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Abstract Prostate multi-parametric magnetic resonance imaging (mpMRI) has shown excel-
lent sensitivity for Gleason �7 cancers, especially when their volume is �0.5 mL. As a result,
performing an mpMRI before prostate biopsy could improve the detection of clinically signifi-
cant prostate cancer (csPCa) by adding targeted biopsies to systematic biopsies. Currently,
there is a consensus that targeted biopsies improve the detection of csPCa in the repeat biopsy
setting and at confirmatory biopsy in patients considering active surveillance. Several prospec-
tive multicentric controlled trials recently showed that targeted biopsy also improved csPCa
detection in biopsy-naı̈ve patients. The role of mpMRI and targeted biopsy during the
follow-up of active surveillance remains unclear. Whether systematic biopsy could be omitted
in case of negative mpMRI is also a matter of controversy. mpMRI did show excellent negative
predictive values (NPV) in the literature, however, since NPV depends on the prevalence of the
disease, negative mpMRI findings should be interpreted in the light of a priori risk for csPCa of
the patient. Nomograms combining mpMRI findings and classical risk predictors (age, prostate-
specific antigen density, digital rectal examination, etc.) will probably be developed in the
future to decide whether a prostate biopsy should be obtained. mpMRI has a good specificity
for detecting T3 stage cancers, but its sensitivity is low. It should therefore not be used
routinely for staging purposes in low-risk patients. Nomograms combining mpMRI findings
and other clinical and biochemical data will also probably be used in the future to better assess
the risk of T3 stage disease.
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Figure 1 Multiparametric magnetic resonance images ob-
tained at 3 T in a 70-year-old man with a prostate-specific
antigen level of 6 ng/mL. A prior systematic biopsy had shown a
Gleason score 6 cancer in the left lobe and the patient was
referred for multiparametric magnetic resonance imaging
before confirmatory biopsy. Images showed a 5 mm lesion in
the left peripheral zone showing low signal intensity at T2-
weighted imaging (A, arrowhead), marked restriction of
diffusion on the apparent diffusion coefficient map (B, arrow-
head) and moderate focal enhancement at dynamic contrast-
enhanced imaging (C, arrowhead). Targeted biopsy showed a
Gleason score 7 (3 þ 4, 10% of grade 4) with a maximum cancer
core length of 4 mm.
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1. Introduction

In most organs, when there is a suspicion of cancer, an
imaging test is performed first. Then, when appropriate, an
image-guided biopsy is obtained on suspicious lesions.
Prostate cancer (PCa) is an exception to this rule. When PCa
is suspected based on an elevated prostate-specific antigen
(PSA) level and/or an abnormal digital rectal examination,
10e12 biopsies systematically distributed in predefined
locations are usually obtained. Then, prostate imaging may
be used for local staging purposes in selected patients with
positive biopsy findings. This attitude is explained by the
fact that PCa is barely visible on imaging, hence the search
for tumors by systematic sampling of the gland.

This paradigm is changing due to recent progress in im-
aging, and particularly in magnetic resonance imaging
(MRI). The so-called multi-parametric MRI (mpMRI) that
combines T2-weighted imaging (T2WI) with functional pulse
sequences such as diffusion-weighted imaging (DWI) or dy-
namic contrast-enhanced (DCE) imaging has shown excel-
lent results in PCa detection [1,2]. As a consequence,
biopsies targeting suspicious lesions seen on mpMRI are
increasingly used in addition to systematic biopsy [3e5].
Some authors even proposed to replace systematic biopsy
by targeted biopsy based on mpMRI findings [6,7], but this
attitude remains controversial [8e10].

The purpose of this paper is to review current evidence
on the diagnostic performance of prostate mpMRI in tumor
detection and local staging, and to assess its potential role
in patient management in the future.

2. Technical requirements for prostate mpMRI

Technical requirements for high-quality prostate mpMRI
have been summarized by the European Society of Uro-
genital Radiology (ESUR) and the American College of
Radiology (ACR) [11,12]. Briefly, mpMRI should combine
T2WI, DWI and DCE imaging. The use of magnetic resonance
proton spectroscopy (MRS) is optional.

T2WI should be obtained in at least two orthogonal
planes including the axial plane, using 3 mm slices without
any gap and in-plane spatial resolution �0.7 mm
(phase) � �0.4 mm (frequency). DWI should be obtained in
the axial plane, with at least three b-values, a maximal b-
value �1400 s/mm2, and in plane resolution �2.5 mm
(phase and frequency). In practice, a b-value of
2000 s/mm2 can easily be obtained on modern imagers,
even at 1.5 T, and these high b-value trace images are of
considerable help in interpreting mpMRI. The diagnostic
value of ultra-high b-values (up to 3000 s/mm2) is under
evaluation [13]. DCE imaging should be obtained in the axial
plane, with a temporal resolution <7 s and in-plane reso-
lution �2 mm (phase and frequency). Axial T2WI, DWI and
DCE images must be obtained at the same position and with
the same slice center to allow direct comparisons.

The combined use of an endorectal coil and an external
pelvic phased-array coil provides excellent signal-to-noise
ratio. Similarly, 3 T imaging provides better signal-to-noise
ratio than 1.5 T imaging. However, the endorectal coil is
expensive and introduces artefacts and patient discomfort.
3 T magnetic resonance scanners are also expensive and not
available world-wide. Excellent results in PCa detection
have been obtained at 1.5 T and 3 T without the use of an
endorectal coil [1]. The use of the endorectal coil and 3 T
imaging is therefore optional. Imaging at lower field
strength (<1.5 T) is discouraged.

3. Interpretation of mpMRI

3.1. Diagnostic criteria for PCa

In the peripheral zone (PZ), PCa appears typically as a focus
of low signal intensity on T2WI, with restriction of diffusion
and early and intense enhancement at DCE imaging (Fig. 1).
Unfortunately, the appearance of PCa in PZ is highly variable
and many benign conditions can mimic cancer, making the
interpretation of focal lesions in PZ difficult. Besides typical
cancers with unambiguous, marked, signal abnormalities on
all magnetic resonance sequences, the radiologist must
indeed characterize a large variety of lesions with various
shapes, mild-to-moderate signal changes or even discrepant
results from one pulse sequence to another (e.g., marked
signal abnormality on one sequence and normal appearance
on another). Experience is therefore of paramount impor-
tance in distinguishing cancer foci from benign conditions.

In the transition zone (TZ), the diagnostic of PCa is made
difficult by the presence of nodules of benign prostate hy-
perplasia (BPH). Typically, PCa appears as an area with low
signal intensity on T2WI, lenticular shape, indistinct
boundaries, no cyst, no capsule and a restriction of diffu-
sion (Fig. 2) [14,15]. Areas of (benign) stromal hyperplasia
may show the same appearance [14]. Topography is then an
important diagnostic criterion. Stromal hyperplasia is
indeed scattered within encapsulated BPH nodules, while
cancers are mostly located in the antero-apical third of the
TZ [15]. The enhancement pattern of TZ cancers is highly
variable and DCE imaging is not reliable to differentiate TZ
cancers from BPH nodules [14].

In 2011, a European consensus meeting recommended to
assess the likelihood of malignancy of any lesion described



Figure 2 Multiparametric magnetic resonance images ob-
tained at 3 T in a 75-year-old man with a prostate-specific an-
tigen level of 31 ng/mL and history of two prior negative
systematic biopsies. T2-weighted imaging (A) showed an ill-
defined lenticular area with marked low-signal intensity in the
anterior third of both transition zones (arrows). This area
showed a marked restriction of diffusion on the apparent
diffusion coefficient map (B, arrows), and almost no enhance-
ment at dynamic contrast-enhanced imaging (C, arrows). Tar-
geted biopsies showed a Gleason score 7 (4 þ 3, 60% of grade 4)
cancer with a maximum cancer core length of 15 mm.
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in the prostate using a 5-level subjective score (1. definitely
benign; 2. probably benign; 3. uncertain; 4. probably ma-
lignant; 5. definitely malignant) [16]. This so-called Likert
score is a highly significant predictor of malignancy and
efficiently stratifies the risk of malignancy of prostate le-
sions, at least with experienced radiologists [1,17e19].
However, no clear diagnostic criteria are assigned to the
five categories of the score that relies only on the radiol-
ogist’s experience.

Several works showed that simple combinations of image
features from the three pulse-sequences could stratify the
likelihood of malignancy of prostate lesions, holding
promise of more standardized interpretation between ra-
diologists [20,21]. In 2012, the ESUR endorsed the Prostate
Imaging Reporting and Data System (PI-RADS) scoring sys-
tem that defined semi-objective lesion features for T2WI,
DWI, DCE imaging and MRS. The lesion features were
assessed using a 5-level scale for each pulse sequence,
resulting in a score range of 3e15 without MRS and 4e20
with MRS [11]. Unfortunately, this PI-RADS v1 score did not
improve inter-reader variability [22e24]. The PI-RADS was
revised in 2015 by the ESUR and the ACR. The resulting 5-
level PI-RADS v2 score introduced the concept of a domi-
nant pulse sequence (T2WI for TZ, DWI for PZ) holding most
of the diagnostic value, the role of DCE imaging being
reduced to characterizing lesions found indeterminate on
DWI in PZ [12]. Even if some aspects of this scoring system
have been criticized [25], a recent meta-analysis found that
the PI-RADS v2 score was a good predictor for malignancy,
with higher pooled sensitivity than the PI-RADS v1 score
(0.95 [95% CI: 0.85e0.98] vs. 0.88 [95% CI: 0.80e0.93],
p Z 0.04) and similar specificity (0.73 [95% CI: 0.47e0.89]
vs. 0.75 [95% CI: 0.36e0.94], p Z 0.90) [26]. However, the
inter-reader reproducibility of the PI-RADS v2 is moderate
at best [27e30]. Consequently, the good results reported in
specialized institutions may not be generalized. Given the
increasing use of prostate mpMRI over the world [5,31,32],
this lack of reproducibility will become a major concern in
the future.

Interestingly, the scores (Likert or PI-RADS) stratify not
only the likelihood of malignancy, but also predict the
aggressiveness of the tumor. A lesion scored 5 has indeed a
probability of 70%e91% of being malignant, and of 50%e75%
of being a Gleason score �7 cancer at targeted biopsy.
Similarly, the probabilities of overall malignancy and
Gleason score �7 cancer are 30%e60% and 14%e33% for
lesions scored 4, and 7%e35% and 0e17% for lesions scored
3 [17,18,33e36].

Using quantitative thresholds to predict the nature and
aggressiveness of prostate focal lesions seen on MRI could
improve the interpretation standardization. Many quanti-
tative parameters are significant predictors of malignancy
in prostate, either as stand-alone or in combination. As a
result, some researchers have developed computer-aided
diagnosis (CAD) systems aimed at improving visual diagnosis
by measuring quantitative magnetic resonance parameters
[19,37e39]. Unfortunately, quantitative approaches in MRI
are limited by substantial variability across imagers from
different manufacturers. Therefore, it may be difficult to
define reliable thresholds that could be applied to all im-
agers. Of the many CAD systems published in recent liter-
atures, only a few have been proven robust enough to be
used on data from different manufacturers [40,41]. Thus, it
remains unclear whether quantitative imaging will play a
major role in PCa characterization in the future.
3.2. Diagnostic criteria for local extraprostatic
extension (ECE)

ECE is assessed on T2WI. Fat-suppressed DCE imaging may
also be helpful. Imaging features suggestive of ECE include
broad tumor contact with the capsule, asymmetry or in-
vasion of the neurovascular bundles, a bulging prostatic
contour, an irregular or spiculated margin, obliteration of
the rectoprostatic angle and breach of the capsule with
evidence of direct tumor extension or bladder wall invasion
[12]. Not all these features have the same diagnostic
weight, and it is advised to pay particular attention to
“direct” signs of ECE such as tumor signal intensity within
the periprostatic fat or the bladder wall, or obliteration of
the rectoprostatic angle (Fig. 3). “Indirect” signs such as
tumor bulging or broad tumor contact with the capsule
must be interpreted with care since they may induce a
large number of false positive findings.

The features of seminal vesicle invasion (SVI) include
focal or diffuse low T2-weighted signal intensity and/or
abnormal contrast enhancement within the seminal vesicle,
restricted diffusion, obliteration of the angle between the
base of the prostate and the seminal vesicle, and demon-
stration of direct tumor extension from the base of the
prostate into and around the seminal vesicle [12]. As for ECE
features, it is recommended to have a rather specific
interpretation, and to take into account only direct signs of
SVI from the prostate base, with obliteration of the prosta-
toseminal angle. Isolated low T2-weighted signal intensity
and/or enhancement with no direct connectionwith a tumor
in the prostate base must be interpreted with care. In our
experience, they usually correspond to benign conditions.

Every focal lesion seen in the prostate should receive not
only a score of likelihood of malignancy (using the PI-RADS
v2 score), but also a score of likelihood of extraprostatic
extension. The PI-RADS v1 document provides some guide-
lines on how to score this extraprostatic extension [11].



Figure 3 Multiparametric magnetic resonance images ob-
tained at 3 T in a 54-year-old man with a prostate-specific
antigen level of 5.1 ng/mL and positive digital rectal exami-
nation of the right prostate lobe. Images showed a typical
cancer of the right base with low signal intensity at
T2-weighted imaging (A, white arrow), marked restriction of
diffusion on trace images obtained with a b-value of
2000 s/mm2 (B, white arrow) and on the corresponding
apparent diffusion coefficient map (C, white arrow), and
marked focal enhancement at dynamic contrast-enhanced
imaging (D, white arrow). T2-weighted imaging also showed a
marked extracapsular extension (A, black arrowheads). Tar-
geted and systematic biopsy showed Gleason score 7 (3 þ 4,
20% of grade 4) cancer in the right base and right midgland,
with a maximum cancer core length of 12 mm.
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As mentioned above, mpMRI specificity in evaluating ECE
and SVI tends to be good. Its sensitivity is low. Pooled data
from a meta-analysis for ECE, SVI and overall stage T3
showed a sensitivity and specificity of 0.57 (95% CI:
0.49e0.64) and 0.91 (95% CI: 0.88e0.93), 0.58 (95% CI:
0.47e0.68) and 0.96 (95% CI: 0.95e0.97), and 0.61 (95% CI:
0.54e0.67) and 0.88 (95% CI: 0.85e0.91), respectively [42].
Low sensitivity is mostly explained by the fact that mpMRI
cannot detect microscopic invasion [43,44].

The use of high field strength (3 T) or functional imaging in
addition to T2WI improves sensitivity for EPE or SVI detection
[42], but the experience of the reader remains of paramount
importance [45] and the inter-reader agreement is moderate
with kappa values ranging from 0.41 to 0.68 [46].

4. The role of mpMRI in the management of
clinically localized PCa

4.1. Prebiopsy mpMRI in patients with no history of
PCa

Correlation with radical prostatectomy specimens showed
that mpMRI detection rates depended on the tumor Gleason
score and volume [1,2]. mpMRI sensitivity is excellent for
Gleason score �7 cancers with a volume �0.5 mL. In a se-
ries of 175 pre-prostatectomy mpMRI assessed by two in-
dependent readers, detection rates were 21%e29% and
49%e60% for Gleason score �6 tumors of less and more than
0.5 mL respectively, 56%e63% and 88%e92% for Gleason
score 7 tumors of less and more than 0.5 mL respectively,
and 96% for Gleason score �8 tumors [1].

Because of this high sensitivity for aggressive tumors,
many groups evaluated whether mpMRI could be used to
increase the detection of csPCa by showing suspicious le-
sions that could be targeted at biopsy. A systematic review
showed that magnetic resonance/ultrasound fusion tar-
geted biopsies detected significantly more csPCa than
standard systematic biopsy. The median difference in
detection rate between the two approaches was 6.8%
(range, 0.9%e41.4%) and always in favor of targeted
biopsy [4]. However, another systematic review showed
that the increased detection of csPCa due to targeted bi-
opsy was significant only in the repeat biopsy setting. In
patients with history of negative prior biopsy, the relative
sensitivity between targeted and systematic biopsy was
1.54 (95% CI: 1.05e2.57). It was only 1.10 (95% CI:
1.00e1.22) in biopsy-naı̈ve patients [3]. This can be
explained by the fact that the repeat biopsy group is more
favorable for mpMRI, with an increased prevalence of
anterior tumors that are well detected by mpMRI [47], but
tend to be missed by systematic biopsy.

In biopsy-naı̈ve patients, several prospective mono-
center trials gave conflicting results on the added value of
targeted biopsy as compared to standard systematic bi-
opsy [48e52]. However, three recent large prospective
multicenter studies gave concordant results that may
change guidelines on this matter. The PROMIS study eval-
uated mpMRI and transrectal ultrasound (TRUS)-guided
systematic biopsy against template prostate mapping bi-
opsy in 576 biopsy-naı̈ve men [53]. mpMRI was more sen-
sitive for detection of csPCa (Gleason score �4 þ 3 or
cancer core length �6 mm) than TRUS-guided systematic
biopsy (93% [95% CI: 88%e96%] vs. 48% [95% CI: 42%e55%],
p < 0.0001). However, the analysis was made at the pa-
tient level, and did not assess the spatial correlation be-
tween areas positive on mpMRI and on template mapping
biopsy. The fact that mpMRI had a poor specificity (41%
[95% CI: 36%e46%]) may have generated some false posi-
tive findings interpreted as true positive at per-patient
analysis. Thus, mpMRI sensitivity may have been over-
estimated and the added value of targeted biopsy cannot
be inferred from these results. The PRECISION study ran-
domized 500 patients to either 10e12 core systematic bi-
opsy or to mpMRI with no biopsy if mpMRI was negative (PI-
RADS v2 score �2) or targeted biopsy without systematic
biopsy if mpMRI was positive (up to three lesions targeted
and up to four cores per target) [54]. Targeted biopsy
detected significantly more men with Gleason score �7
cancer (38% vs. 26%, adjusted difference of 12 points
[95% CI: 4e20]; p Z 0.005), and significantly fewer men
with non-significant cancers (defined as Gleason score 6
cancers; 9% vs. 22%, adjusted difference of 13 points [95%
CI: 7e19]; p < 0.001). Based on these excellent results,
one may think that using mpMRI as a triage test (i.e.
performing no biopsy at all when mpMRI is negative and
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performing only targeted biopsy when mpMRI is positive)
could become a new standard of care. However, the MRI-
FIRST trial brings nuance to the PRECISION results. In
MRI-FIRST, 275 patients underwent 12e14 core systematic
biopsy and 3e6 core targeted biopsy by two different op-
erators [55]. The operator performing systematic biopsy
was blinded to mpMRI results. Targeted biopsy diagnosed
more men with Gleason score �7 cancer than systematic
biopsy, but the difference was not statistically significant
(32.3% [95% CI: 26.5%e38.4%] vs. 29.9% [95% CI:
24.3%e36.0%], p Z 0.38). The percentage of patients
detected by combined systematic and targeted biopsy
(37.5% [95% CI: 31.4%e43.8%]) was substantially higher
than that detected by targeted or systematic biopsy alone.
Gleason score �7 cancers would have been missed in 5.2%
(95% CI: 2.8%e8.7%) of patients, had systematic biopsy not
been performed, and in 7.6% (95% CI: 4.6%e11.6%) of
patients, had targeted biopsy not been performed.

Thus, it seems clear that obtaining a pre-biopsy mpMRI
improves the detection of csPCa. However, whether sys-
tematic biopsy can be omitted remains controversial.
Many groups reported mpMRI had excellent negative pre-
dictive value for ruling out csPCa [10]. Yet, analysis of
several prospective monocenter trials showed that com-
bined systematic and targeted biopsy performed substan-
tially better than targeted biopsy alone [52,56e59], which
is in line with the MRI-FIRST results. Interestingly, one
retrospective study of 211 patients with unilateral MRI
lesions reported that systematic biopsy was useful in
addition to targeted biopsy in the lobe containing the MRI
lesion; in contrast, the added value of the systematic bi-
opsy of the contralateral lobe was marginal [60]. This
suggests that systematic biopsy may play a role in
detecting csPCa identified by mpMRI but missed by tar-
geted biopsy. This is in line with MRI-FIRST findings.
Indeed, in the MRI-FIRST cohort, systematic biopsy found
Gleason score �7 cancer missed by targeted biopsy in 13
patients. Five of these 13 patients had negative mpMRI; of
the eight remaining patients, five had an MRI lesion in the
same sextant in which systematic biopsy found Gleason
score �7 cancer. Thus, at least in these five patients,
targeted biopsy might have missed its target [55]. The
accuracy of guiding methods for targeted biopsy has been
seldom evaluated in routine conditions [61]. It becomes
mandatory to carefully evaluate this accuracy in order to
define the minimal number of targeted cores required as a
function of the size of the MRI lesion and of the size of the
prostate.

Nonetheless, using negative and positive predictive
values may be misleading since they are dependent on the
prevalence of the disease in the population [62]. A recent
systematic review showed that the reported prevalence for
overall cancer and csPCa in patients undergoing pre-biopsy
mpMRI was highly variable across institutions (13%e74.7%
and 13.7%e50.9%, respectively) [10]. Thus, it is necessary
to standardize, or at least risk-stratify, the population
referred for pre-biopsy mpMRI before defining the need for
systematic or targeted biopsy. High-risk patients with
negative mpMRI findings may still need systematic biopsy,
and low-risk patients with positive mpMRI may not all need
biopsy depending on the PI-RADS scores of the MRI
lesions. Interestingly, several recent studies suggested that
combining mpMRI findings and clinical data such as age,
PSA level, prostate volume, history of prior biopsy and/or
digital rectal examination findings could improve the pre-
diction of the results of subsequent prostate biopsy
[63e66]. Such nomograms may therefore be used in the
future to decide whether the patient needs to undergo
biopsy or not, based on his clinical background and mpMRI
findings.
4.2. The role of mpMRI in active surveillance (AS)

AS is a strategy aimed at delaying the active treatment of
cancers of low aggressiveness, until they show signs of
aggressiveness or progression. Since it is a strategy with
curative intent, it is essential not to miss the window of
opportunity for cure while following up the patient.

There is currently no consensus on the exact criteria that
should indicate AS, nor on the criteria that should trigger
active treatment. Most groups include only Gleason score 6
cancers with low PSA levels, low PSA density and a small
number of positive biopsy cores. Some authors also include
patients with Gleason score 7 (3 þ 4) cancers, a least when
their age is over 70 years. Most authors agree that when AS is
considered, the patient should undergo another biopsy. This
so-called confirmatory biopsy is intended to identify higher-
grade cancer that could have been missed on the original
biopsy. The frequency of repeat biopsy during the course of
follow-up is not consensual [67].

mpMRI is useful to improve the detection of csPCa at
confirmatory biopsy, i.e. at initial assessment of men
considering AS [68]. In a recent review of literature, Schoots
et al. [69] pooled the results of eight series comprising a
total of 931 patients who underwent mpMRI before confir-
matory biopsy. mpMRI was positive in 73% of patients. A
total of 32% of patients (297/931) were reclassified at
confirmatory biopsy due to the discovery of Gleason score
�7 (3 þ 4) cancer. Cancer upgrading occurred in 13% (121/
931) on both systematic and targeted biopsies, in 11% (105/
931) on systematic biopsy alone and in 8% (71/931) on MRI-
targeted biopsy alone. This suggests that mpMRI is useful
before confirmatory biopsy, but that systematic biopsy
should be performed in addition to targeted biopsies. Per-
forming an mpMRI before confirmatory biopsy is now rec-
ommended by the European Association of Urology
Guidelines [70].

The role of mpMRI during the course of AS (i.e. after the
confirmatory biopsy) is unclear. There is no consensus
whether or not serial mpMRIs should be obtained during AS
and what would be their optimal frequency. It remains
controversial whether negative or stable mpMRI findings
during follow-up could safely obviate subsequent biopsy.
Small series reported reclassification rates of 35%e70%
at follow-up biopsies when mpMRI findings suggest pro-
gression, versus 16%e32% in case of negative or stable
mpMRI [69].

Before the use of mpMRI could be further assessed dur-
ing AS, there is a need for standardizing the interpretation
of mpMRI in AS patients and for defining precise imaging
criteria suggesting progression. A group of experts has
recently made propositions, with the hope that this fosters
research on that matter [71].
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4.3. The role of mpMRI in local staging

Because of its low sensitivity for microscopic ECE and SVI,
mpMRI is not recommended for local staging in low-risk
patients. However, mpMRI can still be useful for treatment
planning in selected low-risk patients (e.g. candidates for
brachytherapy) [72].

In the future, other tools may be used in conjunction
with mpMRI findings to better predict T3 stage diseases.
Several clinical parameters including PSA level, PSA den-
sity, age, digital rectal examination, percentage of cancer
in biopsy cores, biopsy Gleason score, MRI lesion size have
been shown to improve the staging performances when
combined with mpMRI features of ECE and SVI [73e76].
Therefore, it is likely that local staging will be assessed in
the future not by mpMRI findings alone but by nomograms
combining clinical, biochemical and imaging features.

5. Future perspectives

Because mpMRI will be increasingly used before biopsy, it
seems necessary to address three main issues in the near
future.

First, the moderate inter-reader reproducibility of
prostate mpMRI becomes a critical issue. If the excellent
results obtained with mpMRI in referral hospitals are not
reproduced in community centers, the broad use of
prostate mpMRI will lead to patient mismanagement in a
substantial proportion of cases. A large effort of stan-
dardization of technical protocols and image interpretation
has been undertaken during the last few years. This effort
will be continued through future refinements of the PI-RADS
score. A major effort is also necessary in radiologists’
specialization, improved multidisciplinary discussions, and,
probably, in developing certification procedures and
effective quality controls in centers performing prostate
mpMRI. Quantitative imaging may also help standardizing
mpMRI interpretation. Interestingly, one CAD, cross-
validated on images from two different manufacturers,
has been recently shown to outperform Likert scoring in
predicting the presence of Gleason �7 cancer at targeted
biopsy [77].

Avoiding unnecessary biopsies will also be a major
research topic in the future. As discussed above, combining
clinical data, PSA-based features and mpMRI findings helps
defining patients who could safely avoid prostate biopsy.
A prospective and multicentric validation of such a multi-
variable nomogram is now necessary.

Lastly, evaluating the accuracy of targeted biopsies
(accuracy of guiding methods, minimal number of cores
needed, influence of the training of the operator, etc.)
becomes mandatory since targeted biopsies are likely to be
increasingly used alone, without systematic biopsies in the
future.

6. Conclusion

Because of its excellent sensitivity for aggressive cancer,
mpMRI is increasingly used to localize csPCa before biopsy,
and obtaining prostate mpMRI before biopsy will probably
become the standard of care in the future. However, it
remains necessary to improve mpMRI inter-reader repro-
ducibility, to define the best way to select the patients that
could safely avoid biopsy and to evaluate (and improve) the
accuracy of the methods guiding the biopsies that target
suspicious lesions identified by mpMRI.
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Mège-Lechevalier F, et al. Use of prostate systematic and
targeted biopsy on the basis of multiparametric MRI in biopsy-
naive patients (MRI-FIRST): a prospective, multicentre,
paired diagnostic study. Lancet Oncol 2018. https:
//doi.org/10.1016/S1470-2045(18)30569-2.

[56] Filson CP, Natarajan S, Margolis DJ, Huang J, Lieu P, Dorey FJ,
et al. Prostate cancer detection with magnetic resonance-
ultrasound fusion biopsy: the role of systematic and tar-
geted biopsies. Cancer 2016;122:884e92.

[57] Mariotti GC, Falsarella PM, Garcia RG, Queiroz MRG,
Lemos GC, Baroni RH. Incremental diagnostic value of tar-
geted biopsy using mpMRI-TRUS fusion versus 14-fragments
prostatic biopsy: a prospective controlled study. Eur Radiol
2018;28:11e6.

[58] Hakozaki Y, Matsushima H, Kumagai J, Murata T, Masuda T,
Hirai Y, et al. A prospective study of magnetic resonance
imaging and ultrasonography (MRI/US)-fusion targeted biopsy
and concurrent systematic transperineal biopsy with the
average of 18-cores to detect clinically significant prostate
cancer. BMC Urol 2017;17:117.

[59] Fourcade A, Payrard C, Tissot V, Perrouin-Verbe MA,
Demany N, Serey-Effeil S, et al. The combination of targeted
and systematic prostate biopsies is the best protocol for the
detection of clinically significant prostate cancer. Scand J Urol
2018;52:174e9.

[60] Bryk DJ, Llukani E, Taneja SS, Rosenkrantz AB, Huang WC,
Lepor H. The role of ipsilateral and contralateral transrectal
ultrasound-guided systematic prostate biopsy in men with
unilateral magnetic resonance imaging lesion undergoing
magnetic resonance imaging-ultrasound fusion-targeted
prostate biopsy. Urology 2017;102:178e82.

[61] Moldovan P, Udrescu C, Ravier E, Souchon R, Rabilloud M,
Bratan F, et al. Accuracy of elastic fusion of prostate magnetic
resonance and transrectal ultrasound images under routine
conditions: a prospective multi-operator study. PLoS One
2016;11:e0169120. https://doi.org/10.1371/journal.pone.
0169120.

[62] Rouviere O, Souchon R, Melodelima C. Pitfalls in interpreting
positive and negative predictive values: application to pros-
tate multiparametric magnetic resonance imaging. Diagn
Interv Imaging 2018;99:515e8.

[63] Radtke JP, Wiesenfarth M, Kesch C, Freitag MT, Alt CD,
Celik K, et al. Combined clinical parameters and multi-
parametric magnetic resonance imaging for advanced risk
modeling of prostate cancer-patient-tailored risk stratifica-
tion can reduce unnecessary biopsies. Eur Urol 2017;72:
888e96.

[64] van Leeuwen PJ, Hayen A, Thompson JE, Moses D, Shnier R,
Bohm M, et al. A multiparametric magnetic resonance
imaging-based risk model to determine the risk of significant
prostate cancer prior to biopsy. BJU Int 2017;120:774e81.

[65] Alberts AR, Roobol MJ, Verbeek JFM, Schoots IG, Chiu PK,
Osses DF, et al. Prediction of high-grade prostate cancer
following multiparametric magnetic resonance imaging:
improving the Rotterdam European Randomized Study of
Screening for Prostate Cancer risk calculators. Eur Urol 2018.
https://doi.org/10.1016/j.eururo.2018.07.031.

[66] Mehralivand S, Shih JH, Rais-Bahrami S, Oto A, Bednarova S,
Nix JW, et al. A magnetic resonance imaging-based prediction
model for prostate biopsy risk stratification. JAMA Oncol 2018;
4:678e85.

[67] Klotz L. Active surveillance for low-risk prostate cancer. Curr
Opin Urol 2017;27:225e30.

[68] Schoots IG, Petrides N, Giganti F, Bokhorst LP, Rannikko A,
Klotz L, et al. Magnetic resonance imaging in active

http://refhub.elsevier.com/S2214-3882(18)30095-X/sref40
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref40
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref40
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref41
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref41
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref41
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref41
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref41
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref41
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref42
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref42
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref42
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref42
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref42
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref43
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref43
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref43
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref43
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref43
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref44
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref44
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref44
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref44
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref44
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref44
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref45
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref45
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref45
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref45
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref45
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref45
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref46
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref46
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref46
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref46
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref46
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref46
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref47
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref47
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref47
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref47
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref47
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref47
https://doi.org/10.1016/j.urolonc.2014.09.013
https://doi.org/10.1016/j.urolonc.2014.09.013
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref49
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref50
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref51
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref51
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref51
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref51
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref51
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref51
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref52
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref52
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref52
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref52
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref52
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref53
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref53
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref53
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref53
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref53
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref54
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref54
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref54
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref54
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref54
https://doi.org/10.1016/S1470-2045(18)30569-2
https://doi.org/10.1016/S1470-2045(18)30569-2
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref56
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref56
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref56
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref56
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref56
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref57
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref57
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref57
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref57
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref57
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref57
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref58
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref58
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref58
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref58
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref58
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref58
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref59
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref59
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref59
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref59
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref59
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref59
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref60
https://doi.org/10.1371/journal.pone.0169120
https://doi.org/10.1371/journal.pone.0169120
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref62
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref62
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref62
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref62
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref62
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref63
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref64
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref64
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref64
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref64
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref64
https://doi.org/10.1016/j.eururo.2018.07.031
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref66
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref66
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref66
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref66
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref66
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref67
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref67
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref67
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref68
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref68


Prostate MRI 145
surveillance of prostate cancer: a systematic review. Eur Urol
2015;67:627e36.

[69] Schoots IG, Moore CM, Rouviere O. Role of MRI in low-risk
prostate cancer: finding the wolf in sheep’s clothing or the
sheep in wolf’s clothing? Curr Opin Urol 2017;27:238e45.

[70] Mottet N, van den Berg RCA, Briers E, Bourke L, Cornford P, De
Santis M, et al. EAU-ESTRO-ESUR-SIOG guidelines on prostate
cancer. 2018 [Accessed 30 December 2018]. https://uroweb.
org/guideline/prostate-cancer/.

[71] Moore CM, Giganti F, Albertsen P, Allen C, Bangma C,
Briganti A, et al. Reporting magnetic resonance imaging in
men on active surveillance for prostate cancer: the PRECISE
recommendationsda report of a European school of oncology
task force. Eur Urol 2017;71:648e55.

[72] Albert JM, Swanson DA, Pugh TJ, Zhang M, Bruno TL,
Kudchadker RJ, et al. Magnetic resonance imaging-based
treatment planning for prostate brachytherapy. Brachyther-
apy 2013;12:30e7.

[73] Salami SS, Vira MA, Turkbey B, Fakhoury M, Yaskiv O, Villani R,
et al. Multiparametric magnetic resonance imaging out-
performs the Prostate Cancer Prevention Trial risk calculator
in predicting clinically significant prostate cancer. Cancer
2014;120:2876e82.

[74] Gupta RT, Faridi KF, Singh AA, Passoni NM, Garcia-Reyes K,
Madden JF, et al. Comparing 3-T multiparametric MRI and the
Partin tables to predict organ-confined prostate cancer after
radical prostatectomy. Urol Oncol 2014;32:1292e9.

[75] Raskolnikov D, George AK, Rais-Bahrami S, Turkbey B,
Siddiqui MM, Shakir NA, et al. The role of magnetic resonance
image guided prostate biopsy in stratifying men for risk of
extracapsular extension at radical prostatectomy. J Urol 2015;
194:105e11.

[76] Feng TS, Sharif-Afshar AR, Wu J, Li Q, Luthringer D, Saouaf R,
et al. Multiparametric MRI improves accuracy of clinical no-
mograms for predicting extracapsular extension of prostate
cancer. Urology 2015;86:332e7.

[77] Dinh AH, Melodelima C, Souchon R, Moldovan PC, Bratan F,
Pagnoux G, et al. Characterization of prostate cancer with
Gleason score of at least 7 by using quantitative multi-
parametric MR imaging: validation of a computer-aided diag-
nosis system in patients referred for prostate biopsy.
Radiology 2018;287:525e33.

http://refhub.elsevier.com/S2214-3882(18)30095-X/sref68
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref68
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref68
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref69
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref69
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref69
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref69
https://uroweb.org/guideline/prostate-cancer/
https://uroweb.org/guideline/prostate-cancer/
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref71
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref72
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref72
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref72
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref72
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref72
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref73
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref73
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref73
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref73
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref73
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref73
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref74
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref74
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref74
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref74
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref74
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref75
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref75
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref75
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref75
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref75
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref75
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref76
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref76
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref76
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref76
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref76
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77
http://refhub.elsevier.com/S2214-3882(18)30095-X/sref77

	The current role of prostate multiparametric magnetic resonance imaging
	1. Introduction
	2. Technical requirements for prostate mpMRI
	3. Interpretation of mpMRI
	3.1. Diagnostic criteria for PCa
	3.2. Diagnostic criteria for local extraprostatic extension (ECE)

	4. The role of mpMRI in the management of clinically localized PCa
	4.1. Prebiopsy mpMRI in patients with no history of PCa
	4.2. The role of mpMRI in active surveillance (AS)
	4.3. The role of mpMRI in local staging

	5. Future perspectives
	6. Conclusion
	Author contributions
	Conflicts of interest
	References


