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10.1 Introduction

Systematic transrectal ultrasound-guided biopsy
(TRUS bx) of prostate has been regarded as the
standard of care for sampling prostate in men
with clinical suspicion of prostate cancer (PCa),
mainly based on the increased prostate-specific
antigen (PSA) or abnormal digital rectal exam
(DRE).

While the traditional goal of TRUS bx was can-
cer detection, the contemporary goal of targeted
prostate biopsy is to maximize the detection rate
of clinically significant prostate cancer (csPCa)
(Gleason score (GS) > 7 or Gleason group
(GG) > 2) and minimize the detection of clini-
cally insignificant cancer (low-volume cancer
with Gleason group 1). Long-term cohort studies
have shown that patients with low-grade, clini-
cally insignificant prostate cancers do not benefit
from invasive therapy, because cancer-related
mortality in this subgroup of patients was simi-
lar to patients on active surveillance, while they
show higher rates of morbidity [1, 2]. Traditional
TRUS bx, adopted widely since 1986, has sev-
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eral drawbacks. First, it is a random sampling of
the peripheral, posterior half of the prostate gland
and may miss clinically significant foci of PCa
located outside the biopsy zones. Transition zone
and anterior region lesions are often missed on
systematic TRUS bx. Out of 121 anterior PCa
lesion in the study of Volkin et al., 48.7% would
have been missed by TRUS bx alone [3]. Second,
it is associated with an unfavorably high detec-
tion of low-grade PCa. Third, TRUS bx under-
estimates PCa grade and leads to error rates in
up to 49% in patients on active surveillance [4].
Fourth, the risk of bleeding and infection/sep-
sis is up to 5% in men undergoing TRUS bx.
Other strategies such as transperineal-ultrasound
biopsy (TPUS bx) also have these limitations.
Overall, despite the simplicity and widespread
availability of TRUS bx, the nontargeted nature
of the technique undersamples csPCa and overs-
amples clinically insignificant PCa.

The accuracy of prostate imaging for detec-
tion of PCa has significantly increased with the
advances in multiparametric MRI (mpMRI)
hardware, imaging sequences, and postprocess-
ing software [5]. A standardized method has been
developed to increase inter-reader reliability for
interpretation of prostate mpMRI. Based in part on
prior published single-center scoring systems (e.g.,
UCLA score, NIH score), the Prostate Imaging-
Reporting and Data System (PIRADS) was intro-
duced in 2012 with ongoing updates (PIRADS v2
and v2.1) [6, 7]. The PRECISION trial, a multi-
center, randomized trial of 500 men, suggested
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that initial assessment with mpMRI and MR-US
fusion biopsy (MRUS-Fbx) of MR-positive lesions
resulted in 12% increase in detection of csPCa
and 13% decrease in detection of clinically insig-
nificant cancers, compared to systematic TRUS
bx alone. A retrospective review of 4259 individu-
als [8] who underwent mpMRI between January
2012 and December 2017 showed that biopsy was
precluded in 53% of individuals at risk by using
PIRADS assessment scoring. csPCa diagnosis-
free survival was 99.6% after 3 years in this group
of individuals. The PROMIS study, which was a
paired-cohort confirmatory study [9], showed that
mpMRI has higher sensitivity and negative predic-
tive value for the detection of clinically signifi-
cant PCa, compared to TRUS bx. A high negative
predictive value is important because a negative
mpMRI result would assure that csPCa would be
highly unlikely, potentially precluding biopsy in
many individuals at risk. The PROMIS study indi-
cated that targeted biopsy in individuals with sus-
picious mpMRI could potentially avoid biopsy in
up to 25% of men at risk. The study reported that
targeted biopsy can improve the detection of clini-
cally significant PCa with significant reduction in
the number of diagnosed clinically insignificant
cancer.

Various strategies for performing MR-targeted
biopsy of prostate have been proposed without
an absolute consensus on the preferred method.
Overall, MR-targeted biopsy might be performed
via three approaches including MRUS-Fbx, cog-
nitive guidance (MRUS-Cbx), and direct in-bore
MR-guided biopsy (IBMR-Bx). MRUS-Fbx
strategy fuses previously acquired MRI data with
the real-time TRUS or TPUS images on the day
of biopsy. In the MRUS-Cbx, the operator men-
tally maps the previously acquired MR target on
the real-time TRUS or TPUS biopsy images, thus
“cognitively fusing” and approximating the MRI
target on the real-time US image and guiding the
needle to this location. Finally, the IBMR-Bx can
be performed using transrectal (TR), transperi-
neal (TP), or transgluteal (TG) approaches with
a direct in-bore approach while patient is lying in
the MR gantry.

Both MRUS-Fbx and MRUS-Cbx use
pre-acquired MRI-based suspicious targets
(PIRADS 3-5), while IBMR-Bx uses these
pre-acquired targets supplemented by real-time

anatomic (T2-weighted) and functional (diffusion-
weighted) MR images during biopsy of suspi-
cious targets. A number of studies have shown the
significantly higher detection of clinically signifi-
cant disease with lower required biopsy cores in
MR-targeted methods compared to TRUS bx. A
systematic review of 43 studies on MR-targeted
biopsy of prostate found that omitting TRUS bx
would result in missing 10% of csPCa and 50%
of clinically insignificant cancers [10].

10.2 MRI-Ultrasound Fusion
Biopsy

10.2.1 Biopsy Technique

Prior to a TRUS-bx procedure, the patient is
instructed to eat a low-residue diet and undergo
a bowel preparation on the day prior to biopsy
to ensure no fecal matter remains in the rectum.
Transperineal approach doesn’t require bowel
preparation. MRUS-Fbx using either the TRUS
or TPUS route essentially converts a systematic
partial organ sampling procedure into a targeted
biopsy of suspicious MRIfoci with or without sys-
tematic TRUS bx. After obtaining either 3-Tesla
or 1.5-Tesla mpMRI of the prostate, the outline
of the prostate gland and the suspicious targets
is contoured on T2-weighted images using one
of several automated, semiautomated, or manual
software programs (e.g., DynaCAD (InVivo Inc.,
Gainesville Fl), Profuse ((Artemis Inc., Grass
Valley, Ca), SyngoVIA (Siemens Healthineers),
Osirix (Osirix)) that enables contouring of the
whole gland and individual suspicious lesions.
The data is then transferred to one of several
MRUS-Fbx platforms (UroNav, Artemis, Koelis,
etc.). To perform the TRUS bx, the patient is
placed in lateral decubitus position on the oper-
ating table. An anesthetic gel (e.g., lidocaine)
is administered into the rectum to reduce pain
during TRUS probe manipulation. A 2D TRUS
probe is then inserted into the rectum to perform
an ultrasound sweep, which captures small slices
of the prostate. These slices are sent to the fusion
platform to generate a 3D segmented model of the
prostate. For TPUS biopsy, the patient lies supine
with anesthetic gel injected bilaterally to anesthe-
tize the pudendal nerves [11]. The perineum is
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imaged with a needle guide attached to the probe,
and the images are sent to the fusion platform.
The vendor-specific software then co-registers
ultrasound images on the previously acquired
segmented MR images by fusing the contours of
the prostate [12, 13]. The platform will create a
live “tracking” guidance for prostate biopsy. The
platforms for software-assisted MR-ultrasound
fusion prostate biopsy mainly differ by the type
of image registration, the needle tracking method,
and the biopsy approach (TP vs. TR) (Fig. 10.1).

10.2.1.1 Image Registration

Image registration can be either rigid or nonrigid
(elastic). In rigid image registration, mpMRI
images are superimposed on TRUS or TPUS
images without considering the possible pros-
tate deformation by position difference between
mpMRI and ultrasound (e.g., supine position
for mpMRI and TPUS biopsy vs. left lateral
decubitus position for TRUS), ultrasound probe
pressure, or possible patient movement. In the
elastic image registration, the deformation of
prostate by biopsy probe adjusted, and therefore
elastic registration supposed to be a more accu-
rate method with the elimination of the residual
cognitive fusion for targeting the lesion. Several
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Fig. 10.1 Steps required to obtain an MR-ultrasound
fusion-guided biopsy. ERC endorectal coil, 72W T2
weighted, DWI diffusion-weighted imaging, DCE dynamic

FDA-approved devices such as Artemis (Eigen,
Grass Valley, CA) and UroNav (Philips-InVivo,
Gainesville, FL)) use a combined elastic and rigid
registration. A systematic review by Venderink
et al. [15] pooled the results of studies, which
compared the performance of MRUS-Fbx to sys-
tematic TRUS bx, including 11 studies with elastic
and 10 studies with rigid image registration tech-
niques. Venderink et al. reported OR of 1.45 (95%
CI: 1.21-1.73, p < 0.0001) and 1.40 (95% CI:
1.13-1.75; p = 0.002) for elastic and rigid registra-
tion subgroups, respectively. They did not find any
superiority for either image registration method to
detect PCa (P: 0.19) and csPCa (P: 0.83).

10.2.1.2 Transrectal vs. Transperineal
Approach

MR-ultrasound fusion-targeted biopsy may be
used via the TR or TP approaches. As stated, the
incidence of infection, rectal bleeding, and sep-
tic shock is reportedly much lower using a TP
approach [16] as compared to the dominant TR
approach (up to 5% compared to near 0%) [17].
Reasons include tracking of inadequately treated
fecal bacteria into the bloodstream or bacterial
resistance to ciprofloxacin during biopsy [17].
A comparison between TRUS and TPUS biopsy
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contrast enhanced, TRUS transrectal ultrasound, 3D three
dimensional. (Reprinted from Siddiqui et al. [14], with
permission from Elsevier)
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showed similar minor complication rates for
hematuria, lower urinary tract symptoms, and
dysuria, while TRUS was associated with signifi-
cantly higher rate of infection and rectal bleeding
[18]. A drawback of TPUS guidance is that it is
significantly more painful than TRUS guidance,
and, therefore, it requires a pudendal block or
spinal anesthesia but can also easily performed
under local anesthesia in an outpatient setting
[11]. Moreover, TRUS approach is more likely to
miss the anterior prostate lesions [19].

10.2.1.3 Fusion Platforms

A number of commercially available platforms
have been developed for performing MRUS-
Fbx of prostate. These platforms differ based
on the needle tracking system (e.g., electromag-
netic tracking, position-encoded joints tracking,
and image-based software tracking), type of
ultrasound probe, the biopsy route, and image
registration method [20]. Several examples of
common commercially available systems are
outlined below.

1. UroNav (Philips/InVivo, Gainesville, Fl): The
first and currently the most common MRUS-
Fbx platforms for prostate sampling, UroNav
uses a passive electromagnetic field generator,
similar to global positioning system (GPS), to
track the motion of TRUS probe on previously
acquired axial MR imaging (Fig. 10.2). This
platform allows elastic and rigid image regis-
tration and enables freehand ultrasound for
prostate biopsy [21]. Another feature of the
platform is its documentation of the biopsy
location for future reference, to enable repeat
biopsy from previous positive targets. The
tracking error of this platform is approxi-
mately 2-3 mm on average but can be much
larger due to many factors. Siddiqui et al.
detected 30% more csPCa detection by
UroNav device compared to systematic TRUS
bx [22].

2. Artemis (Eigen): One of the first commer-
cially available MRUS-Fbx platforms,
Artemis uses a fixed mechanical arm to TRUS
probe with embedded angle-sensing encoders,
which track the position of the probe and nee-
dle. This system immobilizes the probe from

. HI-RVS/Real-time

target acquisition to firing the probe. Similar
to UroNav, Artemis utilizes both rigid and
nonrigid image registration and has also the
advantage of recording the biopsy site for
potential future sampling (Fig. 10.3). Studies
with this device have shown that PCa detec-
tion was three times more likely with Artemis
MRUS fusion platform compared to system-
atic TRUS bx, with 38% of c¢csPCA which
were detected only on MRUS-FBx and not on
TRUS bx [23].

. Urostation (Koelis): Widely used in Europe

and the United States, this MRUS-Fbx plat-
form uses a TRUS-TRUS registration tracking
in which fusion of 3D ultrasound images with
previously acquired MRI is performed and
then biopsy is taken. Immediately after biopsy,
an additional 3D TRUS is obtained to retro-
spectively determine the accuracy of biopsy
needle position (Fig. 10.4). Unlike other
fusion biopsy devices, this platform does not
provide real-time prospective targeting but
enables an automatic TRUS probe rotation
and elastic image registration [24]. Mozer
et al. showed significantly higher csPCa detec-
tion rate (43% vs. 37%), higher csPCa core
positivity rate (31% vs. 7.5%), and higher
positive cores length (8§ mm vs. 4 mm) using
Urostation MRUS-Fbx, compared to system-
atic TRUS bx [25].

Virtual Sonography
(Hitachi) and Virtual Navigator (Esaote):
Similar to UroNav, these platforms use a free-
hand TRUS probe with electromagnetic track-
ing sensors, enable only rigid image registration.
Target delineation can only be performed after
MR images are transferred into fusion plat-
form. HI-RVS platform has the advantage of
utilizing both TR and TP approaches [20].

. BioJet (GeoScan Medical): This system is

also based on a position-encoded mechanical
arm. This platform uses rigid registration and
allows for both transrectal and transperineal
biopsies. Using this MRUS-Fbx platform,
Shoji et al. identified 79% of csPCa using a
whole-mount histopathology (WMHP) as ref-
erence standard [26].

. BiopSee (PiMedical/ MedCom): This is a

fusion platform for performing TP fusion
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Fig. 10.2 Transrectal
MRUS fusion biopsy
using UroNav platform.
(a) The snapshot shows
the operator view while
performing the procedure
with overlay of
ultrasound image (upper)
and previously acquired
MRI (lower). (b) This
platform allows elastic
image registration and
freehand manipulation of
ultrasound probe. The
yellow line shows the
position of the biopsy
needle. (Image courtesy
of Allan J. Pantuck, MD,
UCLA Institute of
Urologic Oncology,
Department of Urology,
UCLA)
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place the biopsy needles. In a study of 120  Several studies have found that MRUS-Fbx
patients who underwent MRUS-Fbx using increases the detection rate of csPCa and decreases
BiopSee, 79% of csPCa was detected with  the detection of clinically insignificant PCa, com-
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Fig. 10.3 A longitudinal view of the output from Artemis
fusion platform. The target lesions are volume-rendered,
while the lines show the biopsy needle positions. The cen-
ter of the biopsy needle where the cores were obtained is

technique to register MRI to TRUS images leads
to a targeted sampling of the most suspicious PCa
foci and thus improves yields for csPCa and risk
stratification of PCa. In a head-to-head compari-
son of TRUS bx and Urostation MRUS-Fbx in 582
men, Siddiqui et al. found that adding MRUS-Fbx
to TRUS bx yielded a 67% increase in the detec-
tion of high-grade (GS > 4 + 3) PCa and upgraded
GS in 32% of men compared to systematic TRUS
bx alone [22]. Wu et al. were the first to perform

0% 20% 10% 0%

Proximal End  sopsycore Lengti: 19 mm

indicated by blue and purple dots, while the green dots
represent the location of the acquired systematic biopsy
sites. (Image courtesy of Leonard S. Marks, MD, Clark
Urology Center, UCLA)

a meta-analysis on all MRUS-Fbx studies dating
prior to August 2015 [29]. In their study of 3105
individuals from 16 paired cohort studies, MRUS
fusion biopsy detected more csPCa (RR: 1.19,
P < 0.05) and less clinically insignificant cancers
(RR: 0.68, P < 0.01), compared to systematic
TRUS bx. In addition, significantly higher core
positivity percentage was achieved by MRUS-
Fbx compared to TRUS bx (26.6% vs. 10.2%,
RR: 2.75,P < 0.01).
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Fig. 10.4 Operator view while performing MRUS fusion
biopsy using Urostation (Koelis) platform. The grid plan-
ning and the operator view in transrectal and transperineal

Eliminating the TRUS bx remains some-
what controversial despite the high negative
predictive value of multiparametric prostate
MRI. Some investigators have suggested com-
bining systematic and targeted biopsies would
result in enhanced detection of prostate can-
cer. PAIREDCAP, a paired cohort study [30],
which recruited 300 biopsy-naive men to
undergo three sets of biopsy at the same setting
including systematic, MRUS-Fbx (Artemis)
and MRUS-Cbx, reported detection of csPCa
ranging from 15% in MR-negative to 70% in
MR-positive individuals.

MRUS-Fbx has been shown to improve selec-
tion of patients for active surveillance (AS).
In a study of 113 AS patients, an mpMRI and
MRUS-Fbx resulted in reclassification of the dis-
ease grade in 36% of patients [31]. As many as
21% of all PCa lesions are found in the anterior
region of the prostate gland which are usually
more challenging and often missed in physical

biopsy approaches are shown. (Adapted and reprinted
with permission from Koelis Academy. https://Koelis.
Academy [28])

examination and systematic TRUS bx. Puech
et al. found twice as many csPCa detection in
anterior of prostate gland by MRUS-Fbx, com-
pared to systematic TRUS bx [32]. Volkin et al.
performed 12-core systematic TRUS biopsy and
MRUS-FBx in all 241 suspected anterior lesions
on prostate mpMRI and found that overall 50.2%
(121/241) of targets were positive for PCa, of
which 62 (25.7%) were positive on systematic
TRUS biopsy, while 97 (40.2%) were positive
on MRUS-FBx. (P: 0.001) [3]. Overall, 59 PCa
lesions (48.7%) would have been missed on
systematic TRUS bx alone, of which 34 were
GS>3+4.

The quality of the MRUS-Fbx of prostate
and the final outcome depends on several impor-
tant steps including optimal MRI acquisition,
MRI interpretation by an experienced radiolo-
gist, standard sweep ultrasound of the prostate
to construct a 3D prostate volume, fusion plat-
form accuracy, and the expertise of the physician
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performing the fusion biopsy [33]. Structured
training of the new users in tertiary centers and
courses at international meeting are encouraged
to ensure the quality of the procedure.

10.3 Cognitive MR-Guided Biopsy
of Prostate

Cognitive or so-called visual MRUS biopsy
is the simplest method for targeted biopsy of
prostate, as it does not require the sophisti-
cated equipment required for MRUS-FBx and
IBMR-Bx. In MRUS-Cbx, the operator reviews
the pre-acquired MRI data prior and mentally
registers the PIRADS score 3-5 targets to their
approximate location on US (apex, midgland
or base, anterior or posterior, transitional or
peripheral gland). The registered MRUS-Cbx
target is usually a hypoechoic nodule or an area
with some degree of contrast to the surrounding
tissue; however, the visualized target on MRI
might not be simply recognized on MRUS-Cbx
in some individuals [34]. Current evidence sug-
gest that this visual-targeted technique detects a
higher number of PCa lesions, compared to sys-
tematic TRUS bx [35]. This technique, however,
is highly dependent in the operator expertise,
without any tracking or guidance system, mak-
ing it highly susceptible to human error. Overall,
studies have not shown a definite superiority
for MRUS-Fbx over MRUS-Cbx for detection
of csPCa, although some studies have shown
a trend toward improved PCa detection with
MRUS-Fbx comparted to MRUS-Cbx. A study
of 50 individuals who underwent MRUS-Cbx
and MRUS-Fbx showed that the detection rate of
csPCa was slightly but not significantly higher
for MRUS-Fbx (52% vs. 43% at target level,
p: 0.24) [36]. In a cohort of 231 patients who
underwent either MRUS-Fbx or MRUS-Cbx,
Oberlin et al. showed that MRUS-Fbx detected
significantly more lesions (48% vs. 35%,
p:0.04), with a nonsignificant increased rate of
csPCa (61.5% vs. 48%, p:0.07) [37]. In contrast,
in an analysis of a cohort of 391 individuals,

both elastic and rigid fusion-targeted techniques
were superior to MRUS-Cbx for detection of
high-grade PCa [38]. Overall, MRUS cognitive
biopsy is the cheapest MR-guided biopsy tech-
nique and is the most compatible method for
performing prostate biopsy in an office setting.
As with other MR-targeted techniques, the qual-
ity of communication between the radiologist
who interpreted the MRI and the one who per-
forms the biopsy would increase the accuracy of
this technique [34].

10.4 In-Bore MR-Guided Biopsy

of Prostate

Direct in-bore MR-guided biopsy (IBMR-Bx)
of prostate allows within-gantry sampling of
prostate. This technique has several advantages.
First, MR images are acquired during biopsy
with T2- and diffusion-weighted imaging to
ensure that the previously noted findings are
reproducible. Occasionally sampling may be
obviated if MR findings of prostatitis resolve.
Second, it is the only technique that ensures MR
confirmation of the needle within an MR target.
All other techniques are based on approxima-
tions. Third, IBMR-Bx usually requires less
obtained cores for diagnosis of PCa since overs-
ampling is not required for diagnosis. Finally,
IBMR-Bx is versatile and may be performed
via TR, TP, or TG routes. Relative drawbacks
of the technique include its limited availability
relative to MRUS fusion or MRUS cognitive
biopsies. Second, the procedure may be more
time-consuming at some centers with a median
procedure time of 25-68 min. Third, it may be
more costly than MRUS-Fbx or MRUS-Cbx.
This technique requires obtaining and inter-
preting mpMRI images before biopsy plan-
ning to identify suspicious targets as with other
MR-guided biopsy techniques. IBMR-Bx may be
performed with an open- or closed-bore scanner
with a commercially available MR-compatible
biopsy device (DynaTRIM, Philips-InVivo,
Gainesville, Fl). Biopsy localization DynaCAD
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software is used to identify the target and guide
adjustment of the biopsy device in three planes
to accurately place the needle within the lesion.
On the day of the procedure, patients are placed
in prone position in the scanner table, and
T2-weighted and DWI sequences are performed
to localize the lesion (10-12 min) and transfer
this data to the DynaCAD workstation to enable
lesion localization for biopsy coordinates (5 min).
Individual targets are selected on the workstation
with three unique coordinates for each target in
anteroposterior, left-to-right, and craniocaudal
directions. These coordinates are then adjusted in
the biopsy device to keep the proper alignment
between the needle guide and the target. After

obtaining the appropriate coordinates, the biopsy
device with the needle guide is adjusted accord-
ingly, and then a repeat T2-weighted sequence
is acquired to confirm appropriate needle guide
placement, followed by further manual adjust-
ments of the needle guide as necessary, to allow
lesion sampling and sampling of additional tar-
gets (15-30 min). During the procedure, patients
may move in and out of the gantry several times
to confirm needle position within targets and for
confirmation of the additional targets. The cycle
is repeated to ensure the needle guide orientation
toward the desired target (Fig. 10.5). In addition,
after obtaining biopsy cores, another confirma-
tory MR image is acquired. An MR-compatible

Fig.10.5 DynaTRIM device (InVivo-Philips, Gainesville,
Fl) for performing in-bore MR-guided biopsy of prostate.
The workstation allows localization of the target during
biopsy procedure (a), with target coordinations, adjusted
on the dial (arrowhead on b) and finally biopsy needle

position confirmation within the desired target (Arrow on
¢). (Adapted and reprinted from Tan et al. [41], with per-
mission from Radiological Society of North America
(RSNA))
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robotic devices have also been be developed and
undergone US FDA clearance to assist this pro-
cedure [39].

The procedure might be carried out through
TR, TP, and TG approaches using intravenous
conscious sedation (with midazolam and fen-
tanyl) with the TR route being the most com-
monly used. The TP route allows a freehand use
of the needle and carries a much lower risk of
sepsis and rectal bleeding, compared to TR route,
as discussed earlier. A TP approach, moreover,
is helpful in individuals with history of previous
rectal surgery, anal stricture, or perianal disease.
A TG route is used in patients with a surgically
resected rectum or with anal stricture and may
better access to prostate apex.

Overall, in-bore MR-guided biopsy is a safe
procedure with rare occurrence of serious com-
plications. Transient hematuria and short-term
rectal bleeding may occur in 1-4% of patients.
Urinary retention and urosepsis may also occur
in up to 2% of patients [40].

10.4.1 Current Opinions on In-Bore
MR-Guided Biopsy

In single and multicenter series, IBMR-Bx has
detected significantly more csPCa along with
a significantly less low-grade PCa compared to
systematic TRUS bx with a higher core posi-
tivity rate compared to all other targeted tech-
niques. Application of mpMRI and IBMR-Bx
of MR-positive lesions can reduce the need for
biopsy up to 51% [42]. A systematic review on
ten studies dating since 2013 found median PCa
and csPCa detection rate of 42% and 81-93%,
respectively, for IBMR-Bx [40]. In an update on
the review of 23 IBMR-Bx cohorts dated back
to mid-2018 [43], csPCa detection rate was
63% among 2632 individuals, much higher than
PCa and csPCa detection rates of 30-50% and
10—40% for systematic TRUS bx [44]. In a head-
to-head comparative study, van der Leest et al.
[45] examined the efficacy of MRI with subse-

quent MR-guided biopsy against TRUS bx for the
diagnosis of prostate cancer in 626 biopsy-naive
men. They found that the MRI pathway leads to
avoidance of biopsy in half of individuals, 11%
reduction in the number of clinically insignificant
PCa and 89% less biopsy cores for diagnosis of
PCa. Hambrock et al. also reported that IBMR-Bx
cores predicted final Gleason grade at RP in 88%
of individuals, much higher than the 55% RP cor-
relation rate of 10-core TRUS bx [46].

The role of IBMR-Bx for the detection of
csPCa has been reported in three distinct popula-
tions including:

1. Biopsy-naive individuals with high suspicion
of PCa

2. Individuals with high suspicion of csPCa
despite a history of prior negative TRUS-
guided biopsy

3. Individuals with known low-grade PCa under
active surveillance

Current guidelines recommend perform-
ing mpMRI when suspicion for PCa remains
high after a negative systematic TRUS biopsy,
followed by MR-targeted biopsy of the suspi-
cious lesions. A single study of patients with
elevated PSA and repeat negative TRUS biopsy
found PCa detection rate of 59% by IBMR-Bx.
The results showed a significantly better per-
formance for IBMR-Bx over TRUS bx for PCa
detection of except in individuals with very
high suspicion (PSA > 20 ng/ml, prostate vol-
ume > 65 cc, PSAD<O0.15, or > 0.5015-0.5 ng/
ml/cc), in whom the yield of both techniques
was comparable [47]. Pokorny et al. reported
the PCa and csPCa detection rate of 60% and
81% in individuals with prior negative prostate
biopsy [43]. In one of the largest multicenter
IBMR-Bx series of 461 patients to date, Felker
et al. [4] reported a PCa and csPCa detection
rate of 51% and 65%, suggesting that both
biopsy-naive patients and patients with his-
tory of negative TRUS bx can benefit from
IBMR-Bx. Felker et al. also found that Gleason
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Fig. 10.6 Multiparametric MRI (using a 3-Tesla scan-
ner) of a 65-year-old man with suspicious rise in PSA
despite having a negative TRUS bx 6 months ago shows a
moderately hypointense lesion on T2-weighted image (a)
with obscured margins, located in anterior transitional
zone. Marked signal hypointensity (407 mic%s) is noted
on ADC image (b). Early and intense focal enhancement

grade was upgraded in 49% of patients under
AS. Moreover, they reconfirmed that PIRADS
assessment categories of 3, 4, and 5 correlated
with csPCa detection rates of 10%, 43%, and
84%, respectively. Another large single-center
IBMR-Bx on 475 targets in 379 individu-
als found an overall PCa of 69.1% and csPCa
detection rate of 36.8%, 52.8%, and 50.7%
in prior negative TRUS bx patients, biopsy-
naive patients, and active surveillance patients.
PIRADSv2.1 score significantly correlated with
PCa and csPCa detection (OR: 3.97 and 1.41,
respectively) (Figs. 10.6, 10.7, and 10.8).

The yield of IBMR-Bx for PCa and csPCa has
been similar in both transition (TZ) and periph-
eral (PZ) zone targets [41, 48]. This is in contrast
with TRUS-bx results, in which 70% of positive

and washout was seen on dynamic contrast-enhanced
images, shown as increased exchange constant in pharma-
cokinetic map for K-trans (c¢). Overall PIRADS v2.1 score
of 5/5 was assigned. In-bore transrectal MRGB (d, e, f)
was performed with the specimen showing clinically sig-
nificant PCa (GS: 4 + 3)

lesions come from PZ. The anterior and tran-
sitional zones are not sampled in a systematic
12-core TRUS bx, and PCa in these areas is more
likely to be undetected on TRUS bx.

10.5 IBMR-Bx vs. MRUS-Fbx

Both IBMR-Bx biopsy and MRUS-Fbx have
higher spatial resolution and have the notable
advantage of documenting the target location
before biopsy, compared to systematic TRUS bx.
Both techniques are safe and have similar compli-
cation rate to TRUS bx. Both techniques require
extra training of the operator (e.g., radiologist,
urologist) and staff. Detection rates of PCa and
csPCa by targeted techniques have been shown to
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Fig. 10.7 Multiparametric MRI and IBMR-Bx using a
3-Tesla scanner in a 71-year-old biopsy-naive patient with
PSA of 8.2. The arrow points to an oval and markedly
hypointense lesion with obscured margins at 7SE
T2-weighted image (a) with moderate restricted diffusion

be directly influenced by the operator experience.
IBMR-Bx, however, is less dependent to operator
experience with a small increase in PCa yield and
the obtained cancer core length and also a signifi-
cant decrease in biopsy time from first to second
year [49]. In contrast, MRUS-Fbx has a steep
learning curve with improved PCa detection
rate over time. In a study of 340 individuals who
underwent transperineal MRUS-Fbx, the PCa
detection rate increased from 27% to 63% over
22 months [50]. IBMR-Bx allows concurrent and
direct visualization of the suspicious target and
the needle guide in MRI with fewer biopsy cores
required for the definite diagnosis. However,
drawbacks of IBMR-Bx compared to MRUS-Fbx

(b) in left posterolateral peripheral zone in midgland pros-
tate. Overall PIRADS V2.1 score was 4/5. Patient under-
went IBMR-Bx (¢, d), and four core biopsies were
obtained. Pathology assessment of the specimen revealed
prostate cancer with Gleason score of 3 + 4

include its relatively higher expense and time and
relatively less widespread availability.

A systematic review of 11 IBMR-Bx, 17
MRUS-Fbx, and 11 MRUS-Cbx and 4 com-
bined MR-targeted biopsy studies showed a sig-
nificantly higher detection rate of csPCa (RR:
1.16) and a significantly lower detection rate of
clinically insignificant cancer (RR:0.47) with
MR-targeted methods over TRUS bx. The review
did not detect any significant difference between
three MR-targeted techniques for the detection of
csPCa [10].

In the FUTURE study, a multicenter ran-
domized controlled trial of 665 men with sus-
pected PCa and prior negative systematic biopsy
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Fig. 10.8 Multiparametric MRI and in-gantry MRGB
using a 3-Tesla scanner in a 62-year-old patient with ris-
ing PSA and prior negative TRUS bx. Axial TSE
T2-weighted image (a) showed a suspicious oval, mildly
hypointense lesion (arrow) with blurred margins in left
anterior transition zone of prostate with moderate

(<4 year) compared three MR-targeted tech-
niques: MRUS-Fbx, MRUS-Cbx, and IBMR-Bx.
The study reported no significant difference was
found between three subcohorts in the detec-
tion rate of prostate cancer (MRUS-Fbx, 49.4%;
MRUS-Cbx, 43.6%; IBMR-Bx, 54.5%; p, 0.4)
and clinically significant prostate cancer (MRUS-
Fbx, 34.2%; MRUS-Cbx, 33.3%; IBMR-Bx,
32.5%; P > 0.9); however, core positivity rate
was significantly higher by the IBMR bx tech-
nique (IBMR-Bx, 47.7%; MRUS-Cbx, 33.3%;
MRUS-Fbx, 31.3%) [51]. Another prospective
trial also did not find any significant difference

restricted diffusion (b). PIRADS v2.1 score of 3/5 was
assigned, and IBMR-Bx of prostate was performed. An
MR-compatible, 18-gauge needle was introduced through
a needle guide, and 6-core needle biopsies were obtained
from the target (c, d). Pathology of the specimen yielded
benign lesion

in clinically significant prostate cancer detec-
tion rate between combined TRUS- MRUS-Fbx
and IBMR-Bx [52]. In contrast, a study by Costa
et al. [53] found significantly higher detection
of csPCa by IBMR-Bx compared to MRUS-Fbx
(61% vs. 47%, p < 0.0001) and significantly
lower detection of insignificant PCa by in-bore
technique compared to the fusion technique
(11% vs. 18%, P:0.001).

It is noteworthy that systematic reviews of
studies on MR-targeted biopsies are usually lim-
ited by several factors. First, by heterogeneous
population of patients undergoing MR-targeted
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biopsy, as there are no clear criteria for per-
forming MR-targeted biopsy. The European
Association of Urology suggests that in patients
with high clinical suspicion of PCa who need
a repeat biopsy, mpMRI should be considered
with subsequent MR-targeted biopsy if mpMRI
is positive (PIRADS category 3 and higher).
Second, the definition of clinically significant
prostate cancer varies widely between published
studies on MR-targeted biopsy. Third, there are
variations in the number of obtained cores and
the preferred technical aspects.

As there is no general consensus on the pre-
ferred MR-targeted method, the optimal biopsy
technique should be decided on a per-patient
basis and based on the availability of the systems
and expertise of the staff.

10.6 Cost-Effectiveness
of MR-Targeted Biopsy
Strategies

Both MRUS-Fbx and IBMR-Bx have higher ini-
tial procedure costs, in comparison with TRUS
biopsy; however, both targeted techniques have
the beneficial sensitivity of multiparametric MRI
to detect clinically significant cancers. Therefore,
MR-targeted prostate biopsy methods are cost-
effective compared to TRUS bx of prostate, when
considering the higher health benefits and the
overall lifetime expenses. The use of mpMRI
as a screening test before biopsy can avoid the
financial burden of unnecessary and repeat biop-
sies and ultimately unnecessary treatment [20].
In a decision-tree model in biopsy-naive men in
the United States, Pahwa et al. found that the use
of mpMRI of prostate followed by MR-guided
biopsy of suspicious foci to detect csPCa is
cost-effective compared to the standard TRUS
bx, when the endpoint was quality-adjusted life-
year. IBMR-Bx of MR-positive lesions had the
maximum net health benefits compared to sys-
tematic TRUS bx and MRUS-Cbx [54]. A study
of prostate biopsy cost-effectiveness in a Dutch
healthcare setting showed that MRUS-Fbx of
MR-positive targets is more cost-effective than
systematic TRUS bx. IBMR-Bx may be the most

cost-effective method if it has a sensitivity of
89% for detection of csPCa [55].

10.7 Future Directions

When there is suspicion of prostate cancer, sys-
tematic TRUS bx remains the standard of care,
due to its wide availability, relatively low costs,
and ease of use in outpatient setting by urolo-
gists. Nevertheless, the future for MR-targeted
biopsy is very promising. Several studies have
proposed using multiparametric MRI over TRUS
bx as the initial screening in patients with abnor-
mal PSA or DRE. Furthermore, there is growing
use of multiparametric MRI for the identification
of suspicious lesions in patients with negative
TRUS bx and in those with known low-grade
PCa qualified for active surveillance protocol.
Currently, there is little consensus over the pre-
ferred method of MR-targeted prostate sam-
pling. Appropriate indications for application of
each technique need to be determined. Overall,
MRUS-Fbx and IBMR-Bx have been shown to be
significantly more effective for detection of clini-
cally significant PCa with each technique having
its own advantage and disadvantage; hence the
preferred method needs to be chosen per-patient
basis, considering the availability, experience of
the operators, and patient profile.
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