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Background

Prostate cancer (PCa) can exhibit a wide spectrum of 
clinical behavior, ranging from extremely indolent to highly 
lethal. For clinicians, the main challenge is to avoid over-
diagnosis and consequently over-treatment of incidental 
tumors while at the same time not underestimating 
any clinically significant prostate cancers (SPCa). The 
standard diagnostic pathway in men who present with an 
elevated serum prostate specific antigen (PSA) consisted 
of transrectal ultrasound (TRUS)-guided biopsies with 
systematic “template” sampling of the entire prostate gland 
without prior knowledge of the likely locations of the 
tumor(s). As a result, many men without cancer underwent 
unnecessary biopsies, clinically insignificant cancers 
were too often detected, and clinically significant cancers 
sometimes missed. 

It was therefore expected that the use of more innovative 
imaging as a triage test before prostate biopsy could reduce 
unnecessary biopsies as well as over-diagnosis of clinically 
insignificant prostate cancer and would improve detection 
of clinically significant cancer. In that respect, diagnostic 
prostate magnetic resonance imaging (MRI) examinations 
have gained wide-spread acceptance over the last decade. 
When T2-weighted images are combined with functional, 
usually diffusion-weighted (DW) and dynamic contrast-

enhanced (DCE), sequences in so-called multi-parametric 
(mp) MRI, information is provided on not only tissue 
anatomy but also on tissue characteristics such as prostate 
volume, cellularity, and vascularity. Consequently, mpMRI 
allows to detect the site(s) of major cancer burden against a 
background of normal prostate tissue or low-grade, clinically 
irrelevant disease. Clearly, successful implementation of 
this technique is heavily dependent on high-quality image 
acquisition, interpretation, and report communication, all 
areas addressed by the Prostate Imaging-Reporting and 
Data System (PI-RADS) recommendations (1).

The seminal PROMIS trial conclusively introduced 
mpMRI into the diagnostic pathway of prostate cancer 
in 2017 (2). It convincingly showed that conventional 
“template” biopsies missed up to 37% of SPCa (defined as 
Gleason ≥3+4 or a maximum cancer core length ≥6 mm). 
Use of mpMRI as a triage test might have allowed 27% of 
men with elevated PSA to avoid an unnecessary biopsy and 
would have prevented the diagnosis of 5% fewer clinically 
insignificant cancers. If subsequent TRUS-guided biopsies 
were directed by mpMRI findings, up to 18% more cases 
of clinically significant cancer might have been detected 
compared with the standard pathway. 

The second pivotal trial establishing the validity of the 
MRI pathway was the PRECISION trial, published in 
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2018 (3). In that study, 500 men with elevated PSA were 
randomized between standard “template” versus MRI-
guided biopsies. In the MRI group, men underwent a 
targeted biopsy (without standard biopsy cores) only if 
the mpMRI was suggestive of prostate cancer; men whose 
mpMRI results were not suggestive of prostate cancer 
were not offered biopsy. The MRI pathway spared 28% of 
men from undergoing biopsies and detected 38% of SPCa, 
comparing favorable to the conventional pathway arm 
where everyone received biopsies and only 26% of patients 
were diagnosed with SPCa (P=0.005). Additionally, fewer 
men were diagnosed with clinically insignificant cancer in 
the MRI pathway. 

Recently, two prospective trials investigated whether the 
addition of systematic “template” biopsies to all patients 
in the MRI pathway is still necessary. In the French MRI-
first study, detection of SPCa was significantly lower with 
systematic TRUS biopsy only (15%) than with targeted 
biopsy only (20%), making the value of the latter beyond 
discussion (4). When strictly using the aforementioned MRI 
pathway, 32.3% of men were diagnosed with SPCa. Adding 
systematic biopsies in all (including the 21% with negative 
MRI) would increase the detection of SPCa to 37.5%. This 
small but potentially relevant improvement comes at the 
cost of increasing the detection of clinically insignificant 
PCa from 6% to 22% of the study population. The Dutch 
4M trial had similar results, increasing the detection of 
SPCa cancer from 25.4% to 30.4% when adding systematic 
biopsies in all men (including the 48% with negative 
MRI). Detection of clinically insignificant PCa would in 
consequence increase from 14% to 23% (5). 

Finally, the prospective FUTURE trial added some 
important information to the choice of technique for 
targeted biopsies (6). In that study, cognitive MRI-guided 
TRUS biopsy was compared to MRI-TRUS fusion biopsy 
as well as in-bore MRI-targeted techniques in men with 
prior negative biopsies but persistent high suspicion of PCa. 
No significant differences in the detection rates of clinically 
significant prostate cancer among the three MRI-based 
targeted biopsy techniques were observed.

Recently, a Cochrane meta-analysis was performed, 
confirming that the MRI pathway has the most favorable 
outcome in significant and insignificant PCa detection 
compared with systematic biopsy (7). Omitting systematic 
biopsy in men with negative MRI or as an addition to 
targeted biopsy in men with a positive MRI might be 
considered acceptable in some clinical situations. The most 
recent edition of the EAU guidelines now also recommend 

performing mpMRI before a first set of biopsies (8). The 
guidelines still recommend the combination of systematic 
and targeted biopsies in biopsy-naïve men with suspect MRI 
but provide possibilities for avoiding the systematic biopsies 
in other situations. But the place of mpMRI as a triage test 
before biopsies is now firmly established.

The MULTI-IMPROD trial

It is important to note that most, if not all, above-
mentioned trials included DCE sequences in their mpMRI 
protocols. However, PI-RADS version 2 (PI-RADS v2) and 
its 2019 update v2.1 relegated dynamic contrast enhanced 
imaging to a minor clarification role secondary to T2 and 
DW (1,9). Essentially, it can only upgrade an equivocal 
finding (score 3) on diffusion-weighting in the peripheral 
zone into a score 4 (1,9). Therefore, it is estimated that 
less than 20% of men need DCE to generate the PI-RADS 
version 2 score, raising the exciting possibility of limiting 
the initial screening prostate MRI to a shorter, non-contrast 
exam (10,11). 

The researchers from Turku University have developed 
such a rapid biparametric (bp) MRI (bpMRI) protocol, 
that takes only 15 minutes to acquire images and is 
executed without intravenous contrast agent. Interestingly, 
DW is performed in 3 separate acquisitions to maximize 
the contrast between normal tissues and cancer, and 
differentiate cancer from susceptibility artifacts, which can 
decrease the diagnostic performance of diffusion-weighted 
imaging. This concept was first validated in the single-
institution prospective IMPROD (Improved Prostate 
Cancer Diagnosis—Combination of Magnetic Resonance 
Imaging and Biomarkers) trial and demonstrated 90% 
negative predictive value (NPV) for SPCa (12). 

Subsequently, the authors initiated a larger, prospective, 
multicenter trial (MULTI-IMPROD, NCT02241122). These 
results were recently published in PLoS Medicine (13). 
Between February 1, 2015, and March 31, 2017, 364 men 
with a clinical suspicion of PCa (i.e., two repeated PSA 
measurements ranging from 2.5 to 20.0 μg/L and/or an 
abnormal digital rectal examination) were enrolled at 4 
different institutions in Finland. The primary outcome of 
the trial was diagnostic accuracy, including overall accuracy, 
sensitivity, specificity, NPV, and positive predictive value, 
of IMPROD bpMRI for SPCa, which was defined as a 
Gleason score ≥3+4. Each man with at least one IMPROD 
score 3–5 lesion received first MRI-guided targeted biopsies 
followed by a 12-core “template” performed by the same 
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operator, who was aware of the MRI results. For men 
without suspect lesions on bpMRI, only “template” biopsies 
were performed.

The results were again quite promising. In men 
without suspect lesion(s) on bpMRI, the majority of the 
biopsies yielded no cancer and only 5% of men harbored 
SPCa. Overall, bpMRI achieved a NPV of 95% and 97% 
sensitivity, suggesting an excellent potential as triage test. It 
is clear that adding bpMRI to the standard pathway would 
reduce unnecessary biopsies as well as over-diagnosis of 
clinically insignificant prostate cancer, without missing 
a relevant number of significant cancers. No statistically 
significant differences in (clinically significant) cancer 
detection rates were observed between targeted and 
“template” biopsies. 

These results correspond to the recently published 
BICOD trial, using a very simple bpMRI protocol consisting 
of axial T2-weighted imaging and single DW acquisition 
but also taking PSA density (PSAd) into account (14).  
In BICOD, 808 biopsy-naïve men with clinical suspicion 
of localized PCa (PSA <20 ng/mL and digital rectal 
examination not suspicious of extra-capsular extension 
or seminal vesical invasion) underwent upfront bpMRI 
followed by standard and targeted biopsies of any suspicious 
bpMRI findings. Significant prostate cancers were detected 
in 283/808 (35%) men. The best strategy was restricting 
biopsies to men with highly suspicious bpMRI findings or 
PSAd ≥0.15 ng/mL/cc. This reduced the number of men 
requiring biopsies by 41% (329/808) and overdiagnosis of 
insignificant cancers by 45% (79/177), while missing only 
5% (17/329) of men with SPCa. 

Clearly, these trials are not a comparison between 
mpMRI (i.e., with DCE) vs. bpMRI. In IMPROD, only 4 
(3%) of all 146 significant prostate cancers were missed. 
Whether any of those 4 cancers would have been detected 
with DCE sequences is a moot point. Obviously, the actual 
number of SPCa is unknown (negative “template” biopsies 
do not necessarily exclude SPCa), so this percentage could 
still be an underestimation. It is reassuring that all men 
in the trial undergo close follow-up, since this will allow 
to estimate SPCa missed on both bpMRI and “template” 
biopsies. Still, the overall accuracy of bpMRI (70%) 
compares favorably to both PROMIS and PRECISION 
trials.

Conclusions

From a clinical point of view, the availability of available 

mpMRI slots hampers its wide-spread use as a triage test 
in men with clinical suspicion of PCa. Clearly, reducing its 
acquisition time from approximately 30 minutes to about 
15 minutes, and leaving aside the hassle of endorectal coil 
and intravenous contrast, potentially doubles the number 
of available slots. It is already well established that DCE 
adds little to the interpretation of diagnostic prostate MRI. 
To put it succinctly, DWI is considered as the “dominant” 
sequence in the peripheral zone, as is T2WI in the 
transition zone. Therefore, many institutions, including our 
own, have already dropped the DCE sequences from their 
diagnostic prostate MRI protocols. Clearly, the increased 
opportunity of offering an MRI, albeit without DCE, as a 
triage test before biopsies vastly outweighs the very small 
chance of missing a possible SPCa that would have been 
detected on mpMRI. Thanks to prospective trials like 
(MULTI-)IMPROD and BICOD, it is now apparent that 
“multi” can be safely reduced to “bi”-parametric MRI for 
the triage of suspected prostate cancer.
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