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Abstract

Two devices are currently available for the treatment of prostate cancer with HIFL] Sonshblate® and Ablatherm®. The
outcomes achieved for primary-care patient are very promissing with mid- and long-term progression-free survival rates
around 70%, negative postoperative prostate biopsies almost 85%, and an excellent morbidity profile. Moreover, HIFU has a
considerable potential for local recurrence after radiation failure. Recently, some early experiences on focal therapy suggest
that HIFU could be an excellent option for highly selected patient.
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Introduction

The incidence of prostate cancer is increasing
worldwide [1, 2]. Of these newly diagnosed prostate
cancers, 70% are organ-confined and may be suitable
for 2 local, potentially curative therapy. Many
tregtment options are available including the two
standard treatment options that are surgery or
radiation therapy. The morbidity associated with
radical treatment is significant. Thus the quest
continues for a reliable alternative to open surgery
or radiation therapvy with the peed o find a
procedure as minimally invasive as possible. Several
new therapeufic options are available now including
HIFU, which appears to be an attractive, evolving
way to treat prostate cancer either as a primary care
or as a salvage option. HIFU is also a very prormdsing
technology for focal therapy of prostate cancer.

HIFU hisiory and principles

HIFU produces ulirasound waves that are generated
by a spherical transducer. The ultrasound energy is
focused on a fixed point. The first descripdon of

HIFU was made in 1942 and the ability to destroy . . -

tissue estabiished in 1944 {3, 4. The frst experi: -

ments on prostate were made on canine and bemgn e

human prostate hyperrophy [5-7].

Ultrasound waves deposit energy as they travel P
through dssues., For mmgmgpurposes,ﬂnsdeposﬂed”
energy is insignificant. By increasing the intensity of -+ 7

the waves and focusing them on 2 single point, HIFU

allows the deposit of a large amount of energy into.. -~ " - .
tissue, resulting in its destruction through cellular”
distuption and coagulativé: necrosis [8]. Two:'_ S
mechanisms of tissue damage are mvolved thermal. - .
effect and cavitation [9] The thermal eﬁ'ect relzes on - s
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the absorption of ultrasound energy by the tissue and
its conversion into heat. In the right conditions, the
temperature within sonicated tissue will raise to a
k:vel suﬁaent to imduce mevemble damages.
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sound and micro-bubbles of water in the sonicated
rissue. This inferaction may lead to oscillaton of
these micro-bubbles, violent collapses and dispersion
of energy enhancing tssue ablation.

The aim is to treat the endre gland by juxtaposidon
of elementary lesions. The main sonication para-
meters are acoustic intensity, duration of exposure,
or/off ratio, the distance between iwo clementary
lesions and the displacement path when multiple
lesions are made.

This technique provides the advantage of a
transrectal ireatment with prostate destruction
while sparing the rectum iwself. By combining a
precise conmol of the posidon of the transducer
within the rectum and an actve cooling of the rectal
mucosa, the risk of rectal injury is minimized.

HIFU-induced lesions are visible using standard
ultrasound as hyper-echoic areas but their extent is
not always accurately defined. MRI is the gold-
standard technique used for HIFU treaimment efficacy
assessment. Gadolimum-enhanced T1 weighted
images can clearly show the extent of necrosis [10].
MRI has also been used to guide HIFU treatment as
well as to monitor temperature changes during
HIFU, but this technology is not available yet for
ransrectal prostate cancer treatment [11].

Currently available HIFU devices

Two devices are currently available for the treatment
of prostste cancer: Sonablate® (Focus surgery,
Indianapolis, IN} and Ablatherm® (BDAP-TMS
SA, Vaulx en Velin, France). The Ablatherm has
both the imaging (7.5 MHz) and therapeutic (3
MHz) transducers included in a unique endorectal
probe focused at 40 mm. The Sonablate uses a single
transducer (4 MHz) for both imaging and treatment.
Several probes are available with many focal lengths
(from 25 to 45 mmy).

Ahlatherm reonireg a onerific bed with g natient in

LRRALGAUIEN S LA S Gpeaeaanats RAR VRARAL & pIsR U2l

a lateral position, whereas the Sonablate procedure is
conducted in a dorsal position with the patient lying
on a regular operating table. Treating in the lateral
position allows gas bubbles produced through the
hearting of the prostate tissue to rise with gravity 1o a
position lateral to the prostate reducing the chance of
acoustic interference with the HIFU waves. The
Ablatherm includes three treatment protocols with
specifically designed treatment parameters depend-
ing on the clinical use {standard, HIFU re-treatment
and radiation faihme), whereas Sonablate uses 2

single treatment protocol in which the power has to
be adapted manmually by the operator. Both devices
offer a real-time ultrasonic monitoring of the treat-
mem: In the Ablatherm system, the HIFU probe is

nntrol.of the

dlstancc between the transducer and the rectal wall.

The treatment planning is slighdy different
between the two devices. With the Ablatherm, the
prostate is divided into four to six volume boundaries
and treated from the apex to the base slice-by-slice by
an entrely computer-driven probe [12}. With the
Sonablate, the treamment is usually made in three
consecutive coronal layers, starting from the anterior
part of the prostate and moving to the posterior part,
with at least one probe switch during the procedure
f131.

The risk of urethrorectal fistulas (URFs), which
was the only significant complication in the early
stages of HIFU development, has been dramatically
reduced (incidence between O and 0.5% for primary
procedures in contemporary series) [14-17].

HIFU indications

The recommendations and updated guidelines on
the use of HIFU for prostate cancer as a pramary
frearment concern patients with localized prostate
cancer (clinical T1-T2 stage Nx/0 MO prostate
cancer) who are not suitable for a radical prostatect-
omy whatever the reasons (e.g. age >70 year old, life
expectancy <10 years, major co-morbidities preclud-
ing surgery) or those refusing to undergo surgery
[i8, 19].

HIFU oatcomes

Among publications on HIFU as a primary therapy
for prostate cancer, 15 studies report series of at least
50 patients [13, 16, 17, 20-31], while the others
report on fewer padents {12, 32-34].

Follow-up varies significantly between series
{(range: 6 months to 6.4 years). In most cases, the
PSA nadir was reached 3 to 4 months after the HIFU
reatment and was <0.05ng/ml. in 55% 10 91% of
the cascs. Many studies have demonstrated that the
PSA nadir was a significant predictor of HIFU
failure. Patients with a PSA nadir over 0.5ng/ml.
must be carefully monitored [16]. A PSA nadir
>0.2 ng/mL. after HIFU has been associated with a
4 times greater risk of treatment failure (as defined by
cancer on biopsy after HIFU) [35]. The five years
discase-free survival rate in the Iongest follow up
studies was 66% and the cancer specific survival rate
was 98% [24]. Complication rates are low with
sloughing occurring in 0.3% w0 8.6%. Impotence
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occurs in 20% o 77% of patients and bladder outlet
obstruction in 12% w0 22%.

In our insttution we have recently reviewed the
outcomes of 880 patients. Mean age was 70 years.
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intermediate and high in 36%, 48% and 16%
respectively. Median follow up was 41 months.
Median PSA nadir was 0.1 ng/mL.. The overall and
cancer-specific survival rates at 7 years were 90% and
98%, respectively. The metastasis-free survival rate
at 7 years was 96%. The 5 and 7 years biechermical
free survival rates were 75%—62%, 59%-50% and
45-39% for low, intermediate and high risk patients,
respectively (p=0.0001) (Figure 1) {36].

The disease free survival rate reported after
conformal exrernal beam radio therapy (EBRT) at
8 and 10 years was 59% to 68% and 78% o 83.4%
with dose escaladon and for an ultra-high dose (86.4
Gy) the five vear actuarial PSA relapse-free survival
was 98%, 85% and 70% for the low, intermediate
snd high risk groups [37-40]. However, only
prospective studies or matched-pair analysis would
allow a direct comparison between HIFU and
EBRT.

HIFU re-treatment

In case of incomplete treamment or treatment failure,
HIFU does not result in a therapeutic impasse. As
opposed to radiation, there is no dose limitation and
no Hmited number of sessions. The re-trearment rage
is estimated in the literature to be between 1.2% and
1.47% ({13, 15, 17, 29}. The morbidity related to
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repeat HIFU treatment for localized prostate cancer
has been studied on 223 patients with a re-treatment
rate of 22%. While urinary infection, infra-vesical
obsiruction and chronic pelvic pain did not signifi-
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increase was observed for urinary incontinence and
impotence in the retreat group [15].

Salvage HIFU

The rate of positive biopsy after EBRT for prostate
cancer in the literature is between 21% and 32%
{41-46}. The 10-year distant metastases-free survival
rate in patients with negaiive/severe treatment effect
biopsy outcomes was 90% (CI 86-93) and the
corresponding outcome In patents with positive
treatment biopsy ouicomes was 69% (CI 58-80,
Pp=0.0004). Post-ireatment biopsy status was also
associated 2with an increased risk of prostate cancer
death [45, 46]. There appears to be a role for salvage
HIFU therapy with curative intents for some patients
with z locally proven recurrence after external-beam
radiarion therapy and no metastasis that are usually
reated with androgen deprivation {(AD).

Local control was achieved with negative biopsies
in 73% of the cases with a median PSA nadir of
0.19ng/ml. [47}. With a2 mean follow-up of 18.1 (3
to 122) months, the overall actual five-year specific
survival rate was 84%. The actual three-year pro-
gression-free (PSA greater than nadir + 2ng/ml,
positive biopsy or salvage treatment reguirement)
was 53%, 43% and 25%, respectively, for low and
intermediate risk patients according to D’Amico’s

" Disease free survival (phoenix criteria}
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Figure 1. Disease free survival rate according to the dsk group.
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Bigure 2. Disease free survival rate after salvage HIFU for EBRT failure.

risk groups. Discase progression was mnversely related
with the pre-HIFU PSA and the use of (AD) during
PCa management (Figure 2). While the technique
offers promising results, it has to be balanced with
side effects. The morbidity reported was particularly
important for incontnence, accounting for 56% of
the patients, but only 11% of this group required an
artificial urinary sphincter implantation. On the
contrary, the risk of URF was only .4% with the
introduction of a specific treatment algorithm
designed for radiadon failure: since 2002, the
Ablatherm® device included specific acoustic para-
meters for salvage HIFU. The acousidc dose was
adapted to the low blood flow inside the gland
fibrosis induced by radiation.

Nevertheless, the risk-benefit ratio of salvage
HIFU compares favourably with those of the other
available techniques with less morbidity and similar
oncological outcomes. In this context, HIFU appears
to be an effective curative treatment option for local
recurrence after radiation failure.

Salvage EBRT after HIFU faillure

In a rewrospecive study, Pasticier et al. include
patients treated with salvage radiation treatment afier
HIFL [48]. A total of 100 patienis were included
with a median follow up of 33 months. Mean doses
of radiadon were 71.9:42.38 Gys, 83 patents
underwent only radiation treatment and 17 padents
underwent radio-hormonal treatment. The mean
delay between HIFU and EBRT was 1494118
months. Mean PSA before salvage EBRT was
2.1+ 1.8ng/mL and the nadir PSA afier EBRT was
0.28 +0.76 ng/mL with 17.4 4 10.8 months to reach

nadir. The incontinence rate was not different before

and 1 year after salvage EBRT. The progression free
survival rate was 76.6% at 5 years, and was 93%,
70% and 57.5% for low, intermediate and high risk
group respectively. The predicting factors of failure
were the PSA nadir after salvage EBRT and the time
to reach nadir after EBRT.

Future direetions
Focal therapy

A short series of prostate hemiablaton with HIFU
was published in 2009 [49]. Inclusion criteria were
men with low to moderate risk {Gleason <7, PSA
<15ugiml), wunilateral PCa (<TZ2bNOMO) on
TRUS biopsy underwent multi-sequence MRI (T2,
DCE, diffusion} and 5-mm-spaced transperineal
template biopsies to localise disease. All were treated
using mransrectal HIFU incorporating the entire
positive hemiprostate up to urethra. A total of 18
patents were freated. (Gleason score was 7 m 78% of
the cases and the mean PSA pre-HIFU was 7.3 ng/
ml. Incontinence rate was 5.6%. Two partienss
(11.1%) had positive 6 months protocol biopsy
with residual 1 mm Gleason 3-4+3: one clected for
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reireanent and the other acdve suiveilancd.

"'The French Urological Associaion {AFU) has
started a study to evaluate hemiablaton with HIFU
as a primary treatment for patients >50 years, T1C or
T2A, PSA <10ng/ml, Gleason 6, with no more
than 2 contiguous biopsies in no more than one lobe
afier MRI, random and targeted biopsies. To be
included the umour must be >6 mm from the apex
and >5 mm from the midline. Only one prostatic
lobe is treated (Figure 3).

A similar study is designed for EBRT failure with
MRI and biopsy proven unilateral local recurrence.
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Figure 3. Focal HIFU treatment as primary treatment. The pre-operative MRI on the left shows an enhancing tumour on
the left peripheral middle gland proven by targeted biopsies and the post-operative MRI on the right shows the hemi-ablated

prostate with no residual enhancement.

These focal approaches need a precise preopera-
tive localizadion of the cancer with multi sequence
MRI associate with targeted and templates biopsies.
The recent literature shows some promising results
on cancer localization [50-53].

Brachytherapy failure

A study with the Ablatherm® device is in progress in
Lyon. Nineteen patients with MRI and biopsy-
proven recurrence after brachytherapy have been
included so far. Sixteen of them underwent a whole
gland ablation and three underwent a focal therapy
(Figure 4). The follow up was 15420 months.
Nine patients {47.4%) had undetectable PSA with
no hormonal deprivation treatment, eight {(42.1%)
needed hormonal deprivation weamment for a rising
PSA and two {10.5%) are recent cases with very
short follow up. The complication rate was high in
the first nine cases with three urinary incontinences
(erade 3) and one urethro-recral fistula. For those
first patients, we used the treatment acoustc para-
meters defined for radiaton failure. Because of the
high rates of complications, new specifically designed
treatment parameters for brachytherapy failure were
developed with a decrease in the acoustic dose
according to the intense prostate fibrosis. Since the
introduction of those new parameters, ne urethro-
rectal fistula was noticed and no rectal lesion was
scen on control MRI, withour reduction of the
treatment efficacy.

Chemotherapy associated with HIFU

Experimental studies have demonstrared the potental
of chemotherapy associated with HIFU. Paparel etal.
evaluated in a rar model the therapeudc effect of
HIFU combined with docetazel on AT2 Dunning
adenocarcinoma [54, 55]. They showed a synergistic
inhibitory effect of the TIFU + Docetaxel associa-
fion. In an ethical comity approved study, 24 high-risk
patients (Gleason =443 and/or PSA >15 ng/m1. and/
or >2/3 of positive biopsy) underwent HIFU asso-
ciated with docetazel. Chemotherapy was delivered
30 min before the HIFU treatment. The protocol
included a dose escalation with a start ar 30 mg/m®.
Tifteen patients received 30mg/m” of docetaxel with
no adverse effects, two patients received 50 mg/m®
with one febrile neutropenia and ope transient
alopecia grade 1 and seven patients received
40mL/m*® with no adverse effects. The follow up
was 15.81+9.9 months. A complete response with
undetectable PSA was observed in 13 padents (54%]).
An AD was used in seven cases for rising PSA. Four
patients had too short follow-up to give results.

Conclusion

The outcomes achieved for primary-care patients
are very encouraging. HIFUJ does not represent
a therapeutic impasse: EBRT is a safe salvage option
after HIFU failure, On the other hand, HIFU has a
considerable potential for treating local recurrence
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Figure 4. Focal HIFU after brachytherapy failure. The MRI on the left shows an enhancing tumour at the left peripheral
zone extending to the right and crossing the midline. On the right, the post-operative MRI shows the desiroyed area with no
residual enhancement.

afrer radiation failure. Recently, some ecarly experi-
ences on focal therapy suggest that HIFU provides
an excellent opportunity to perform local weatment
in low-risk prostate cancer.

Declararion of interest: The authors report oo conflics
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