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Abstract

The treatment of low-risk prostate cancer is a common clinical
dilemma between standard curative whole gland therapy (and
its associated quality of life diminishing side effects) and active
surveillance (and its low, but real, risk of progression). The goal
of focal therapy in low-risk prostate cancer is to achieve the best
balance between cancer control and maintenance of quality of life.
Magnetic resonance-guided focused ultrasound (MRgFUS) surgery
is a non-invasive thermal ablation method that integrates magnetic
resonance imaging for target identification, treatment planning and
closed-loop control of thermal deposition and focused ultrasound
for thermal ablation of the tumour target. This novel transrectal
system allows for tumour localization, targeting and monitoring of
tumour target ablation in real time, while simultaneously preserv-
ing adjacent normal tissue thereby minimizing the side effects of
standard curative surgical or radiation therapy. We report the first
North American clinical experience of treatment of localized pros-
tate cancer with focal MR-guided transrectal focused ultrasound
(clinicaltrial.gov identifier NCT01226576).

Introduction

With increased prostate cancer awareness and screening,
most men currently diagnosed with this disease fall into the
low-risk category with minimal risk of disease progression.'
Standard curative therapies have traditionally included radi-
cal prostatectomy and whole-gland radiation therapy (exter-
nal beam or brachytherapy). These procedures, although
clinically effective, incur a significant risk of quality of life
diminishing morbidity, including incontinence, impotence
and rectal injury.2 However, a variety of clinical trials have
demonstrated that surveillance of men with low-risk pros-
tate cancer with delayed treatment when necessary (also
known as active surveillance [AS]) is associated with a mini-
mal risk of disease-specific mortality and delays or elimi-

nates the risk of side effects.> However, most men currently
diagnosed with low-risk disease in the United States have
chosen curative therapy rather than risk the specter of a
prostate cancer death.*

The desire to achieve oncological control with minimal
side effects has driven research into minimally invasive focal
procedures designed to eliminate the aggressive portions of
the tumour without affecting surrounding critical structures.
Focal high-intensity focused ultrasound (HIFU) therapy is a
non-invasive option that has been used for localized prostate
cancer therapy since the 1990s. Magnetic resonance imaging
(MRI) of the prostate is considered the most accurate imaging
technique to detect higher grade, higher risk prostate cancer.®
MRI integration with HIFU (or magnetic resonance-guided
focused ultrasound [MRgFUS]) uses the MR images for accu-
rate localization and for targeting the tumour for ablation.
Furthermore, the phase shift characteristics associated with
echo planer sequence MRI allow for accurate near real time
temperature determination (MR thermography) of the treated
zone and surrounding normal tissue.

We report the feasibility and safety of focal transrectal
MRgFUS on the first North American patient treated for
localized prostate cancer using a transrectal device (ExAblate
2100, Insightec Inc., Haifa, Israel). The ExAblate system pro-
vides a real time therapy planning algorithm, thermal dosim-
etry and closed loop therapy control. The physician initiates
therapy by acquiring MR images of the prostate area to be
ablated and drawing treatment contours. The therapy plan-
ning software automatically computes the type and number
of sonifications required to treat the defined treatment area,
while minimizing total treatment time. MR images taken
during the actual sonifications provide quality diagnostic
images of the target tissue and a qualitative near real time
map overlay to confirm the therapeutic thermal effect of the
treatment of each volume. The focus is then automatically
moved electronically to the succeeding treatment adjacent
point and the process is repeated until the entire treatment
volume is ablated.
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One other study of MRgFUS on canine and human patients
has been published, but the human feasibility study used a
transurethral device and targeted only the central prostate
without a specific cancer target.” There have been several
reports at clinical meetings of non-North American patients
treated with ExAblate MRgFUS, but no peer-reviewed pub-
lications.

Case report

on digital rectal exam (clinical stage T2a, prostate-specific
antigen of 1.07 ng/mL) and low-risk Gleason 6 cancer on
previous biopsy, consented and enrolled in this Institutional
Research and Ethics Board (IRB) approved study. Validated
baseline sexual (International Index of Erectile Function
[IIEF]), urinary (International Prostate Symptom Score [IPSS]),
and quality of life (Patient Oriented Prostate Utility Scale
[PORPUS]) data were obtained.

The patient underwent multiparametric 3T MRI (Siemens,
MAGNETOM, Verio 3T) with an endorectal coil, followed
by a confirmatory transrectal ultrasound (TRUS)-guided
extended (16 cores) mapping biopsy (regular 12 cores + 2
peri-urethral samples in each half of the gland at the level of
base and the mid-gland). The proximal end of each biopsy
sample was inked to allow us to identify the location of the
tumour. Biopsy results reconfirmed Gleason 6 (3+3) cancer
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Fig. 1. Intra-procedure image of the prostate, including the tumour registration.

in right mid-lateral (1% of 1 core) and right medial samples at
the level of the mid-gland (1% of 1 core). Template mapped
trans-perineal biopsies were not performed because the IRB
was reluctant to introduce a non-local standard of care pro-
cedure for what was considered a low-risk disease. Since the
tumour was not visible on MR images, the treatment target
volume included the two sectors from which the cores were
positive. A computed tomography of the pelvis ruled out
calcification around the rectum in the expected beam path.
MRgFUS treatment was performed under general anesthesia
as an outpatient procedure, one month after the biopsy. The
procedure was carried outon a 1.5T GE Excite Twinspeed MR
scanner (GE Healthcare, Waukesha, WI) using the ExAblate
2100 prostate system (InSightec Ltd., Haifa, Israel). When the
patient was placed in a low lithotomy position in a custom
MR gantry, a urethral catheter was inserted at the beginning
of the procedure. The ExAblate 2100 system was positioned
transrectally. T2 weighted images were obtained before the
ablation to verify adequate coverage of the prostate by the
device. Prostate boundaries, rectum, urethra and neurovas-
cular bundle, as well as the area targeted for ablation, were
traced on the MR images (Fig. 1).

The HIFU device allows for a transrectal thermal delivery,
while cooling the rectal mucosa with closed loop cold cir-
culating water system. Five macro-sonications were required
to treat the area targeted for the prescribed cancer therapy.
The ablation time for each macro-sonication was 160 sec-
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onds. An additional regular sonication was used at the end
to cover a marginal dose region at the lateral aspect of the
treated region. Each sonication was monitored by MR ther-
mometry that calculates tissue temperature and extrapolates
cell death based on validated prostate Ahrenius calculations.
Similarly, the thermography showed no significant heating
of the areas expected to be preserved. The patient was in
the scanner for a total of 3.5 hours, of which the treatment
time was about 70 minutes. The final non-perfused volume
(NPV) at the end of the treatment was 3.8 cc (Fig. 2). The
patient was transferred to the postoperative recovery unit;
the catheter was removed and he was discharged the same
day voiding spontaneously.

The procedure was uneventful and no intra-procedural
complications were noted. At the 1 week and 1 month
follow-up visits after the procedure, the patient did not expe-
rience any unpleasant side effects, did not use any pain med-
ication, and was back to his regular active lifestyle within a
few days of the ablation. There were no significant changes
in [IEF-15, IPSS (Fig. 3) and PORPUS at these visits. Repeat
MRI at 1T month showed persistent ablated non-perfused
tissue at the right mid-gland (Fig. 4).

Discussion

safety of focal MRgFUS treatment of locally confined low-
risk prostate cancer. Patients for this study were selected in
accordance with the focal prostate cancer consensus panel;’

Fig. 2. Post-contrast magnetic resonance image obtained immediately after
treatment showing a non-perfusion area in the right gland at the treatment site.

MR-guided therapy for prostate cancer

however, we excluded patients with more aggressive dis-
ease with a combination of two transrectal guided biopsies
and multiparametric MRI as opposed to the proposed trans-
perineal mapping biopsy. Our combination of investigations
biases the discovery of high-grade tumours at higher risk of
progression at the expense of missing elements of low-grade
tumours with low risk of progression; these low-risk patients
would have undergone unnecessary radical intervention and
subsequent side effects. Since the consensus panel agreed
that advanced imaging should play a major role in the detec-
tion of high-grade cancer and performance of FT, we felt that
the combination of a careful TRUS biopsy and a complimen-
tary high resolution multiparametric MR imaging would be
sufficient for the purpose of eliminating higher risk disease
(though not necessarily all low-risk cancer) in our carefully
selected patient population.®”

Whole gland HIFU is associated with urinary retention
(1% to 20%), urinary tract infections (1.8% to 47.9%), stress
or urinary incontinence (<1%-34.3%), erectile dysfunction
(20%-81.6%) and recto-urethral fistulae (<2%). It also neces-
sitates the insertion of a supra-pubic catheter for varied peri-
ods of time.? Even non-MR-guided focal HIFU is associated
with dysuria (22%), urethral sloughing (34%), urinary tract
infection (17%), and necessitates insertion of a supra-pubic
catheter.”

In our first case, we have demonstrated that this proce-
dure can be performed safely with no adverse events up to
1 month post-procedure. It also demonstrates that we were
successful in effectively devascularizing the area that we
targeted, with persistent non-perfusion at the site of abla-
tion at the T month follow-up scan (Fig. 4). We believe that
added complexity of using MRI-guided FUS over ultrasound-
guided FUS is well worth it for the precision and uniformity
of tumour devascularization, as well as the ability to avoid
unwanted tissue damage by monitoring temperatures in the
treatment field. The short- and long-term oncologic outcome

Pre-Treatment

Week 1
1 IPPS  1IEF-15

Fig. 3. Changes in voiding and sexual function after magnetic resonance guided
focused ultrasound. There were no significant changes in voiding and sexual
function as measured by the International Prostate Symptom Score (IPSS) and
International Index of Erectile Function (IIEF)-15 from baseline to one week and
one month.
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Fig. 4. One month post-treatment, the magnetic resonance scan following
contrast enhancement shows persistent area of non-perfusion in treated
right aspect of the prostate.

remains to be determined by sequential biopsies. The pres-
ent patient awaits repeat biopsy, which will be performed
at 6 months post-ablation, as per protocol.

Conclusion

transrectal MRgFUS for the treatment of localized PCa. This
case report affirms the feasibility of performing this proce-
dure in humans. Further studies are ongoing to document
safety in a larger cohort of men and to document early onco-
logic outcome.
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