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Purpose of review

Options for prostate cancer management are rapidly expanding. The recent advent of MRI technology has
led to guided prostate biopsies by radiologists working in-bore or by urologists using MR/US fusion
technology. The resulting tumor visualization now provides the option of focal therapy. Currently available
are highly directed energies – focused ultrasound (HIFU), cryotherapy, and laser – all offering the hope of
curing prostate cancer with few side effects.

Recent findings

MRI now enables visualization of many prostate cancers. MR/US fusion biopsy makes possible the targeted
biopsy of suspicious lesions efficiently in the urology clinic. Several fusion devices are now commercially
available. Focal therapy, a derivative of targeted biopsy, is reshaping the approach to treatment of some
prostate cancers. Focal laser ablation, originally done in the MRI gantry (in-bore), promises to soon
become feasible in a clinic setting (out-of-bore) under local anesthesia. Other focal therapy options,
including HIFU and cryotherapy, are currently available. Herein are summarized outcomes data on focal
therapy modalities.

Summary

MRI-guided biopsy is optimizing prostate cancer diagnosis. Focal therapy, an outgrowth of guided biopsy,
promises to become a well tolerated and effective approach to treating many men with prostate cancer
while minimizing the risks of incontinence and impotence from radical treatment.
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INTRODUCTION

In 2017, more than 160 000 men will be diagnosed
with prostate cancer, the majority by trans-rectal
ultrasound (TRUS) guided biopsy [1,2]. However,
TRUS-guided biopsy, dating from the 1980s, often
underestimates actual disease because of the inability
of ultrasound to distinguish malignant from benign
prostatic tissue [3,4]. In fact, TRUS-guided biopsy fails
to detect the true prostate cancer pathology 44% of
the time, according to one large Surveillance, Epide-
miology, and End Results database analysis [5].

Prostate MRI enables visualization of many
lesions suspicious for cancer, and MRI-guided biopsy
techniques allow for targeting of these lesions to
improve cancer detection [6]. By translating targeted
biopsy into focal therapy, urologists can now offer
specific, limited treatment of prostate cancer, thus
avoiding the lifestyle consequences of radical ther-
apy. Herein, we review the role of MR-guided prostate
biopsy technology in cancer detection and the grow-
ing use of various focal therapy modalities for the
management of prostate cancer.
rs Kluwer Health, Inc. All rights rese
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PROSTATE MRI

Prostate visualization with MRI was first reported in
1983 by Hricak et al. [7] who showed that malignant
prostate tissue had higher signal intensity than
benign tissue. Since then, technological advance-
ments and growing experience have led to the
development of multiparametric MRI (mpMRI),
which combines T2-weighted images with diffu-
sion-weighted images and dynamic contrast
enhancement. This allows for anatomic and func-
tional assessment of the prostate and improves
tumor detection and characterization. Furthermore,
rved. www.co-urology.com
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KEY POINTS

� MR/US fusion prostate biopsy allows for the targeting
of suspicious regions, template-mapping for systematic
sampling, and tracking of cancer foci over time, all
functions not previously possible with US-guided
biopsy.

� Targeted biopsy using MR/US fusion improves
detection of clinically significant prostate cancer.
Highly suspicious regions of interest on MRI are likely
to contain cancer on targeted biopsy.

� Focal therapy, including focal laser ablation, HIFU, and
cryotherapy, aims to ablate the index cancer lesion
and preserve continence and erectile function,
providing a new alternative for many men with prostate
cancer.

Review of fusion-guided systems and outcomes for prostate biopsy and focal therapy

Cop
the Prostate Imaging-Reporting and Data System
(PI-RADS) has standardized reporting terminology
and streamlined communication of risk assessment
between radiologists and urologists [8

&

].
Prostate MRI has been shown to improve the

accuracy of prostate cancer diagnosis, with
increased detection of high-grade disease and
extra-prostatic extension [9,10]. A recent meta-anal-
ysis of almost 3900 patients found that MRI has a
sensitivity of 89% and specificity of 73% for detect-
ing prostate cancer [11]. The American Urological
Association has endorsed use of MRI-guided biopsy
in the repeat biopsy setting [12

&&

], but recently Level
1 evidence confirming its value in a first-biopsy
setting has also been presented [13

&&

]. According
to the PROMIS study, mpMRI has a 93% sensitivity
and 89% negative predictive value for detecting
clinically significant prostate cancer [13

&&

]. Impor-
tantly, MRI revealed all instances of Gleason 4
lesions. As MRI technology improves, prostate
lesion detection will become more accurate and
dependable, enhancing diagnostic and therapeutic
capabilities.
MRI-GUIDED TARGETED PROSTATE
BIOPSY

Use of MRI to identify and guide biopsy of suspicious
lesions has brought ‘targeted prostate biopsy’ into
present-day parlance. Several targeted biopsy
approaches have emerged: direct ‘in-bore’ biopsies,
cognitive fusion biopsy, and MRI/US fusion biopsy.
In-bore biopsy

The use of MRI to guide prostate biopsy to a region of
interest (ROI) was first performed in 2000 within an
2 www.co-urology.com
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MRI scanner (in-bore) via a trans-perineal approach
[14]. Today, either a transperineal or a transrectal
approach is used for in-bore biopsy, which is per-
formed by radiologists. The first MRI scan is per-
formed to identify the ROI and for biopsy planning,
and a subsequent image is obtained for each biopsy
core to confirm needle position. A theoretical
advantage of the in-bore approach is a reduction
in number of biopsy cores, because cores are only
taken from the ROI. However, in-bore biopsy is
lengthy and resource-intensive, and sedation is
often required. Also, template mapping and tracking
biopsies are not possible with the in-bore approach,
potentially missing significant cancer elsewhere in
the prostate not visible on MRI.
Cognitive fusion biopsy

Because the logistical and diagnostic limitations of
in-bore biopsy, MRI-guided biopsy outside of the
MRI scanner (out-of-bore) has become increasingly
adopted. Cognitive fusion is the simplest of the out-
of-bore approaches. It relies on the urologist to
review the MRI images and mentally overlay, or
‘cognitively fuse’, the MRI to the real-time TRUS
to biopsy the MR-identified region of interest. The
advantage of cognitive fusion is that no fusion
device is required. However, this approach is opera-
tor dependent. The differing planes between oblique
TRUS images and axial MRI images increase poten-
tial inaccuracies of cognitive fusion. Further, tem-
plate mapping and tracking of biopsy sites are not
possible with this approach, compromising its value
for active surveillance and repeat biopsies.
MRI/US fusion biopsy

In the clinic setting under local anesthesia, MR/US
fusion uses image-fusion software to overlay the ROI
detected on MRI onto the real-time TRUS images at
the time of biopsy. Fusion biopsy resolves many of
the logistical difficulties of in-bore biopsy and the
operator-dependency of cognitive fusion biopsy.
MR/US fusion biopsy is relatively quick compared
to the in-bore approach and employs the usual clinic
workflow. Table 1 presents the MR/US fusion devices
currently in use in the United States and abroad. The
advantages of MR/US fusion biopsy have made that
approach the choice of most urologists and the most
thoroughly studied [15].
TARGETED PROSTATE BIOPSY –
OUTCOMES AND APPLICATIONS

Using MRI guidance, targeted biopsy has bolstered
the urologist’’s armamentarium for diagnosing
Volume 27 � Number 00 � Month 2017
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Table 1. MRI/US fusion devices commonly used in USA and internationally

Device
Co-registration
methods

TRUS probe
movement

Biopsy
approach Comments

Artemis (Eigen,
USA)

Position-encoded
joints on robotic
arm

In/out and rotational
movement only (fixed to
mechanical arm)

Transrectal Robotic arm stabilizes the probe
Training required to learn software and

manual manipulation of TRUS biopsy via
mechanical arm

BioJet (GeoScan
Medical, USA)

Position-encoded
joints on robotic
arm

In/out and rotational
movement only

Transrectal or
transperineal

TRUS-probe mounted to angle-sensing
mechanical arm that exports information
on probe position to workstation.

BiopSee (Medcom,
Germany)

Position-encoded
joints on robotic
arm

In/out and rotational
movement only (fixed to
mechanical arm)

Transperineal Biopsy setup similar to brachytherapy; TRUS
probe guides transperineal biopsies

Most recently FDA approved in 2017

Real-Time Virtual
Sonography
(Hitachi, Japan)

Electromagnetic
field generator

Freely movable by hand Transrectal or
transperineal

Primarily used in Japan; little studied
elsewhere

UroNav (Invivo,
USA)

Electromagnetic
field generator

Freely movable by hand Transrectal Familiar freehand TRUS approach

Urostation (Koelis,
France)

Software image-
based tracking

Freely movable by hand Transrectal Most common platform in Europe
Relies on 3D TRUS image tracking without

any beam-tracking external hardware.

MR-guided biopsy and focal therapy Elkhoury et al.
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prostate cancer. The importance of MRI-guided tar-
geted biopsy has been demonstrated in two large
prospective studies published in the past few years
[16,17

&&

]. Using different MRI/US fusion devices
[16,17

&&

], both groups compared within patients
the yield of biopsies targeting MRI-visible lesions
versus systematic TRUS-guided biopsies. Similar
conclusions were reached: targeting allows detec-
tion of more clinically significant cancers than sys-
tematic sampling alone. In both studies, targeted
biopsy yield was directly related to MRI grade of
the ROI.

A recent meta-analysis by Valerio et al. [18]
reviewed 15 studies comparing MRI-targeted biopsy
to systematic TRUS-guided biopsy and found that
targeted biopsy detects more clinically significant
prostate cancer than systematic biopsy. Targeted
fusion biopsy is much more efficient than system-
atic biopsy, requiring a putative 32 less cores than
TRUS biopsy to diagnose one significant prostate
cancer. Cumulatively, these results compelled the
American Urological Association and Society of
Abdominal Radiology in 2016 to issue a joint ‘White
Paper’ endorsing MRI-guided biopsy in the repeat
biopsy setting [12

&&

].
Tracking biopsy using MR/US fusion

MR/US fusion technology provides the ability to
track with millimeter accuracy the location of a
cancerous site from one biopsy session to a later
resampling session [19]. Thus, longitudinal moni-
toring of specific sites, suspicious or cancerous, to
0963-0643 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
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assess for appearance or progression of a lesion, is a
key function of fusion biopsy using electronic devi-
ces. The use of tracking biopsy in active surveillance
programs appears to be a substantial advance in this
rapidly growing management strategy [20,21].

Implications for tracking technology in active
surveillance were highlighted by Chang et al. who
studied the use of this new method to re-biopsy
previously positive sites. Tracking detected more
clinically significant disease than systematic biopsy
alone, disqualifying many men from active surveil-
lance [22

&

]. Fifty-three percent of upgrades were
detected by tracking alone, and 23% of men with
Gleason score 3þ4 lesions were disqualified from
active surveillance when tracking biopsy detected
Gleason score at least 4þ3 disease. Tracking preci-
sion was recently confirmed by Palapattu et al. [23

&

]
employing sophisticated molecular markers. Re-
biopsy of specific tumor sites 1 year after initial
diagnostic biopsy identified the same cell clones
in 96% of men at the second biopsy. Tracking
technology is a major advantage of using MR/US
fusion technology, particularly in men on active
surveillance.
MR/US fusion biopsy in active surveillance

The ability to identify appropriate active surveil-
lance candidates and to exclude others is enhanced
by MR/US fusion biopsy. In a study from UCLA, 36%
of men, who appeared to be good candidates for A.S.
by conventional biopsy, were found to have high-
risk lesions when subjected to MRI-guided biopsy
rved. www.co-urology.com 3
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[21]. MR/US fusion biopsy has also been shown to
improve concordance with whole-organ pathology
compared to TRUS-guided biopsy [9,24,25]. Eight
recently published studies where MRI-guided con-
firmatory biopsies were used in active surveillance
found that the rate of upgrading with MRI-guided
biopsy was 26–42%, substantially higher than the
2.5–28% range with US-guided biopsy [22

&

,26–34].
Taken altogether, these findings demonstrate that
MR/US fusion biopsy is more accurate than conven-
tional biopsy for screening and following men con-
sidering active surveillance.
FOCAL THERAPY

Targeted biopsy provides the basis for focal therapy,
enabling the new limited treatment to become an
effective option for many men with cancers of low-
to-intermediate risk.

Focal therapy is the targeted destruction of an
index cancer lesion while preserving the surround-
ing normal, healthy parenchyma. Despite the prev-
alence of multifocality, the index lesion (the largest
cancer focus in the prostate) appears to be responsi-
ble for the natural history of that cancer [35–38].
Anatomically distinct prostate cancer metastases
have been shown to originate from a single clone
of cells in the prostate, rather than from other
(insignificant) clones that may be present [39].
Thus, rare exceptions notwithstanding [39], the
largest and most de-differentiated lesion (i.e., the
index lesion) drives cancer progression, making
localized treatment of that specific tumor site a
reasonable approach.
Appropriate patient selection for focal
therapy

Patient selection is critical to the efficacy of focal
therapy. A 2015 consensus panel deemed men with
low-to-intermediate risk prostate cancer suitable for
focal therapy [40]. Specifically, those with small,
unifocal Gleason score 7 or larger unilateral Gleason
score 6 disease are ideal candidates for focal therapy
[41]. Additional eligibility criteria include patient
life expectancy greater than 10 years, good patient
performance status, and cancer diagnosis via MR-
guided biopsy or TRUS-guided biopsy with concor-
dant mpMRI [42]. TRUS-guided biopsy alone is
insufficient for focal therapy planning.
Focal therapy options

Focal laser ablation (FLA), cryotherapy, and high-
intensity focused ultrasound (HIFU) are the most
common focal therapy options available today.
4 www.co-urology.com
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Although other focal treatment modalities have
been described [43], these three have been the most
robustly studied to date.
Focal laser ablation

In FLA, cancerous spots are treated by inserting a
laser fiber into a prostatic lesion under MR-guid-
ance, either directly (in-bore) or indirectly (via MR/
US fusion). Tumor ablation is accomplished via
heating tissues enough to cause coagulation necro-
sis (generally >508C). Both transrectal and trans-
perineal approaches have been used (Table 2).
Although usually only the index lesion is targeted,
the laser fiber may be repositioned to treat second-
ary lesions.

Table 2 summarizes the FLA trials published to
date. The first FLA trial was reported in 2009 by
Lindner et al. [44] in which patients under general
anesthesia had laser fibers placed transperineally via
MR/US fusion guidance. Contrast-enhanced ultra-
sound was used for real-time thermal and treatment
monitoring. Six-month follow-up biopsy revealed
67% of patients were tumor-free at the ablation zone
and 50% were tumor-free throughout the prostate.
Urinary and sexual side effects were not observed.

Subsequently, FLA was performed in-bore,
within the gantry of an MRI unit. This method
allows for both direct MR-guided positioning of
the laser fiber and real-time MR thermometry and
visualization of the treatment zone. In 2014, Oto
et al. [45,46

&&

] at the University of Chicago first
reported in-bore FLA in nine patients done trans-
perineally under conscious sedation, followed by a
phase II trial involving 27 patients in 2016. Both
studies had encouraging oncologic outcomes on
follow-up biopsy at 3, 6, and 12 months post-FLA
(see Table 2). Natarajan et al. [47

&&

] were among the
first to study treatment margins after in-bore FLA
and found that biopsies of the ablation margins
often contained residual cancer. However, FLA did
not impact urinary or sexual function in the studies
performed to date (Table 2). Further elucidation of
appropriate ablation zone size and safety parameters
is underway to supplement the progress from these
preliminary FLA trials.
Focal laser ablation in the clinic

Although in-bore FLA is generally well tolerated and
has short-term oncologic efficacy, it is cumbersome,
expensive, and requires conscious sedation or gen-
eral anesthesia. To address these challenges, the
UCLA group has begun to perform FLA in the clinic
setting under local anesthesia. MR/US fusion tech-
nology allows for accurate lesion targeting, and
Volume 27 � Number 00 � Month 2017
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FIGURE 1. Focal laser ablation of prostate cancer in clinic setting [48&&]. (a) Insertion device. Fixed arm of Artemis fusion
device allows stable positioning of laser fiber and thermal probe during treatment. Thermal probe, parallel to laser fiber,
provides real-time monitoring of treatment temperature. (b) Probe placement. Transrectal ultrasound probe with laser fiber and
parallel thermal probe (i) are diagramed. Thermal probes (ii–iv) are placed via transperineal approach. Thermal probes
continuously monitor intraprostatic temperature during procedure. Transrectal thermal probe (i) reads temperature changes at
laser tip; transperineal probes (ii–iv) monitor safety. Green shape indicates tumor. (c) Room set-up in clinic for out-of-bore FLA.
Patient (green) is in left lateral decubitus position. Operator sits at foot of table, surrounded by the MR/US fusion device
(Artemis device), laser controls (Visualase System), and thermal probe monitor. Wall monitor allows all involved to observe
procedure. Typically, temperature nearest laser tip reaches 50–608C, and other thermal probes show little temperature
change [48&&].

Review of fusion-guided systems and outcomes for prostate biopsy and focal therapy
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thermal probe monitoring can dependably replace
MR thermometry to measure intra-prostatic temper-
ature changes [48

&&

].
In-clinic FLA was first performed by Natarajan

et al. [48
&&

] in 2017 in a phase I trial of 10 men with
intermediate-risk CaP diagnosed by MR/US fusion
biopsy. Positive biopsy locations were stored in 3D
in the fusion device and used for transrectal laser
fiber positioning during FLA. Transperineal and
transrectal thermal probes were used for real-time
thermometry (Fig. 1).

Results were promising. MRI taken 2 h post-FLA
showed an ablation zone overlying the original
region of interest. Urinary and erectile function were
unaffected at 6-month follow-up. The procedure was
tolerable under local anesthesia without need for
narcotics. Biopsy results at 6-month follow-up
revealed three patients with no residual cancer, three
6 www.co-urology.com
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with microfocal Gleason score 6 at the treatment
zone or margin, and four with persistent clinically
significant disease at the treatment zone or margin.
Future trials will be necessary to refine and optimize
oncologic outcomes with in-clinic FLA, developing a
viable option for men with intermediate risk disease
that minimizes the lifestyle implications of extirpa-
tive treatment and risks of anesthesia.
High-intensity focused ultrasound

HIFU was first approved for prostate tissue abla-
tion by the U.S. FDA in October 2015 [49]. HIFU
may be used to ablate target tissue via high-inten-
sity ultrasonic waves that cause both coagulative
necrosis through heat and inertial cavitation
from mechanical stress [50]. It is administered
through a trans-rectal probe, which allows for
Volume 27 � Number 00 � Month 2017
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simultaneous treatment and real-time ultrasonic
visualization of prostatic tissue. Tissue effect dur-
ing HIFU treatment is usually measured by
changes in refractive index; experimentally, MR
thermometry has been used for thermal monitor-
ing [51–54].

Originally used for whole-gland ablation, HIFU
is now gaining acceptance as a focal therapy option,
with reasonable oncologic outcomes. Partial-gland
HIFU has been studied in several trials, with cancer-
free rates as high as 95% on repeat biopsy of the
ablation zone [55–58,59

&

,60
&

,61,62
&

]. Ninety-three
percent metastasis-free survival, 58% biochemical
recurrence-free survival (using Phoenix criteria),
and 100% cancer-specific survival have been
reported with over 5 years of follow-up [56,57].
Continence and erectile function rates are 90–
100% and 77–100%, respectively. Serious compli-
cations from focal HIFU are rare compared to whole-
organ treatments [55,63].
Cryotherapy

Like HIFU, cryotherapy was originally used for
whole-gland therapy and was later adapted for focal
therapy [64]. Cryotherapy was the first modality
used for focal therapy to treat unilateral disease
while sparing the contralateral neurovascular bun-
dle [65]. Since then, it has become one of the most
commonly used focal therapy options for men with
localized prostate cancer.

Cryotherapy involves transperineally inserting
cryoprobes under TRUS guidance into the prostate
region of interest and freezing this tissue to �408C,
causing coagulative necrosis and ischemia. TRUS
allows real-time visualization of the ice ball, allow-
ing for dynamic estimation of margin control.

Long-term follow-up studies of men undergoing
focal cryotherapy have been published in the past
decade [66–76]. With 26 months median follow-up
(range 12–70 months), cancer on biopsy was
detected in 2–14% of patients in the treated
hemi-ablation zone. All but one study relied on
TRUS-guided prostate biopsies (one used transper-
ineal template mapping biopsy [72]), and one
employed mpMRI for lesion localization prior to
cryotherapy [73]. 81–97% treatment-free survival
and 100% overall- and cancer-specific survival are
reported, with no metastases [66–69,71–74,76].
Pad-free continence ranged from 98 to 100%, and
erectile function was preserved in 58–89% of men.
CONCLUSION

MR-guided targeted biopsy offers major advantages
over conventional US-guided biopsy in diagnosing
0963-0643 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
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prostate cancer. Focal therapy, which depends on
the information from the targeted biopsy method,
appears to be gaining traction as an option for some
men with prostate cancer. Appropriate patient selec-
tion and posttreatment results will be important
subjects for future studies comparing long-term out-
comes of focal and whole-gland therapy.
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