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 Summary
 Background: High-intensity focused ultrasound (HIFU) applies high-intensity focused ultrasound energy 

to locally heat and destroy diseased or damaged tissue through ablation. This study intended to 
review HIFU to explain the fundamentals of HIFU, evaluate the evidence concerning the role of 
HIFU in the treatment of prostate cancer (PC), review the technologies used to perform HIFU and 
the published clinical literature regarding the procedure as a primary treatment for PC.

 Material/Methods: Studies addressing HIFU in localized PC were identified in a search of internet scientific databases. 
The analysis of outcomes was limited to journal articles written in English and published between 
2000 and 2013.

 Results: HIFU is a non-invasive approach that uses a precisely delivered ultrasound energy to achieve 
tumor cell necrosis without radiation or surgical excision. In current urological oncology, HIFU is 
used clinically in the treatment of PC. Clinical research on HIFU therapy for localized PC began in 
the 1990s, and the majority of PC patients were treated with the Ablatherm device.

 Conclusions: HIFU treatment for localized PC can be considered as an alternative minimally invasive therapeutic 
modality for patients who are not candidates for radical prostatectomy. Patients with lower pre-
HIFU PSA level and favourable pathologic Gleason score seem to present better oncologic outcomes. 
Future advances in technology and safety will undoubtedly expand the HIFU role in this indication 
as more of patient series are published, with a longer follow-up period.

 MeSH Keywords:  High-Intensity Focused Ultrasound Ablation • Magnetic Resonance Imaging • Interventional • 
Prostatic Neoplasms

 PDF fi le: http://www.polradiol.com/abstract/index/idArt/892341

Received: 2014.08.28 
Accepted: 2014.11.27 
Published: 2015.03.13

Background

Prostate cancer (PC) is one of the most frequently diagnosed 
cancers in the male population in the world [1]. According 
to the American Cancer Society (ACS), PC represents 25% 
of newly diagnosed cancers every year [1]. In Europe, the 
mortality rate for PC was 21.1% in 2008 [2].

High-intensity focused ultrasound (HIFU) is a non-inva-
sive therapy that was used for localized PC or salvage 
therapy in the 1990s. It is a technique that uses focused 
ultrasound waves to thermally ablate a portion of tissue 
situated at the focal point. High-power ultrasound can be 
focused on a targeted point to cause a rise in temperature 
between 70 and 80°C. This can result in thermal tissue 
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coagulation, necrosis, cavitation, and heat shock. Each 
sonication heats only a small focal target, so multiple soni-
cations, raster scanner, volumetric focus steering or some 
other beam translation method must be utilized to ablate 
the entire target area [3]. The transrectal HIFU ablation is 
a minimally invasive treatment for PC that has been evalu-
ated since the early 1990s [4–6]. It can be proposed either 
for patients with clinically localized PC who are not can-
didates for surgery or as salvage treatment of local recur-
rences of PC after external beam radiation therapy (EBRT) 
[7–10]. Five-year disease-free survival rates after HIFU 
ablation of clinically localized PC fall within the 66–78% 
range, which challenges the results of radiation therapy 
[7,11,12]. Although the knowledge that tissue destruction 
could be achieved with HIFU has been present since the 
1930s. Efforts to clinically implement this technology were 
delayed due to the absence of imaging technology to moni-
tor the procedure [13]. Some medical associations recom-
mend HIFU for treatment of PC, but its accuracy is still not 
clear [14].

Basic research in the urological application of HIFU began 
in the 1980s, primarily in France and the USA, when com-
puter technology became sufficient to facilitate the control 
and management of this fascinating energy source. The 
first clinical prototypes for use in urology emerged at that 
time. Early clinical trials of HIFU therapy for PC during the 
mid-late 1990s found a relationship between the coagulat-
ed prostate volume with HIFU and obstruction. Moreover, 
the analysis of prospective studies found a high rate of uri-
nary tract infections in that necrotic tissue. As a result of 
the association between HIFU and obstruction, and con-
sistent with the whole concept of therapy, HIFU has been 
routinely combined with adjuvant transurethral resection 
of the prostate (TURP) since 2000 to debulk tumor mass 
and to radically resect the middle lobes, calcifications, 
abscesses, and bladder neck [15–17].

Due to increased patients’ interest and the current use of 
HIFU technology worldwide, this article reviewed HIFU to 
explain the fundamentals of HIFU and to evaluate the evi-
dence concerning the role of HIFU in the treatment of PC 
as well as to review the technologies used to perform HIFU 
and the published clinical literature regarding the proce-
dure as a primary treatment for PC.

Material and Methods

An inclusive literature review was carried out in order to 
review the scientific foundation of HIFU and it was dis-
cussed in terms of how it resulted in the development of 
two distinct devices. The merits and limitations of each of 
them are addressed. The PubMed, SAGE, MEDLINE and 
ScienceDirect databases were searched in January 2014 
for publications containing any combination of HIFU and 
PC terms in the title of the report. Abstracts resulting from 
that search were reviewed for relevance to the clinical out-
comes of the procedure.

Full manuscripts were retrieved and reviewed in search for 
information regarding evaluation of the evidence on the 
role of HIFU in the treatment of PC as well as the tech-
nologies used to perform HIFU and the published clinical 

literature on the procedure as a primary treatment for PC. 
Only the papers published between 2000 and 2013 were 
included in the outcome analysis.

There were no restrictions on the country of origin of the 
publications, which helped to provide a range of opinions 
and experiences. Articles identified in the refined search 
were further reviewed on an individual basis for content.

Results and Discussion

HIFU fundamentals

Around the beginning of the last century, the piezoelec-
tricity phenomenon, the potential of piezoelectric materi-
als as sources of ultrasound, and the biological effects of 
high-intensity ultrasound were all reported on [18–20]. A 
detailed chronicle of the early work and medical applica-
tions of therapeutic ultrasound was presented by Kremkau 
[21]. The specific properties of focused ultrasound con-
duction and modes of destruction in normal tissues were 
investigated further during the 1970s and 1980s, and stud-
ies using HIFU to irradiate experimental tumors followed 
[22–25]. The premise behind HIFU is the destruction of tis-
sue by depositing large amounts of energy into it. This is 
accomplished by increasing the intensity of the waves and 
focusing the waves on a single point (Figure 1). If done in 
the right conditions, it will raise the temperature of tissue 
to a level sufficient to induce irreversible damage in a dis-
crete volume of tissue [26,27].

The deposit of energy during HIFU can result in two mech-
anisms of tissue damage [28]. Elevation of tissue tempera-
ture leads to melting of lipid membranes and protein dena-
turation. This is the desired effect of HIFU. If large deposits 
of energy occur, mechanical damage may result in gas bub-
ble formation and/or cavitation [29]. Gas can form inside 
tissue during HIFU as a result of several mechanisms [30].

The first mechanism is simply boiling that will occur if the 
temperature of the tissue is increased beyond the boiling 
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Figure 1. Physical principle of focused energy application [26].
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point of the liquids it contains. This will create air pockets 
that have the potential of reflecting the ultrasound signal 
and modify, in an uncontrollable way, the HIFU lesion [30]. 
The second mechanism is cavitation and can be either iner-
tial or stable. During inertial cavitation, gas micro-bubbles 
form within tissue due to the negative pressure caused by 
HIFU. Upon the subsequent collapse due to the high pres-
sure of the surrounding medium, the temperature and pres-
sure inside the micro-bubble will increase rapidly. This 
can lead to the dissipation of the gas into the surrounding 
medium in the form of a shock wave [30].

Inertial cavitation is relatively unpredictable in terms of 
formation and dissipation of energy and is avoided during 
HIFU. Stable cavitation is the oscillation of existing micro-
bubbles in the tissue and it is not associated with a violent 
collapse or dispersion of energy. Micro-bubble oscillations 
can result in sheering forces and viscous-damping heating. 
Although stable cavitation is currently avoided during the 
procedure, there is some experimental evidence that stable 
cavitation may be able to enhance tissue ablation during 
HIFU and is being further investigated [30].

A reproducible, but small volume of ablation is created for 
each pulse of energy during HIFU. The geometry of each 
ablation volume is an ellipsoid, and the size of the ellip-
soid is a function of crystal geometry. Treatment of cancer 
of the prostate is accomplished by systematically pulsing 
energy throughout the target volume at different locations 
until the entire volume has been ablated [31].

HIFU experimental identification and essential clinical parameters

Computer simulation, in vitro and in vivo studies were con-
ducted to identify and refine the ultrasound parameters 
required for the clinical treatment of prostatic disease. The 
destruction of PC with HIFU in these studies provided the 
evidence that prostate cancerous tissues can be destroyed 
by HIFU without inducing metastases, and that prostatic 
tissue can effectively be targeted through transrectal deliv-
ery of HIFU [4,32,33].

Essential clinical parameters for the medical use of HIFU 
include ultrasound frequency (MHz), acoustic intensity 
(Watts), duration of application (short time), intervals of 
the pulses (delay time), lateral distance between elemen-
tary lesions, longitudinal displacement of the energy source 
when applying multiple lesions, and penetration depth 
(focal point) dependent on the applicator design [13].

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, parameters of ultrasound 
treatment (MHz, Watts), application algorithm (impulse 
delay relation), imaging system, intraoperative target and 
safety features, target localization during treatment with 
transrectal ultrasound (TRUS) and controls [13].

Current standard urological applications use HIFU trans-
ducers with a fixed but adjustable focal point to be moved 
mechanically to treat a larger tissue volume [34,35].

Commercially available HIFU devices and treatment technologies

As of 2011, two transrectal HIFU devices were commer-
cially available for the treatment of PC, the Ablatherm 
[Edap Technomed, Lyon, France] and the Sonablate 500 
[Indianapolis, IN, USA] (Figure 2). Although neither of the 
devices has received Food and Drugs Administration (FDA) 
approval for marketing in the US, regulatory clearance is 
likely for the Ablatherm device when the results of a pro-
spective trial become available [13,26].

Nevertheless, the foundation science and technology of 
both systems is identical, but there are several technologi-
cal differences between the two devices. These differences, 
for the most part, arise from different schools of thought 
with regards to how best to design the optimal HIFU treat-
ment system. Specifically, the differences arise in how the 
manufacturers went about choosing operating frequencies 
and intensities. This is an optimization based on the effects 
that modifying these parameters will have influence on 
image quality and ablation ability [13].

The Ablatherm machine consists of a treatment module 
that includes the patient’s bed, probe positioning system, 
ultrasound power generator, cooling system for preserva-
tion of the rectal wall, and ultrasound scanner used during 
the treatment localization phase. There is also a treatment 
and imaging endorectal probe that incorporates both a 
biplanar imaging probe working at 7.5 MHz (Figure 3) and 
a treatment transducer focused at a maximum of 45 mm 
working at 3 MHz [26,36].

Numerous safety features have been incorporated, includ-
ing a safety ring that stabilizes the rectal wall during trans-
ducer movements, 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 [37]. HIFU is delivered 
as a single session therapy under spinal anesthesia for the 
duration of 2 to 3 hours. The treatment is conducted with 
the patient in the lateral position [37].

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 of 
the elementary lesion required, 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-mm, 35–
mm, or 40-mm focal length probes [38].

Figure 2.  Commercially available transrectal HIFU devices: Ablatherm 
and Sonablate 500 [26].
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Treatment parameters may also vary depending on the 
operator choice. Treatment is performed with patients 
in a dorsal position under general anesthesia. The probe 
(Figure 3) is chosen depending on prostate size, with larger 
glands requiring longer focal lengths. The treatment is usu-
ally conducted in three consecutive coronal layers, start-
ing from the anterior part of the prostate and progressively 
moving to the posterior part, with at least one probe switch 
during the procedure [26,38].

Measurement of HIFU effects on PC tissues

Most patients treated with HIFU presented with localized 
cancer [36]. Usually HIFU is used as a standalone proce-
dure with a 5-year disease-free survival rate (biochemi-
cal) by 77% for Ablatherm and 45–84% for Sonablate [39]. 
Best results after HIFU in terms of negative biopsies and 
low (prostatic specific antigen) PSA levels were achieved 
in patients with low-grade PC [39]. Based on The French 
Association of Urology (AFU) review, HIFU is the best 
short-term cancer control modality in terms of the rate of 
negative biopsies and decrease in PSA serum levels [40].

However, cautious optimism is recommended, as long-term 
results have not been provided yet. HIFU was delivered to 
regions of the prostate where biopsies had revealed can-
cer, and histological examination found a sharp demar-
cation between HIFU-treated and untreated areas, with 
complete necrosis in all specimens [41]. The treated areas 
appear as a non-enhancing hypointense zone surrounded 
by a peripheral rim of enhancement, 3 mm to 8 mm thick. 
These abnormalities correspond to a nucleus of coagula-
tion necrosis surrounded by a peripheral zone of inflam-
mation. Treatment-induced abnormalities visible with MRI 
usually disappear in 3 to 5 months in a centripetal manner, 
and HIFU-induced tissue contraction follows after about 6 
months in small prostates of approximately 5cc [42].

Indications for HIFU therapy of PC

The most widespread use of HIFU, and initially the only 
indication for its use, has been in patients with localized PC 
who are not candidates for surgery because of age, gener-
al health status, a prohibiting comorbidity or a preference 
not to undergo radical prostatectomy [13]. However, with 
the accumulation of clinical experience and expansion of 
research protocols, these indications have broadened [10,43].

However, the indications have been expanded based on 
clinical experience to include partial and focal therapy 

in unilateral low volume, low-Gleason tumors, inciden-
tal prostate cancer after trans-urethral resection (TUR), 
salvage therapy in recurrent prostate cancer after radi-
cal prostatectomy, radiotherapy, or hormone ablation, for 
locally advanced prostate cancer as adjuvant local tumor-
debulking therapy, non-metastatic as well as metastatic 
stages, and hormone-resistant prostate cancer (HRPCa). 
It is well accepted that the gland can also be downsized 
by 30% within 3 months of androgen deprivation therapy 
(ADT), besides TURP. Still remaining contraindications 
for the HIFU device are a missing or a small rectum and 
a damaged rectal wall, caused by previous prostatic/rectal 
therapies [44].

Efficacy of HIFU for PC therapy

There is no universal consensus on the definition of bio-
chemical failure in patients treated with HIFU [13]. The 
lowest negative biopsy rate was reported for patients treat-
ed with prototype devices [45]. Another series of negative 
biopsy rate of less than 80% included patients with a high 
risk PC [46,47]. In a more recent series, negative biopsy 
rates have ranged from 93%-96% [42,47]. Stricter crite-
ria for treatment failure were applied when failure was 
defined as any positive biopsy or three successive eleva-
tions in PSA with a velocity ³0.75 ng/mL/year [48].

Retreatment rates have also been reported in the literature, 
but their interpretation is confounded by the former prac-
tice of using two treatment sessions with only one pros-
tatic lobe treated in each session. This approach was com-
mon in the studies of Poissonnier et al., and Gelet et al., 
but the only series that did not use that approach was a 
study involving high-risk patients reported by Ficarra et al. 
[7,45,49].

Ablatherm HIFU for PC primary therapy

The authors identified 11 case series assessing Ablatherm 
HIFU as a primary therapy option in prostate cancer 
(Table 1), which were conducted by four study groups 
in Germany, France, and the Republic of Korea [50–56]. 
Between 58 and 402 patients with localized prostate can-
cer (T1–T2, N0–Nx, M0) with a mean age of 66–72 years 
were treated with HIFU. In 4 of 11 case series, patients 
were recruited consecutively [7,11,45,55]. The mean preop-
erative PSA level was 7–12 ng/mL, Gleason score was £7 in 
most patients, and the mean preoperative prostate volume 
was 21–37 mL. Between 0% and 43% of men received neo-
adjuvant ADT, and 65–100% of patients underwent TURP 
before or in combination with HIFU. Patients received 
between one and three HIFU treatments; most patients, 
i.e. 57–96%, underwent one treatment. The mean follow-up 
period varied between 6 and 77 months. The biochemical 
disease-free survival rate was 66% and 77% after 5 years 
[7,50], and 69% after 7 years [50]. The negative biopsy rate 
was assessed in all but one study and varied between 65% 
and 94% [7,45,50–56]; the time of biopsy was not specified. 
In one case series the negative biopsy rate was 86% at 3 
months [56].

The evidence concerning the patient-relevant outcomes, 
overall survival, and prostate cancer-specific survival 

Figure 3.  Different transrectal HIFU transducers for Sonablate 500 and 
Ablatherm [26].
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is scarce because these factors were only assessed in one 
case series [50]. Adverse events of the urinary tract includ-
ed bladder neck/urethral stenosis/stricture (2–17%), pro-
longed urinary retention (3–14%), urinary tract infection 
(2–58%), and urinary incontinence (2–34%). Adverse events 
of the rectum included rectal burn (0–15%) as well as rec-
to-urethral fistula (0–3%). In six case series, outcomes in 
terms of quality of life were assessed using self-adminis-
tered questionnaires that yielded either little differences 
from pre- to post-HIFU treatment, or controversial results 
[7,11,15,45,51,55].

Ablatherm HIFU for PC salvage therapy

Ablatherm HIFU as a salvage therapy option in recurrent 
prostate cancer after EBRT failure was assessed in three 
case series (Table 2), all of which were published from one 
study center in France [56–58]. Between 71 and 82 patients 
were treated with HIFU following recurrence of prostate 
cancer after EBRT [57,58]. In one case series patients were 
recruited consecutively [57]. The mean patient age was 
67–71 years; mean preoperative PSA level was 8 ng/mL, 
Gleason score was £8 in most patients, and preoperative 
prostate volume was between 21 and 35 mL. Neoadjuvant 
ADT was administered to between 9% and 30% of men. 
Patients were treated with HIFU, one (41%) to five (1%) 
times and were followed up for a mean of 15–18 months. 
The negative biopsy rate was 80% at 15 months in one trial 

[56] and between 78% and 80% in the remaining studies; 
the time of biopsy was not shown [57,58].

Evidence concerning patient-relevant outcomes is lim-
ited to adverse events concerning the urinary tract, such 
as bladder neck/urethral stricture/stenosis (17%), pro-
longed urinary retention (6%), urinary tract infection 
(1–6%), urinary incontinence (7–35%), as well as potency, 
adverse events within the rectum, and pain. One case series 
assessed the quality of life by self-administered question-
naires, but data were not presented [57].

Sonablate HIFU for PC 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 [59–64]. Between 63 and 
517 patients were treated with Sonablate HIFU who were 
recruited consecutively in four case series [60,62–64]. 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].

The remaining study reported a mean age of 64 years 
[59]. The median PSA level was 5–10 ng/mL in six studies 
[60–64]; mean PSA was given in one study and amounted 

Ablatherm HIFU for PC primary therapy in 11 case series conducted by four study groups in Germany, France, 
and the Republic of Korea [50–56]

Number of treated cases Between 58 and 402 patients [7,11,45,55]

Prostate cancer stage T1–T2, N0–Nx, M0 [7,11,45,55]

Mean age (years) 66–72 years [7,11,4555]

Mean preoperative PSA level (ng/mL) 7–12 ng/mL [7,11,45,55]

Gleason score ≤7 [7,11,45,55]

Mean preoperative prostate volume (ml) Between 21 and 37 mL [7,11,45,55]

Patients who received neo-adjuvant ADT (%) Between 0% and 43% [7,11,45,55]

TURP before or in combination with HIFU (%) Between 65% and 100% [7,11,45,55]

Mean follow-up period (months) Between 6 and 77 months [7,11,45,55]

Biochemical disease-free survival rate (years)
66% and 77% after 5 years [7,50]

69% after 7 years [50]

Negative biopsy rate (%)
Between 65% and 94% [7,11,15,45,50–52,54–56]

About 86% at 3 months [56]

Adverse events (urinary tract)

Bladder neck/urethral stenosis/stricture (2–17%) [7,11,15,45,51,55]

Prolonged urinary retention (3–14%) [7,11,15,45,51,55]

Urinary tract infection (2–58%) [7,11,15,45,51,55]

Urinary incontinence (2–34%) [7,11,15,45,51,55]

Adverse events (rectum)
Rectal burns (0–15%) [7,11,15,45,51,55]

Recto urethral fistula (0–3%) [7,11,15,45,51,55]

Table 1. Eleven case series assessing Ablatherm HIFU as a primary therapy option in prostate cancer.
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to 8 ng/mL [59]. 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 once. A median follow-up 
was between 14 and 34 months [60–64]; mean follow-up of 
12 months was reported in one study [59]. 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 [60–64]. The neg-
ative biopsy rate was assessed in five studies [60–64], but 
the time of biopsy was only presented in three of them [60–
62]. The negative biopsy rate was 19–89% at 6 months and 
77%–84% at 12 months [60–62].

There is a lack of evidence concerning overall survival and 
prostate cancer-specific survival. The reported adverse 
events included urinary tract with bladder neck/urethral 
stricture/stenosis (4–30%), prolonged urinary retention 
(1–13%), urinary tract infection (4–24%), and urinary incon-
tinence (1–2%). Impotence/erectile dysfunction and retro-
grade ejaculation occurred in 20–39% and 1–20% of men, 
respectively. All case series assessed the quality of life by 
self-administered questionnaires. However, the results 
were only presented in four of the seven trials [59–62].

Sonablate HIFU for PC salvage therapy

Until the advent of HIFU, when a patient had persistent or 
recurrent prostate cancer after radical radiation treatment, 

the only other treatment options were salvage prostatecto-
my or hormone therapy. It appears that HIFU may provide 
a noninvasive, safe, and effective salvage treatment in this 
very-difficult-to-treat population [65].

After searching databases mentioned in the material and 
methods part of this study, the authors found only one 
review of 31 cases treated with the Sonablate 500 HIFU 
device (Table 4). That review was carried out in the United 
Kingdom between 1 February 2005 and 15 May 2007. All 
men had a presumed organ-confined, histologically con-
firmed, recurrent prostate adenocarcinoma following EBRT. 
The mean (range) age was 65 (57–80) years with a mean 
preoperative PSA level of 7.73 ng/mL. The patients were 
followed up for a mean (range) of 7.4 (3–24) months. Side-
effects included stricture or intervention for necrotic tis-
sue in 11 of the 31 patients (36%), urinary tract infection or 
dysuria syndrome in eight (26%), and urinary incontinence 
in two (7%). Recto-urethral fistula occurred in two men, 
although one was due to patient movement due to inad-
equate anaesthesia, so the ‘true’ rate was 3%. Half of the 
patients had PSA levels of <0.2 ng/mL at the last follow-up. 
Three patients had metastatic disease whilst another two 
had only local, histologically confirmed, failure. Another 
four patients had evidence of biochemical failure only. 
Overall, 71% had no evidence of a disease following sal-
vage HIFU. Salvage HIFU is a minimally invasive daycase 
procedure that can achieve low PSA nadirs and better can-
cer control in the short term, with comparable morbidity 
to other forms of salvage treatment. The issue of accurate 
staging at the time of recurrence is still problematic, as a 

Ablatherm HIFU as a salvage therapy option in recurrent prostate cancer in 3 case series conducted in one study center 
in France [56–58]

Number of treated cases Between 71 and 82 patients [57,58]

Mean age (years) 67–71 years [57,58]

Mean preoperative PSA level (ng/mL) 8 ng/mL [57,58]

Gleason score ≤8 [57,58]

Mean preoperative prostate volume (mL) Between 21 and 35 mL [57,58]

Patients who received neo-adjuvant ADT (%) Between 9% and 30% [57,58]

HIFU following recurrence of prostate cancer after EBRT Between 71 and 82 patients [57,58]

Mean follow-up period (months) Between 15 and 18 months [57,58]

Negative biopsy rate (%)
80% at 15 months [56]

Between 78% and 80% at 15 months [57,58]

Adverse events (urinary tract)

Bladder neck/urethral stricture/stenosis (17%) [57]

Prolonged urinary retention (6%) [57]

Urinary tract infection (1–6%) [57]

Urinary incontinence (7–35%) [57]

Adverse events (potency) Impotence/erectile dysfunction in only one trial [57]

Adverse events (rectum) Rectourethral fistula [57]

Table 2. Three case series assessing Ablatherm HIFU as a salvage therapy option in recurrent prostate cancer.
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proportion of these men will harbour microscopic metasta-
ses undetected by conventional staging investigations [66].

HIFU in focal treatment of PC

The overtreatment of prostate cancer is recognized and 
the need for less-aggressive minimally sufficient treatment 
options is paramount [67,68]. Focal therapy for prostate 
cancer is in the same vein as the progress that has been 
made for the treatment of breast cancer, where lumpec-
tomy is suggested as a first-line treatment of patients 
with lesions of limited size. The primary idea of carry-
ing out focal therapy goes back to Onik et al., who were 
the first to use cryoablation for prostate lumpectomy [69]. 
That concept paper was followed by the first outcomes of 
focal cryoablation in 2007 [70–72] and a report on focal 
ablation with HIFU [73]. Bahn et al. followed up 31 men 
treated with hemispherical cryoablation using the stage as 
the primary selection criterion (26.6% of men had a Gleason 

score of 7 and 9.7% had a PSA >10 ng/mL) [70]. With a 
median follow-up of 70 months, 92.8% of men had a stable 
PSA – according to the American Society for Therapeutic 
Radiology and Oncology (ASTRO) definition - and 96% had 
negative biopsies [70]. In the Ellis et al. series, 60 patients 
were selected (Table 5) for hemispherical cryoablation via a 
12-core biopsy [72]. The average follow-up was 15 months 
and the biological progression-free survival rate was 80.4%, 
the incontinence rate was 3.6%, and erectile function was 
preserved in 70.6% of patients. It should be noted that 
33% of patients included in that series were at intermedi-
ate risk or higher [72]. In the Onik et al. series (55 patients 
with a follow-up of more than 1 year), a stable PSA level 
was obtained in 95% of the patients and sexual function 
(Table 5) was preserved in 86% of the patients [71]. Not all 
patients in those two series were reevaluated with biopsy 
after focal treatment; the rate of negative biopsies is there-
fore subject to caution as compared to 100% in the Onik et 
al. series, and 77% in the Ellis et al. series [71,72].

Sonablate HIFU for PC primary therapy in 7 case series carried out by three study groups in the United Kingdom, Italy, 
and Japan [59–64]

Number of treated cases Between 63 and 517 patients [60,62–64]

Prostate cancer stage
T1–T2, N0,M0 [60–64]

Locally advanced T3, N0, M0 [60–64]

Mean age (years)
Between 68 and 72 years [60–64]

64 years [59]

Mean preoperative PSA level (ng/mL)
5–10 ng/mL [60–64]

8 ng/mL [59]

Gleason score ≤7 [59–64]

Mean preoperative prostate volume (mL) 22–33 mL [59–64]

Patients who received neo-adjuvant ADT (%) Between 29% and 66% [59–64]

TURP (%) Not carried out/No information [59–64]

HIFU sessions (%) 79–86% were treated once [59–64]

Mean follow-up period (months)
Between 14 and 34 months [60–64]

12 months [59]

Biochemical disease-free survival rate (years) Between 78% and 84% at 1 year, 0–91% at 2 years, 20–86% at 3 
years, and 45–84% at 5 years [60–64]

Negative biopsy rate (%) 19–89% at 6 months and 77–84% at 12 months [60–62]

Adverse events (urinary tract)

Bladder neck/urethral stricture/stenosis (4–30%) [59–62]

Prolonged urinary retention (1–13%) [59–62]

Urinary tract infection (4–24%) [59–62]

Urinary incontinence (1–2%) [59–62]

Adverse events (potency)
Impotence/erectile dysfunction (20–39%) [59–62]

Retrograde ejaculation (1–20%) [59–62]

Table 3. Seven case series assessing Sonablate HIFU as a primary therapy option in prostate cancer.
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In the Muto et al. article, 29 patients underwent focal 
HIFU (Table 5) with a biochemical progression-free sur-
vival rate at 2 years of 83.3% for patients at low risk (TA–
T2A, and Gleason score of 6, and PSA <10 ng/mL) and of 
53.6% for patients at intermediate risk (T2B or Gleason 

score of 7 or PSA >10 ng/mL). The rate of negative biopsies 
was 76.5% at 12 months in 17 patients who were rebiop-
sied [73]. It should be noted that the focal treatment in that 
series included the entire peripheral zone of the two pros-
tate lobes and the transitional area of the diseased lobe (in 

Sonablate 500 HIFU device as a salvage therapy option in recurrent prostate cancer in 31 case series conducted in two centers 
in the United Kingdom [66]

Number of treated cases 31 patients [66]

Prostate cancer stage ≤T3B, N0, M0 [66]

Mean age (years) 57–80 years [66]

Mean preoperative PSA level (ng/mL) 7.73 ng/mL [66]

Gleason score

≤6 in 16.1% of patients [66]

7 in 54.9% of patients [66]

≥8 in 16.1% of patients [66]

Unknown in 12.9% of patients [66]

Mean preoperative prostate volume (mL) No information [66]

Patients who received hormone therapy (%) 58% [66]

HIFU following recurrence of prostate cancer after EBRT 31 patients [66]

Mean follow-up period (months) 3–24 months [66]

Negative biopsy rate (%) 71% at 24 months [66]

Adverse events (urinary tract)

Stricture or intervention for necrotic tissue (36%) [66]

Urinary tract infection or dysuria syndrome (26%) [66]

Urinary incontinence (7%) [66]

Adverse events (potency) Epididymitis (3%) [66]

Adverse events (rectum)
Rectourethral fistula (3%) [66]

Prostorectal fistula (7%) [66]

Table 4. Thirty-one case series using the Sonablate 500 HIFU device as a salvage therapy option in recurrent prostate cancer.

Study Number of 
patients

Median 
follow-up 
(months)

Negative 
biopsy rate (%)

Adverse effects in 
urinary tract (%)

Adverse effects 
concerning potency (%)

Bahn et al. [70] 31 70 96% Urinary incontinence (0%) 11.1%

Onik et al. [71] 55 >12 100% Urinary incontinence (0%) 14%

Ellis et al. [72] 60 15 77% Urinary incontinence (3.6%) 29.4%

Muto et al. [73] 29 12 76.5%
Urethral stricture (8.6%)

0%
Urinary tract infection (11.4%)

Poissonnier et al. [7] 227 3 86%

Urinary incontinence (13%) Data were incomplete 
(only 30% of 
subjects completed 
questionnaires)

Urethral stricture (12%)

Uchida et al. [67] 63 36 82% Urethral strictures (24%) 13%

Table 5. HIFU in focal treatment of PC.
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the end, only the transitional area of the lobe presumed to 
be healthy was saved) [73].

Early results with HIFU in focal treatment of PC appear 
encouraging in the context of study limitations for prop-
erly selected patients with clinically organ-confined dis-
ease. Since the overall experience is limited and follow-
up is immature, long-term cancer control rates and more 
comprehensive analyses of treatment morbidity are nec-
essary before advocating for the more widespread use of 
HIFU. Because HIFU has been used predominantly as a 
whole-gland therapy, additional experience will determine 
whether it can be successfully applied to focal lesions [74]. 
HIFU in focal treatment of PC capitalizes on the coagula-
tion necrosis that occurs at temperatures higher than 60°C. 
Ultrasound energy is tightly focused, absorbed and con-
verted to heat, resulting in a sharp delineation between the 
ablated and undamaged tissue. Accordingly, hundreds of 
cycles are often required for complete treatment. The size 
and location of the ablated area are modifiable based on the 
focusing system, ultrasound frequency, and the duration 
and absorption coefficient of the tissue. One of two systems 
is typically used, the Ablatherm or Sonablate [74].

Poissonnier et al. used Ablatherm to treat the prostate 
(Table 5) in 227 patients with clinical stages T1–T2 of pros-
tate cancer, from 1994 to 2003 [80]. Because of their early 
experience with post-treatment voiding symptoms, more 
recent patients have undergone TURP and HIFU concomi-
tantly. A mean number of cycles per session was 419 and 
mean follow-up was 27 months. While 86% of patients had 
a negative sextant biopsy at 3 months following treatment, 
31% of men received neoadjuvant hormonal deprivation. 
Disease persistence requiring retreatment occurred in 43% 
of patients, incontinence in 13%, and urethral stricture in 
12%. Erectile function data were incomplete as only 30% 
of subjects completed questionnaires [7]. Similarly, Uchida 
et al., treated the whole prostate in 63 patients (Table 5) 
with clinical stage T1–T2 of prostate cancer, using the 
Sonablate device [67]. Median operative time was 149 min-
utes, biopsies were taken 6 months after the procedure, 
and biochemical recurrence was defined as 3 consecutive 
PSA increases. A 3-year biochemical-free survival rate for 
men with pretreatment PSA of less than 10 ng/mL was 82%. 
Urethral strictures occurred in 24% of patients [67].

Future perspectives of HIFU for cancer treatment

HIFU is a non-invasive method of destroying a target tissue 
without skin incision whilst sparing adjacent tissues and 
organs, using real-time imaging guidance and control. The 
HIFU treatment involves relatively little pain and can be 
carried out with conscious sedation and on an outpatient 
basis. Such a technology provides a personalized treat-
ment, adjusted to the individual patient anatomy, pathol-
ogy and treatment response. The combination of Magnetic 
Resonance Imaging (MRI) and Focused Ultrasound (FUS), 
known as ‘‘MRgFUS’’, provides an ability to plan and 
monitor treatment in near real time, with MRgFUS fur-
ther increasing the safety profile of FUS due to real-time 

temperature mapping [75]. Combined strategies have been 
recently addressed, in order to match the advantages of 
both imaging modalities [76]. Moreover, MRgFUS allows 
for achieving a higher degree of accuracy in ablation of the 
affected tissue [77–79]. In particular, MRI has the unique 
ability to monitor temperature and cavitation level in real 
time [80–82].

Another exciting opportunity for HIFU application in 
cancer therapy is its combination with pharmacologi-
cal agents, particularly with modulators of apoptosis such 
as bortezomib. Bortezomib is boronic acid inhibitor for 
selective suppression of chymotryptic threonine protease 
activity. When administered alone or in combination with 
chemotherapy or radiation, bortezomib demonstrated anti-
tumor activity (sensitizing the cancer cells to apoptosis) [5]. 
Poff et al. showed that pulsed HIFU could be exploited for 
tumor growth inhibition and induction of apoptosis in com-
bination with anti-cancer drugs (bortezomib) [83].

Opposite to thermal induction, the mechanical impact 
from HIFU might be considered as an alternative for elic-
iting apoptosis. In a recent study, researchers exploited 
MR-guided HIFU for inducing apoptosis, where moderate 
acoustic power was applied (5 Watt acoustic power, 5 Hz 
frequency; 0.1 duty cycle) [84].

The data of a microscopic examination revealed an absence 
of thermal damage or destruction of tissues, while the 
apoptotic index achieved its peak (after 24 hours) com-
pared to the control group. Finally, HIFU-induced apopto-
sis or HIFU-enhanced apoptosis induction will open more 
avenues for a novel non-invasive therapeutic approach of 
cancer treatment [84].

Conclusions

HIFU treatment for localized PC can be considered as an 
alternative minimally-invasive therapeutic modality for 
patients who are not candidates for radical prostatectomy, 
especially in the cases at low or moderate risk. Patients 
with lower pre-HIFU PSA level and favourable pathologic 
Gleason score seem to present better oncological outcomes. 
Salvage HIFU is a curative treatment option for a local 
relapse after EBRT with acceptable morbidity, but careful 
patient selection is imperative depending upon the prog-
nostic factors. In addition, the efficacy and safety of HIFU 
as primary therapy should be further evaluated in rand-
omized controlled trials comparing it with other minimal-
ly-invasive therapies and watchful waiting. Future advanc-
es in technology and safety will undoubtedly expand the 
HIFU role in this indication as more patient series are pub-
lished with longer-term follow-up.
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