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Article info Abstract
Article history: Background: High-intensity focused ultrasound (HIFU) is a nonsurgical therapy for
Accepted April 20, 2013 selected patients with localized prostate cancer (PCa).

Objective: The long-term oncologic and morbidity outcomes of primary HIFU therapy for

localized PCa were evaluated in a prospective, single-arm, single-institution cohort study.

Design, setting, and participants: Participants were patients treated with HIFU for

localized PCa from 1997 to 2009. Excluded were patients with local recurrence following

Keywords: radiotherapy. A second HIFU session was systematically performed in patients with
biopsy-proven local recurrence.

Intervention: Whole-gland prostate ablation with transrectal HIFU.
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High-intensity focused

ultrasound ablation Outcome measurements and statistical analysis: Incontinence was assessed using the
Localized prostate cancer Ingelman-Sundberg score, and potency was assessed using the five-item version of the
Survival rate International Index of Erectile Function (IIEF-5) scores. Primary outcomes were survival

rates (biochemical-free, cancer-specific, metastasis-free, and overall survival). Secondary
outcomes were morbidity rates. Median follow-up was 6.4 yr (range: 0.2-13.9). The
Kaplan-Meier method was used to determine survival estimates, and multivariate analysis
was used to determine predictive factors of biochemical progression.
Results and limitations: A total of 1002 patients were included. The median nadir prostate-
specific antigen (PSA) was 0.14 ng/ml, with 63% of patients reaching a nadir PSA <0.3 ng/ml.
Sixty percent of patients received one HIFU session, 38% received two sessions, and 2%
received three sessions. The 8-yr biochemical-free survival rates (Phoenix definition) were
76%,63%,and 57% for low-, intermediate-, and high-risk patients, respectively ( p < 0.001). At
10 yr, the PCa-specific survival rate and metastasis-free survival rate (MFSR) were 97% and
94%, respectively. Salvage therapies included external-beam radiation therapy (EBRT)
(13.8%), EBRT plus androgen-deprivation therapy (ADT) (9.7%), and ADT alone (12.1%).
Severe incontinence and bladder outlet obstruction decreased with refinement in the
technology, from 6.4% and 34.9% to 3.1% and 5.9%, respectively. Limitations included the
fact that the study was a single-arm study without a comparison group, technological
improvements, changes in surgical protocol during the study, and the use of ADT to downsize
the prostate in 39% of patients.
Conclusions: HIFU is a potentially effective treatment of localized PCa, with a low
PCa-specific mortality rate and a high MFSR at 10 yr as well as acceptable morbidity.
© 2013 Published by Elsevier B.V. on behalf of European Association of Urology.
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1. Introduction

The objective of prostate cancer (PCa) treatment is the
achievement of optimal cancer-specific survival rates with
the lowest possible morbidity. High-intensity focused
ultrasound (HIFU) is a nonsurgical treatment that uses
nonionizing energy to induce irreversible damage to the
malignant lesion through coagulation necrosis. Transrectal
delivery of ultrasound under real-time monitoring forms
the basis of HIFU. The thermal and cavitational effects can
be repeated with subsequent treatment administration,
and salvage external-beam radiation therapy (EBRT) is a
therapeutic option in cases of local relapse following HIFU
[1]. Since 1993, HIFU has been evaluated in our department
as a minimally invasive option for the treatment of localized
PCa in nonsurgical candidates [2]. Long-term oncologic
results for HIFU are sparse in the literature, and HIFU is still
considered investigational in the European Association of
Urology guidelines [3,4]. The goals of the current study were
to report the cancer control and morbidity outcomes for all
patients treated with HIFU as primary therapy between
January 1997 and December 2009 as well as to analyze
factors that potentially influence treatment outcome.

2. Materials and methods

Following institutional review board approval, data from all treated
patients were prospectively obtained and entered into a secure
database (IRB: EB/MR92027/C, 200-032B, 2003-001B). Inclusion criteria
were localized PCa, prostate-specific antigen (PSA) <30 ng/ml, clinical
stage TIMO-T2MO, and no previous radical therapy for PCa. None of the
patients were candidates for surgery because of age, comorbidity, or
patient refusal. All patients were offered the treatment options of HIFU in
a research protocol, EBRT, or active surveillance. Baseline and post-HIFU
PSA measures were obtained for all patients.

2.1. Treatment protocol

All patients were treated with Ablatherm HIFU devices (EDAP-TMS,
Vaulx-en-Velin, France), including prototype devices (1997-1999),
Ablatherm Maxis (1999-2000), and Ablatherm Integrated Imaging
(since 2005). Starting in 2000, transurethral resection of the prostate
(TURP) was performed immediately prior to the HIFU session, under the
same anesthesia, in patients with prostate volume <30 ml. In patients
with prostate volume >30 ml, two strategies were used: androgen-
deprivation therapy (ADT) before 2005 and TURP performed 6 wk prior
to HIFU beginning in 2006. Pre-HIFU TURP avoids the adverse effects
induced by hormonal therapy and dramatically reduces catheter time
and rate of urinary tract infection [5]. The most recent treatment
parameters for initial HIFU therapy involved a 3-MHz nominal
frequency, 6-s treatment pulse, and 4-s shot interval. Five operators
performed the procedures.

2.2. Follow-up

Before June 2007, all patients underwent post-HIFU biopsy at 6 mo
regardless of PSA level. After June 2007, post-HIFU biopsy was performed
only in patients with a nadir PSA >0.3 ng/ml, according to the Ganzer
et al. publication [6]. Based on the small post-HIFU prostate volume, a
minimum of six biopsy cores were obtained. Additional follow-up
biopsies were performed in cases of biochemical failure (American
Society for Therapeutic Radiology and Oncology/Phoenix definition).

In cases of positive biopsy without evidence of metastasis, a second HIFU
treatment was offered. Before 2005, some patients continuing to show
positive biopsy who had little morbidity after the second session
received a third HIFU session. Analysis of the initial repeat HIFU
outcomes, including the elevated risk of rectourethral fistula, led to the
introduction of specific parameters for HIFU retreatment in 2007.

2.3. Salvage treatment

Salvage therapy was performed after the last HIFU session in the event of
biopsy-proven local recurrence and/or biochemical failure. ADT was
used in patients without biopsy-proven local recurrence or with poor
general health status, and salvage radiation therapy (SRT) alone or in
combination with ADT was performed in patients with demonstrated
local recurrence and long life expectancy.

24. Survival and morbidity evaluation

For disease-free rates, biochemical failure was defined using the Phoenix
definition (nadir +2 ng/ml). All PCa-specific deaths were verified, and
hormone-refractory metastatic PCa was documented by rising PSA level
despite the use of second-line ADT and chemotherapy. Additional
treatment-free survival was calculated by the initiation of salvage
treatment as the date of failure. Palliative treatment-free survival was
calculated by the initiation of definitive ADT. Incontinence was assessed
using the Ingelman-Sundberg score [7], and potency was assessed using
the five-item version of the International Index of Erectile Function
(IIEF-5) scores between 12 and 24 mo after HIFU. All adverse effects, such
as bladder outlet obstruction (BOO) (obstruction of the outflow of urine
from necrotic debris or urethral stricture), were prospectively recorded.
Only patients with complete data have been included in the final analysis
(multivariate analysis, survival curves).

A statistical analysis was performed with SPSS v.20 (IBM Corp.,
Armonk, NY, USA). Survival curves were based on the Kaplan-Meier
method, and the log-rank test was used for univariate comparisons.
Actuarial survival rates were based on life table methods. For multivariable
analysis, the Cox proportional hazards regression model was used.

3. Results

A total of 1002 patients met inclusion criteria. Patient
demographics and baseline characteristics are summarized
in Table 1. Median follow-up was 6.4 yr (0.2-13.9). HIFU
was delivered by prototype model in 63 patients, Ablatherm
Maxis in 652 patients, and Ablatherm Integrated Imaging in
287 patients. A total of 392 patients received pre-HIFU ADT
for a median duration of 4.3 mo (range: 1-56) (n = 278
[71.0%] for <6 mo; n = 114 [29.0%] for >6 mo). ADT was
stopped after HIFU in all recipients. As only 63 patients
(6.3%) did not received pre-HIFU TURP, the effect of TURP
on the oncologic results was not evaluable. The median
number of HIFU sessions was one (range: one to three), with
596 patients (60%) receiving one session, 383 patients (38%)
receiving two sessions, and 23 patients (2%) receiving three
sessions. On average, 488 =+ 122 shots were delivered,
corresponding to a median treated volume of 30 ml (range:
3-60), which was 130% of the actual prostate volume size
because of overlap in treatment zones.

Post-HIFU biopsies after the final HIFU treatment were
available for 774 patients (77%). Results were negative in
485 patients (63%) and positive in 289 patients (37%).
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Table 1 - Baseline characteristics of 1002 patients according to the three different high-intensity focused ultrasound devices

Overall, n = 1002 Before 2000, n = 63 2000-2004, n = 652 2005-2009, n = 287 p value

Age, yr, median (range) 71 (48-87) 73 (56-87) 71 (48-85) 72 (52-84) <0.001
PSA, ng/ml, median (range) 7.7 (0.0-30.0) 8.0 (0.0-26.3) 8.2 (0.0-30.0) 6.4 (0.0-30.0) <0.001
Prostate volume, ml, median (range) 23.0 (5-78) 23.0 (8-62) 22.0 (5-78) 24.5 (6-48) <0.001
Previous ADT, no. (%)

No 610 (60.9) 55 (87.3) 362 (55.5) 193 (67.2)

Yes 392 (39.1) 8 (12.7) 290 (44.5) 94 (32.8) <0.001
Total, no. 1002 63 652 287
Pre-HIFU Gleason score, no. (%)

<6 555 (55.4) 35 (55.6) 356 (54.6) 164 (57.1)

7 348 (34.7) 10 (15.9) 235 (36.0) 103 (35.9)

>8 84 (8.4) 16 (25.4) 5 (8.4) 3 (4.5) <0.001

Undefined 15 (1.5) 2(3.2) 6 (0.9) 7 (2.4)
Total, no. 1002 63 652 287
Pre-HIFU PSA, no. (%)

<4 148 (14.8) 13 (20.6) 73 (11.2) 62 (21.6)

4-10 569 (56.8) 24 (38.1) 373 (57.2) 172 (59.9)

>10 285 (28.4) 26 (41.3) 206 (31.6) 53 (18.5) <0.001
Total, no. 1002 63 652 287
Stage, no. (%)

T1 518 (51.7) 31 (49.2) 328 (50.3) 159 (55.4)

T2 449 (44.8) 29 (46.0) 303 (46.5) 117 (40.8)

T3 8(2.8) 3(4.8) 0(3.1) 5(1.7) 0.014

Undefined 7 (0.7) 0 (0.0) 1(0.2) 2(2.1)
Total, no. 1002 63 652 287
D’Amico risk group, no. (%)

Low 357 (35.6) 15 (23.8) 215 (33.0) 127 (44.3)

Intermediate 452 (45.1) 23 (36.5) 308 (47.2) 121 (42.2)

High 174 (17.4) 25 (39.7) 121 (18.6) 28 (9.8) <0.001

Undefined 9(1.9) 0 (0.0) 8(1.2) 11 (3.8)
Total, no. 1002 63 652 287

PSA = prostate-specific antigen; ADT = androgen-deprivation therapy; HIFU = high-intensity focused ultrasound.

3.1. Biochemical survival

patients, 98% for intermediate-risk patients, and 92% for high-

Nadir PSA was reached <6 mo after HIFU in all patients, at
a median of 7.9 wk (range: 1-52) with a median nadir PSA
of 0.14 ng/ml (range: 0-12.7). In all, 631 patients (63%)
attained a nadir PSA <0.3 ng/ml, and 567 patients (56.6%)
attained a nadir PSA <0.2 ng/ml. Table 2 compares the
number of HIFU sessions and the nadir PSA values achieved
with the different HIFU devices. Biochemical recurrence
(Phoenix definition) was observed in 205 patients (21.2%).
The 5- and 8-yr biochemical-free survival rates (BFSRs) for
low-, intermediate-, and high-risk patients were 86-76%,
78-63%, and 68-57%, respectively (p < 0.001) (Fig. 1). The
overall 10 yr BFSR was 60%. The 8-yr BFSRs in patients with
and without previous ADT were 70% and 66%, respectively

risk patients (Fig. 3). The 10-yr PCa metastasis—free survival
rate (MFSR) was 94% (Fig. 2) and was 99%, 95%, and 86% for
low-, intermediate-, and high-risk patients, respectively.

3.3. Predictive factors

In multivariable analysis (Table 3), clinical stage, PSA, pre-
HIFU Gleason score, and number of HIFU sessions were

Table 2 — Number of high-intensity focused ultrasound (HIFU)
sessions and prostate-specific antigen nadir after HIFU, according
to the three different HIFU devices

Before 2000, 2000-2004, 2005-2009, p value

' : n=63 n =652 n =287
(p = 0.992). The 5-yr BFSR progressively increased over -
time: 66% in patients treated before 2000, 80% in patients N"]' RS nzos gs)n) 350 (53.7) 221 (77.0)
treated from 2000 to 2004, and 83% in patients treated from 5 28 (44:4) 289 (44:3) 66 (2320) <0001
2005 onward (p = 0.010). >3 10 (15.9) 13 (2.0) 0 (0)
Total, no. 63 652 287
3.2. Survival rates PSA nadir, ng/ml, no. (%)
<03 31 (49.2) 416 (63.8) 184 (64.1)
Eighty-nine patients (8.9%) died during follow-up from 0.3-1 14(22.2) 120 (18.4) 56 (19.5) 0.232
; N >1 18 (28.6) 111 (17.0) 45 (15.7)
unrelated causes, 13 patients (1.3%) died from PCa, and Not determined 0 (0.0) 5(0.8) 2(0.7)
metastatic PCa was detected in 40 patients (4.0%). The 10-yr Total, no. 63 652 287

overall survival rate and PCa-specific survival rate (PCSSR) was
80% and 97%, respectively (Fig. 2). PCSSR was 99% for low-risk

HIFU = high-intensity focused ultrasound; PSA = prostate-specific antigen.
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Fig. 1 - Influence of pre-high-intensity focused ultrasound (HIFU) risk group on biochemical-free survival rates (Phoenix criteria) following HIFU therapy.
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Fig. 2 - Overall, prostate cancer (PCa)-specific, and metastasis-free survival rates following high-intensity focused ultrasound (HIFU) treatment.

significantly associated with biochemical failure. The
operator volume was not tested as a covariate in the
multivariate analysis, because it has never been significant
in previous studies. Nadir PSA was a significant predictive
factor for biochemical failure. The 5- and 10-yr BFSRs were
88% and 75% with a nadir PSA <0.3 ng/ml, 72% and 32% with
a nadir PSA 0.31-1.0 ng/ml, and 50% and 23% with a nadir
PSA >1.0 ng/ml, respectively ( p < 0.001). Predictive factors
for HIFU retreatment included PSA >4 ng/ml, prostate
volume >25 ml, more than three of six positive biopsies,
and the year of treatment (corresponding to device
generation).

34. Salvage treatment

A total of 371 patients (37.1%) presenting with a rising PSA
(Phoenix definition), with or without biopsy-proven recur-
rence, received salvage therapy, which included SRT alone
(13.9%), SRT plus ADT and/or chemotherapy (10.7%), ADT
alone (12.1%), and ADT plus chemotherapy (0.4%). The
median time between the last HIFU session and SRT was
17 mo (range: 2-103), with a median dose of 72 Gy (range:
65-78). The 5- and 8-yr additional treatment-free survival
rates for low-, intermediate-, and high-risk patients were
81% and 68%, 66% and 53%, and 47% and 38%, respectively
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Fig. 3 - Influence of pre-high-intensity focused ultrasound (HIFU) risk group on prostate cancer-specific survival in patients treated following HIFU.

Table 3 - Prognostic factors of biochemical failure (Phoenix definition) in patients treated with high-intensity focused ultrasound: result of
univariate and Cox analysis

Prognostic Univariate Univariate Univariate Multivariate Multivariate Multivariate
factors p value risk ratio 95% CI p value risk ratio 95% CI
Age 0.018 1.03 1.01-1.06 0.641 1.01 0.98-1.03
Previous ADT 0.992 1.000 0.75-1.33 0.504 0.91 0.68-1.21
Stage

T1 = = = = = =

T2 0.022 1.39 1.05-1.84 0.057 1.32 0.99-1.77

T3 0.052 2.15 0.99-4.64 0.403 1.41 0.63-3.12
Gleason score

<6 - - - - - -

7 0.014 1.46 1.08-1.97 0.050 1.36 1.00-1.84

>8 <0.001 2.30 1.49-3.54 0.024 1.71 1.08-2.72
PSA, ng/ml

<4 = = = = = =

4-10 0.008 2.13 1.21-3.73 0.007 2.17 1.24-3.82

>10 <0.001 4.94 2.81-8.68 <0.001 4.81 2.70-8.57
Prostate volume, ml

<25 = = = = = =

>25 0.216 1.19 0.90-1.57 0.577 1.09 0.81-1.45
Positive biopsies

<2 of 6 - - - - - -

3-4 of 6 0.285 1.21 0.85-1.72 0.438 1.16 0.80-1.67

>5o0f 6 0.778 0.96 0.96-1.32 0.703 1.07 0.75-1.55

No. of HIFU sessions
1 - - - - - -
>2 0.005 0.66 0.50-0.88 0.001 0.60 0.45-0.81

HIFU technology
Before 2005 - - = = - -
After 2005 0.781 0.95 0.66-0.95 0.771 1.07 0.70-1.62

CI = confidence interval; PSA = prostate-specific antigen; HIFU = high-intensity focused ultrasound; ADT = androgen-deprivation therapy.

Please cite this article in press as: Crouzet S, et al. Whole-gland Ablation of Localized Prostate Cancer with High-intensity Focused
Ultrasound: Oncologic Outcomes and Morbidity in 1002 Patients. Eur Urol (2013), http://dx.doi.org/10.1016/j.eururo.2013.04.039




LURNURNU=-JUJO, INU. Ul I'dgCs O

6 EUROPEAN UROLOGY XXX (2013) XXX-XXX
100 —| D’Amico risk
—I1Low
° —Iintermediate
°\n 90 — High
[}) —— Low-censored
© —— Intermediate-censored
- 80 — High-censored
©
2
E 70 —
=3
"
o 60—
[
=
L 50—
c
Q
E 40
-
©
[
5 30—
S
'.g 20— Patients at risk, no.
.(=-U 357 357 350 323 284 244 205 157 101 53 26
Q. 10— 452 452 441 411 363 316 262 199 135 75 33
0 174 174 155 136 119 104 87 70 52 34 21
T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10

Time point, yr

Fig. 4 - Influence of pre-high-intensity focused ultrasound (HIFU) risk group on palliative treatment-free survival following HIFU.

(p < 0.001). No additional treatment was needed in 631
patients (63%). The median nadir PSA value after SRT was
0.09 ng/ml. Estimated with the Bolla et al. criteria [8], the 6-yr
BFSR was 83% for the population receiving SRT and was 97%,
89%, and 63% for low-, intermediate-, and high-risk patients,
respectively ( p=0.003). At 8 yr, the rates of patients requiring
palliative ADT were 10%, 18%, and 34% of patients in the low-,
intermediate-, and high-risk groups, respectively ( p < 0.001)
(Fig. 4).

3.5. Morbidity

Morbidity rates are summarized in Table 4. Baseline
incontinence rates included grade 1 in 0.7% of patients and
grades 2/3 in 0% of patients. Technological improvements
in the HIFU device resulted in decreasing rates of grade

2/3 incontinence (from 6.4% to 3.1%, p = 0.088) and BOO
(from 34.9% to 5.9%, p = 0.032). Incontinence was managed
conservatively with physiotherapy (94.5%), artificial urinary
sphincters (3.4%), and suburethral slings (2.1%). Bladder
neck/urethral strictures were resolved with cold knife
incision or TURP. Three patients required a definitive urethral
stent for severe recurrent strictures, two of which occurred
following SRT. Potency was evaluated in 187 patients treated
after 2005 with the latest generation of device. The median
IIEF-5 score decreased from 17 (range: 5-25) to 5 (range:
1-22) (p < 0.001). Potency was preserved (IIEF >17) in the
42.3% of patients with a baseline IIEF score >17 (<70 yr:
55.6%; >70yr: 25.6%; p < 0.001) without pharmacologic aid.

Rectourethral fistula occurred in four patients (0.4%)
following repeat HIFU treatment. Of those patients, three
had severe comorbidity (one patient each with renal failure

Table 4 - Overall morbility and morbidity with technological improvements

Overall, n = 1002

Ablatherm technology

Before 2000, n = 63 2000-2004, n = 652 2005-2009, n = 287 p value
Early complications, no. (%)
Urinary incontinence
Stress 1 187 (18.7) 15 (23.8) 130 (19.9) 42 (14.6) 0.088
Stress 2 or 3 50 (5.0) 4 (6.4) 37 (5.7) 9 (3.1) 0.226
Urinary tract infection 39 (3.9) 11 (17.5) 19 (2.9) 9(3.1) <0.001
Acute urinary retention 76 (7.6) 7 (11.1) 52 (8.0) 17 (5.9) 0.303
Bladder outlet obstruction 166 (16.6) 29 (46.0) 103 (15.8) 34 (11.8) <0.001
Hematuria/sloughing 55 (5.5) 0 (0.0) 37 (5.7) 18 (6.3) 0.133
Late complications, no. (%)
Stenosis 90 (9.0) 22 (34.9) 51(7.8) 17 (5.9) <0.001
Fistula 4(0.4) 0(0.0) 2(0.3) 2(0.7) 0.597
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and hemodialysis, acquired immunodeficiency syndrome
(AIDS), and previous radiation therapy for bladder transi-
tional urothelial carcinoma). Different treatments were
applied: one York-Mason procedure, two colostomies alone
(one anuric patient under hemodialysis and one patient
with bladder cancer), and one gracilis muscle interposition.
No de novo fecal incontinence was observed.

4. Discussion

The cancer control effectiveness of any treatment approach
for PCa is influenced by three factors: efficacy as primary
therapy, early detection of relapse, and feasibility and
efficacy of curative salvage options.

The BFSR with HIFU seems promising in our study and
is comparable to the published rates from other HIFU series
[9,10]. In the GETUG 06 randomized trial, the 5-yr BFSR was
68% in the 70-Gy arm and 76.5% in the 80-Gy arm ( p = 0.09)
[11], although direct comparison between HIFU and EBRT
is possible only with prospective studies or matched-pair
analyses. Similar to EBRT, the BFSR with HIFU was signi-
ficantly influenced by D’Amico risk category [12]. Nadir PSA
was also a significant predictive factor of HIFU outcome [6].
The prostate volume was a significant predictor for HIFU
retreatment. Blana et al. found a 79% BFSR at 7 yr with total-
prostate HIFU (prostate height <24 mm and treated volume
>120% of prostate volume) [10]. No difference in BFSR was
observed in relation to previous ADT exposure, and in this
study (unlike EBRT), no synergistic effect between ADT and
HIFU was observed. Potentially, stage migration over time
might have contributed to the increase in BFSR.

Local relapse was identified in 27% of the current cohort.
Positive biopsy rates following conformal EBRT have ranged
from 21% to 32%[13,14], and the local recurrence rate 10 yr
after radical surgery was 89% (positive margin) and 95%
(negative margin) [15].

The early biochemical response following HIFU allows a
more rapid identification of local relapse through magnetic
resonance imaging and ultrasound imaging using a contrast
agent generally located in the apex and anterior regions of
the prostate [16,17]. With the application of specific
retreatment parameters, repeat HIFU is usually offered to
patients with biopsy-proven local recurrence who have not
experienced significant morbidity from previous HIFU
sessions. HIFU therapy leaves an option for salvage EBRT
that is effective and well tolerated, even at the mean dose of
>70 Gy used in our study [1].

Recent reports of radical prostatectomy (RP) found a 12-yr
PCa-specific mortality (PCSM)rate of 12.5% and a 10-yr PCSM
rate of 0.9%, 4%, and 8% in low-, intermediate-, and high-risk
patients, respectively [18,19]. The metastatic survival rate
12 yr after RP was found to be 80.7% by Bill-Axelson et al.[18],
while Zelefsky et al. found an 8-yr rate of 97% in a
comparative nonrandomized study [20]. The 8-yr metastatic
survival rate after EBRT (>81 Gy) was found to be 93% [7].
Ahighradiation dose level significantly reduces the 10-yrrisk
of metastases, with survival rates of 81% found using <80 Gy
compared with 87% for doses >81 Gy (p < 0.001) [21]. The
PCSM rate 15 yr after iodine 125 brachytherapy was found to

be 16%[22]. The 10-yr PCSM rate was 2.8% with RP, compared
with 5.8% with observation in a matched cohort study of
22 244 patients [23].

The rate of rectal injury in the current study was low
(0.4%), and in contrast to EBRT and brachytherapy, HIFU
does not result in late-onset gastrointestinal (GI) toxicity.
The GI bleeding rates were 9.3 of 1000 patients with three-
dimensional EBRT, 8.9 of 1000 patients with intensity-
modulated radiation therapy, 5.3 of 1000 patients with
brachytherapy, and 20.1 of 1000 patients with proton
therapy [24].

We found decreasing rates of incontinence with tech-
nological improvements. Following radical robot-assisted
laparoscopic prostatectomy (RALP), the objective conti-
nence rate was 80% at 24 mo, based on the University of
California, Los Angeles, Prostate Cancer Index questionnaire
in 380 patients [25].

The rate of BOO has decreased since the introduction of
real-time monitoring. Rates of BOO found with other
therapies include 1.4% with open RP and 2.6% with RALP
[26]. The stricture incidence rates were 1.8%, 1.7%, and 5.2%
in patients treated with brachytherapy, EBRT, and com-
bined EBRT and brachytherapy, respectively [27].

Potency was preserved in 52.6% of younger potent
patients. Following RALP, the objective potency rate at
12 mo was reported as 62% [25]. In 139 potent patients
receiving EBRT (78 Gy), the incidence of new-onset erectile
dysfunction at 2 yr was 38% [28]. After brachytherapy, an
adequate erectile function at 5 yr was found in 61.5% of
previously potent patients [29], while only 24% of patients
retained full potency 24 mo after cryosurgery [30].

This prospective study of HIFU is the largest published to
date with 10-yr Kaplan-Meier estimated survival rates.

We acknowledge the following limitations. The study
was a single-arm study without a comparison group. In
addition, technological improvements and changes in
surgical protocol (TURP) may have confounded some of
the outcome analyses. The study used ADT to downsize the
prostate with a potential bias in survival analyses,
although it was not a significant predictor of survival in
the Cox analyses. The study also used the Ingelman-
Sundberg score originally developed for use in women
with stress urinary incontinence rather than men. Incon-
tinence evaluation was performed between 12 and 24 mo.
Morbidity data were not categorized with a standardized
reporting system. Finally, differences in selection criteria,
study design, use of adjuvant/salvage treatments, and
definition of functional outcomes among the published
results of other PCa therapy modalities make direct
comparisons difficult.

5. Conclusions

HIFU is a minimally invasive therapeutic option with
encouraging cancer-specific survival rates in patients with
localized PCa. The 10-yr PCSMs and MFSRs were low, and
the morbidity was acceptable. Salvage EBRT for post-HIFU
relapse was feasible, and the rate of patients requiring
palliative ADT was low.

Please cite this article in press as: Crouzet S, et al. Whole-gland Ablation of Localized Prostate Cancer with High-intensity Focused
Ultrasound: Oncologic Outcomes and Morbidity in 1002 Patients. Eur Urol (2013), http://dx.doi.org/10.1016/j.eururo.2013.04.039




LURNURNU=-JUJO, INU. Ul I'dgCs O

8 EUROPEAN UROLOGY XXX (2013) XXX-XXX

Author contributions: Sebastien Crouzet had full access to all the data in
the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Gelet, Crouzet.

Acquisition of data: Gelet, Crouzet, Mege-Lechevallier, Tonoli-Catez.
Analysis and interpretation of data: Crouzet, Gelet, Rouviere.

Drafting of the manuscript: Crouzet, Gelet.

Critical revision of the manuscript for important intellectual content:
Chapelon, Rouviere, Colombel.

Statistical analysis: Crouzet, Gelet, Chapelon.

Obtaining funding: None.

Administrative, technical, or material support: Mege-Lechevallier, Martin.
Supervision: Martin, Gelet.

Other (specify): None.

Financial disclosures: Sebastien Crouzet certifies that all conflicts of
interest, including specific financial interests and relationships and
affiliations relevant to the subject matter or materials discussed in the
manuscript (eg, employment/ affiliation, grants or funding, consultan-
cies, honoraria, stock ownership or options, expert testimony, royalties,
or patents filed, received, or pending), are the following: Albert Gelet is a
consultant for EDAP-TMS, Vaulx-en-Velin, France. Marc Colombel has
consulted on educational programs on bladder cancer for Sanofi Pasteur.

Funding/Support and role of the sponsor: None.

References

[1] Riviere ], Bernhard JC, Robert G, et al. Salvage radiotherapy after
high-intensity focussed ultrasound for recurrent localised prostate
cancer. Eur Urol 2010;58:567-73.

Poissonnier L, Chapelon JY, Rouviere O, et al. Control of prostate

cancer by transrectal HIFU in 227 patients. Eur Urol 2007;51:381-7.

Heidenreich A, Bellmunt J, Bolla M, et al. EAU guidelines on prostate

cancer, I: screening, diagnosis, and treatment of clinically localised

disease. Eur Urol 2011;59:61-71.

Warmuth M, Johansson T, Mad P. Systematic review of the efficacy

and safety of high-intensity focussed ultrasound for the primary and

salvage treatment of prostate cancer. Eur Urol 2010;58:803-15.

Chaussy C, Thuroff S. The status of high-intensity focused ultra-

sound in the treatment of localized prostate cancer and the impact

of a combined resection. Curr Urol Rep 2003;4:248-52.

Ganzer R, Rogenhofer S, Walter B, et al. PSA nadir is a significant

predictor of treatment failure after high-intensity focussed ultra-

sound (HIFU) treatment of localised prostate cancer. Eur Urol 2008;

53:547-53.

Ingelman-Sundberg A, Ulmsten U. Surgical treatment of female

urinary stress incontinence. Contrib Gynecol Obstet 1983;10:51-69.

Bolla M, Collette L, Blank L, et al. Long-term results with immediate

androgen suppression and external irradiation in patients with

locally advanced prostate cancer (an EORTC study): a phase III

randomised trial. Lancet 2002;360:103-6.

Uchida T, Shoji S, Nakano M, et al. Transrectal high-intensity

focused ultrasound for the treatment of localized prostate cancer:

eight-year experience. Int ] Urol 2009;16:881-6.

[10] Blana A, Robertson CN, Brown SC, et al. Complete high-intensity
focused ultrasound in prostate cancer: outcome from the @-Registry.
Prostate Cancer Prostatic Dis 2012;15:256-9.

[11] Beckendorf V, Guerif S, Le Prise E, et al. 70 Gy versus 80 Gy in
localized prostate cancer: 5-year results of GETUG 06 randomized
trial. Int J Radiat Oncol Biol Phys 2011;80:1056-63.

[12] Crouzet S, Rebillard X, Chevallier D, et al. Multicentric oncologic
outcomes of high-intensity focused ultrasound for localized pros-
tate cancer in 803 patients. Eur Urol 2010;58:559-66.

[2

(3

[4

[5

(6

[7

(8

(9

[13] Zelefsky M], Reuter VE, Fuks Z, Scardino P, Shippy A. Influence of
local tumor control on distant metastases and cancer related
mortality after external beam radiotherapy for prostate cancer.
J Urol 2008;179:1368-73, discussion 1373.

[14] Zapatero A, Minguez R, Nieto S, Martin de Vidales C, Garcia-Vicente
F. Post-treatment prostate biopsies in the era of three-dimensional
conformal radiotherapy: what can they teach us? Eur Urol 2009;55:
902-10.

[15] Boorjian SA, Karnes R], Crispen PL, et al. The impact of positive
surgical margins on mortality following radical prostatectomy
during the prostate specific antigen era. ] Urol 2010;183:1003-9.

[16] Rouviere O, Girouin N, Glas L, et al. Prostate cancer transrectal
HIFU ablation: detection of local recurrences using T2-weighted
and dynamic contrast-enhanced MRI. Eur Radiol 2010;20:48-55.

[17] Rouviére O, Glas L, Girouin N, et al. Transrectal HIFU ablation of
prostate cancer: assessment of tissue destruction with contrast-
enhanced ultrasound. Radiology 2011;259:583-91.

[18] Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical prostatectomy
versus watchful waiting in early prostate cancer. N Engl ] Med
2011;364:1708-17.

[19] Stephenson AJ, Kattan MW, Eastham JA, et al. Prostate cancer-
specific mortality after radical prostatectomy for patients treated
in the prostate-specific antigen era. J Clin Oncol 2009;27:4300-5.

[20] Zelefsky M]J, Eastham JA, Cronin AM, et al. Metastasis after radical
prostatectomy or external beam radiotherapy for patients with
clinically localized prostate cancer: a comparison of clinical cohorts
adjusted for case mix. ] Clin Oncol 2010;28:1508-13.

[21] Zelefsky My], Pei X, Chou JF, et al. Dose escalation for prostate cancer
radiotherapy: predictors of long-term biochemical tumor control
and distant metastases-free survival outcomes. Eur Urol 2011;60:
1133-9.

[22] Sylvester JE, Grimm PD, Wong ], et al. Fifteen-year biochemical
relapse-free survival, cause-specific survival, and overall survival
following [(125) prostate brachytherapy in clinically localized
prostate cancer: Seattle experience. Int J Radiat Oncol Biol Phys
2011;81:376-81.

[23] Abdollah F, Sun M, Schmitges ], et al. Cancer-specific and other-
cause mortality after radical prostatectomy versus observation in
patients with prostate cancer: competing-risks analysis of a large
North American population-based cohort. Eur Urol 2011;60:
920-30.

[24] Kim S, Shen S, Moore DF, et al. Late gastrointestinal toxicities
following radiation therapy for prostate cancer. Eur Urol 2011;60:
908-16.

[25] Shikanov SA, Zorn KC, Zagaja GP, Shalhav AL. Trifecta outcomes after
robotic-assisted laparoscopic prostatectomy. Urology 2009;74:
619-23.

[26] Breyer BN, Davis CB, Cowan JE, Kane (J, Carroll PR. Incidence of
bladder neck contracture after robot-assisted laparoscopic and
open radical prostatectomy. BJU Int 2010;106:1734-8.

[27] Elliott SP, Meng MV, Elkin EP, et al. Incidence of urethral stricture
after primary treatment for prostate cancer: data from CaPSURE.
J Urol 2007;178:529-34, discussion 534.

[28] van der Wielen GJ, van Putten WL, Incrocci L. Sexual function after
three-dimensional conformal radiotherapy for prostate cancer:
results from a dose-escalation trial. Int J Radiat Oncol Biol Phys
2007;68:479-84.

[29] Stone NN, Stock RG. Long-term urinary, sexual, and rectal mor-
bidity in patients treated with iodine-125 prostate brachythera-
py followed up for a minimum of 5 years. Urology 2007;69:
338-42.

[30] Asterling S, Greene DR. Prospective evaluation of sexual function in
patients receiving cryosurgery as a primary radical treatment for
localized prostate cancer. BJU Int 2009;103:788-92.

Please cite this article in press as: Crouzet S, et al. Whole-gland Ablation of Localized Prostate Cancer with High-intensity Focused
Ultrasound: Oncologic Outcomes and Morbidity in 1002 Patients. Eur Urol (2013), http://dx.doi.org/10.1016/j.eururo.2013.04.039




