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High-Intensity Focused Ultrasound (HIFU) as salvage 
therapy for radio-recurrent prostate cancer: predictors 
of disease response
_______________________________________________
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ABSTRACT									         ARTICLE INFO______________________________________________________________     ______________________

Background: Some men with localized radio-recurrent prostate cancer may benefit 
from salvage high-intensity focused ultrasound (HIFU). Herein, we describe oncologic 
outcomes and predictors of disease response after salvage whole gland HIFU from our 
prospective cohort.
Materials and Methods: Patients with localized radio-recurrent prostate cancer were 
prospectively enrolled from January 2005 to December 2014. Participants had to meet 
both biochemical and histological definitions of recurrence. Exclusion criteria included 
the receipt of prior salvage therapy, presence of metastatic disease, and administration 
of ADT in the 6-months prior to enrollment. Participants were treated with a single 
session of whole-gland HIFU ablation with the AblathermTM device (EDAP, France). The 
primary endpoint was recurrence-free survival (RFS), defined as a composite endpoint 
of PSA progression (Phoenix criteria), receipt of any further salvage therapy, receipt of 
ADT, clinical progression, or death. Kaplan-Meier survival analysis was used to deter-
mine the primary end-point and stratifications were used to determine the significance 
of 6 pre-specified predictors of improved RFS (TRUS biopsy grade, number of study 
entry TRUS biopsy cores positive, palpable disease at study enrollment, pre-HIFU PSA, 
an undetectable post-HIFU PSA nadir, and receipt of prior hormone therapy). Survival 
analysis was performed on participants with a minimum of 1-year follow-up.
Results: Twenty-four participants were eligible for study inclusion with a median fol-
low-up of 31.0 months. Median PSA at study entry was 4.02ng/ml. Median time to 
PSA nadir was 3 months after treatment and median post-HIFU PSA nadir was 0.04ng/
ml. Median 2-year and 5-year RFS was 66.3% and 51.6% respectively. Of our 6 pre-
specified predictors, an undetectable PSA nadir was the only significant predictor of 
improved RFS (HR 0.07, 95% CI 0.02-0.29, log-rank P<0.001). One participant under-
went an intervention for a urethral stricture. No participants developed osteitis pubis 
or rectourethral fistulae.
Conclusions: Salvage HIFU allows for disease control in selected patients with localized 
radio-recurrent prostate cancer. An undetectable PSA nadir serves as an early predictor 
of disease response.
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INTRODUCTION

Patients treated with primary radiotherapy 
for prostate cancer have a 20-60% risk of bioche-
mical recurrence (1, 2). Various treatment options 
for biochemical failure are available, ranging from 
watchful waiting with delayed androgen deprivation 
therapy (ADT) to local salvage therapies. Over 90% 
of radio-recurrent patients receive ADT, which is not 
curative, associated with well-known side effects, 
and expensive (1). In one large series published by 
Zelefsky et al., a positive biopsy was present in 25% 
of patients receiving 81Gy dose of radiotherapy (3). 
Of the patients with a positive biopsy, 97% had a 
PSA relapse and 31% developed metastases within 
10 years (3).

Although there is no widely accepted “gold 
standard” for salvage therapy for radio-recurrence 
of prostate cancer, some consider the gold standard 
for curative local salvage therapy as salvage radical 
prostatectomy (4). Salvage radical prostatectomy has 
been reported to have 5-year and 10-year bioche-
mical recurrence free rates of 47-82% and 28-53% 
respectively (5). Cancer specific survival has been re-
ported to range from 70-83% and 54-89% at 5-years 
and 10-years respectively (5). Despite these outcomes, 
salvage radical prostatectomy is rarely performed 
due to its high morbidity rate. In the radio-recur-
rent setting the risk of intra-operative bowel injury 
is significantly higher and, at times, it is impossible 
to safely perform salvage radical prostatectomy (4). 
Other local therapies including cryotherapy (6) and 
brachytherapy (7) have also been used in smaller se-
ries as a salvage therapy for radio-recurrent prostate 
cancer, with a 50-70% biochemical recurrence free 
rate at 5 years.

High-intensity focused ultrasound (HIFU) is 
a minimally invasive local ablative technology cur-
rently being investigated in prostate cancer. Use of 
HIFU has been previously reported in the primary 
setting, as well as in the salvage setting for radio-
-recurrent prostate cancer (2, 8, 9). In the salvage 
setting, there are heterogeneous HIFU techniques, a 
lack of large prospective trials, and no consensus re-
garding the ideal candidate for salvage HIFU. To this 
end, we report our oncologic outcomes and predic-
tors of disease response with whole-gland HIFU as 
salvage therapy for radio-recurrent prostate cancer.

MATERIALS AND METHODS

Participants with radio-recurrent prostate 
cancer were prospectively enrolled in this institu-
tional review board approved study from January 
2005 to December 2014. Participants were offered 
inclusion in this study if they had experienced ra-
diation failure after primary radiotherapy (exter-
nal beam radiotherapy [EBRT] or brachytherapy 
[BT]) for prostate cancer. Prior to study enroll-
ment, participants underwent clinical assessment, 
PSA testing, computed tomographic (CT) scan of 
the abdomen and pelvis, bone scan and trans-
rectal ultrasound (TRUS) guided prostate biopsy. 
The TRUS guided biopsy template was intended to 
sample the entire gland, including a classic sex-
tant biopsy and approximately 2 additional lateral 
cores on each side.

Study participants had to meet both bio-
chemical and histopathologic definitions of failu-
re. Biochemical failure was defined as either a PSA 
rise to 2ng/ml or more above their post radiothe-
rapy PSA nadir (ASTRO Phoenix criteria (10)) or 3 
consecutive PSA rises above their post radiothe-
rapy PSA nadir (1997 ASTRO consensus criteria 
(11)). Participants for which a c bounce phenome-
non was suspected due to an increase in years 2-3 
post radiotherapy were followed for 6-18 months 
(12) to ensure that they were experiencing a true 
biochemical failure prior study enrollment. Parti-
cipants also had to have histopathologic evidence 
of failure on a TRUS guided biopsy performed at 
study entry demonstrating prostate cancer. Parti-
cipants were included in study analyses if they had 
a minimum of 1-year of follow-up. Study exclu-
sion criteria included the receipt of prior salvage 
therapy or prior HIFU, the presence of metastases 
on staging investigations, and the receipt of ADT 
in the 6-months prior to biochemical determina-
tion of radiation failure.

Participants were treated with HIFU with 
the Ablatherm™ HIFU device (EDAP, France) using 
a standardized protocol similar to primary HIFU 
treatment. Treatment was done in a single session 
and monitored real-time with ultrasound to en-
sure whole-gland ablation. Spinal anesthesia with 
adjunctive intravenous sedation was used during 
treatment. Standardized device settings were em-
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ployed - 100% acoustic power and 41-48 Watts of 
energy was used. The pulse duration was 6 secon-
ds and there was a 4 second delay between each 
pulse. Pre-HIFU androgen deprivation therapy 
and transurethral resection of prostate were not 
utilized. Participants were sent home the same day 
with a urethral Foley catheter.

After the procedure, participants were follo-
wed every 3-months for the first 2 years, and then 
every 6 months subsequently. Follow-up included 
clinical follow-up, PSA testing, administration of 
the American Urological Association Symptom In-
dex (13) (AUA-SI) and the International Index of 
Erectile Function (14) (IIEF) questionnaires, as well 
as additional investigations as indicated. In addi-
tion to recording general complications during cli-
nical follow-up, attempts were made to specifically 
assess and diagnose participants with HIFU spe-
cific complications including urethral strictures, 
osteitis pubis, and rectourethral fistulae. Routine 
post-HIFU biopsies were not performed.

The primary endpoint of this study was di-
sease recurrence, defined as a composite endpoint 
of PSA progression by the ASTRO Phoenix crite-
ria (10) (PSA nadir+2ng/ml), receipt of any further 
salvage therapy, receipt of ADT, clinical progres-
sion including the development of locally advan-
cing disease or metastases, or death. Secondary 
analyses were performed to determine predictors 
of disease recurrence. Pre-specified predictors for 
which analysis was intended included TRUS biop-
sy grade, number of study entry TRUS biopsy co-
res positive, palpable disease at study enrollment, 
pre-HIFU PSA, an undetectable post-HIFU PSA 
nadir, and receipt of prior hormone therapy. An 
additional post-hoc analysis was added to deter-
mine if use of the Stuttgart criteria for biochemical 
failure after primary HIFU (PSA nadir+1.2ng/ml 
(15) would alter the number of participants clas-
sified as recurrence, with an intention to perform 
analyses utilizing both definitions of biochemical 
failure should this be the case.

Survival analysis with the Kaplan-Meier 
method was performed to determine disease re-
currence-free survival (RFS) over time. Survival 
curves were stratified by each predictor of disease 
recurrence. A P value less than 0.05 on log-rank 
testing was used to determine whether the effect 

of each predictor on time to disease recurrence 
was statistically significant. Descriptive statistical 
analysis was performed with IBM SPSS Statistics 
version 22.0 (IBM Corporation, USA). Median va-
lues, range, and interquartile range (IQR) values 
are reported when appropriate.

RESULTS

A total of 741 patients underwent HIFU 
at our center and 24 patients (3.2%) were eligi-
ble for study inclusion with a median follow-up 
of 31.0 months (range 12.3-70.2 months). Mean 
age at treatment was 68 years and 21/24 patients 
(88%) had received prior EBRT, while 3/24 (12%) 
had received prior brachytherapy. Most partici-
pants (21/24, 87.5%) had Gleason 7 or higher 
disease on study entry biopsy and 14/24 (58.3%) 
had palpable disease. Median PSA at study entry 
was 4.02ng/ml (range 0.90-28.90ng/ml). Patient 
demographics are listed in Table-1.

All enrolled participants received salva-
ge HIFU treatment as described in our protocol. 
Mean treated prostate volume was 23.8ml (ran-
ge 11.3-38.8ml). No participants received ADT 
or transurethral resection of the prostate (TURP) 
as an adjunct to HIFU. Median time to PSA nadir 
was 3 months (range 3-15 months) after treatment 
and median post-HIFU PSA nadir was 0.04ng/ml 

Table 1 - Baseline characteristics of patients.

Variable Value

Number of included patients (n) 24

Mean age (years) 68

Prior EBRT (n) 21 (88%)

Prior brachytherapy (n) 3 (12%)

Prior ADT (with radiotherapy) (n) 6 (25%)

Restaging MRI (n) 9 (38%)

Median PSA (ng/mL) [range] 4.02 [0.90 – 28.90] 
ng/mL

Gleason grade (n having 6, 7, 8-10) 3, 11, 10

Clinical T stage (n having T1, T2, T3) 10, 8, 6
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(range 0-3.08). Two patients had no PSA responses 
post-HIFU (PSA increased at the 3-month post-HI-
FU measurement). Disease recurrence was experien-
ced by 9 participants (38%) during follow-up with 
a median time to disease recurrence of 18 months 
(range 3-36 months). Disease recurrence was due to 
biochemical recurrence (rise of 2ng/ml above PSA 
nadir) in the 9 participants. If the alternate Stuttgart 
definition (PSA nadir+1.2ng/ml (14)) of biochemi-
cal failure was employed, none of the remaining 15 
participants would be reclassified as treatment fai-

Figure 1 - (A) Maximum PSA decline and (B) Timing of maximum PSA decline (post-HIFU nadir) and timing of PSA failure for 
individual patients treated with salvage HIFU.
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grade, number of study entry TRUS biopsy cores 
positive, palpable disease at study enrollment, pre-
-HIFU PSA, and receipt of prior hormone therapy, 
suggested an improved RFS but were not statisti-
cally signifi cant (P>0.05). There was no difference 
in RFS between those patients initially treated with 
prior ERBT and brachytherapy.

One participant developed urethral stric-
ture disease 9 months post-HIFU requiring visu-
al internal urethrotomy (Clavien-Dindo Grade IIIb 
complication). No cases of rectourethral fi stulae or 
osteitis pubis were observed. There were no other 
surgical complications noted. Median IPSS incre-
ased from a baseline of 8 (range 2-27, n=21) to 24 
at a median year 1 average (range 6-32, n=16) and 
17 at a median 2-year average (range 1-30, n=11). 
Median IIEF-15 declined from pre-treatment from 
43 (n=17) to 19 post-treatment (n=12). IIEF data 
was limited in follow-up with most patients com-
pleting the post-treatment assessment at 6 months 
and not afterwards.

DISCUSSION

With 20-60% of men receiving primary 
radiotherapy developing biochemical failure wi-
thin 5 to 8 years, there is a clinical need to fi nd 
curative salvage therapies (1, 2). Salvage prosta-
tectomy may be potentially curative but carries 

Figure 2 - Recurrence-free survival (RFS) after salvage HIFU. Figure 3 - Subgroup analysis of recurrence-free survival (RFS) 
after salvage HIFU. (A) PSA nadir serves as an early predictor 
of RFS (P<0.001). (B) Low grade and (C) impalpable disease 
are suggestive of improved RFS but not statistically signifi cant.
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a high risk of adverse events. Multiple studies 
have demonstrated cancer-specific survival to 
range from 70-83% and 54-89% at 5-years and 
10-years respectively, and salvage prostatectomy 
has been reported to have 5-year and 10-year 
biochemical recurrence-free rates ranging from 
47-82% and 28-53% respectively (5). Salvage 
prostatectomy is a more morbid operation than 
when performed primarily-previous series have 
demonstrated that salvage radical prostatectomy 
is associated with a 2-10% risk of rectal injury, 
11-41% risk of anastomotic stricture, 80-100% 
risk of post-operative erectile dysfunction and 
10-79% risk of incontinence.

The goal of an ablative therapy for pros-
tate cancer is the maximum destruction of cance-
rous tissue with minimal injury to critical adjacent 
structures such as the urethra, urinary sphincter, 
bladder neck and rectum. In our study, we have 
found that approximately half of patients treated 
with salvage whole gland HIFU for radio-recurrent 
prostate cancer experienced intermediate-term 
RFS (2-year RFS: 66.3%, 5-year RFS: 51.6%). This 
is similar to other series that have reported inter-
mediate term RFS ranging from 38-83% (Table-2).

In their retrospective analysis of 167 pa-
tients, Murat et al. reported local cancer control 
was achieved with negative biopsy results in 73% 
of patients and the 5-year overall survival rate 
was 84% (16). The 3-year progression-free survi-
val rates were 53%, 42% and 25% for the low-, 
intermediate-, and high-risk groups, respectively. 
Murat et al. showed that those who had not had 
previous ADT, low pre-HIFU PSA and those with 
pre-radiotherapy low or intermediate D’Amico 
risk disease had improved RFS. Neither Gleason 
score nor positive biopsy percentage influenced 
RFS. Another study by Jones et al. of 100 pa-
tients at least 2 years after EBRT who received 
whole gland HIFU, 50 men achieved their 1 year 
endpoint of PSA nadir less than 0.5ng/mL and a 
negative biopsy (17).

A recent multicenter retrospective stu-
dy by Crouzet et al. of 418 patients with radio-
-recurrent disease treated with HIFU showed that 
the overall survival, cancer specific survival and 
metastasis-free survival rates at 7 years were 
72%, 82% and 81%, respectively (18). Pre-ERBT 

risk classification and pre-salvage HIFU PSA was 
shown to be associated with worse biochemical 
failure-free survival. Another study by Gelet et al. 
of 71 patients who were treated with salvage HIFU 
demonstrated that 80% had negative biopsies post 
HIFU and 61% had a nadir PSA obtained within 3 
months of less than 0.5ng/mL (19). Mean follow-
-up was 14.8 months and at the last follow-up, 
44% of patients had no evidence of any disease 
progression.

In our cohort, undetectable PSA nadir was 
the only identified predictor of improved RFS. This 
is validated by other data in the literature. Ahmed 
et al. showed that in 84 men who underwent who-
le gland salvage HIFU, PSA nadir >0.5ng/mL was 
predictive of failure (HR: 0.16, P<0.001) (2). The 
1- and 2-year PFS for patients with a PSA nadir 
of <0.5ng/mL was 82 and 68% respectively, com-
pared to 37 and 13% for those with a PSA nadir 
>0.5ng/mL. Neither pre-treatment PSA nor Glea-
son score were found to predict failure. Uchida et 
al. showed that in men with a PSA nadir <0.2ng/
mL had a low rate of cancer detection on post-
-HIFU biopsy of only 11% compared to 54 and 
52% if the PSA nadir was 0.21-1 or >1ng/mL res-
pectively (20). This has led to some investigators 
suggesting that routine biopsy post-HIFU may not 
be required if the PSA nadir is less than 0.2ng/mL. 
The PSA nadir has also been shown to be a pre-
dictor of improved RFS in other setting including 
primary HIFU (21), focal salvage HIFU (22) and 
salvage cryoablation (23).

Other predictors of RFS shown by other 
investigators include pre-EBRT D’Amico risk (Mu-
rat), pre-HIFU PSA (8, 16, 21), previous ADT (8, 
16), Gleason grade (8) and tumor extension ante-
rior to the urethra as seen in MRI (21). However, 
these were not shown to be statistically significant 
in our cohort.

Compared to salvage prostatectomy, com-
plication rates of salvage HIFU are hypothesized 
to be less severe (7). In our series, only 1 parti-
cipant developed urethral stricture disease requi-
ring visual internal urethrotomy and there were 
no cases of rectourethral fistulae or osteitis pubis. 
In a systematic review of HIFU for radio-recurrent 
prostate cancer, reported complications included 
a 2-16% risk of rectourethral fistula, 20% risk 
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Table 2 - Review of literature for salvage HIFU (whole gland and focal) for radio-recurrent prostate cancer.

Study,

Year Device

No. 

patients 

(n)

Age 

(years)

Pre-HIFU 

PSA 

(months)

Median 

follow-up 

(months)

Primary 

therapy

Prior 

ADT 

(%)

Definition of 

biochemical 

failure RFS

Incontinence 

(%)

Bladder 

obstruction 

(%)

Rectourethral 

fistula (%)

Osteitis 

Pubis 

(%)

Whole Gland HIFU

Gelet, 

2004
Ablatherm™ 71 67 5.72 14.8 EBRT 30 ASTRO

38%
(30 months)

35.2 (G3 

= 7)
16.9 5.6 NR

Zacgarakis, 

2008

Sonablate 

500™
31 68 5.7 7.4 EBRT 58 ASTRO 71%

(7.4 months) 6.5 36 6.5 NR

Murat, 

2009
Ablatherm™ 167 68 4.5 18.1 EBRT 56.8 Phoenix

53% low 
risk, 42% 

intermediate 
risk, 25% 
high risk
(3 years)

49.5

(G3 = 9.5)
19.8 3 NR

Berge, 

2010
Ablatherm™ 46 67.4 5.5 9 EBRT 15.2 Phoenix 60.9%

(9 months) 32.6 4.4 2.2 NR

Uchida, 

2010

Sonablate 

500™
22 65 4 24

EBRT 

(63.6%), 

BT 

(22.7), 

PT 

(13.6%)

27.3 Phoenix 52%
(5 years) 18.2 18.2 4.5 NR

Ahmed, 

2012

Sonablate 

500™
84 68 4.3 19.8 EBRT 36 Phoenix

59% (1 year); 
43% (2 year)

38 20 4.8 1.2

Crouzet, 

2012
Ablatherm™ 290 68.7 6.38 48 EBRT 50 Phoenix

45% low 
risk, 31% 

intermediate 
risk, 21% 
high risk
(5 years)

46.6 16 2 2.7

Rouviere, 

2013
Ablatherm™ 46 NR 5.7 NR EBRT 32.6 Phoenix 42% (2 year); 

31% (4 year) NR NR NR NR

Song, 

2014
Ablatherm™ 13 68 4.63 44.5 ERBT 61.5 Stuttgart

53.8%
(44.5 

months)
30.8 38.5 0 NR

Yutkin, 

2014

Sonablate 

500™
19 66 3.25 59.3 BT 27 Stuttgart 66.7%

(4.3 years) 31.6 21.1 15.8 0

Dason, 

2016
Ablatherm™ 24 68 4.02 31

ERBT 

(88%), 

BT 

(12%)

NR Phoenix

66.3%
(2 year); 
51.6%
(5 year)

NR 4.2 0 0

Focal HIFU

Ahmed, 

2012

Sonablate 

500™
39 70.5 3.3 17 EBRT 74.4 Phoenix 69% (1 year); 

49% (2 year) 12.8 8 2.6 0

Baco, 

2014
Ablatherm™ 48 68.8 NR 16.3

EBRT 

(96%), 

BT (4%)

23 Phoenix 83% (1 year); 
52% (2 year) 25 NR 0 2
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of bladder neck contracture, 10% risk of urethral 
strictures, 1.2-2.7% risk of osteitis pubis, 10-50% 
risk of incontinence and 66.2-100% risk of erectile 
dysfunction (24). Heterogeneity in adverse event 
reporting prevents a direct comparison of salvage 
HIFU toxicity to salvage prostatectomy.

Compared to whole gland salvage HIFU, 
focal HIFU is less well reported. Although preser-
ving oncologic control while further minimizing 
harm may be achieved with focal therapy, difficul-
ty with accurately localizing and treating recur-
rent disease may lead to progression and metasta-
sis. Provisional data suggests similar oncological 
outcomes with lower adverse events compared to 
whole-gland ablation. Ahmed et al. reported on 
39 patients treated with focal HIFU (hemi-ablation 
or focal ablation) for radio-recurrent prostate can-
cer (22). Progression-free survival rates at 1- and 
2- years according to the Phoenix criteria were 
reported to be 69% and 49% respectively.

Baco et al. described 48 prospectively en-
rolled patients with radio-recurrent prostate can-
cer treated with hemi-salvage HIFU (25). Progres-
sion-free survival rates at 12, 18 and 24 months 
were 83%, 64% and 52% respectively. Disease 
progression occurred in 16 of 48 patients (33%). 
Of these, 4 had local recurrence in the untreated 
lobe, 4 had bilateral recurrence, 6 developed me-
tastases and 2 had rising PSA without evidence of 
local recurrence or metastases. Thus, whole gland 
and focal salvage HIFU may provide a potential 
cure if patients are referred at an early stage when 
recurrence is suspected.

The present study’s small sample size and 
short follow-up limited the confidence in esti-
mation of RFS as well as the power of subgroup 
analyses and ability to analyze predictive factors. 
This study was also limited by a lack of follow-up 
biopsies to adequately demonstrate effective tre-
atment. We defined treatment failure with a strict 
clinical definition. Further, purely PSA based de-
finitions of biochemical failure including both the 
ASTRO definitions (10, 11) as well as the Stuttgart 
definition (15) are not validated to predict disease 
recurrence after salvage HIFU. This limits compa-
risons to salvage prostatectomy, for which a post-
-treatment PSA nadir of 0ng/ml is expected and 
biochemical recurrence is easily assessed.

Other than aggregate AUA-SI and IIEF-15 
questionnaire data, adverse event recording was 
limited as we did not capture lower grade compli-
cations such as infections, hematuria, incontinen-
ce and perineal pain. Every attempt was made to 
assess for severe complications and we saw only 
1 case of stricture disease requiring intervention 
(Clavien-Dindo Grade IIIb complication) and no 
cases of rectourethral fistulae or osteitis pubic. 
This is consistent with the low incidence of these 
complications as described in previous series (2, 8, 
9). Additional complications may become evident 
with longer follow-up.

On routine follow-up, there was a median 
increase in IPSS at 1 year followed by subsequent 
improvement at 2-year follow-up. It has been pre-
viously reported that HIFU causes de novo detru-
sor overactivity and impaired bladder compliance 
seen on routine urodynamics in 10% of patients at 
3 months, with progressive improvement at longer 
follow-up as seen in our series (26).

There is no consensus to date for the ide-
al candidate for salvage HIFU for radio-recurrent 
prostate cancer. The main candidate for salvage 
HIFU is a man that has radio-recurrent prostate 
cancer predicted to cause morbidity or mortality 
within his lifetime, but refuses or cannot receive 
salvage radical prostatectomy. Further, the effec-
tiveness of salvage therapy is a function of how 
well metastases are excluded. We utilized standard 
bone scans and CT scans to rule out metastases. 
However, they are of limited value, especially 
when PSA is low. Some patients in this study may 
have had occult micrometastatasis at the time of 
HIFU and eventually had progression with distant 
disease leading to a failure of proper selection due 
to limitations of pre-HIFU screening or imaging. 
The patients who had no PSA response likely had 
unrecognized micrometastatic disease. Future 
studies on salvage therapy will rely on advanced 
imaging modalities to rule out systemic recurren-
ce post curative treatment, including 18-F Choline 
PET and PSMA PET, which have reported sensiti-
vities of 42-96% (27) and 66-89.5% (28).

In summary, salvage HIFU allows for inter-
mediate-term disease control with acceptable mor-
bidity in carefully selected patients with localized 
radio-recurrent prostate cancer. An undetectable 
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PSA nadir, achieved at a median time of 3 months 
post-HIFU, serves as an early predictor of recur-
rence-free survival. Large multicenter trials with 
long-term follow-up are warranted to better as-
sess oncological outcomes and adverse events.

CONFLICT OF INTEREST

None declared.

REFERENCES

1.	 Agarwal PK, Sadetsky N, Konety BR, Resnick MI, Carroll 
PR; Cancer of the Prostate Strategic Urological Research 
Endeavor (CaPSURE). Treatment failure after primary and 
salvage therapy for prostate cancer: likelihood, patterns of 
care, and outcomes. Cancer. 2008;112:307-14.

2.	 Uddin Ahmed H, Cathcart P, Chalasani V, Williams A, 
McCartan N, Freeman A, et al. Whole-gland salvage high-
intensity focused ultrasound therapy for localized prostate 
cancer recurrence after external beam radiation therapy. 
Cancer. 2012;118:3071-8.

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

4.	 Gotto GT, Yunis LH, Vora K, Eastham JA, Scardino PT, Rabbani 
F. Impact of prior prostate radiation on complications after 
radical prostatectomy. J Urol. 2010;184:136-42.

5.	 Chade DC, Eastham J, Graefen M, Hu JC, Karnes RJ, Klotz 
L, et al. Cancer control and functional outcomes of salvage 
radical prostatectomy for radiation-recurrent prostate 
cancer: a systematic review of the literature. Eur Urol. 
2012;61:961-71.

6.	 Mouraviev V, Spiess PE, Jones JS. Salvage cryoablation 
for locally recurrent prostate cancer following primary 
radiotherapy. Eur Urol. 2012;61:1204-11.

7.	 Eastham JA, Carroll P, Pisters L, Nguyen PT, Touijer K. 
Salvage therapies after radiation therapy. Urol Oncol. 
2012;30:940-1.

8.	 Crouzet S, Murat FJ, Pommier P, Poissonnier L, Pasticier 
G, Rouviere O, et al. Locally recurrent prostate cancer after 
initial radiation therapy: early salvage high-intensity focused 
ultrasound improves oncologic outcomes. Radiother Oncol. 
2012;105:198-202.

9.	 Yutkin V, Ahmed HU, Donaldson I, McCartan N, Siddiqui 
K, Emberton M, et al. Salvage high-intensity focused 
ultrasound for patients with recurrent prostate cancer after 
brachytherapy. Urology. 2014;84:1157-62.

10.	 Roach M 3rd, Hanks G, Thames H Jr, Schellhammer 
P, Shipley WU, Sokol GH, et al. Defining biochemical 
failure following radiotherapy with or without hormonal 
therapy in men with clinically localized prostate cancer: 
recommendations of the RTOG-ASTRO Phoenix 
Consensus Conference. Int J Radiat Oncol Biol Phys. 
2006;65:965-74.

11.	 Consensus statement: guidelines for PSA following 
radiation therapy. American Society for Therapeutic 
Radiology and Oncology Consensus Panel. Int J Radiat 
Oncol Biol Phys. 1997;37:1035-41.

12.	 Greene KL, Albertsen PC, Babaian RJ, Carter HB, Gann 
PH, Han M, et al. Prostate specific antigen best practice 
statement: 2009 update. J Urol. 2009;182:2232-41.

13.	 Barry MJ, Fowler FJ Jr, O’Leary MP, Bruskewitz RC, 
Holtgrewe HL, Mebust WK, et al. The American Urological 
Association symptom index for benign prostatic hyperplasia. 
The Measurement Committee of the American Urological 
Association. J Urol. 1992;148:1549-57.

14.	 Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick 
J, Mishra A. The international index of erectile function 
(IIEF): a multidimensional scale for assessment of 
erectile dysfunction. Urology. 1997;49:822-30.

15.	 Blana A, Brown SC, Chaussy C, Conti GN, Eastham JA, 
Ganzer R, et al. High-intensity focused ultrasound for 
prostate cancer: comparative definitions of biochemical 
failure. BJU Int. 2009;104:1058-62.

16.	 Murat FJ, Poissonnier L, Rabilloud M, Belot A, Bouvier 
R, Rouviere O, et al. Mid-term results demonstrate 
salvage high-intensity focused ultrasound (HIFU) as an 
effective and acceptably morbid salvage treatment option 
for locally radiorecurrent prostate cancer. Eur Urol. 
2009;55:640-7.

17.	 Jones TA, Chin J, Mcleod D, Barkin J, Pantuck A, Marks 
LS. High Intensity Focused Ultrasound for Radio-
Recurrent Prostate Cancer: A North American Clinical 
Trial. J Urol. 2017(17)76734-1.

18.	 Crouzet S, Blana A, Murat FJ, Pasticier G, Brown 
SCW, Conti GN, et al. Salvage high-intensity focused 
ultrasound (HIFU) for locally recurrent prostate câncer 
after failed radiation therapy: Multi-institutional analysis 
of 418 patients. BJU Int. 2017;119:896-904.

19.	 Gelet A, Chapelon JY, Poissonnier L, Bouvier R, Rouvière 
O, Curiel L, et al. Local recurrence of prostate cancer after 
external beam radiotherapy: early experience of salvage 
therapy using high-intensity focused ultrasonography. 
Urology. 2004;63:625-9.

20.	 Uchida T, Shoji S, Nakano M, Hongo S, Nitta M, Usui Y, et 
al. High-intensity focused ultrasound as salvage therapy 
for patients with recurrent prostate cancer after external 
beam radiation, brachytherapy or proton therapy. BJU 
Int. 2011;107:378-82.



ibju | High-intensity Focused Ultrasound (HIFU) as salvage therapy

257

21.	 Rouvière O, Sbihi L, Gelet A, Chapelon JY. Salvage 
high-intensity focused ultrasound ablation for prostate 
cancer local recurrence after external-beam radiation 
therapy: prognostic value of prostate MRI. Clin Radiol. 
2013;68:661-7.

22.	 Ahmed HU, Cathcart P, McCartan N, Kirkham A, Allen C, 
Freeman A, et al. Focal salvage therapy for localized prostate 
cancer recurrence after external beam radiotherapy: a pilot 
study. Cancer. 2012;118:4148-55.

23.	 Kovac E, ElShafei A, Tay KJ, Mendez M, Polascik TJ, Jones 
JS. Five-Year Biochemical Progression-Free Survival 
Following Salvage Whole-Gland Prostate Cryoablation: 
Defining Success with Nadir Prostate-Specific Antigen. J 
Endourol. 2016;30:624-31.

24.	 Chalasani V, Martinez CH, Lim D, Chin J. Salvage HIFU for 
recurrent prostate cancer after radiotherapy. Prostate Cancer 
Prostatic Dis. 2009;12:124-9.

25.	 Baco E, Gelet A, Crouzet S, Rud E, Rouvière O, Tonoli-Catez H, 
et al. Hemi salvage high-intensity focused ultrasound (HIFU) 
inunilateral radiorecurrent prostate cancer: a prospective 
two-centre study. BJU Int. 2014;114:532-40.

26.	 Mearini L, Nunzi E, Giovannozzi S, Lepri L, Lolli C, 
Giannantoni A. Urodynamic evaluation after high-intensity 
focused ultrasound for patients with prostate cancer. 
Prostate Cancer. 2014;2014:462153.

27.	 Vali R, Loidl W, Pirich C, Langesteger W, Beheshti M. Imaging 
of prostate cancer with PET/CT using (18)F-Fluorocholine. 
Am J Nucl Med Mol Imaging. 2015;5:96-108.

28.	 Rowe SP, Gorin MA, Allaf ME, Pienta KJ, Tran PT, Pomper 
MG, et al. PET imaging of prostate-specific membrane 
antigen in prostate cancer: current state of the art and future 
challenges. Prostate Cancer Prostatic Dis. 2016;19:223-30.

 

_______________________
Correspondence address:

Nathan Colin Wong, MD
Division of Urology

McMaster University, Hamilton, ON, Canada
1280 Main St West Hamilton
Ontario, ON L8S 4L8, Canada
Telephone +1 90 5906-5921

E-mail: nathan.wong@medportal.ca


