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Comparing High-Intensity Focal Ultrasound
Hemiablation to Robotic Radical Prostatectomy

in the Management of Unilateral Prostate Cancer:
A Matched-Pair Analysis

Simone Albisinni, MD, Fouad Aoun, MD, Simon Bellucci, MD, Ibrahim Biaou, MD, Ksenija Limani, MD,
Eric Hawaux, MD, Alexandre Peltier, MD, and Roland van Velthoven, MD, PhD

Abstract

Introduction: Although still experimental, focal treatment is being increasingly implemented in the manage-
ment of prostate cancer (PCa). Aim of the current study was to compare functional and oncologic outcomes of
high-intensity focal ultrasound (HIFU) hemiablation of the prostate to robot-assisted laparoscopic prostatec-
tomy (RALP) in the management of unilateral PCa.
Materials: Fifty-five men with unilateral, clinically localized PCa underwent HIFU hemiablation of the affected
prostatic lobe between 2007 and 2015. All patients were found to have unilateral disease on the basis on full
concordance between multiparametric magnetic resonance imaging (MRI) and MRI-guided biopsies. These
patients were matched 1:1 with patients who underwent RALP for PCa in which pT2a-b disease (unilateral) was
found on final pathologic analysis. Matching criteria were Gleason score, prostate specific antigen (PSA), and
cT stage. Treatment failure was defined as the need for salvage external beam radiotherapy or systemic
androgen deprivation therapy (ADT) due to disease progression. Kaplan–Meier curves and log-rank tests were
constructed to assess differences in salvage treatment free survival across surgical techniques.
Results: Matching was effective with no significant differences across the two groups, although men treated
with HIFU were older ( p < 0.001). Median follow-up was 36 months (interquartile range 16–56). HIFU was
associated to better and faster recovery of continence, with most men (82%) showing no signs of urinary
incontinence even right after surgery. Moreover, the risk of de novo erectile dysfunction was significantly lower
after HIFU. No significant difference was found in the need for salvage external beam radiation therapy or ADT
across the two surgical approaches: 7/55 men underwent salvage therapy in the HIFU vs 6/55 in the RALP
group ( p = 0.76). Nonetheless, seven more patients in the HIFU arm required a complementary treatment on the
contralateral lobe during follow-up, after developing a contralateral PCa. No patient died of PCa on follow-up,
while six men died of other causes (five HIFU vs one RALP, p = 0.11).
Conclusion: In this matched pair analysis, HIFU hemiablation was comparable to RALP in controlling localized
unilateral PCa, with no significant differences in the need for salvage therapies. HIFU was also associated to
significantly better functional outcomes. Accurate patient selection remains vital, and larger prospective trials are
needed to confirm our findings.
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Introduction

Prostate cancer (PCa) is a major health concern world-
wide, being the second most common neoplasm and sixth

cause of cancer-related death in the world.1 Radical prosta-
tectomy, today mainly performed using a robot-assisted ap-

proach (robot-assisted laparoscopic prostatectomy [RALP]), is
a mainstay in the local control of disease. Nonetheless, the
procedure is associated to significant morbidity and decline in
quality of life due to continence and erectile deterioration after
surgery.2 In the effort to reduce such postoperative burden,
pioneers have begun to explore the feasibility of focal therapy
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in selected PCa patients.3–5 Although PCa is mainly multifo-
cal, investigators have attempted to treat the so-called ‘‘index’’
lesion, which is considered the major determinant in the future
pathologic evolution of the disease.6 Among the energy
sources used for focal therapy, high-intensity focal ultrasound
(HIFU) emerged as a valid minimally invasive therapy for
selected patients,7 and recent studies have reported encour-
aging results for focal therapy delivered with HIFU.4,8,9 With
increasing specificity of preoperative characterization of PCa,
thanks to multiparametric magnetic resonance imaging (MRI)
and MRI-guided targeted biopsies, patient selection is be-
coming increasingly precise, allowing optimal selection of
patients for such a focal approach.

In our department we began performing HIFU hemiabla-
tion of the prostate 9 years ago,9 in patients with unilateral
disease, proven by full correspondence between multi-
parametric MRI and MRI-guided targeted biopsies.10 In the
same period we were also performing RALP for patients with
low and intermediate risk PCa, of which some also harbored
unilateral disease as demonstrated by final pathologic anal-
ysis. Aim of the current study was to compare functional and
oncologic outcomes of HIFU hemiablation of the prostate to
RALP in the management of unilateral PCa.

Patients and Methods

After institutional review board approval, we retrospec-
tively analyzed patients undergoing HIFU prostatic hemi-
ablation for unilateral disease and patients who underwent
RALP for pT2a-pT2b (unilateral) PCa between 2007 and
2015.

For HIFU hemiablation, patients were selected if the
positive biopsy pattern was in complete concordance with
the PCa lesions identified by MRI with precise loci match-
ing on multiparametric approach. We included men with
localized PCa (£cT2), a prostate specific antigen (PSA)
<15 ng/mL, a life expectancy of at least 5 years, and a prostate
volume <40 cm3. We excluded patients who had extraprostatic
extension on multiparametric MRI, suspected regional lymph
nodes or distant metastases on cross-sectional imaging or
bone scan, and/or previous HIFU or radiation therapy to the
prostate. All patients underwent hemiablation using HIFU
delivered by the Ablatherm integrated imaging system (EDAP-
TMS, Vaulx-en-Velin, France), performed by a single surgeon
(R.v.V.) with a high level of experience in whole-gland HIFU.
HIFU hemiablation was defined as ablation of one lobe of the
prostate and not just the index lesion because of device tech-
nical limitations. HIFU energy was delivered only to the hemi
prostate gland, with no treatment of the ipsilateral neurovas-
cular bundle within the technical feasibility of the approach.

Matching

Patients treated by HIFU prostatic hemiablation were
matched 1:1 by propensity score analysis with patients un-
dergoing RALP in the same years, in which unilateral PCa
was detected on final pathologic report (pT2a-2b, unilateral
disease). RALP was performed by three expert surgeons
(R.v.V., A.P., and E.H.), all using the same surgical tech-
nique. A bilateral nerve sparing approach was performed in
all cases. Urinary catheter was usually retrieved at day 5
postoperatively, after a retrograde cystography showed no
leakage. The matching procedure was blinded to the out-

come, guaranteeing the sorting of patients according to
the matching parameters without bias in their outcomes.
Matching criteria were, in order: Gleason score, preopera-
tive PSA, and cT stage (cT1c vs cT2). To confirm an ap-
propriate matching, the absence of significant clinical and
pathologic differences between the two cohorts of patients
treated was assessed using Wilcoxon Rank-sum or w2-test,
as appropriate.

Functional follow-up

Urinary functional outcomes and erectile function were
reported using patient-reported rates. Continence was con-
sidered in a categorical manner as 0 vs ‡1 pad. Patients were
considered potent if erections, with or without iPDE5, were
sufficient for intercourse.

Oncologic follow-up

Given the inherent difference across the two surgical ap-
proaches (organ-sparing vs radical extirpation), comparison
of biochemical recurrence rates using PSA is inadequate.
Moreover, there is currently no accepted definition for disease
control following HIFU.11,12 We therefore decided to test
difference in treatment failures, identified as the need for local
salvage therapy (radiotherapy of surgery), hormonal therapy,
or metastases.

High-intensity focal ultrasound. Given the presence of an
untreated half-prostate, an individual PSA nadir was identi-
fied in each patient. Biochemical recurrence according to
Phoenix criteria (Nadir +2 ng/mL)13 was used as a threshold
to offer a new set of bilateral biopsies. Treatment failure was
defined as positive biopsy of the treated area independent of
the percentage of core involvement or if salvage radiation or
hormonal therapy was needed during follow-up. Contralateral
positive biopsy was not considered as a clinical failure, but as
a metachronous development of a contralateral disease and
was treated by a secondary contralateral hemiablation ac-
cording to our protocol.

Robot-assisted laparoscopic prostatectomy. Biochemical
recurrence was defined by a PSA level >0.2 ng/mL and
subsequent rise.14 The date of the first PSA ‡0.2 ng/mL was
used to define biochemical recurrence. Salvage radiother-
apy or hormone therapy was offered according to PSA
doubling time, pathologic Gleason score, and final patho-
logic report.

Kaplan–Meier curves and log-rank tests were performed to
analyze the influence of the surgical approach on salvage
treatment free survival. Statistical significance was consid-
ered for p £ 0.05. Analyses were performed using STATA
version 11.1 (StataCorp, TX).

Results

Fifty-five patients treated by HIFU hemiablation were
identified and included in the study. These were matched 1:1
to 55 men who had undergone RALP with pT2a-2b stage in
the same period. Matching was effective with no significant
differences across the two groups (Table 1), although men
treated with HIFU were older ( p < 0.001).
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Concerning early postoperative complications, these
were detected in 8/55 (15%) in the HIFU group and 11/55
(20%) in the RALP group ( p = 0.71). These events were
mainly Clavien I complications, as prolonged acute urinary
retention after HIFU and anastomotic leakage required

extra catheter days in the RALP group. All Clavien II
complications were urinary tract infections. One patient
developed malignant hypertension requiring intensive care
in the RALP group. Length of stay was 4 days (interquartile
range [IQR] 3–5) in the HIFU group and 7 (IQR 7–8) in the
RALP group ( p < 0.001). Of note, our patients are allowed
to leave the ward only after all catheters and drains are
withdrawn.

Median follow-up was 36 months (IQR 16–56). Con-
cerning functional outcomes (Table 2), HIFU was associ-
ated to better and faster recovery of continence, with most
men (82%) showing no signs of urinary incontinence
(0 pads) even just after surgery. This rate was significantly
more elevated compared to patients undergoing RALP, in
which 40% had 0 pads at 1 month control ( p < 0.001).
Moreover, the risk of de novo erectile dysfunction was
significantly lower after focal HIFU. Indeed, a higher rate of
patients in the RALP group presented de novo, persistent
erectile dysfunction after surgery (44% vs 20%, p = 0.03). It
must be highlighted that patients in the HIFU arm were
also older, thus at increased risk of postoperative erectile
dysfunction.15

Specific biochemical outcomes of HIFU hemiablation
have been previously published.9 When analyzing onco-
logic outcomes, we did not observe a significant difference
in terms of salvage therapy free survival across the two
groups (Fig. 1). In fact, 7/55 patients in the HIFU arm vs
6/55 patients in the RALP arm required salvage external
beam radiation therapy, androgen deprivation therapy, or
both during follow-up ( p = 0.76), with a nonsignificant
difference in time to salvage therapy (Table 3). In the HIFU
arm, 2/7 patients had ipsilateral recurrence and 5/7 had
bilateral disease: in particular, two patients presented
Gleason 6 (3 + 3) recurrence, two patients had Gleason 7
(3 + 4), two had Gleason 7 (4 + 3), and one had a Gleason 8
(4 + 4) recurrence. Nonetheless, 7 (13%) more patients in
the HIFU arm required a complementary HIFU treatment on
the contralateral lobe during follow-up, after developing a
contralateral PCa. No patient died of PCa on follow-up,
while 6 men died of other causes (5 HIFU vs 1 RALP,
p = 0.11).

Discussion

Urology is a dynamic surgical specialty, with revolution-
ary changes which are constantly occurring. Focal therapy
for PCa, which is still considered experimental,16 is a
promising approach for localized PCa, as new genetic and
clinical data are suggesting that the outcome of the disease is
mainly driven by the index lesion.6 The focalized treatment
of the index lesion could therefore obtain similar onco-
logic outcomes to whole gland therapy, although reducing
morbidity, particularly concerning continence and sexual
potency.17

In this retrospective matched-pair analysis, we compared
functional and oncologic results of two diametrically different
approaches to unilateral PCa. On the one hand, we offered
radical treatment using RALP: indeed these patients had worse
functional outcomes, with a slower recuperation of continence
and a worse recovery of sexual function. On the other hand,
patient undergoing focal therapy achieved better functional
results, and this is not surprising given the inherent tissue

Table 1. Patient Characteristics After Matching

Focal HIFU RALP p

No. of patients 55 55
Age (years) <0.001a

Median (IQR) 73 (70–77) 63 (57–68)
Mean – SD 73 – 7 63 – 7

PSA (ng/mL) 0.98b

Median (IQR) 6.9 (4.5–9.5) 6.5 (4.5–9.3)
Mean – SD 7.4 – 4.8 7.8 – 5.3

Gleason score 0.89a

£6 36 (65%) 36 (65%)
3 + 4 13 (24%) 13 (24%)
4 + 3 4 (7%) 2 (4%)
‡8 2 (4%) 4 (7%)

cT 0.70b

cT1c 23 (42%) 25 (45%)
cT2 32 (58%) 30 (55%)

D’Amico risk score 0.28b

Low 26 (47%) 32 (58%)
Intermediate 26 (47%) 18 (33%)
High 3 (6%) 5 (9%)

aMann–Whitney test.
bv2-test.
HIFU = high-intensity focal ultrasound; IQR = interquartile range;

PSA = prostate specific antigen; RALP = robot-assisted laparoscopic
prostatectomy.

Table 2. Perioperative and Postoperative Outcomes

Focal
HIFU RALP p

Hospital stay (days) 4 (3–5) 7 (7–8) <0.001a

4 – 1 8 – 2
Early complications 8 (15%) 11 (20%) 0.45b

Grade early
complications

0.71b

Clavien I 7 7
Clavien II 1 2
Clavien III 0 0
Clavien IV 0 1

Continence (0 pads) <0.001b

1 month 82% (45) 40% (22)
3 months 87.5% (48) 55% (30)
6 months 89.5% (49) 71% (39)
12 months 94.5% (52) 87% (48)
24 months 94.5% (52) 91% (50)
Incontinent 5.5% (3) 9% (5)

Erectile dysfunction 0.03b

Preop potent and
active

30 48

Potent at 1 month 80% (24) 15% (7)
Potent at 12 months 80% (24) 38% (18)
Potent at 24 months 80% (24) 56% (27)
De novo persistent

ED
20% (6) 44% (21)

aWilcoxon Rank-sum.
bv2.
Bold type indicates statistically significant values.
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sparing approach of focal therapy. Of note, median age in the
focal therapy arm was 73 years, and it is known that age is the
most important risk factor for urinary incontinence following
radical treatment of PCa.18,19 As such, an 82% full continence
rate at 1 month after surgery, in such an ‘‘old’’ group of men, is
not only better than our RALP results but also is indeed ap-
pealing especially for older men in whom surgery may de-
termine major aggravation of continence status.18,19 A similar
consideration can be made for our potency results: clearly, a
tissue sparing approach determined a much lower negative
impact of erectile function, especially in older men with a
baseline worse erectile function.18,20 Concerning postopera-
tive complications, these are low across both techniques and
are mainly represented by the need of prolonged urinary
drainage or urinary tract infections, both classified as minor
complications.21

All the other comparing oncologic outcomes of a radical vs
focal therapy can be tricky. Indeed, in a tissue sparing
procedure as HIFU hemiablation, healthy prostatic glands
(which physiologically produce PSA) are by definition left
behind. As such, the definition of biochemical recurrence is
still a matter of debate across experts in the field and no
consensus exists.5 Frequently, researchers have used the
Phoenix criteria used after radiotherapy for PCa13: yet, these

criteria are suboptimal in focal therapy. In our center, we use
Phoenix criteria to prompt diagnostic work-up, including
multiparametric MRI and prostate biopsies. In the RALP
group, BCR was experienced by 6/55 patients (11%), as
similar to other low and intermediate risk series.16,22,23 Si-
milarly, 7/55 patients in the HIFU arm required salvage
treatment as a consequence of the failure of HIFU hemi-
ablation to control PCa. Thus, it appears that the oncologic
control of the index lesion determined by HIFU hemiablation
was similar to that obtained by RALP, when considering
treatment failure (i.e., the need for salvage radio or hormone
therapy). These results are encouraging, although they must
be handled with care. A great difference across the two arms
of our study is that in the RALP group, unilateral disease is
determined on whole-mount pathologic examination, while
in the HIFU such ‘‘unilateral status’’ is defined by MRI and
targeted biopsies. As such, while in the RALP group we are
sure that all patients truly harbored only unilateral disease, in
the HIFU groups there might have been patients with bilateral
disease, erroneously found to have unilateral PCa, contrib-
uting to the number of men who failed treatment and required
salvage therapy. Clearly, adequate patient selection and
perfect preoperative diagnosis are vital when performing
focal therapy. As such, it may be possible that part of the
disease progressions observed in the HIFU arm (requiring
salvage treatment) is due to inaccurate diagnosis, rather than
treatment failure.

When leaving a prostatic lobe untreated, patients remain at
risk of developing contralateral PCa.5 This is an inherent
aspect of focal therapy, which is normally discussed with the
patient before surgery. In fact, it can be considered that ac-
tive surveillance and focal therapy are two complementary
strategies of the same therapeutic pathway.24 Moreover, PCa
can be already present in the contralateral untreated lobe as a
consequence of a missed diagnosis on biopsy. In our center,
where mp-MRI is incorporated to MRI-guided fusion tar-
geted biopsies,10 this is especially true in the case of OMS
2016 Grade I PCa (Gleason 6), which can be underdiagnosed
on multiparametric MRI.25 In the current study, 7/55 (13%)
extra patients required secondary HIFU hemiablation of the

FIG. 1. Exploring salvage treatment free
survival across the two techniques for uni-
lateral prostate cancer. HIFU = high-intensity
focal ultrasound; RALP = robot-assisted
laparoscopic prostatectomy.

Table 3. Oncologic Outcomes

Focal HIFU RALP pa

Salvage therapy 7/55 6/55 0.76
Treatment description 0.76

EBRT 1 3
EBRT + ADT 2 3
ADT 3 0
Salvage prostatectomy 1 0

Time to salvage (months) 23 (12–61) 34 (15–50) 0.81

av2-test.
ADT = androgen deprivation therapy; EBRT = external beam radiation

therapy.
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contralateral lobe, due to the development of contralateral
PCa, which is generally considered acceptable by experts of
focal therapy.5 These patients may be considered a failure of
our approach and must be kept in mind when counseling men
on PCa treatment. Although the consequences of contralat-
eral recurrence are usually minor compared to salvage ther-
apy, its exclusion from failures in the current study may have
induced a bias with undue advantage for HIFU hemiablation
over RALP and as such represents a limitation of the study.

Our study is not devoid of limitations. First, comparing
focal therapy to radical surgery may seem like comparing
apples and pears; our results must be interpreted with caution.
Moreover, the follow-up is limited and insufficient to draw
definite conclusions on oncologic control obtained by our
focal therapy. Finally, the study is retrospective in nature, and
the number of patients is limited.

Conclusions

In this retrospective matched-pair analysis, HIFU hemi-
ablation of the prostate was comparable to RALP in
controlling localized unilateral PCa, with no significant dif-
ferences in the need for salvage therapies. However, patients
undergoing focal treatment of PCa remain at risk of contra-
lateral PCa, which required a contralateral hemiablation in
7/55 (13%) of our patients. HIFU hemiablation of the prostate
was also associated to significantly better urinary continence
and erectile potency recovery. Accurate patient selection
remains vital, and larger prospective trials are needed to
confirm our findings.
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Abstract

Background: Up to a third of patients with localized prostate cancer have unilateral
disease that may be suitable for partial treatment with hemiablation.
Objective: To evaluate the ability of high intensity focused ultrasound (HIFU) to achieve
local control of the tumor in patients with unilateral localized prostate cancer.
Design, setting, and participants: The French Urological Association initiated a prospec-
tive IDEAL multi-institutional study (2009–2015), to evaluate HIFU-hemiablation as a
primary treatment.
Intervention: Multiparametric magnetic resonance imaging and biopsy were used for
unilateral cancer diagnosis and control, and HIFU-hemiablation.
Outcome measurements and statistical analysis: Primary: absence of clinically signifi-
cant cancer (CSC) on control biopsy at 1 yr (CSC: Gleason score � 7 or cancer core
length > 3 mm regardless of grade or > 2 positive cores). Secondary: presence of any
cancer on biopsy, biochemical response, radical treatment free survival, adverse events,
continence (no pad), erectile function (International Index of Erectile Function-5 � 16),
and quality of life (European Organization for Research and Treatment of Cancer QLQ-
C28) questionnaires.
Results and limitations: One hundred and eleven patients were treated (mean age:
64.8 yr [standard deviation 6.2]; mean prostate-specific antigen: 6.2 ng/ml [standard
deviation 2.6]; 68% low risk, 32% intermediate risk). Of the 101 patients with control
biopsy, 96 (95%) and 94 (93%) had no CSC in the treated and contralateral lobes,
respectively. Mean prostate-specific antigen at 2 yr was 2.3 ng/ml (standard deviation
1.7). The radical treatment-free survival rate at 2 years was 89% (radical treatments: six
radical prostatectomies, three radiotherapies, and two HIFU). Adverse events were
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Grade 3 in 13%. At 12 mo continence and erectile functions were preserved in 97% and 78%.
No significant decrease in quality of life score was observed at 12 mo. One limitation is the
number of low-risk patients included in this study.
Conclusions: At 1 yr, HIFU-hemiablation was efficient with 95% absence of clinically
significant cancer associated with low morbidity and preservation of quality of life. Radical
treatment-free survival rate was 89% at 2 yr.
Patient summary: This report shows that high intensity focused ultrasound half-gland
treatment of unilateral prostate cancer provides promising results with high cancer control
and low morbidity.

# 2016 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Treatment of favorable-risk localized prostate cancer

remains controversial. Because prostate cancer is multifocal

in 40% of men, whole gland therapy is used as standard

treatment of localized prostate cancer [1]. However, the

Prostate Cancer Intervention versus Observation Trial failed

to demonstrate a significant survival advantage for radical

surgery compared with the watchful waiting [2]. Active

surveillance (AS) has been adopted as an option to decrease

the risk of overtreatment in men who have favorable-risk

disease and long-term outcomes of large AS series are now

available [3]. Focal therapy is emerging as an alternative in

the management of selected patients [4]. The aim is to

achieve a good long-term control of the cancer with a

minimal morbidity and to minimize the risk of subsequent

radical therapy. Approximately 20% of men who are

candidates for radical surgery have unilateral cancers and

could be amenable for hemiablation [5]. The fundamental

challenge is to accurately assess the spatial distribution of

cancer within the gland [6]. High intensity focused

ultrasound (HIFU) might be one of the best techniques

for focal therapy because it is performed under real-time

control. It can also be repeated while standard curative

therapies (external beam radiotherapy [EBRT] and radical

surgery) remain viable options if necessary. The French

Association of Urology conducted a multi-institutional

study to evaluate HIFU-hemiablation as a primary treat-

ment for unilateral prostate cancer. The primary objective

was the local control of the tumor.

2. Patients and methods

This prospective Stage 2b early dispersion and exploration IDEAL

paradigm [7] study was conducted in 10 centers in France and was

nationally approved by the Lyon Sud-Est III Ethics Committee (registra-

tion: 2009-034B) under EudraCT 2009-A00664-53 (Lyon, France). All

participants provided written informed consent.

Treatment-naı̈ve patients with T1/T2 clinical stage were considered

for inclusion. Before inclusion, all patients underwent multiparametric

magnetic resonance imaging (mpMRI) including T2-weighted, diffusion-

weighted, and dynamic contrast-enhanced imaging at 1.5T or 3T. Focal

lesions were scored using the Likert 5-level suspicion score from 1

(definitely benign) to 5 (definitely malignant) [8]. Diagnostic biopsies

were random (� 12 cores) and targeted on any mpMRI lesions with a

suspicion score �3 (at least two cores per lesion). All suspicious MRI

targets on the contralateral side were rebiopsied before inclusion. Only

patients showing unilateral cancer (� 2 adjacent sextants) with a
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Gleason score �7 (3 + 4) were included. Patients with a biopsy confirmed

mpMRI lesion located <6 mm from the apex or <5 mm from the sagittal

midline were excluded.

transurethral resection of the prostate (TURP) were performed to

either reduce the prostate volume (for those with a prostate > 50 cc) or

for those with pretreatment obstructive symptoms. TURP was

performed either >2 mo prior to HIFU or combined with the HIFU

procedure under the same anesthesia.

Hemiablation was performed with the Ablatherm Integrated Imaging

medical device (EDAP TMS France, Vaulx-en-Velin, France) under spinal

or general anesthesia in patients in the right lateral decubitus position.

The hemiablation treatment was performed with a 4-mm safety prostate

tissue margin (untreated zone) at the apex in order to optimize sphincter

preservation. The midline was defined by the urethra or Foley catheter

position. Ipsilateral nerve sparing was not attempted.

Patients were seen at 3 mo, 6 mo, 12 mo, and every 6 mo. Follow-up

mpMRI with subsequent 12-core random biopsies and targeted biopsies

to any suspicious lesion at MRI were scheduled 6–12 mo after treatment.

The primary outcome was the absence of clinically significant cancer

(CSC) defined as cancer with a Gleason score �7 or cancer core length

>3 mm regardless of grade or >2 positive cores.

Secondary outcomes were the presence of any cancer on biopsy,

biochemical (PSA variations) response, and radical treatment-free

survival rate. All adverse events were collected and Clavien classified.

Additionally, urinary function was evaluated using the International

Prostate Symptom Score (IPSS). Incontinence was defined by the need of

pads. Erectile dysfunction was defined as an International Index of

Erectile Function (IIEF-5) score <16 [9]. Health-related quality of life was

measured using the third version of the European Organization for

Research and Treatment of Cancer Quality of Life Questionnaire (EORTC

QLQ-C28).

The description of patients’ characteristics was carried out using the

relative and absolute frequencies for the qualitative characteristics, and

the mean and standard deviation (SD) for the quantitative ones. The

duration of follow-up and time to reach the PSA nadir were described

using the median, minimum, and maximum values.

The probability of positive control biopsy was estimated with its 95%

confidence interval (CI), built using the normal approximation of the

binomial distribution. The probability of radical treatment-free survival

at 24 mo was estimated using the Kaplan-Meier method. The evolutions

of the different scores (ie, the IPSS score, the IIEF-5 score, and the EORTC

QLQ-C28 score) between inclusion and 12 mo were described by the

median, minimum, and maximum values. The evolutions were tested

using the Wilcoxon test. All the analysis was carried out using the SAS

software, version 9.3 (SAS Institute Inc., Cary, NC, USA).

3. Results

Between November 2009 and August 2014, 111 patients

were included at 10 centers. Demographics and preopera-

tive data are presented in Table 1.
Intensity Focused Ultrasound of Unilateral Localized Prostate
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Table 2 – Follow-up biopsy results

HIFU (N = 101)

Mean no. of cores � SD, (median) [Q1–Q3] 12.4 � 3.3 (12) [12–14]

Biopsy findings, n (%)

(–) Negative 68 (67)

(+) Untreated lobe 19 (19)

(+) Treated lobe 12 (12)

(+) Bilateral 2 (2)

Mean size of cancer core length � SD

(median) [Q1–Q3] (N = 33)

2.5 � 2.0 (2.0) [1–4]

Gleason score, n (%)

�6 26 (79)

=7 4 (12)

ND (foci < 1 mm) 3 (9)

Sextant affected, n (%) (N = 33)

1 sextant 22 (67)

2 sextants (base + med, med + apex) 9 (27)

3 sextants (base + med + apex) 2 (6)

Localization, n (%) (N = 33)

Apex 9 (27)

Apex + base + TZ 1 (3)

Apex + middle 6 (18)

Apex + base + middle 1 (3)

Base 5 (15)

Base + middle 3 (9)

Middle 8 (24)

Clinically significant cancer, n (%)

Treated lobe 5 (5)

Untreated lobe 7(7)

HIFU = high intensity focused ultrasound; ND = not determined;

SD = standard deviation; TZ = transition zone.

Table 1 – Pre-high intensity focused ultrasound (HIFU)
characteristics

HIFU (N = 111)

Mean age, yr (median) [Q1–Q3]a 64.8 � 6.2 (64.9) [61–69]

Mean prostate volume at diagnostic,

cc (median) [Q1–Q3]

44.2 � 22.2 (40.0) [28–55]

Mean prostate volume before HIFU,

cc (median) [Q1–Q3]

31.6 � 12.3 (28.3) [23–39]

Mean PSA, ng/ml (median) [Q1–Q3] 6.2 � 2.5 (5.6) [4.7–7.6]

Clinical stage, n (%)

T1 77 (69)

T2 33 (30)

Unknown 1 (1)

No. of diagnostic biopsies sessions before treatment, n (%)

Unknown 1

=1 45 (41)

=2 30 (27)

�3 35 (32)

Side of positive biopsies, n (%)

Right 55 (49)

Left 56 (51)

Mean no. of biopsy samples analyzed,

(median) [Q1–Q3]

20.6 � 8.9 (18.0) [12–28]

Positive samples, n (%)

=1 45 (41)

�2 66 (59)

Sextant affected, n (%)

1 sextant 75 (68)

2 sextants (base + med, med + apex) 36 (32)

Gleason score, n (%)

�6 82 (74)

=7 29 (26)

a Eight-one percent of patients had a life expectancy over 10 yr, 19% had a

life expectancy between 5 yr and 10 yr.

PSA = prostate-specific antigen.
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Of the 111 patients, 43 (39%) had Prostate Cancer

Research International Active Surveillance (PRIAS) criteria;

out of them 33 had mpMRI target. Two patients did not

undergo mpMRI because of a pacemaker (n = 1) or a hip

prosthesis (n = 1).

TURP was performed prior to treatment in 26 patients

who had a mean prostate volume of 69.9 cc (SD 23.3).

Additionally, 41 patients had concomitant TURP. The mean

treated volume was 16.1 cc (SD 5.1), representing 51% of the

pre-HIFU prostate volume.

No patient was lost to follow-up. Control biopsy was

performed in 101 patients. The 10 missing biopsies were

due to patient refusal, contraindication, or death from other

cause. Results are summarized in Table 2. One patient who

presented with a T2 disease had only seven samples

because of anticoagulation treatment.

Of the 101 patients, 12 (12%; 95% CI: 6–18) had CSC (five

ipsilateral and seven contralateral). Twenty-one patients

(21%; 95% CI: 13–29) had a non-CSC (seven ipsilateral,

12 contralateral, and two bilateral).

Absence of any cancer in the treated lobe was 86% (95%

CI: 79–93; 87/101). Absence of any cancer in the whole

gland was 67% (95% CI: 58–77; 68/101).

Positive biopsies in the treated lobe were situated at the

apex in eight of 12 patients (67%) of which five (63%) were

CSC.
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The mean follow-up was 30.4 mo (SD 14.1), with 71%

followed-up longer than 24 mo. Mean PSA nadir was 1.9 ng/

ml (SD 1.5), median time to nadir was 5.7 mo (Q1–Q3: 2.8–

9.9). Mean PSA at 6 mo, 12 mo, and 24 mo were 2.3 (SD 1.7)

ng/ml, 2.5 (SD 2.1) ng/ml, and 2.3 (SD 1.7) ng/ml,

respectively. At 2 yr, the mean PSA level decrease was

63% compared with baseline.

Second line treatments were 16 AS, six radical prostatec-

tomies, three EBRT, nine second HIFU treatments (seven

focal HIFU and two radical HIFU [with one due to rising PSA

without control biopsy]). Four patients had a third line

treatment (two EBRT, one radical prostatectomy, and one

androgen deprivation therapy; Fig. 1). The radical treatment-

free survival rate at 2 yr was 89% (95% CI: 81–94; Fig. 2).

Robotic radical prostatectomies were performed with

unilateral preservation of neurovascular bundles. Gleason

score was 6 in one patient and 7 in six patients (3 + 4 n = 4;

4 + 3 n = 2). The pathological stage was pT2 in four patients

and pT3a in three patients. Positive margins were observed

in three patients. The mean postoperative PSA nadir was

0.06 ng/ml.

Patients treated with EBRT received a mean dose of

75.6 Gy. The mean nadir PSA was 0.24 ng/ml.

Eighty patients completed the IPSS questionnaire at both

inclusion and 12 mo follow-up showing an improvement

with a mean decrease of 3 (95% CI: 1.6; 4.4; Fig. 3A).

Continence was evaluated for 102 patients at both

baseline and 12 mo. At 1 yr, the proportion of pad-free

patients was 97% compared with 99% at inclusion. These

three (3%) had Grade I stress incontinence.
Intensity Focused Ultrasound of Unilateral Localized Prostate
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Fig. 1 – Additional treatments.
HIFU = high intensity focused ultrasound.
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At baseline, 51 patients had good erectile function (IIEF-5

� 16) and 40 (78%) returned to this status at 12 mo. The

mean difference of IIEF-5 score from baseline to 12 mo was

1.2 (95% CI: –0.4; 2.7; Fig. 3B).
Fig. 2 – Radical treatment-free survival rate curve.
CI = confidence interval.
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Seventy-six patients completed both inclusion and

12 mo EORTC QLQ-C28 questionnaire. The mean increase

from baseline to 12 mo was 0.4 (95% CI: –1.0; 1.7; Fig. 3C).

Fourteen patients underwent Clavien Grade III adverse

events: 11 Grade IIIa and three Grade IIIb (chronic urine

retention leading to TURP). Complications are detailed in

Table 3. Two patients died from other causes: pancreatic

and ethmoidal bone cancers.

4. Discussion

Whole-gland HIFU for localized prostate cancer started in

the early 1990s and several centers have reported long-

term results [10–12]. The 10-yr cancer specific and

metastasis free survivals ranged from 94% to 97% and

94% to 95%, respectively [9,10]. Literature evidence of focal

HIFU is limited due to the recent development of this

concept. Donaldson et al [13] defined, in a 2014 consensus

meeting, several metrics for the evaluation of focal

therapies. Of note, acceptable cancer control after focal

therapy was defined as a retreatment rate <20%, and a

whole-gland salvage treatment rate �10% which is in line

with our 8.1% and 10.8% rates, respectively. Focal or

multifocal nonwhole-gland HIFU was considered as feasi-

ble, but safety and effectiveness were to be improved

[14,15].
Intensity Focused Ultrasound of Unilateral Localized Prostate
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Fig. 3 – Functional results over a 12-mo follow-up period. (A) Evaluation of lower urinary tract symptoms (International Prostate Symptom score
[IPSS]). (B) Evaluation of erectile function (International Index of Erectile Function [IIEF-5] score). (C) Evaluation of general quality of life (European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire [EORTC QLQ-C28] score).
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Hemiablation is different from the index tumor ablation

or multifocal approach used by the Ahmed et al [16–

18]. The main advantage of hemiablation is to minimize the

problem of safety margin to apply around the MRI target

and to be a more reproducible and standardizable strategy.

Our CSC definition is consistent with the 2014 consensus

meeting [13]. In our series 88.1% of patients had histological

absence of CSC after treatment, which exceeds the 80.8%

absence of CSC after index lesion treatment published by

Ahmed et al [18] and is in line with the 92% absence of CSC

of the multifocal study [17]. In the treated side, 5% of our

patients still have CSC. This rate might be due to the apical

safety margin defined in the treatment protocol (100% of

positive ipsilateral control biopsies are localized at the

apex). The Ablatherm HIFU technical limitations (penetra-

tion depth of 26 mm) may explain some residual disease at

the anterior part.

The 6.9% rate of CSC in the untreated lobe is in

concordance with the 5% negative predictive value of

mpMRI and biopsies [19]. While our patients’ recruitment

started in 2009 we should expect that the recent improve-

ments of both MR-imaging and HIFU technology may
Table 3 – High intensity focused ultrasound-related or possibly
related adverse events (105 patients having completed the 12-mo
follow-up visit)

Clavien grading system score N

III IIIa Transient acute urine retention 5

Urinary meatus stricture 1

Gross hematuria 5

IIIb Chronic urine retention or poor urinary

flow

3

II Deep phlebitis 1

Superficial phlebitis 1

Urinary tract infection 18

Orchitis 8

Prostatitis 8

I Transient urge incontinence 4

Transient dysuria 17

Tissue sloughing/lower urinary tract

symptoms

7

Hematospermia 2

Anejaculation 16

Transient anal and perineal pain 10
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overcome these limitations and provide even better results.

Of note, the apical and anterior technical limitations are no

longer an issue with the Focal One HIFU device (EDAP TMS

France, Vaulx-en-Velin, France). This new device also allows

for peri-procedure evaluation of the treatment effect with

contrast-enhanced ultrasound allowing live adjustment of

the treatment.

A strength of our study is the combination of the longest

follow-up in literature with more than 90% control biopsy

compliance. Our 86.1% negative biopsy rate in the treated

lobe is similar to other recently published HIFU studies:

65.4% in the Ahmed et al [18] study and 83.6% in the Feijoo

et al [20] study. Van Velthoven et al [21] reported the

outcomes of 50 hemi-HIFU patients but follow-up biopsies

were not performed in patients with stable PSA.

In our study, 11 patients received a salvage radical

treatment (six radical prostatectomy, three EBRT, and two

HIFU) which were uneventful with no observed increase in

complexity or morbidity. This underscores the fact that

HIFU-hemiablation strategy does not burn bridges for

further curative treatments.

Functional outcomes: the 97.2% rate of pad-free continent

patients in our study is consistent with outcomes reported in

literature (90%, 100%, 92.3%, and 94%) [16–18,20,21]. The

preservation of potency was obtained in 52.3%, 76.9%, and

80% in previous published studies and 78.4% in our study

[18,20,21] and preservation of erection sufficient for

penetration was 100% in the Ahmed et al [17] multifocal

study. These functional outcomes likely contributed to the

observed quality of life preservation with no statistical

difference between baseline and follow-up evaluation. The

rate of Grade IIIb complications of 2.7% in our study was

similar to the 2.8% observed by Feijoo et al [20] using the

Ablatherm device and not dissimilar from the 7.2% observed

by Ahmed et al [18] using the Sonablate device.

Some limitations should be discussed. The 30.4 mo

follow-up of our series could be considered as too short, but

is actually the longest follow-up in literature of focal

treatment studies with systematic control biopsy. However,

assuming that patients are properly followed on a long-

term basis, we have shown that further treatments were

feasible without additional morbidity. Furthermore, defini-

tive oncological results should need more than 10 yr to be
Intensity Focused Ultrasound of Unilateral Localized Prostate
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validated which is far too long for new treatment modality

evaluation. Out of our baseline population, 10 patients

fulfilled the PRIAS criteria and did not have MRI target thus

might not have been treated initially [22]. However, all had

refused AS and were candidates for conservative treatment.

Hemiablation is one of the options for partial prostate

gland treatment. Although no consensus has been reached

on candidate selection or on treatment modality, the use of

focal therapy has been proposed as ideal for patients with

low-risk features and visible lesions at mpMRI and/or

significant cancer at biopsy (cancer core length > 3 mm

and/or Gleason score 3 + 4) [13].

Partial gland treatment could be considered as an

intermediate option between AS and radical treatments.

Long-term outcomes of large AS series of men with

favorable-risk prostate cancer are available [3]. Our rate

of 10.8% radical treatments at 2 yr is better than the 16% and

24% rates of conversion to radical treatment described in

the Klotz et al [23] study and PRIAS series [22]. Beside these

oncological outcomes, one should not underestimate the

psychological burden associated with AS-delay therapy

versus the value of an immediate and effective therapy in

89% of the patients.

AS and partial gland therapy should be viewed as

complementary options. Among patients unfit for AS, those

with unilateral localized Gleason 7 tumor could potentially

benefit from tissue-preserving treatment. The best candi-

dates for AS are patients without any mpMRI target;

conversely, patients with suspicious mpMRI findings (lesion

> 10 mm and Prostate Imaging Reporting and Data System

[PI-RADS] 4–5) with positive targeted biopsies might be good

candidates for partial gland therapy [24]. Nevertheless

PI-RADS was challenged [25] and revised PI-RADS provides

moderately reproducible MR-imaging scores for the detec-

tion of clinically relevant disease [26]. Further research

should determine whether the presence of a lesion on mpMRI

is predictive of progression in AS patients and therefore

justify a more aggressive—but not radical—approach.

5. Conclusions

HIFU-hemiablation of unilateral localized prostate cancer

provides promising local control with 95% absence of

clinically significant cancer at 1 yr. The morbidity was low

with preservation of the quality of life. Radical treatment-

free survival rate was 89% at 2 yr. The efficacy of HIFU

partial prostate gland therapy should be evidenced by

comparative studies conducted versus standards of care.
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Abstract

Background: In selected patients with unilateral, organ-confined prostate cancer (PCa),
hemiablation of the affected lobe might be feasible to achieve acceptable cancer control
with fewer complications.
Objectives: To assess the oncologic and functional outcomes of focal high-intensity
focused ultrasound (HIFU) hemiablation in unilateral organ-confined PCa.
Design, setting and patients: Single-center prospective evaluation of HIFU hemiablation
for unilateral organ-confined PCa was performed from July 2009 through December
2013.
Intervention: Cancer localization was done with transrectal ultrasound–guided biopsy
and multiparametric magnetic resonance imaging followed by HIFU hemiablation.
Outcome measurement and statistical analysis: Oncologic outcomes were analyzed
with control biopsies and prostate-specific antigen (PSA) measurement. Functional
outcomes were assessed with validated questionnaires for genitourinary symptoms.
Results and limitations: Of 71 HIFU hemiablation patients, 67 completed the study
protocol. The mean age was 70.2 yr (standard deviation: 6.8 yr), and median PSA was
6.1 ng/ml (interquartile range [IQR]: 1.6–15.5 ng/ml). Median maximum cancer-core
length was 3 mm (IQR: 2–10 mm), and total cancer length was 6.5 mm (IQR: 2–24 mm).
Gleason score was 6 (3 + 3) in 58 patients (86.6%) and 7 (3 + 4) in 9 patients (13.4%).
Median follow-up was 12 mo (IQR: 6–50 mo), and at 12 mo, 56 of 67 patients had a
negative control biopsy in the treated lobe. At 3 mo, all patients were continent, and
potency was maintained in 11 of 21 preoperatively potent patients (confidence interval,
0.18–0.69). Complications included 8% Clavien–Dindo grade 2 and 2.8% grade 3 events.
Conclusions: Focal HIFU hemiablation appears to achieve acceptable oncologic out-
comes with low morbidity and minimal functional changes. Longer follow-up will
establish future considerations.
Patient summary: This study showed that high-intensity focused ultrasound hemia-
blation in selected patients with unilateral organ-confined prostate cancer can be used
for satisfactory cancer control with minimal effect on genitourinary functions.
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1. Introduction

The incidence of prostate cancer (PCa) is steadily increasing

worldwide, and PCa is the most frequently diagnosed cancer

in men [1]. Current screening strategies have led to earlier

diagnosis of PCa at lower clinical stages, lower grades, and

smaller volumes [2]. A wide variety of ablative methods have

been introduced and applied in recent years as focal

treatment (FT) alternatives with which cancer foci can be

eradicated within the prostate gland, thus greatly reducing

the associated side effects of radical treatment. Although FT is

not yet the standard for organ-confined PCa, it is the

therapeutic approach with the most important potential

[3]. Among the multiple options for ablation, high-intensity

focused ultrasound (HIFU) and cryoablation—the present

authors have ample experience with both—have been

clinically available during the past 15 yr and have undergone

continuous development over time. In this context, HIFU is a

promising technique that has proven medium- to long-term

cancer control with a low rate of complications, comparable

with those of established therapies [4]. In the present study,

we assessed the oncologic and functional outcomes at 1-yr

follow-up of patients with unilateral low-risk organ-confined

PCa treated at our center with focal HIFU hemiablation.

2. Patients and methods

2.1. Study design and patients

From July 2009 to December 2013, focal HIFU hemiablation was offered

to patients who had a diagnosis of unilateral localized PCa in our

institution. Inclusion criteria were unilateral disease, clinical stage

T1c–T2a, maximum positive biopsies <33%, Gleason score �7 (3 + 4),

prostate-specific antigen (PSA) <15 ng/ml, no extraprostatic extension

disease on multiparametric magnetic resonance imaging (mp-MRI), and

life expectancy >10 yr. Patients with previous PCa-related treatment

were excluded.

2.2. Study intervention

2.2.1. Cancer localization

Cancer grade and laterality were confirmed with transrectal ultrasound

(TRUS)–guided biopsy and mp-MRI. For TRUS biopsy, a conventional

two-dimensional gray-scale TRUS probe was used, and all patients had a

minimum of 20 cores for cancer localization. For mp-MRI, all patients

underwent 1.5-T MRI without endorectal coil for assessment of the

prostate. The multiparametric components used were diffusion and

perfusion images; however, all hemiablation was based on the TRUS

biopsy results, including cases with a discrepancy in laterality between

biopsy and MRI and ‘‘MRI-invisible’’ PCa.

2.2.2. Treatment

Hemiablation was carried out using the Ablatherm HIFU system (EDAP

TMS, Lyon, France). This system includes a treatment table, a probe-

positioning system, an ultrasound power generator, a cooling system for

preservation of the rectal wall, a computerized control module with

specific software, and an endorectal probe with a biplane imaging probe

working at 7.5 MHz and a 3-MHz treatment transducer focused at a

maximum of 45 mm. In addition, automatic applicator adjustment and

multiple security circuits excluded accidental focusing on the rectal wall,

avoiding rectal injury.
Please cite this article in press as: Feijoo ERC, et al. Focal High-inten
Prostate Cancer: A Prospective Evaluation of Oncologic and Func
j.eururo.2015.06.018
For this procedure, the transducer was inserted into the rectum and

was covered by a condom through which cooled water was circulated to

cool the rectal wall; multiple gland images were taken. Because of the

proximity of the prostate, the focal lengths of the transducer could be

kept short, permitting the use of ultrasound frequencies in the range of

3–4 MHz. They produced small but very precisely defined lesions, with

the aim of treating the gland partially (hemiablation) by juxtaposition of

elementary lesions. Larger areas were ablated by moving the transducer

electronically and adding one lesion to another. The main sonication

parameters were acoustic intensity, duration of exposure, on:off ratio,

the distance between two elementary lesions, and the displacement path

when multiple lesions were made. A safety margin of 4–6 mm from the

sphincter was given to prevent sphincter damage. The entire procedure

was carried out within 120 min, and an indwelling urethral catheter was

placed after the procedure.

2.2.3. Follow-up

The Clavien–Dindo classification system was used to grade postopera-

tive complications. Oncologic and functional outcomes were analyzed

during follow-up. Control biopsies were performed within the first year

of follow-up, constituting the primary end point. Prostate biopsies at

12 mo (12 core, bisextant, TRUS guided) were performed according to

the mandatory protocol and directed at both treated and untreated

portions of the prostate. Treatment failure was defined as a positive

biopsy in the treated lobe or a need for salvage therapy.

Follow-up visits consisted of taking a history and a physical

examination and completing International Continence Society (ICS),

International Prostate Symptom Score (IPSS), and International Index of

Erectile Function (IIEF-5) questionnaires, which were filled in at

preoperative and follow-up visits. Continence was defined as the patient

having no involuntary urine leak and being completely pad free. Potency

was defined as an IIEF score �22 without any medications to improve

erection. In addition, PSA evaluation was performed at 3, 6, and 12 mo

and every 6 mo thereafter. Data were collected prospectively and

analyzed retrospectively.

2.3. Statistical analysis

The Wilcoxon signed-rank test was used to compare variation in

distribution of IPSS, ICS, and IIEF-5 scores between the preoperative and

3-mo follow-up scores. Box plot graphics were computed to describe PSA

values over the follow-up period. Cross-tabs applying chi-square or

Fisher exact tests were used to assess the relationships among

categorical variables. A p value <0.05 was considered statistically

significant. Statistical analysis was performed using PASW Statistics

18.0 for Windows (IBM Corp, Armonk, NY, USA).

3. Results

3.1. Demographic and cohort data

During the period of inclusion, 71 patients with localized PCa

were assigned to the focal HIFU hemiablation single-

institution protocol. Four patients (5.6%) refused the control

biopsy and thus were excluded from the final analysis. Sixty-

seven patients (94.3%) had complete follow-up data and

formed the study population. The mean age at time of

treatment was 70.2 yr (standard deviation [SD]: 6.8 yr). Mean

body mass index was 25.5 kg/m2 (SD: 6.5 kg/m2). The median

number of biopsy cores was 22 (interquartile range [IQR]:

20–69). Median maximum cancer-core length (MCCL) was

3 mm (IQR: 2–10 mm), and the total cancer length (TCL) was
sity Focused Ultrasound Targeted Hemiablation for Unilateral
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Table 1 – Demographics and preoperative data

Variable Value

No. of patients 67

Age, yr, mean (SD) 70.2 (6.8)

Follow-up, mo, median (IQR) 12 (6–50)

Body mass index, kg/m2, mean (SD) 25.5 (6.5)

Number of biopsies, median (IQR) 22 (20–69)

MRI prostate volume, ml, mean (SD) 39.3 (13.7)

Preoperative PSA, ng/ml, median (IQR) 6.1 (1.6–15.5)

Gleason score, entry biopsy, n (%)

3 + 3 58 (86.6)

3 + 4 9 (13.4)

IQR = interquartile range; MRI = magnetic resonance imaging;

PSA = prostate-specific antigen; SD = standard deviation.
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6.5 mm (IQR: 2–24 mm). At baseline, Gleason score was

3 + 3 and 3 + 4 in 58 (86.6%) and 9 (13.4%) patients,

respectively. Preoperative median PSA was 6.1 ng/ml (IQR:

1.6–15.5 ng/ml), and mean prostate volume was 39.3 ml (SD:

13.7 ml). Forty-two (62.7%) and 25 (37.3%) patients received

HIFU hemiablation on the right and on the left prostatic lobes,

respectively. Preoperative mp-MRI was performed in all

patients, and 62.7% (42 of 67) had an index lesion detectable

at MRI. All index lesions were detected at the side of the

planned hemiablation, and the median maximal diameter

of the index lesion was 6 mm (IQR: 4–9 mm). Baseline

characteristics are shown in Table 1.

3.2. Postoperative data: early oncologic control at 12 months

The median follow-up was 12 mo (IQR: 6–50 mo), with

52 patients followed >16 mo. The negative control biopsy

was noted in 50 of the 67 evaluated patients; specifically,
Fig. 1 – Patient
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negative biopsy in the treated lobe was seen in 56 patients.

Eleven patients presented with positive biopsies in the

treated lobe; of those, 1 patient had a bilateral positive

biopsy (nine positive biopsies on the right lobe and two on

the left lobe), and 6 patients presented positive biopsies

in the nontreated lobe along with negative biopsies in the

treated lobe. Median MCCL of the positive control biopsy

was 1 mm (IQR: 1–2 mm), and TCL was 2 mm (IQR: 1–3 mm).

The patient flowchart is shown in Figure 1.

Failure was observed in 11 cases; of these, positive

control biopsies were identified in the right side in 9 cases

and in left side in 2 cases. Biopsies were positive at the base

in four cases, at the midpart in six, and at the apex in one.

Failure was significantly higher following right-lobe hemi-

ablation than left hemiablation (21.4% vs 8%, p < 0.05);

however, no significant differences were noted regarding

the location of recurrence within the prostatic lobe.

The median PSA concentration dropped by 43% at 3 mo

(p < 0.001), and this decline persisted throughout the

follow-up period. No undetectable PSA was reported. The

PSA results at follow-up are shown in Figure 2. The median

PSA nadir was 2.6 ng/ml (IQR: 0.2–11.1 ng/ml). Of the

67 evaluable patients, biochemical recurrence was verified

in 6 patients (9.7%) based on Phoenix criteria.

3.3. Postoperative data: functional outcomes

At baseline, preoperative mean scores were 6.24 (range:

0–26), 0.42 (range: 0–8), and 17.97 (range: 0–25) for the IPSS,

ICS, and IIEF-5 questionnaires, respectively. All patients were

continent before and after treatment. Evaluation at the 3-mo

postoperative period showed no significant changes for both

IPSS (p = 0.217) and ICS scores (p = 0.840). In the same time
 flowchart.
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Fig. 2 – Prostate-specific antigen values over time in the follow-up period.
Preop = preoperatively; PSA = prostate-specific antigen.
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period, potency (defined by IIEF-5 score �22) was main-

tained in 11 of 21 preoperatively potent patients (confidence

interval, 0.18–0.69). Data for IPSS and IIEF-5 scores over the

follow-up period are shown in Figure 3.

3.4. Complications

All complications were encountered within the first

postoperative month. Ten patients (14%) had postoperative

complications: Eight complications were grade 2 (11.2%;

four urinary infections and four urinary retentions) and two

were grade 3b (2.8%; two urinary retentions treated with

transurethral resection of the prostate [TURP]).

4. Discussion

Since the 1990s, HIFU has been used for the treatment of PCa

[4]. Worldwide experience (whole gland, either as primary or

salvage therapies) showed significant improvement in both
Fig. 3 – International Prostate Symptom Score and International Index of
Erectile Function scores over the follow-up period.
IEFF-5 = 5-item International Index of Erectile Function;
IPSS = International Prostate Symptom Score; preop = preoperatively.

Please cite this article in press as: Feijoo ERC, et al. Focal High-inten
Prostate Cancer: A Prospective Evaluation of Oncologic and Func
j.eururo.2015.06.018
oncologic and functional outcomes with fewer complications

[5–9]. To date, however, the available evidence for HIFU focal

ablation is recent but limited.

Currently, the consensus definition states that FT is ‘‘any

approach able to preserve part of the prostatic tissue,

whether by targeted ablation, hemiablation and zonal

‘hockey stick’ ablation’’ [10,11]. Clinically acceptable cancer

control following FT is generally agreed for retreatment

rates of �20% [12]. The goal of FT is to achieve ‘‘trifecta’’

outcomes: cancer control, fewer complications, and preser-

vation of genitourinary function comparable to radical

treatment options. In this context, our preliminary results

are encouraging, as shown by the high efficacy rate with low

morbidity rates and minimal functional changes.

In the present study, the rate of negative biopsy in the

treated area was 83.6%, and the overall negative biopsy rate

was 74.6%. PSA declined significantly at 3 mo and persisted

throughout follow-up. These outcomes are consistent with

the initial reports of reported HIFU hemiablation by Ahmed

et al [13]. At 12-mo follow-up, mean PSA decreased to

1.5 � 1.3 ng/ml, and 89% had no cancer in the treated area [13].

More recently, the same group published a prospective series of

41 patients, with HIFU FT delivered using the Sonablate 500

(SonaCare Medical, Charlotte, NC, USA) to all suspected tumor

lesions and a maximum of 60% of the prostate ablated. Negative

biopsy was noted in 30 of 39 patients (77%) at 6 mo, with a

significant decrease in PSA from 6.6 to 1.9 ng/ml at 12 mo [14].

As for the functional outcomes, we found that both

continence and urinary symptoms were not affected, but

there was a significant negative impact on erection. This

result is consistent with those of Ahmed et al [14], who

reported significant deterioration between baseline and

12 mo for erectile (p = 0.042) and orgasmic (p = 0.03) function

domains, followed by gradual return to baseline by 12 mo

[14]. Data on contemporary oncologic and functional out-

comes of HIFU focal ablation for PCa are shown in Table 2.

Complications noted in the present series were

predominantly low grade and comparable to the consoli-

dated outcomes of various energies in FT, as shown by

Barret et al [16]. Prostate volume appears to be an important
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Table 2 – Contemporary outcomes on high-intensity focused ultrasound focal ablation for prostate cancer

Study Patients,
n

Mean
preprocedural

PSA

Mean
prostate
volume

Gleason
score

Cancer
localization

Mean
follow-up

Biopsy
recurrence

Continence,
%

Potency

Ahmed et al

(2011) [13]

20 7.3 NA �4 + 3 MRI and transperineal

template-guided

mapping biopsy

12 mo 11% at 6 mo 90 95%

El Fegoun et al

(2011) [15]

12 7.3 37 �4 + 3 TRUS biopsy 10 yr 8% at 1 yr 100 NA

Ahmed et al

(2012) [14]

41 6.6 �4 + 3 MRI and transperineal

template-guided

mapping biopsy

12 mo 23% at 6 mo 100 89%

Barret et al

(2013) [16]

21 6 43 3 + 3 Transperineal

template-guided

mapping biopsy

12 mo NA 100 Mean IIEF decreased

from 20 to 19

Present study

(2015)

67 6.1 36 �3 + 4 MRI and TRUS biopsy 12 mo 16.4% at 1 yr 100 Mean IIEF decreased

from 17.9 to 15.4

IIEF = International Index of Erectile Function; MRI = magnetic resonance imaging; NA = not available; PSA = prostate-specific antigen; TRUS = transrectal

ultrasound.
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factor in post-HIFU urinary retention. Although we did not

perform statistical analysis, pretreatment TURP in large

prostates can reduce urinary retention and improve treat-

ment efficacy.

Another interesting finding of this study has not been

reported in the literature previously. Significantly more

positive control biopsies resulted following hemiablation of

the right lobe than the left. We believe this trend of failure

following right hemiablation might be related to the

technical difficulties of the HIFU probe reaching the right

side of the prostate, since patients lie on their left flank on

the Ablatherm operating table; however, no statistical

differences were found between the initial cancer location
Table 3 – Comparison of outcomes among different energy modalities o

Study Patients,
n

Mean
preprocedural

PSA

Energy Route of
delivery

Glea
sco

Bahn et al

(2006) [17]

31 4.9 Cryotherapy Transperineal �7 

Lambert et al

(2007) [18]

25 6 Cryotherapy Transperineal �7 

Ellis et al

(2007) [19]

60 7.2 Cryotherapy Transperineal 3 

Truesdale et al

(2010) [20]

77 6.5 Cryotherapy Transperineal �4 

Bahn et al

(2012) [21]

70 5.9 Cryotherapy Transperineal �7 

Cosset et al

(2013) [22]

21 6.9 Brachytherapy Transperineal �3 

Moore et al

(2006) [23]

6 1.9–15 Photodynamic

therapy

Transperineal 3 

IIEF = International Index of Erectile Function; NA = not available; PSA = prostate-
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in the treated area and the location of failure within the

prostatic lobe. This finding needs verification in future

studies with larger patient populations.

4.1. Clinical implications

The present study highlights the feasibility of tissue-

preserving FT with acceptable trifecta rates for PCa.

Nonetheless, we understand that several key issues require

standardization for routine use of FT in clinical practice.

Accurate index lesion localization in terms of laterality and

grade is vital for the success of FT. In our study, mp-MRI and

TRUS biopsy were used, and Tables 2 and 3 show the
n high-intensity focused ultrasound hemiablation for prostate cancer

son
re

Cancer
localization

Mean
follow-up

Biopsy
recurrence

Continence,
%

Potency

Color Doppler

ultrasonogrphy

with target and

systemic biopsies

5.8 yr 4% 100 88.9%

TRUS biopsy 28 mo 1 patient

treated of

7 biopsied

patients

100 68%

+ 3 TRUS biopsy 15.2 mo 23.3% 96 70.5%

+ 4 TRUS biopsy 24 mo 3 patient

treated of

22 biopsied

patients

100 NA

Color Doppler

ultrasonogrphy

with target and

systemic biopsies

3.7 yr 1 patient

treated of

36 biopsied

patients

100 86%

+ 4 Saturation biopsy 12 mo None of

6 patients

biopsied had

ipsilateral

recurrence

100 Mean IIEF

decreased

from 20.1

to 19.8

+ 3 NA NA 100% NA 100%

specific antigen; TRUS = transrectal ultrasound.
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localization techniques used in the previously published

hemiablation series. Currently, mp-MRI appears to be a

promising tool for accurate cancer detection, but real-time

monitoring of FT appears to be technically demanding.

Recent advances in multiparametric ultrasonography

(shear wave elastography, contrast-enhanced ultrasound)

will have interesting applications in FT for cancer localiza-

tion and possibly real-time monitoring of therapy.

Presently, FT is often criticized as a psychological

treatment for patients requiring active surveillance, with

questionable oncologic control. Our series represents patients

with longer MCCL and TCL and Gleason 7 (3 + 4) cancers. The

early, encouraging oncologic control can potentially prompt

the extension of FT to patients undergoing RP for small-

volume, intermediate-risk PCa.

With regard to follow-up after primary HIFU with curative

intent, we found that control biopsies and biochemical

recurrence (BCR) were not systematically associated. The

index lesion accounts for 80% of the PSA value, and the

untreated insignificant satellite lesions, remaining prostate

volume, and body mass index influence the postoperative

PSA [24]. We believe BCR needs to be clearly defined, and

both the Phoenix and the American Society for Therapeutic

Radiology and Oncology (ASTRO) criteria are of questionable

value in FT. Recently, the Stuttgart definition (PSA increase of

1.2 ng/ml above the PSA nadir value) has been suggested for

HIFU treatment [25]; however, this definition remains to be

validated in prospective trials and seems difficult to use in so

far as it has been established for the treatment of the whole

prostate and does not take into account the residual PSA

secretion from the untreated lobe.

The altered anatomy following FT limits the utility of

imaging in follow-up. We strongly emphasize the need for

systematic biopsies of both lobes at a 12-mo period for

reliable cancer detection.

4.2. Limitations

First, the study size was relatively small, and the study was

nonrandomized and had shorter follow-up. A larger study

population with comparison of whole-gland treatment or

radical treatment might have highlighted the specific

advantages and drawbacks of HIFU hemiablation. Second,

we used TRUS biopsy and MRI for index lesion localization,

followed by control TRUS biopsies at 12 mo. Although this

strategy was developed from previous experiences, we are

still unaware of the percentage of significant disease missed;

only longer follow-up will allow these cancers to surface.

Third, the inclusion criteria resulted in involvement of low-

volume, low-risk patients in FT; however, we included

relatively larger cancers after encouraging early results. With

the availability of MRI targeted biopsies, stringent inclusion

criteria based on target and cancer core length with MRI

grading will enable accurate reporting of the treated cancers.

4.3. Future directions

The emergence of FT as an intermediate treatment option

between radical prostatectomy and active surveillance has
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resulted in several energy modalities being developed

(Table 3). Future research should focus on ultrafocal ablation

of index lesions with maximal tissue preservation and

reduction of the invasiveness of the therapy. The concept of

the index lesion needs stronger validation, and genetic

analysis should be explored as a potential guide for patient

selection. Despite the high negative predictive value of mp-

MRI, a few MRI-invisible, aggressive cancers can limit FT

application. Improved reporting strategies like panel discus-

sion and multiparametric ultrasonography fusion techniques

for equivocal findings can potentially reduce errors. The role

of imaging and PSA in follow-up should be critically analyzed

and defined.

5. Conclusions

Focal HIFU hemiablation constitutes an attractive thera-

peutic alternative for selected patients with localized

PCa. Our preliminary results are encouraging, as shown

by the high efficacy rate along with low morbidity rates

and minimal functional changes. Longer follow-up is

expected to establish further considerations of this novel

approach.
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Objective
• To report the oncological and functional outcomes of hemi

salvage high-intensity focused ultrasound (HSH) in patients
with unilateral radiorecurrent prostate cancer.

Patients and Methods
• Between 2009 and 2012, 48 patients were prospectively

enrolled in two European centres. Inclusion criteria were
biochemical recurrence (BCR) after primary radiotherapy
(RT), positive magnetic resonance imaging and ≥1 positive
biopsy in only one lobe.

• BCR was defined using Phoenix criteria (a rise by ≥2 ng/mL
above the nadir prostate specific antigen [PSA] level).

• The following schemes and criteria for functional outcomes
were used: Ingelman-Sundberg score using International
Continence Society (ICS) questionnaire (A and B),
International prostate symptom score (IPSS), International
Index of Erectile Function-5 (IIEF-5) points, the European
Organisation for the Research and Treatment of Cancer
(EORTC) quality of life questionnaires (QLQ C-30).

• HSH was performed under spinal or general anaesthesia
using the Ablatherm® Integrated Imaging device. Patients
with obstructive voiding symptoms at the time of treatment
underwent an endoscopic bladder neck resection or incision
during the same anaesthesia to prevent the risk of
postoperative obstruction.

Results
• After HSH the mean (SD) PSA nadir was 0.69 (0.83) ng/mL

at a median (interquartile range) follow-up of 16.3
(10.5–24.5) months.

• Disease progression occurred in 16/48 (33%). Of these,
four had local recurrence in the untreated lobe and four
bilaterally, six developed metastases, and two had rising PSA
levels without local recurrence or radiological confirmed
metastasis. Progression-free survival rates at 12, 18, and 24
months were 83%, 64%, and 52%.

• Severe incontinence occurred in four of the 48 patients
(8%), eight (17%) required one pad a day, and 36/48 (75%)
were pad-free. The ICS questionnaire showed a mean (SD)
deterioration from 0.7 (2.0) to 2.3 (4.5) for scores A and 0.6
(1.4) to 1.6 (3.0) for B.

• The mean (SD) IPSS and erectile function (IIEF-5) scores
decreased from a mean (SD) of 7.01 (5.6) to 8.6 (5.1) and
from 11.2 (8.6) to 7.0 (5.8), respectively.

• The mean (SD) EORTC QLC-30 scores before and after
HSH were 35.7 (8.6) vs 36.8 (8.6).

Conclusion
• HSH is a feasible therapeutic option in patients with

unilateral radiorecurrent prostate cancer, which offers
limited urinary and rectal morbidity, and preserves
health-related quality of life.

Keywords
external beam radiotherapy, hemi-salvage treatment,
high-intensity focused ultrasound (HIFU), local recurrence,
prostate cancer, oncological outcomes, functional outcomes,
EORTC QLC-30
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Introduction
Patients who receive radiotherapy (RT) for localised prostate
cancer have a risk of disease recurrence [1]. The Cancer of
the Prostate Strategic Urologic Research Endeavor
(CaPSURE) study found a two-fold higher likelihood of
cancer-specific mortality in patients treated with RT vs
radical prostatectomy (RP) [2]. However, for patients with
high-risk prostate cancer, no significant difference in
long-term cancer control was found when comparing
external beam RT (EBRT) combined with
androgen-deprivation therapy (ADT) with RP [3]. Using the
Phoenix criteria, the GETUG 06 study found the estimated
risk of biochemical recurrence (BCR) after EBRT to be 32%
in patients treated with 70 Gy and 23.5% when treated with
80 Gy, after 5 years [4]. After brachytherapy (BT), the Seattle
group reported a BCR rate close to 20% at 15 years
follow-up and a cancer-specific mortality rate of 16% [5].
Most patients (>90%) with BCR receive ADT, that supresses
the PSA output.

Every whole-gland salvage therapy approach, e.g. RP,
high-intensity focused ultrasound (HIFU) or cryotherapy,
carries the potential of serious morbidity, such as development
of severe urinary incontinence, urethral stenosis, and
urethrorectal fistula [6–9]. To date, the best predictor of
successful treatment outcome is pre-salvage therapy serum
PSA level, with better outcomes associated with PSA levels of
≤5 ng/mL [10]. MRI-guided targeted prostate biopsy may be
valuable in detecting EBRT recurrence [6,11,12].

In patients who present small-sized local recurrence after
primary RT, hemi salvage HIFU (HSH) therapy has been
shown to be an effective treatment with reduced complications
and side-effects [6].

The objective of the present two-centre study was to evaluate
the oncological and functional outcomes of HSH in patients
with unilateral radiorecurrent prostate cancer.

Patients and Methods
Between 2009 and 2012, 48 consecutive patients (mean [SD,
range] age of 68.8 [6.0, 58–82] years) with radiorecurrent
prostate cancer were enrolled for participation at Edouard
Herriot Hospital, Lyon, France (27 patients) and Oslo
University Hospital, Aker, Norway (21). This study received
approval by the local ethics committees in France and in
Norway. All patients signed a letter of informed consent
before enrolment. No patient was missing during the
follow-up.

Inclusion criteria were BCR (defined as Phoenix criteria: nadir
≥2 ng/mL, in 46/48, or three consecutive rises in PSA level in
two of 46), unilateral prostate cancer at MRI verified with
prostate biopsy and absence of metastases verified at bone
scan, pelvic CT or MRI. Previous therapy for prostate cancer

included EBRT in 46 (mean [SD, range] 72.5 [3.3, 64–78] Gy)
and BT in two, and 11 (23%) also received neoadjuvant
hormone therapy.

The Gleason score, D’Amico risk group, and PSA levels
before and after RT, are given in Table 1 and the patients’
characteristics before HSH are given in Table 2. The mean (SD,
range) time from the end of RT to HSH was 5.9 (2.6, 2.7–14.6)
years.

MRI

The Lyon group used a 3T MR 750® MRI (General Electric,
Waukesha, WI, USA) and a 32-channel pelvic phased-
array coil. Sequences were axial T2-weighted (T2w),
diffusion-weighted images (DWI) using b0 and b2000 to
generate apparent diffusion coefficient (ADC) maps, and
dynamic contrast-enhanced (DCE) MRI (temporal resolution,
7 s) after i.v. injection of 0.2 mL/kg gadoterate meglumine
(Dotarem®, Guerbet, Roissy, France) at 3 mL/s.

Table 1 Characteristics of the 48 patients with localised radiorecurrent
prostate cancer treated with HSH before and after RT.

Variable Value

Before RT
N (%):

D’Amico risk group
low 10 (21)
intermediate 12 (25)
high 20 (42)
unknown 6 (12)

Gleason score
≤6 18 (38)
7 17 (35)
≥8 9 (19)
unknown 4 (8)

Mean (SD, range)
Gleason score 6.7 (1.3,3–9)
PSA level, ng/mL 14.2 (12.1,2.9–70)

After RT
Mean (SD, range)
Nadir PSA, ng/mL 0.71 (0.64,0–3.3)
Years to nadir PSA 1.8 (1.2,0–5.5)
Years to nadir +2 4.8 (2.6,1.8–12.8)

Table 2 Characteristics of the 48 patients with localised radiorecurrent
prostate cancer before HSH.

Variable Value

Gleason score, n (%)
≤6 4 (8)
7 24 (50)
≥8 18 (38)
Unknown 2 (4)

Mean (SD, range):
Total biopsy samples 14.9 (5.1,6–32)
Positive biopsies 3.4 (1.8,1–8)
Prostate volume, mL 21.2 (9.7,7–60)

Baco et al.
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The Norwegian group used a 1.5 T Tesla Avanto® MRI
(Siemens, Erlangen, Germany) and a six-channel Body
MATRIX® coil. Sequences were axial T2w, DWI using b50 and
b1000 to generate ADC maps, and an additional b2000. Axial
and coronal T1w images were used to identify skeletal and
lymph node metastases. Nordic ICE® (NordicNeuroLab,
Bergen, Norway) software was used for post-processing images
as previously described by Rud et al. [13].

Local recurrence of prostate cancer was defined as a focal area
with high signal intensity on b1000 or b2000 native images
compared with muscle signal, an ADC of <120 × 10-5 mm2/s in
the peripheral zone, and an ADC of <100 × 10-5 mm2/s in the
transitional zone.

Oncological Outcome Parameters

BCR was defined using Phoenix criteria (a rise by ≥2 ng/mL
above the nadir PSA level. D’Amico risk categories were
low/intermediate and high [14].

Functional Outcome Parameters

The following schemes and criteria for functional outcomes
were used: IPSS, Ingelman-Sundberg score [15] using the ICS
questionnaire (A and B) [16], International Index of Erectile
Function-5 (IIEF-5 points) [17], and the European
Organisation for the Research and Treatment of Cancer
(EORTC) quality of life questionnaires (QLQ-C-30) [18].

TRUS-Guided Prostate Biopsy

TRUS-guided prostate biopsy consisted of 12 randomised
cores that included the proximal area of the seminal vesicle,
and 1–3 biopsies from each MRI target using MRI/TRUS
image fusion technology (Koelis®, La Tronche, France) [13].

HSH

HSH was performed under spinal or general anaesthesia using
the Ablatherm® Integrated Imaging device (EDAP TMS,
Vaulx-en-Velin, France). During the fire phase, the software
automatically controlled the rectal position, and a cooling
system maintained rectal mucosa temperature at 14 °C.
Between each fire phase, the focal point position inside the
prostate gland was controlled by the operator, in real time
[19].

In patients with negative apical biopsy, a 4-mm security
distance was held to the sphincter, while in positive apical
biopsy, the HIFU shots were performed closer to the
sphincter. In patients with tumour invasion in the prostate
base, the HIFU shots included the proximal region of the
seminal vesicles.

Patients with obstructive voiding symptoms at the time of
treatment underwent an endoscopic bladder neck resection or

incision during the same procedure to prevent postoperative
obstruction. In these patients, treatment area was extended
medially with at least two HIFU shots that included urethra
into the treatment zone as shown in Fig. 1.

Specific radiorecurrence parameters for salvage HIFU
treatment were introduced in 2002 and incorporate the unique
characteristics of irradiated tissue, e.g. compromised
vascularisation and radiation-induced fibrosis [19].

Follow-up

In the Lyon group, patients were discharged after 72 h
after Foley catheter removal and post-voiding residual
measurement by ultrasound.

In the Oslo group, patients were discharged either on the
operative day or after 24 h depending on home distance and
comorbidity. Foley catheter removal and post-voiding residual
measurement by ultrasound were performed in an out-patient
clinic 5 days after HSH.

Follow-up during the first year occurred every 3 months and
included oncological and functional outcome parameters as
described before HSH.

Patients with rising PSA levels underwent control MRI
prostate and subsequent prostate biopsy. Patients with biopsy
confirmed local recurrence were encouraged to undergo a
second HSH treatment, particularly when malignancy was
found in the untreated contralateral lobe. ADT was suggested
to patients who refused a second HSH treatment after BCR or
histological recurrence, or metastases.

In cases of BCR without local recurrence on MRI the Lyon
group underwent a metastatic evaluation, consisting of an
11C-choline positron emission tomography (PET) scan, and the

Fig. 1 Graphical presentation of HIFU treated left prostate lobe in axial

plane. Pink area represents the tumour that affects the midline and left

periurethral zone. HIFU treated area (orange) is extended over midline

and includes the urethra.

Hemi salvage HIFU in unilateral radiorecurrent prostate cancer
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Oslo group, bone scan and pelvic MRI. Control prostate
biopsy was not taken in patients with confirmed metastases.

Statistical Analyses

Statistical analyses were performed with IBM SPSS Statistics
software v.21 (IBM Corp., New-York, NY, USA). Depending
on distribution, paired sample t-test or Wilcoxon signed-ranks
test were used to compare oncological and functional
outcomes before and after HSH.

Survival curves were based on Kaplan–Meier models, and
the log-rank test was used for univariate comparisons.
Actuarial survival rates were based on life table methods.
Progression-free survival (PFS) rates were calculated using the
combined criteria of BCR (Phoenix criteria) and/or the need
for ADT, whichever occurred first. Patients were censored
on the date of their last PSA evaluation. A P < 0.05 was
considered to indicate statistical significance.

Results Oncological Outcomes

The mean (SD) PSA nadir after HSH was 0.69 (0.83) ng/mL,
and the time to attaint PSA nadir was 21 (20.7) weeks. The
median (interquartile range) follow-up was 16.3 (10.5–24.5)
months. At the end of the follow-up period 32/48 (67%) were
free of BCR. Disease progression was identified in 16/48
(33%), in which six (13%) were confirmed metastases.

Local recurrence was identified at MRI and control prostate
biopsy in eight of the 48 patients (17%). Prostate biopsy
revealed cancer foci in both lobes in four patients, and in the
untreated lobe in another four. BCR without proven local
recurrence or metastases occurred in two patients. Local
recurrences in four of 16 (25%) patients were treated with
a second HSH session and 12/16 (75%) received ADT.

The overall PFS rates at 12, 18, and 24 months, with respect to
D’Amico risk group, Gleason score before HSH and PSA level
before and after HSH are presented in Table 3. The D’Amico
risk group before EBRT did not influence the 18-month PFS
rate. In contrast, the 18-month PFS rate was significantly
associated with Gleason score during post-EBRT recurrence
(≤7, 82%; ≥8, 34%; P = 0.047), and by the PSA level before
HSH (≤4 ng/mL, 80%; >4 ng/mL, 49%, P = 0.002).

The 18-month PFS rate did not differ significantly between
patients with a PSA nadir after HSH of ≤0.5 ng/mL and
those with a PSA nadir of >0.5 ng/mL after HSH (72% vs 56%,
P = 0.3).

Functional Outcomes

Spontaneous voiding re-established after a mean (SD)
catheterisation time of 3.9 (1.2) days. The pad-free, leak-free
urinary continence status after HSH was 36/48 (75%) patients,
one pad a day in eight (17%), and severe incontinence in four

(8.3%). All four of these patients had a local recurrence
involving the apex, and the HSH therefore was not performed
using a sphincter safety margin after patient consent.
However, three of these four patients were disease free at last
follow-up. The functional outcomes of the ICS (A and B),
IPSS, IIEF-5 and EORTC QLC-30 are given in Table 4.

Complications

Two patients had delayed pubic bone osteitis and one of these
developed pubovesical fistula appearing 23 months after HSH.
No rectal fistula occurred.

Discussion
The present study is the first prospective two-centre study on
salvage focal treatment with total cohort follow-up. However,
there are several limitations of the present trial.

Table 3 PFS rates in the 48 patients with localised radiorecurrent prostate
cancer treated with HSH*.

PFS rate % (n at risk) P

Overall PFS rate at:
12 months 83 (37)
18 months 64 (23)
24 months 52 (11)

PFS rate according to:
Initial D’Amico risk group: 0.599

Low / intermediate at:
12 months 88 (17)
18 months 66 (8)
24 months 33 (2)

High at:
12 months 74 (17)
18 months 54 (12)
24 months 45 (6)

Gleason score before HSH 0.047
3–7 at:

12 months 88 (23)
18 months 82 (15)
24 months 63 (9)

8–10 72 (13)
12 months 34 (8)
18 months 34 (2)
24 months

PSA level before HSH: 0.002
≤4 ng/mL at:

12 months 94 (18)
18 months 80 (14)
24 months 70 (8)

>4 ng/mL at:
12 months 73 (19)
18 months 49 (9)
24 months 32 (3)

PSA nadir after HSH 0.273
≤0.5 ng/mL at:

12 months 87 (19)
18 months 72 (12)
24 months 72 (5)

>0.5 ng/mL at:
12 months 77 (18)
18 months 56 (11)
24 months 37 (6)

Baco et al.
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Firstly, MRI protocols used in detection of prostate cancer
were not standardised across institutions. The Lyon group
performed MRI combining T2w, DW MRI and DCE MRI
while the Oslo group performed MRI using T2w and DW
MRI. To our knowledge, only one study [20] (n = 16) has
compared T2w, DW MRI and DCE MRI after BT. They
reported a 77% sensitivity when combining all three
sequences, contrary to 68%, when using only T2w and DW
MRI (P > 0.05) [13]. Diagnosis of radiorecurrent prostate
cancer using T2w and DW MRI sequences is documented by
several studies reporting sensitivity ranging from 62% to 93%
[21,22]. In addition, a recent study did not show a significant
difference in cancer detection comparing 1.5 T and 3 T
devices [23].

Secondly, we did not take a control prostate biopsy in patients
with BCR and distant metastases occurring during the
follow-up, as the biopsy result would not influence the
treatment and the biopsy procedure might lead to unnecessary
complications.

Thirdly, 11C-choline PET scan, which seems to be the most
effective method for metastatic evaluation, was not used in all
patients with BCR. However, the diagnosis of metastatic
diseases was not an endpoint in the present study.

Fourthly, the present study was limited by the relatively brief
follow-up period and limited patient cohort, which hinders
any conclusion about oncological effectiveness. A follow-up of
5 years is probably necessary for more accurate biochemical
evaluation, cancer-specific and metastases-free survival
outcomes after HSH.

Finally, the validity of using Phoenix criteria for failure could
be criticised. Nevertheless, to date no common agreement
exists on the definition of BCR after ablative therapies.
Furthermore, in the largest published reports on HIFU and
cryotherapy, oncological outcomes are based on Phoenix
criteria as applied to post-RT recurrence [6,24,25].

Accurate patient selection is an essential pre-condition for
achieving optimal cancer control with a focal salvage-therapy
approach. In theory, the selection process should first exclude
patients with subclinical metastases, and then further evaluate
only those with small unilateral local recurrences. Detection of

occult lymph node and bone metastases is hampered by
limitations in current imaging technology, and by
characteristics of the malignancy that make visualisation
difficult. Metastases were detected during follow-up in two of
39 patients (5%) in the Ahmed et al. [6] study, and in six of
48 patients (12.5%) in the present study. The high-rate of
metastases in the present study may be explained by the
elevated percentage of patients with high-risk disease, who
probably could have had micrometastases before HSH.

Broad awareness exists of the shortcomings of standard
pretreatment metastases evaluation, typically involving
bone scintigraphy and abdominal pelvic CT/MRI [26].
Improvement in detecting metastases has recently been
reported using whole-body MRI and 11C-choline PET/CT
[27,28], and may offer better pretreatment evaluation in the
future.

The best biopsy strategy for patient selection for focal therapy is
still controversial. A transperineal template-guided mapping
biopsy of the prostate (TTMB) appears to provide more
detailed information about cancer grade and localisation
compared with a standard 12-core biopsy schema [29]. The
principal drawback of TTMB remains in its invasive approach,
high cost, and complexity, which is directly divergence to the
mini-invasive concept of focal therapy. In addition, due to
prostate movement, organ swelling and biopsy needle deflection
during the procedure, biopsy needle placement does not
necessary correspond to the localisation suggested by a grid.

In recent years, numerous studies have shown an increasing
agreement between MRI and RP specimen results for
determining anatomical location and extent of disease,
especially if the tumour volume is >0.5 mL or Gleason grade
≥4. However, MRI still has limitations in the detection of
small and multiple cancer foci [30,31].

Recent advances in the three-dimensional (3D) registration
of the biopsy based on organ tracking using MRI/TRUS
real-time elastic-fusion techniques may provide more
objective tumour mapping than the traditional biopsy
technique [32]. We think that the future progress in imaging
and computerised biopsy procedures may further improve
patient selection for focal therapy and compensating for the
disadvantages of TTBM.

Moreover, prostate MRI has yielded encouraging results in
detecting and localising recurrence after EBRT and is
systematically used in both patient selection and treatment
guidance at our institutions (Fig. 2) [11,12].

Evaluation of 50 salvage prostatectomies by Leibovici et al.
[33], found that 66% of patients had a solitary cancer focus,
and that 74% had tumour extension beyond the urethra.
Therefore, it appears important to perform an ‘extended’
hemi-ablation involving the contralateral lobe without the
intention of urethral preservation. Furthermore, early

Table 4 Functional outcome scores of the completed questionnaires in
the 48 patients after HSH for localised radiorecurrent prostate cancer.

Questionnaire Mean (SD) score P

before HIFU after HIFU

ICS (A) 0.7 (2.0) 2.3 (4.5) 0.045
ICS (B) 0.6 (1.4) 1.6 (3.0) 0.114
IPSS 7.1 (5.6) 8.6 (5.1) 0.129
IIEF-5 11.2 (8.0) 7.0 (5.8) <0.001
EORTC QLC-30 35.7 (8.7) 36.8 (8.6) 0.220
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detection of radiorecurrent cancer, while the cancer is still
amenable to focal therapy, is mandatory.

In the present study, nadir PSA values achieved after HSH
were somewhat higher than those reported with whole-gland
HIFU treatment. The largest series published to date on
salvage HIFU therapy is by Crouzet et al. [8] with 290 patients
and a mean 48-month follow-up. They reported a 0.14 ng/mL
median nadir PSA after whole-gland treatment, and actuarial
cancer-specific and metastases-free survivals of 80% and 79%,
respectively. These rates correspond with those reported by
Chade et al. [7] in a study of 404 patients treated with salvage
RP. Their actuarial rates of cancer-specific and metastases-free
survival were 83% and 77%.

After focal salvage HIFU, Ahmed et al. [6] reported an
actuarial PFS rate of 49% at 2 years (Phoenix criteria), with 16
patients (41%) undergoing palliative hormone therapy by final
follow-up. The biochemical survival outcomes reported in the
Ahmed et al. study were comparable to the PFS rates in the
present study, achieved with hemi-ablation, of 52% at 2-year
follow-up.

The morbidity prevalence in the present study was lower than
those reported for standard salvage treatments. Nguyen et al.
[34] evaluated the outcome of salvage RP in 531 patients and
found an incontinence rate of 41%, an anastomotic stenosis
rate of 24% and a 4.7% rate of urethrorectal fistula. In a more
recent series of salvage RP, a 20% rate of severe incontinence
and a 1% rate of urethrorectal fistula were reported [35].
Salvage cryotherapy was evaluated in 510 patients by Nguyen
et al. [34], who found severe incontinence in 36%, bladder
neck stricture in 17%, and urethrorectal fistula in 2.6%. In a
series of 84 patients treated with salvage HIFU, Ahmed et al.
[36] reported incontinence in 38%, strictures requiring
endoscopic intervention in 20%, and urethrorectal fistula in
2.4%. In a series published by Crouzet et al. [37], HIFU
morbidity for radiorecurrent cancer was significantly reduced
using dedicated acoustic parameters, with severe incontinence
in 19.5% and urethrorectal fistula in 0.4%. Similarly, Berge

et al. [38] used the same acoustic parameters for whole-gland
salvage therapy, and reported severe urinary incontinence in
17.2%.

The preservation of both urinary function and health-related
quality of life at pre-treatment levels (Table 4) in the present
study is in contrast to the results of whole-gland salvage HIFU
reported in a study by Berge et al. [39] conducted with a
comparable patient cohort, clinical characteristics and
follow-up.

Periprostatic irradiation may result in tissue alteration that
intensifies with time and increases the risk of late morbidity
[40]. In the present study, one patient had delayed pubic
osteitis, possibly attributable in an endoscopic procedure
performed 6 months after HSH. The bone infection healed
after prolonged bladder drainage and antibiotics. Another
patient with diabetes, had >2 months untreated urinary
infection and urinary obstruction resulting in suprapubic
pain. MRI revealed a pubovesical fistula occurring 23
months after HSH. The patient initially had been treated
with transurethral bladder drainage and antibiotics. At 3
months MRI showed fistula healing. However, the
subsequent MRI control after 6 months verified
pubovesical fistula recurrence and the patient underwent
cysto-prostatectomy and urinary deviation. Histopathological
findings on whole-mount sectioned prostate gland were
negative for cancer both in the HIFU-treated and untreated
prostate lobe. Recently published results of pubovesical
fistula in patients previously treated by RT show the low
success rate after conservative treatment [41].

Only a few published studies have reported on focal salvage
therapy outcomes. In a series of 39 patients treated with focal
salvage HIFU with a median 17-month follow-up, Ahmed
et al. [6] reported morbidity outcomes that were similar to the
present study, with perfect continence in 64%, but a significant
reduction in the IIEF-5 score. A small series of 19 patients
treated with focal salvage cryoablation reported complications
that included incontinence, urethral strictures or ulcer [24].

Fig. 2 MRI obtained in a 79-year-old man with a history of RT (78 Gy) for prostate cancer (Gleason score 6) 9 years earlier. The PSA nadir was

0.3 ng/mL, and the last PSA value was 3.05 ng/mL. (a) Axial T2w sequence shows a diffuse hypointense prostate with loss of zonal anatomy. (b) Axial

DCE sequence shows an early enhancing nodule in the left basis. Targeted biopsy and histology presented a Gleason 8 radiorecurrent cancer, while

random biopsies all were negative. The patient underwent HSH. (c) Axial gadolinium-enhanced fat saturated T1 sequence 3 days after HSH shows

devascularization of the left prostate lobe (arrowheads).

a b c
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Encouraging functional outcomes after focal salvage
cryotherapy have recently been described in a retrospective
study conducted by Abreu at al [25]., where there was no
observed urinary incontinence after treatment. However,
contrary to the present patient cohort, the authors did not
clarify if patients with extreme apex cancer localisation have
been included in the study or if the peri-sphincteric part of
the prostate was treated with radical intent.

The trend towards better outcomes after focal treatment, as
reported in largest published studies on salvage HIFU and
cryotherapy, is shown in Table 5 [6,8,10,24,25,36,42–44].
The major limitations of all published studies are their
retrospective character and limited control about
follow-up rate.

It is known that the rate of post-treatment continence
conservation depends on quantity of ablative energy applied to
the apex region during treatment. Patients with apical tumour
recurrence should be informed carefully of the risk of urinary
leakage if radical salvage treatment is planned. Precise biopsy
mapping of the apex using a 3D real-time navigation system
and 3D-TRUS biopsy registration allow accurate apex staging.
In patients with negative apex biopsy, apex-sparing salvage
HIFU preserves urinary continence (Abstract � 55 presented
by Baco et al. at the 4th International Symposium on Focal
Therapy and Imaging in Prostate and Kidney Cancer, 2011,
Noordwijk, Amsterdam, The Netherlands). Hopefully,
promising results of MRI in detection and localisation of
prostate cancer will be confirmed in upcoming studies and
that safety margins can be tailored to the tumour position
[45]. It is expected that the technological advance in
therapeutic ultrasound, especially precise identification of the
apex, adaptable height of HIFU lesions and perioperative
temperature monitoring in treated and surrounding tissue
will optimise the oncological and functional outcomes.

In conclusion, HSH in patients with unilateral radiorecurrent
prostate cancer results in fewer and less severe morbidity than
whole-gland salvage therapies, and may preserve pre-treatment
health-related quality of life. Accurate imaging and biopsy are
essential to identify malignancy suitable for focal therapy and
to exclude metastatic disease. Based on the present results,
prospective multicentre clinical trials with long-term
follow-up are warranted.
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Abstract

Background: High-intensity focused ultrasound (HIFU) is a nonsurgical therapy for
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
radiotherapy. A second HIFU session was systematically performed in patients with
biopsy-proven local recurrence.
Intervention: Whole-gland prostate ablation with transrectal HIFU.
Outcome measurements and statistical analysis: Incontinence was assessed using the
Ingelman-Sundberg score, and potency was assessed using the five-item version of the
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 T1M0–T2M0, 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.

2.4. 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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3.1. Biochemical survival

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

( p = 0.992). The 5-yr BFSR progressively increased over

time: 66% in patients treated before 2000, 80% in patients

treated from 2000 to 2004, and 83% in patients treated from

2005 onward ( p = 0.010).

3.2. Survival rates

Eighty-nine patients (8.9%) died during follow-up from

unrelated causes, 13 patients (1.3%) died from PCa, and

metastatic PCa was detected in 40 patients (4.0%). The 10-yr

overall survival rate and PCa-specific survival rate (PCSSR) was

80% and 97%, respectively (Fig. 2). PCSSR was 99% for low-risk

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

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 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) 55 (8.4) 13 (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 28 (2.8) 3 (4.8) 20 (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 19 (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.

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,
n = 63

2000–2004,
n = 652

2005–2009,
n = 287

p value

No. of HIFU sessions, no. (%)

1 25 (39.7) 350 (53.7) 221 (77.0)

2 28 (44.4) 289 (44.3) 66 (23.0) <0.001

�3 10 (15.9) 13 (2.0) 0 (0)

Total, no. 63 652 287

PSA nadir, ng/ml, no. (%)

�0.3 31 (49.2) 416 (63.8) 184 (64.1)

0.3–1 14 (22.2) 120 (18.4) 56 (19.5) 0.232

>1 18 (28.6) 111 (17.0) 45 (15.7)

Not determined 0 (0.0) 5 (0.8) 2 (0.7)

Total, no. 63 652 287

HIFU = high-intensity focused ultrasound; PSA = prostate-specific antigen.
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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).

3.4. 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

357 339 317 279 236 194 156 114 68
452 423 378 326 271 221 167 122 76
174 156 116 89 71 57 48 36 25
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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.
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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
factors

Univariate
p value

Univariate
risk ratio

Univariate
95% CI

Multivariate
p value

Multivariate
risk ratio

Multivariate
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

�5 of 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.
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( 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%; �70 yr: 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

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

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].

A high radiation dose level significantly reduces the 10-yr risk

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.
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Purpose: We describe the long-term cancer control and morbidity of high inten-
sity focused ultrasound with neoadjuvant transurethral resection of the prostate,
the risk of metastatic induction by transurethral prostate resection, and the
evolution of high intensity focused ultrasound application and technology with
time.
Materials and Methods: A prospective Harlaching high intensity focused ultra-
sound database was searched for patients with primary localized prostate cancer
(T1–2, N0, M0, PSA at first diagnosis less than 50 ng/ml) and followup longer
than 15 months. Those patients with previous long-term androgen deprivation
therapy, locally advanced prostate cancer or any therapy influencing prostate
specific antigen were excluded from study. All patients were treated completely
with an Ablatherm® high intensity focused ultrasound device. Evaluation was
performed in aggregate, and by stratification according to cohort group, risk
group (D’Amico criteria), prostate specific antigen nadir and Gleason score. The
Phoenix definition was used for biochemical failure. Statistical analysis was
performed using the Kaplan-Meier method, and univariate and multivariate
analysis was performed using a Cox model.
Results: Of 704 study patients 78.5% had intermediate or high risk disease.
Mean followup was 5.3 years (range 1.3 to 14). Cancer specific survival was 99%,
metastasis-free survival was 95%, and 10-year salvage treatment-free rates
were 98% in low risk, 72% in intermediate risk and 68% in high risk patients.
Prostate specific antigen nadir and Gleason score predicted biochemical fail-
ure, and side effects were moderate. The high intensity focused ultrasound
re-treatment rate has been 15% since 2005.
Conclusions: Long-term followup with high intensity focused ultrasound ther-
apy demonstrated a high overall rate of cancer specific survival and an excep-
tionally high rate of freedom from salvage therapy requirements in low risk
patients. Advances in high intensity focused ultrasound technology and clinical
practice as well as the use of neoadjuvant transurethral prostate resection allow
the complete treatment of any size prostate without inducing metastasis.

Key Words: prostatic neoplasms; ultrasound, high-intensity focused,
transrectal; robotics; ultrasonic therapy; ablation techniques

HIGH intensity focused ultrasound has
been used experimentally in urology
since the 1930s1–6 and clinical inves-
tigations began in 1996 as a transrec-

tal ablative therapy for localized pros-
tate cancer.7–9 Since the early 2000s
HIFU has been combined with neoad-
juvant transurethral resection of the
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prostate.10,11 The status of HIFU has remained in-
vestigational because the body of published evidence
has not yet reached sufficient maturity to provide
definitive data on long-term cancer control. This is
especially true given the followup length of studies
evaluating external beam radiotherapy and radical
prostatectomy.12,13

The current study was designed in 1995, before
the first use of HIFU at 3 MHz with the Ablatherm
device. Given the typical slowly progressing natural
history of PCa and the need to document long-term
cancer control and morbidity, patient accrual and
followup were planned from the outset in 1996 to
run 25 years. The primary objective of the current
study was to evaluate the long-term cancer control
efficacy and morbidity of HIFU with neoadjuvant
TURP. The secondary objective was to evaluate me-
tastasis induction by TUR in prostate cancer. The
third objective was to document and evaluate ad-
vances in technology and refinement in clinical ap-
plication during the study period.

PATIENTS AND METHODS

Data from all patients treated with HIFU in Munich-
Harlaching were prospectively entered into a database.
All patients were treated completely with Ablatherm
HIFU devices. At the time of analysis the database con-
sisted of 2,079 cases including 1,440 treated for localized
disease (T1–2, N0, M0). The remaining cases received
HIFU as primary therapy for advanced stage PCa or as
salvage therapy for recurrence after nonHIFU primary
therapy. Of the 1,440 patients treated for localized disease
736 were excluded from analysis as they did not meet the
inclusion criteria (see Appendix, table 1). This yielded a
study population of 704 patients treated from 1996 to the
end of 2009. These patients were stratified into 3 cohort
groups based on year of therapy and treatment device.
During the study period 3 generations of HIFU devices were
used because patients were treated with the then most re-
cent HIFU device available. These included the prototype
device from 1996 to 1999 (cohort 1), the first commercially
available device, the Ablatherm Maxis®, from 2000 to 2005
(cohort 2), and the second device, Ablatherm Integrated Im-
aging, beginning in 2005 (cohort 3). Data collection and eval-
uation were performed by a third party (Harlachinger Kreb-

shilfe e.V.), and did not involve individuals with a
commercial interest in the study outcomes.

Localized PCa was diagnosed by transrectal ultrasound
guided biopsy of the prostate and seminal vesicles. The
combined results of digital rectal examination, transrectal
ultrasound, radiological staging, TRUS guided rectal bi-
opsies, TUR chips and PSA were used in clinical tumor
staging. Specific transitional zone biopsies were not per-
formed as the ventral area of the prostate was resected
and histopathologically analyzed. The integration, char-
acteristics and histopathological outcome of neoadjuvant
TURP before HIFU are displayed in table 2. The opera-
tional procedure of the Ablatherm HIFU device has been
previously described in detail.14–16

Before 2000 most patients received HIFU therapy
without TURP. In the absence of pre-HIFU TURP, pros-
tates larger than 30 cc could only be partially ablated due
to limited rectal movement space for the transrectal ap-
plicator, and limited HIFU penetration into the ventral
areas and middle lobes. During the 15-year study period
the majority of HIFU/TURP treatments at our institution
(more than 75%) were performed by 2 surgeons, while the
remaining treatments were supervised by these surgeons.

Neoadjuvant TURP has undergone substantial refine-
ment since its introduction. Several characteristics now
distinguish neoadjuvant TURP from conventional TURP
performed for adenoma resection. HIFU induces substan-
tial shrinkage of the residual prostatic capsule and blad-
der neck. TURP compensates for this effect with resection
of a large bladder neck and the entire middle lobe.

The penetration depth of HIFU is limited to approxi-
mately 30 mm. Therefore, ventral prostatic tissue in
larger prostate glands cannot be completely coagulated
and requires TURP. Because HIFU induces the formation
of fibrotic scar tissue, apical tissue should not be left in
place but should instead be resected in a radical manner
as when TURP is used for adenoma resection.

Monopolar resection of the prostate was performed
from 2000 to 2005 and bipolar resection has been per-
formed since 2005. Few patients underwent previous open

Table 1. Reasons for exclusion from study

No. (%)

Overall 736 (51)
Followup less than 15 mos 490 (34)
Treatment vol less than 80% 115 (8.0)
Neoadjuvant ADT greater than 12 mos 61 (4.2)
Previous radiation 30 (2.0)
PSA at first diagnosis greater than 50 ng/ml 25 (1.7)
Previous orchiectomy 6 (0.4)
Previous other HIFU 5 (0.3)
Previous chemotherapy 4 (0.2)

Table 2. Transurethral resection data

All Prototype Maxis
Integrated
Imaging

Yrs study period 1996–2009 1996–1999 2000–2004 2005–2009
No. pts 704 170 358 176
No. TUR before HIFU (%) 528 (75) 6 (3.5) 346 (96.6) 176 (100)
TUR (%) of prostate vol:

Median 43 36 39 52
Mean 44 38 39 51
Max 93 55 93 86
Min 2 25 4 2

No. no TUR histology (%) 55 (10.4) 0 36 (10.1) 19 (10.8)
No. no PCa (%): 220 (41.7) 3 (50) 150 (43.4) 67 (38.1)

Less than 10% 143 (27.1) 2 (33.3) 91 (28.9) 50 (28.4)
10%–30% 83 (15.7) 0 49 (14.2) 34 (19.3)
Greater than 30% 27 (5.1) 1 (16.7) 20 (5.8) 6 (3.3)

No. TUR combined (%)* 422 (79.9) 1 (16.7) 311 (89.9) 110 (62.5)
No. TUR split (%)† 106 (20.1) 5 (83.3) 35 (10.1) 66 (37.5)

* TUR and HIFU in 1 session.
† TUR 1 month before HIFU.
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adenectomy or green light laser ablation of the prostate.
Those who did were endoscopically re-resected to achieve
a standardized anatomy before HIFU. During the consent
process, patients were informed of a 20% probability that
they would be offered a second HIFU treatment during
followup and a 20% probability of secondary endoscopic
necrosis/scar tissue removal within postoperative year 1.
HIFU re-treatment was suggested to patients with PSA
relapse and biopsy proven locally residual or recurrent

PCa at followup. Followup data were obtained by patient
survey, medical records, mail and telephone contact. For
perioperative complications the Clavien classification was
used.17

In addition to device/year cohort groupings, patients
were also stratified by risk group for tumor recurrence
including low risk (T1–T2a and PSA 10 ng/ml or less and
Gleason 6 or less), intermediate risk (T2b or PSA 11 to 20
ng/ml or Gleason 7) and high risk (stage T2c or PSA 21 to

Table 3. Prognostic factors for biochemical progression (Phoenix) and need for salvage treatment using univariate analysis and
Cox model

Univariate p Value Univariate Risk Ratio Univariate 95% CI Multivariate p Value Multivariate Risk Ratio Multivariate 95% CI

Biochemical progression (Phoenix)
Age 0.653 1.01 0.97–1.04 0.706 1.00 0.98–1.04
PSA (ng/ml):

4 or Less — 1 — — 1 —
4–10 0.695 0.87 0.42–1.79 0.613 0.83 0.40–1.72
10 or Greater 0.016 2.40 1.18–4.88 0.044 2.11 1.01–4.35

Gleason:
6 or Less — 1 — — 1 —
7 0.215 1.32 0.85–2.04 0.896 1.03 0.65–1.65
8 or Greater 0.077 2.29 0.91–5.74 0.221 1.80 0.70–4.61

Stage:
T1 — 1 — — 1 —
T2 0.607 1.19 0.62–2.29 0.601 0.83 0.42–1.66

Biopsies:
2 or Less — 1 — — 1 —
3–4 0.124 1.40 0.91–2.15 0.120 1.43 0.91–2.25
5 or Greater 0.350 1.40 0.69–2.85 0.281 1.51 0.72–3.17

Prostate vol (cc):
25 or Less — 1 — — 1 —
Greater than 25 0.224 0.75 0.47–1.20 0.188 0.73 0.45–1.17

TURP:
No — 1 — — 1 —
Yes 0.050 0.65 0.43–1.00 0.713 0.80 0.24–2.63

Neoadjuvant ADT:
No — 1 — — 1 —
Yes 0.022 1.61 1.07–2.41 0.177 1.34 0.88–2.05

Need for salvage treatment
Age 0.049 0.97 0.95–1.00 0.075 0.98 0.95–1.00
PSA (ng/ml):

4 or Less — 1 — — 1 —
4–10 0.554 0.82 0.42–1.60 0.364 0.73 0.37–1.44
10 or Greater 0.055 1.90 0.99–3.66 0.473 1.28 0.65–2.53

Gleason:
6 or Less — 1 — — 1 —
7 0.001 1.98 1.30–3.00 0.196 1.35 0.96–2.12
8 or Greater 0.001 3.20 1.57–6.54 0.021 2.49 1.15–5.39

Stage:
T1 — 1 — — 1 —
T2 0.006 7.05 1.74–28.58 0.041 4.39 1.06–18.2

Biopsies:
2 or Less — 1 — — 1 —
3–4 0.001 2.10 1.37–3.22 0.003 1.99 1.27–3.12
5 or Greater 0.002 2.55 1.39–4.68 0.210 1.56 0.78–3.15

Prostate vol (cc):
25 or Less — 1 — — 1 —
Greater than 25 0.229 0.75 0.47–1.20 0.360 0.80 0.49–1.29

TURP:
No — 1 — — 1 —
Yes 0.001 0.41 0.27–0.61 0.961 0.97 0.26–3.64

Neoadjuvant ADT:
No — 1 — — 1 —
Yes 0.002 1.87 1.26–2.77 0.485 1.17 0.75–1.82
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50 ng/ml or Gleason 8 or greater), and by Gleason score
and by PSA nadir.18

To determine BDFS rates, biochemical failure was de-
fined using the Phoenix definition (PSA nadir � 2 ng/ml).
The Kaplan-Meier method was used to construct survival
curves which were compared using the log rank test. A
Cox regression model was used in univariate and multi-
variate analysis of variables with possible prognostic rel-
evance (table 3). Patients undergoing second HIFU were
not censored from evaluation. A p �0.05 was chosen as the
level of statistical significance.

RESULTS

A total of 704 patients were included in this analy-
sis. Staging biopsy per patient (range 6 to 24) was
correlated to 8 target areas of the prostate (right,
left, apex, mid, base) and seminal vesicles, and an
average of 2.23 (range 1 to 6) prostatic areas were
positive for malignancy. Unilateral PCa was found
in 66%, 68% and 69% of patients in cohorts 1, 2 and
3, respectively. HIFU was performed with the pa-
tient under spinal anesthesia and sedation (89.6%).
Full anesthesia (10.4%) was used per to patient pref-
erence or when spinal anesthesia was not feasible.
The average HIFU treatment session lasted 119
minutes with 626 lesions. This did not change sig-
nificantly during the study period because the deliv-
ery approach of alternating shots and delays (5 sec-
onds/5 seconds) and prostate size at HIFU remained
constant (table 4). The overall re-treatment rate was
22.3% and decreased with time (56%/25%/15%).

Efficacy

PSA nadir occurred at a mean of 2.1 months (range
0.2 to 12.0) at a median of 0.10 ng/ml (range 0.0 to
21.0). Median PSA nadir values differed among co-
horts 1, 2 and 3 less than the mean values (table 5).
After PSA nadir, the median PSA velocity of the
sample was 0.02 ng/ml per year (mean 0.44).

The overall survival of the patient population was
identical to current local Bavarian population sur-
vival statistics (fig. 1, A). Through 10 years of fol-
lowup a correlation between overall survival and
patient risk group was not found (fig. 1, B). The
10-year cancer specific survival rate was 99%, which
remained constant through to 14 years of followup (fig.
1, C) The 10-year metastasis-free survival rate was
95% in patients who received neoadjuvant TURP
(fig. 2, A). BDFS rates varied by risk group, with
5-year rates of 92% to 84% and 10-year rates of 68% to
60% (fig. 2, B).

A correlation was found between PSA nadir group
and biochemical failure (fig. 2, C), as was a correla-
tion between risk group and salvage treatment-free
survival (fig. 3, A). After TURP and HIFU, few low
risk patients required salvage therapy at 12-year
followup. The salvage therapy-free rates for interme-
diate and high risk patients at 5 years were 87% and
82%, and at 10 years were 72% and 68%, respectively.
D’Amico risk groups were correlated with salvage
treatment-free survival. At 10-year followup salvage
therapy was initiated in less than 2% of low risk pa-
tients and in 27% to 36% of intermediate/high risk
patients.

Morbidity

Perioperative complications (Clavien classification)
occurred in 16% of the entire sample, and a decrease
with time was found among cohorts 1, 2 and 3 (29%/
10%/14%).17 No perioperative complications were
severe, all were of short duration and no Clavien IV
or V complications were observed.

The rates of short to intermediate-term morbidity
included incontinence (4%), obstruction (4.6%), infec-
tion (2.1%), rectourethral fistula formation (0.23%),
perineal pain (0.7%) and other morbidity (4.4%). There
were no cases of fistula since the introduction of robotic
HIFU in 2005 (table 6). The morbidity profile but not
the overall rate changed significantly in subsequent
cohorts. The overall rate of urinary incontinence for

Table 4. Included patients

All Prototype Maxis
Integrated
Imaging

No. pts 704 170 358 176
Cohort yrs 1996–2009 1996–1999 2000–2004 2005–2009
Mean pt age 68.4 67 68.6 69.2
Mean ng/ml PSA at first

diagnosis
9.9 9.9 11.5 9.6

% (No.) Gleason score:
Less than 7 67 (472) 53 73 68
7 27.9 (196) 44 20 28
Greater than 7 5.1 (36) 3 7 4

% (No.) Risk (D’Amico):
Low 21.6 (153) 14.7 23.5 24.4
Intermediate 38.4 (270) 42.9 36.6 37.5
High 40.0 (281) 42.4 39.9 38.1

% (No.) neoadjuvant ADT
less than 6 mos

25.3 (178) 31.8 23.7 22.2

% (No.) neoadjuvant ADT
6–12 mos:

4.4 (31) 7.1 3.6 3.4

T1 11.5 (81) 11 12 10.2
T2 88.5 (623) 89 88 89.8

Mean cc prostate vol
diagnosis

36 23.00 37.70 45.4

Mean cc prostate vol at
HIFU

21.5 21.6 21.6 21.2

Table 5. Biochemical efficacy

Mean PSA
Nadir

Median PSA
Nadir

Median Mos to
PSA Nadir

Median ng/ml/yr
PSA Velocity

All 1.7 0.1 2.1 0.02
Prototype 1.5 0.2 2.3 0.02
Maxis 2.5 0.1 1.9 0.03
Integrated Imaging 0.1 0.1 2.3 �0.01
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more than 3 months was 3.26%, with rates of 5.1%,
3.1% and 1.5% in cohorts 1, 2 and 3, respectively.
The overall rate of secondary obstruction (from ne-
crotic or scar tissue that resulted in bladder neck or
intraprostatic stenosis) was 24%, 19% and 24% in
cohorts 1, 2 and 3, respectively. Urinary tract infec-
tion recurred in 2.56%, 1.87% and 3.08% of the sam-
ple. Although comprehensive data on erectile function
with validated questionnaires were not available, the
post-HIFU clinical potency rate in previously potent
patients was about 55%. Of these patients approxi-
mately two-thirds were taking phosphodiesterase type
5 inhibitors.

It should be mentioned that there were no cases of
late onset impotence and no cases of any other late
onset (greater than 1 year) morbidity. Morbidity
with the longest delay in onset was a 5Fr bladder
neck stenosis from circular scar tissue occurring 6 to
12 months after HIFU. As a result, a significant rate

of secondary endourological interventions of 24%
was registered.

DISCUSSION

Biopsy and radiological imaging in preoperative PCa
tumor staging are limited because of restricted dig-
ital resolution and visual analysis. In this study we
established tumor stage clinically with the combined
use of digital rectal examination, transrectal ultra-
sound, radiological staging, TRUS guided rectal bi-
opsies, TUR chips and PSA.

The extent of PSA decrease within 3 months after
localized therapy produces the PSA nadir value,
which we found was a significant predictive factor in
biochemical failure. After the PSA nadir is reached,
PSA velocity can be used to trigger the need for the
timing of salvage therapy. Several studies have
shown that a PSA nadir less than 0.3 ng/ml is asso-

A

B

C

PPatients at risk:

704 653 476 338 190 101 33 4

Patients at risk:

152 140 101 71 37 14 Low
270 250 188 136 80 47 Intermediate
282 264 188 131 73 41 High

Patients at risk:

704 653 474 334 187 99 33 4

Figure 1. Overall (A), D’Amico risk (B) and cancer specific (C) survival rates
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ciated with a salvage treatment-free survival rate at
10 years of more than 80%.19 Biochemical disease-
free survival rates of 94% at 5 years and 74% at 10
years, after a PSA nadir of less than 0.3 ng/ml, and
greater than 80% (according to D’Amico risk groups)
at 5 years and greater than 60% at 10 years, are
promising.

The overall survival of the study population was
equal to the general Bavarian survival rate and did
not differ between risk groups. The 10-year cancer
specific survival was 99%, a finding typical of most
long-term PCa studies, and reflects the slowly pro-
gressing nature of the malignancy. The 10-year me-
tastasis-free survival rate of 95% in patients who
underwent TURP addresses the concern of meta-
static induction by TURP in patients with prostate
cancer, and shows no relationship between TURP
and metastatic spread. The BDFS rate was corre-
lated with risk group. The 5-year BDFS rates of 92%
to 84% and the 10-year BDFS rates of 68% to 60%

showed a parallel decrease in all risk groups with
time (fig. 2, B). PSA nadir reflects the completeness
of tumor ablation with HIFU and a difference in
BDFS was shown among the 3 nadir subgroups (ta-
ble 5, fig. 2, C). Among patients with a PSA nadir
less than 0.3 ng/ml, the BDFS rate was 94% at 5
years and 74% at 10 years. In patients with a PSA
nadir of 0.3 ng/ml or greater the BDFS rate was 73%
to 70% at 5 years and 56% to 30% at 10 years
(depending on risk group, fig. 2, C).

Although efficacy associated with the different
generations of HIFU technology did not change sig-
nificantly during the study period, neoadjuvant
TURP contributed to efficacy by decreasing the av-
erage PSA nadir values as the result of reducing
prostate size to less than 25 cc to make the prostate
gland more amenable to complete HIFU ablation.

The point at which salvage therapy is required
(excluding a second HIFU session) represents an
important variable in the setting of clinical practice

A

B

C

PPatients at risk:

704 650 472 333 187 98 34 4

Number of  patients at risk

152 132 83 51 21 8 Low
270 211 139 90 47 24 Intermediate
282 220 129 82 35 15 High

Number of  patients at risk

417 358 219 142 72 35 Low
71 65 38 26 15 6 Intermediate

105 86 63 43 12 6 High

Figure 2. Metastasis-free (A), BDFS (B), and PSA nadir and biochemical failure (C) survival rates.
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and efficacy research. Several factors influence the
decision to undergo salvage therapy, including post-
treatment PSA, treatment guidelines, comorbidity,
psychological factors and concern over potential
morbidity associated with the salvage therapy.

The correlation of D’Amico risk group with sal-
vage treatment-free survival involves 2 interesting

issues. 1) With 99% of patients with low risk disease
not requiring salvage therapy during a 10-year fol-
lowup, the extent of cancer control is obvious. This
finding might encourage the use of focal therapy in
these patients, especially given the finding during
staging that nearly 67% of these patients had uni-
lateral cancer. 2) The intermediate and high risk
groups still exhibited reasonable BDFS rates of 87%
to 82% at 5 years and 72% to 68% at 10 years.

Recently Wilt et al published their data regarding
the effectiveness of surgery vs observation for men
with localized prostate cancer.20 The authors
showed that among men with localized prostate can-
cer detected during the early era of PSA testing,
radical prostatectomy did not significantly reduce
all cause or prostate cancer mortality compared with
observation through at least 12 years of followup.
Although their data should be taken with caution
considering the relatively small study population

A

B

C

PPatients at risk:

152 140 101 70 37 14 Low
270 240 174 121 65 33 Intermed.
282 244 167 109 53 26 High

Number of  patients

464 418 296 202 98 41 GS: 2-6
193 169 120 84 53 30 GS: 7
37 28 18 8 3 2 GS: 8-10

Number of  patients at risk

417 380 262 185 102 51 Nadir ≤0.3
71 65 46 33 20 8 Nadir 0.3-1

105 94 77 57 24 12 Nadir >1

Figure 3. D’Amico risk (A), Gleason score (B) and PSA nadir (C) salvage treatment-free survival.

Table 6. Side effects

Prototype
(%)

Maxis
(%)

Integrated
Imaging (%)

Incontinence (less than 3 mos)* 4.2 4.2 3.1
Incontinence (more than 3 mos)* 5.1 3.1 1.5
Rectourethral fistula 0.59 0.28 0.0
Recurrent urinary tract infections 2.56 1.87 3.08
Perineal discomfort 1.26 0.23 0.51
Others periop 11.7 1.17 2.56
Secondary obstruction 24 19 24

* Defined as more than 1 pad per day.
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and the short followup, their study clearly shows
that minimally invasive therapies for prostate can-
cer will become even more important in the future.

There are several important limitations to our
study. The presented data are based on a single arm
study without comparison groups. Furthermore,
changes in technology and surgical protocol during
the course of the study may have confounded some of
the outcome analyses.

CONCLUSIONS
The results in 704 patients show that HIFU offers
men with localized PCa a standardized reliable ther-
apy with a low rate of perioperative comorbidity, an
absence of serious morbidity and sufficient cancer
control such that salvage therapy was not required
at 10-year followup by 99%, 72% and 68% of low,
intermediate and high risk patients, respectively,
which is particularly important from a patient cen-
tered perspective. PSA nadir was demonstrated to
be the greatest predictor of biochemical failure and
the median PSA nadir has been 0.1 ng/ml or less
since 2000. PSA velocity was less than 0.1 ng/ml but
not zero, resulting in a slow increase to a PSA of 0.29
ng/ml at 5 years. The 95% metastasis-free survival
rate at 10 years excludes TURP as a factor in met-

astatic spread in patients with localized prostate
cancer and represents the first published data to our
knowledge that empirically refute this long held as-
sumption. Combined with TUR, HIFU can provide
low invasive complete local tumor ablation, substi-
tuting surgery/cryotherapy or postponing radiation
therapy or/and long-term ADT in elderly patients.
The presented data of 10-year outcomes may war-
rant the possible closing of the investigational phase
of HIFU.
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APPENDIX
Inclusion criteria

● Biopsy proven, T1–T2c prostate cancer
● No visible lymph node infiltration or metastasis (N0, M0)
● PSA at first diagnosis less than 50 ng/ml
● Any Gleason stage
● Neoadjuvant androgen deprivation less than 12 months
● HIFU as primary definitive PCa therapy
● Complete HIFU therapy (with/without TURP)
● Informed consent
● Followup greater than 15 months
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EDITORIAL COMMENTS

This is the world’s largest experience on the HIFU
procedure with meaningful 10-year survival figures
providing new information beyond the existing lit-
erature. Several methodological concerns, eg retro-
spective analysis on a single arm study, compromise
the quality of the evidence. Understandably, how-
ever, identifying a comparison group would be a
challenge. The population is unavoidably inhomoge-
neous and the study spans a long period. In addition,
there were different treatment philosophies as well
as different equipment and surgical protocols (eg
extensive vs limited vs no TURP, bipolar vs unipolar
etc).

A laudable secondary objective stated by the au-
thors, “to evaluate metastasis induction by TUR,”

unfortunately was not adequately addressed. In the
absence of any form of data analysis, multivariate or
otherwise, the observation by the authors that neo-
adjuvant TURP did not promote metastatic disease
is speculative. It should also be noted that neoadju-
vant TURP is a feature specific to Ablatherm and
not all HIFU devices.

These limitations aside, the authors have metic-
ulously chronicled the development of this technol-
ogy, demonstrating long-term safety and satisfac-
tory prostate cancer control.

Joseph L. Chin

University of Western Ontario
London, Ontario, Canada

The clinical application of HIFU was initiated at
Indiana University in 1953 (references 3 and 4 in
article) and has been used since 1993 to treat pros-
tate disorders.1 Thüroff and Chaussy have demon-
strated the ability of the Ablatherm device to effec-
tively treat localized prostate cancer. Uchida et al
(reference 8 in article) and our group2 have demon-
strated similar findings in localized and locally re-
current prostate cancer with the Sonablate® device.
This study demonstrates that whole gland ablation

with or without TURP can be effective, but can be
associated with a 10% to 20% risk of bladder neck
contracture. The authors add long-term Gleason
score dependent cancer control rates to the growing
body of literature on HIFU prostatectomy.

Thomas A. Gardner

Department of Urology
VA Medical Center

Indiana University Health
Indianapolis, Indiana
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Fourteen-year oncological and functional
outcomes of high-intensity focused ultrasound
in localized prostate cancer
Roman Ganzer, Hans-Martin Fritsche, Andreas Brandtner, Johannes Bründl,
Daniel Koch*, Wolf F. Wieland and Andreas Blana*
Caritas St. Josef Medical Center, University of Regensburg, Regensburg, and *Department of Urology, Fuerth
Hospital, Fuerth, Germany

What’s known on the subject? and What does the study add?
• High-intensity focused ultrasound (HIFU) is an alternative treatment option for localized prostate cancer (PCa), which

is applied for over 15 years. There are conflicting recommendations for HIFU among urological societies, which can be
explained by the lack of prospective controlled studies, reports on preselected patient populations and limited follow-up
providing little information on overall and cancer-specific survival.

• We report on a large, unselected consecutive patient series of patients who have undergone primary HIFU for clinically
localized PCa with the longest follow-up in current literature. Our results improve the understanding of the oncological
efficacy, morbidity and side effects of primary HIFU.

Objective
• To assess the safety, functional and oncological long-term

outcomes of high-intensity focused ultrasound (HIFU) as
a primary treatment option for localized prostate cancer
(PCa).

Patients and Methods
• We conducted a retrospective single-centre study on 538

consecutive patients who underwent primary HIFU for
clinically localized PCa between November 1997 and
September 2009.

• Factors assessed were: biochemical disease-free survival
(BDFS) according to Phoenix criteria (prostate-specific
antigen nadir + 2 ng/mL); metastatic-free, overall and
PCa-specific survival; salvage treatment; side effects;
potency; and continence status.

Results
• The mean (SD; range) follow-up was 8.1 (2.9; 2.1–14.0)

years.
• The actuarial BDFS rates at 5 and 10 years were 81 and

61%, respectively. The 5-year BDFS rates for low-,
intermediate- and high-risk patients were 88, 83 and

48%, while the 10-year BDFS rates were 71, 63 and 32%,
respectively.

• Metastatic disease was reported in 0.4, 5.7 and 15.4% of
low-, intermediate- and high-risk patients, respectively.

• The salvage treatment rate was 18%.
• Seventy-five (13.9%) patients died. PCa-specific death

was registered in 18 (3.3%) patients (0, 3.8 and 11% in
the low-, intermediate- and high-risk groups,
respectively).

• Side effects included bladder outlet obstruction (28.3%),
Grade I, II and III stress urinary incontinence (13.8, 2.4
and 0.7%, respectively) and recto-urethral fistula (0.7%).
Preserved potency was 25.4% (in previously potent
patients).

Conclusions
• The study demonstrates the efficacy and safety of HIFU

for localized PCa.
• HIFU is a therapeutic option for patients of advanced

age, in the low- or intermediate-risk groups, and with a
life expectancy of ~10 years.

Keywords
HIFU, localized, long-term, outcome, prostate cancer
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Introduction
High-intensity focused ultrasound (HIFU) is an alternative
treatment option for localized prostate cancer (PCa).
There are two HIFU systems currently marketed, the
Ablatherm™ (EDAP-TMS, Vaulx-en-Velin, France) and the
Sonablate™ (Focus Surgery Inc., Indianapolis, IN, USA).
Over the last 15 years, >25 000 HIFU PCa treatments have
been performed worldwide. Although there is a growing
number of publications reporting on good cancer control
and moderate side effects with primary HIFU [1–4],
recommendations for HIFU are the subject of controversy
among European urological societies [5]. This can be
explained by the lack of prospective controlled studies as
well as limited follow-up, providing little information on
overall and cancer-specific survival [2]. In addition, most
publications on HIFU are limited by the fact that they
report on a preselected patient population, which inevitably
leads to a bias in the reported results. In the USA, Federal
Food and Drug Administration approval will be judged on
the results of a prospective trial which is under way.

The aim of the present study was to provide oncological
and functional follow-up on an unselected series of
patients, who underwent HIFU treatment for localized PCa
over a 14-year period. This is the longest follow-up of any
HIFU series in the current literature.

Patients and Methods
Patient Selection

HIFU treatment was offered to patients with clinically
localized PCa who were either assessed to be unsuitable for
surgery (e.g. because of advanced age or comorbidity) or if
they declined to undergo radical treatment after informed
consent. HIFU was also offered as an option to patients
with incidental PCa after TURP. Staging for distant
metastasis was performed by means of abdominal/pelvic
CT and bone scan in intermediate- and high-risk patients.
Patients with a minimum gap of 2 years since their first
HIFU treatment were considered for this analysis without
any further pre-selection. Patients who had undergone
short-term pre-treatment androgen deprivation therapy
(ADT) were not excluded. Pre-treatment ADT was not part
of a neoadjuvant HIFU therapy concept but was sometimes
initiated by the referring urologists in order to offer the
patient safety when the treatment decision was deferred.
Patients were identified as low-, intermediate- and high-risk
according to D’Amico’s 2003 risk group categories [6].

Treatment and Follow-Up

Ablatherm® devices were used to perform HIFU. Where
prostate volume was �30 mL, TURP was performed
immediately before HIFU to reduce prostate size, remove

calcification and reduce postoperative catheterization time.
With larger prostate glands (>30 mL), TURP was performed
4–6 weeks before HIFU. This protocol was initiated in
2001. All patients were assessed at 3-month intervals using
TRUS, DRE and PSA measurement. For this analysis,
biochemical disease-free survival (BDFS) was defined
according to the Phoenix criteria (PSA nadir + 2 ng/mL)
[7]. A random control biopsy was recommended at 3–6
months after treatment or in cases of rising PSA level.

Erectile function was assessed according to the ability to
perform intercourse with or without medical assistance.
Continence was assessed as follows: grade 1 stress urinary
incontinence (SUI): loss of urine under heavy exercise
requiring 0 to 1 pad per day; grade 2 SUI: urine loss at light
exercise requiring >1 pad per day and grade 3 SUI: urine
loss at rest.

Patients who attended follow-up visits other than at our
institution were periodically contacted so that they could
complete a self-administered questionnaire. This included
sections on PSA, post-treatment biopsy, additional lower
urinary tract interventions, salvage PCa treatment, side
effects, and results of imaging.

Of the patients who failed HIFU treatment, information
regarding type and sequence of salvage treatment, last PSA
and metastatic status was recorded. The registration offices,
family doctors and referring urologists of those patients
who had died provided information on cause-specific
mortality, last PSA and metastatic status.

Statistical Analysis

Statistical analysis was performed using SPSS software
version 19 (SPSS Inc., Chicago, Il, USA). The t-test was
used for parametric quantitative variables, and the
Mann–Whitney U-test for non–parametric variables.
Categorical variables (e.g. success rates at the last
evaluation) were compared using the chi–squared test.
Actuarial estimates for survival were calculated using Life
Table methods. The log rank test was used to compare the
curves based on Kaplan–Meier models. A multivariate Cox
proportional hazards regression analysis was used to
estimate the prognostic relevance of different clinical
variables on biochemical failure as defined by the Phoenix
criteria. A P value <0.05 was considered to indicate
statistical significance.

Results
Patients

Between November 1997 and September 2009, 538 patients
were treated for localized PCa at one institution (University
of Regensburg). Patient characteristics are shown in Table 1.

Ganzer et al.
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The majority of patients had T1c and T2 disease with a
Gleason score �6. The majority of patients could be
classified as low- or intermediate-risk. Pre-treatment ADT
was administered to 196 (36.4%) patients; in 160 (29.7%)
for <6 months and 36 (6.7%) for �6 months, and was not
continued after treatment. The mean (SD) follow-up was 8.1
(2.9) years and the median (range) follow-up was 8.3
(2.1–14) years. Only 53 (9.9%) patients were lost to
follow-up.

Treatment

Patients were treated between 1997 and 2000 with the 2nd

Ablatherm® prototype device, between 2000 and 2005 with
the Ablatherm-Maxis®, and thereafter with the Ablatherm
Integrated Imaging® device. Treatment data are shown
in Table 2. Most patients underwent HIFU with the
Ablatherm® Maxis device and received one HIFU session.
The percentage of patients receiving two or more HIFU

sessions differed between risk groups with 13.1, 26.1 and
31.9% of patients within the low-, intermediate- and
high-risk groups, respectively (P < 0.001). In 203 (37.7%)
patients HIFU and TURP were performed on the same day
and in 213 (39.6%) patients, the procedures were conducted
sequentially with an interval of 4–6 weeks.

Oncological Outcome

The mean (SD) PSA nadir was 0.4 (1.6) ng/mL (median
0.07 ng/mL), which was achieved at a mean (SD) of 19.9
(11.4) weeks after HIFU. A PSA nadir �0.2 ng/mL,
0.21–1.0 ng/mL and >1 ng/mL was reached by 70.8, 18.4
and 10.8% of patients, respectively. A total of 297 (55.2%)
patients underwent at least one follow-up biopsy. Of these
patients, 76 (25.6%) had histological evidence of cancer;
incidence in the low-risk group was 20/125 (16%), in the
intermediate-risk group it was 35/122 (28.7%) and in the
high-risk group it was 20/50 (40%). Progression to
metastatic disease based on bone scan and CT data
occurred in 1/229 (0.4%) patients in the low-risk group and
in 12/211 (5.7%) and 14/91 (15.4%) patients in the
intermediate- and high-risk groups, respectively (P <
0.001).

The actuarial BDFS rates at 5 and 10 years for the whole
population were 81% and 61%. The 5-year BDFS rates for
patients in the low-, intermediate- and high-risk groups
were 88, 83 and 48%, respectively, and the 10-year BDFS
rates were 71, 63 and 32%, respectively (Fig. 1). The 5-year
BDFS rates for patients with a PSA nadir �0.2 ng/mL,
0.21–1 ng/mL and >1 ng/mL were 91, 67 and 27%,
respectively (P < 0.001).

The 5-year BDFS rates were not significantly different for
patients without and with pre-treatment ADT (83 vs 78%,
respectively, P = 0.236). When patients with and without
pre-treatment ADT were differentiated, the rates were 88,
45 and 19% vs 93, 77 and 30%, respectively.

In the univariate analysis, PSA nadir was found to be a
significant predictor for BDFS. In the multivariate Cox
regression analysis, age and a pre-treatment PSA value
>20 ng/mL were significant variables for biochemical failure
(Table 3).

Salvage Treatment

A total of 97 (18%) patients received salvage treatment
during follow-up. Detailed description of the types of
salvage treatment is given in Table 4. A significantly greater
proportion of patients in the high-risk group received
salvage treatment. In addition, the mean time between last
HIFU and salvage treatment was significantly shorter in the
high-risk group (P = 0.003).

Table 1 Patient characteristics.

Characteristic

No. of patients 538
Mean (SD) age, years 67.7 (7)
Mean (SD) PSA, ng/mL 11.2 (19.7)
Mean (SD) prostate volume, mL 20.9 (9.2)
Clinical stage, n (%)

pT1a 37 (6.9)
pT1b 33 (6.1)
T1c 151 (28.1)
T2 296 (55.0)
T3 21 (3.9)

Gleason score, n (%)
�6 402 (74.7)
7 88 (16.4)
8–10 41 (7.6)
Undefined 7 (1.3)

D’Amico risk group, n (%)
Low 229 (42.6)
Intermediate 211 (39.2)
High 91 (16.9)
Unknown 7 (1.3)

Table 2 Treatment data.

Variable Value

Treatment device, n (%)
Ablatherm® 2nd prototype 43 (8)
Ablatherm Maxis® 355 (66)
Ablatherm Integrated Imaging® 140 (26)

Median (range) treatment time, min 154 (40–375)
Mean (SD) no. of lesions per treatment 599.6 (177.6)
Mean (SD) treated volume, mL 34.6 (14.0)
Mean (SD) treated volume ratio: treated volume/prostate

volume
1.9 (0.9)

HIFU sessions per patient, n (%)
1 423 (78.6)
2 111 (20.6)
3 4 (0.8)

Long-term HIFU outcomes
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Thirteen (30.2%), 77 (21.7%) and seven (5.0%) patients
who were treated with the Ablatherm® prototype, -Maxis
and Integrated Imaging devices, respectively, received
salvage treatment (P < 0.001).

The median (range) PSA at initiation of salvage treatment
was 2.4 (0–277) ng/mL. At last follow-up, 20 (20.6%)
patients who had received salvage treatment were
diagnosed with metastatic disease compared with seven
(1.6%) patients in the non-salvage treatment group.

Cause-Specific Mortality

During follow-up 75 (13.9%) patients died. PCa-specific
death occurred in 18 (3.3%) patients which included none,
eight (3.8%) and 10 (11%) patients within the low-,
intermediate- and high-risk group, respectively (P < 0.001).

Safety

There was no case of peri-operative mortality.
Recto-urethral fistula occurred in four (0.7%) patients, all
of whom were undergoing repeat HIFU. UTIs were
reported in 55 (10.2%) patients. The most frequent side
effect was BOO, which was seen in 152 (28.3%) patients.
The mean (SD) time between HIFU and first BOO was 1.4
(1.8) years. There was a statistically higher rate of BOO in
patients after repeat HIFU compared with those

undergoing one HIFU session (36.5 vs 26%; P = 0.035). The
incidence of BOO did not decrease when TURP was
conducted in conjunction with HIFU. By contrast, there
was a significant difference according to HIFU device: 39.5,
30.1 and 20.0% in patients treated with the Ablatherm®

prototype, -Maxis and Integrated Imaging devices,
respectively (P < 0.03).

Six months after treatment, 93 (17.3%) patients had grade 1
SUI and 15 (2.8%) patients had grade 2 SUI. At last
evaluation, 83.1% of patients were pad-free. Grades 1 and 2
SUI were reported by 74 (13.8%) and 13 (2.4%) of patients,
respectively. Four (0.7%) patients had grade 3 SUI that
required intervention. Of 202 patients with unimpaired
pre-treatment potency outcome data were provided by 169
(83.7%) patients. Twelve months after HIFU, 43 (25.4%)
were potent (intercourse without medical assistance), 67
(39.6%) were able to perform intercourse with medical
assistance and 59 (35%) patients were impotent. For both
continence and potency outcomes, there was no significant
difference between patients treated with different HIFU
devices.

Discussion
The recommendations for HIFU as an alternative treatment
option for localized PCa differ among European urological
societies. Although the recommendations are based on the
same data, HIFU is recommended for a selected group of
patients by the associations of Italy, France [8] and the UK,
but it is not routinely recommended by the German and
European Association of Urology guidelines [9]. Recently,
Warmuth et al. [5] performed a systemic literature review
to assess the efficacy and safety of HIFU in the primary and
salvage setting. They considered only prospective studies
with >50 patients and assessed their quality using the
Recommendations Assessment, Development, and
Evaluation (GRADE) approach. After identification of 20
uncontrolled studies they concluded that the available
evidence on efficacy and safety of HIFU is of very low
quality based on uncontrolled case series and limited
follow-up. The ideal setting would be prospective
randomized controlled trials with long follow-up
comparing HIFU with other standard treatment options.
But it is unlikely that such data will be available in the near
future, therefore, it is important to get the best information
possible from large patient series with long follow-up of
good quality.

Most published HIFU series are limited by the fact that
their follow-up is too short to provide sufficient
information on oncological efficacy and cancer-specific
survival. In addition, many authors perform patient
selection in their retrospective publications and report only
on a subgroup of their treated patients. Currently, a report

Fig. 1 Kaplan–Meier estimates for 5- and 10-year BDFS for low-,

intermediate- and high-risk patients.

Number at risk  
Low risk 229 160 153 140 122 99 81 63 41 26 14
Int. risk 211 134 129 112 89 74 61 51 39 28 16
High risk 91 47 36 31 18 9 6 6 6 5 4

Low risk
Intermediate risk
High risk

P < 0.001

Ph
oe

ni
x 

bi
oc

he
m

ic
al

 d
ise

as
e-

fre
e s

ur
vi

va
l, 

%

100

90

80

70

60

50

40

30

20

10

0

0 1 2 3 4 5

Timepoint, years

6 7 8 9 10

Ganzer et al.

4 © 2013 BJU International



by Blana et al. [1] on 140 patients treated at two centres had
a mean follow-up of 6.4 years; however, those patients with
a PSA >15 ng/mL and a Gleason score >7 were excluded
from that study.

Our publication has several special aspects: with a mean
follow-up of 8.1 and a range of up to 14 years, the current
study has the longest follow-up of any HIFU series to date.
We would have been able to create a mean follow-up of
10 years by extending the minimum distance to HIFU
treatment; however, we did not choose to do so, as this

would have reduced our patient numbers and excluded the
valid information on morbidity and early cancer control of
those patients treated with the latest generation Ablatherm
device.

Furthermore, the study includes all consecutive patients
treated for primary PCa over a period of 14 years without
pre-selection. In addition to providing follow-up data
from 90.1% of all patients, we made an effort to obtain all
valid information on life status, metastatic status and
cause-specific mortality on those patients who failed HIFU

Table 3 Multivariate analysis of factors affecting biochemical failure.

Prognostic factor Hazard ratio 95% CI P

Age 1.03 0.99–1.08 0.103
Pre-HIFU PSA

�10 ng/mL 1 Reference Reference
10–20 ng/mL 1.21 0.64–2.29 0.554
>20 ng/mL 3.63 1.63–8.08 0.002

Pre-HIFU Gleason score
�6 1 Reference Reference
7 1.73 0.84–3.56 0.137
�8 1.63 0.57–4.65 0.363

Stage
T1 1 Reference Reference
T2 1.25 0.65–2.41 0.510
T3 3.19 0.56–18.27 0.194

Pre-treatment ADT
No 1 Reference Reference
Short (�6 months) 0.83 0.45–1.54 0.556
Long (>6 months) 1.67 0.61–4.53 0.319

Prostate volume 1.02 0.99–1.06 0.214
TURP

No 1 Reference Reference
Combined 0.64 0.33–1.26 0.200
Split 0.77 0.36–1.64 0.497

HIFU sessions
1 1 Reference Reference
�2 0.74 0.37–1.47 0.392

HIFU device
Ablatherm® 2nd prototype 1 Reference Reference
Ablatherm®-Maxis 0.90 0.38–2.17 0.819
Ablatherm® Integrated imaging 2.95 1.01–8.59 0.048

Table 4 Salvage treatment conducted according to overall patient group and risk group sub-categories.

Variable Total,
N = 538–

Risk group

Low-risk,
N = 229

Intermediate-risk,
N = 211

High-risk,
N = 91

Patients with salvage treatment, n (%)* 97 (18) 25 (10.9) 41 (19.4) 31 (34.0)
Mean (SD) time between HIFU and initiation of salvage treatment, years† 3.2 (2.4) 4.0 (2.7) 3.6 (2.5) 2.0 (1.5)
Type of salvage therapy, n (%)
Hormone therapy 41 (7.6) 8 (3.5) 17 (8.1) 16 (17.6)
Radiation 44 (8.2) 14 (6.1) 19 (9.0) 11 (12.1)
Chemotherapy 5 (0.9) 0 1 (0.5) 4 (4.4)
Radical prostatectomy 7 (1.3) 3 (1.3) 4 (1.9) 0

*P = 0.012 low-risk vs intermediate-risk group; P < 0.001 low-risk vs high-risk group; P = 0.011 intermediate-risk vs. high-risk group.
†P = 0.03 low- or intermediate-risk vs high-risk group.

Long-term HIFU outcomes
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treatment. These aspects give us more insight into the
oncological efficacy and the morbidity profile of primary
HIFU.

The estimation of biochemical failure after HIFU remains
controversial. In the first years of HIFU treatment the
initiation of salvage treatment was done individually based
on positive biopsy results and PSA kinetics. Nowadays,
most authors use the Phoenix criteria to define biochemical
failure [1,2,10]. With the ‘Stuttgart criteria’ (PSA nadir +
1.2 ng/mL) an attempt was made to propose a
HIFU-specific definition of biochemical failure [11], but
this definition is not yet broadly accepted owing to a lack of
validation [12], and the authors consider the Phoenix to be
a better definition, especially if one is to compare outcomes
with other published series. Using the Phoenix definition in
the current study, the BDFS rates were satisfactory at 88
and 83% at 5 years and 71 and 63% at 10 years for the low-
and intermediate-risk groups, respectively. Our results are
consistent with those of Crouzet et al. [2] who reported 5-
and 7-year BDFS rates of 83 and 75% for low-risk, 72 and
63% for intermediate-risk and 68 and 62% for high-risk
patients, respectively. Although we see HIFU mainly
indicated in well-informed patients of higher age and
low-to-intermediate risk, 91 (16.9%) patients in our series
at high risk were selected for treatment based on patient
preference or comorbidity. The BDFS rates in this group
were acceptable at 48% at 5 years but were lower at 32% at
10 years. These numbers suggest that HIFU should not be
recommended as a first-line option to high-risk patients
with a life expectancy of 10 years. The fact that patients
with high PSA values are not safely treated with HIFU is
supported by our multivariate analysis. Among eight tested
parameters, a PSA >20 ng/mL was an independent variable
affecting biochemical recurrence. Neoadjuvant ADT did not
affect biochemical recurrence, a finding recently confirmed
by Fujisue et al. [13]. The fact that the Integrated Imaging
device had an adverse effect on biochemical outcome in the
multivariate analysis (Table 3) can be explained by the fact
that the follow-up in this group was shorter; therefore, the
rate of censored data is much higher in the Integrated
Imaging group, leading to worse results.

Although follow-up biopsies were recommended to all
patients in the early part of the study, later it was mostly
performed for cause in patients with suspicious local or
recurrent disease. In the current study, 55.2% of patients
underwent follow-up biopsy with a resultant positive rate
of 25.6%. This compares with a negative biopsy rate of
between 51 and 96% based on a review by Rebillard et al.
[8].

Without prospective comparative trials it cannot be known
to what degree HIFU treatment affects metastasis-free and
cancer-specific survival compared with watchful waiting or

standard treatment methods. This is a limitation of most
PCa treatment options as only radical prostatectomy has
been prospectively investigated in this setting [14];
however, the present results underline the oncological
efficacy for low- and intermediate-risk patients with a life
expectancy of 10 years as cause-specific survival rates were
100 and 96.2% and metastasis-free survival rates were 99.6
and 94.3% for the low- and intermediate-risk groups,
respectively. These results are very similar to a series of
1062 patients who underwent external beam radiotherapy
reported by Zelefesky et al. [15] where metastasis-free
survival at 8 years was 93% and PCa-specific death rates for
low- and intermediate-risk patients were 0 and 4.5%,
respectively. The lack of comparative studies does not allow
a comparison of the outcomes of HIFU and cryotherapy of
the prostate. Bahn et al. [16] presented a cryotherapy series
of 590 patients with a mean follow-up of 5.4 years.
According to ASTRO criteria, the actuarial 7-year BDFS
rates were 92, 89 and 89% for low-, intermediate- and
high-risk patients, respectively.

The salvage treatment rate of 18% in the present study was
relatively low when indirectly compared with the Cancer of
the Prostate Strategic Urological Research Endeavor
(CaPSURE) database, which reported recurrent disease in
587/935 (63%) patients after external beam radiotherapy at
a mean time of 38 months [17]; the patient population is
not directly comparable with that of the current study, as
45% of patients were classified as high risk in the CaPSURE
database. In terms of the side effects of HIFU, a complete
continence rate of 86.2% at last evaluation supports
favourable continence results. By contrast, an impotence
rate of 35% 12 months after HIFU with only 25.4% being
fully potent does not support the assumption that
full-gland HIFU will preserve potency to a high degree. It
may be that preservation of erectile function in patients of
advanced age is not of paramount importance, as illustrated
by the fact that only 202 (37.5%) of our treated patients
claimed to be potent prior to treatment. Higher potency
rates have been reported when a nerve-sparing approach
has been used. Shoji et al. [18] described potency rates of
52, 63 and 78% at 6, 12 and 24 months, but it is our
opinion that attempts to spare the neurovascular bundle
with HIFU may undertreat the peripheral zone and that
such approaches should only be offered within
well-conducted trials of focal therapy.

The most common complication after HIFU is the
development of BOO [19,20]. There was a trend towards a
lower BOO rate reported if TURP and HIFU were
separated by an interval >3 months. Although this is
contradicted by Netsch et al. [20] who reported rates of 34
and 18% when the interval was 0 or 2 days and >1 month,
respectively. Notably, the BOO that occurs can be treated
safely by transurethral incision.

Ganzer et al.
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The present study has several limitations. They include the
fact that this is a single-arm study without comparison with
another standard treatment option and that validated
questionnaires for continence and potency were not
included until 2007 (data not reported). A major limitation
is the low number of 55.2% of patients that underwent a
post-HIFU biopsy as well as the fact that we could not
make a distinction between patients who underwent
routine biopsy and those who were biopsied for a rising
PSA level. In addition, three different generations of the
Ablatherm® device were used, which might influence the
results. Comorbidity was not assessed systematically with a
scoring system such as the Charlson comorbidity index.

In conclusion, we report on a large consecutive patient
series after primary HIFU for clinically localized PCa with
the longest follow-up in current literature. Our results
improve the understanding of the oncological efficacy,
morbidity and side effects of primary HIFU. The study
underlines that HIFU is a therapeutic option for patients of
advanced age, at low-to-intermediate risk and with a life
expectancy of ~10 years. The rate of serious side effects
such as recto-urethral fistulae is low. Before treatment,
patients need to be informed about the high rate of BOO.
Although continence results are favourable, whole-gland
HIFU does not seem to be associated with potency results
superior to standard treatment options. The current
follow-up is too short to provide evidence that primary
HIFU is an oncologically safe treatment option for young
patients.
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Abstract

Background: High-intensity focused ultrasound (HIFU) is an emerging treatment for select

patients with localized prostate cancer (PCa).

Objectives: To report the oncologic outcome of HIFU as a primary care option for localized

prostate cancer from a multicenter database.

Design, setting, and participants: Patients with localized PCa treated with curative intent and

presenting at least a 2-yr follow-up from February 1993 were considered in this study.

Previously irradiated patients were excluded from this analysis. In case of any residual or

recurrent PCa, patients were systematically offered a second session. Kaplan-Meier analysis

was performed to determine disease-free survival rates (DFSR).

Measurements: Prostate-specific antigen (PSA), clinical stage, and pathologic results were

measured pre- and post-HIFU.

Results and limitations: A total of 803 patients from six urologic departments met the

inclusion criteria. Stratification according to d’Amico’s risk group was low, intermediate,

and high in 40.2%, 46.3%, and 13.5% of patients, respectively. Mean follow-up was 42 � 33 mo.

Mean PSA nadir was 1.0 � 2.8 ng/ml with 54.3% reaching a nadir of �0.3 ng/ml. Control biopsies

were negative in 85% of cases. The overall and cancer-specific survival rates at 8 yr were 89% and

99%, respectively. The metastasis-free survival rate at 8 yr was 97%. Initial PSA value and Gleason

score value significantly influence the DFSR. The 5- and 7-yr biochemical-free survival rates

(Phoenix criteria) were 83–75%, 72–63%, and 68–62% ( p = 0.03) and the additional treatment-free

survival rates were 84–79%, 68–61%, and 52–54% ( p < 0.001) for low-, intermediate-, and high-

risk patients, respectively. PSA nadir was a major predictive factor for HIFU success: negative

biopsies, stable PSA, and no additional therapy.

Conclusions: Local control and DFSR achieved with HIFU were similar to those expected with

conformal external-beam radiation therapy (EBRT). The excellent cancer-specific survival rate

is also explained by the possibility to repeat HIFU and use salvage EBRT.

# 2010 European Association of Urology. Published by Elsevier B.V. All rights reserved.

* Corresponding author. Urology and Transplantation Department, Edouard Herriot Hospital,
5 place d’Arsonval, 69437 Lyon Cedex 03, France. Tel. +33 472 110 583; Fax: +33 472 110 559.
E-mail address: sebastien.crouzet@chu-lyon.fr (S. Crouzet).

EURURO-3520; No. of Pages 8

Please cite this article in press as: Crouzet S, et al. Multicentric Oncologic Outcomes of High-Intensity Focused Ultrasound for
Localized Prostate Cancer in 803 Patients. Eur Urol (2010), doi:10.1016/j.eururo.2010.06.037

0302-2838/$ – see back matter # 2010 European Association of Urology. Published by Elsevier B.V. All rights reserved. doi:10.1016/j.eururo.2010.06.037

http://dx.doi.org/10.1016/j.eururo.2010.06.037
mailto:sebastien.crouzet@chu-lyon.fr
http://dx.doi.org/10.1016/j.eururo.2010.06.037
http://dx.doi.org/10.1016/j.eururo.2010.06.037


1. Introduction

In absence of data from large randomized trials, men with

clinically localized prostate cancer (PCa) meet a dilemma

when selecting treatment. Many treatment options are

available and the morbidity associated with radical treat-

ments is significant. The three main strategies are radical

surgery, radiation therapy, and active surveillance. Results

of a Scandinavian randomized study of radical surgery

versus surveillance concluded that radical prostatectomy

results in a reduction in distant metastases and disease-

specific death among patients with clinically localized PCa

not detected by prostate-specific antigen (PSA) screening

[1]. The subgroup analyses by age showed that the benefit

of radical prostatectomy was limited to men <65 yr.

Systematic control biopsies after three-dimensional con-

formal external-beam radiation therapy (EBRT) demon-

strated that local control of the disease was achieved only

in 68% of patients, although biochemical-free survival is

�59% [2]. A well-defined protocol for active surveillance is

still lacking and reliable criteria for active treatment are

still unknown. High-intensity focused ultrasound (HIFU) is

a minimally invasive option for localized PCa [3,4]. The

goal of this study was to report the outcome of 803

consecutive patients who underwent HIFU as primary care

option for localized PCa in six institutions and to

determine the factors influencing the outcome. The

morbidity was not analyzed in this study as it has already

been published [5].

2. Materials and methods

HIFU propagates ultrasound waves generated by a spherical transducer

placed in the rectum. HIFU works by focusing high-power acoustic waves

on a specific focal point to produce temperatures of 85 8C [6]. These

temperatures are high enough to cause cellular disruption and coagulative

necrosis at the focal point of the HIFU acoustic waves.

All patients were treated using the Ablatherm HIFU device (EDAP SA,

Vaulx-en-Velin, France). From 1993 to 1999, the patients were treated

with prototype devices. After 2000, patients were treated with the first

commercially available device (Ablatherm Maxis), and since 2005

treatment has been performed using the second commercially available

device (Ablatherm Integrated Imaging), which allows a real-time control

of the therapy [7].

To reduce duration of catheterization, the HIFU procedure was

standardized in 2000: A transurethral resection of the prostate (TURP)

is performed immediately prior to the HIFU session, under the same

anesthesia in smaller glands (�35 ml), and as a separate treatment 4–6 wk

after TURP in larger glands [8,9]. The whole prostate gland is treated with a

4–6-mm safety margin for the treatment of the apex. This standardized

HIFU procedure dramatically simplifies the outcome by reducing catheter

time and rate of urinary infections [8,9].

The data were collected prospectively in a multicenter database

approved by the Commission Nationale de l’Informatique et des Libertés

(CNIL; an independent French administrative authority whose mission is

to ensure that data privacy laws are applied to the collection, storage,

and use of personal data). Patients treated consecutively between 1993

and January 2007 in six urologic departments were included in this

database.

For this study, the patient selection was based on the following criteria:

clinical stage T1–T2, N0, M0, no previous radical treatment for PCa (radical

prostatectomy, EBRT, or brachytherapy), and at least 2 yr of follow-up. All

patients were not suitable candidates for radical surgery according to the

age and general status. Patients treated by neoadjuvant hormone therapy

were excluded from the study.

All patients were regularly assessed based on the following criteria:

baseline and post-HIFU PSA levels at 3, 6, and 12 mo, and then every 6 mo,

and prostate sextant biopsies performed before inclusion and 6 mo after

HIFU treatment, regardless of PSA level. Additional control biopsies were

performed during follow-up in cases of rising PSA (three successive rises in

PSA level). In case of positive prostate biopsy during follow-up without

evidence of metastasis, HIFU retreatment was performed. The require-

ment for an additional treatment after repeated HIFU was defined

depending on evidence of local relapse. EBRT or hormonal deprivation was

administered according to the general status and the life expectancy of

each patient.

For disease-free calculation, three different criteria were used to

calculate Kaplan-Meier survival curves. We chose the Phoenix criteria for

calculation of the biochemical disease-free survival rate (BFSR) to compare

the HIFU results with the EBRT results [10]. We also calculated the

additional treatment survival rate (the occurrence to define failure is

the start of a salvage treatment). Finally, we present a survival curve using

the combination of the two previous criteria because in this HIFU cohort,

control biopsies were often performed before the PSA increase up to nadir

plus 2 ng or at the time of a salvage treatment for local relapse evidenced

by control biopsy.

Statistical analyses were carried out with SPSS statistical software v.16

(SPSS, Chicago, IL, USA). Depending on distributions, parametric and

nonparametric tests were applied.

Survival curves were based on Kaplan-Meier models and the log-rank

test was used for univariate comparisons. Actuarial survival rates were

based on life table methods.

For multivariate analysis, the Cox proportional hazards regression

model was used to estimate the prognostic relevance of age, prostate

volume, PSA, clinical stage, positive biopsy rate, Gleason score, and nadir

PSA on disease progression. All p values <0.05 reflected statistically

significant differences.

3. Results

3.1. Patient characteristics

A total of 803 patients fulfilled the inclusion criteria and were

considered for analysis (Montpellier: 99; Marseille: 20; Lyon:

579; Bordeaux: 19; Nice: 67; Toulouse: 19). Baseline

characteristics are summarized in Table 1. The total number

of cases analyzed was 1457 patients. Patients treated by

neoadjuvant hormone therapy and were excluded from the

study (n = 438). Another group of 216 patients was excluded

from the study due to the following characteristics: T3 or

higher, N+, M+, missing stage, PSA >50 ng/ml, missing

Gleason, and follow-up <2 yr.

The mean follow-up period for the entire cohort was

42 � 33 mo. The treatments were achieved with the prototypes

in 80 patients, with the Ablatherm Maxis in 446 and with the

Ablatherm Integrated Imaging in 277. In the two last subgroups,

the HIFU session was combined with a TURP. The mean number

of HIFU sessions was 1.4� 0.6 (one session: 521 (64.9%)

patients; two sessions: 255 (31.7%) patients; three or more

sessions: 27 (3.4%) patients). On average, 496 shots were

delivered during the first HIFU session, corresponding to a

treated volume of 26.8 ml (ie, an average of 109% of the prostate

volume at the time of the treatment).
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3.2. Pathologic and morphologic results

After the HIFU treatment, the prostate volume (assessed by

transrectal ultrasound) decreased sharply from 24.5� 10 ml

to 13.6� 13.1 ml. The pre-HIFU prostate volume measurement

was performed just before the HIFU treatment and after the

TURP. According to the small prostate volume after HIFU, a

minimum of 6 to 12 random control core biopsies were usually

used to evaluate the local control of the cancer. Post-HIFU

biopsies after the last HIFU sessions were only available in 589

(73.3%) patients. Control biopsies were negative in 459 patients

(77.9%) and positive in 130 patients (22.1%). The negative

control biopsy rate for low-, intermediate-, and high-risk

patients were, respectively, 84.9%, 73.5%, and 72.0% ( p = 0.003).

3.3. Biochemical results

The PSA nadir was reached within 6 mo after HIFU in all

patients (mean nadir time achievement: 12.9� 11.0 wk).

The mean PSA nadir was 1.0� 2.8 ng/ml, with a median of

0.25 ng/ml. PSA nadir values are summarized in Table 2. For the

overall population, 436 patients (54.3%) presented a nadir PSA�
0.3 ng/ml. Table 3 reports comparative outcome according to

the development of HIFU technology between 1993 and 2006.

3.4. Survival rates

The overall and cancer-specific survival rates (CSSR) at 8 yr

were 89% and 99%, respectively (Figs. 1 and 2). The

metastasis-free survival rate was 97% at 8 yr (Fig. 3).

3.4.1. Disease-free survival rates

The 5-yr and 7-yr BFSR (Phoenix criteria) for low-,

intermediate-, and high-risk patients were, respectively,

83–75%, 72–63%, and 68–62% ( p = 0.03). In the same groups

of patients, the 5-yr and 7-yr additional treatment-free

survival rates were, respectively, 84–79%, 68–61%, and 52–

54% ( p < 0.001). By combining those two criteria, the DFSR at

5 yr and 7 yr were 72–62%, 56–46%, and 47–39% ( p < 0.001)

for low-, intermediate-, and high-risk patients, respectively

(Figs. 4–6).

3.5. Clinical outcome

All patients presenting with a significantly rising PSA

(Phoenix criteria) level received an additional treatment,

whatever the local control and biopsy results. A total of 182

patients with relapse underwent salvage therapy, either with

EBRT (84 patients) or androgen deprivation (98 patients).

Hormone deprivation was used in patients without biopsy-

proven local relapse or with poor general status; radiation

therapy was performed in patients with demonstrated local

recurrence and long life expectancy.

Table 1 – Baseline characteristics of 803 patients with localized
cancer following treatment with high-intensity focused
ultrasound

Mean age, yr (median) 70.8 � 5.6 (71)

Mean PSA, ng/ml (median) 9.1 � 5.9 (7.7)

Mean prostate volume, ml (median) 24.5 � 10.0 (23.0)

Stage, n (%)

T1 481 (59.9)

T2 322 (40.1)

Gleason score, n (%)

�6 510 (63.5)

7 242 (30.1)

�8 48 (6.0)

Undefined 3 (0.4)

Pre-HIFU d’Amico’s risk group (2003), n (%)

Low 323 (40.2)

Intermediate 372 (46.3)

High 108 (13.5)

PSA = prostate-specific antigen; HIFU = high-intensity focused ultrasound.

Table 3 – Comparative outcome according to the evolution of technology in patients treated with high-intensity focused ultrasound
technology

Before 2000 2000–2004 2005–2007 p value

Nb HIFU sessions n (%) n (%) n (%)

One session 26 (32.5) 259 (58.1) 236 (85.2) p < 0.001

Two sessions 36 (45.0) 178 (39.9) 41 (14.8)

Three or more sessions 18 (22.5) 9 (2.0) 0 (0.0)

Total 80 446 277

Nadir PSA, ng/ml n (%) n (%) n (%)

�0.3 37 (46.3) 241 (54.0) 158 (57.0) p < 0.001

0.3–1 18 (22.5) 101 (22.7) 53 (19.1)

>1 25 (31.2) 100 (22.4) 54 (19.5)

Not determined 0 (0.0) 4 (0.9) 12 (4.3)

PSA = prostate-specific antigen; HIFU = high-intensity focused ultrasound.

Table 2 – Prostate-specific antigen nadir after high-intensity
focused ultrasound

Overall

Mean nadir PSA, ng/ml (median) 1.0 � 2.8 (0.25)

Mean time to nadir, wk (median) 12.9 � 11.0 (9.0)

Nadir PSA, ng/ml (%)

�0.3 436 (54.3)

0.3–1 172 (21.4)

>1 179 (22.3)

Not determined 16 (1.9)

PSA = prostate-specific antigen; HIFU = high-intensity focused ultrasound.
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[(Fig._1)TD$FIG]

Fig. 1 – Overall survival rates in 803 patients with localized prostate cancer following treatment with high-intensity focused ultrasound.
[(Fig._2)TD$FIG]

Fig. 2 – Cancer-specific survival rates in 803 patients with localized prostate cancer following treatment with high-intensity focused ultrasound.
[(Fig._3)TD$FIG]

Fig. 3 – Metastasis-free survival rates in 803 patients with localized prostate cancer following treatment with high-intensity focused ultrasound.

E U R O P E A N U R O L O G Y X X X ( 2 0 1 0 ) X X X – X X X4

EURURO-3520; No. of Pages 8

Please cite this article in press as: Crouzet S, et al. Multicentric Oncologic Outcomes of High-Intensity Focused Ultrasound for
Localized Prostate Cancer in 803 Patients. Eur Urol (2010), doi:10.1016/j.eururo.2010.06.037

http://dx.doi.org/10.1016/j.eururo.2010.06.037


[(Fig._5)TD$FIG]

Fig. 5 – Adjuvant treatment-free survival rates in patients with localized prostate cancer following treatment with high-intensity focused ultrasound.[(Fig._6)TD$FIG]

Fig. 6 – Disease-free survival rates using combined criteria in patients with localized prostate cancer following treatment with high-intensity focused
ultrasound.

[(Fig._4)TD$FIG]

Fig. 4 – Biochemical-free survival rates in patients with localized prostate cancer following treatment with high-intensity focused ultrasound,
according to D’Amico risk group.
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3.6. Outcome prognostic factors

In the multivariate analysis (Table 4), only the PSA level and

the Gleason score before the HIFU treatment was signifi-

cantly linked to the rate of disease progression. Age, clinical

stages, prostate volume, and percentage of positive biopsies

before HIFU did not reach statistical significance. PSA nadir

was a major predictive factor for HIFU success. The BFSR at 5

yr and 7 yr were 91% and 84%, respectively, for a PSA nadir

�0.3 ng/ml, 67% and 51% for a PSA nadir of 0.31–1 ng/ml,

and 42% and 35% for a PSA nadir >1 ng/ml ( p < 0.001)

(Fig. 7).

4. Discussion

The goal of PCa treatment is to reduce the risk of local

recurrence, biochemical disease-free rate, distant metastasis,

and, finally, to decrease the risk of cancer-specific death.

4.1. Local control

In this multicenter study, HIFU resulted in local control

(negative biopsies) in 77.9% of our patients, which

correlates well with previous published papers about both

the Ablatherm device and the Sonablate device (Focus

Table 4 – Prognostic factors of disease progression (biochemical and adjuvant treatment) in patients treated with high-intensity
focused ultrasound technology: results of the univariate analysis and Cox model

Prognostic
factors

Univariate
risk ratio

Univariate
95% CI

Univariate
p value

Multivariate
risk ratio

Multivariate
95% CI

Multivariate
p value

Age 1.02 1.00–1.04 0.083 0.99 0.96–1.02 0.524

Gleason score

�6 1 – – 1 – –

7 1.25 0.95–1.64 0.109 1.11 0.77–1.60 0.564

�8 2.25 1.52–3.31 <0.001 1.90 1.20–3.03 0.007

PSA, ng/ml

�4 1 – – 1 – –

4–10 2.91 1.68–5.06 <0.001 2.49 1.24–4.97 0.010

>10 4.93 2.82–8.60 <0.001 3.83 1.90–7.72 <0.001

Stage

T1 1 – – 1 – –

T2 1.06 0.83–1.36 0.632 1.01 0.74–1.38 0.951

Prostate volume, ml

�25 1 – – 1 – –

>25 1.16 0.90–1.50 0.259 0.97 0.71–1.33 0.865

Positive biopsies

�33% 1 – – 1 – –

>33% 1.21 0.90–1.63 0.211 1.18 0.85–1.64 0.314

PSA = prostate-specific antigen; CI = confidence interval.

[(Fig._7)TD$FIG]

Fig. 7 – Biochemical-free survival rates in patients with localized prostate cancer following treatment with high-intensity focused ultrasound depending
on prostate-specific antigen nadir levels.
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Surgery Inc, Indianapolis, IN, USA) [11–14]. This is similar to

the results reported after radiation therapy. After conformal

EBRT, relatively high positive biopsy rates (21–32%) were

recently reported [2,15,16]. Local control of the tumor is a

major predictor of long-term disease control. In the study of

Zapatero et al, multivariate analysis showed that biopsy

status after EBRT at 24–36 mo was an independent

predictor of DFSR and of clinical failure-free survival [16].

Similarly, in the study of Zelefeski et al, multivariate

analysis indicated that the strongest predictor of biochemi-

cal failure, distant metastasis, and PCa death was post-

treatment biopsy status [2].

4.2. Disease-free survival rate

The BFSR after HIFU were similar to DFSR reported after

conformal EBRT, especially for intermediate- and high-risk

patients even with dose escalation [17,18]. However, only

prospective studies or matched-pair analysis would allow a

direct comparison between HIFU and EBRT. Similar to EBRT,

the BFSR after HIFU was significantly influenced according to

the d’Amico risk group [19]. The pre-HIFU prostate volume

(<25 vs >25 ml) did not significantly influence the BFSR,

even though the mean prostate volume before HIFU in this

study was relatively small (median: 23 ml).

However, the Phoenix criteria are not very accurate for

post-HIFU DFSR calculation: The Stuttgart criteria nadir plus

1.2 ng is certainly more sensitive [20]. In fact, in this HIFU

cohort, control biopsies were often performed before the PSA

increase to nadir plus 2 ng (usually at plus 1 ng above the

nadir). The additional treatment survival rate is more

accurate to present the real clinical outcomes after HIFU

because the start of an additional treatment clearly defines

clinical failure. The combination of the two previous criteria

represents the real HIFU outcomes.

4.3. Early detection of recurrence

Unlike radiation therapy, HIFU allows an early feedback on

treatment efficacy because the PSA nadir value was achieved

within 3–6 mo after the treatment and, in addition, the

phenomenon of PSA bounce is never observed after HIFU.

Moreover, nadir was a major predictive factor for HIFU

success [21,22]. Currently, in clinical practice in most

institutions, the routine PSA cut-off value for early control

biopsies is 0.3 ng/ml. Early detection of relapse signifi-

cantly influenced the outcome of either the second HIFU

session or post-HIFU salvage radiation therapy [23]. The

predictive factor of PSA nadir value was also demonstrated

after EBRT with an end point of 1.5 ng/ml, but the nadir

after EBRT is usually achieved after 18 mo [24]. However,

the use of control biopsy after EBRT is not common before a

rise of PSA at a value of nadir plus 2, whatever the nadir

value was. Color Doppler or dynamic contrast-enhanced

magnetic resonance imaging have recently shown inter-

esting results in detecting and localizing local recurrences

after HIFU ablation. In the future these methods might

improve treatment outcome by allowing early detection of

recurrences [25–27].

4.4. Distant metastasis and cancer-specific survival rate

In this multicenter study, the metastasis-free survival rate

was 97% and the CSSR was 99% at 8 yr. Those results may

probably be explained by the good local control of the cancer

achieved after HIFU and later using salvage radiotherapy in

patients who presented a local relapse. Salvage EBRT after

HIFU is able to improve the survival outcomes of a patient

with a local recurrence after HIFU [23]. Patients with biopsy-

proven local relapse after HIFU (84 patients) received a

salvage radiation therapy that may explain these results.

After conformal EBRT, Zelefski et al reported that 10-yr PSA

relapse-free survival rates in patients with negative and

severe treatment-effect biopsy outcomes were 59% and 49%,

respectively; while in patients with positive biopsy, the

corresponding outcome was only 3% [2]. Similarly, in the

Zelefski et al study, the 10-yr metastasis-free survival rate in

patients with negative/severe treatment-effect biopsy out-

comes was 90% and the corresponding outcome in patients

with positive treatment biopsy outcomes was 69%.

4.5. Improvement of the results according to technical progress

The current results were obtained in patients treated with

prototypes, and the first and second generations of a

commercialized HIFU device. It is difficult to compare the

results achieved with the different devices because several

technical improvements have been made. The last generation

of the device allows real-time control of the treatment [7]. It is

possible to define more accurately the apex and to determine

a better treatment plan with an optimization of the targeted

volume. The percentage of patients who reached a nadir value

<0.3 ng increased progressively with a simultaneous reduc-

tion of the number of sessions and the number of patients

with a nadir PSA >1 ng/ml, which favors better outcomes

(Table 3). However, the implementation of a TURP prior to

HIFU might contribute as much as technical developments

to the improvement of the results. Preliminary data suggest

that contrast-enhanced ultrasound can reliably show,

immediately after the HIFU ablation, the location and

amount of tissue that has not been destroyed after a first

session of HIFU [28]. If these results are confirmed, this

could allow an immediate retreatment of the incompletely

destroyed areas.

5. Conclusions

Local control and DFSR achieved with HIFU were similar to

those expected with conformal external beam radiation. HIFU

can be repeated when necessary several months or several

years after the first session and can also be followed by a

salvage radiation therapy. This probably explains the

excellent middle-term CSSR achieved in this multicenter

study despite the presence of intermediate- and high-risk

patients.
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Objective
To report the oncological outcome of salvage high-intensity
focused ultrasound (S-HIFU) for locally recurrent prostate
cancer after external beam radiotherapy (EBRT) from a
multicentre database.

Patients and Methods
This retrospective study comprises patients from nine centres
with local recurrent disease after EBRT treated with S-HIFU
from 1995 to 2009. The biochemical failure-free survival
(bFFS) rate was based on the ‘Phoenix’ definition (PSA nadir
+ 2 ng/mL). Secondary endpoints included progression to
metastasis and cancer-specific death. Kaplan–Meier analysis
was performed examining overall (OS), cancer-specific (CSS)
and metastasis-free survival (MFS). Adverse events and
quality of life status are reported.

Results
In all, 418 patients with a mean (SD) follow-up of 3.5 (2.5)
years were included. The mean (SD) age was 68.6 (5.8) years
and the PSA level before S-HIFU was 6.8 (7.8) ng/mL. The
median PSA nadir after S-HIFU was 0.19 ng/mL. The OS,

CSS and MFS rates at 7 years were 72%, 82% and 81%,
respectively. At 5 years the bFFS rate was 58%, 51% and 36%
for pre-EBRT low-, intermediate- and high-risk patients,
respectively. The 5-year bFFS rate was 67%, 42% and 22% for
pre-S-HIFU PSA level ≤4, 4–10 and ≥10 ng/mL, respectively.
Complication rates decreased after the introduction of specific
post-RT parameters: incontinence (grade II or III) from 32%
to 19% (P = 0.002); bladder outlet obstruction or stenosis
from 30% to 15% (P = 0.003); recto-urethral fistula decreased
from 9% to 0.6% (P < 0.001). Study limitations include being
a retrospective analysis from a registry with no control group.

Conclusion
S-HIFU for locally recurrent prostate cancer after failed EBRT
is associated with 7-year CSS and MFS rates of >80% at a
price of significant morbidity. S-HIFU should be initiated
early following EBRT failure

Keywords
high-intensity focused ultrasound, PSA, biochemical failure,
follow-up, salvage therapy, #ProstateCancer

Introduction
A significant proportion of patients experience a recurrence
after external beam radiotherapy (EBRT) [1,2]. The
recurrence rate after EBRT at 5 years in a multicentre study

was reported to be 39% and 28% for 70 and 80 Gy,
respectively [3]. After intensity-modulated RT, with a median
dose of 7.6 Gy, biochemical survival rates at 9 years were
77.4%, 69.6% and 53.3% for low-, intermediate- and high-risk
patients, respectively [4]. In the Cancer of the Prostate
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Strategic Urologic Research Endeavor (CaPSURE) population,
>90% of patients with recurrent prostate cancer received
palliative androgen-deprivation therapy (ADT), which
suppresses PSA levels but with absolutely no chance of cure
[5]. Salvage radical prostatectomy (SRP) series have reported
10-year biochemical failure-free (bFFS), metastasis-free
(MFS), and cancer-specific (CSS) survival probabilities of
37%, 77%, and 83%, respectively [6]. However, SRP is
associated with significant morbidity especially urinary
incontinence [7].

High-intensity focused ultrasound (HIFU) has been used as a
primary treatment for prostate cancer for over a decade [8–
10]. More recently, the technology was evaluated as a salvage
therapy for locally recurrent prostate cancer after EBRT in
patients without evidence of metastasis [11]. Based on data
from 290 consecutive patients, the 7-year estimated CSS rate
after salvage HIFU (S-HIFU) was 80%. The progression free-
survival rates were 53%, 42% and 25% for low-, intermediate-
, and high-risk patients (D’Amico), respectively, suggesting
that S-HIFU is a valuable therapy for radio-recurrent prostate
cancer [12]. S-HIFU is intended to completely ablate all
prostate tissue that remains after primary EBRT. In the
present multicentre, registry study, we evaluated the
oncological outcomes and the associated morbidity of S-HIFU
along with the preoperative prognostics that predict
oncological success for the first time in a large cohort.

Patients and Methods
The Ablatherm (EDAP-TMS, Lyon, France) treatment
registry (@-RegistryTM) is a secure on-line database for
patients who have undergone prostate HIFU using the
Ablatherm device. The @-Registry was specifically designed
to collect de-identified pre- and post-treatment information.
Data from 3218 consecutively treated patients entered in the
@-Registry between December 2005 and June 2009 were
reviewed for this retrospective analysis.

Patients who underwent total gland S-HIFU for locally
recurrent prostate cancer (T1–2) after EBRT were included in
the analysis. The inclusion criteria were a biochemical failure
[American Society for Therapeutic Radiology and Oncology
(ASTRO) before 2006 and then Phoenix definition) [13,14], a
positive post-EBRT biopsy, and a negative metastatic
evaluation. Metastatic evaluation included a bone scan and an
abdominopelvic CT, and most patients also received a
prostatic MRI. All patients who received ADT within 90 days
of S-HIFU were excluded from the analysis.

Contraindications for S-HIFU included anal/rectal stenosis
and a rectal wall thickness >6 mm measured in by TRUS.

Total gland S-HIFU was performed using the Ablatherm
HIFU device. The prostate was treated in two to four
overlapping blocks from the apex to the base. Between 1995

and March 2002, standard treatment parameters were used.
This entailed 100% acoustic power with a 6-s pulse of energy
to create each discrete HIFU lesion with a 4-s delay between
each shot. Starting in March 2002, specific post-RT
parameters were adopted (4-s pulse, 6-s waiting period, 90%
of the acoustic power) due to the high rate of morbidity with
the protocol before 2002. These were developed considering
the decreased vascularity of the previously irradiated tissue.
The goal was to optimise the thermal dose delivered within
the gland while minimising the possible damage probability
to surrounding tissues, especially the rectal wall, which is
caused by conductive heat transfer.

S-HIFU treatments were usually performed under spinal
anaesthesia or general anaesthesia. Most of the patients
underwent a bladder neck incision to reduce the risk of
urinary retention and BOO after S-HIFU. TURP was
performed if a median lobe was present. TURP and S-HIFU
were performed during a single session, and patients were
usually discharged from hospital 3–5 days after the procedure
with or without a urinary catheter. No adjuvant ADT was
used after S-HIFU.

Patient follow-up included clinical and biochemical
evaluations every 3 months for the first year and every
6 months thereafter. Initially, treated patients first underwent
systematic biopsies at 3 months. Additional biopsies were
taken in cases of rising PSA during follow-up. Since 2008,
when the PSA nadir was <0.2 ng/mL, systematic control
biopsies have not taken [15]. Control biopsies were taken
only in cases of rising PSA. A complete diagnostic evaluation
was conducted in cases of biochemical relapse after S-HIFU.
A second S-HIFU session was offered when an exclusively
local recurrence was identified. Side-effects were
systematically evaluated and recorded. Urinary incontinence
was graded according to the Ingelman–Sundberg score
(strong, moderate, minimal effort: grade I, grade II and grade
III, respectively) [16].

The CSS, MFS and bFFS rates were estimated using the
Kaplan–Meier method. Biochemical failure was defined as an
increase of ≥2 ng/mL above the PSA nadir (Phoenix
definition) [14]. The salvage treatment-free survival rate was
defined as the time of ADT initiation. The bFFS was stratified
according to the pre-radiotherapy D’Amico’s risk group, the
pre-S-HIFU PSA level (≤4, 4.1–10, or >10 ng/mL), the pre-S-
HIFU estimated Gleason score (≤6, 7, ≥8) and the
administration of ADT prior or during EBRT. The Kaplan–
Meier method was also used to estimate the bFFS curves
according to the different categories of each factor compared
when using the log-rank test. A Cox model was used for
multivariate analysis to identify independent factors linked to
the risk of failure. Analysis was performed using the statistical
software S-plus version 6.2. A P < 0.05 was chosen to identify
statistically significant differences.
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Results
Of the 3218 datasets collected in the @-Registry between
December 2005 and June 2009, 418 patients met the inclusion
criteria for the analysis (Table 1). The mean (SD) RT dose
was 69.2 (6.5) Gy (median 70 Gy) and the mean (SD) time
between EBRT and S-HIFU was 5.1 (2.7) years. The mean
(SD) age at S-HIFU was 68.6 (5.8) years and the PSA level
before S-HIFU was 6.8 (7.8) ng/mL. In all, 191 patients
(45.7%) had a history of ADT (neoadjuvant, concomitant or
adjuvant). No patients continued ADT after S-HIFU
treatment.

The mean (SD) prostate volume before S-HIFU was 20.6
(7.9) mL and the treated volume was 22.2 (8.5) mL (average
108% of the prostate volume due to an overlap between the
treated zone inside the prostate). The total number of S-
HIFU sessions was 476 [one session: 364 (87.1%), two
sessions: 51 (12.2%), and three sessions: three (0.7%)].

The median (range) follow-up after S-HIFU was 3.3 (1.5–5.2)
years. The mean (SD) prostate volume after S-HIFU was 15.0
(8.8) mL. Due to the small prostate volume after S-HIFU, a
minimum of six control biopsies were usually taken to
evaluate the local control of the prostate cancer. In all, 254
patients (60.8%) underwent biopsy of which 187 (73.6%) were
negative. Of the 164 patients without control biopsy, 88

(53.6%) did not have biochemical recurrence, while 76
(46.4%) did and were placed on ADT.

The mean (SD) PSA nadir was 1.9 (5.2) ng/mL (median 0.19,
range 0–54.9 ng/mL) and was reached at a mean (SD) time
of 10.1 (10.7) weeks after S-HIFU. In all, 225 patients (53.8%)
reached a nadir PSA level of ≤0.3 ng/mL and 203 (48.6%)
≤0.2 ng/mL.

In all, 222 patients (53.1%) did not receive any salvage
treatment after S-HIFU, while 196 patients (46.9%) received
ADT for recurrent local prostate cancer or metastases after S-
HIFU. Of the 196 patients that received ADT after S-HIFU,
45 (23%) had positive biopsies, 75 (38.3%) had negative
biopsies, and 76 (38.8%) did not have biopsies taken. Of the
222 patients that did not receive ADT after S-HIFU, 22
(9.9%) had positive biopsies, 112 (50.5%) had negative
biopsies, and 88 (39.6%) did not have biopsies taken. The OS,
CSS and MFS rates at 7 years were 72%, 82% and 81%,
respectively (Fig. 1).

The bFFS rate at 5 years was 49%. At 5 years the bFFS rate
was 58%, 51% and 36% for pre-EBRT low-, intermediate- and
high-risk patients, respectively. The 5-year bFFS rate was
67%, 42% and 22% for pre-S-HIFU PSA levels of ≤4, 4–10
and ≥10 ng/mL respectively and 59%, 41% and 39% for pre-
S-HIFU Gleason score of ≤6, equal to 7 and ≥8, respectively.
The bFFS rate was 59% for patients without any previous
ADT and 38% for those with a history of ADT (Fig. 2).

The salvage treatment-free survival rate at 5 years was 37%,
and was 54%, 37% and 23% for pre-EBRT low-, intermediate-
and high-risk patients, respectively. The 5-year salvage
treatment-free survival rate was 49%, 33% and 20% for pre-S-

Table 1 Baseline characteristics of 418 patients treated with S-HIFU after
EBRT failure.

Variable Value

Age, years
Mean (SD) 68.6 (5.8)
Median (range) 69 (42–83)

PSA, ng/mL
Mean (SD) 6.8 (7.8)
Median (range) 4.6 (0.0-62.0)

Prostate volume, mL
Mean (SD) 20.6 (7.9)
Median (range) 19.0 (4.3–53.1)

Delay between Pre-EBRT and S-HIFU, years
Mean (SD) 5.1 (2.7)
Median (range) 4.7 (0.1–17.5)
N (%)

Previous ADT
Yes 191 (45.7)
No 227 (54.3)

Pre-EBRT risk
Low 48 (11.5)
Intermediate 77 (18.4)
High 119 (28.5)
Undefined 174 (41.6)

Pre-S-HIFU Gleason score
≤6 121 (28.9)
=7 114 (23.3)
≥8 112 (26.8)
Undefined 71 (17.0)

Pre-S-HIFU PSA level, ng/mL
≤4 173 (41.4)
4–10 166 (39.7)
≥10 76 (18.2)
Undefined 3 (0.7)
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HIFU PSA levels of ≤4, 4–10 and ≥10 ng/mL respectively and
50%, 38% and 22% for pre-S-HIFU Gleason score of ≤6,
equal to 7 and ≥8, respectively. The 5-year salvage treatment-
free survival rate for patients without any previous ADT was
at 48% vs 26% for those with a history of ADT (Fig. 3).

In the multivariate analysis three factors (history of ADT,
pre-S-HIFU Gleason score and pre-S-HIFU PSA level) were
significantly linked to biochemical recurrence and initiation of
a salvage treatment (Table 2).

The PSA nadir was a major predictive factor for salvage
treatment-free survival rate (Fig. 3). The salvage treatment-

free survival rate at 5 years was 56%, 16% and 8% for PSA
nadir of ≤0.3, 0.31–1 and >1 ng/mL, respectively.

The specific post-RT parameters introduced in 2002
decreased the rate of many long-term complications
(Table 3). Moderate and severe incontinence (grade II or III)
decreased from 32% to 19%. The incidence of artificial
urinary sphincter implantation was significantly reduced with
the specific post-RT parameters when compared to standard
parameters (15% vs 5%; P < 0.001). The incidence of BOO or
stenosis incidence dropped from 30% to 15% (P = 0.001).
The rate of recto-urethral fistula decreased from 9% to 0.6%.
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Erectile function was not evaluated. Of the nine recto-urethral
fistulae, only two were successfully closed with a York-
Masson procedure. The other seven, were managed with
colostomy and Bricker (four) or colostomy alone (three).
Osteitis was managed with prolonged antibiotics in six
patients, retropubic muscular interposition in two, colostomy
and Bricker in one.

Discussion
Most men with radio-recurrent prostate cancer are treated
with systemic ADT [5,17]. ADT is also associated with
adverse effects, including cardiac and thromboembolic

complications [18]. Patients treated with ADT or ADT
followed by chemotherapy have poor outcomes. In the
Zumsteg et al. [19] study, the date of biochemical failure to
distant metastasis and cancer-specific mortality were 5.4 and
10.5 years respectively, despite the use of medical therapies,
the estimated 5-year post-biochemical failure distant
metastasis rate was 47% and the 5-year cumulative incidence
of cancer-specific mortality was 18%. In our present study,
after S-HIFU, the estimated MFS rate was 81% at 7 years.

The CSS rate after SRP at 10 years was reported to be 77%
[20]. More recently, in a series of 404 patients undergoing
SRP, at 10 years, the bFFS rate was 37%, the MFS rate was
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(d) influence of post-S-HIFU nadir PSA.
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77% and the CSS rate was 83% [6]. Definitive surgery for
local recurrent prostate cancer after EBRT is associated with
severe morbidity. The average rate of rectal injury was 4–7%,
of bladder neck stricture was 24%, and the average urinary
incontinence rate was 41% [21]. In a recent study, the rate of
urinary incontinence was found to be 45.5% with 25.5% using
1 pad/day and 20% with ≥2 pads/day [7]. The rate of rectal
injury was 3.6%. Those survival and complication data seem
similar to those achieved with S-HIFU. But if only patients
with specific S-HIFU parameters are evaluated, S-HIFU
compares favourably with SPR. Results achieved after a
robotic procedure seem similar to those of open surgery. In
2013, Yu et al. [22] reported complications and oncological
outcomes of 51 robot-assisted SRPs: the estimated 3-year
bFFS or progression-free survival rate was 57%. The overall

complications rate was 47% with a 35% major complications
rate (Clavien–Dindo III–V): 16% bladder neck contractures,
4% thromboembolic events and 4% urosepsis. Return to
urinary continence was achieved in 45% of patients.

Salvage cryotherapy is another option for this patient group.
The disease-free survival rate at 10 years was 39% and the
CSS rate was 87% in a report by Williams et al. [21]. The
predictive factors of recurrence for salvage cryotherapy and
for S-HIFU are similar (pre-salvage treatment PSA level,
Gleason score, and PSA nadir). The morbidity for salvage
cryotherapy is significant: recto-urethral fistula, 1–2%;
obstruction/retention, 3.2–67%; chronic perineal pain, 4–14%;
severe incontinence, 2–4%; and mild incontinence, 6–13%
[23,24].

One concern with the localisation of the recurrence after
EBRT is the localisation close to the urethra. Leibovici et al.
[25] found 74% of recurrences are located within 5.0 mm of
the urethra. The advantage of S-HIFU is the complete
treatment without preservation of the urethra as opposed to
cryotherapy.

Pisters et al. [26] compared the treatment outcomes of SRP
and salvage cryotherapy for patients with locally recurrent
prostate cancer after initial RT. Compared to salvage
cryotherapy, SRP resulted in superior biochemical survival. In
previously reported data, the progression-free survival rates
after salvage cryotherapy at 5 years ranged from 40% [27] to
59% [28].

Few data are available for salvage brachytherapy with short
follow-ups. The rate of morbidity was found on average for

Table 2 Initiation of salvage treatment after S-HIFU failure and biochemical failure (Phoenix definition): result of the Cox-multivariate analysis.*

Prognostic factors Univariate Multivariate

Risk ratio (95% CI) P Risk ratio (95% CI) P

Initiation of salvage treatment after S-HIFU failure
ADT 1.71 (1.29–2.27) <0.001 2.09 (1.42–3.08) <0.001
Pre-S-HIFU Gleason score
≤6 1 – 1 –
=7 1.36 (0.90–2.06) 0.139 1.23 (0.73–2.07) 0.441
≥8 2.06 (1.40–3.02) <0.001 1.82 (1.12–2.98) 0.016

Pre-S-HIFU PSA level, ng/mL
≤4 1 – 1 –
4–10 1.59 (1.14–2.20) 0.006 1.62 (1.08–2.44) 0.021
>10 2.68 (1.85–3.88) <0.001 2.24 (1.34–3.75) 0.002

Biochemical failure (Phoenix) after S-HIFU
ADT 1.80 (1.25–2.59) 0.002 2.42 (1.46–4.00) 0.001

Pre-S-HIFU Gleason score
≤6 1 – 1 –
=7 1.70 (1.01–2.85) 0.044 1.24 (0.64–2.39) 0.529
≥8 2.26 (1.37–3.71) 0.001 1.94 (1.05–3.58) 0.035

Pre-S-HIFU PSA level, ng/mL
≤4 1 – 1 –
4–10 1.89 (1.21–2.93) 0.005 1.58 (0.92–2.72) 0.100
>10 4.12 (2.56–6.64) <0.001 3.26 (1.76–6.05) <0.001

*Pre-EBRT risk was not significant and was removed from the model (Cox backward stepwise method).

Table 3 Morbidity.

Adverse
event

Standard
HIFU

parameters,
% (n)

(n = 74)

Post-RT
HIFU

parameters,
% (n)

(n = 314)

Overall,
% (n)

(n = 388)

P

Urinary incontinence, % (at risk)
No pads 51.4 (38) 59.2 (186) 57.7 (224)
grade 1 16 (12) 22 (69) 21 (81) N.S.
grade 2 23 (17) 10 (31) 12 (48) 0.002
grade 3 9 (7) 9 (28) 9 (35) N.S.

AUS 15 (11) 5 (16) 7 (27) 0.003
BOO/stenosis 30 (22) 15 (47) 18 (69) 0.003
Fistula 9 (7) 0.6 (2) 2.3 (9) <0.001
Pubic bone
osteitis

3 (2) 2 (6) 2 (8) N.S.

AUS, artificial urinary sphincter.
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incontinence to be 36%, recto-urethral fistula 3.4% and rectal
grade 3–4 toxicity 5.6% [29]. Gomez-Veiga et al. [30]
reported the main results of 10 trials of salvage brachytherapy
for EBRT failure: the 5-year biochemical disease-free survival
(bDFS) rates ranged from 20% to 87%. One study reported a
10-year bDFS rate of 54%. The incidence of gastrointestinal
complications ranged from 5.4% to 65% and 2.7% to 20% for
grade 1–2 and grade 3–4 complications, respectively.

In the present analysis, we evaluated survival rates after S-
HIFU therapy for locally radio-recurrent prostate cancer in
the largest case series to date. At a mean follow-up of 7 years
after S-HIFU, the CSS and MFS rates were 72% and 82%,
respectively. Our present results appear similar to those
obtain after salvage surgery with a lower rate of severe
complications using specific post-RT S-HIFU parameters. The
present results support the use of S-HIFU as a definitive
treatment for local recurrence after EBRT. Another series of
S-HIFU performed with the Sonablate� device with a shorter
follow-up (19.8 months) found a bFFS rate at 2 years of 43%,
with 62% of patients being pad free [31]. The rate of BOO
was 20% and the rate of recto-urethral fistula was 2.4% after
one treatment.

In 2002, treatment-specific parameters for post-RT S-HIFU
with Ablatherm� device were introduced to account for the
vascularisation of the prostate gland and peri-prostatic tissue,
resulting from RT-induced fibrosis. The incidence of side-
effects dropped significantly when the dedicated acoustic
parameters of the S-HIFU device were implemented. With
the latest Ablatherm device the rate of recto-urethral fistula is
now <1% and the rate of severe incontinence is <20%. These
data compare favourably with recent data on salvage surgery
[7]. The main side-effect in our present series was BOO
caused by urethral stricture, bladder neck stenosis or an
accumulation of captive necrotic tissue in the treated area.
The decrease of BOO achieved with dedicated parameters is
probably due to reduction of the shots duration and acoustic
intensity (i.e. thermal dose).

An important prognostic factor was the pre-S-HIFU PSA
level, which can serve as a very early identifier of local
recurrence after EBRT. This suggests that, to increase the
chances of a successful treatment, control biopsies should be
taken as soon as a biochemical relapse is identified. The pre-
S-HIFU estimated Gleason score and previous ADT are also
predictive factors of success.

Early identification of local recurrence after EBRT allows the
option of focal therapy using S-HIFU or salvage cryotherapy
[32]. In the Ly et al. [33] study, 91 patients with biopsy
confirmed radio-recurrent prostate cancer underwent salvage
focal cryoablation with curative intent. The bDFS rates was
46.5% at 5 years, and there were positive biopsies after
salvage focal cryoablation in four of 14 patients who
underwent biopsy. Recto-urethral fistula occurred in three

patients (3.3%), urinary retention in six (6.6%), and
incontinence in five (5.5%). In the Ahmed et al. [34] study,
39 patients received focal S-HIFU for localised recurrence
after EBRT. The estimated progression-free survival rate was
49% at 2 years according to the Phoenix criteria and the pad-
free rate was 87.2% at the last follow-up. In the two-centre
study of Baco et al. [35], 48 patients received hemi-S-HIFU
for unilateral radio-recurrent prostate cancer. The
progression-free survival rate at 24 months was 52% and
severe incontinence occurred in 8% of the patients, 17%
required 1 pad/day and 75% were pad free. Focal therapies
(cryoablation or HIFU) in patients with unilateral radio-
recurrent prostate cancer results in less morbidity than whole
gland salvage therapies. Accurate imaging and targeted biopsy
are essential for identifying patients suitable for focal salvage
procedures.

The present study has limitations: it is a retrospective analysis
of registry data with a relatively short follow-up period. We
did not evaluate PSA-doubling time, and the influence of the
interval between EBRT and recurrence. The pre-EBRT
D’Amico risk group was unknown in 41.6% of the patients
and could represent a bias for the statistical analysis.
Furthermore, the absence of a control group could have
overestimated the effect of S-HIFU on the salvage treatment-
free survival rate and CSS rate.

The lack of patient-reported outcome measures in the
@registry is a drawback for quality of life evaluation.
Concerning biochemical failure, the Phoenix definition was
used in the present study, although it is not validated for
HIFU treatment. To overcome this limitation we presented
the results of the salvage treatment-free survival rate after S-
HIFU.

In the present retrospective study, the locoregional and
metastatic evaluation was not optimal for the first set of
patients as positron emission tomography-choline and bone-
MRI were not routinely available. Careful patient selection
should be performed and the prospect of salvage treatment
should be carefully weighed in the absence of level I
evidence. Rectal stenosis after EBRT can represent an issue
for S-HIFU. An MRI with an endorectal balloon can evaluate
the size of the rectum and the rectal wall thickness before
treatment.

Nonetheless, these data represent the largest case series of S-
HIFU after RT failure to date, and the CSS, MFS and bFFS
rates, add to the growing body of evidence that supports the
expanded use of this procedure.

Conclusion
S-HIFU for locally recurrent prostate cancer after failed EBRT
is associated with favourable 7-year survival rates at a price of
significant morbidity, which patients should be made aware
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of. Longer-term survival rates are needed, although the data
presented supports the view that S-HIFU should now be
considered as a definitive treatment option for patients with
sufficient life expectancy to justify a salvage curative
treatment.
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a b s t r a c t

Purpose: To evaluate pre-operative prognostic risk factors to predict oncologic outcome of Salvage High-

Intensity Focused Ultrasound (S-HIFU) for radiorecurrent prostate cancer (PCa).

Methods and materials: A total of 290 men with biopsy-confirmed locally radiorecurrent PCa, underwent

S-HIFU. D’Amico risk group before external beam radiotherapy (EBRT), Prostate Specific Antigen (PSA),

estimated Gleason score prior HIFU and post HIFU biopsies were analyzed for predictive utility of local

cancer control, cancer-specific, metastasis free, and progression free survival rates (PFSR).

Results: Local cancer control with negative biopsy results was obtained in 81% of the 208 patients who

underwent post-S-HIFU biopsies. Median PSA nadir was 0.14 ng/ml and 127 patients did not require

androgen deprivation therapy (ADT). The mean follow up was 48 months for cancer-specific survival

rates. The cancer-specific and metastasis-free survival rates at 7 years were 80% and 79.6% respectively.

The PFSR was significantly influenced by: the pre-HIFU PSA level (hazard ratio (HR): 1.09, 95% CI 1.04–

1.13), a Gleason score P8 versus 66 (HR: 1.17, 95% CI 1.03–1.3), and a previous ADT (HR: 1.28, 95% CI

1.09–1.46). The rates of recto-urethral fistula (0.4%) and grade II/III incontinence (19.5%) indicate signif-

icant reduction in serious side effects with use of dedicated post-radiation acoustic parameters compared

with standard parameters.

Conclusion: S-HIFU is an effective curative option for radiorecurrent PCa with acceptable morbidity for

localized radiorecurrent PCa, but should be initiated early following EBRT failure. Use of prognostic risk

factors can optimize patient selection.

Ó 2012 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology xxx (2012) xxx–xxx

Although EBRT has long been used as a curative approach for

localized prostate cancer (PCa), several studies have shown that

incomplete tumor destruction occurs at higher rates than previ-

ously thought [1], and there is an absence of consensus regarding

the optimal management of locally recurrent PCa following EBRT.

Androgen deprivation therapy (ADT) is frequently used to delay

metastatic progression. Salvage therapies are available, and in-

clude cryotherapy, brachytherapy, and radical prostatectomy

(RP), but their use is technically challenging and characterized

by high rates of serious side effects. Salvage high-intensity fo-

cused ultrasound (S-HIFU) has recently been evaluated as a ther-

apeutic option for locally recurrent PCa following EBRT [2,3]. The

present study evaluated pre-operative risk factors to determine

their value in predicting oncologic outcome following S-HIFU

for radiorecurrent PCa.

Material and methods

Data on all patients treated with HIFU for locally recurrent PCa

following EBRT between 1995 and 2009 were obtained from a pro-

spectively entered database after IRB approval (2002-091B) (phase

II study). Inclusion criteria were a biochemical failure (Astro or

Phoenix definition) [4,5], positive control biopsy and negative

findings of metastatic evaluation. Exclusion criteria were a non-or-

gan confine recurrence (lymph node or bone metastasis) and bio-

chemical failure with negative biopsy. Patients who fit the

inclusion criteria were offered S-HIFU as a definitive local therapy

in a single center. All metastatic evaluations included bone scan

and abdomino-pelvic computerized tomography (CT); most pa-

tients received prostatic magnetic resonance image (MRI), and

several high-risk patients received either fluorocholine positron
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emission tomography and computerized tomography (18F PET/CT)

or total body MRI.

Procedure

All HIFU sessions were performed under spinal or general anes-

thesia using Ablatherm™ devices (EDAP, Vaulx-en-Velin, France)

according to standard procedure [2]. Different devices were used

at different time points during the study; patients were treated

with prototype devices from 1995 to 1999, the first commercially

available device (Ablatherm MaxisÒ) from 2000 to 2005, and with

the second commercially available device (Ablatherm Integrated

ImagingÒ) that allows real-time therapy control since 2005. During

1995–1996, patients were systematically treated in two sessions

(one for each prostate lobe) spaced 1–3 months apart, and in a sin-

gle session alone since 1997. An additional S-HIFU session was per-

formed only in case where residual cancer foci were identified by

control biopsies. Between 1995 and March 2002, standard treat-

ment parameters were used. This entailed 100% acoustic power,

varying from 26 to 35W according to lesion length and 1550

W/cm2 at the transducer focus, with a 6-s pulse of energy to create

each discrete HIFU lesion with a 4-s delay between each shot.

Starting in March 2002, a specific post-radiation treatment param-

eter was adopted (5-s pulse, 5-s waiting period, 90% of the acoustic

power) because of the decreased vascularity in the previously irra-

diated tissue. The goal was to optimize the thermal dose delivered

within the gland while minimizing the damage probability to sur-

rounding tissues –especially the rectal wall–caused by conductive

heat transfer. For S-HIFU re-treatment the shot duration was re-

duced to 4 s with the acoustic power lowered to 85%.

To reduce gland size, ADT was offered to any patient with a

prostate volume >30 ml for 3 months prior to S-HIFU. For all

patients, a bladder neck incision was performed just before HIFU

to reduce the postoperative catheterization period and to avoid

bladder outlet obstruction. When a median lobe was present, it

was retrieved using transurethral resection of the prostate (TURP).

The S-HIFU protocol involved treatment of the entire gland. There

were four treatment sections defined by the ultrasound, with two

sections in each lobe. The lower limit for treatment was designated

as 4 mm from the apex, to reduce the risk of stress incontinence

from heat accumulation and diffusion while nevertheless treating

the apical tissue. A three-way catheter was inserted at the end of

the procedure and removed 3–5 days later.

Immediate postoperative protocol included serial PSA measure-

ments and beginning in March 2000 all patients underwent dy-

namic enhanced MRI to ascertain the rectal wall integrity and

induced necrotic extension within the gland [6]. Extended patient

follow-up included clinical and biochemical evaluations every

3 months for the first year and every 6 months thereafter. All pa-

tients underwent biopsy at 3 months, with additional biopsies per-

formed only in the event of PSA rise above 1.0 ng/ml. Since 2008,

systematic control biopsies were not performed when the PSA na-

dir was less than 0.3 ng/ml. A new metastasis evaluation was con-

ducted in the event of biochemical relapse. A second S-HIFU

session was offered when an exclusively local recurrence was iden-

tified. Side effects were systematically evaluated and recorded. Uri-

nary incontinence was graded according to the Ingelman-Sundberg

score (strong, moderate, minimal effort: grade I, grade II and grade

III, respectively) obtained from patient questionnaires [7].

Statistical analysis

Specific, metastasis-free and progression-free survival rates

(PFSR) were estimated with the Kaplan–Meier method. Failure

was defined as either an increase of 2 ng/ml or more occurred,

above the PSA nadir (Phoenix ASTRO consensus) [5], or as AD

initiation, whichever occurred first. The PFSR was stratified accord-

ing to the pre-radiotherapy D’Amico’s risk group, the pre-HIFU PSA

level (64 ng/ml, 4.1–10 ng/ml, or >10 ng/ml), the pre-HIFU esti-

mated Gleason score (66, 7, P8, or undefined), the number of

pre HIFU positive biopsy sextants (0 or 1, 2 or 3, 4–6), the prostate

volume (615 cc, 15–21 cc, >21 cc) and the administration of ADT

before HIFU. The Kaplan–Meier method was also used to estimate

the PFSR curves according to the different categories of each factor

compared when using the log rank test. A Cox model was used for

multivariate analysis to identify independent factors linked to the

risk of failure. Analysis was performed using the statistical soft-

ware S-plus version 6.2. A p-value <0.05 was chosen to reflect sta-

tistically significant differences.

Results

A total of 300 patients with biopsy-confirmed locally recurrent

PCa after EBRT were selected for S-HIFU procedure. The procedure

was halted in 10 patients due to technical difficulties including rec-

tal stricture and/or rectal wall thickness P6 mm, resulting in the

treatment of 290 patients with S-HIFU. Of these 290 patients, the

mean age was 68.7 ± 5.6 years and mean PSA was 6.38 ± 7.61

ng/ml. The pre-ERBT D’Amico’s risk group classification included

low risk in 19% (n = 55), intermediate risk in 31.4% (n = 91), high

risk in 43% (n = 125), and undefined in 6.6% (n = 19) of subjects.

The pre-ERBT Gleason score was: 66 in 23% (n = 66), 7 in 28%

(n = 82), P8 in 35% (n = 102), and undefined in 14% (n = 40) of sub-

jects. The average radiation dose was 69.6 grays (36–88) and the

mean time between EBRT and salvage HIFU was 60 ± 22 months.

A total of 145 patients (50%) received ADT prior to HIFU, including

22.4% (n = 65) as combination therapy with EBRT, 22.8% (n = 66) as

adjuvant therapy following EBRT, and 4.8% (n = 14) for ‘‘down siz-

ing’’ to decrease prostate volume prior to S-HIFU. ADT was discon-

tinued in all recipients prior to the initial S-HIFU. The total number

of S-HIFU sessions was 341 (one session: 237 and two sessions:

52). On mean 397 shots were delivered during the first S-HIFU ses-

sion corresponding to a treated volume of 21.1 cc (on average 116%

of the prostate volume due to an overlap between the treated zone

inside the prostate). The mean catheterization period was 4.7 days

(range 3–66). The mean follow-up period was 27 months for PFSR

estimation and 48 months for cancer specific and metastasis free

estimations.

Following S-HIFU treatment, the mean prostate volume de-

creased from 18.3 ± 9.5 to 13.7 ± 10.2 cc. Due to the small prostate

volume after HIFU, a minimum of eight control biopsies was usu-

ally performed to evaluate the local control of the PCa. Control

biopsies after the final S-HIFU session were available in 208 pa-

tients, of which 169 (81%) were negative.

Nadir PSA, attained at a mean 5.55 months, was a mean

1.54 ± 3.38 ng/ml (median 0.14 ng/mL). A nadir PSA of 60.3 ng/ml

was observed in 60.7% (n = 176) patients. ADT was initiated follow-

ing S-HIFU in 162 patients for biochemical relapse and positive

biopsy (n = 73), or for biochemical relapse without control biopsy

performed (n = 89), while 127 patients did not require ADT. Meta-

static disease developed in 41 patients, and 29 patients died of

metastatic PCa.

The estimated cancer-specific and metastasis free survival rates

at 5 and 7 years were 80% (95% CI 72.7–88.5%) and 79.6% (95% CI

73.5–86.2%), respectively. The PFSR was inversely related to the

pre-EBRT D’Amico risk level (p = 0.002, Fig. 1). At 5 years the PFSR

was 45% (95% CI 32–63%), 31% (95% CI 22–45%) and 21% (95% CI

13.6–32%) for low-, intermediate- and high-risk patients respec-

tively. A significance difference in BDFS was found between pa-

tients who received AD in association with, or after EBRT versus

those who did not (p = 0.0017).
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The PFSR was significantly associated with the pre-HIFU PSA va-

lue (p = 0.00005, Fig. 2). At 5 years, the PFSR was 43% (CI 33–56%),

22% (CI 15–33%) and 17% (CI 8–36%) for PSA values 64, 4–10 and

>10, respectively. Similarly, the PFSR was related to the pre S-HIFU

Gleason score. At 5 years the PFSR was 41% (95% CI 29–59%), 27%

(95% CI 17–42.5%) and 20% (95% CI 13–32%) for Gleason score

66, 7 andP8 (p = 0.015). Differences in PFSR by number of positive

biopsy sextants or pre-S-HIFU prostate volume were not significant

(p = 0.68 and p = 0.67, respectively). Nadir PSA was a major predic-

tive factor for PFSR. The 5-years PFSR was 47.0% (95% CI 38–56%),

5% (95% CI 4–21%) and 0% for PSA nadir 60.3 ng/ml, 0.31–1

ng/ml and >1 ng/ml, respectively.

Multivariate analysis identified three predictive factors that

were significantly associated with increased risk of disease pro-

gression (Table 1).

These included pre-HIFU PSA level (p = 0.0002), previous ADT

(p = 0.01), and GleasonP8 (vs. Gleason 66; p = 0.01). Patients with

previous ADT, or pre-HIFU Gleason P8 were (1.3, and 1.2 times

more likely to experience disease progression following S-HIFU.

The prostate volume and the number of positive biopsy sextants

were not statistically linked to the PFSR.

Urinary retention secondary to sloughing occurred in 9% of pa-

tients during the first 3 months post-treatment, and required pro-

longed catheterization or endoscopic extraction of the necrotic

debris. Febrile urinary tract infections occurred in 3.4% of the cases

and were treated with antibiotics. Compared with standard param-

eters, rates of moderate to serious morbidity decreased with use of

specific post-radiation parameters introduced in 2002, including

grade II or III incontinence (p < 0.0001 vs. standard parameters)

(Table 2), artificial urinary sphincter implantation (20% vs. 5%;

p < 0.001), and bladder outlet obstruction (30% vs. 14%;

p = 0.001). Stenosis occurred in 49 patients, and was treated with

cold-blade internal uretrotomy and/or TURP or repeated dilations

(n = 5). Severe recurrence of stenosis occurred in five patients,

which was managed with urethral stent (n = 2), self-catheteriza-

tion (n = 1), supra-pubic catheter (n = 1), or trans-ileal urinary

diversion (n = 1). Morbidity rates are summarized in Table 2.

Six cases of urethro-rectal fistula occurred 2–10 weeks follow-

ing S-HIFU, including five cases with standard parameters (before

2002) and one case with post-radiation parameters. Urethro-rectal

fistula was managed with trans-ileal urinary diversion and colos-

tomy (n = 5) or the York Mason procedure (n = 1). Pubic bone

Fig. 1. Progression free survival rate according to the pre external beam radiation therapy D’Amico risk group.

Fig. 2. Progression free survival rate according to the pre high-intensity focused ultrasound PSA value.
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osteitis resulting from direct contact of urine and the bone oc-

curred in eight patients. In two cases this originated from sponta-

neous necrosis of the anterior part of the prostate after S-HIFU. The

other six cases developed secondary to endoscopic intervention of

severe stricture, and were resolved by long-term catheterization

(n = 2), musculus rectus abdominis interposition using a retro-

pubic approach (n = 2), or trans-ileal urinary diversion (n = 2). Erec-

tile function was not evaluated.

Discussion

Concern has arisen over the failure of conventional-dose radio-

therapy to eliminate PCa in a significant number of patients, result-

ing in increasing PSA level, the need for salvage therapy, and

ultimately, in clinical recurrence. In a recent article, Zietman et al.

reported a 10-years BFSR (ASTRO) of 32.3% for the conventional-

dose (70.2 Gy) radiotherapy [8]. A randomized dose-escalation

study by Al-Mamgani et al. found 6-year BFSR rates of 51% and

63% in the 68 Gy and 78 Gy treatment arms, respectively [9]. The

prognosis for patients who experience failure following primary

EBRT has yet to be defined. The most common secondary treatment

after EBRT is AD which is administered to approximately 94% of

these patients [10]. Despite AD and chemotherapy, outcomes for

patients with recurrent PCa remain poor. The estimated 5-year

mortality risk is strongly influenced by initial Gleason score; as re-

ported by D’amico et al., the 5-year cancer-specific mortality rate

following EBRT failure was 24%, 40%, and 59% for patients with

biopsy Gleason scores of 66, 3 + 4, and 4 + 3 or higher, respectively

[11]. Local failure following EBRT is rather frequent with rates rang-

ing from 25% to 32% [1,12,13]. Zelefsky et al. found that following

EBRT monotherapy, positive biopsy rates were 50%, 39% and 33%

in patients who received 70.2 Gy, 75.6 Gy and 81 Gy, respectively.

The 10-year PSA relapse-free survival rate in patients with po-

sitive biopsy results was 3%. The 10-year metastasis risk in patients

with positive biopsy was 31%. Post treatment biopsy status was

also associated with an increased risk of PCa death [12].

The radical prostatectomy (RP) remains the most aggressive

salvage option. Within the largest series published, the specific

survival rates at 5 years were found to be 79% [14] and 85%

[15]. The progression free survival rates were found to be 43%

at 10 years [16] and 58% at 5 years [14]. In these series the rates

of organ confined PCa were less than 40% [16]. High rates of

serious morbidity were reported in these series, including rectal

injury ranging from 4% [14] to 7% [17]. Urinary incontinence var-

ies from 45% [15] to 51% [16]. Bladder outlet obstruction ranges

from 21% [16] to 30% [17]. Recently, Heidenreich et al. reported

the outcomes of 55 patients treated with salvage RP for EBRT fail-

ure [18]. Organ confined cancer was found in 73% of patients.

With a median 23-month follow up, seven patients developed a

Table 1

Prognostic factors of progression after salvage high-intensity focused ultrasound: results of the Cox model.

Prognostic factors Hazard ratio 95% CI p

Gleason score

66 1

=7 1.04 [0.78; 1.29] 0.79

P8 1.17 [1.03; 1.3] 0.01

PSA before S-HIFU (ng/ml) (effect for an increase of 1 unit) 1.09 [1.04; 1.13] 0.0002

Previous AD treatment

No 1

Yes 1.28 [1.09; 1.46] 0.01

D’Amico’s risk groups

Low 1

Intermediate 1.00 [0.73; 1.27] 0.99

High 1.07 [0.95; 1.20] 0.27

Number of positive biopsy sextants (effect for one more positive sextant) 1.00 [0.89; 1.10] 0.95

Prostate volume cc (effect for an increase of 1 unit) 1.01 [0.98; 1.03] 0.68

The bold value are the statistically significant value

CI, confidence interval; PSA, prostate-specific antigen; S-HIFU, salvage high intensity focused ultrasound; AD, Androgen deprivation.

Table 2

Overall and according to the acoustic parameters long term complications.

Overall % (n) Standard parameters % (n) Post-radiation parameters % (n)

Patients 100% (290) 19% (56) 81% (234)

Long term complications

Urinary incontinence

No pads 0 50% (145) 0 32% (18) 0 54% (126)

Grade 1 I 23% (68) I 16% (9) I 25% (59)

Grade 2 II 14% (41) II 29% (16) II 11% (25)

Grade 3 III 9% (26) III 10.5% (6) III 8% (20)

NV NE 4% (12) NE 12.5% (7) NE 2% (5)

AUS AUS 7.8% (23) AUS 20% (11) AUS 5% (12)

Bladder outlet obstruction 16% (46) 30% (17) 12% (29)

Urinary diversion for recurrent stricture 1.3% (4) 3.5% (2) 0.8% (2)

Uretrorectal fistula 2% (6) 9% (5) 0.4% (1)

Urinary diversion for fistula 1.7% (5) 9% (5) 0% (0)

Anal incontinence 0.7% (2) 4% (2) 0% (0)

Pubic bone osteitis 2.7% (8) 4% (2) 2.5% (6)

NV, non valuable; AUS, artificial urinary sphincter implantation.
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recurrence including two patients with metastatic dissemination.

At 1-year follow-up, continence returned to normal in 80% of the

patients (54.5% without the use of a pad and 25.5% with just one

pad a day) and one patient developed recto urethral fistula (2%).

Pisters et al. compared the treatment outcomes of salvage RP

and salvage cryotherapy in patients with locally recurrent PCa fol-

lowing EBRT failure [19]. Compared to cryotherapy, RP resulted in

superior biochemical survival. In previously reported data, 5-year

biochemical survival rates in patients receiving salvage cryother-

apy for EBRT failure ranged from 40% [20] to 59% [21]. The other

salvage option is brachytherapy. The few published studies re-

ported only short-term follow-up data [22,23]. The results were

highly influenced by patient selection, with low- and intermedi-

ate-risk patients showing the best cancer control outcomes. In

the current study, an important predictive factor of biochemical

recurrence was pre-S-HIFU PSA. PSA can be used to identify early

recurrence following EBRT, and our finding suggests that control

biopsy should be performed as soon as possible when biochemical

relapse is detected in order to increase the chance of favorable

patient outcome with rapid administration of S-HIFU. The

accuracy of control biopsy is strengthened by first using con-

trast-enhanced MRI to identify the local recurrence [24]. When

it is possible to define it, the estimated Gleason score is also a

prognostic factor.

The incidence of morbidity was substantially reduced with the

use of dedicated acoustic parameters for the HIFU treatment. For

example, the rate of urethra fistula was less than 1% and severe

incontinence was less than 20%. These morbidity rates are consis-

tent with recent data on salvage RP [18]. The most frequently

occurring morbidity was bladder outlet obstructions the develop-

ment of which was secondary to urethral stricture, bladder neck

stenosis, or the accumulation of captive necrotic tissue in the trea-

ted area. Careful management of the obstruction is necessary in

order to reduce risks of complications such as incontinence or

pubic bone osteitis. The reported morbidity represents a limita-

tion of S-HIFU, which indicates that patients with a life expec-

tancy of less than 5 years are not appropriate candidates for this

salvage therapy following EBRT failure. However, we anticipate

that early identification of local recurrence after EBRT followed

by rapid administration of salvage therapy with HIFU can reduce

morbidity, and offer a curative option for radiorecurrent PCA that

lacks many of the disadvantages associated with conventional sal-

vage therapies.

Conclusions

Salvage HIFU for locally radiorecurrent PCa represents an effec-

tive therapeutic option with curative potential and acceptable

morbidity. In appropriate patients, S-HIFU should be performed

shortly following detection of EBRT failure. Use of prognostic fac-

tors can assist in the selection of appropriate patients.
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Abstract
Objective. After radical external beam radiation therapy (EBRT), local recurrence may benefit from definitive local therapy.
The objective of this study was to evaluate the safety and short-term biochemical results and morbidity after salvage high-
intensity focused ultrasound (HIFU) treatment in patients with biopsy-proven local prostate cancer recurrence after EBRT.
Material and methods. From October 2006 46 patients were treated with HIFU. Bone scan and abdominal CT/MRI scan were
negative. Median follow-up was 9 months (range 3–24 months). Results. The median prostate-specific antigen (PSA) nadir was
0.3 ng/ml (range 0–24 ng/ml). Eighteen patients (39.1%) were classified as failures. In addition, there were four patients (8.7%)
with post-HIFU PSA nadir > 0.5 ng/ml. No patients died during follow-up. One patient developed urethrorectal fistulae and
was successfully treated conservatively. Two patients developed urethrocutaneous fistulae. Seven patients (15.2%) and one
patient (2.1%) developed grade 2 and grade 3 incontinence, respectively. Seven men (15.2%) had erectile function sufficient
for intercourse pre-HIFU and only two men (4.3%) post-HIFU. Conclusions. Early results of salvage HIFU in patients with
local recurrence of prostate cancer after radical EBRT indicate the procedure to be a reasonable treatment option, but better
patient selection criteria are needed. The side-effects are not negligible.

Key Words: HIFU, prostate cancer, salvage treatment

Introduction

External beam radiation treatment (EBRT) and rad-
ical surgery are the most common radical treatments
for localized prostate cancer. Following EBRT up to
60% of patients may experience disease progression
within 10 years [1]. About one-third of these patients
have local recurrence only [2,3]. Patients with local
recurrence or persistence of cancer have a higher risk of
disease progression and metastases [4]. In a recent
review on published data of salvage therapies following
radiation failure, Touma et al. reported local recur-
rence to be a strong predictor of distant metastasis [5].
There is no agreement on the optimal management

for local recurrence after radiotherapy. Treatment
options with curative intent include salvage prosta-
tectomy, cryoablation and high-intensity focused
ultrasound (HIFU). Treatment decisions are often
based on patient comorbidities and physician exper-
tise and preference. Few centres offer salvage surgery

to this group of patients owing to the severe morbidity
profile [6].
Salvage HIFU of radiorecurrent prostate cancer has

been offered at this centre as a minimally invasive
treatment option for this cohort since October 2006.
Since they are working in the first urological clinical
unit in Scandinavia to have used this treatment
modality for patients with local recurrence of disease
after EBRT, the authors feel obliged to present their
early, preliminary results. The aim of this study is to
report the short-term biochemical results and mor-
bidity after this procedure.

Material and methods

Patients

Since October 2006 salvage HIFU treatment has been
used in 46 patients with prostate-specific antigen
(PSA) recurrence after radical EBRT. The patient
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characteristics before ERBT and at the time of HIFU
are shown in Table I. Minimal requirements for
treatment were a positive prostate biopsy a minimum
of 18 months after EBRT, a negative bone scan and a
negative abdominopelvic computed tomographic
(CT) or magnetic resonance imaging (MRI) scan.
Contraindications were inflammatory rectal disease
and anal or rectal stenosis. Initially rectal wall thick-
ness > 6 mm was a contraindication, but with
improved software technology, this contraindication
limit was increased to > 8 mm. Prostate volume
> 40 ml was a contraindication, and then the gland
had to be downsized. This was achieved by transure-
thral resection of the prostate (TURP) 3 months
before HIFU in one patient and by androgen depri-
vation treatment (ADT) in seven patients. Twenty-
nine patients (63%) had a history of ADT as an
adjuvant therapy in association with EBRT.

Technology

HIFU was performed with an Ablaterm second gen-
eration HIFU device (EDAP TMS, Vaulx-en-Velin,
France). Primary HIFU treatment of localized pros-
tate cancer consists of standard treatment parameters
which entail 100% acoustic power with a 5 s pulse of
energy to create each discrete HIFU lesion, with a 5 s
delay between the formation of each lesion. Specific
postradiation treatment parameters developed by the
group of Gelet in Lyon [7] were used. These post-
radiation treatment parameters consist of a 4 s pulse
and 6 s waiting period with 95% of the acoustic
power. The parameters were developed in the light
of the decreased vascularity of the previously irradi-
ated tissue.

Procedure

General anaesthesia was administered during the pro-
cedure. In all patients, a bladder neck incision was
performed just before HIFU to reduce the postopera-
tive catheterization period and to avoid bladder outlet
obstruction. In addition, a limited TURP was carried
out in 30 (65%) of these patients. A three-way catheter
was inserted at the end of the endoscopic procedure.
The HIFU protocol included the treatment of the
entire gland. There were four treatment sections
defined by the ultrasound, two sections in each
lobe. Before treating the part containing the urethra,
the catheter was removed. The lower limit for treat-
ment was 6 mm from the apex of the gland, to reduce
the possibility of stress incontinence. Upon comple-
tion of the procedure, the catheter was reinserted and
then removed 3–5 days later at the referring

institution. The patients received one treatment ses-
sion only. Routinely, the patients were discharged on
the first postoperative day (Table II). Trimethoprim–

sulfamethoxacol was administered preoperatively and
prophylaxis was continued with trimethoprim 160 mg
twice daily until urinary catheter removal.
PSA was measured every 3 months after HIFU at

the urological outpatient clinic or at the referral hos-
pital. Repeated biopsy after HIFU was not routinely
performed.
Information on urinary continence was based on

the UCLA-Prostate Cancer Index (PCI) quality of life
questionnaire, which each patient was invited to
answer before HIFU and a minimum of 3 months
after HIFU. Gradation of incontinence is depicted
in Table III, as are the parameters concerning erectile
and general sexual function.

Statistics

Medians and ranges were given for continuous non-
normally distributed variables. Percentages were esti-
mated by frequency tables and cross-tabs. Association

Table I. Characteristics of 46 patients treated with salvage HIFU
following radiorecurrent prostate cancer.

Mean age (range) at EBRT (years) 60.8 ± 4.9 (51–73)

Risk group (EAU definition) at EBRT, n (%)

Low 1 (2.2%)

Intermediate 17 (34.8%)

High 28 (60.9%)

Median radiation dose (Gy) 70

Median time lapse (range) between EBRT
and HIFU (months)

68.1 (18.2–171.2)

At salvage HIFU

Mean age (range) (years) 67.8 ± 5.0 (53–78)

Mean (median) PSA (ng/ml) 4.9 ± 2.8 (5.5)

Gleason score at EBRT, n (%)

6 12 (26.1)

7 7 (15.2)

7a 6 (13.0)

7b 6 (13.0)

8 6 (13.0)

9 2 (4.3)

10 1 (2.2)

Unknown 6 (13.0)

Mean prostate volume (range) before
HIFU (ml)

20 ± 5.1 (12–37)

HIFU = high-intensity focused ultrasound; EBRT = external beam
radiation therapy; EAU = European Association of Urology;
PSA = prostate-specific antigen.
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between two categorical variables was assessed by
Fisher’s exact test.
Failure was defined as initiated ADT or increasing

PSA value at last follow-up. The failure rate was strat-
ified according to the pretreatment European Associa-
tion of Urology (EAU) risk group classification [low-risk

localized prostate cancer (PCa): cT1–T2a and Gleason
score 2–6 and PSA < 10 ng/ml; intermediate-risk local-
ized PCa: cT2b–T2c or Gleason score = 7 or PSA
10–20 ng/ml; high-risk localized PCa: cT3a or Gleason
score 8–10 or PSA > 20 ng/ml) [8].
PSA doubling time (PSAdt) was calculated with at

least two measurements of PSA with a 3 month
interval, using log calculations at the website of the
Memorial Sloan Kettering Cancer Center (http://
www.mskcc.org/mskcc/html/).
Two-sided p values < 0.05 were considered signif-

icant. The analyses were performed in SPSS 17
(SPSS, Chicago, IL, USA) for Windows.

Results

The median follow-up period was 9 months (range
3–24 months). The median PSA nadir was 0.3 ng/ml
(range 0–24 ng/ml). Eight patients (17.4%) had
started ADT initiated by the referring institution at
the last evaluation owing to increasing PSA or

Table II. Operative factors and complications in 46 patients treated
with salvage HIFU following radiorecurrent prostate cancer.

Discharge time (days after HIFU) (range) 1 (1–2)

Follow-up (months) (range) 9 (3–24)

Dilatation for stricture, n (%) 2 (4.4)

Requiring intervention for stricture/necrotic
tissue, n (%)

2 (4.4)

UTI, n (%) 9 (19.6)

Fistulae, n (%)

Rectourethral fistulae 1 (2.2)

Urethrocutaneous fistulae 2 (4.4)

HIFU = high-intensity focused ultrasound; UTI = urinary tract
infection.

Table III. Self-assessment of urinary continence and erectile function before and after HIFU.

Before HIFU After HIFU p

Urinary continence, n (%) 0.001

No leakage 19 (41.3) 7 (15.2)

Occasional dribbling (grade I) 13 (28.2) 20 (43.4)

Frequent dribbling (grade II) 0 7 (15.2)

No urinary control whatsoever (grade III) 0 1 (2.1)

Missing 14 (30.4) 11 (23.9)

Total 46 46

Erectile function, n (%)

How would you describe the usual quality of your erections during the last 4 weeks? 0.001

None at all 3 (6.5) 20 (43.5)

Not firm enough for any sexual activity 14 (30.4) 7 (15.2)

Firm enough for masturbation and foreplay only 9 (19.6) 8 (17.4)

Sufficient for sexual intercourse 7 (15.2) 2 (4.3)

Missing 13 (28.3) 9 (19.6)

Total 46 46

How would you characterize your sexual function the last 4 weeks? 0.002

Very bad 10 (21.7) 26 (55.5)

Bad 15 (32.6) 6 (13.0)

Fair 4(8.7) 4 (8.7)

Good 4(8.7) 0

Very good 0 0

Missing 13(28.2) 10 (21.7)

Total 46 46

HIFU = high-intensity focused ultrasound.
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detection of metastasis. Themedian time for initiating
ADT after HIFUwas 7.5months (range 1–15months).
In addition, 10 patients (21.7%) had a rising PSA at
the last follow-up. Accordingly, the failure rate was
39.1%. Four patients (8.7%) had a post-HIFU PSA
nadir > 0.5 ng/ml.
There was no difference in failure rate between

high- and intermediate-risk groups (p = 0.351).
Twelve high- (42.9%) and five intermediate-risk

patients (31.3%) failed to reach a post-HIFU PSA
nadir < 0.5 ng/ml.
Median PSAdt was 10.3 months (range 1.7–179

months) in the high- and 15.7 months (range 1.9–
50.9 months) in the intermediate-risk group. PSAdt
was unknown in eight high- (28.6%) and four
intermediate-risk (23.5%) patients.
There was no difference in failure rate in patients

with pre-HIFU PSAdt < 12 months compared with
patients with PSAdt > 12 months (p = 0.721). Regard-
ing the relationship between post-HIFU PSA nadir
and pre-HIFU PSAdt stratified for high- and
intermediate-risk patients there was a tendency
towards higher PSAdt in patients with a PSA nadir
< 0.5 ng/ml in the intermediate-risk group (p = 0.072),
but not in the high-risk group (p = 0.691).
Complications and side-effects are shown in

Tables II and III. A detailed evaluation of the quality
of life data from the UCLA-PCI questionnaires,
which were offered to the patients before and after
HIFU, is currently being performed.

Discussion

This study reports on short-term results only after
salvage HIFU treatment. At 9 months’ median
follow-up the failure rate was 39.1%, defined as
increasing PSA value or initiated ADT at the last
follow-up. This compares well with other reports
[7], even though 28 (60.9%) of the patients were in
the high-risk group before radiation therapy. Murat
et al. [7] reported the progression-free survival
rate (PFSR) to be 53% and 42% in high- and
intermediate-risk patients.
The additional four patients who did not achieve a

PSA nadir < 0.5 ng/ml after treatment may also be in
danger of disease recurrence in the future. Seo et al.
[9] found that the PSA nadir level > 0.5 ng/ml was the
only significant predictor on multivariate analysis
associated with failure of salvage HIFU therapy. How-
ever, there is not yet a definition of successful salvage
HIFU treatment based on PSA nadir. After primary
HIFU, as is the case with primary cryotherapy, com-
plete ablation of the prostate may not be attained,
resulting in the release of measurable PSA from

untreated prostatic tissue [10,11]. Repeated PSA
measurement over time may therefore be the best
criterion for defining disease progression.
Correct staging of radiorecurrent prostate cancer

still represents a great problem. There is at present no
reliable diagnostic modality for the detection of
micrometastasis. Patients suitable for local salvage
therapy may therefore harbour micrometastasis at
the time of treatment. After radiotherapy the PSAdt
correlates with the site of recurrence. In a study by
Hancock et al. [12] patients with local recurrence had
a doubling time of 13 months compared with
3 months for those with distant failure. Heidenreich
et al. [13] found that PSAdt > 12 months was a
predictor of organ- and specimen-confined prostate
cancer after salvage prostatectomy (p < 0.002). In the
present series there was no statistical significant asso-
ciation between PSAdt before HIFU and failure,
probably owing to the small size of the cohort. How-
ever, in the intermediate-risk group there was a ten-
dency towards an association between PSAdt and
PSA nadir (p = 0.072). Further studies with a longer
follow-up time are necessary to reveal whether PSAdt
is a marker for better selection of patients.
Twelve (42.9%) high- and five (31.3%)

intermediate-risk patients failed to reach a PSA nadir
< 0.5 ng/ml after HIFU. Recurrence after all salvage
therapies seems to be higher for patients who are high
risk before radiotherapy than for intermediate- and
low-risk patients [13,14]. This is probably due to a
higher risk of disseminated tumour cells at the time
of primary radiotherapy [15]. Undiagnosed metasta-
sis before HIFU is certainly part of the explanation
for the poor results observed in the high-risk popu-
lation [7].
HIFU caused a significant deterioration in voiding

and erectile function (Table III). The rate of incon-
tinence may be reduced in some patients by not
treating the apex of the prostate in cases proven cancer
negative by biopsies from this region. Erectile func-
tion was considerably reduced before salvage HIFU,
probably owing to advanced age and previous
radiotherapy.
Since the introduction of new treatment parameters

in 2002 [7], urethrorectal fistulae are rare after salvage
HIFU. In the patient who developed a rectourethral
fistula in the present study, MRI imaging 4 months
after HIFU confirmed the fistula to be healed by
prolonged bladder catheterization. It is also highly
probable that the urethrocutaneous fistula formation
to the symphysis pubis and groin is related to the
HIFU procedure, although the authors are not aware
of these complications being reported in previous
publications. Both of these complications occurred at
referral institutions in patients with concomitant

4 V. Berge et al.
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urinary infection and it is hypothesized that they have
were precipitated by catheterization of the urethra with
a very vulnerablemucosa afterHIFU, causing an infec-
tious fistula. The rare problem of urethrocutaneous
fistula formation may favour bladder drainage with
suprapubic catheter during the postoperative period.
In conclusion, early results of salvage HIFU in

patients with local recurrence of prostate cancer after
radical EBRT indicate the procedure to be a reason-
able treatment option, but better patient selection
criteria are still requires. However, the side-effects
are not negligible.
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Abstract 
Prostate cancer is diagnosed 10 years earlier and men 
live almost 4 years longer than 30 years ago. This means 
that the therapeutic necessity is more than double the 
time than it was then. None of the classical therapies is 
effective enough to cover this time frame as a 
monotherapy without a significant risk of aggressive 
recurrence during these years 
 These changing trends in age and extent of malignancy 
at diagnosis have revealed limitations in conventional 
curative therapies for prostate cancer, including a 
significant risk of cancer recurrence, and the risk of long-
term genitourinary morbidity and its detrimental impact 
on patient quality of life (QOL). Greater awareness of 
the limitations in radical prostatectomy, external 
radiotherapy and brachytherapy have prompted the 
search for alternative curative therapies that offer 
comparable rates of cancer control and less treatment-
related morbidity to better preserve QOL. High intensity 
focused ultrasound (HIFU) possesses characteristics that 
make it an attractive curative therapy option. HIFU is a 
non-invasive approach that uses precisely delivered 
ultrasound energy to achieve prostate tissue necrosis 
without radiation or surgical excision. In current 
urological oncology, HIFU is used clinically in the 
treatment of prostate cancer, and is under experimental 
investigation for therapeutic use in multiple 
malignancies. Clinical research on HIFU therapy for 
localized prostate cancer began in the 1990s, and there 
have now been approximately 40,000 prostate cancer 
patients treated with HIFU. Neoadjuvant transurethral 
resection of the prostate (TURP) has been combined with 
HIFU since 2000 to reduce prostate size, facilitate tissue 
destruction, and to minimize side effects. Advances in 
imaging technologies are expected to further improve the 
already superior efficacy and morbidity outcomes, and 
ongoing investigation of HIFU as a focal therapy in 
salvage and palliative indications are serving to expand 
the role of HIFU as a highly versatile non-invasive 
therapy for prostate cancer. 
Keywords 
HIFU: High Intensity focused Ultrasound non-invasive 
PCa Therapy focal therapy castration resistant PCa 
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Introduction 
Although knowledge that tissue 
destruction can be achieved with high-
intensity focused ultrasound (HIFU) has 
been around since the 1930s, efforts to 
clinically implement this technology 
were delayed due to the absence of 
imaging technology to monitor the 
procedure [1]. Basic research in the 
urological application of HIFU began in 
the 1980s, when computer technology 
became sufficient to facilitate the control 
and management of this fascinating 
radiation free energy source. The first 
clinical prototypes for use in urology 
emerged during this period. 
 
Clinical trials of HIFU began in the early 
1990s in Europe, Japan, and the USA, 
with initial evaluation as a therapy for 
benign prostatic hyperplasia. HIFU 
demonstrated safety and efficacy 
through the precise destruction of local 
tissue.  Also observed was the induction 
of a significant shrinkage process within 
the treated organ and resultant therapy-
related side effects. Thus, HIFU was 
found to possess the effective attribute 
needed for cancer treatment of tissue 
destruction, but it was not effective in 
infravesical de-obstruction, where 
obstruction was increased from 
shrinkage and necrotic tissue. Early 
clinical trials of HIFU therapy for 
prostate cancer during the mid-late 
1990s found a relationship between the 
coagulated prostate volume and 
obstruction, and analysis of prospective 

studies also found a high rate of urinary 
tract infections in this necrotic tissue. As 
the result of the association between 
HIFU and obstruction, and consistent 
with the whole-gland concept of therapy, 
HIFU has been routinely combined with 
a neoadjuvant TURP since 2000 [2,3] to 
debulk the tumor mass and radically 
resect the middle lobes, calcifications, 
abscesses, and bladder neck [4].  
 
HIFU therapy has been extended to 
different surgical indications such as use 
as an extracorporeal method that allows 
non-invasive coagulative destruction 
without an open surgical procedure.  The 
validation and international acceptance 
of transrectal HIFU treatment of prostate 
cancer has been increasing as the result 
of the growing clinical experience and 
published research on HIFU. 15-year 
efficacy results are available [5,6].  
 

 
Material and Method 
 
The first use of HIFU in local tissue 
destruction was reported in 1944 by 
Lynn and Putman [7]. The use of high-
energy parabolic-focused ultrasound 
results in the mechanical alteration and 
changes in the biological structure of 
targeted volumes [1].  During the 
application of focused ultrasound, two 
different physical mechanisms account 
for its treatment effect: thermal and 
mechanical. 
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Figure 1: physical principle of focused energy application 

 
 
The ultrasound energy produced by 
HIFU is absorbed by the targeted tissue 
and converted into heat. The extent of 
temperature increase in the tissue 
depends on the absorption coefficient of 
the tissue, and the size, shape and 
temperature sensitivity of the heated area 
[1].  Biological changes caused by the 
heating depend on the temperature level 
and duration of exposure. A "thermal 
dose", which exceeds a certain threshold, 
causes tissue coagulation and leads to 
irreversible tissue damage through 
coagulative necrosis [8]. The focused 
ultrasound waves of HIFU are capable of 
inducing sharp increases in temperature 
(around 70 °C to 100 °C) within a few 
seconds. During the clinical use of 
HIFU, the tissue-sensitive adjacent 
structures such as the rectum, external 
sphincter, and the neurovascular bundles 

are spared from destruction due to the 
steep temperature gradient between focal 
tissue and surrounding region [8,9]. 
 
The mechanical effects of HIFU are 
induced by the impact of oscillating 
pressure of the ultrasound wave on the 
targeted tissue [1].  The pressure causes 
bubbles to form inside the targeted cells 
which increase in size to the point at 
which resonance is achieved. High 
pressure of 20,000–30,000 bars develops 
when these bubbles suddenly collapse, 
causing damage to nearby cells and the 
formation of a cavitation effect within 
the tissue which damages cell 
membranes [10]. The primary single 
lesions are small (1.7x 19–26 mm) and 
produce reproducible volumes of sharply 
demarcated ablation [9]. The small 
volume of tissue destroyed by a single  
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shot of ultrasound is termed 
“elementary” or “primary” lesion. To 
create larger lesions, several elementary 
lesions are made side by side, by adding 
multiple lesion targets to the algorithm 

and either mechanically moving the 
transducer or by electronically 
positioning the focal point if a phased 
array is available [8,11-15].  

 
Figure 2: 

a)  multiple lesion application mode and  
b)  volume coagulation (transducer movement algorithm) 

 

 
Experimental evaluation and clinical 
parameters 
 In vitro, in vivo, and computer 
simulation studies were conducted to 
identify and refine the ultrasound 
parameters required for the clinical 
treatment of prostatic disease. The 
destruction of tumors with HIFU in these 
studies provided the evidence that 
cancerous tissues can be destroyed by 
HIFU without inducing metastases [16], 

and that prostatic tissue can effectively 
be targeted through transrectal delivery 
of HIFU [17,18]. 
High-intensity focused energy can be 
delivered as a pulsed or a continuous 
beam [19]. The latter process includes 
solar waves, microwaves and radar 
technology, whereas pulsed HIFU is 
applied as medical HIFU and 
extracorporeal shockwave lithotripsy. 
The high-frequency vibration (0.5–10 
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MHz) of a piezoelectric or piezoceramic 
transducer generates ultrasound waves, 
which are collected into a focal point by 
a concave or parabolic arrangement [10].  
 
Essential parameters for the medical use 
of HIFU include the ultrasound 
frequency (MHz), the acoustic intensity 
(Watts), the duration of application 
(shot-time), the intervals of the pulses 
(delay-time), the lateral and vertical 
distance between elementary lesions, the 
longitudinal displacement of the energy 
source when applying multiple lesions, 
and the penetration depth (focal point) 
dependent on the applicator design [1].  
 
These multiple technical parameters are 
essential in the assembly of a HIFU 
system with a dedicated application for 
specific tissue. Complex technical 
decisions are involved in HIFU 
operation, and include the selection and 
design of the piezoelectric energy 
applicator, the parameters of ultrasound 
treatment (MHz, Watts), the application 
algorithm (impulse-delay relation), the 
imaging system, the intraoperative target 
and safety features, target localization 

during treatment with TRUS or MRI, 
and controls [1].  
 
The ultrasonic energy transducer is 
characterized mainly by its operating 
frequency, and geometric and physical 
dimensions. Piezoelectric systems can be 
operated with sufficient energy density, 
reproducibility and long-term stability in 
accordance with the requirements of the 
therapy, which allow the production of 
geometric shapes for adaptation to 
changing anatomical needs [13].  
Current standard urological applications 
use HIFU transducers with a fixed but 
adjustable focal point to be moved 
mechanically to treat a larger tissue 
volume [14,15]. 
 
Commercially available treatment 
technologies  
There are two devices which differ in 
numerous dimensions.[Table 1] HIFU 
with Ablatherm® constitutes the 
majority of research involving prostate 
cancer therapy with HIFU.[20] Studies 
involving the Ablatherm® device are the 
major focus of this review.  
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     Table 1: Technical Data of the Available HIFU Devices 

 
 
Ablatherm®  
The Ablatherm® machine consists of a 
treatment module that includes the 
patient’s bed, the probe positioning 
system, the ultrasound power generator, 
the cooling system for preservation of 
the rectal wall, and the ultrasound 
scanner used during the treatment 
localization phase. There is also a 
treatment and imaging endorectal probe 
that incorporates both an imaging probe 
working at 7.5 MHz and a treatment 
transducer focused at a maximum of 45 
mm working at 3 MHz [21].  Numerous 
safety features have been incorporated, 

starting with a safety ring that stabilizes 
the rectal wall mechanically during 
transducer movements. Consecutively a 
permanent control of the distance 
between the therapy transducer and the 
rectal wall, and a patient motion detector 
that stops treatment if the patient moves 
during the firing sequence have been 
integrated [21]. 
 
The treatment parameters are selected to 
optimize the size of the lesion while 
leaving the rectal wall and surrounding 
tissues intact.  
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Figure 3: Intraoperative, 3 dimensional, real time, transrectal ultrasound for visual 
treatment planning and control on control screen 

 
 

 
 
 
The size of the elementary lesion is 
between 19 and 26 mm in length and 1.7 
mm in diameter.  Because the shape of 
the lesion depends on gland perfusion, 
treatment parameters are different 
according to the patient’s status: 5 s 
treatment pulse and 5 s shot interval for 

the first HIFU session in primary-care 
treatment; 4.5 s treatment pulse and 5 s 
shot interval for the second session in 
primary care; and 4 s treatment pulse 
and 7 s shot interval for local relapse 
after external-beam radiation therapy 
[21]. 
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Figure 4a: Focal point adjustment, penetration depth (19-26 mm) 

 
 
HIFU is delivered as a single-session 
therapy applying 100 of consecutive 
lesions under spinal or ITN anesthesia 
for a duration of 1 to 2 hours.  The 
treatment is conducted with the patient 
in the lateral position. The endorectal 
probe containing a curved piezoelectric 
crystal and a transrectal ultrasound 
(TRUS) scanner is placed in a latex 
balloon filled with cooling fluid and 
introduced into the rectum. This probe 
collects emitted ultrasound beams at a 
focal point. Following definition of the 
target volume boundaries by the 
operator, treatment is performed from 
the apex to the base of the prostate 
Usually 4 to 6 successive target volumes 
are defined in order to treat the entire 
prostate. During the HIFU session, a 
Foley-type urinary catheter or a 
suprapubic tube is positioned [21]. 

Sonablate® 
Unlike the Ablatherm® machine, the 
Sonablate® system has no dedicated 
bed. Several treatment probes are 
available, and are selected by the 
operator according to the size and 
intrapostatic position of the elementary 
lesion: 10 mm in length and 2 mm in 
diameter for a single beam performing 
with 25 mm or 45 mm focal-length 
probes; and 10 mm in length and 3 mm 
in diameter for a split beam performing 
with 30, 35 or 40 mm focal-length 
probes [20,22]. Treatment parameters 
vary depending on operator`s choice. 
 
Treatment is performed with the patient 
in a lithotomy position under general 
anesthesia. The probe is chosen 
depending on prostate size, with larger 
glands requiring longer focal lengths. 
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The treatment is usually made in three 
consecutive layers, starting from the 
anterior part of the prostate and 

progressively moving to the posterior 
part, with at least one probe switch 
during the procedure [22]. 

Figure 4b: Focal point adjustment, latero-longitudinal (1.7 mm steps)  

 

 
 
 
Tissue effects 
The clinical potential of HIFU in the 
treatment of prostate cancer was 
established in a clinical trial where 
patients received HIFU 1 to 2 weeks 
before receiving radical prostatectomy, 
followed by histologic examination of 
the removed prostate.  HIFU was 
delivered to regions of the prostate 
where biopsies had revealed cancer, and 
histologic examination found a sharp 
demarcation between HIFU-treated and 
untreated areas, with complete necrosis 
in all specimens [23]. Fat-saturated 
gadolinium-enhanced MRI has 

demonstrated the extent of the tissue 
damage induced by HIFU. Treated areas 
appear as a non-enhancing hypointense 
zone surrounded by a peripheral rim of 
enhancement 3 to 5 mm thick. These 
abnormalities correspond to a nucleus of 
coagulation necrosis surrounded by a 
peripheral zone of inflammation. 
Treatment-induced abnormalities visible 
with MRI usually disappear in 3–5 
months in a centripetal manner, and 
HIFU-induced tissue contraction results 
after about 6 months in small prostates 
of approximately 5- 10 cc [24]. 
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Imaging  
MRI is considered the gold-standard 
technique used for assessing the efficacy 
of HIFU treatment. The extent of 
necrosis can be clearly visualized on 
gadolinium-enhanced T1-weighted 
images, as hyposignal zones [25]. MRI 
has also been used to guide HIFU 
treatments [25,26], as it is possible to 
monitor the temperature changes within 
tissues with MRI during HIFU [25]. 
Magnetic resonance elastography has 
also been proposed as a method for 
assessing the effects of thermal tissue 
ablation by measuring the mechanical 
properties of the lesion [26]. It remains 
unclear whether elastographic changes 
are correlated with long-term tissue 
destruction and whether they reflect 
complete tissue coagulation at a cellular 
level [27]. HIFU-induced lesions are 
visible using standard ultrasound as 
hyperdense regions; however, the real 
extent of primary lesion destruction 
cannot be defined precisely because of 
variations across patients in interfering 
effects such as HIFU reflection 
(prostatic capsule, calcifications, 
catheters); absorption (untreated or 
pretreated tissue); and cooling (blood 
vessels, intraprostatic TURP cavity 
liquid) [28].  Techniques to improve 
characterization based on ultrasound, 
contrast-enhanced Doppler [29], and 
measurement of the acoustic behavior of 
tissues have been proposed to more 
accurately determine the extent of 
HIFU-induced lesions [30]. During 20 
years of clinical experience with HIFU 
treatment of prostate cancer, transrectal 
ultrasound has been shown to be a safe 
reproducible technique even without 
"real time" temperature measurement 
However, a “real time” technology that 
compensates for the limitations in tissue 
visualization mentioned above would be 

an advantage that would help to optimize 
tissue ablation efficacy by minimizing 
the targeted volume [1]. 
 
Indications  
The most widespread use of HIFU, and 
initially the only indication for its use, 
has been in patients with localized 
prostate cancer (T1–2N0M0; Gleason 
sum ≤ 6) who are not  candidates for 
surgery because of age, general health 
status, a prohibiting comorbidity or a 
preference not to undergo a radical 
prostatectomy [1]. However, with the 
accumulation of clinical experience and 
expansion of research protocols these 
indications have broadened to include 
partial therapy in unilateral low-volume, 
low-GS tumors (T1–2aNx/0M0; PSA ≤ 
20 ng/ml); salvage therapy in recurrent 
prostate cancer following radical 
prostatectomy, radiation therapy or 
hormone ablation (all TNx/0M0; all 
GS/PSA) [31]; advanced prostate cancer 
as an additional neoadjuvant debulking 
process (T3–4Nx/0M0; all GS/PSA); 
and in castration resistant prostate cancer 
(CRPCa) [32].HIFU is used in 
intermediate- and high-risk patients. 
Most studies have used HIFU with 
inclusion of these patient groups with 
reasonable outcomes [33,34], but as with 
the other curative therapies, high-risk 
patients have a lower longterm success 
rate than low-risk patients. Remaining 
contraindications common to both HIFU 
devices include a missing or small 
rectum, and a damaged rectal wall from 
previous prostatic or rectal therapies [1]. 
 
The diagnosis of prostate cancer is based 
on the histopathological examination of 
biopsies in cases of suspicious PSA 
findings, digital rectal examination, 
magnetic resonance imaging, transrectal 
ultrasound (TRUS), or unexpected 
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findings in resected tissue after open 
adenomectomy, holmium ablation, or 
transurethral resection [35]. 
 
 
 

TURP and HIFU 
The use of TURP with HIFU became 
routine practice in 2000 as a means to 
reduce post-HIFU urethral sloughing and 
obstruction, and offers several other 
advantages over HIFU alone. 

 

   Figure 5 

 
 
 
The combined procedure of TURP prior 
to HIFU in patients with localized 
prostate cancer allows the instant 
removal of any reflecting or deviating 
calcifications of the transitional zone 
that would prevent HIFU treatment, as 
well as abscesses, intravesical middle 
lobes and large (> 40 ml) adenomas [1]. 
The generation of a cavity and its 
subsequent compression by the rectal 
balloon increases the accessibility of the 
HIFU waves to the remaining gland, 

fixes the residual prostate behind the 
symphysis, avoids movement artefacts, 
and allows the complete treatment of the 
peripheral zone in a single HIFU 
session. The penetration depth of the 
HIFU device is 19 - 24 mm, and 
therefore, without a TURP, a larger 
gland size (> 30 ml) cannot be treated 
completely. TURP decreases the size of 
each prostate gland to approximately 25 
ml to eliminate size restriction with 
HIFU [2,36]. 
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Results   
 
Localized disease 
Similar to efficacy studies with external 
beam radiotherapy, brachytherapy, and 
cryoablation, biochemical markers and 
biopsy findings have been used as 
indicators of long-term cancer control 
with HIFU. To date there is no universal 
consensus on the definition of 
biochemical failure in patients treated 
with HIFU [1]. With ongoing 
refinements in execution and outcome 
measurement, the efficacy of HIFU in 
locally confined prostate cancer is now 
comparable to those of radiotherapy and 
radical prostatectomy, which according 
to the CaPSURE database are 
characterized by failure rates of 63% at a 
mean of 38 months post treatment and 
30% at a mean of 34 months post 
treatment, respectively [37].  
 
Early efficacy studies of HIFU defined 
complete response as a negative control 
biopsy and a PSA nadir < 4.0 ng/ml. 
[38,39]. Stricter criteria for treatment 
failure were applied by Gelet et al., with 
failure defined as any positive biopsy or 
three successive elevations in PSA with 
a velocity of 0.75 ng/ml/year or greater 
[40]. The French Urological Association 
guidelines in 2005 stated that biopsy was 
required if there were three successive 
elevations in PSA level over a 3-month 
period but not if the PSA nadir was less 
than 1.0 ng/ml [41]. The American 
Society for Therapeutic Radiology and 
Oncology (ASTRO) definition of 
disease-free status based on biochemical 
outcome has been applied to HIFU. PSA 
failure was also defined as three 
consecutive PSA rises after a nadir, with 

the date of failure being the halfway 
point between the nadir date and the first 
rise or any rise great enough to provoke 
initiation of salvage therapy [34]. This 
definition was subsequently modified to 
the Phoenix definition of failure as the 
time at which PSA> nadir + 2.0 ng/ml 
was reached. A number of HIFU studies 
have now applied the ASTRO or 
Phoenix definitions. 
[Table 2] provides a summary of HIFU 
efficacy in localized prostate cancer. 
HIFU efficacy has also been reported in 
terms of a negative biopsy rate, which is 
likely to provide the best proof of 
definitive efficacy despite the associated 
sampling error. The lowest negative 
biopsy rate was reported by Gelet et al. 
in 2001 [42], which included patients 
treated with prototype devices. The only 
other series reporting a negative biopsy 
rate less than 80% was by Ficarra et al. 
[33], who included patients with high-
risk prostate cancer [6]. In more recent 
series, negative biopsy rates have ranged 
from 93–96% [5,43]. Re-treatment rates 
have also been reported in the literature 
but their interpretation is confounded by 
the former practice of using two 
treatment sessions with only one 
prostatic lobe treated in each session. 
This approach was common in the 
studies of Gelet et al. [42] and 
Poissonnier et al. [6,44]. The only series 
that did not use this approach was the 
series involving high-risk patients 
reported by Ficarra et al. [33]. 
Unfortunately, the proportion of patients 
treated intentionally with two sessions 
versus those re-treated due to clinical 
failure was not reported in these studies. 
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Blana et al. reported HIFU treatment 
outcomes by utilizing a large 
international patient series from the @-
Registry [45]. Patients in the @-Registry 
were stratified according to D’Amico’s 
2003 risk group definitions [46] and 
Kaplan–Meier analysis was performed to 
determine biochemical survival, with 
failure defined by the Phoenix definition 
(PSA nadir +2 ng/mL). The overall 5-
year biochemical survival rate was 85%. 
 
In a series of 120 patients with localized 
prostate cancer and PSA values of 
<10ng/ml, cancer-free survival rates 
were examined [6].  The calculated 
cancer-free 5-year survival rate for the 
overall patient population was 76.9%, 
85.4% in highly differentiated tumors 

(Gleason score 2-6), and 61.3% in 
poorly-differentiated tumors (Gleason 
score 7–10).  There were no significant 
differences in survival rates based on 
prostate volume or the number of 
positive biopsies. Also, PSA nadir 
displayed predictive relevance, with 
actuarial 5-year survival rates of 86% in 
patients with a nadir PSA <0.5 ng/ml.  
 
A European multicenter study reported 
the short-term results of 402 patients 
with localized prostate cancer (T1-2/N0-
x/M0) treated between 1995 and 1999 
[48]. At 1-year follow-up, 87.2% of 
control biopsies were negative. When 
stratified by prognostic risk, the negative 
biopsy rate was 92.1% in low risk 
(Gleason < 7) patients, 86.4% in 
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medium risk (Gleason 7) patients, and 
82.1% in high risk (Gleason > 7) 
patients. PSA nadir occurred 3 to 4 
months after HIFU treatment, and was 
significantly influenced by the prostate 
volume in relation to the extent of 
completeness of the HIFU treatment.  
 
Blana et al. [5] reported the results of 
140 patients with baseline PSA ≤ 15 
ng/ml and Gleason score ≤ 7.  TRUS 
biopsies 6 months following HIFU 
treatment were negative in 93.4% of 
patients.  The mean PSA nadir was 0.07 
ng/ml, with PSA values remaining stable 
at a mean of 0.16 ng/ml during the 22 
month mean observation period. The 
rates of freedom from biochemical 
relapse at 5- and 7-year follow-ups were 
77% and 69%, respectively, which are 
comparable to those reported in large 

studies of standard curative therapies for 
localized prostate cancer [49-51]. 
 
A study with the longest patient follow-
up was published in 2010 by Crouzet et 
al. [52]. The authors reported the results 
of a multicenter trial consisting of 803 
patients followed for a mean of 42 ±33 
months. Based on the Phoenix 
definition, 5- and 7-year biochemical 
survival was achieved by 83% and 75% 
of low-risk patients, respectively, and by 
72% and 63% of intermediate-risk 
patients, respectively. Negative biopsy 
rates for low- and intermediate-risk 
patients were 84.9% and 73.5%, 
respectively. Also observed was an 8-
year overall, metastasis-free, and cancer-
specific survival of 89%, 97%, and 99% 
respectively. Further longterm results 
after HIFU treatment are given in table 
3. 
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Table 3 

 
 
Sonablate HIFU for PCa primary 
therapy 
Authors retrieved seven case series 
assessing Sonablate HIFU as a primary 
therapy option in prostate cancer (Table 
3) that were carried out by three study 
groups in the United Kingdom, Italy, and 
Japan [53 - 59]. Between 63 and 517 
patients were treated with Sonablate 
HIFU who were recruited consecutively 
in four case series [54,56 - 58]. Both 
localized (T1–T2, N0, M0) as well as 
locally advanced (T3, N0, M0) prostate 
cancers were treated using the Sonablate 
device. Median patient age, reported in 
all but one study, was between 68 and 72 
years [60–64]. 
 
Gleason score was 7 in most patients, 
and median preoperative prostate 

volume was 22–33 mL; between 29% 
and 66% of men received neoadjuvant 
ADT. TURP was either not carried out 
or no information was provided. Patients 
received one to four HIFU treatments, 
but most (79–86%) were treated only 
once. A median follow-up was between 
14 and 34 months; mean follow-up of 12 
months was reported in one study [53]. 
The biochemical disease-free survival 
rate was given in six case series and 
varied between 78% and 84% at 1 year, 
0–91% at 2 years, 20–86% at 3 years, 
and 45–84% at 5 years. The negative 
biopsy rate was assessed in five studies 
[54-58], but the time of biopsy was only 
presented in three of them [54-56]. The 
negative biopsy rate was 19–89% at 6 
months and 77%–84% at 12 months. 
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Incidental disease in PBH 
Histological examination reveals 
prostate cancer in up to 8% of the 
patients who undergo 
adenomectomy/holmium-laser 
enucleation or transurethral resection of 
the prostate (TURP) because of 
symptomatic benign prostatic 
hyperplasia. Consequently, some of 
these patients want a therapeutic 
approach for their prostate cancer [35]. 
 
Results have been reported on 65 
patients treated with HIFU for incidental 
prostate cancer. Patients were 70 years 
in average, with a median initial PSA of 
4.9 ng/mL and a prostate volume of 39 
mL, of which an average of 20 g (1–95 
g) had been resected. Histology showed 
5% (5% to 50%) positive chips and an 
average Gleason scale of 5 (3–9). 
Patients were treated with single-session 
full-gland transrectal HIFU. At follow-
up, a median PSA nadir of 0.07 ng/mL 
was achieved at 1.8 months, including 
62% with PSA < 0.1 ng/mL and 81% 
with PSA < 0.5 ng/mL. A median PSA 
of 0.13 ng/mL, equivalent to a median 
PSA velocity of 0.01 ng/mL/y, was 
found after a median follow-up of 48 
months 
 
The PSA nadir of 0.07 ng/mL and the 
PSA velocity of 0.01 ng/mL/y indicated 
that HIFU can be used as a curative 

therapy in patients with incidental 
prostate cancer.  
 
Morbidity 
The most common side effects of 
primary HIFU therapy include prolonged 
voiding dysfunction and retention caused 
by edema, necrosis or bladder outlet 
obstruction, as well as erectile 
dysfunction. Among patients receiving 
HIFU as primary therapy, Grade I stress 
incontinence occurs in 4–6% of patients, 
Grade II in 0-2%, and secondary 
infravesical obstruction in 5–10%. 
Severe incontinence (Grade III) and 
urethra-rectal fistulae are rare (<1%). 
Urinary tract infections are common (2–
48%) but the incidence has greatly 
decreased with the introduction of 
TURP. Erectile dysfunction occurs at 
rates of 32–61%. Preservation of erectile 
function is directly dependent on the 
position of the primary lesion in relation 
to the neurovascular bundle. An 
approach to greater preserve potency 
involves leaving a 5-mm lateral margin 
on the contralateral side in men with 
positive biopsy results confined to one 
side of the prostate. Although sparing 
the contralateral side for neurovascular 
preservation can improve potency. This 
approach also results in a higher rate of 
re-treatment [4,44, 60-62]. Morbidity 
with HIFU is summarized in table 4. 
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To reduce the time of urinary diversion 
and postoperative morbidity (sludging, 
obstruction, infection), studies were 
undertaken to observe the effects of 
combining HIFU with TURP. In 30 
patients with localized prostate cancer a 
one-stage (in the same anesthesia) 
combination therapy with TURP and 
HIFU was performed. At 6-month 
follow-up, the mean PIPSS (Post-
treatment International Prostate 
Symptom Score) was 6.7 compared with 
a pre-treatment score of 7.5 [36]. In a 
study combining TURP and HIFU 96 
patients were treated with HIFU 
monotherapy and 175 with combination 
therapy.  The monotherapy group 

required a suprapubic catheter for 40 
days compared to 7 days in the 
combination group [2].  
 
Chaussy and Thuroff compared the 
outcomes of a series of 175 patients 
treated with HIFU combined with TURP 
with those of 96 patients previously 
treated with HIFU alone [2]. No 
significant differences were found 
between the two treatment groups in 
PSA nadir or positive biopsy rate, 
consistent with subsequent studies 
finding comparable efficacy between 
HIFU plus TURP and HIFU alone 
[36,43,44].  However, the lower re-
treatment rate in the HIFU/TURP group 
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at 4% compared with 25% in the HIFU 
alone group suggests a benefit of TURP 
prior to HIFU through the removal of 
calcifications of the transitional zone 
that would prevent optimal HIFU 
treatment. Also found was that the rate 
of urinary tract infections was 
significantly reduced in patients 
undergoing the combined TURP/HIFU 
procedure compared with HIFU alone 
(11.4% vs. 47.9%, p ≤ 0.001).[Table 4] 
 
Prediction of HIFU treatment 
outcome  
The prediction of treatment outcome in 
patients receiving radical prostatectomy 
is based on the pathological features of 
the removed prostate gland such as 
tumor classification, nodal and margin 
status, and prostatectomy Gleason score. 
The absence of histological specimens 
following HIFU necessitates the use of 
surrogate parameters for treatment 
outcome. The pretreatment 
characteristics of disease stage, PSA 
level and GS at biopsy have been used 
prognostically in HIFU-treated patients. 
The results of a series published in 2001 
involved 102 patients with T1–T2 
disease. At a mean follow-up of 19 
months, overall disease-free survival 
was 66% [42]. Differences in treatment 
outcome were observed between initial 
PSA < 10 ng/ml (73% vs. 50%; p = 
0.02); Gleason score < 6 (81% vs. 46%; 
p < 0.001); and pretreatment sextant 
biopsy revealing one to four positive 
samples (68% vs. 40%; p = 0.01). 
Poissonier et al. studied the outcomes of 
227 patients, and reported an actuarial 5-
year DFSR of 66% [44]. DFSR varied 
when patients were stratified according 
to pre-treatment PSA level: The DFSR 
was 90% with PSA < 4 ng/ml versus 
57% and 61% with pretreatment PSA of 

4.1–10 ng/ml and 10.1–15 ng/ml, 
respectively. 
Prostate-specific antigen nadir has been 
evaluated as a predictor of clinical 
failure following HIFU  In a 6-month 
study involving 115 patients, failure 
rates following HIFU were 11% (four 
out of 36) in patients with a PSA nadir 
of 0.0–0.2 ng/ml, compared with 46% 
(17 out of 37) in patients with a PSA 
nadir of 0.21–1 ng/ml, and 48% (20 out 
of 42) in patients with a PSA nadir > 1.0 
ng/ml. In addition, PSA nadir was 
strongly associated with both 
preoperative PSA level and residual 
prostate volume. The predictive utility of 
PSA nadir in patients with longer 
follow-up was reported by Ganzer et al. 
[47]. Post-HIFU PSA nadir was shown 
to be significantly associated with 
treatment failure and DFSR; failure rates 
during follow-up were 4.5%, 30.4% and 
100% for patients with PSA nadirs of 
≤0.2 ng/ml, 0.21 to 1 ng/ml, and ≥1 
ng/ml, respectively (p ≤ 0.001). The 
actuarial DFSRs at 5 years were 95%, 
55% and 0%, respectively, for the three 
PSA nadir groups (p ≤ 0.001). These 
findings suggest that HIFU outcome is 
improved if a PSA nadir of less than 0.2 
ng/ml is achieved. 
 
Extended Indications      
In contrast to most published trials of 
HIFU therapy that report the outcomes 
in patients with Stage T1-T2 disease or 
radiation failure, the results of a trial that 
enrolled 113 patients with Stage T3-T4 
disease followed for a median of 4.6 
years was presented [64]. The median 
PSA velocity of this cohort was 0.19 
ng/mL/y and the cancer-specific survival 
was 96.4%. Another study reported the 
outcomes of 55 men with PSA 
progression and local biopsy-proven 
tumor recurrence during definitive 
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hormonal ablation therapy who received 
HIFU for hormonal resistant prostate 
cancer [65]. With a mean follow-up of 
21 months, the prostate cancer-specific 
survival was 87.3%. The results of both 
studies are impressive and encouraging 
because this group of patients has a very 
poor prognosis and a short median 
survival. 
 
Preliminary results of palliative 
treatment with HIFU in patients with 
advanced prostate cancer showed 
promising findings based on reductions 
in local morbidity such as rectal 
compression, infravesical obstruction, 
hydronephrosis, hematuria, and pelvic 
pain-syndromes. Unpublished data from 
several large patient groups (n > 70) 
with Stage T3 and CRPCa with follow-
up of 10 years have shown a post-HIFU 
PSA velocity of 0.19 ng/ml/ year in T3 
disease without additional hormone 
ablation. Local tumor ablation with 
HIFU has also resulted in a PSA 
reduction of 80% in CRPCa cases. There 
was also evidence of a synergistic effect 
with hormone ablative therapies that was 
reflected in the delay of onset of 
hormone resistance [66,10].  
 
 
Salvage therapy 
HIFU can be used as salvage therapy for 
locally recurrent disease following 
almost every curative prostate cancer 
modality, including external radiation, 
low–dose rate and high–dose rate 
brachytherapy cryoablation, primary 
HIFU, biochemically progressing PSA, 
and after combined pretreatment 
including radical prostatectomy. One of 
the factors accounting for the 
attractiveness of salvage HIFU is related 
to the very limited treatment options for 
men with recurrent disease following 

curative therapy. According to 
CaPSURE data [37], 63% of the patients 
treated with XRT experience disease 
recurrence. Androgen deprivation 
therapy was used as salvage therapy in 
93.5% of cases, and definitive local 
therapy in only 3.9% (salvage radical 
prostatectomy 0.9%, and cryoablation 
3.0%).  The appeal of salvage radical 
prostatectomy and cryoablation 
following local radiation failure is more 
theoretical in nature; in practice, their 
use represents a complex procedure 
associated with very high morbidity 
rates and procedural costs [9]. 
 
Radiotherapy failure 
Murat et al. [67] reported the outcomes 
of 167 men who underwent salvage 
HIFU for locally radiorecurrent prostate 
cancer. The results indicate a 73% 
negative biopsy rate and a 5-year overall 
survival rate of 84%. Biochemical 
disease–free survival rates were not 
reported. No rectal complications were 
observed, but the urinary incontinence 
rate was 49.5%, similar to rates reported 
in salvage radical prostatectomy series. 
Berge et al. [68] reported the early 
results of a prospective study of salvage 
HIFU, and observed a biochemical 
failure rate of 39.1%. Significantly, the 
urinary incontinence rate was much 
lower in their cohort than in the Murat et 
al. study population, with 17.3% 
developing either grade II or grade III 
incontinence. One patient developed a 
rectourethral fistula. 
 
Gelet et al. also reported the results of 
salvage HIFU in locally recurrent 
prostate cancer after external-beam 
radiotherapy [31]. Among the 71 
patients, the mean time of recurrence 
after external beam radiotherapy was 
38.5 months (range 6–120) and the mean 
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PSA prior to HIFU was 7.7 ng/ml (range 
0.5–54 ng/ml). With a mean follow-up 
of 14.8 months (range 6–86), 80% of 
patients produced negative biopsies, 
corresponding to a 30-month actuarial 
negative biopsy rate of 73%. The 
actuarial disease-free rate, based on 
biopsy and PSA response, was 38% at 
30 months.  
 
Salvage HIFU represents a viable 
treatment option for men experiencing 
recurrence after radiation therapy. 
Although the tissue alteration from 
radiation therapy results in a higher 
postoperative morbidity rate than is seen 
in primary HIFU therapy alone [9], this 
does not alter the favorable risk-benefit 
ratio with the use of salvage HIFU 
treatment relative to the other available 
options [67]. 
 
Limited experience exists with salvage 
HIFU following brachytherapy, but it 
appears that this approach is not 
associated with a significant increase in 
complications compared to primary 
HIFU. It is absolutely necessary to 

monitor the position of the seeds 
precisely with MRI before HIFU.  There 
should be no seeds outside the prostate 
capsule, and especially between rectum 
and prostate as seeds in these regions 
would interfere with the direct entry path 
of the ultrasound [1]. 
 
Radical prostatectomy failure 
Therapeutic options for local recurrence 
following radical prostatectomy are 
limited. HIFU offers a treatment option 
when local recurrence can be identified 
through transrectal ultrasound and 
verified with biopsy. After a small 
number of patients with post-
prostatectomy failure were treated with 
HIFU, the treated areas showed negative 
biopsies in 77 % of cases. The PSA 
nadir averaged 0.2 ng/ml and 66 % of 
patients achieved a PSA Nadir <0.5 
ng/ml. During follow-up of 5 years, 91% 
of the patients showed no biochemical 
progression [66,69]. 
[Figure 6] shows the PSA course of a 
patient who underwent radical 
prostatectomy and subsequent HIFU 
after 6 years. 
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Figure 6: Intraoperative, 3 dimensional, real time, transrectal ultrasound for visual 
treatment planning and control on control screen 
 
 

 
 
 
Salvage radical prostatectomy 
following HIFU failure                                                                            
Radical prostatectomy was performed in 
our institution in 7 patients experiencing 
failure following treatment with HIFU 
between 1996 and 2000. Prior treatment 
with HIFU created severe fibrotic 
adhesions between the rectum and 
Denovillier’s fascia, and although this 
made salvage radical prostatectomy 
more technically demanding, it did not 
result in higher morbidity compared to a 
standard prostatectomy. The authors 
attribute these cases of HIFU failure to 
the incomplete treatment of larger sized 
prostate glands before the routine use of 
TURP [1]. 

Sonablate HIFU for PCa salvage 
therapy 
All patients with a mean age of 65 had 
been diagnosed with an organ confined 
and histologically confirmed PCa 
following EBRT. Preoperative PSA 
level was 7.73 ng/mL. Patient follow-up 
was 7.4 (3–24) months. Half of the 
patients had a PSA level of <0.2 ng/mL 
at last follow-up. Three patients had 
metastatic disease whilst another two 
had only local, histologically confirmed, 
failure. Another four patients showed 
evidence of biochemical failure only. 
Overall, 71% had no evidence of a 
disease following salvage HIFU.  
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Side-effects included stricture or 
intervention for necrotic tissue in 11 of 
the 31 patients (36%), urinary tract 
infection or dysuria syndrome in eight 
(26%), and urinary incontinence in two 
(7%) patients. Recto-urethral fistula 
occurred in two patients. 
The authors conclude that salvage HIFU 
is a minimally invasive procedure that 
can achieve low PSA nadirs and better 
cancer control in the short term, with 
comparable morbidity to other forms of 
salvage treatment. [70] 
 
 
Focal and partial HIFU therapy 
Over the past 25 years, the average life 
expectancy of men has increased almost 
4 years while the average age of prostate 
cancer diagnosis has decreased 10 years 
[63,64]. Prostate cancer is also detected 
at a much earlier stage than two decades 
ago, with the majority of patient 
candidates for curative whole-prostate 
therapy. A sizable number of patients 
with small-volume monofocal tumor are 
being over-treated with whole-gland 
approaches that surgically remove or 
irradiate the entire prostate, and a great 
need exists for a focal approach to the 
treatment of small-volume single-lobe 
prostatic tumor.  
 
The goal of focused HIFU therapy is to 
provide a partial treatment that is limited 
to the tumor and a safety margin in 
patients with noninvasive, monofocal, 
localized prostate cancer. Such an 
approach would preserve normal 
genitourinary function while treating the 
malignancy with sufficient efficacy 
[65,66]. Two focused treatment 
approaches with HIFU are currently 
being evaluated, a precise focal therapy 
that treats a maximum 30% of prostate 
volume without TURP, and a potency-

preserving partial therapy that excludes 
the contralateral lobe/capsule and 
neurovascular bundle by sparing 5 mm 
of tissue on the contralateral lobe and 
treating up to 90% of the prostate [21]. 
 
A critical issue in focused prostate 
cancer therapies concerns appropriate 
patient selection by eliminating those 
with bilateral multifocal tumor. Effective 
tumor visualization and mapping is 
essential in achieving this objective. 
Transperineal 3D mapping biopsies are 
more accurate than transrectal 
ultrasound-guided biopsies in excluding 
patients with clinically significant 
disease outside the areas to be ablated, 
and 3D biopsy has been found to 
increase Gleason scale gradings relative 
to conventional biopsy [67]. 
Tumor localization within the prostate of 
the so-called “index lesion” on which to 
focus therapy, and post-therapy 
monitoring is another important concern. 
The variable sensitivity of MRI [68,69] 
has prompted the investigation of other 
functional imaging techniques. Results 
suggest that vascular information from 
dynamic contrast-enhanced MRI or 
diffusion-weighted MRI combined with 
metabolic data from magnetic resonance 
spectroscopic imaging may greatly 
improve the accuracy in defining and 
staging prostate cancer especially in the 
ventral part of the prostate. [71,72].  
There are also issues related to how best 
to monitor patients following treatment 
[21]. Despite these issues, the results of 
focused HIFU therapy are highly 
anticipated.  
 
Immunologic response after HIFU 
therapy 
Progress has been made in developing an 
effective immune strategy for treating 
prostate cancer. A number of 
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immunotherapy regimens are being 
studied including immunomodulatory 
cytokines/effectors, peptide and cellular 
immunization, viral vaccines, dendritic 
cell vaccines, and antibody therapies. 
Immunomodulatory agents, such as 
granulocyte–macrophage colony-
stimulating factor (GM-CSF), Flt3 
ligand, and IL-2, have been used to 
stimulate the immune system to generate 
an antitumor response against prostate 
cancer. However, the encouraging early 
preclinical results have not been 
extended into the clinical setting. 
 
Several recent studies have examined the 
potential of HIFU to initiate an immune 
response. Wu et al. studied the effect of 
HIFU on systemic antitumor immunity, 
particularly T lymphocyte-mediated 
immunity in cancer patients [80].  HIFU 
was used to treat 16 patients with solid 
malignancies, including osteosarcoma, 
hepatocellular carcinoma and renal cell 
carcinoma. HIFU led to a significant 
increase in the population of CD4+ 
lymphocytes and the ratio of 
CD4+/CD8+ in circulation. The authors 
concluded that HIFU could enhance a 
systemic anti-tumor cellular immunity in 
addition to local tumor destruction in 
patients with solid malignancies. 
 
The same research group investigated 
whether tumor antigens expressed on 
breast cancer cells could be preserved 
after HIFU treatment [81]. Primary 
lesions in 23 patients with biopsy-proven 
breast cancer were treated with HIFU, 
then submitted to modified radical 
mastectomy. Breast cancer specimens 
were then stained for a variety of cellular 
molecules, including tumor antigens and 
heat-shock protein 70 (HSP-70). A 
number of tumor antigens were 
identified that could provide a potential 

antigen source to stimulate antitumor 
immune response. 
 
It has been suggested that endogenous 
signals from HIFU-damaged tumor cells 
may trigger the activation of dendritic 
cells, playing a critical role in a HIFU-
elicited antitumor immune response. A 
mouse model bearing MC-38 colon 
adenocarcinoma tumors was treated with 
thermal and mechanical HIFU exposure 
settings. Results showed that HIFU 
elicited a systemic anti-tumor immune 
response that was related closely to 
dendritic cell activation, and that 
dendritic cell activation was more 
pronounced when tumor cells were 
mechanically lysed by HIFU. [82,83]. 
 
  
Conclusion 
 
Prostate cancer is now diagnosed at an 
earlier disease stage in younger patients 
with a longer life expectancy than it was 
30 years ago before widespread PSA 
screening. As a result, the window for 
curative therapy has been extended, and 
with patients living longer after 
definitive therapy, a greater emphasis is 
now placed on treatment-related 
morbidity and its impact on patient 
quality of life. [Figure 6]  
Local recurrence occurs in 10–50% of 
patients regardless of curative approach, 
and the treatment of prostate cancer has 
evolved from a singular treatment to a 
multimodal, sequential approach that 
greatly accommodates the use of 
minimally invasive therapies such as 
HIFU. Decreasing resources for medical 
care are adding to the urgency for the 
development and clinical use of cost-
effective non-invasive therapies.  
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Since 2000, standardized PCa therapy 
with CE market Ablatherm ® has 
progressed from an experimental therapy 
to a therapy under long-term 
investigation for primary treatment of 
local prostate cancer and salvage therapy 
after radiation failure.  Preliminary data 
suggest that HIFU may also be effective 
in the treatment of focal and incidental 
prostate cancer, as adjuvant therapy in 
T3/T4 disease, and in non-metastatic 
castration 
resistant prostate cancer. This range of 
indications across the spectrum of 
prostate cancer appears to be a unique 
attribute of HIFU [19,31].  Additionally, 
HIFU can be repeated in cases of local 
recurrence, which is not an option with 
other treatment modalities for localized 
prostate cancer such as cryosurgery and 
brachytherapy.  
The efficacy in cancer control of HIFU 
and other focal therapies will depend 
less on the development of therapeutic 
tools than on diagnostic technologies 
that can more accurately image and 
localize small but agressive tumor 
lesions and multiple foci. When this goal 
is reached, HIFU will be the ideal 
therapeutic tool for focal prostate cancer 
treatment. To achieve this goal, several 
advancements in imaging technologies 
are being investigated for use with 
HIFU, including MRI, ultrasound and 
picture fusion of TRUS, mp MRT and 
fusion biopsies.  
 
With over 20 years of clinical use in 
over 40,000 patients, prostate cancer is 
the leading application for HIFU, 
followed by the treatment of uterus 

fibromas and myomas. Other 
applications for HIFU being investigated 
include breast cancer, brain cancer, 
thyroid cancer, thrombolysis and the use 
of HIFU as a drug delivery device.. The 
clinical future of HIFU will focus 
primarily on the treatment of soft tissue 
pathologies directly below the body 
surface with targeting volumes less than 
20 cc (prostate, breast and thyroid) due 
to the limited penetration depth of HIFU. 
Drug delivery involving the 
accumulation of drugs in defined organ 
regions or genetic manipulation is 
anticipated to be a promising area of 
future HIFU research, and HIFU-
provoked induction of immune response 
as a supportive therapy is under 
investigation [1]. 
 
The use of HIFU should not be viewed 
as a substitute or replacement for 
classical therapy, but instead as a 
therapeutic first choice in monofocal 
well-differentiated disease. The initial 
use of HIFU can help postpone the need 
for invasive therapies associated with 
greater morbidity such as surgery or 
radiation, allowing the patient a longer 
period without the risk of living with 
treatment-related genitourinary side 
effects [84].  Transrectal HIFU should 
be given serious consideration as a 
curative therapy in localized disease as 
well as a palliative adjuvant therapy in 
all other tumor stages. Ongoing 
improvements in imaging technologies 
are expected to further enhance the 
efficacy of HIFU. [85] 
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Abstract

Objective: To test high-intensity focused ultrasound (HIFU) as salvage first-line treatment for palpable, TRUS-evidenced, biopsy-
proven locally recurrent prostate cancer (CaP) after radical prostatectomy (RP).

Materials and methods: Nineteen patients with palpable, TRUS-evidenced, biopsy-proven local recurrence of CaP after RP, unwilling
to undergo salvage radiotherapy (SRT), underwent HIFU as a single-session procedure. Pre-, intra-, and postoperative data including early
and late complications, and oncologic outcomes (PSA nadir, biochemical recurrence (BCR)-free survival, and need of secondary adjuvant
treatment) were prospectively evaluated. Success was defined as PSA nadir �0.1 ng/ml obtained within 3 months from HIFU. In case of
PSA nadir �0.1 ng/ml or PSA increase �1 ng/ml above the PSA nadir, a biopsy of the treated lesion was performed, and if negative,
maximum androgen blockade (MAB) was adopted. In case of positive biopsy, RT was performed. Failure was defined as use of secondary
adjuvant treatment (MAB or RT).

Results: Median follow-up was 48 months. All cases were performed as overnight procedure. No case of urethrorectal fistula or
anastomotic stricture was observed. Two cases of acute urinary retention were resolved with prolonged urethral catheterization. Four cases
of stress urinary incontinence were observed; 2 (mild incontinence) were resolved after pelvic floor exercises within 6 months, while 2 cases
of severe incontinence required surgical minimally invasive treatment;17/19 patients (89,5%) were classified as success. Two patients failed
to show a PSA nadir �0.1 ng/ml. During follow-up, 8/17 patients (47%) were classified as failure, with consequent total rate of failures
10/19 (52.6%). A statistically significant difference was observed in pre-HIFU median PSA (2 vs. 5.45 ng/ml, respectively, P � 0.013) and
Gleason score of the RP specimen (P � 0.01) between the success and failure group.

Conclusions: Salvage first-line HIFU for palpable, TRUS-evidenced, biopsy-proven local recurrence of CaP is a feasible, minimally
invasive day-case procedure, with an acceptable morbidity profile. It seems to have a good cancer control in the short- and mid-term. Patients
with lower pre-HIFU PSA level and favorable pathologic Gleason score presented better oncologic outcomes. A prospective randomized
trial with an adequate recruitment and follow-up is necessary to confirm our preliminary oncologic results. © 2011 Elsevier Inc. All rights
reserved.

Keywords: High-intensity focused ultrasound; Prostate; Prostate cancer; Radical prostatectomy; Local recurrence

1. Introduction

Prostate cancer (CaP) is the most commonly diagnosed
malignancy and the second leading cancer-related cause of
death in men in the United States [1]. Although radical
prostatectomy (RP) is an effective treatment for many pa-

tients with clinically localized CaP [2], treatment fails in up
to one-third of patients. Without salvage therapy, 65% of
men will develop distant metastasis within 10 years of
biochemical recurrence (BCR) [3].

For patients with biopsy-proven or radiographically
identified local recurrence after RP and in absence of iden-
tifiable metastatic disease, salvage radiotherapy (SRT) is the
standard treatment [4–7]. However, it is a time-consuming
therapy (it takes several weeks to complete); moreover, the
additional gastrointestinal and genitourinary toxicity could
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be physically challenging, especially for elderly patients
with co-morbidities and lower performance status [8].

To avoid the limits of the SRT, increasing interest is
being focused on the minimally invasive forms of CaP
treatment. Recently, Siddiqui et al. [9] reported their expe-
rience on the use of cryotherapy for patients with local
recurrence after RP, demonstrating that it could be an ef-
fective alternative to SRT.

Transrectal high-intensity focused ultrasound (HIFU)
has demonstrated an effective long-term cancer control in
patients with low- or intermediate-risk localized CaP [10].
Its role as a salvage treatment after RT for CaP has also
been evaluated [11]. However, there is only one study
(case-series, Level of evidence 4) regarding the use of
salvage HIFU in the post-RP setting [8].

We designed a pilot study, with no control arm, to test
HIFU as first-line salvage treatment in patients with palpa-
ble, transrectal ultrasound (TRUS)-evidenced, biopsy-
proven local recurrence of CaP after RP.

2. Materials and methods

2.1. Patients’ enrollment and ethics

In our center, the first-line treatment for the local recur-
rence of CaP after RP is the SRT. However, in the period
June 2003–June 2008, 19 patients with palpable, TRUS-
evidenced, biopsy-proven CaP local recurrence post-RP
were unwilling to undergo SRT for several reasons: distance
from the reference center of RT, long waiting list, fear/
apprehension of the potential collateral effects of RT, du-
ration of treatment. These patients were enrolled in the
HIFU protocol, after obtaining institutional review board
approval and written informed consent of patients. The
study was conducted in accordance with the Good Clinical
Practice rules and with the ethical principles contained in
the Declaration of Helsinki as amended in Hong Kong.

2.2. Inclusion and exclusion criteria

Inclusion criteria for first-line salvage HIFU were: pal-
pable, TRUS-evidenced, biopsy-proven local recurrence of
CaP, independently of PSA level and pathologic Gleason
score; no evidence of distant metastasis assessed by means
of bone scan and total body CT scan or 18F PET/CT scan.
DRE findings were considered abnormal if any mass, nod-
ule, induration, or irregularity was noted in the prostatic
fossa. A gray-scale TRUS was performed by a single oper-
ator with a linear 7.5 MHz biplane probe (Technos; Esaote
SpA, Rome, Italy). The TRUS findings were considered to
be suggestive of local recurrence if any suspected lesion
was identified at or around the area of the anastomosis, at
the bladder neck, in the retrovesical space, or if any asym-
metry or obvious distortion of the urethrovesical anastomo-

sis was noted [12]. The size of the local recurrence was
determined by its greatest diameter.

The subsequent biopsies, all performed by the same oper-
ator through the transperineal route and under TRUS guide,
were positive for local recurrence of CaP. The grading of the
lesion was assigned according to the Gleason system.

Exclusion criteria were: evidence of distant metastasis,
not TRUS-evidenced local recurrence, adjuvant external
radiation or hormonal treatment, if administered after RP
but before the time of the evaluation, anal stenosis or any
other condition that does not permit the introduction of the
HIFU probe in the rectum.

2.3. Study end-points and methodology

Primary end-point was the evaluation of the feasibility of
the procedure in terms of safety and early and late morbid-
ity. All medical and surgical complications occurring in
both in-patient and out-patient setting were recorded. They
were classified as early onset (�30 days) and late onset
(�30 days), and graded according to the modified Clavien
classification [13].

Secondary end-point was the preliminary evaluation of
the oncologic efficacy of salvage HIFU in terms of PSA
nadir, biochemical disease free survival (bDFS), and need
of secondary adjuvant treatment (ormonotherapy or SRT).

Success was defined as PSA nadir �0.1 ng/ml, obtained
within 3 months [14]. In case of PSA nadir �0.1 ng/ml or PSA
increase �1 ng/ml above the PSA nadir, a biopsy of the treated
lesion was performed, and if negative, hormonal therapy [max-
imum androgen blockade (MAB)] was adopted. In case of
positive biopsy, secondary SRT was performed. Failure was
defined as use of MAB or RT after first-line HIFU.

2.4. Treatment protocol and postoperative care

All patients underwent HIFU using the “re-treatment”
protocol of the Ablatherm device (EDAP TMS, Vaux-en-
Velin, France). Antiplatelet agents were stopped 10 days
prior to HIFU treatment. HIFU was performed under spinal
anesthesia, with the exception of the cases where it was not
technically feasible or it was refused by the patient. A
urethral catheter was inserted in all cases before surgery,
removed during the procedure to permit the treatment of
periurethral tissue, and replaced at the end of the treatment.

Surgical time, intra- and postoperative complications,
and hospital stay were recorded. Patients were all dis-
charged with the Foley catheter still in place; the catheter
was then electively removed on an outpatient basis.

2.5. Follow-up

Follow-up visits were scheduled every 3 months during
the first year and every 6 months afterwards. They included:
total serum PSA, assessment of continence status (number
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of pads/d), and radiologic imaging at the discretion of the
treating physician. Erectile function was not evaluated.

2.6. Statistical analysis

Baseline characteristics and follow-up data of success
and failure patients were compared by means of t-test (para-
metric) or Fisher’s exact test (nonparametric data). P values
�0.05 were considered significant. All statistics were per-
formed with Statistica Base (software for Windows, Stat-
Soft Italia srl, Vigonza, Padova, Italy).

3. Results

The clinical and pathologic baseline characteristics of the
patient cohort are outlined in the Table 1.

The procedure was feasible in all cases and it was carried
out within a mean of 32 minutes (15–43). No serious intra-
or postoperative complications were observed. All patients
were discharged within 24 hours with the Foley catheter still
in place.

Catheter was routinely removed within 7 days and post-
void residual evaluation was performed. Two cases of acute
urinary retention after catheter removal required prolonged
catheterization for 14 and 15 days, respectively (early com-
plication, Grade IIIa according to the Clavien classifica-
tion).

Sixteen of 19 (84%) patients achieved continence (no
pad) before HIFU. Four cases of newly diagnosed stress
urinary incontinence (early onset) were observed after the
treatment; 2/4 patients presented a mild to moderate incon-
tinence, resolved after pelvic-floor muscle exercises within
6 months (Grade I); 2 cases of severe incontinence required
a minimally invasive day-case procedure with the place-
ment of adjustable continence therapy (ProACT, Uro-
medica, Plymouth, MN) (Grade IIIb). Two opposing bal-
loons were successfully implanted via a transperineal
approach, under TRUS-guidance, paraurethrally at the level
of bladder neck without complications. Three patients who
were incontinent before HIFU did not report any worsening
of their incontinence status. No case of urethrorectal fistula,
anastomotic stricture, or persistent storage symptoms was
observed.

Table 2 summarizes the early and late complications, pro-
viding a comparison with the published series of minimally
invasive surgical treatment for local recurrence after RP.

Seventeen of 19 patients (89,5%) were classified as suc-
cess 3 months after HIFU, showing a PSA nadir �0.1
ng/ml; 8/17 patients (47%) were classified as failure during
follow-up (median follow-up: 48 months); 7/8 had negative
biopsy of the treated lesion and showed an increase of PSA
�1 ng/ml above PSA nadir; consequently MAB was ad-
ministered; 1/8 had positive biopsy and was treated with

SRT. At a median follow-up of 48 months, 9/17 (52, 9%)

patients continue to be considered as “success” according to

Table 1
Clinical and pathologic baseline characteristics of the patient cohort

Mean age at HIFU (years) 70 (60–77, SD 4.84)
Median interval RRP to HIFU (month) 40 (8–103)
RRP pathological stage (n)

T2a 6
T2b 6
T2c 5
T3a 1
T3b 1

RRP Gleason score (n)
�6 4
3�4 4
4�3 5
�7 2
Missing 4

Median PSA before HIFU (ng/ml) 3.81 (0.5–8)
Pre-HIFU continent patients (%) 16/19 (84%)
Mean lesion size (mm) 23.7 (20–40)
Biopsy Gleason score of local recurrence (n)

�6 7
3�4 3
4�3 3
�7 3
Scarcely differentiated 1
Not specified 2

Median follow-up (month) 48 (13–77)

Table 2
Complications of the published series of minimally invasive surgical treatment for local recurrence of CaP after RP

Siddiqui et al. [9] Murota-Kawano et al. [8] Current study

Patients (n) 15 4 19
Treatment modality Cryoablation HIFU* HIFU
Mean or median follow-up (months) 20 18 48
Recto-urethral fistula (n) 0 0 0
De novo incontinence (treatment) 2 (1 security pad 1 artificial urinary

sphincter)
0 4 (2 PFME**; 2 Pro-ACT)

Worsening of pre-existing incontinence 1 0 0
Acute urinary retention NR 0 2
Storage symptoms 1 0 0
Anastomotic stricture NR 0 0

* 3/4 patients received first-line SRT before HIFU.
** PFME � pelvic-floor muscle exercises.
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the previous definition. Overall, the 4-year bDFS was

47.4% (9/19 patients).

Two of 19 patients failed to show a PSA nadir �0.1
ng/ml: 1 of them had positive biopsy and was treated with
SRT, while the other, having negative biopsy, received
MAB. The latter died during the follow-up period after
development of hormone refractory CaP. Currently, 7/9
patients classified as failure present a PSA level �0.1 ng/
ml, while 2/9 have a PSA �0.1 ng/ml (1.39 and 1.74 ng/ml,
respectively, after adjuvant MAB). These results are sum-
marized in the Fig. 1.

The clinical and pathologic comparisons between the
HIFU success and failure groups are outlined in Table 3.
The comparison of the Gleason score was obtained after
their subdivision in 2 subgroups: A (� 3�4) and B (�
4�3).

Age, median pre-RP PSA, size of lesion, local recurrence
biopsy Gleason score (pre-HIFU), and mean time from RP
to HIFU did not differ significantly between success and
failure group. A statistically significant difference was ob-

served between the 2 groups for pre-HIFU median PSA (2
vs. 5.45 ng/ml; P � 0.013) and Gleason score of the RP
specimen (P � 0.01).

4. Discussion

Primary curative procedures, such as RP and radiother-
apy, are well-established therapeutic options in the manage-
ment of localized CaP. Despite the improvements in both
fields, there is still a significant risk of cancer recurrence
after therapy and up to 27%–53% of all patients undergoing
radiation therapy or RP will develop local or distant recur-
rences within 10 years after initial therapy, and 16%–35%
of patients will receive second-line treatment within 5 years
of initial therapy [15].

CaP recurrence after RP is defined as only a BCR if a
detectable serum PSA value is noted in the absence of
clinical evidence of local recurrence or of metastatic dis-
ease. Local recurrence has been defined to occur with ab-

19 patients 

17 successes*                                                                      2 pts with PSA nadir>0.1 ng/ml 

TRSBAM

                                                                       death  PSA<0.1ng/ml 

5/7 with PSA<0.1 ng/ml     PSA<0.1 ng/ml

9 successes* 8 pts with PSA 
increase >1 above 

nadir

Biopsy  

+ 

SRT 
(1) 

- 

MAB 
(7) 

Biopsy  

- + 48 months 

3 months 

Fig. 1. Oncologic efficacy of salvage HIFU after RP palpable local failure. * PSA nadir �0.1 ng/ml. (Color version of figure is available online.)
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normal results at DRE of the prostatic fossa in the presence
of a detectable PSA value, regardless of the results of
prostatic fossa biopsy [16].

For patients with biopsy-proven or radiographically
identified local recurrence after RP and in absence of iden-
tifiable metastatic disease, SRT is the standard treatment.
However, it is a time-consuming therapy (it takes several
weeks to complete); moreover, the potential gastrointestinal
and genitourinary toxicity could be physically challenging
for elderly patients with co-morbidities or lower perfor-
mance status [8]. Furthermore, SRT has been found to be
less successful in palpable than nonpalpable local recur-
rence [17].

Recently, Siddiqui et al. [9] published their study on the
salvage cryotherapy for biopsy-proven local recurrence of
CaP after RP, reporting a success rate of 40% (6/15) and a
failure rate of 60% (9/15), defined as a PSA increase greater
than 0.1 ng/ml from the PSA nadir or the addition of EBRT
or ADT. They also found that pre-RP and RP Gleason
scores as well as lesion size were significantly lower in the
success group than in the failure one. They concluded that
salvage cryotherapy can be an effective and safe treatment
modality, especially for patients with favorable biopsy and
pathologic Gleason scores, before cryotherapy.

HIFU, a minimally invasive procedure, has been shown
to provide good outcomes with limited morbidity in the
treatment of CaP [18–21]. HIFU acts through coagulative
necrosis of the tissue to destroy prostate cells without dam-
aging the intervening structures [22,23]. It can be used as
primary therapy with effective long-term cancer control in

patients with low- or intermediate-risk localized CaP [10]. It
has also demonstrated its efficacy as a salvage treatment
after primary HIFU or external beam radiation therapy
(EBRT) [11].

Murota-Kawano et al. [8] published their preliminary
experience on the role of salvage HIFU after RP. In their
small study, 3/4 enrolled patients had RT�ADT as primary
salvage treatment after RP. At 24-month of follow-up, 2/4
patients were BCR-free (defined as an increase in PSA level
�0.2 ng/ml). No complications were observed.

To our knowledge, we present the largest series of sal-
vage first-line HIFU after RP published till now.

The treatment were feasible in all cases with no major
complications (Grades IV and V, according to the Clavien
classification) and an acceptable morbidity profile. Four Grade
III (2 Grade IIIa and 2 Grade IIIb) early complications were
recorded. Cases of acute urinary retention could be explained
by the local tissue inflammation/edema, usually resolved by a
prolonged catheterization. Urinary incontinence is the result of
thermal damage to the structures involved in the distal conti-
nence mechanism. In our series, 2 cases of mild to moderate
incontinence were resolved after pelvic-floor muscle exercises,
while 2 patients needed surgery.

It has to be underlined that HIFU was performed in the
“re-treatment” modality: it means that a smaller quantity of
focused energy is applied for less time (4 instead of 5
seconds for each shot) to recurrent cancer tissue (with re-
gard to standard HIFU treatment). Consequently, the dam-
age to the surrounding structures (including rectal wall and
external urethral sphincter) is lower, minimizing the risk of
complications, such as urethro-rectal fistula, anastomotic
strictures, and incontinence. Considering also the acquired
experience with HIFU as a primary treatment of CaP (al-
most 400 cases treated since 2003 in our center), the low
morbidity rate observed in our study appears reasonable.

According to our definition, 9/19 patients (47.4%) were
classified as success at our median follow-up of 48 months.
Failure cases with positive biopsy of the treated lesion were
treated with SRT, while MAB was applied in case of negative
biopsy. In an intention-to-treat analysis, among the failure
cases, 7 are currently free of BCR, increasing the percentage of
bDFS patients to 16/19 (84%). Even though our results seem
promising, the low number of patients treated and the absence
of a control arm do not allow definitive conclusions on the
oncologic efficacy of the procedure. The study population was
not planned in advance, since this was a pilot study aiming to
evaluate primarily the feasibility, safety, and morbidity profile
of the technique. Moreover, the absence of an extended fol-
low-up could be considered another limit since significant
disease recurrence may occur with extended follow-up [24].
However, our outcomes could be used to design a prospective
randomized trial, with adequate statistical power, comparing
HIFU vs. SRT in the treatment of the palpable, local recurrence
of CaP after RP.

The analysis of the factors that potentially influence the
oncologic efficacy of the procedure revealed that a higher

Table 3
Clinical and pathologic data of HIFU success and failure groups

Success group
(n � 9)

Failure group
(n � 10)

P value

Age (years) 71.1 68.7 0.3
Pre-RP PSA (ng/ml) 7.45 9.76 0.62
Pre-HIFU PSA (ng/ml) 2 5.45 0.013*
Size of lesion (mm) 25.6 20.75 0.16
RP Gleason score P � 0.01*

Missing 1 3
�6 4 0
3�4 3 1
4�3 1 4
�7 0 2

Local recurrence biopsy
Gleason score pre-
HIFU

P � 0.62

�6 4 3
3�4 1 2
4�3 1 2
�7 1 2
Scarcely differentiated 0 1
Not specified 2 0
Follow-up, median

(month)
42 62

RRP to HIFU
Mean 47.3 32 0.40

* P �0.05.
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pre-HIFU total PSA and/or a not-favorable Gleason score of
the RP specimen could be associated with higher failure
rate. As observed in previous studies for SRT [25], our
study seems to confirm that lower serum PSA level prior to
salvage HIFU is a predictor of favorable response. Simi-
larly, an increased percentage of high-grade RP Gleason
scores (4�3 or greater) was observed in the HIFU failure
group compared with the success group (12.5% vs. 86%;
P � 0.01), suggesting that favorable Gleason Score could
be associated with better outcomes.

In our study, salvage first-line HIFU for palpable and
biopsy-proven local recurrence after RP failure presented
better results compared with salvage RT in the same setting.
MacDonald et al. [17] reported a limited efficacy of SRT in
the treatment of locally palpable recurrence after RP (42
patients) with a 5-year bDFS of 27% at 5-year follow-up. A
much lower bDFS (11% at 5-year follow-up) was reported
by Choo et al. [26] in 44 patients with palpable recurrence
after RP. The difference in the median follow-up (4 vs. 5
years) and in the number of patients recruited could partially
justify the observed bDFS in our study compared with the
aforementioned ones.

Moreover, it should be underlined that in both salvage
HIFU and in SRT, failure rate could be influenced by
staging problems due to poorly sensitive methods being
used to distinguish between local and distant recurrence
[12], such as digital rectal examination (DRE), nuclear bone
scanning, transrectal ultrasonography of the prostatic fossa,
computed tomography (CT), magnetic resonance (MR) im-
aging, monoclonal antibody scanning, and positron emis-
sion tomography (PET), as well as clinical parameters such
as interval from RP to PSA recurrence, postoperative PSA
velocity [27], or postoperative PSA level doubling time
[28]. Thus the final oncologic outcomes may be hindered
since many patients who receive definitive local salvage
therapy harbor micrometastases, suggesting the need of
careful patient selection in order to achieve better outcomes.

Lastly, the absence of a cost analysis could represent
another limitation of our study and should be part of a larger
prospective trial.

5. Conclusions

HIFU as salvage first-line treatment for palpable,
TRUS-evidenced, biopsy-proven local recurrence of CaP
is a feasible, minimally invasive day-case procedure,
with an acceptable morbidity profile. It seems to have
good cancer control in the short- and mid-term. Patients
with lower pre-HIFU PSA level and favorable pathologic
Gleason score seem to present better oncologic outcomes.
A prospective randomized trial with an adequate recruit-
ment and follow-up is necessary to confirm our prelimi-
nary oncologic results.
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Abstract

Background: Radiotherapy is a treatment option in the case of local failure following treatment for

localised prostate cancer with high-intensity focussed ultrasound (HIFU).

Objective: Our aim was to evaluate tolerance and oncologic control with salvage radiotherapy (SRT)

after HIFU failure and to identify predictive factors of success.

Design, setting, and participants: From March 1995 to March 2008, all patients who presented with

histologically proven persistent local disease following HIFU and were treated with curative intent

SRT (with or without hormonal treatment) were included in this single-centre retrospective study.

Intervention: Patients underwent conformal radiotherapy. The median dose of conformal treatment

was 72 Gy (65–78 Gy).

Measurements: The primary outcome measure was progression-free survival (PFS) defined as no

biochemical relapse (three consecutive rises in prostate-specific antigen [PSA] with a velocity

>0.4 ng/ml per year or PSA >1.5 ng/ml) and no additional treatment. Predictive factors of failure

were examined in univariate and multivariate analyses. Adverse events in terms of urinary and

digestive toxicity, urine incontinence, and erectile dysfunction (ED) were reported.

Results and limitations: The median (range) and mean (standard deviation) follow-up of the 100

patients analysed was 33 mo (5–164 mo) and 37.2 mo (23.6 mo), respectively. Eighty-three patients

received SRT alone, and 17 received SRT and androgen-deprivation therapy. For the 83 patients

treated with exclusive radiation therapy, PFS was 72.5% at 5 yr and 93%, 67%, and 55% for the low-,

intermediate-, and high-risk groups, respectively. In the univariate analysis, PSA level prior to SRT,

risk status, PSA nadir after SRT, PSA nadir after SRT>0.2 ng/ml, and time to achieve this nadir were all

predictive of failure. In the multivariate analysis, PSA nadir post-SRT with a threshold at 0.2 ng/ml

and time to achieve this nadir were the significant predictive factors of failure. Gastrointestinal

toxicity was low; urinary toxicity grade �2 was 34.5%. Four were grade 3 (4.7%), one was grade 4

(1.2%), and one was grade 5 (1.2%). The incidence of severe ED (International Index of Erectile

Dysfunction–5 score 5–10) was 14% pre-HIFU, and 51.9% and 82.3% pre- and post-SRT, respectively.

Because our study was retrospective, results have to be interpreted cautiously.

Conclusions: SRT provides satisfactory oncologic control after HIFU failure with little (or mild)

additional toxicity. These results warrant further investigation.
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1. Introduction

Although not validated and still controversial, feasibility

and outcome with high-intensity focussed ultrasound

(HIFU) in the treatment of localised prostate cancer has

been established in recent years with encouraging bio-

chemical disease-free survival rates reported [1,2]. Salvage

radiotherapy (SRT) has been widely used for many years

after radical prostatectomy [3], even though its benefit, the

ideal candidate, and the optimal time to initiate treatment

remain unclear [4–6]. An initial study on SRT after HIFU

failure revealed encouraging results in a small group of

patients [7]. The current report focuses on an update of the

original patient series with the aim of identifying predictive

factors for success of SRT for HIFU failure.

2. Patients and methods

2.1. Patient cohort

Included in this retrospective study were consecutive patients with

histologically proven localised disease after one or two HIFU sessions

and who were treated with external-beam radiotherapy (EBRT) with or

without hormonal treatment. Patients had presented between March

1995 and March 2008 at one institution (E. Herriot University Hospital,

Lyon, France) and had been selected for HIFU according to the French

urologic association oncologic committee [8]. Only those patients with a

minimum follow-up of 1 yr were included. Local relapse was proven by

positive biopsy and the absence of extraprostatic disease on magnetic

resonance imaging (MRI), computed tomography (CT) thoraco-abdomi-

nal scan, and CT bone scan. HIFU and SRT were conducted as previously

described [7,9]. Patients were categorised before HIFU into low-,

intermediate-, and high-risk categories according to the D’Amico

classification [10]. The primary outcome was progression-free survival

(PFS), which was defined on the basis of no biochemical relapse (three

consecutive rises in prostate-specific antigen [PSA] with a velocity

>0.4 ng/ml per year or PSA >1.5 ng/ml) and no additional treatment. All

patients completed a self-assessment questionnaire, which included the

Common Terminology Criteria for Adverse Event (CTCAE) v.3 [11], the

Ingelman-Sundberg [12], and the International Index of Erectile Function

(IIEF)-5 [13]. The CTCAE v.3 score was transformed into a questionnaire

so that patients were able to self-administer it. Patients completed the

assessment prior to HIFU therapy, post-HIFU, immediately prior to SRT,

at 3 mo post-SRT, and at 1 yr post-SRT.

The CTCAE v.3 assessed tolerance of SRT after HIFU including urinary

and gastrointestinal adverse events (AEs). Events were categorised as

follows: grade 1, mild; grade 2, moderate; grade 3, severe; grade 4: life

threatening or disabling; and grade 5, death related to AE. The Ingelman-

Sundberg score was used to assess urinary incontinence. Grade 1 was

defined as urinary incontinence for strong effort, grade 2 as urinary

incontinence for moderate effort, and grade 3 as urinary incontinence for

minimal effort. The IIEF-5 score ranges from a minimum of 5 (severe

erectile dysfunction [ED]) to a maximum of 25 (no ED). The IIEF-5 was

completed prior to HIFU, post-HIFU, immediately pre-SRT, and at 1 yr

post-SRT.

2.2. Statistical analysis

Statistical analysis was performed with EPI Info and the SAS (Cary, NC,

USA) program. PSA nadir as a major issue after SRT was analysed both as

a continuous variable and as a noncontinuous variable with a threshold

tested for different levels. Survival analysis was conducted according to

the log-rank test, and the Cox regression model was performed in

multivariate analysis to identify predictive factors of failure. A p value of

<0.05 was considered statistically significant.

3. Results

3.1. Patient characteristics

From March 1995 to March 2008, 870 patients underwent

one or two HIFU sessions. Of these 870 patients, 156

underwent SRT and of these, 100 who had histologically

proven local evidence of cancer with a minimum of 1-yr

follow-up were selected for analysis (Table 1). Among these

100 consecutive patients, 83 received EBRT alone; 17

received EBRT and additional androgen-deprivation thera-

py (ADT). ADT included luteinising hormone-releasing

hormone agonists, which were administered for 3 yr in

five patients and 6 mo in 12 patients. The mean number of

previous HIFU sessions conducted was 1.8. SRT was

performed with a median (range) delay of 10 (2–53) mo

after the last HIFU. The median (range) number of biopsies

performed for each patient was 7 (2–14) with 65% of

patients having at least sextant biopsies. All patients

underwent conformal treatment with a median dose of

72 Gy (65–78 Gy). Median (range) and mean (standard

deviation [SD]) follow-up were 33.0 mo (5–164 mo) and

37.2 mo (23.6 mo), respectively.

3.2. Primary outcome: oncologic control for 83 patients having

received exclusive salvage radiotherapy

Median (range) and mean (SD) follow-up were 36.5 mo

(5–164 mo) and 39.4 mo (24.2 mo), respectively. Median

(range) PSA nadir after SRT was 0.09 (0–6.1) ng/ml with a

median (range) time to nadir of 17.5 mo (2–48 mo). A total

of 15 patients failed therapy according to the definition

Table 1 – Patient characteristics before high-intensity focussed
ultrasound and before salvage radiotherapy treatment (n = 100)

Parameter Prior HIFU Prior SRT

Value Value

Age, median (range), yr 71 (54–81) 72 (56–84)

PSA, mean (SD), ng/ml 9.85 (4.9) 2.1 (1.8)

PSA, median (range), ng/ml 8.9 (1.84–20.11) 1.5 (0–8.95)

Prostate volume, mean (SD), ml 24.4 (8.9) 10 (9)

Patients by clinical stage (TNM 2002), %

cT1 48 –

cT2 50

cT3 2

Patients by Gleason score, %

�6 61 –

7 31

�8 8

Patients by risk group, %

Low 8 –

Intermediate 56

High 16

HIFU = high-intensity focussed ultrasound; PSA = prostate-specific

antigen; SD = standard deviation; SRT = salvage radiotherapy.
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applied. In this group of patients, the median (range) PSA

level pre-SRT was 3.76 (0.5–8.11) ng/ml, and the post-SRT

PSA nadir was 0.78 (0–3.8) ng/ml. This compares with a pre-

SRT PSA level of 1.3 (0.1–7) ng/ml and a post-SRT PSA nadir

of 0.07 (0.02–1.41) ng/ml in patients not failing SRT. In the

15 patients failing treatment, hormonal therapy was given

after a median time of 25 mo (5–64 mo) post-SRT. PFS

for these 83 patients was 72.5% at 5 yr and 93.0%, 67.0%,

and 55.0% for low-, intermediate-, and high-risk groups,

respectively (Figs. 1 and 2).

In univariate analysis, PSA pre-SRT, risk group status, PSA

nadir post-SRT, PSA nadir post-SRT >0.2 ng/ml, and time to

achieve this nadir were all predictors of failure of SRT (Fig. 3;

Table 2). Gleason score, clinical stage, radiation dose,

threshold of irradiation dose at 72 Gy, location of positive

biopsies, percentage of positive biopsies<33%, 33–50%, and

>50%, and prostate volume were not significant factors for

failure of SRT. In multivariate analysis, PSA nadir post-SRT

with a threshold at 0.2 ng/ml and time to achieve this nadir

were both significant predictors of failure. Ten patients

died, including one due to prostate cancer (metastatic

dissemination); mean time of death was 4.5 yr post-SRT.

3.3. Safety

Of the 100 patients in the study, 85 (94.5%) answered the

combined questionnaire. Table 3 shows the overall inci-

dences of urinary and gastrointestinal AEs. Early events were

defined as those occurring within 3 mo of radiotherapy, and

late AEs were defined as those occurring at 1 yr or later. No

major gastrointestinal toxicity was reported and, in particu-

lar, no cases of rectourethral fistula. Most of the grade 1 and 2

urinary toxicities were represented by urgency. Three

patients experienced an acute urinary retention requiring

a transurethral resection of the prostate (grade 3). One

patient underwent a urinary diversion due to a chronic

painful retention (grade 4). One patient died of multiorgan

failure after a haemostatic cystectomy (grade 5). Fig. 4 shows

the rates of urinary incontinence pre- and post-SRT. Urinary

Fig. 1 – Progression-free survival for 83 patients treated by radiotherapy
alone.

Fig. 2 – Progression-free survival according to risk group following salvage radiotherapy.
LR = low risk; IR = intermediate risk; HR = high risk.
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incontinence (grades 1–3) increased from 28% before SRT to

32% at 1 yr post-SRT, with a peak of 39% in the 3 mo following

SRT. The difference before SRT and at 1 yr after SRT was not

statistically significant. A total of 79 patients completed the

IIEF-5 questionnaire at all time points; six patients declined

to do so for personal reasons (Fig. 5). Results showed that the

severity of ED increased following HIFU therapy and again

after SRT.

4. Discussion

HIFU, although still in evaluation, has demonstrated

through several publications acceptable oncologic results

in the treatment of localised prostate cancer, especially for

low- and intermediate-risk disease. The lack of follow-up of

numerous series constitutes its main limitation, which

makes this treatment still controversial; however, some

have confirmed the initial encouraging results with longer

follow-up, including 6.4 yr of median follow-up and >5 yr

for each patient [13].

It has been shown that about 15% of patients will

demonstrate a local relapse and will be therefore be

candidates for active surveillance, palliative hormonal

treatment, or for curative intent, radical salvage prostatec-

tomy, or EBRT [2,14]. The potential of salvage prostatectomy

Fig. 3 – Progression-free survival according to prostate-specific antigen (PSA) nadir following salvage radiotherapy.

Table 2 – Univariate and multivariate analysis of risk factors for failure of salvage radiotherapy in patients failing high-intensity focussed
ultrasound

Risk factor Univariate analysis Multivariate analysis

p value HR* 95% CI* p value HR* 95% CI*

PSA pre-SRT, ng/ml 0.0035 1.43 1.12–1.8 0.223 1.197 0.896–1.599

PSA nadir post-SRT, ng/ml <0.0001 6.5 2.45–12.1 <0.0001 6.5 3.45–13.85

PSA nadir post-SRT, <0.2 mg/ml or >0.2 ng/ml <0.0001 12.4 3.8–40.3 <0.0001 15.1 4.17–54.62

Time to PSA nadir post-SRT, mo 0.02 1.3 1.05–2.12 0.018 0.9 0.83–0.98

CI = confidence interval; HR = hazard ratio; PSA = prostate-specific antigen; SRT = salvage radiotherapy treatment.
* HRs and 95% CIs were derived from a Cox regression model.

Table 3 – Severity of adverse events associated with salvage
radiotherapy in patients failing high-intensity focussed ultrasound*

Grade 1 Grade 2 Grade �3

n (%) n (%) n (%)

Early GI AEs 28.2 (24) 17.6 (15) –

Delayed GI AEs 11.8 (10) 2.4 (2) –

Early urinary AEs 25.8 (22) 33.7 (29) 3.5 (3)

Late urinary AEs 28.2 (24) 27.1 (23) 7.1 (6)

AE = adverse event; GI = gastrointestinal.
* Early AEs are those occurring within 3 mo; late AEs are those occurring at

�1 yr. GI AEs are anal incontinence, mucus in stools, diarrhoea, rectal bleeding,

haemorrhoids, and/or rectal or abdominal pain. Urinary AEs are retention of

urine, urgency, bladder spasms, haematuria, and/or urinary incontinence.
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following HIFU has been demonstrated in small groups of

patients [15,16]. In addition, we reported an earlier study on

the first 45 patients describing the feasibility of SRT after

HIFU failure [7]. This study underlined the importance of

choosing this option only in patients who had histologically

proven local relapse. The 5-yr disease-free survival was 80%

when patients had positive control biopsies, whereas it was

only 44% in cases of isolated biochemical recurrence with

negatives biopsies [7]. In the current cohort of patients, local

relapse was proven by positive biopsy, no extraprostatic

disease based on MRI, CT thoraco-abdominal scan, and CT

bone scan.

To assess the oncologic efficacy of SRT after HIFU, an

acceptable definition of success (or failure) was required,

taking into consideration the fact that this salvage treatment

was made on a prostate gland that had already been treated

with HIFU. The Phoenix definition (nadir + 2 ng/ml) would

have overestimated the result because it cannot be applied to

a prostate having received a preliminary physical treatment

(focussed ultrasound). On the contrary, the usual definition of

success of SRT after radical prostatectomy (ie, PSA<0.2 ng/ml

or undetectable PSA [5,6]) would have underestimated the

result because the prostate, in the case of SRT after HIFU, is

still in place. Thus, following the guidelines for patients

having a rising PSA after the first treatment [17], a

compromise definition was chosen. This involved a combi-

nation of the American Society for Therapeutic Radiology and

Oncology definition of failure involving three rises in PSA [18]

plus PSA velocity >0.4 ng/ml per year or the Bolla definition

involving PSA>1.5 ng/ml [19]. The use of adjuvant treatment

was considered to be a strong indicator for the failure of

salvage treatment. Given that biochemical relapse after

radiotherapy occurs usually between the second and third

year after radiation [20], we consider that the present study

with a mean follow-up of 37 mo probably reflects the true

efficacy of salvage radiation after HIFU. The PFS of 72.5%

achieved for the 83 patients compares very favourably with

the rates of 10–55% described for salvage radiation after

radical prostatectomy in a 2008 review [4].

Salvage HIFU after EBRT failure has been explored

previously [21,22]. Disease-free survival rates of 53%, 42%,

and 25% have been reported for low-, intermediate-, and

high-risk patient groups, respectively, in a study of 167

patients with a median follow-up of 18 mo. The equivalent

rates for these groups in the current study were 93%, 67%, and

55%, respectively, suggesting that salvage EBRT for HIFU

provides a better outcome than vice versa. Multivariate

analysis revealed that the major predictive factors for failure

of SRT were PSA nadir >0.2 ng/ml and time to achieve this

nadir. It has been established that in the case of isolated

primary radiation treatment, a nadir PSA value of 0.2 ng/ml,

as well as its delay of appearance, are correlated to

biochemical-free survival [22–24] and also for the HIFU

treatment [25].

In addition to the biopsy and PSA velocity assessment

after HIFU, it has been recently shown that multimodality

MRI has a great accuracy to detect recurrences within the

prostate and guide control biopsies [26].

Although retrospectively collected, and as both the CTCAE

v.3 score transformation into a questionnaire and its

translation in French can constitute a bias, toxicity of

radiation therapy after HIFU does not seem higher than

radiation therapy alone with no grade �3 toxicity reported

[27,28]. In the current study, grade 1 and 2 toxicity rates

reported are equivalent to these reports. Urinary toxicity of

grade�3 is slightly higher than with radiotherapy alone but

not of major concern. One patient died after haemostatic

cystectomy. This fatal issue underlines the fact that higher

morbidity can occur in the field of salvage prostate cancer

treatment when multimodality treatments are envisaged,

thus requiring multidisciplinary decision making in the era of

multimodality approaches for aggressive disease. Urinary

incontinence rates were not significantly increased at 1 yr

post-SRT from pre-SRT levels. The level of grade 3 inconti-

nence at 1 yr post-SRT was very low at 1%. The sequence of

HIFU followed by SRT was much less aggressive than data

reported for salvage HIFU after EBRT failure [21], in which

severe incontinence reaches 10% [21]. The follow-up period

in the current study seems sufficient to avoid underestimat-

ing late complications because several investigators indicate

a median interval of 14–18 mo for the appearance of

complications [29,30]. With regard to ED rates, these

Fig. 4 – Urinary incontinence before and after salvage radiotherapy (SRT)
for patients failing high-intensity ultrasound.

Fig. 5 – International Index of Erectile Dysfunction–5 scores in 79 patients
prior to treatment with high-intensity focussed ultrasound (HIFU),
following HIFU failure and immediately prior to salvage radiotherapy
(SRT) for HIFU failure, and at 1 yr post-SRT.
ED = erectile dysfunction.
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worsened first after the patients were initially treated with

HIFU and then again after SRT. This adverse effect has once

again to be balanced against the benefits gained in terms of

oncologic outcome.

5. Conclusion

After a preliminary study, our study has confirmed the

feasibility of radiation therapy following HIFU. On the basis

of oncologic outcome plus acceptable toxicity, SRT can be

considered a treatment option for HIFU failures. Oncologic

results will be addressed with a longer follow-up.
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