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ABSTRACT
Purpose of review
Magnetic resonance imaging (MRI)-targeted prostate biopsy may be an attractive alternative to systematic biopsy for diagnosing
clinically significant prostate cancer. In this narrative review, we discuss the new developments that have occurred in the
advancement of MRI-targeted prostate biopsy, over the past 24 months.
Recent findings
MRI-targeted biopsy offers enhanced diagnostic accuracy, when compared to the current standard of care of systematic transrectal
ultrasound guided (TRUS)-biopsy, by decreasing the overall number of biopsies needed, maintaining or improving significant prostate
cancer detection, and reducing the detection of clinically insignificant prostate cancer. The necessity of combining systematic prostate
biopsy with MRI-targeted biopsy is still debated. The use of MRI-ultrasound fusion systems for lesion-targeting is promising for
optimising significant cancer detection, but recent evidence suggests that additional cognitive biopsy is cores are still useful in
detecting additional cancers. Finally, incorporation of biparametric MRI and machine learning systems are key areas for future
research.
Summary
MRI-targeted biopsy in selected men with positive MRI offers a number of benefits over traditional systematic TRUS-biopsy in all
men, and as such, may emerge as the new standard of care for the diagnosis of clinically significant prostate cancer.
Keywords
biparametric MRI, Ffusion biopsy, multiparametric MRI, prostate cancer, targeted biopsy, focal saturation

KEY POINTS


TMRI-targeted biopsy in MRI selected men may be may be an attractive alternative to classical systematic TRUS-biopsy in
all men.



MRI-targeted biopsy maintains or improves significant prostate cancer detection compared to systematic transrectal
ultrasound guided biopsy.



MRI-ultrasound fusion may enhance the accuracy of targeted biopsy.



It is still debated whether systematic biopsy can be omitted when performing targeted biopsy.



The number of biopsy cores per MRI lesion requires further elucidation.
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INTRODUCTION
Multiparametric magnetic resonance imaging (mpMRI) has become an increasingly important element of the prostate cancer
diagnostic pathway, enabling enhanced risk stratification compared to traditional approaches, such as systematic transrectal
ultrasound (TRUS)-guided prostate biopsy.1-13 MRI-targeted biopsy (MRI-TB) is where the conduct of a biopsy is influenced by
knowledge of where suspicious areas are on a prior MRI scan, and biopsy cores are directed only at the MRI-suspicious areas (figure
1). Potential advantages of MRI-TB include increasing rates of detection of clinically significant prostate cancer, decreasing the
number of required biopsies, and reducing detection and treatment of clinically insignificant prostate cancer. 13-18 Recent publications
of high quality of evidence compliant with the Standards of Reporting for MRI-targeted Biopsy (START) guidance [ref], have enabled
MRI-TB to be incorporated into national and international clinical guidelines for prostate cancer diagnosis in biopsy naïve and prior
negative biopsy menPrevious studies evaluating MRI-TB were limited in quality, however, since publication of the Standards of
Reporting for MRI-targeted Biopsy Studies (START), the quality of evidence has increased to such a level that MRI-TB is now included
in national and international guidelines, and the Prostate Imaging Reporting and Data System (PI-RADS) Committee Biopsy
Pathway.11,8,19-22 The aim of this review is to highlight the most important recent developments that have occurred with MRI-TB, and
to consider key areas for future research.

Figure 1. MRI-targeted biopsy using MRI/fusion US platforms. A: mpMRI identifying lesion. B: Contouring of lesion on MRI. C:
Image registration on real-time US. D: Biopsy needle in lesion on real-time US.
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MRI-TB vs. SYSTEMATIC BIOPSY
Whether MRI-TB confers true benefit over traditional systematic prostate biopsy in biopsy naïve men is arguably the most
fundamental question asked of the new, MRI-directed diagnostic pathway. Fortunately, during the past two years, several high-quality
clinical trials have contributed to settlingclarified this debate.

Three studies have recently addressed this question in biopsy-naïve men with suspected prostate cancer. In the MRI-FIRST trial,
Rouvière and colleagues conducted a prospective, multicentre, paired diagnostic study across 16 French centres, comparing the
utility of MRI-TB to 12-core systematic biopsy, when both are performed within the same patient. 23 They found that detection of
clinically significant prostate cancer (defined as Grade Group ≥ 2) was higher withwere similar with MRI-TB than withand systematic
biopsy (32.3% vs. 3029.9%, p = 0.38) but was highest when the two techniques were combined. In a parallel approach, in the 4M
study, van der Leest and colleagues delivered a prospective, multicentre, comparative effectiveness trial in which MRI -TB was
compared to systematic TRUS-biopsy (in the same patient).24 Despite 49% of men having a negative MRI, the detection of clinically
significant prostate cancer between MRI-TB and systematic biopsy (25% vs. 23%, p = 0.17, respectively) was very similar. Only 3%
of men in the MRI-negative group had clinically significant cancer detected by systematic TRUS-biopsy. This study highlights the
large number of men who could benefit from avoiding biopsy if an MRI was used as a triage test to avoid biopsy. An additionally
important finding from the 4M trial is that MRI-TB detects less clinically insignificant cancer than systematic biopsy (14% vs. 25%, p
< 0.0001), which has clear ramifications for reducing overdetection and overtreatme.nt. Lastly, PRECISION was a multicentre,
randomised, noninferiority trial in which men with suspected prostate cancer were randomised to either traditional systematic TRUSbiopsy or MRI-TB.1 In reiteration ofUnlike the findings of the MRI-FIRST and 4M trials, PRECISION demonstrated that MRI-TB
detected a higher proportion of clinically significant prostate cancer (38% vs 26%, p = 0.005) and a lower proportion of clinically
insignificant cancer (9% vs 22%) than systematic biopsy. Indeed, 71 men (28%) of men in the MRI-TB arm avoided biopsy altogether,
due to non-suspicious pre-biopsy mpMRI. The headline results from these trials have been confirmed by recent publication of two
four systematic reviews with meta-analyses.19,25-27 These meta-analyses confirmed the superiority of MRI-TB over systematic biopsy
in both biopsy naïve men and those with a prior negative TRUS biopsy. As a result of these studies, mpMRI and MRI-TB have been
included in the most recent EAU and NICE guidelines.e, These in which they advise MRI-TB in cases of suspicious pre-biopsy mpMRI
(Likert suspicion score 3-5), whilst omitting biopsy in the context of negative pre-biopsy mpMRI (Likert suspicion score of 1-2), based
on shared decision making with the patient, thereby maximising significant disease detection in the most cost-effective manner.20,21
The two guidelines do differ as to which reporting scheme they recommend – the EAU guidelines recommend the PI-RADS system
for acquisition and interpretation of mpMRI, whilst the NICE guidelines advise use of a Likert approach. 20,21
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However, we have not yet seen these results recapitulated in the active surveillance population. In ASIST, Klotz and colleagues took
a cohort of men with recent Grade Group 1 prostate cancer (diagnosed on systematic biopsy) and randomised them to either 12core systematic biopsy or to MRI-TB, to assess for proportion of upgrade to Grade Group ≥ 2. 286 In contrast to the primary diagnostic
cohorts, only 14% of patients in the MRI-TB arm had disease stage upgrade on re-biopsy, compared with 23% of patients in the
systematic biopsy arm (p = 0.09). RA recogniseded limitations of this study was were the different populations and the learning curve
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in MRI and MRI-TB at the participating institutions, which highlights that an the success of the MRI-TB approach is dependent on
disease prevalence, high-quality MRI, interpretation and the skills of skilled operators in performing MRI-TB.
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Table 1. Summary of recent key studies comparing MRI-TB and systematic biopsy for clinically significant prostate cancer detection

First author, year

Centre, country

Trial name

Trial design

No. pts

Study population

Comparison

Key findings

Rouvière, 201923

Multiple, France

MRI-FIRST

Paired cohort

275

Biopsy-naïve men

MRI-TB vs. systematic TRUS-biopsy

MRI-TB and systematic TRUS-biopsy detected similar rates of clinically
significant prostate cancer (32.3% vs. 29.9%, p = 0.38). 20% of
clinically significant prostate cancer was detected by MRI-TB; 14% of
clinically significant prostate cancer was detected systematic TRUSbiopsy only; however, maximal detection (66%) was achieved when
both techniques were combined. these 94 patients were diagnosed by
systematic biopsy only, 19 (20%) by targeted biopsy only, and 62
(66%) by both techniques. Omission of systematic biopsy would have
resulted in the overlooking of 5.2% of clinically significant disease.

van der Leest, 201924

Multiple, Netherlands

4M

Paired cohort

626

Biopsy-naïve men

MRI-TB vs. systematic TRUS-biopsy

MRI-TB and systematic TRUS-biopsy detected similar rates of clinically
significant prostate cancer (25% vs. 23%). However, MRI-TB detected
a lower proportion of clinically insignificant disease (14% vs. 25%). An
additional benefit of MRI-TB was reduced numbers of biopsied men
due to non-suspicious mpMRI.

Kasivisvanathan, 20181

Multiple, International

PRECISON

RCT

500

Biopsy-naïve men

MRI-TB vs. systematic TRUS-biopsy

MRI-TB detected more clinically significant prostate cancer (38%) that
systematic TRUS-biopsy (26%,; p = 0.005). Furthermore, MRI-TB
detected less clinically insignificant prostate cancer than systematic
biopsy (9% vs. 22%, p < 0.001).

MRI-TB, magnetic resonance imaging-target biopsy; no., number; pts, patients; RCT, randomised controlled trial; TRUS, transrectal ultrasound; vs., versus.
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REGISTRATION METHODS
The three predominant approaches to MRI-target registration for biopsy are: visual registration (cognitive registration, by mentally
translating mpMRI targets onto real-time moving ultrasound images during the procedure), MRI/ultrasound-fusion registration, and
in-bore MRI-targeted registration.297 It remains unclear as to which approach is superior, and the debate has been central to several
recent clinical trials.

Wegelin and colleagues conducted a multicentre randomised controlled trial (FUTURE) of 665 men with prior negative systematic
biopsy.3028 After mpMRI, all men were randomised to one of the three registration approaches. They assessed detection of all cancer,
and clinically significant cancer, between each of the approaches, and interestingly, they found no statistically significant difference
between any registration techniques, however this trial did suffer from being statistically underpowered. In another study, Hamid and
colleagues compared cognitive registration to MRI-ultrasound fusion (using the SmartTarget Biopsy system), with a blinded, withinperson randomised, paired validating study design (SMARTTARGET).3129 Both registration strategies detected 86% of the overall
present clinically significant prostate cancer, when analysed individually; however, when the two techniques (cognitive and f usion)
were combined they found a 14% improvement in detection rate, suggesting benefits of a combined approach, when technologicallyfeasible. It is thus important that when operators use a fusion system, they do not simply rely on the location of the lesion displayed
by the operating fusion system, but also use their own judgment as they would in a visual registration technique.

Elkhoury et al. also conducted a three-technique comparison, this time comparing cognitive biopsy, MRI-US fusion biopsy, and
systematic biopsy (PAIREDCAP).320 Each patient underwent all of three techniques. Rates of detected cancer varied from 47% when
using cognitive fusion biopsy alone, to approximately 60% when using systematic biopsy or either fusion method , to 70% when
combining systematic and targeted biopsies. They concluded therefore that the highest rate of cancer detection was achieved through
combining systematic and MRI-TB. In parallel to Hamid et al., they found that the locations for detected tumours varied depending
on which registration method was used, suggesting that each technique might detect a different tumour population. One important
consideration for the PAIREDCAP trial is the high prevalence of ISUP grade ≥ 2 cancers (61%) in biopsy-naïve men detected by a
combined approach of MRI-targeted and systematic biopsies. This overall 61% (182 / 300 men) prevalence resulted in a 70% (174 /
248 men) ISUP grade ≥ 2 detection rate in men with a positive MRI scan, with a marginal non-significant added benefit of targeted
biopsies; the detection rates for targeted biopsy and systematic biopsy were 62% (154 / 248) and 60% (149/248) (p = 0.70),
respectively. In comparison, the pooled prevalence in biopsy-naïve men was 28% in the Cochrane meta-analysis. This 28% (95%
CI: 24-33%) prevalence resulted in a 44% (95% CI: 39-50%) ISUP grade ≥ 2 detection rate in men with a positive MRI scan with a
significant added benefit of targeted biopsies; the detection rates for targeted biopsy and systematic biopsy were 39% (95% CI: 3346%) and 34% (95% CI: 28-41%) (p = 0.03), respectively. Therefore, when there is a very high risk of clinically significant prostate
cancer, the benefit of a positive MRI decreases in comparison to a lower but elevated risk.

Finally, the PICTURE trial evaluated the diagnostic accuracy of cognitive and fusion techniques, using transperineal template
mapping biopsy as the reference standard. 3331 As with PROMIS, the UCL definition 1 (Gleason 4 + 3 or greater and/or any grade of
cancer with a length of at least 6 mm) was used to define clinically significant prostate cancer. The authors found similar levels of
7

clinically significant prostate cancer were detected, regardless of which registration method was used (31% for cognitive; 28% for
fusion). Their conclusion, as seems to be a theme with some of the other trials, was that detection was maximised when the two
approaches are combined.

8

Table 2. Summary of recent key studies evaluating registration method for MRI-TB
First author, year

Centre, country

Trial name

Trial design

No. pts

Study population

Registration method

Key findings

Wegelin, 20193028

Multiple, Netherlands

FUTURE

RCT

665

Prev. negative biopsy

Cognitive vs. US-fusion vs. in-bore

There were no significant differences in the detection
rates of csPCa between each of the registration
approaches (fusion 34%, cognitive 33%, in-bore
33%; p > 0.9).

Hamid,

20193129

UCL, UK

SMARTTARGET

Paired cohort

141

Prev. negative or positive biopsy

Cognitive vs. US-fusion (SmartTarget)

Similar levels of csPCa detected by each method
(86% each); however, detection was maximised
when the two approaches are combined.
Interestingly, the cases missed by one technique
were detected by the other.

Elkhoury, 2019320

UCLA, USA

PAIREDCAP

Paired cohort

300

Biopsy-naïve men

Cognitive vs. US-fusion (Artemis)

Cancer detection rates were lower for cognitive
biopsy (47%) than for fusion biopsy (62%) or for
systematic biopsy (60%). Highest levels of detection
were achieved when MRI-TB was combined with
systematic biopsy (70%). Tumour locations varied
between biopsy techniques suggest each technique
may detect different types of tumours.

Simmons, 2018331

UCL, UK

PICTURE

Paired cohort

249

Prev. TRUS biopsy

Cognitive vs. US-fusion (SmartTarget)

Similar levels of csPCa detected by each method
(31% for cognitive; 28% for fusion); however,
detection was maximised when the two approaches
are combined.

csPCa, clinically significant prostate cancer; MRI, magnetic resonance imaging; no., number; pts, patients; prev., previous; UCL, University College London; UK, United Kingdom; US, ultrasound; USA, United States of America; vs., versus.
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Figure 1. MRI-targeted biopsy using MRI/fusion US platforms. A: mpMRI identifying lesion. B: Contouring of lesion on MRI. C:
Image registration on real-time US. D: Biopsy needle in lesion on real-time US.
TO BE CONFIRMED
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NUMBER OF BIOPSY CORES REQUIRED PER MRI LESION
At present, there remains a lack of consensus regarding the required biopsy density (number of cores needed, per lesion) when
performing MRI-TB. Biopsy protocols vary between centre, and the number of cores taken ranges anywhere from one to nine, per
lesion.342 A balance must be made between procedural complications, cost, maximal detection of clinically significant disease, and
minimal detection of clinically insignificant disease – but, as yet, the optimal biopsy number is as unknown. Furthermore, it appears
that failure to detect clinically significant prostate cancer after positive pre-biopsy MRI can be attributed to targeting errors. This is
evidenced by detection of clinically significant caner in adjacent sextants to established MRI targets,24,23,35,36 however, systematic
sampling of sectors adjacent to MRI targets does not alter risk stratification in the majority of men.

Lu and colleagues recently assessed the yield of significant cancer (defined as Gleason score ≥ 3 + 4) when five or fewer cores were
taken from suspicious MRI-visible lesions. Their results differed by patient population type, but they concluded that overall, two cores
per lesion was too few – by only taking two cores, they missed 16% of clinically significant cancers at first biopsy, 27% in prior
negative, and 32% in active surveillance patients.373 Zhang and colleagues sequentially labelled each biopsy core individually (taken
transrectally, from an MRI-defined lesion) and showed that the amount of clinically significant cancer (defined as Grade Group ≥ 2)
increased as more cores are added, albeit marginally (one to three: 6.4% increase; three to five: 2.4% increase). 384 This finding was
corroborated by Dimitroulis and colleagues, who retrospectively analysed a cohort of men who had two cores taken per lesion. They
compared the yield of the first biopsy to that of the second, and found that the first biopsy detected 89% of prostate cancers, and that
the second biopsy upgraded the Gleason score in 10% of cases. 395 It seems then, that at present an MRI-defined lesion should have
more than 2 cores taken to ensure maximal capture of clinical significant disease, though the upper limit is not clearly defined,
however, 5-6 cores per lesion is at present a pragmatic compromise.31,38,40,41 In addition, this warrants patient, lesion, and prostatespecific adjustment as necessary, as recently suggested by the Cambridge group, and that operator experience may also play a
role.423 Larger and higher suspicion level MRI targets are likely to require fewer cores, whereas smaller, diffuse and heterogenous
lesions should probably warrant a higher sampling density.6
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LEARNING CURVE IN MRI-TB
Interpretation of mpMRI, including the detection and staging of prostate cancer is difficult, and is associated with a considerable
learning curve. There is also a distinct learning curve for the performance of MRI-TB. It was shown that detection of cancer by MRITB improved from 27% to 63%, over a two-year period of training, highlighting implications of high-quality training.4337 Three other
recent studies confirmed this, showing that the learning curve over time is a key factor influencing detection of clinically significant
prostate cancer at an individual and institutional level,4438 and when assessed with various biopsy metrics, including of biopsy
efficiency, accuracy4539 and content of fibromuscular tissue.46,470

The importance of the learning curve in MRI interpretation is further reinforced by the impact of expert reporting. The major benefits
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of the mpMRI pathway in biopsy naive men are the reduction in harm through decreasing numbers of biopsies performed, and by
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reduced detection of indolent cancer. Expert MRI readers are able to manifest these benefits by reporting higher rates of normal and
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lower indeterminate cases. Furthermore, expert readers are able to report more consistently, with high levels of inter-reader
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concordance (weighted Cohen's k ≈ 0.7), compared to less-experienced readers, especially when biparametric MRI (bpMRI), that
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lacks the contrast-enhancement sequence (sensitivity on bpMRI: 0.58 vs. 0.91, p <
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0.0001).48
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KEY DEVELOPMENTS & FUTURE DIRECTIONS
The future of MRI-TB looks promising, with numerous emerging innovations. To overcome restrictions associated with contrastenhanced MRI (for example, complexity of image acquisition and interpretation, and associated costs) there has been a surge i n
interest in biparametric MRI (bpMRI) in which only two MRI sequences are required (T2-weighted and diffusion images).492 It is
interesting to see that in single-centre studies,5043 multicentre trials5144,5245 and systematic reviews,5346 there appears to be very little
difference in the diagnostic accuracy of bpMRI compared to mpMRI, which may be attributed to the relatively small role that contrastenhancement plays in the PI-RADS scoring framework54.47 The implication being then, that if MRI is made more accessible – MRITB may be more accessible. Challenges for the future of bpMRI include correct identification of patients that are unsuitable for bpMRI
(requiring full mpMRI). There are certainly some lesions which are contrast-only enhancing, and contrast may play a role in identifying
smaller lesions, anterior fibromuscular stromal lesions and cribriform pattern prostate cancer. It may be interesting to evaluate the
role of contrast in an appropriately conducted large-scale study where the MRI is scored using a system where the findings from the
contrast sequences can make a difference between performing a biopsy or not. In an attempt to address this challenge, van der
Leest and colleagues recently conducted a prospective, multi-reader, head-to-head study in which they compared detection of
prostate cancer in biopsy naïve men with monoplanar (fast bpMRI), triplanar non-contrast bpMRI, and standard mpMRI.5548 They
found identical sensitivity for high-grade disease for all protocols (95%; 95% CI: 91–97%). Less encouragingly though, they did find
that with fast bpMRI there was an increase in the number of indicated biopsies (approximately 2% more than the other protocols),
biopsy-related costs, and an increase in overdetection of insignificant disease (approximately 1%) indicating further work and careful
consideration should be given before widespread adoption of bpMRI.
Moreover, the generalisability of this study was further limited by the increase in PI-RADS 3 lesions with fast bpMRI compared to
mpMRI (6.4% vs. 11.2%), representing an absolute increase of 4.8%, or 75% relative increase. If this 75% relative increase was
extrapolated to PROMIS, PRECISION, or MRI-FIRST, the result would be an absolute increase of PI-RADS 3 lesions by 16-21%.
Interestingly however, focused developments in diffusion weighted sequences may be the first to impact clinical practice. Application
of diffusion kurtosis (higher b-values compared with predicted values) appears to be effectively discriminate malignant from benign
tissue, however it appears unable to discriminate clinically significant prostate cancer or add utility beyond standard diffusion
imaging.49 Diffusion tensor imaging techniques (including, restriction spectrum imaging)50 are further methods in which diffusion can
signify presence of prostate cancer (up to Gleason score 3 + 4) 51 and when combined with contrast-enhancement can increase
sensitivity 97-100%.52 Lastly, hyperpolarised MRI is another novel technique in which 13C-pyruvate is given intravenously,
dramatically boosting the MRI signal. The technology is currently the subject of a clinical trial (NCT03687645) interrogating the utility
of tumour metabolism as a biomarker. The results are awaited.

Another exciting avenue of research is deep and machine learning, offering the possibility of automating mpMRI interpretation and
lowering inter-observer variability. Assimilation of PSA density, contrast-enhancement, and apparent diffusion coefficient data has
been shown to outperform experienced radiologists in the detection of Gleason grade 4 prostate cancer, when machine learning
classifiers were constructed,53 and these also appear to outperform PI-RADSv2 in independent validation cohorts. 54 The promise of
artificial intelligence is that the radiological workload will be streamlined, however, it is unlikely that these developments will ever
replace experienced uroradiologists, and will more likely find place as an adjunctive aid.
14

CONCLUSION
MRI-TB has emerged as a highly attractive option compared to traditional systematic biopsy. The main advantages appear to be in
reducing the number of overall biopsies and reducing detection of clinically insignificant disease whilst maintaining or improving
significant cancer detection. As such, it seems possible that we will see MRI-TB emerge as the new standard of care in prostate
cancer diagnosis. However, effective uptake of MRI-TB will require a high-level of expertise in interpreting MRI, performing targeted
biopsy, and upon high-quality biopsy hardware and software, which all continue to pose implementation challenges for the future.
Future research will focus on optimising these techniques, and machine learning offers the exciting potential to help reduce the interreader variability seen.
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