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Purpose: Accurate detection of clinically significant prostate cancer (PC) and correct risk attribution are
essential to individually counsel men with PC. Multiparametric MRI (mpMRI) facilitates correct localization
of index lesions within the prostate and MRI-targeted prostate biopsy (TPB) helps to avoid the shortcomings
of conventional biopsy such as false-negative results or underdiagnosis of aggressive PC. In this review we
summarize the different sequences of mpMRI, characterize the possibilities of incorporating MRI in the
biopsy workflow and outline the performance of targeted and systematic cores in significant cancer detection.
Furthermore, we outline the potential of MRI in patients undergoing active surveillance (AS) and in the pre-
operative setting.

Materials and methods: An electronic MEDLINE/PubMed search up to February 2015 was
performed. English language articles were reviewed for inclusion ability and data were extracted, analyzed
and summarized.

Results: Targeted biopsies significantly outperform conventional systematic biopsies in the detection of
significant PC and are not inferior when compared to transperineal saturation biopsies. MpMRI can detect
index lesions in app. 90% of cases as compared to prostatectomy specimen. The diagnostic performance
of biparametric MRI (T2w + DWI) is not inferior to mpMRI, offering options to diminish cost- and time-
consumption. Since app 10% of significant lesions are still MRI-invisible, systematic cores seem to be
necessary. In-bore biopsy and MRI/TRUS-fusion-guided biopsy tend to be superior techniques compared
to cognitive fusion. In AS, mpMRI avoids underdetection of significant PC and confirms low-risk disease
accurately. In higher-risk disease, pre-surgical MRI can change the clinically-based surgical plan in up to a
third of cases.

Conclusions: mpMRI and targeted biopsies are able to detect significant PC accurately and mitigate
insignificant PC detection. As long as the negative predictive value (NPV) is still imperfect, systematic cores
should not be omitted for optimal staging of disease. The potential to correctly classify aggressiveness of

disease in AS patients and to guide and plan prostatectomy is evolving.
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Introduction

Prostate cancer (PC) is the most common noncutaneous
malignancy in men in Western countries (1). In 2011,
around 900,000 new cases and among 250,000 deaths were
recorded worldwide (1). According the European Association
of Urology guidelines an elevated prostate specific antigen
(PSA)-level should trigger an extended 12-core systematic
TRUS-guided biopsy, which is endorsed as the optimal biopsy
method (2). This diagnostic strategy is based on random
sampling and is largely operator dependent. Consecutively,
this biopsy technique is subject to sampling error and
provides poor characterization of PC aggressiveness (3).
The main shortcomings of the 12-core TRUS biopsy
technique are failure to detect clinically significant cancer
and imprecise PC risk stratification (undersampling) and
detection of small low-risk clinically insignificant cancers
(overdetection) (4,5). This diagnostic uncertainty can lead
to repeat biopsy, delayed detection of significant disease or
disease overtreatment. The need of precise tumor detection
and staging increases in the context of recent trends of active
surveillance (AS) and focal therapy.

Since its first usage in 1983, magnetic resonance imaging
(MRYI) is increasingly used for PC diagnosis because of
growing availability and multiparametric imaging, combining
anatomic and functional data (6). A number of studies confirm
the diagnostic reliability of multiparametric MRI (mpMRI)
for PC detection (4,7). In the past, widespread acceptance
of mpMRI suffered from a lack of standardized diagnostic
criteria for reporting of results, leading to a substantial
variability in interpretation (8). To standardize the evaluation
and reporting of prostate MRI, the European Society of
Urogenital Radiology (ESUR) published guidelines based on
an expert consensus in 2012, termed the Prostate Imaging
Reporting and Data System (PIRADS) (9). This guideline
provides explicit and standardized criteria for Likert-scoring of
multiparametric sequences [ 12w, diffusion-weighted imaging
(DWI), dynamic contrast enhanced imaging (DCE) and
MR-spectroscopy] (9). Since then, the PIRADS score has been
externally validated with a good accuracy, suggesting that this
5-point-Likert scoring allows to detect PC accurately (10-13).
The T2w, DWI and DCE sequences have been maturating as
being most accurate for PC detection, whereas the use of MR-
spectroscopy has mostly been abandoned.

The accuracy of mpMRI and PIRADS scoring has not
only been established for biopsy specimen, but also for
histopathologic correlation using prostatectomy specimen.
In the pre-PIRADS era, Isebaert ez 4l. found a sensitivity
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of 58.5% for PC detection (14). Recent publications
demonstrate detection rates of significant PC between 80-96%
for MRI compared to whole-mount sections (15-17).
MRI-targeted biopsies (TB) can be taken by various
approaches. Visual estimation (VE) allows the adaptation
of TB in clinical practice without costs for new equipment,
but lacks real-time feedback regarding accuracy. The
effectiveness and accuracy of VE biopsy vary among studies.
Haftner et al. detected significant PC in 43% of men using
TB and missed only 5.2% of significant PC as compared
to standard biopsy (18). In addition, Kasivisvanathan er a/.
reported non-inferiority of VE TB as compared to
transperineal mapping (19). However, the performance of
VE TB is strongly experience dependent, limiting the wide-
spread of this approach (3). In-bore MRI guided biopsy
is an alternative, offering a cancer detection rate (CDR)
of 41% and finding mostly clinically significant PC (20).
These results have been corroborated by recent studies,
demonstrating that in-bore MRI guided biopsy is a feasible
technique, requiring fewer cores to detect similar rates of
significant cancer and a median detection rate for all PC
around 42% (21,22). However, the use of in-bore TB alone
might be critical as several studies demonstrate that app.
10% of significant tumors are MRI-invisible (12,13,23,24).
MRI/TRUS-fusion-guided biopsies with software-
registration potentially overcome limitations of cognitive
fusion through reproducible methods of identifying
MRI lesions on ultrasound (25). The utility of TB versus
systematic biopsy (SB) has recently been established in a
large cohort that has been analysed according to standards
formulated by an international consensus meeting (26,27).
Siddiqui er al. published the results of 1,003 patients
undergoing MRI-TB of MRI-visible lesions in addition to
standard 12-core biopsy (26). In their study, TB detected
significantly more (30%, P<0.001) high-risk PC and
17% fewer low-risk PC (P=0.002) compared to SB (26).
However, TB alone missed 8.1% of intermediate- and
high-risk PC compared to the combination of TB and SB.
Moreover, when compared to prostatectomy specimen
the negative predictive value of TB to exclude significant
disease was still imperfect (70%). Furthermore, when
TB were compared to a different reference test (24-core
transperineal SB), 20.9% of significant PC were detected
by TB alone, whereas 12.8% were missed by T'B alone (12).
Overall, no statistically significant difference in significant
PC detection occurred between both approaches (12). In
conclusion, for optimal staging both TB and SB should be
taken to detect significant PC accurately, echoing other
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Figure 1 Study flowchart with inclusion and exclusion criteria for manuscripts into analysis. MRI, magnetic resonance imaging.

recent publications (12,24).

MpMRI also has the potential to predict extracapsular
extension (ECE) on radical prostatectomy (RP) (28).
Somford et /. and Marcus et 4/. have demonstrated
promising negative (NPV) and positive predictive values
(PPVs) of ECE and the possibility of changing the surgical
strategy (28,29).

In this review we evaluate the role of MRI in the pre-biopsy
setting and the utility to predict RP outcome. Moreover
we describe the different MRI sequences and biopsy
techniques.

Materials and methods

We searched MEDLINE/PubMed for English language
manuscripts published up to February 2015 using the following
search terms: MRI, multiparametric MRI, biparametric MRI,
MRI-guided, MRI-targeted, image-guided, MRI-ultrasound
fusion, cognitive, prostate, PC, biopsy, detection, AS, risk
assessment, risk stratification, PIRADS, NMR, cancer
detection, visual estimation and extraprostatic extension
(EPE). Non-English articles were excluded from analysis.
Inclusion criteria were male gender, adult and availability of
full text. Overall, 653 publications were included. Data were
extracted and analyzed.

The literature search and study pre-selection is
graphically displayed in Figure 1.
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Results
Limitations of the contemporary systematic biopsy technique

False-negative biopsy

Standard 12-core transrectal biopsies need optimal spatial
distribution for tumor detection and are consequently
subject to sampling error. Undersampling occurs in up to
30-80% of patients with significant PC (4,26,30). Especially
cancers with small volume or PC located in the transition
zone (TZ) and anterior prostate are difficult to detect by
random 12-core transrectal approaches (31,32). Additionally
larger glands are subject to greater risk of false-negative
biopsy (30). To overcome this sampling error, multiple
repeat biopsies are often performed. However, these can
result in overdetection of indolent cancers that may not
have caused harm (3).

Incorrect risk stratification

The undersampling of the prostate during systematic
transrectal procedures can lead to incorrect risk stratification
of PC. More strict definitions of PC do not only include
the Gleason score (GS) (>3+4 or >4+3), but also the lesion
volume (33,34). Random biopsies risk inadequate lesion
sampling, as the cancer core length is significantly decreased
compared to TB (35,36). This may reveal a small length of
tumor in a core with a low GS, when in fact a significant
lesion may occur adjacent to the biopsy location (3,37).
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Another risk of conventional TRUS-guided biopsy is
upgrading. Dinh et al. recently analyzed a SEER-database
cohort of 10,273 patients, and found an upgrading of
44% from clinically low-risk PC in biopsy to GS >7 in RP
specimen (38). Shaw ez al. also found an upgrading of 50.2%
from low-risk PC to intermediate- and high-risk PC in RP
specimen analyzing 848 patients (39).

Detection of clinically insignificant disease
Approximately 60% of men over age of 80 years harbor
clinically insignificant PC without suffering from it at
autopsy studies (40). These clinically insignificant PC are
often identified by chance during a SB and may contribute to
overdetection and overtreatment of indolent PC (5,41,42).

Risk of infection

Although the TRUS-biopsy approach is the standard
diagnostic approach for over 20 years, significant side-effects
and morbidity are rising, especially post-biopsy infections (43).
In a national Swedish cohort of 51,321 men, Lundstrom et a/.
showed an infection rate of 6% after transrectal biopsy (44).
Prevention and prophylaxis from infections caused by rectal
milieu is especially important, since the frequency of Escherichia
coli resistant to fluoroquinolone increased from 11% in 2006
to 13% in 2011 (44,45). Additionally, Feliciano et al. described
not only a fluorquinolone resistance of Escherichia coli, but also
to gentamicin (22% of cases), trimethoprim/sulfamethoxazole
in 44%, piperacillin in 72% and ampicillin in 94% (46).
Furthermore Cohen ez 4l. described an inidal fluoroquinolone
resistance of Escherichia coli in 24.4% of cases in an initial
biopsy cohort of 416 men (47).

Transperineal approach

The transperineal approach is an alternative to the transrectal
entry path, causing less risk of infection. Additionally,
the anterior prostate is easier to access. Furthermore,
transperineal mapping biopsy specimen undergo significantly
less upgrading on RP specimen (8% versus 52% in a
publication of Crawford ez 4..) (48). One disadvantage is that
transperineal biopsies are more painful. Thus, anesthesia is
needed, especially in case of saturation or mapping biopsies
averting the wide-spread use of this approach.

Extended systematic and saturation biopsies

The debate on the optimal number of biopsy core
samples that should be taken is still open. Ploussard ez al.
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have demonstrated that an increase from 12 to 21 cores
significantly increases the detection rate of significant
PC (49). Transperineal mapping biopsy (TPMB) aims for
optimal staging and detection of all significant PC by using
an external grid of 5 mm (50,51). Lecornet ez 4. have shown
that TPMB detects nearly all significant PC lesions above
0.5 mL (52). However, TPMB is significantly more invasive
than SB leading to urinary retention and the potential for
oversampling of clinically insignificant PC, which often
results in overtreatment. Valerio et 4l. report that, beside
an accurate index lesion detection, insignificant PC was
detected in up to 42.9% of TPMB (53). Additionally, the
prostate is mobile, deformable and swells during biopsy,
so real-time sampling errors in vivo might still occur (25).
Thus, Ukimura et /. conclude that the specific clinical
indication for TPMB, remains under debate (25).

Prostate mpMRI for PC detection and localization

The first application of prostate MRI was published by
Hricak et 4l. in 1983 (54). Since then, the field strength of
MRI increased from 0.35 Tesla (T) to 3T and standardized
multiparametric sequences (T2w, DWI and DCE) were
established. MRI and TB detect more clinically significant
PC compared to standard 12-core TRUS-biopsy
(4,26,37,55). To establish a standardized MRI technique
and a quantitative structured reporting system, the ESUR
promoted the ESUR guidelines in 2012 (9). In 2015, a
revised PIRADS version was published by the American
College of Radiologists (56). The imaging techniques are
described in the following sections.

T2-weighted imaging

T2w MR images have high spatial resolution and clearly
define the prostate’s zonal anatomy (Figure 2) (59). PC in
the peripheral zone often appear as a low signal intensity
area on T2w (9). The degree of intensity decrease differs
with the GS, with higher GS components showing lower
signal intensities (60). However, T2w imaging can result
in false positive findings, as low-signal intensity also occurs
in acute and chronic prostatitis, atrophy, scars, post-
irradiation, hyperplasia and post-biopsy hemorrhage (3).
Because of the heterogeneous appearance of benign prostate
hyperplasia with both, increased and decreased signal intensity,
PC in the TZ can be difficult to distinguish from benign
tissue (61,62). Morphologic features such as homogeneously
low signal intensity, irregular edges of the suspicious lesion,
invasion into the urethra or the anterior fibromuscular stroma
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Figure 2 Scheme of prostate zones. Transversal (A) and sagittal (B) scheme of prostate zones, according to McNeal ez 4/. and adapted from

Bouyé er al. (57,58). The dark red colored area represents the anterior fibromuscular stroma and the bright red colored area the TZ of the

prostate (57,58). The peripheral zone is colored in green, the central zone in beige. TZ, transition zone.

(AFMS), and lenticular shape are helpful for detection of
TZ tumors (63). Moreover, the updated PIRADS guidelines
state that T2w Imaging is the dominant sequence for the
TZ [Tible 1 (see part A) and Table 2] (56).

Diffusion-weighted imaging (DWI)

DWTI is based on Brownian motion and measures random
motion of water molecules. The strength of the gradient
that determines the degree of diffusion-weighting is
reflected by the sequence’s b value. Performing DWI with
multiple b values, it is possible to compute the apparent
diffusion coefficient (ADC) based on the signal intensity
measured at each b value image to quantify the restriction of
water diffusion. B values of 0, 100 and 800-1,000 s/mm’ are
recommended (9). For ADC calculation, the highest b value
should be 1,000 s/mm’ (9). The utility of higher b values up
to 2,000 s/mm’ is under debate (64,65). On ADC maps, PC
frequently shows low ADC values and an inverse correlation
exists between quantitative ADC values and the GS (65-67).
While ADC does correlate with GS, the confidence
intervals are widely overlapping, limiting the ability to use
ADC as a surrogate of GS (3,67).

Limitations of DWI include low signal-to-noise ratio and
image distortion, both of which become more problematic
at higher b values (3). Nonetheless, DWI is a widely
available technique, and given its association with tumor
aggressiveness, it may prove to be the primary sequence
for tumor detection and characterization, especially in the
peripheral zone, were it is recommended as the dominant
sequence [7able 1 (see part B) and Table 2] (56,67).
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Dynamic contrast-enhanced imaging and role of
biparametric MRI

Dynamic contrast-enhanced MRI consists of a series of fast
T1w-sequences covering the prostate, before and after a bolus
injection of gadolinium chelate (9). It is the most common
imaging method for evaluation of tumor vascularity (68).
As many other malignancies, PC often demonstrate
early enhancement compared to normal tissue (69).
However, kinetics of PC enhancement can be variable
and heterogeneous (56). Recent guidelines recommend to
include DCE not to miss some small significant PC (56).
If focal lesions are found, T2w and DWI images should be
carefully interrogated for corresponding abnormalities (56).
At present, the additional value of DCE is discussed
controversially. Some publications state that addition
of DCE and/or DW imaging to T2-weighted MRI
significantly improved sensitivity from 63% to 79-81% in
the peripheral zone, while maintaining a stable specificity (7).
Yoshizako et al. demonstrated that the combined use of
DWI, DCE, and T2-weighted MRI increased the accuracy
in detection of TZ cancer compared to T2w alone, from
64% to 79% (70). The PIRADS 2015 guidelines still
recommend the use of DCE, whereas Rosenkrantz et 4.,
Hoeks et al., Rais-Bahrami et /. and Schimmoller et al.
postulate that additional DCE did not improve the
detection and localization accuracy of significant PC in
all zones and especially in the TZ (56,62,71-73). When
performed, DCE is positive when there is enhancement that
is focal, earlier or contemporaneous with enhancement of
adjacent normal prostatic tissue and usually corresponding
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Table 1 PIRADS scoring for (A) T2w imaging, (B) DWT and (C) DCE imaging, according to the 2015 version of the American College
of Radiologists (58)

Score PZ or TZ
A: T2-weighted imaging

1 PZ: uniform hyperintens signal intensity (normal);
TZ: homogeneous intermediate signal intensity (normal)
2 PZ: linear or wedge-shaped hypointensity or diffuse mild hypointensity, usually indistinct margin;
TZ: circumscribed hypointense or heterogeneous encapsulated nodules
3 PZ: heterogeneous signal intensity or non-circumscribed, rounded, moderate hypointensity Includes others that do not
qualify as 2, 4 or 5;
TZ: heterogeneous signal intensity with obscured margins. Includes others that do not qualify as 2, 4 or 5
4 PZ: circumscribed, homogenous moderate hypointense focus/mass confined to prostate and <1.5 cm in greatest
dimension;
TZ: lenticular or non-circumscribed, homogeneous moderately hypointense, and <1.5 cm in greatest dimension
5 PZ: same as 4 but 1.5 cm in greatest dimension or definite extraprostatic extension/invasive behaviour;
TZ: Same as 4 but =1.5 cm in greatest dimension or definite extraprostatic extension/invasive behaviour
B: Diffusion-weighted imaging
No abnormality (i.e., normal) on ADC and high b value DWI
Indistinct hypointense on ADC
Focal mildly/moderately hypointense on ADC and isointense/mildly hyperintense on high b value DWI
Focal markedly hypointense on ADC and markedly hyperintense on high b value DWI; <1.5 cm in greatest dimension

a ~A 0N =

Same as 4 but >1.5 cm in greatest dimension or definite extraprostatic extension (EPE)/invasive behaviour
C: Dynamic contrast enhanced imaging
- No early enhancement, or;
diffuse enhancement not corresponding to a focal finding on T2 and/or DWI or;
focal enhancement corresponding to a lesion demonstrating features of BPH on T2w
+ focal, and; earlier than or contemporaneously with enhancement of adjacent normal prostatic tissues, and;
corresponds to suspicious finding on T2w and/or DWI

PIRADS, Prostate Imaging Reporting and Data System; PZ, peripheral zone; TZ, transition zone; ADC, apparent diffusion
coefficient; DWI, diffusion weighted imaging.

Table 2 Dominant sequence distribution to PZ and TZ for T2w Imaging and DWI

Assessment without adequate DWI Assessment without adequate

Pz TZ
(PZand T2) DCE (T2)
DWI T2w DCE PIRADS T2w Dwl DCE PIRADS T2w DWI DCE PIRADS T2w DWI DCE PIRADS

1 Any Any 1 1 Any Any 1 1 X Any 1 1 Any X 1
Any Any 2 2 Any Any 2 X Any 2 Any X 2

Any - 3 3 <4 Any 3 X - 3 <4 X 3

+ 4 5 Any 4 X + 4 5 X 4

4 Any Any 4 4 Any Any 4 4 X Any 4 4  Any X 4
5 Any Any 5 5 Any Any 5 5 X Any 5 5 Any X 5

Any indicates 1-5. PZ, peripheral zone; TZ, transition zone; DWI, diffusion weighted imaging; DCE, dynamic contrast enhanced
imaging sequence; PIRADS, Prostate Imaging Reporting and Data System.
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Figure 3 Example of MRI/TRUS-fusion guided biopsy using the MedCom system. MRI-targeted biopsy with ultrasound guidance and
software registration. Series showing (from left to right): T2-weighted image showing a low-intensity lesion in the left peripheral zone,
delineation of the target volume on the T2-weighted image, a three-dimensional model of prostate volume and target volume, registration

of MR volume to ultrasound image, and the biopsy needle within the target volume on the ultrasound image. MRI, magnetic resonance

imaging; TRUS, transrectal ultrasound.

to suspicious findings on T2w and/or DWI [Tuble 1 (see
part C) and Table 2] (56).

Technique of MRI targeted biopsy

In general, TB can be performed as direct in-bore
MRI-guided biopsy, as VE biopsy or as fusion-biopsy with
software-registration. Fusion-guided biopsies consist of
co-registrating pre-acquired MRI data with real-time
US with the use of software and computing of the probe
location and can be performed using elastic fusion systems
(e.g., Koelis Urostation, Eigen Artemis) or rigid fusion
systems (e.g., Philips Uronav, MedCom BiopSee; Figure 3).

Visual estimation

VE allows adaptation of TB in clinical practice without
significant upfront cost, but carries a significant learning
curve and lacks real-time feedback regarding accuracy
(3,19,74). MRI and TRUS images are superimposed by
a cognitive overlay of TRUS and MR images during
biopsy, using a printed document or by displaying MR
images on the screen of a workstation located in the
TRUS room, adjacent to the TRUS platform (19).
The physician aims the target lesion with knowledge of
lesion localization on MRI. Several publications analyzed
the value of cognitively performed TB. Lawrentschuk ez a/.
detected a higher performance of cognitive TB over
random cores, in particular in anterior lesions (75). Haffner
et al. compared, in a retrospective study, results of TB with
those of 12 random biopsies in 555 patients. A TB strategy
alone would have necessitated only a mean of 3.8 cores
per patient and avoided unnecessary biopsies in 38% of
patients with a normal MRI, while avoiding the diagnosis
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of insignificant cancer detected by random biopsies in 13%
cases (18). In this study, 13 significant cancers were missed
with TB alone and 12 significant cancers were missed with
the standard approach (18). In another study, Puech ez a/.
found that MRI prior to biopsy improved CDR which raised
from 59% by 12-core SB to 65% by cognitive TB. With
regard to significant cancer (Cancer core length >3 mm on
any core and GS >3+3) CDR was 67% for TB and 52% for
conventional biopsies (35). Labanaris et 4/. showed that TB
allow an exact match of biopsy and surgical GS in 90% and
concluded that MRI should be performed prior to biopsy to
solve underestimation of GS by SB (76). Kasivisvanathan et /.
detected a statistically not significantly lower CDR of TB
(57% cancer detecion rate) compared to a strict reference-test
of TPMB (62% CDR) (19). Wysock et al. published that VE
was slightly inferior to MRI/TRUS-fusion biopsy for all PC
(CDR 20.3% wvs. 32.0%, P=0.1374) and for significant PC
(CDR 15.1% ws. 26.7%) (74). In conclusion, the currently
published studies show an improved accuracy and cancer
detection compared to conventional TRUS-biopsy.

In-bore MRI-guided biopsy

The in-bore biopsy approach has the advantages of accurate
depiction of needle placement, fewer sampled cores, and a
low likelihood of missed targets if these are MRI-visible (20).
In-bore biopsy is a targeted biopsy directly performed
within the MRI tube. It has the disadvantage of increased
cost- and time consumption and the inability to routinely
sample the remaining gland (20,21). This is in particular
important, as MRI misses app. 10% of significant lesions
compared to final RP pathology (15,16). Quentin ez 4l
demonstrate an excellent significant cancer detection by

in-bore TB of 92.2% (21). In the series of Hoeks et al.
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265 patients with suspicious lesions on mpMRI with prior
negative TRUS-biopsies underwent transrectal in-bore
TB, resulting in a CDR of 41% with 87% of these detected
cancers found to be clinically significant (20). Multiple
studies have corroborated these results, demonstrating
that in-bore MRI-guided biopsy is a feasible diagnostic
technique in patients with prior negative biopsy, offering
a median detection rate of 42%, significantly higher than
reported detection rates for repeat SB (22). Pokorny et al.
demonstrated that an MRI-guided biopsy pathway reduced
the diagnosis of low-risk PC by 89.4% and increased the
detection of intermediate-risk/high-risk PC by 17.7% (36).
However, compared to RP specimen, 14.7% of patients
were undergraded by the mpMRI and MRI-guided biopsy
approach (36).

MRI/TRUS-fusion-guided biopsy

MR-fusion-guided TB are more often histologically
informative and, thus, may overcome the limitations
of cognitive TB through reproducible methods for
identification of MRI lesions on ultrasound (3,74). Several
commercial platforms have become available varying in the
method of co-registration and utilizing different hardware
platforms for aligning the biopsy with the co-registered
image (3,77). MRI/TRUS-fusion-guided biopsy potentially
has greater reproducibility due to less operator dependence
and by providing real time feedback of actual biopsied
locations, compared to VE (3). Disadvantages include higher
costs for the software/device, dependence on the software
for accuracy, and associated learning curve and operator
training (3). Recent publications focused on the detection
of PC and of significant disease compared to conventional
SB or TPMB as reference-test (4,12,15,26,36,37,78,79).
Using the Uronav system and conventional 12-core
TRUS-biopsy as reference-test, Siddiqui er «l. recently
demonstrated in a cohort of >1,000 patients that TB
diagnosed 30% more high-risk cancers versus standard
biopsy (P<0.001) and 17% fewer low-risk cancers (P=0.002)
using primary Gleason pattern four as significance level (26).
Salami et /. and Rastinehad et a/. used GS >3+4 as
significant cancer and published that 14.3% to 20.9% of
significant PC were detected by TB alone and missed by
standard TRUS approach (37,78). Moreover, upgrading
from insignificant to significant PC by MRI/TRUS-fusion
guided biopsy occurred in 23.5% (37). On the other hand,
4/105 significant PC were missed by MRI/TRUS-fusion
guided biopsy (37). Kuru ez 4. and Radtke et 4. from our
group analyzed the detection accuracy of TB compared to
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a transperineal saturation biopsy as reference-test (12,79).
TB detected significantly more PC than SB on per-core
analysis (30% vs. 8.2%) (79). Analyzing the detection rates
of TB versus transperineal SB, TB alone did not lead to
a significantly lower detection of significant PC, defined
as GS >3+4 (P=0.711) (12). At the same time, TB alone
avoided overdiagnosis of 43.8% of low-grade tumors (12).
Only applying TB in man with suspicious MRI (PIRADS
score >2) may reduce both, cost and overdetection of low-
risk PC, but would have underdiagnosed 11 patients with
GS 23+4 PC (14.6%) (12). Using RP as reference test, Baco
et al. demonstrated that 98% of index tumors, defined as
the highest GS or biggest volume in case of multifocality
with equal GS, were diagnosed by MRI and that the correct
location was diagnosed in 98% by MRI/TRUS-fusion
guided TB, using the Koelis Urostation (Figure 4) (15).
However, in the larger prostatetcomy cohort of the Siddiqui
publication, the negative predictive value (NPV) of TB to
exclude significant disease was only 70%.

Comparative studies of different targeted biopsy
approaches

Only a few studies have compared the CDR between
different targeting techniques and the results are controversial
(5,35,74). In a study comparing VE with two MRI/TRUS-
fusion devices, Delongchamps er al. reported that cognitive
fusion-biopsy was not significantly better than SB, while
both software co-registration devices tested (Esaote/
MyLabTMTwice and Koelis/Urostation) significantly
increased CDR compared to SB using conditional logistic
regression analysis in a cohort of 391 patients (5). Wysock ez 4.
compared MRI/TRUS-fusion-guided biopsies using the
Eigen/Artemis system versus VE targeting in a prospective
study including 125 men with suspicious lesions (74).
They found that MRI/TRUS-fusion-guided biopsies had
a slightly improved CDR compared to VE for all cancers
(32% wvs. 26.7%, P=0.1374) and for GS >3+4 (20.3% uvs.
15.1%, P=0.0523). Puech et 4/. observed no difference in
the CDR of PC for rigid software co-registration using
MedCom Navigator compared to cognitive fusion TB (53 %
vs. 47%) (35). Additionally, no differences were detected
for cancer positivity in the subgroups of posterior (46 of 79,
58%), anterior (33 of 79, 42%), or smallest (25 of 79, 32%)
MR imaging targets (35).

Targeted versus systematic SB

Several publications investigated the detection accuracy
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Figure 4 Accuracy of MRI and MRI-targeted biopsy compared to RP specimen. Results of prebiopsy MRI (T2w and DWI is presented)

of a 68-year-old male with PSA level 8.1 ng/mL. One negative transrectal prostate biopsy was performed two years before. MRI detected a

hypointense area in the right TZon T2w imaging (A, arrow), affecting the AFMS and the anterior horn of the right peripheral zone. Signal

intensity was increased on Diffusion-weighted imaging on b value 1,000 sec/mm’ (B, arrow) with a low signal intensity on ADC map (C,

arrow). On biopsy specimen, a GS 4+3 PC occurred in three targeted cores. The patient underwent RP. RP specimen detected a GS 4+3

pT2c PC in the TZ, affecting the AFMS and anterior horn of peripheral zone with negative surgical margins (D, black line). GS, gleason

score; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; ADC, apparent diffusion coefficient.

of TB and SB alone or in combination (12,26,37,78). As
described above, Siddiqui ez 4/. from the National Institutes
of Health (NIH) analyzed the value of TB vs. 12-core
TRUS-biopsy in a cohort of 1003 men (26). Additional
standard biopsy diagnosed 22% more PC , but 83% of
these cases were low-risk PC, while only 5% were high-
risk PC (26). The number needed to biopsy with SB in
addition to TB to detect one high-risk PC was 200 men (26).
Rastinehad et 4/. detected an upgrading from insignificant
to significant PC by MRI/TRUS-fusion guided biopsy
versus SB in 23.5% (37). On the other hand, only 3.8% of
significant PC (defined as GS >3+4) were missed by MRI/
TRUS-fusion guided biopsy (37). Le er al. reported that
17% were diagnosed with GS >3+4 PC by 12-core random
biopsy alone, whereas 36% of GS >3+4 PC were exclusively
detected by TB (24).

When MRI/TRUS-fusion guided biopsies are compared
to transperineal saturation biopsies, exclusive detection by
fusion-guided biopsy occurred in 20.9% of GS >3+4 PC
and on the other hand in 12.8% by SB alone (12). Valerio
et al. published in a systematic review of 14 publications,
that MRI/TRUS-fusion biopsies detected a median of
9.1% additional clinically significant cancers (range,
5-16.2%) that were missed by standard biopsy alone (53).
In contrast, standard biopsies detected a median of 2.1%
(range, 0-12.4%) additional clinically significant cancers
that were missed by MRI/TRUS-fusion biopsies (53). If
the standard biopsy is only a TRUS-biopsy approach, the
range of significant PC diagnosted exclusively by standard
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biopsy stooad at 0-7% (53). In conclusion, Le et /. and
Radtke ez al. postulated that the combination of TB and
SB represents the reference-standard for cancer detection
(12,24). As long as TB miss 3.8-17% of significant PC
(according to different definitions of significance), SB
should not generally be omitted. Men with suspicion of
PC should be counseled and then they may choose if they
prefer reduction of overdiagnosis (TB alone) or maximum
safety (combination of TB and SB) (12).

Correlation of MRI with surgical pathology

The utility of mpMRI to accurately detect PC and index
lesions within the prostate is supported by several studies
(15,80-82). An example from our group is given in Figure 4.
The correlation between histologic lesions and MRI
findings is difficult to determine, especially due to the
variations between MR sections and prostatectomy slices,
and the shrinkage during histopathologic processing of
the specimens (80). Correction for this variability has been
attempted by using a shrinkage factor, as well as different
methods of co-registration between histology and imaging
(82-85). However, the tissue shrinkage factor varies among
different studies between 1.14 and 1.50 (83). Rosenkrantz
et al. published one of the first series comparing whole
mount sections to mpMRI in 51 patients. They detected a
sensitivity and a PPV for an exact match between suspicious
lesion on MRI and whole-mount section (belonging to the
same region in a 18-sector scheme) in 60.2% and 65.3% of
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patients, respectively (81). Regarding approximate matches
(discrepancy of up to one region) sensitivity was 75.9% and
PPV was 82.6% (81). Turkbey er al. published a sensitivity
of 80% for the detection of significant PC using T2w
Imaging and a sensitivity of 94% for significant lesions in
the PZ (82,86). Rud et al. used a biparametric MRI (T2w
and DWI) to detect the index lesion on consecutive RP,
defined as the tumor with EPE, or highest GS, or the
largest tumor volume (TV), in that order of priority, in
199 patients (80). In their study, 92% of index lesions and
70% of all lesions were correctly identified by MRI (80).
In lesions with TV above 0.5 mL, 86% of cancers were
correctly assessed (80). Only 8% of index lesions and
14% of lesions >0.5 mL were missed by MRI (80). In the
PIRADS era, Baco et al. analyzed the accuracy of mpMRI
and MRI/TRUS-fusion guided biopsy in 135 consecutive
patients (15). The location of the index lesion was correctly
defined in 95% of patients (15). In the remaining 5%, the
index tumor was invisible on MRI, but each had a small
TV <0.4 mL (15). For the MRI-visible index lesions, targeted
biopsy-proven PC showed 100% correspondence with the
location of the index lesion in RP specimens (15,56,87).
The combination of SB and TB detected the index tumor
location correctly in 132/135 (98%) of patients (15).
Interestingly, both studies demonstrate that the TV of
the index lesion was underestimated by MRI (average
underestimation 5.9% in Baco er 4l. without utility of a
shrinkage factor and 30% in Rud et 4/. with a shrinkage factor
of 15%) (15,80). Delongchamps et 4/. analyzed a cohort of 125
consecutive patients, who underwent mpMRI and both, TB
and SB and consecutively RP for localized PC (16). MpMRI
missed 10% of significant tumor foci on a per-lesion basis but
none of the significant PC on a per-patient basis (16). MRI/
TRUS-fusion guided TB missed 6% of their targets, resulting
in an underdetection of 4% of significant PC (16). Their
results suggest that TB alone performed in patients with a
suspicious mpMRI would not leave patients undiagnosed with
aggressive tumors (16). However, SB in patients with normal
mpMRI but increased PSA should not be omitted (16).

MRI in patients with low-risk cancer—utility among men
undergoing AS

Accurate risk stratification of patients undergoing AS versus
active treatment is crucial for a sound AS program with high
patient safety and to reduce potential morbidities associated
with radical treatment (88). The most criticized part of
AS is its dependence on the initial biopsy quality, since a
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high number of PC are upgraded in GS after RP (39,89).
This cumulates in rather low treatment-free survival rates,
although a recently published large cohort study, including
819 patients harboring low-risk PC, has demonstrated
excellent results in 10-year (98.1%) and 15-year (94.3%)
PC-specific survival.

Accurate and safe stratification means to correctly rule in
low-risk disease on the one hand, and to rule out significant
PC on the other hand. With regards to AS candidacy,
Vargas et al. demonstrated that mpMRI can predict
upstaging in re-biopsies of AS patients in up to 98% (90,91).
Similarly, the utility of MRI/transrectal ultrasound (TRUS)-
fusion biopsies in AS cohorts has been demonstrated with
encouraging results. Hu er /. have shown an upgrading
in GS, core involvement and TV of 36% compared to
12-core-TRUS-biopsy (92). Best detection accuracy was
demonstrated for the combination of TB and SB, as TB
alone led to underdetection of 10% of significant PC (92).

A recently published systematic review focused on
mpMRI in AS (93). Schoots et /. found an overall
reclassification rate of 33% according to PRIAS criteria
when TB are used after initial SB (93). In AS follow-up,
mpMRI using PIRADS scoring has the potential to rule out
significant PC. Mullins ez /., Vargas et al. and Da Rosa et al.
showed a NPV of above 90% for a pristine MRI to rule out
significant PC (90,94,95).

Thus, Schoots et al. conclude that MRI can detect
clinically significant disease in one third to half of men at
the start of surveillance and in the follow-up course (93).
However, at the moment no robust data are available to
support the use of MRI in place of repeat biopsy to detect
progression over time (93).

The role of MRI in risk stratification and prediction of
ECE and RP outcome

MpMRI has demonstrated excellent accuracy in index lesion
detection, compared to RP specimens described by recent
publications. However, risk group stratification for localized PC,
as defined by NCCN criteria incorporates serum PSA-level,
the GS of biopsy specimen and the clinical T-stage based on
digital rectal examination (DRE) and lacks formal mpMRI
incorporation (96).

In the 2012 ESUR guidelines a scoring system for
extracapsular disease was published, including criteria regarding
ECE, seminal vesicle infiltration (SV), adjacent and infiltradon
of distal sphincter and bladder neck (Zable 3, Figure 5) (9).

Somford et al. validated the ESUR scoring system in a
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Table 3 ESUR scoring of extraprostatic disease, according to ESUR prostate MR guidelines (9)

Criteria Findings

Score

Abutment

Irregularity

Extra-capsular extension

Neurovascular bundle thickening
Bulge, loss of capsule
Measurable extra-capsular disease

Seminal vesicles Expansion
Low T2 signal

Filling in of angle

Enhancement and impeded diffusion

Distal sphincter Adjacent tumour

Effacement of low signal sphincter muscle
Abnormal enhancement extending into sphincter
Bladder neck Adjacent tumour

Loss of low T2 signal in bladder muscle

A WO N A OWREONDM=2 OB

Abnormal enhancement extending into bladder neck

Extra-capsular extension Score 3
Irregularity

Extra-capsular extension Score 4
Neurovascular bundle thickening

Extra-capsular extension Score 4  Extra-capsular extension Score 5
Bulge, loss of capsule Measurable extra-capsular disease

Extra-capsular extension Score 1
Abutment

Se——

Figure 5 Figures are demonstrating the ESUR ECE-score on mpMRI (T2w Imaging) and histopathologic correlations for every level (9): (A)
ESUR extra-capsular extension Score 1—Abutment; (B) ESUR extra-capsular extension Score 3—Irregularity; (C) ESUR extra-capsular extension
Score 4—Neurovascular bundle thickening; (D) ESUR extra-capsular extension Score 4—Bulge, loss of capsule; (E) ESUR extra-capsular
extension Score 5—Measureable extra-capsular disease. ESUR, the European Society of Urogenital Radiology; ECE, extracapsular extension.

cohort of 183 patients and found a NPV of 87.7% for ECE
in patients with low-risk PC and a PPV for ECE in high-risk
patients of 88.8% (28). This was slightly higher than an
already excellent PPV in the studies of Cornud et al and
Rud et al. (97,98). Marcus et al. investigated the impact of
preoperative MRI on NCCN risk group classification in a
cohort of 71 patients and found that 16.9% of patients were
upstaged by MRI, mostly (83.3% of these subgroups) from
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intermediate- to high-risk (29). Additionally, the treatment
regime was changed in 8.5% due to presurgical MRI (29).
McClure ez al. focused on differences between the initial
surgical plan, according to D’Amico risk stratification, and the
performed RP with knowledge of the presurgical MRI (99).
They found a change in the initial surgical plan in 27% of
patients, analyzing a cohort of 104 consecutive men (99). In
their study, the surgical plan was changed to a nerve-sparing
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technique in 61% and to a non-nerve-sparing in 39% (99).
Wang et al. and Sala er al. from Memorial-Sloan-Kettering
Cancer Center developed a score for ECE and seminal vesicle
invasion that is analogous to the PIRADS score published by
the ESUR (100,101). They found an AUC of 0.76 for MRI
to predict seminal vesicle invasion. When the MRI score was
compared to a Kattan nomogram, the combination of both
significantly increased the AUC (AUC 0.86 versus AUC 0.80
for Kattan nomogram, P<0.05) (100). Sala ez 4/. reported an
AUC of 0.87 for prediction of ECE in a cohort of 45 patients
how underwent salvage RP (101).

In contrast to clinical parameters like NCCN criteria,
prostate MRI offers localized staging and allows the
surgeon to sculpt the extent of PC and possible ECE (102).
Another decision-making tool is maximum capsule contact
length on MRI. Baco ez 4l. analyzed the predictive value of
MRI-determined tumor contact length to the capsule and
found a correlation between ECE and tumor contact length
of r=0.839 (P<0.001) using Spearman’s regression (103).
Based on ROC curve analysis, the best threshold of MRI
determined tumor contact length was 20 mm (103).

In conclusion, MR imaging can potentially improve the
accuracy of the surgeon’s decision to resect or preserve the
neurovascular bundle in patients undergoing RP (102).

Conclusions

MpMRI represents a potential tool to overcome limitations
of conventional TRUS-biopsy. The established PIRADS
scores make mpMRI generalizable and reproducible.
Compared to the gold-standard of RP, MRI detects app. 90%
of significant index lesions correctly, but TV is currently
underestimated. Several techniques of TB are available
and the optimal method has not yet been established. The
encouraging results of in-bore TB and MRI/TRUS-fusion
guided biopsies may outperform VE. TB detect significantly
more significant PC compared to SB and are non-inferior
compared to TPMB as reference test. However, as long
as TB miss around 5-15% of significant PC (according
to different definitions of significance), SB should not be
omitted, especially in patients without previous biopsy.
Among patients under AS, mpMRI helps to confirm AS
eligibility, by correct prediction of upstaging in re-biopsies
of AS patients and by accurately ruling-out significant PC.
The future role of mpMRI in the presurgical setting of
RP is emerging, as mpMRI can help to change the initial
surgical plan, according to clinical decision making, in up to
30% of cases. Before wide incorporation of mpMRI, further
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comparative studies, including randomized multicenter
studies, and evaluation of cost-effectiveness are necessary,
but potential cost-saving approaches like biparametric
MRI are in the starting gates. Additionally the role of
molecular imaging, e.g., PSMA-PET-CT/MRI, might
provide ancillary information on tumor characterization and
PC aggressiveness, and its role will be depicted in further
publications (104,105).
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