
Vol.:(0123456789)1 3

World Journal of Urology (2019) 37:1263–1279 
https://doi.org/10.1007/s00345-018-2497-y

TOPIC PAPER

MRI‑guided in‑bore biopsy for prostate cancer: what does 
the evidence say? A case series of 554 patients and a review 
of the current literature

Morgan Pokorny1 · Boon Kua1 · Rachel Esler1 · John Yaxley1,4 · Hemamali Samaratunga3 · Nigel Dunglison1 · 
Troy Gianduzzo1 · Geoff Coughlin1 · Ross Holt2 · Barbara Laing2 · Darren Ault2 · Nicholas Brown2 · Rob Parkinson2 · 
Les Thompson1

Received: 11 June 2018 / Accepted: 17 September 2018 / Published online: 25 September 2018 
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Purpose  To review our experience with MRI-guided in-bore prostate biopsy (MRGB) and present a review of the literature 
on MRGB.
Methods  A retrospective review of patients presenting for MRGB between 2013 and 2018. Diagnostic and biopsy MRI scans 
were reviewed to collect data on scan dates, procedure times, characteristics of MRI targets (PI-RADS™ score, target size, 
ADC value and location). A review of the literature on MRGB for the period 2013–2018 was performed.
Results  607 targets in 554 men were biopsied. Overall and significant cancer detection rate were 80% and 55% at a patient 
level, and 76 and 59% at the target level, respectively. Prostate cancer (CaP) detection in men with prior negative biopsy 
was 60% while 50% of men on active surveillance were upgraded to clinically significant disease (CSD). Lesion location did 
not predict for presence of CaP or CSD. PI-RADS™ score, age and PSAD were predictors of CSD at biopsy on multivari-
ate analysis. Literature review identified 23 reports reporting on MRGB cohorts (~ 4000 patients). Overall cancer detection 
ranged from 23 to 74% and CSD in 63% overall. CaP detection in PI-RADS™ 3 targets was substantially lower in our series 
and the literature than for PI-RADS™ 4–5 targets.
Conclusions  MRGB in PI-RADS™ 3–5 targets yields high rates of cancer diagnosis. High detection rates are also seen in 
men with prior negative biopsy and AS cohorts. PI-RADS™ score, age and PSAD can reliably predict CSD detection. The 
number of published series is small and the role of MRGB in PI-RADS™ 3 targets needs further study.
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Introduction

In the last 5 years multiparametric prostate MRI (mpMRI) 
has revolutionized the diagnosis of prostate cancer and has 
gained widespread adoption by urologists in their manage-
ment of patients with suspected or known prostate cancer. 
Although prostate MRI has been available for over two 
decades, recent advances in technology, including the 
development of 3 T magnets, development of multipara-
metric anatomical and functional scanning protocols, and 
a standardized reporting framework in PI-RADS™ [1] 
(Prostate Imaging-Reporting and Data System) has meant 
that prostate mpMRI has become a reliable tool in the 
evaluation of men at risk of prostate cancer, monitoring 
of low grade disease and treatment planning [2–4]. Pros-
tate MRI is now a recommended tool at various steps of 
the patient pathway, and position statements on its use 
have been published by the American Urological Associa-
tion [5] and by the National Institute for Health and Care 
Excellence in the UK [6]. Urologists, working in concert 
with radiologists, have become very familiar in reviewing 
prostate MRI scans and understanding MRI sequences [7].

Prostate MRI has provided a reliable tool to visualize 
suspicious regions of the prostate prior to biopsy and has 
helped urologists develop targeted biopsy techniques to 
ensure a high chance of diagnostic accuracy. These tech-
niques include cognitive fusion, ultrasound-guided MRI-
fusion, and finally “in-bore” or “in-gantry” MRI-guided 
biopsy (MRGB), in which the patient undergoes a prostate 
biopsy in the MRI machine. Each of these techniques has its 
own set of advantages and disadvantages [4]. MRGB can be 
performed under conscious sedation in an outpatient setting, 
and procedure times have been reported as short as 25 min 
[8]. The technique allows immediate registration of needle 
position in the target of interest, enabling a high degree of 
certainty in the event of negative biopsy results. The draw-
back to MRGB is relative cost compared to an office-based 
prostate biopsy, and access to MRI scanning time. In addi-
tion, it is usually not possible to perform template biopsies 
of the rest of the prostate, and biopsy of additional targets 
can add 10–15 min per lesion to overall procedure time.

The first aim of this study was to report our experience 
with MRGB, which began in 2011 when the senior author 
(LT) introduced mpMRI and MRGB to our institution with 
the assistance of colleagues from the Department of Radiol-
ogy, Radboud University, Nijmegen, The Netherlands. This 
allowed our unit to perform the first prospective trial com-
paring MRGB and standard transrectal sextant ultrasound 
(TRUS) guided prostate biopsy [8]. Since that time MRGB 
has been available and utilized for both routine biopsy and 
for biopsy of challenging targets in patients referred through 
our unit and from external institutions as a “tertiary” referral.

The second major aim was to compare our results to the 
international literature, and to assess the current utilization 
and experience of MRGB across the world, especially in the 
last 5 years. Although most centres still use sextant TRUS 
biopsy, more recently transperineal cognitive biopsy and 
ultrasound fusion biopsy are becoming increasingly popu-
lar. However, we believe there is still a role for MRGB, spe-
cifically in targeting small regions of interest (5 mm diam-
eter and under), targets in very large glands, or targets in 
regions of the prostate known to harbour missed tumours, 
such as the anterior gland, extreme base, and anterior apex 
[9]. Therefore, the second part of this paper comprises a 
literature review and assessment of current practice patterns 
around the world.

Patients and methods

Patients

This was a retrospective review of consecutive men referred 
for in-bore MRI-guided prostate biopsy at our institution 
between December 2012 and May 2018. Patients included 
those referred by urologists within our institution and those 
referred as tertiary referrals from outside centres. Exclusion 
criteria included prior treatment for prostate cancer, poor 
detection MRI quality if performed at another institution, 
and insufficient clinical data (PSA, prior biopsy status or his-
tology results). This cohort did not include any patients from 
our previously reported clinical trial [8], but did include 249 
patients from a recent retrospective cohort series [10].

Multiparametric MRI

Multiparametric prostate MRI was performed on a 3.0-T 
MRI scanner (Siemens Skyra, Siemens Healthcare, Erlan-
gen, Germany) using a pelvic phased-array coil. The MRI 
protocol was adjusted and optimized over the course of the 
study period by in-house MR radiographers, but always 
complied with the PI-RADS™ criteria. The current MRI 
detection protocols are listed in Table 1. MRI scans were 
read by one of four radiologists with at least 2 years of 
mpMRI prostate imaging experience by the time of study 
commencement. One radiologist had completed a prostate 
MRI fellowship prior to the era of mpMRI; all four radiolo-
gists were mentored over 12 months by Prof Jelle Barentsz 
from Radboud University through second-reading of MRI 
scans via high-capacity data link and reciprocal site visits 
during our previous clinical trial from 2012 to 2013 [8]. 
MRI scans were reported according to the PI-RADS™ v1 or 
v2 system. All MRI scans were also co-read by the treating 
urologist. All MRI-identified target locations were coded 
to one of seven regions by the reporting radiologist, and 
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verified by the principal author for each target—peripheral 
zone (PZ) base, PZ mid-gland, PZ apex, transition zone, 
anterior gland, anterior horn of the PZ, and seminal vesicle/
central zone.

MRI images were reviewed and relevant findings 
extracted, including date of diagnostic MRI and biopsy MRI, 
patient age at time of MRI, PI-RADS™ classification of 
identified targets and location in the prostate, biopsy target 
largest diameter on axial T2 and ADC images, lowest target 
ADC value, and correlation of needle biopsy positions in the 
prostate with histology reports for each patient and target. 
Lesions were only measured in the axial plane as this is what 
is visualized during biopsy.

MRI‑guided biopsy

In-bore MRI-guided biopsy was performed at a subsequent 
session to the MRI diagnostic study. Patients were prepared 
with a rectal enema on the morning of the procedure as well 
as preoperative antibiotics for 1–3 days prior (usually cip-
rofloxacin) at the discretion of the biopsy surgeon. Patients 
were kept fasted for 3 h prior to the biopsy and received 
1 g IV ceftriaxone 30 min prior to biopsy. Biopsy was per-
formed prone on the MRI scanner with IV sedation using 
fentanyl 1 µg/kg. The MR-compatible DynaTRIM adjustable 
needle-guide device (Invivo Corp, Gainesville, FL, USA) 
was used to guide needle placement. The needle guide was 
inserted into the rectum lubricated with 1% lignocaine gel 
and mounted in the DynaTRIM device. All biopsy cores 
were sampled using an MRI-compatible 17.5-cm, 18G fully 
automatic biopsy gun (Invivo). Concurrent systematic biop-
sies were not performed in this cohort.

The scanning protocol was commenced with a sagittal 
T2 localizer sequence to adjust the needle guide placement 
at commencement, after which a series of axial and sagittal 
TRUFI (true fast imaging with steady-state free precession) 
images are obtained to guide manual needle adjustments 
toward the target of interest. When the needle guide is aimed 

toward the target based on axial and sagittal correlation, a 
DWI sequence is run to allow accurate biopsy targeting of 
the region of the target containing the lowest ADC value(s). 
After completing the DWI sequence, further corrections are 
made using short sequence axial and sagittal TRUFI scans, 
and the target is co-located using workstation crosshairs 
correlated to the ADC map. When targeting is complete, 
distance to target from the tip of the needle guide is meas-
ured to guide depth of needle placement prior to firing the 
biopsy device. After the first needle core is fired, the needle 
gun is left deployed in the prostate and an axial and sagittal 
TRUFI scan is captured to confirm needle location for later 
correlation if required. All biopsies were performed by one 
of four urologists trained in the procedure, together with 
the MR radiographers. Procedure biopsy time was coded 
per target, using the DICOM time stamps, from the time of 
the first T2 localizer scan, till the final TRUFI scan showing 
the deployed biopsy needle position, recorded in min:s. For 
patients with more than one MRI target, the second target 
was timed from the scan showing final needle position of 
the preceding target to the last TRUFI scan showing needle 
deployment in the second target.

Pathology analysis

Biopsy cores were analysed and reported at a specialist uro-
pathology laboratory by one of three expert uropathologists, 
according to the standards of the 2005 or 2014 [11, 12] ISUP 
(International Society of Urological Pathology) Consen-
sus Conference at the time of reporting. Pathologists were 
blinded to the MRI results, and were supplied with standard 
clinical information (PSA, DRE status). Biopsy cores were 
reported for Gleason score/ISUP grade, biopsy core length, 
and biopsy cancer core length (CCL, in mm or percentage 
of core involved by cancer). Clinically significant disease 
(CSD) was defined as at least one core containing Gleason 
3 + 4 (ISUP grade 2) or greater prostate cancer.

Table 1   MRI scanning 
protocols

TR repetition time; TE echo time; T2W T2-weighted; DWI diffusion-weighted imaging; DCE dynamic con-
trast-enhanced imaging

TR (ms) TE (ms) Averages Slice 
thickness 
(mm)

Field 
of view 
(mm)

b values (s/mm2)

T2W Sagittal 3120.0 106.0 4 3.0 185 n/a
Axial 3500.0 110.0 1 3.0 180 n/a
Coronal 3000.0 106.0 1 3.0 185 n/a

DWI Axial 3800 63.0 6 3.0 256 50,400,800
Calculated b = 1400

DCE Axial 4.84 1.87 n/a 3.0 260 n/a temporal resolution = 4.96 s
T1 Axial 2° 4.09 1.39 8 3.0 260 Flip angle 2°
T1 Axial 15° 4.09 1.39 6 3.0 260 Flip angle 15°
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Ethical requirements

Institutional ethics approval was granted for this retrospec-
tive database review. All patients signed informed consent 
forms for the MRGB procedure.

MRGB literature review

Search strategy

A PubMed database search was carried out on 29 April 
2018 by a single reviewer to find English language articles 
describing patient series undergoing in-bore MRI-guided 
prostate biopsy, via transrectal or other routes. Only articles 
published from Jan 2013 were included, to focus on current 
practice in the last 5 years during which prostate mpMRI 
has become more widely available. The following medical 
subject headings were used: “prostate, MRI, magnetic reso-
nance, in-bore, in-gantry, MRI-guided, biopsy”. In addition, 
references from selected articles were scanned to identify 
additional papers not listed in the search results. Abstracts 
were reviewed for relevance to the subject.

Inclusion criteria included English language reports of 
patients undergoing MRGB (prospective or retrospective) 
published from January 2013 onwards. Exclusion crite-
ria included failure to report cancer detection rates, stud-
ies reporting only on TRUS- or fusion-biopsy, systematic 
reviews, consensus statements, cost analyses, experimental 
reports, technical reports, ex vivo or in vitro series. Where 
one group or institution published more than one series, an 
attempt was made to exclude articles reporting duplicate 
cohorts, or earlier cohorts, and to include only the larg-
est reported series. Where it was not possible to be certain 
whether authors had reported duplicate cohorts, both reports 
were included for analysis. Study authors were not contacted 
during the process of this review.

Data extraction

A standardized form was used to collect data for the out-
comes of interest, including year of publication, city and 
country of institution, patient characteristics, MRI and 
biopsy platform, overall and clinically significant cancer 
detection rates, detection rates in biopsy-naïve, active sur-
veillance, and prior negative biopsy cohorts, and where 
available, data on cancer detection by PI-RADS™ target 
score.

Statistical analysis

Descriptive statistics were used to present population char-
acteristics and the results of MRGB. Continuous variables 
were reported as median and inter-quartile range (IQR) 

while categorical variables were reported as absolute and 
relative frequencies. Student’s t test was used to compare 
the means of independent groups. Significance level was 
set at p ≤ 0.05. Univariate and multivariate logistic regres-
sion analysis was performed to determine predictors of 
detecting any cancer, and clinically significant cancer at 
biopsy. Odds ratios and 95% confidence intervals were 
computed. The Hosmer–Lemeshow goodness of fit test 
was used to test the quality of the fitted model, with a p 
value > 0.05 considered to be a good fit. Statistical analy-
sis was performed using SPSS v25 (IBM Corporation, 
Armonk, NY, USA).

Results

Patient characteristics

In total, 607 target lesions biopsied from 554 men were 
included in the study. 479 men had no prior prostate 
biopsy, while 53 men had undergone at least one nega-
tive transrectal or transperineal ultrasound-guided prostate 
biopsy. Twenty-two men were included who were on active 
surveillance for low-risk prostate cancer, 21 for Gleason 
3 + 3 prostate cancer and one man with Gleason 3 + 4 dis-
ease. As shown in Table 2, the median age for the cohort 
was 65 years, median PSA 5.6 ng/mL, and median pros-
tate volume was 43 mL. Full patient characteristics for the 
cohort, subgroups and target distribution are also shown 
in Table 2. Of the 607 targets identified in the cohort, 88, 
402 and 117 were PI-RADS™ 3, 4 and 5, respectively. A 
median of 2 biopsy cores was taken per target.

Biopsy results and target characteristics

Table 3 shows the biopsy results at a per patient and per 
target level. Overall 443 men (80%) were found to have 
any prostate cancer on biopsy, and 55% (307) had clini-
cally significant disease. A total of 1416 biopsy cores 
were taken, of which 69% (977) harboured cancer. When 
analysed per target, PI-RADS™ 3, 4 and 5 targets dem-
onstrated cancer in 36, 79 and 97% of targets, and clini-
cally significant disease was present in 18, 60 and 85%, 
respectively. Median target diameter in the axial plane was 
10 mm, with median cancer core length involvement of 
biopsy cores 1 and 2 of 5 mm and 4 mm, respectively. 
The mean ADC value of PI-RADS™ 5 targets (527) was 
significantly lower than that of PI-RADS™ 4 targets (661, 
p < 0.001). Similarly, the mean ADC value of PI-RADS™ 
4 targets was lower than that of PI-RADS™ 3 targets (661 
vs 760, p < 0.001).
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Distribution of Gleason Grade groups by target 
PI‑RADS™ score and prior biopsy history

Table 4 displays the breakdown of the distribution of cancers 
detected for each PI-RADS™ group by ISUP Grade. Of the 
32 cancers detected in PI-RADS™ 3 targets, 31 were ISUP 
Grade 1 or 2 cancers, while 1 target was an ISUP Grade 5 
cancer (Gleason 4 + 5, 8 mm core involvement). Most PI-
RADS™ 4 targets in the cohort contained ISUP Grade 2 
cancer (37%), while for PI-RADS™ 5 targets the predomi-
nant diagnoses were ISUP Grade 2 (29%), Grade 3 (20%) 
and Grade 5 (27%) prostate cancer.

Cancer was detected in 32/53 (60%) of men with a prior 
negative biopsy, of which 26/32 (81%) were CSD. For men 
on active surveillance, 11/22 (50%) were upgraded after 
MRGB to clinically significant disease. All 22 of these men 

had been recruited to active surveillance following a previ-
ous standard template biopsy.

Tumour location

Table 5 shows the cancer detection rate for each location in 
the prostate stratified by PI-RADS™ score. It can be seen 
that PI-RADS™ 3 targets had an appreciably lower rate of 
cancer detection for each location, compared to PI-RADS™ 
4 and 5 targets. No PI-RADS™ 3 targets harboured cancer 
in the apical region or anterior horn of the peripheral zone, 
while for other locations cancer detection rate ranged from 
33 to 57%, compared to detection rates of 69–86% for PI-
RADS™ 4 lesions (HR 0.42–0.66 for PI-RADS™ 3 lesions 
harbouring cancer).

Table 2   Patient characteristics

PSA prostate-specific antigen; IQR inter-quartile range; PI-RADS™ Prostate-Imaging Reporting and Data System

All patients Biopsy naïve Prior negative biopsy Active surveillance

Patients, n 554 479 53 22
Age (years), median (IQR) 65 (60–69.5) 65.5 (59–70) 63 (59–69) 66.5 (64–68.8)
PSA (ng/mL), median (IQR) 5.6 (4–7.7) 5.4 (3.8–7.6) 6.7 (4.8–9.4) 6.8 (4.9–8.9)
Prostate volume (mL), median (IQR) 43 (34–57) 42 (33–55) 53 (40–68) 53 (40–74)
MRI targets, n 607 532 53 22
PI-RADS™ 3 88 74 8 6
PI-RADS™ 4 402 348 41 13
PI-RADS™ 5 117 110 4 3
Biopsies per target, median (IQR) 2 (2–3) 2 (2–2) 2 (2–3) 2 (2–3)

Table 3   Biopsy results by patients and Pi-Rads™ targets

CSD clinically significant disease; ADC apparent diffusion co-efficient; CCL cancer core length
a p < 0.001 for Chi-square test, PI-RADS™ 3 vs PI-RADS™ 4
b p < 0.001 for t test comparison of means, PI-RADS™ 3 vs PI-RADS™ 4
c p < 0.001 for Chi-square test, PI-RADS™ 4 vs PI-RADS™ 5
d p < 0.001 for t test comparison of means, PI-RADS™ 4 vs PI-RADS™ 5

Total, n Any prostate 
cancer on 
biopsy, % (n)

CSD on 
biopsy % 
(n) (Glea-
son ≥ 3 + 4 or 
ISUP > 1)

Total 
biopsy 
cores, n

Cores 
involved, % 
(n)

Target T2 
diameter, 
median (mm)

Lowest ADC 
value, mean

CCL biopsy 
core 1 mean 
(mm)

CCL biopsy 
core 2 mean 
(mm)

All patients 554 80% (443) 55% (307) 1416 69% (977) 10 652 5 4
MRI targets, 

n
607 462 357

PI-RADS™ 
3

88 36% (32)a 18% (16) 194 30% (59) 9 760b 2 2

PI-RADS™ 
4

402 79% (317)c 60% (241) 961 70% (674) 9 661d 5 4

PI-RADS™ 
5

117 97% (113) 85% (100) 261 93% (244) 19 527 9 9
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Table 6 presents a summary of all targets bearing CSD 
and their locations. For the entire cohort, 40% (144/358) of 
clinically significant tumours were located in the anterior 
half of the gland (anterior gland or anterior fibromuscular 
stroma, transition zone or anterior horn of peripheral zone). 
For biopsy-naïve men, this figure was 36.7% (118/321), 
while for patients with a prior negative biopsy it was 73% 
(19/26), and for men on active surveillance, 63% (7/11).

Biopsy procedure time

Median procedure biopsy time across the cohort was 20 min 
39 s per target (IQR 16 m 27 s to 26 m 25 s; range 8 m 32 s 
to 1 h 0 1 m 42 s). Two patients had a total procedure time of 
1 h or longer—one had 3 separate targets biopsied, and the 
second had 6 cores taken of an apical PZ target.

Smallest targets positive for cancer

Table 7 shows the MRI targets 5 mm and smaller in T2 
axial diameter and the detection rates for prostate cancer. In 
total, 52/79 (65.8%) targets were found to be malignant and 
35/79 (44%) targets met the criteria for CSD. Ten of the 79 
targets (13%) were Gleason ≥ 4 + 3 tumours.

PSA density and cancer detection rate

The relationship of PSA density (PSAD) and prostate cancer 
detection was examined for lower PSAD cut-offs of 0.12 and 
0.15, following recent reports of a possible role for PSAD 
in stratifying PI-RADS™ 3 patients for biopsy [13]. These 
results are shown in Table 8. For PI-RADS™ 3 patients with 
a PSAD below 0.12, 37% had prostate cancer detected and 
15% had CSD (compared to 67 and 45% for all patients). 
When a PSAD below 0.15 was selected, 39% of patients 
were found to have CaP on biopsy with 20% showing CSD. 
No PI-RADS™ 3 patients below PSAD 0.15 were found to 
have ISUP 3 or higher prostate cancer.

Predictors for detection of cancer and CSD

Binary logistic regression analysis was performed to 
assess whether certain clinical and MRI-based variables 
could predict the presence of any prostate cancer on 
biopsy, and the presence of CSD. The variables PSA den-
sity, age at biopsy, target location, PI-RADSTM score, tar-
get T2 diameter and lowest ADC value were entered into 
the model. On univariate analysis, all variables except 
target location were significant predictors of both cancer 

Table 4   Summary of biopsy 
findings by ISUP grade and 
cohort

ISUP 1 International Society of Urological Pathology Grade 1 prostate cancer (Gleason 3 + 3); ISUP 2 
Gleason 3 + 4 prostate cancer; ISUP 3 Gleason 4 + 3 prostate cancer; ISUP 4 any Gleason sum 8 prostate 
cancer; ISUP 5 Gleason sum 9 and 10 prostate cancer

All MRI targets % (n) Biopsy naïve % (n) Prior negative 
biopsy % (n)

Active sur-
veillance % 
(n)

PI-RADS™ 3 88 74 8 6
 No cancer 63.6 (56) 62.1 (46) 75.0 (6) 67.0 (4)
 ISUP 1 18.2 (16) 21.6 (16) 0 (0) 0 (0)
 ISUP 2 17.0 (15) 14.9 (11) 25.0 (2) 33.0 (2)
 ISUP 3 0 (0) 0 (0) 0 (0) 0 (0)
 ISUP 4 0 (0) 0 (0) 0 (0) 0 (0)
 ISUP 5 1.1 (1) 1.4 (1) 0 (0) 0 (0)

PI-RADS™ 4 402 348 41 13
 No cancer 21.0 (85) 19.3 (67) 36.6 (15) 23.1 (3)
 ISUP 1 19.0 (75) 19.5 (68) 12.2 (5) 15.4 (2)
 ISUP 2 37.0 (150) 39.4 (137) 22.0 (9) 30.7 (4)
 ISUP 3 12.5 (50) 11.2 (39) 17.0 (7) 30.7 (4)
 ISUP 4 2.5 (10) 2.3 (8) 4.9(2) (0)
 ISUP 5 8.0 (32) 8.3 (29) 7.3 (3) (0)

PI-RADS™ 5 117 110 4 3
 No cancer 3.4 (4) 3.6 (4) 0 (0) 0 (0)
 ISUP 1 11.1 (13) 9.1 (10) 25.0 (1) 66.7 (2)
 ISUP 2 29.1 (34) 29.1 (32) 50.0 (2) 0 (0)
 ISUP 3 20.5 (24) 20.9 (23) 25.0 (1) 0 (0)
 ISUP 4 8.5 (10) 9.1 (10) 0 (0) 0 (0)
 ISUP 5 27.4 (32) 28.2 (31) 0 (0) 33.3 (1)
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detection and CSD detection on biopsy. However, on 
multivariate analysis, only PI-RADS™ score (OR 5.33, 
p < 0.001) and lowest ADC value (OR 0.99, p < 0.001) 
were significant predictors for detection of any cancer 
(Table 9), while for predicting CSD, PSA density, age at 
biopsy, PI-RADS™ score, and lowest ADC value were 
significant predictors (Table 10). 

MRGB literature review

The literature search returned 248 abstracts based on the 
MeSH search terms. Sixty-four records were excluded on 
first pass as they were outside the timeframe of the study 
period (prior to 2013, n = 58) or non-English language 
publications (6 records). A further 124 records were then 

Table 5   Cancer detection rate 
stratified by target location and 
PI-RADS™ score

FMS fibromuscular stroma; PZ peripheral zone; HR hazard ratio; CI confidence interval
p values shown for Pearson Chi-square test for proportions of targets in each location found to contain can-
cer, for PI-RADS™ 3 vs PI-RADS™ 4. HR < 1 signifies lower chance of cancer detection in PI-RADS™ 3 
target for that location
a The hazard ratio for target being negative in this location for PI-RADS™ 3 compared to PI-RADS™ 4 (0 
targets positive for cancer for PI-RADS™ 3 for these locations)

Location PI-
RADS™ 
score

No cancer % (n) Cancer % (n) p (Pearson 
Chi-square)

HR CI

Anterior gland/FMS 3 42.9 (6) 57.1 (8) 0.008 0.66 0.42–1.05
4 13.3 (10) 86.7 (65)
5 0 100 (33)

Transition zone 3 60 (15) 40 (10) 0.01 0.52 0.30–0.88
4 22.3 (5) 77.3 (17)
5 0 100 (11)

PZ anterior horn 3 100 (6) 0 0.001 3.25a 2.26–4.68
4 30.8 (20) 69.2 (45)
5 0 100 (8)

PZ base 3 66.7 (8) 33.3 (4) 0.001 0.42 0.19–0.95
4 21.2 (14) 78.8 (52)
5 0 100 (11)

PZ mid-gland 3 54.5 (12) 45.5 (10) 0.001 0.58 0.36–0.93
4 21.6 (24) 78.4 (870
5 8.8 (3) 91.2 (31)

PZ apex 3 100 (9) 0 < 0.001 5.3a 3.16–8.74
4 19 (12) 81 (51)
5 5.6 (1) 94.4 (17)

Table 6   Summary of clinically 
significant cancer locations, by 
cohort

PZ peripheral zone; SV seminal vesicles; CSD clinically significant disease

Location All CSD targets 
(n = 358) % (n)

Biopsy-naïve patients 
(n = 321) % (n)

Prior negative 
biopsy (n = 26) % (n)

Active surveil-
lance (n = 11) % 
(n)

Anterior gland 23 (81) 21 (66) 50 (13) 18 (2)
Transition zone 7 (24) 6 (19) 11. % (3) 18 (2)
PZ anterior horn 11 (39) 10 (33) 11. %(3) 27 (3)
PZ base 16 (57) 17 (55) 4 (1) 9 (1)
PZ mid-gland 28 (101) 30 (98) 11.5 (3) 0 (0)
PZ apex 15 (54) 15 (48) 11.5 (3) 27 (3)
Central zone/SV 0.6 (2) 0.6 (2) 0 (0) 0 (0)
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excluded based on title and abstract review (Fig. 1). Thirty-
six records underwent full review, after which 13 papers 
were excluded as they reported cohorts that were reported 
in larger publications at a later date or analysed different 
research questions using the same dataset. This left 23 stud-
ies reporting cohorts undergoing in-bore MRI-guided pros-
tate biopsy (Table 11). Twenty-one series reported biopsies 

using the transrectal route, while one series reported a trans-
gluteal approach and one series a transperineal approach.

Country of origin, publication rate, protocols and patient 
demographics

Overall, the 23 series came from 7 countries—Germany 
(7 reports), the USA (6), Australia (5), The Netherlands 
(2), Denmark (1), Austria (1) and Italy (1). There has 
been a steady increase in the number of publications 
annually since 2013, with a rise from 4 publications 
in 2016 to 9 in 2017. Four studies from 2018 met the 
inclusion criteria for this review. Siemens MRI machines 
were the most popular scanning platform (16 studies), 
followed by Philips (4) and GE (1). Most centres used 
3 T magnets (17/23, 74%). Virtually all centres used the 
DynaTRIM (Invivo, Gainesville, Florida) MRI-compati-
ble biopsy device to hold and guide the MRI-compatible 
needle-guide used for targeting. In addition, almost all of 
these centres used the accompanying DynaCAD software 
to guide adjustment of the DynaTRIM device to posi-
tion and align the needle guide. Only 9 centres explicitly 
reported their antibiotic protocol, and most of these used 
fluoroquinolone prophylaxis (7/9, 78%). Eleven centres 
reported on their use of sedation and analgesia during 

Table 7   Detection rate of 
prostate cancer in targets with 
T2 axial diameter ≤ 5 mm

ISUP 1 International Society of 
Urological Pathology Grade 1 
prostate cancer (Gleason 3 + 3); 
ISUP 2 Gleason 3 + 4 prostate 
cancer; ISUP 3 Gleason 4 + 3 
prostate cancer; ISUP 4 any 
Gleason sum 8 prostate cancer; 
ISUP 5 Gleason sum 9 and 10 
prostate cancer

T2 diameter n  %

3 mm 6 100
 No cancer 3 50
 ISUP 1 2 33.3
 ISUP 2 1 16.6
 ISUP 3 0 0
 ISUP 4 0 0
 ISUP 5 0 0

4 mm 37 100
 No cancer 10 27
 ISUP 1 9 24.3
 ISUP 2 14 37.8
 ISUP 3 4 10.8
 ISUP 4 0 0
 ISUP 5 0 0

5 mm 36 100
 No cancer 14 38.9
 ISUP 1 6 16.7
 ISUP 2 10 27.8
 ISUP 3 4 11.1
 ISUP 4 1 2.8
 ISUP 5 1 2.8

Table 8   Prostate cancer detection by PSA density stratification, by 
PI-RADS™ 3 patients and all patients

PSAD PSA density; CaP prostate cancer; CSD clinically significant 
disease (≥ Gleason 3 + 4); ISUP International Society of Urological 
Pathology

PSAD < 0.12 PSAD < 0.15

PI-RADS™ 3 All patients PI-RADS™ 3 All patients

n 59 289 69 372
CaP 22 (37%) 195 (67%) 27 (39%) 262 (70%)
CSD 9 (15%) 131 (45%) 12 (20%) 184 (49%)
ISUP ≥ 3 0 47 (16%) 0 69 (18%)

Table 9   Binary logistic multivariate analysis for predictors of any 
cancer detected on MRGB

OR odds ratio; CI confidence interval; PSA prostate-specific anti-
gen; PI-RADS™ Prostate-Imaging Reporting and Data System; ADC 
apparent diffusion co-efficient

Variable OR (95% CI) p

PSA density 11.21 (0.83–150.54) 0.068
Age at biopsy 1.01 (0.97–1.03) 0.648
Target location 0.93 (0.82–1.07) 0.313
PI-RADS™ score 5.34 (3.32–8.58) < 0.001
T2 diameter 0.97 (0.92–1.02) 0.169
Lowest ADC 0.997 (0.996–0.998) < 0.001

Table 10   Binary logistic multivariate analysis for predictors of clini-
cally significant cancer (CSD) detected on MRGB

OR odds ratio; CI confidence interval; PSA prostate-specific anti-
gen; PI-RADS™ Prostate Imaging-Reporting and Data System; ADC 
apparent diffusion co-efficient

Variable OR (95% CI) p

PSA density 43.82 (4.55–421.74) 0.001
Age at biopsy 1.03 (1.00–1.05) 0.031
Target location 1.06 (0.95–1.19) 0.289
PI-RADS™ score 3.70 (2.38–5.75) < 0.001
T2 diameter 0.99 (0.95–1.04) 0.791
Lowest ADC 0.998 (0.997–0.999) 0.003
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biopsy, with most centres using either fentanyl or mida-
zolam, or a combination, for conscious sedation during 
the procedure.

Overall, 4061 patients underwent MRGB in the 23 
reported series. Median patient age in the series ranged 
between 62 and 68  years, with reported median PSA 
ranging from 5.3 to 13 ng/mL. Median prostate volumes 
showed a fairly wide range, from 36 to 79 mL. Detailed 
patient demographics and protocol variations are listed 
in Table 11.

Biopsy cores and procedure times

Thirteen papers reported the number of cores taken per 
target, with a range of 1–6 cores per target, and 2 cores 
per MRI target being the most common practice. Median 
biopsy time was reported by 6 studies, ranging from 24 
to 63 min.

Fig. 1   Flow diagram showing 
search strategy and selection for 
literature review 225 Records from PubMed search

161 poten�ally eligible studies

64 Records excluded on ini�al review
• 58 – Out of study �me frame
• 6 – Non-English language

36 records for full review 

125 Records excluded on review of �tle 
and abstract

• 37 – technical reports
• 35 – Review ar�cles
• 20 – Not relevant to study
• 11 – fusion biopsy series
• 8 – focal therapy series
• 5 – systema�c reviews
• 3 – transperineal biopsy series
• 3 – cost effec�veness studies
• 2 – case reports
• 1 – consensus statement

23 reports selected for detailed 
analysis 

13 records excluded – duplicate 
case series/cohorts
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Biopsy outcomes and prostate cancer detection 
after prior negative biopsy and men in active surveillance 
programmes

Table 12 shows a detailed breakdown of the study cohorts in 
these series and the cancer detection outcomes, both for overall 
prostate cancer detection and clinically significant disease, and 
where reported, by PI-RADS™ target category (PI-RADS™ 
3, 4 or 5). Most centres now appear to use a definition of sig-
nificant disease as Gleason 3 + 4 or higher on biopsy core 
analysis. As is to be expected, the reported series included het-
erogeneous cohorts, with a mixture of biopsy-naïve patients, 
patients with prior negative biopsy, and patients on active 
surveillance protocols. Eight studies included patients on AS, 
with a total of 468 patients. Eleven studies included patients 
with one or more prior negative prostate biopsy, totalling 1287 
patients.

There was a wide variation in reported prostate cancer 
detection rates, with overall prostate cancer detection rang-
ing from 23% in an active surveillance cohort [14] to studies 
reporting 72–74% detection rates for any CaP [10, 13, 15]. 
There was a trend for larger series to report overall higher 
detection rates. All but three studies reported the detection 
rate for clinically significant disease, which ranged from 26 
to 94%. Overall, CSD was found in 1661/2632 patients (63%) 
from studies which explicitly reported patient figures for CSD. 
Eight studies reported on detection of CaP in patients with 
prior negative biopsy, with cancer found in 21–67% of men 
undergoing MRGB. Overall, 672/1264 men (53%) undergoing 
MRGB after prior negative biopsy were found to have prostate 
cancer.

Six studies provided detailed information on men included 
from an active surveillance protocol, and in these studies 
between 10 and 71% of men were upgraded to a higher Glea-
son score following MRGB. In total, 173/471 men (36.7%) 
were upgraded to a higher Gleason score compared to that on 
their enrolment to active surveillance.

Cancer detection according to target PI‑RADS™ score

Only 9 of 23 studies provided information on prostate cancer 
detection according to MRI target PI-RADS™ classification. 
Detection of prostate cancer in PI-RADS™ 3 targets ranged 
between 6 and 49%, and overall 195/921 men (21%) with PI-
RADS™ 3 targets were found to have cancer on MRGB. For 
PI-RADS™ 4 targets, detection of CaP ranged between 34 and 
77%, while for PI-RADS™ 5, overall CaP detection ranged 
between 82 and 96%.

Discussion

To our knowledge we present here the second largest pub-
lished cohort of patients undergoing MRGB in a single 
centre (n = 554). The results demonstrate that MRGB can 
be performed in an outpatient setting with a 20-min proce-
dure time for single targets, and detection rates for cancer 
are very high for PI-RADS™ 4 and 5 targets. Our overall 
prostate cancer detection rate was 80% and detection of 
significant cancer was 55%. This is in contrast to rates 
of 30–50%, and 10–40%, respectively, for most 12-core 
TRUS series reported in a recent systematic review of ran-
domized trials of prostate biopsy techniques by Wang [16]. 
This is to be expected in the modern era with the benefits 
of MRI imaging and targeted biopsy. The biopsy needle 
efficiency is high, with 69% of cores positive for cancer. 
Additionally, we observed a high detection rate for cancer 
of 65.8% in targets 5 mm in size or smaller, with 44% 
of such targets harbouring CSD. Unlike cognitive biopsy 
techniques, MRGB provides validation that the biopsy 
core has passed through the target, thereby allowing the 
operator to have high confidence in the histology results, 
particularly for smaller targets. Our overall biopsy results 
are largely comparable to the published literature, as can 
be seen by reviewing Table 12.

Our data and that of other series show the value of 
MRGB in biopsy of men with prior negative prostate 
biopsy, or on active surveillance. Sixty percent of men 
with a prior negative biopsy in our cohort were found to 
have cancer, with a large proportion of these in the anterior 
half of the gland (73%), and 81% of these tumours were 
CSD. It is now well established that the anterior gland is 
poorly sampled, or difficult to sample with standard TRUS 
biopsy, and MRI-based cognitive targeting assists in find-
ing these previously missed tumours [17]. Similarly, 50% 
of men on AS were upgraded to CSD following MRGB. 
The literature review demonstrated similar findings, with 
detection rates for CaP in the order of 21–67%. Within 
the limitations of a retrospective review with potential 
selection bias, overall our cohort demonstrated anteriorly 
located tumours in 40% of cases. We would argue there-
fore that blind TRUS biopsy without a prior diagnostic 
MRI can no longer be considered an adequate diagnostic 
technique, as many men would have CSD missed by a 
single round of TRUS biopsy. This position is supported 
by the results of two recently published, prospective, large 
studies showing the superiority of an MRI-based triage 
pathway for prostate biopsy over standard TRUS biopsy. 
The PROMIS study [18] showed that up to 27% of men 
could avoid a biopsy if they had an MRI first, with up 
to 18% more CSD being detected if biopsy was guided 
by MRI findings, and 5% fewer clinically insignificant 
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cancers being found. The PRECISION study [19] was a 
multicentre, randomized, non-inferiority study in which 
500 men were randomized to MRI followed by targeted 
biopsy if a suspicious target was seen, or TRUS biopsy 
without an upfront MRI. Clinically significant cancer was 
detected in 38% of the MRI group compared to 26% of the 
TRUS biopsy group. Clinically insignificant cancer was 
detected in 9% of the MRI arm, compared to 22% of the 
TRUS arm. Overall the analysis favoured the MRI pathway 
as superior to TRUS biopsy.

A controversial area requiring further study is how to 
manage PI-RADS™ 3 targets. It is well known that the 
detection rate for prostate cancer in PI-RADS™ 3 targets is 
much lower than for PI-RADS™ 4 targets. Our cohort had a 
36% detection rate for any prostate cancer, and 18% overall 
had CSD. Other studies examined in this review also show 
a low rate of detection, from 6% [20] to 49% [10], and 21% 
overall for the reported series. Part of the variability will no 
doubt stem from the impact of modification of a PI-RADS™ 
3 target in PI-RADS™ v2, and many of these targets would 
now either be downgraded to PI-RADS™ 2 or upgraded to 
PI-RADS™ 4, compared to the original PI-RADS™ v1 cri-
teria. Many reported series have cohorts which spanned the 
transition from PI-RADS™ v1 to v2, making it difficult to 
extract these details from published papers. However it can 
be argued, as Venderink [13] have done in their paper, that 
perhaps other discriminators such as PSA density (PSAD) 
can be used to better triage those patients who would be the 
best candidates for targeted biopsy of PI-RADS™ 3 targets. 
Their data showed that using a PSAD ≥ 0.15 would allow 
42% of men with PI-RADS™ 3 targets to avoid biopsy, and 
only 6% of CSD would be missed. Using a PSAD cut-off of 
0.12 would change the figures to 26% avoiding biopsy and 
no CSD being missed. However, our own analysis from this 
cohort showed that PI-RADS 3 patients with a PSAD below 
0.12 still had a 15% rate of CSD, and below 0.15, 20% of 
all patients were found to have CSD. This may be explained 
in part by different patient selection between the two cen-
tres, and a change in patterns of PI-RADS™ 3 reporting 
over time. The total number of PI-RADS™ 3 patients in 
this series was only 88 patients. Alternatively, it could be 
argued that men with a PI-RADS™ 3 target should have 
both template and targeted biopsy using ultrasound guid-
ance. However, prospective studies with large patient cohorts 
are required to answer this question. It would seem difficult 
to justify the use of an expensive resource like MRGB to 
biopsy patients with a detection rate of around 20% for CSD. 
However, the cost-effectiveness of MRI has been examined 
by a number of groups [21–23] and found to be favourable 
when the endpoint is Quality Adjusted Life Years.

A further important point that deserves mention is that 
urologists now have an array of biomarker options to help 
determine which men should undergo biopsy or repeat 

biopsy. These include the 4K score, Prostate Health Index 
(PHI), Apifiny assay, PCA3 score, Michigan Prostate Score, 
SelectMDx and Confirm MDx. A recent review highlights 
these biomarkers, however many are also hampered by low 
specificity (30–50%), similar to prostate MRI [24]. We 
assessed the utility of clinical and MRI parameters to pre-
dict CSD at biopsy, and on multivariate regression analysis, 
PSAD, age, PI-RADS™ score and lowest ADC value were 
predictive for the presence of CSD. However, the hazard 
ratio for lowest ADC was only marginally below 1.0, likely 
reflecting a large cohort of cases with a high pre-test prob-
ability for cancer, and therefore this parameter is less useful 
and needs further validation in a less skewed population. 
Other groups have also confirmed that age, PSAD and PI-
RADS™ score were predictive of CSD [25, 26].

Strengths

This large series represents the experience of a single high-
volume centre with very high co-operation levels between 
urologists and radiologists, including a weekly MDT meet-
ing in which prostate MRI features prominently. All patients 
underwent diagnostic and biopsy imaging on the same 3T 
machine, ensuring consistency of image quality and report-
ing. In addition, all pathology was reported by a single group 
of expert uropathologists.

Weaknesses

Our MRGB cohort does have some weaknesses. This was 
a retrospective review of cases referred for MRGB over a 
5-year period, and therefore there is inherent selection bias 
which may not reflect the spectrum of patients presenting to 
a general urology practice. The tertiary nature of the referral 
service means our cohort is likely to contain a larger num-
ber of smaller and anterior tumours than would be seen in 
all men undergoing a diagnostic prostate MRI. The specific 
skillset and experience of the radiologists and use of a 3T 
platform is not available in all centres, limiting the gener-
alizability of our results somewhat. In-bore MRGB results 
may not reflect what is achievable with cognitive or software 
fusion techniques, although a large review did not find dif-
ferences in cancer detection between MRGB and fusion or 
cognitive biopsy [27]. One important reason for this is that 
MRI often underestimates true tumour size, and therefore 
any targeting mis-registration by various techniques is nul-
lified by the fact that that target is actually larger than seen 
on MRI [28].

No template biopsies were performed in our patients, and 
there was no attempt at correlating biopsy results with radi-
cal prostatectomy histology, as patients were referred from 
multiple urologists, often in other centres. Therefore, we 
cannot comment on the accuracy of MRGB for predicting 
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the highest grade of disease present, nor correlation with 
final Gleason score on prostate whole mount examination. 
However, other groups have examined these questions, 
many using fusion or cognitive biopsy approaches [29–32]. 
Finally, we were not able to collect data on complications in 
this retrospective review. However, it has been reported that 
sepsis following a 2-core transrectal MRGB with antibiotic 
prophylaxis is very rare [33, 34].

The literature review was not conducted as a formal 
systematic review, and therefore is limited in that a single 
reviewer conducted a search of one database limited to the 
English language.

Conclusion

Use of MRGB in our cohort resulted in a high detection rate 
for CaP of 80%, and of CSD in 55% of all patients. Overall 
cancer detection rate did not differ by target location in the 
prostate, and PI-RADS™ 3 targets were significantly less 
likely to harbour cancer than PI-RADS™ 4/5 targets. 41% 
of all CSD targets were located in the anterior half of the 
prostate. PI-RADS™ 3 lesions remain a diagnostic chal-
lenge, with 20% of patients with PSAD under 0.15 having 
CSD. Multivariate regression analysis showed age, PSAD, 
PI-RADS™ score and lowest target ADC value all predict 
CSD at biopsy. Finally, MRGB can be performed in an out-
patient setting with a short procedure time and can be per-
formed reliably by both urologists and radiologists.
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