There was
an increased likelihood of CS PCa diagnosis among
randomized controlled trials (risk difference -0.11,
95% CI -0.2 to 0.00, p[0.05, I2[78%), among
prospective cohort studies (risk difference -0.18,
95% CI -0.24 to -0.11, p <0.00001, I2[81%) and
among retrospective cohort studies (risk difference
-0.07, 95% CI -0.12 to -0.02, p[0.004, I2[77%)
(supplementary fig. 1, b; https://www.jurology.
com). However, the test for subgroup differences
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was significant (chi-squared 6.35, p[0.04,
I2[68.5%). Thus, we did not pool results across
strata of study methodology. We found no evidence
of effect modification due to inclusion of SBX in
the mpMRI informed TGBX arm on the
relationship between mpMRI informed TGBX and
rates of CS PCa diagnosis (test for subgroup
differences chi-squared 0.18, p[0.67, I2[0%)
(supplementary fig. 2, b; https://www.jurology.com).

Clinically insignificant prostate cancer diagnosis. Simi-
larly, 27 studies (13,089 participants) provided data
for meta-analysis of the outcome of CI PCa. The use
of mpMRI informed TGBX � SBX was associated
with no meaningful difference in the likelihood of
CI PCa diagnosis, whether assessed among
randomized controlled trials (risk difference 0.01,
95% CI -0.09 to 0.11, p[0.85, I2[82%),
prospective cohort studies (risk difference 0.00,
95% CI -0.05 to 0.05, p[0.99, I2[79%) or
retrospective cohort studies (risk difference -0.01,
95% CI -0.05 to 0.04, p[0.83, I [84%)
(supplementary fig. 1, c; https://www.jurology.
com). The test for subgroup differences was
insignificant (chi-squared 0.08, p[0.96, I2[0%).
Thus, we pooled results across strata of study
methodology and found no meaningful difference
in the likelihood of CI PCa diagnosis (risk
difference 0.00, 95% CI -0.03 to 0.03, p[0.96,
I2[80%).

Interestingly there was evidence of effect modi-
fication due to the inclusion of SBX in the mpMRI
informed TGBX arm for this outcome (test for sub-
group differences chi-squared 6.49, p[0.01,
I2[84.6%), while studies that included SBX in the
mpMRI informed TGBX arm demonstrated a 4%
higher rate of diagnosis of CI PCa among patients
who underwent mpMRI informed TGBXDSBX
compared to SBX alone (risk difference -0.04, 95%
CI -0.08 to -0.00, p[0.05, I2[77%). Using TGBX
alone demonstrated a 3% lower rate of diagnosis of
CI PCa among patients who underwent mpMRI
informed TGBX compared to SBX alone (risk dif-
ference 0.03, 95% CI -0.01 to 0.06, p[0.11, I2[75%)
(supplementary fig. 2, c; https://www.jurology.com).

High grade prostate cancer diagnosis. A smaller subset
of 19 studies (9,811 participants) provided data for
meta-analysis of the outcome of HG PCa. The use of
mpMRI informed TGBX � SBX was associated with
a significantly higher likelihood of HG PCa
diagnosis among randomized controlled trials,
albeit with a small effect size (risk difference -0.04,
95% CI -0.07 to -0.01, p[0.004, I2[0%) compared
to SBX alone (supplementary fig. 1, d; https://
www.jurology.com). Among prospective cohort
studies (risk difference -0.02, 95% CI -0.05 to 0.01,
p[0.23, I2[66%) and retrospective cohort studies

(risk difference -0.02, 95% CI -0.06 to 0.01,
p[0.12, I2[38%) this effect was not significant,
although the direction and magnitude were
similar. The test for subgroup differences was
insignificant (chi-squared 1.72, p[0.42, I2[0%).
Thus, we pooled results across strata of study
methodology and found the use of mpMRI
informed TGBX was associated with a small but
significantly higher likelihood of HG PCa
diagnosis (risk difference -0.02, 95% CI -0.04 to
-0.01, p[0.005, I2[47%) than SBX alone. We
found no evidence of effect modification due to
inclusion of SBX in the mpMRI informed TGBX
arm on the relationship between mpMRI informed
TGBX and rates of HG PCa diagnosis (test for
subgroup differences chi-squared 0.40, p[0.53,
I2[0%) (supplementary fig. 2, d; https://www.
jurology.com).

DISCUSSION
In this meta-analysis of biopsy na€ıve patients un-
dergoing PB we compared rates of PCa diagnosis
for those undergoing standard SBX and mpMRI
informed TGBX. Our analyses demonstrate
several findings. Patients who underwent a
mpMRI informed TGBX � SBX were 15% more
likely to be diagnosed with any PCa than those
who underwent standard SBX. Further, this
improved diagnostic yield was not affected by
whether a mpMRI informed biopsy was performed
with TGBX alone or combined with SBX. In addi-
tion, patients who underwent mpMRI informed
biopsy were more likely to be diagnosed with CS
PCa and HG PCa, with no difference in the diag-
nosis rate of CI PCa compared to those who un-
derwent SBX alone. The exclusion of SBX in the
mpMRI informed TGBX arm was associated with
decreased rates of CI PCa diagnosis (p[0.01)
without meaningfully affecting diagnosis rates of
any, CS or HG PCa.

Standard TRUS guided SBX remains the most
common technique used worldwide in biopsy na€ıve
patients deemed to warrant PB. While affected by
characteristics of the population under study, PCa
detection rates are approximately 40% to 45% for
SBX.23 Nevertheless, TRUS-SBX harbors low
sensitivity and specificity in the diagnosis of PCa.12

Repeat biopsy identifies PCa in 10% to 25% of men
with an initially negative biopsy.24 Furthermore,
TRUS-SBX underestimates tumor grade in 36% of
men compared to radical prostatectomy.25 With the
advent of mpMRI the sensitivity of PCa imaging
has improved.26 Previous meta-analyses have
shown that mpMRI informed TGBX detects more
CS PCA, with fewer cores than used in TRUS
guided SBX.13
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More than 70% of studies included in this anal-
ysis used 3 Tesla mpMRI and incorporated PI-
RADS for interpretation of imaging. However,
similar results were seen in studies using 1.5 Tesla
mpMRI and other reporting systems such as the
Likert scale. Included studies used numerous stra-
tegies for TGBX including ultrasound, cognitive and
in-bore fusion biopsies, all of which have demon-
strated an increased detection rate of CS PCa
compared to SBX.27e29 Presently there is no
consensus on which strategy is superior.

We identified a higher rate of CS PCa diagnosed
with mpMRI informed biopsy compared to SBX,
ranging from 7% to 18%, with an 11% higher diag-
nostic rate among randomized controlled trials. This
finding is on par with results of prior meta-
analyses.11e13,30 Uniquely, this analysis demon-
strated that mpMRI informed biopsy identified
higher rates of HG PCa.

More actionably, exclusion of SBX in the mpMRI
informed TGBX arm significantly modified the as-
sociation between mpMRI and CI PCa diagnosis
(p[0.01), without meaningfully affecting diag-
nostic rates of CS or HG PCa. Thus, in contrast to
the common hypothesis that the combination of
TGBXDSBX yields a higher diagnosis rate of any
and CS PCa,31 these data suggest that SBX may be
safely omitted in men undergoing mpMRI guided
biopsy. This approach would be expected to
decrease the over detection of clinically indolent
PCa. Further, using TGBX only, a lower number of
biopsy cores are required to reach a diagnosis,
leading to less discomfort and morbidity.32,33

Lastly, emerging data suggest that a decreased
number of biopsy cores can lead to less blood loss
during RP.34

This analysis strengthens the body of evidence
supporting mpMRI as a risk stratification tool in
biopsy na€ıve men, showing that a positive mpMRI
can lead to a higher detection rate of CS PCa. Our
study adds to the current knowledge and supports
other recently published meta-analyses demon-
strating that TGBX has a clear benefit over SBX
alone in the diagnosis of CS PCa.30,35e37 More than
a million men in the United States undergo TRUS
guided SBX each year,38 at a cost of nearly $1
billion, with less than 10% of the 12 million biopsy
core samples demonstrating cancer. According to
the PROMIS study approximately 25% of the bi-
opsies (250,000) could be avoided in patients with a
negative pre-biopsy mpMRI.39 However, for pa-
tients with a positive mpMRI our study shows that
there could be a decrease from a 12-core biopsy to
only a 4-core biopsy (provided there is only 1
mpMRI targeted lesion), resulting in a reduction of
8 million cores processed per year. This supports the
concept of a mpMRI first strategy in biopsy na€ıve

men as an effective and cost-effective approach for
the diagnosis of CS PCa.40 However, we must not
forget that if a mpMRI first strategy in biopsy na€ıve
men is adopted, the cost of mpMRI must be taken
into consideration when analyzing the cost-
effectiveness of this entire approach. Taken
together, the added benefit of SBX is shown to be
questionable in the setting of biopsy na€ıve men
suspected to have PCa, and its role must be recon-
sidered, possibly omitted, as recommended in men
with a previous negative biopsy.2

No difference was noted in the diagnosis rate of
CI PCa between mpMRI informed biopsy and SBX.
In contrast, 3 prior meta-analyses demonstrated a
lower rate of CI PCa diagnosis with TGBX vs
SBX,11,12,30 while Valerio et al showed that most
studies demonstrated a higher rate of CI PCa in the
mpMRI informed biopsy pathology.13 As previously
discussed this may be affected using SBX in the
TGBX group. In our meta-analysis TGBX alone or
combined with SBX demonstrated an equal rate of
CS PCa diagnosis but TGBX alone resulted in a 4%
reduction in CI PCa diagnosis. The definition of CI
PCa varies among studies, ranging from the Epstein
criteria41 to the combination of maximal cancer core
length less than 6 mm with GGG 1.42 In our anal-
ysis we used the simplified definition of GGG 1
alone, which could explain some of the discrepancies
between our analysis and others.

The strength of our analysis includes a compre-
hensive search strategy and actionable data due to
the use of mpMRI protocols in accordance with the
current recommended imaging guidelines. Howev-
er, there are several limitations. The multi-
parametric MRI informed biopsy procedure lacked
standardization. There was significant variability
across the studies with regard to the interpretation
of suspicious MRI lesions, the decision on when to
biopsy, the method of TGBX, the number of cores
taken and the different learning curve stages of the
radiologists who interpreted the imaging. There
was significant heterogeneity among many of the
comparisons included in this review. We used
random effects models to pool these studies as a
result. This analysis focused on biopsy na€ıve men
and these results may not be applicable to those
with a previous negative biopsy. This analysis only
applies to patients with a positive mpMRI. For
patients with a negative mpMRI the current role of
SBX remains controversial. Notably, previous an-
alyses have demonstrated a CS PCa diagnosis rate
of 12% on systematic biopsy of men with negative
mpMRI,43 making the role of SBX far from obso-
lete, especially with a negative mpMRI. SBX is still
crucial in many settings and understanding when
it is mandatory and when it is not is imperative.
Furthermore, when considering management with
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focal therapy, SBX might have a critical role of
ruling out additional disease outside the target
lesion. Importantly, aside from the changing radi-
ologist learning curve in interpreting mpMRI, the
ease of properly obtaining a mpMRI targeted bi-
opsy around the world varies due to a multitude of
considerations and, thus, the conclusion of this
study may not be applicable worldwide. Lastly,
there is a potential methodological error in
assuming that one type of biopsy diagnoses more
CS PCa than another based on the results of PB
alone. Deciphering which strategy is better from a
diagnostic perspective would involve analyzing the
RP specimens of all patients who underwent TGBX
or SBX and comparing the rate of CS PCa in the
final specimen to the preoperative biopsy result.
Indeed, a recently published study showed that
TGBX can sample the highest grade of a dominant
lesion and perhaps even a tertiary high score
location.44 This resulted in reporting a higher

biopsy GGG and subsequent downgrading of the
final pathological specimen following RP.

CONCLUSIONS
Based on a comprehensive, current meta-analysis a
mpMRI informed TGBX strategy in men undergo-
ing their first PB resulted in a significantly higher
diagnosis rate of any, CS and HG PCa compared to
SBX. Furthermore, exclusion of SBX for men un-
dergoing mpMRI informed TGBX was associated
with decreased rates of CI PCa diagnosis without
affecting diagnosis rates of clinically significant or
high grade PCa.
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EDITORIAL COMMENT

With the advent of MRI guided biopsy new debate
has arisen regarding the value of MRI in the
diagnosis of prostate cancer, specifically with its
well recognized success in detecting clinically sig-
nificant cancers, but finding the tipping point
where imaging can aid in avoiding biopsy and the
downstream workup in cases without clinically
impactful cancer. As one of the leading causes of
cancer related mortality among men, prostate
cancer continues to be a public health concern
warranting continued optimization in the diag-
nostic algorithm for the early, actionable diagnosis
of clinically significant cases. Goldberg et al report
a meta-analysis comparing the utility of MRI tar-
geted biopsy to systematic biopsy not only in the

overall diagnosis of prostate cancer, but specifically
in diagnosing clinically significant and high grade
cancers.

Their study revealed significantly higher rates of
detecting clinically significant and high grade pros-
tate cancers with the MRI targeted biopsy technique.
Interestingly the meta-analysis supported that
excluding the pathological findings from systematic
biopsy sampling would not affect the overall rate of
detecting clinically significant and high grade can-
cers while only potentially decreasing detection of
lower grade cancers. This begs the question as to the
public health impact of performing target-only biopsy
in cases where MRI demonstrates areas of suspicion,
particularly at experienced centers with internally
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proven high negative predictive values of their im-
aging protocols.1

Targeted sampling in the absence of a concur-
rent systematic biopsy has been supported by a
prospective randomized trial and should be
recognized as an equally good or ideally improved
technique to the standard of care that has been
in practice for decades (reference 8 in article).
For widespread adoption, particularly in the
setting of biopsy na€ıve men, the added cost of MRI
technology, training and programmatic develop-
ment should be counterbalanced by optimized
selection of patients for biopsy sampling without

compromising oncologic outcomes in the long
term.2
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REPLY BY AUTHORS

We thank the editorial writers for their insightful
thoughts on the evolving role of mpMRI in the
prostate cancer diagnostic pathway. As with other
studies, these data support the paradigm of image
guided biopsy in PCa diagnosis, similar to current
practice in other solid organ malignancies. Our meta-
analysis showed that omitting systematic biopsy and
performing only targeted biopsies did not confer a
lower rate of clinically significant cancer diagnosis.
However, the role of SBX remains unclear in 2 set-
tings, namely patients with a negative mpMRI and
in the pretreatment setting of focal therapy. While a
12% rate of CS PCa has been found in patients with a
negative mpMRI, the role of systematic biopsy before
focal therapy needs to be further assessed.1

There are also concerns about whether the re-
sults can be translated to nonacademic and low
volume centers, where the level of operator

dependency with targeted biopsy techniques is un-
known. However, a particular strength of the
PRECISION trial is its generalizability. As it was
not limited to highly experienced operators, most
participants had modest experience with mpMRI
targeted biopsies and nonacademic centers were
included (reference 8 in article). The required level
of radiologist expertise in interpreting mpMRI re-
sults also remains a critical issue to be addressed
before embarking on the pathway of image guided
PCa biopsy.

Lastly, despite initial concerns regarding the
potential additional cost of up front use of mpMRI,
available data to date demonstrate this to be a cost-
effective approach,2 likely due to a lower number of
initial and repeat biopsies, fewer cores taken,
earlier detection of CS PCa and less insignificant
cancer diagnosed.
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1. Si se puede descartar totalmente una patología maligna con niveles 

persistentemente elevados de antígeno prostático, a pesar 
de múltiplestratamientos con DUTASTERIDE y LEVAFLOXACINA, 
considerando el diagnóstico inicial de prostatitis crónica.

R/ Cuando se tiene un PSA elevado siempre se debe pensar que se 
tiene que descartar la posibilidad de la presencia de un cáncer de 
próstata, sin importar que se está recibiendo algún tratamiento 
farmacológico (como dutasteride o levofloxacina). El dutasteride reduce 
el PSA aproximadamente al 50% y podría enmascarar un PSA anormal.

 
2. Si se puede descartar completamente un cáncer de próstata después 

de dos sets de biopsias, con antígenos prostáticos persistentemente 
elevados y síntomas urinarios persistentes en un paciente de 75 años, 
con re consultas frecuentes por persistencia de la sintomatología en los 
últimos cuatro años (2012 a 2015)?

R/ No se puede descartar completamente un cáncer de próstata 
después de dos biopsias negativas, ni con PSA persistentemente 
elevados, ni en un paciente de 75 años, ni con sintomatología urinaria 
por cuatro años.

 
3. Por qué con una sola biopsia, realizada en la ciudad de BOGOTÁ se 

hace un diagnóstico inmediato y certero de Cáncer de Próstata, en 
cambio enVillavicencio a pesar de los dos sets de Biopsias y de múltiples 
consultas,exámenes de laboratorio, nunca se pudo establecer 
este diagnóstico?

R/ No es una sola biopsia realizada en Bogotá, sino que es la tercera 
biopsia realizada, ya que se realizó después de dos biopsias de 
Villavicencio. Además se tenía una guía adicional que fue haber 
realizado una Resonancia Magnética de próstata para poder dirigir más 
adecuadamente las muestras de la biopsia que se va a realizar. 

 
4. Si la RESONANCIA MAGNÉTICA NUCLEAR CONTRASTADA, 

PREVIO A LA BIOPSIA, jugo un papel importante en el diagnóstico 
patológico del cáncer de próstata diagnosticado.

R/ La Resonancia Magnética de la próstata favoreció la ubicación de la 
toma de las biopsias de la próstata en la tercera biopsia efectuada en 
Bogotá y así tener una diagnóstico conclusivo de cáncer de próstata.

5. ¿Si se hubiera realizado la resonancia magnética nuclear contrastada 
en Villavicencio, se habría podido detectar la formación tumoral descrita 
en los exámenes practicados en BOGOTA?



R/ La biopsia se realiza mediante la visualización de la glándula 
prostática por medio de una ecografía. El mejor rendimiento y 
positividad de la biopsia de próstata es cuando se toma una Resonancia 
Magnética de próstata que logra identificar nódulos anormales en la 
próstata que son sugestivos de presencia de cáncer de próstata. El 
proceso de fusión real entre la Resonancia Magnética y la ecografía, 
que significa que se superponen las imágenes de la Resonancia con la 
imagen de la Ecografía, es el que permite la mejor detección de cáncer 
de la próstata, pero esta tecnología de fusión no está disponible en 
Villavicencio.

 
Con relación a las preguntas adicionales las respondo a continuación:
 

1. La identidad de quien rinde el dictamen y de quien participó en 
su elaboración.

R/ Dictaamen realizado por el Dr RODOLFO VARELA, URÓLOGO 
ONCÓLOGO.

2. La dirección, el número de teléfono, número de identificación y los 
demás  datos que faciliten la localización del perito.

R/ Dirección: Cra 19 A No 82 – 85  Cons 704 edificio CMC
Teléfono 3115321154
CC: 79244111

3. La profesión, oficio, arte o actividad especial ejercida por quien rinde 
el dictamen y de quien participó en su elaboración. Deberán anexarse los 
documentos idóneos que lo habilitan para su ejercicio, los títulos 
académicos y los documentos que certifiquen la respectiva experiencia 
profesional, técnica o artística.

R/ Profesión: Médico cirujano especializado en Urología Oncológica desde 
el año 2002
 

4. La lista de publicaciones, relacionadas con la materia del peritaje, que el 
perito haya realizado en los últimos diez (10) años, si las tuviere.

R/ No tengo publicaciones mías relacionadas con la materia de peritaje

5. La lista de casos en los que haya sido designado como perito o en los que 
haya participado en la elaboración de un dictamen pericial en los últimos 



cuatro (4) años. Dicha lista deberá incluir el juzgado o despacho en donde 
se presentó, el nombre de las partes, de los apoderados de las partes y la 
materia sobre la cual versó el dictamen.

R/ En un caso he participado en Enero 2020 , que fue el  proceso con 
código interno VIEFM-003-06-03-2019, del Juzgado Sexto Administrativo 
Oral del Circuito de Villavicencio relacionado con el señor BRAYAN STIVEN 
CARDOZO OSORIO. EL caso estuvo relacionado con la extracción de un 
testículo, mediante cirugía, por haber presentado una torsión testicular. 

6. Si ha sido designado en procesos anteriores o en curso por la misma parte 
o por el mismo apoderado de la parte, indicando el objeto del dictamen.

R/ No he sido designado por la misma parte ni por el mismo apoderado.

7. Si se encuentra incurso en las causales contenidas en el artículo 50, en lo 
pertinente.

R/ No tengo causales según el artículo 50 

8. Declarar si los exámenes, métodos, experimentos e investigaciones 
efectuados son diferentes respecto de los que ha utilizado en peritajes 
rendidos en anteriores procesos que versen sobre las mismas materias. En 
caso de que sea diferente, deberá explicar la justificación de la variación.

R/ No hay variación con respecto a los otros peritajes.

9. Declarar si los exámenes, métodos, experimentos e investigaciones 
efectuados son diferentes respecto de aquellos que utiliza en el ejercicio 
regular de su profesión u oficio. En caso de que sea diferente, deberá 
explicar la justificación de la variación.

R/ No son diferentes a los usados en la práctica habitual

10.  Relacionar y adjuntar los documentos e información utilizados para la 
elaboración del dictamen."
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1. Si se puede descartar totalmente una patología maligna con niveles

persistentemente elevados de antígeno prostático, a pesar
de múltiplestratamientos con DUTASTERIDE y LEVAFLOXACINA,
considerando el diagnóstico inicial de prostatitis crónica.

R/ Cuando se tiene un PSA elevado siempre se debe pensar que se
tiene que descartar la posibilidad de la presencia de un cáncer de
próstata, sin importar que se está recibiendo algún tratamiento
farmacológico (como dutasteride o levofloxacina). El dutasteride reduce
el PSA aproximadamente al 50% y podría enmascarar un PSA anormal.

 
2. Si se puede descartar completamente un cáncer de próstata después

de dos sets de biopsias, con antígenos prostáticos persistentemente
elevados y síntomas urinarios persistentes en un paciente de 75 años,
con re consultas frecuentes por persistencia de la sintomatología en los
últimos cuatro años (2012 a 2015)?

R/ No se puede descartar completamente un cáncer de próstata
después de dos biopsias negativas, ni con PSA persistentemente
elevados, ni en un paciente de 75 años, ni con sintomatología urinaria
por cuatro años.

 
3. Por qué con una sola biopsia, realizada en la ciudad de BOGOTÁ se

hace un diagnóstico inmediato y certero de Cáncer de Próstata, en
cambio enVillavicencio a pesar de los dos sets de Biopsias y de múltiples
consultas,exámenes de laboratorio, nunca se pudo establecer
este diagnóstico?

R/ No es una sola biopsia realizada en Bogotá, sino que es la tercera
biopsia realizada, ya que se realizó después de dos biopsias de
Villavicencio. Además se tenía una guía adicional que fue haber
realizado una Resonancia Magnética de próstata para poder dirigir más
adecuadamente las muestras de la biopsia que se va a realizar.

 
4. Si la RESONANCIA MAGNÉTICA NUCLEAR CONTRASTADA,

PREVIO A LA BIOPSIA, jugo un papel importante en el diagnóstico
patológico del cáncer de próstata diagnosticado.

R/ La Resonancia Magnética de la próstata favoreció la ubicación de la
toma de las biopsias de la próstata en la tercera biopsia efectuada en
Bogotá y así tener una diagnóstico conclusivo de cáncer de próstata.

5. ¿Si se hubiera realizado la resonancia magnética nuclear contrastada
en Villavicencio, se habría podido detectar la formación tumoral descrita
en los exámenes practicados en BOGOTA?



R/ La biopsia se realiza mediante la visualización de la glándula
prostática por medio de una ecografía. El mejor rendimiento y
positividad de la biopsia de próstata es cuando se toma una Resonancia
Magnética de próstata que logra identificar nódulos anormales en la
próstata que son sugestivos de presencia de cáncer de próstata. El
proceso de fusión real entre la Resonancia Magnética y la ecografía,
que significa que se superponen las imágenes de la Resonancia con la
imagen de la Ecografía, es el que permite la mejor detección de cáncer
de la próstata, pero esta tecnología de fusión no está disponible en
Villavicencio.

 
Con relación a las preguntas adicionales las respondo a continuación:
 

1. La identidad de quien rinde el dictamen y de quien participó en
su elaboración.

R/ Dictaamen realizado por el Dr RODOLFO VARELA, URÓLOGO
ONCÓLOGO.

2. La dirección, el número de teléfono, número de identificación y los
demás  datos que faciliten la localización del perito.

R/ Dirección: Cra 19 A No 82 – 85 Cons 704 edificio CMC
Teléfono 3115321154
CC: 79244111

3. La profesión, oficio, arte o actividad especial ejercida por quien rinde
el dictamen y de quien participó en su elaboración. Deberán anexarse los
documentos idóneos que lo habilitan para su ejercicio, los títulos
académicos y los documentos que certifiquen la respectiva experiencia
profesional, técnica o artística.

R/ Profesión: Médico cirujano especializado en Urología Oncológica desde
el año 2002

4. La lista de publicaciones, relacionadas con la materia del peritaje, que el
perito haya realizado en los últimos diez (10) años, si las tuviere.

R/ No tengo publicaciones mías relacionadas con la materia de peritaje

5. La lista de casos en los que haya sido designado como perito o en los que
haya participado en la elaboración de un dictamen pericial en los últimos



cuatro (4) años. Dicha lista deberá incluir el juzgado o despacho en donde
se presentó, el nombre de las partes, de los apoderados de las partes y la
materia sobre la cual versó el dictamen.

R/ En un caso he participado en Enero 2020 , que fue el proceso con
código interno VIEFM-003-06-03-2019, del Juzgado Sexto Administrativo
Oral del Circuito de Villavicencio relacionado con el señor BRAYAN STIVEN
CARDOZO OSORIO. EL caso estuvo relacionado con la extracción de un
testículo, mediante cirugía, por haber presentado una torsión testicular.

6. Si ha sido designado en procesos anteriores o en curso por la misma parte
o por el mismo apoderado de la parte, indicando el objeto del dictamen.

R/ No he sido designado por la misma parte ni por el mismo apoderado.

7. Si se encuentra incurso en las causales contenidas en el artículo 50, en lo
pertinente.

R/ No tengo causales según el artículo 50

8. Declarar si los exámenes, métodos, experimentos e investigaciones
efectuados son diferentes respecto de los que ha utilizado en peritajes
rendidos en anteriores procesos que versen sobre las mismas materias. En
caso de que sea diferente, deberá explicar la justificación de la variación.

R/ No hay variación con respecto a los otros peritajes.

9. Declarar si los exámenes, métodos, experimentos e investigaciones
efectuados son diferentes respecto de aquellos que utiliza en el ejercicio
regular de su profesión u oficio. En caso de que sea diferente, deberá
explicar la justificación de la variación.

R/ No son diferentes a los usados en la práctica habitual

10. Relacionar y adjuntar los documentos e información utilizados para la
elaboración del dictamen."

 


