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Abstract: For patients diagnosed with localized prostate cancer, there are multiple treatment options
available. The traditional treatment modalities include radical prostatectomy and radiotherapy.
Nevertheless, focal therapy, including high-intensity focused ultrasound (HIFU) and cryotherapy,
has emerged as a less-invasive method in this setting. Some patients undergoing primary radiation
therapy experience recurrence, but there is currently no consensus on the optimal approach for salvage
treatment in such cases. The lack of robust data and randomized controlled trials comparing different
whole-gland and focal salvage therapies presents a challenge in determining the ideal treatment
strategy. This narrative review examines the prospective and retrospective data available on salvage
HIFU following radiation therapy. Based on the literature, salvage HIFU for radio-recurrent prostate
cancer has promising oncological outcomes, with an overall 5-year survival rate of around 85%, as
well as incontinence rates of about 30% based on the patient’s risk group, follow-up times, definitions
used, and other aspects of the study. Salvage HIFU for prostate cancer proves to be an effective
treatment modality for select patients with biochemical recurrence following radiotherapy.

Keywords: (MeSH) salvage therapy; high-intensity focused ultrasound; prostate cancer; cancer
recurrence; radiotherapy; minimally invasive surgical procedures

1. Introduction

Prostate cancer (PCa) is the second leading cause of cancer mortality for men in the
United States, with about 288,000 new cases and 34,500 deaths projected for 2023. It is
the most commonly diagnosed cancer in men after dermatological malignancies, and will
affect one in every eight men over their lifetime [1]. Given the growing incidence and
the relatively substantial survivorship among PCa patients, the burden of this disease
increasingly contributes to our population’s economic burden [1–3]. The role of effective
screening, early detection, and management is crucial in the detection of PCa; however,
complete consensus surrounding screening guidelines does not exist among different
providers and institutions [4,5]. When weighing the benefits of early detection against the
risk of over-diagnosis, these guidelines are critical in providing a framework for informed
decision-making.

It has been reported that more than 70% of PCa cases are diagnosed at a localized
stage, with a five-year survival rate approaching 100% [1]. The National Comprehensive
Cancer Network (NCCN) guidelines for PCa lay out various treatment strategies tailored
to different risk groups, stratified based on serum PSA, digital rectal exam, imaging, and
biopsy [6]. These treatment options include active surveillance, external beam radiotherapy
(EBRT), androgen deprivation therapy (ADT), radiation therapy (RT), brachytherapy (BT),
and radical prostatectomy (RP) [7]. The main treatment options for patients with clinically
localized PCa are RP and radiotherapy. Both modalities are associated with acceptable onco-
logical outcomes, yet with significant treatment-related side-effects [8,9]. Focal therapy (FT)
has emerged as an alternative option, with the aim of improving quality of life by reducing
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side-effects without compromising cancer control [10,11]. When choosing between focal
therapy and whole-organ treatment, the patient’s disease risk group and post-treatment
potential quality-of-life risks are important factors that guide shared decision-making be-
tween the patient and their physicians. A significant number of patients ultimately end
up selecting FT as an alternative to radical treatments, given their adverse events and
associated complications [12,13].

Although different treatment modalities provide acceptable cancer-free survival and
oncological outcomes, a significant subset of patients still experience recurrence. After
primary treatment of localized PCa with radiation, about a third of patients (depending on
radiotherapy dose) have been reported to show rising PSA levels within 5 years without
clinical evidence of disease (i.e., biochemical recurrence: BCR) [14]. The American Society
for Therapeutic Radiology and Oncology (ASTRO) defines BCR after external beam radia-
tion therapy (EBRT) as the occurrence of three consecutive PSA rises after a nadir, while
the Phoenix definition considers BCR as a serum PSA increase of 2 ng/mL or greater above
the nadir level [15].

BCR after primary radiotherapy poses a complex challenge, and there is no unani-
mously accepted standard of care for locally recurrent PCa after failed radiotherapy [16].
Some consider salvage RP as the definitive treatment for patients with radio-resistant PCa;
however, this procedure is uncommonly performed given its high morbidity rate, risk of
bowel injury, and overall concern for safety [17,18]. Alternative options include reirradi-
ation, salvage high-intensity focused ultrasound (S-HIFU), and cryoablation [16,19–21].
Previously explored in relation to various malignancies including brain and breast tumors,
HIFU is a treatment modality that utilizes sonic waves to ablate target cells within a tissue
using thermal and mechanical energy, with the goal of minimizing damage to surrounding
cells. The utilization of salvage therapies is limited due to a scarcity of comprehensive
data, a lack of quality data on survival improvement, and concerns over associated adverse
effects [22]. It has also been suggested that these therapies might be under-studied or not
reported, owing to the burden of adverse consequences and lack of general consensus
on a treatment algorithm for this disease. This study aims to explore a sparsely investi-
gated landscape and review the current outlook on the utilization of salvage HIFU for
radio-recurrent PCa, as well as the associated oncological and functional outcomes.

2. Methods

We conducted a targeted, non-systematic literature search on PubMed, focusing on
contemporary articles related to our topic published in English from 2013 onwards. We
found 14 original studies that examined the safety, effectiveness, and oncological and
functional outcomes of S-HIFU for radio-recurrent PCa.

Key variables extracted from each study included study type, country of origin, S-
HIFU treatment approach (focal or whole-gland), sample size, median age, type of primary
radiation treatment, androgen deprivation therapy, and time from primary treatment to
salvage. This allowed for a detailed evaluation of patient selection criteria, including
disease risk categories and preoperative PSA levels, which are crucial for understanding
oncologic outcomes, such as overall and recurrence-free survival rates following S-HIFU.

The collected data were synthesized in order to determine the efficacy and safety
of S-HIFU for radio-resistant PCa patients. Perioperative and long-term complications,
with a detailed examination of lower tract symptoms, bladder obstruction rates, and rare
but significant complications, were also examined, providing a comprehensive view of
treatment impact. Functional outcomes were tracked using a variety of methodologies, but
overall, the International Prostate Symptom Score (IPSS) and the International Index of
Erectile Function (IIEF) questionnaires were used to assess pre- and postoperative urinary
and sexual functions, respectively.
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3. Results and Discussion

A total of 13 studies were included [20,23–34], most of which had a relatively small
sample size, reflecting the low rate of S-HIFU utilization in the current clinical environment
(Table 1). Only two studies contained sample populations in the hundreds, and most of the
selected studies used biochemical failure as described by the Phoenix criteria of a PSA >
nadir + 2 ng/mL. Each patient population was identified with radio-recurrent PCa after
EBRT or brachytherapy (BT), with only a fraction of patients receiving the latter. There was
a wide degree of heterogeneity in how the oncological outcomes were reported across the
studies, making direct comparison challenging (with less than half of the studies using the
D’Amico risk classification criteria).

3.1. Criteria for Selecting Patients

Stringent patient selection is paramount in the setting of S-HIFU following radiation
failure in order to maximize disease control and functional outcomes while minimizing
the risk for futile intervention in patients with metastatic or advanced disease. Although
there was some heterogeneity regarding the exact patient selection criteria for S-HIFU,
studies recruited patients with histologically proven local recurrence with no evidence
of metastasis or suspicious lymph nodes, as screened by radionucleotide bone scan, and
abdominal and pelvic CT. In more recent studies, there was an increased utilization of more
advanced imaging techniques including multiparametric MRI (mpMRI), as well as choline
or prostate-specific membrane antigen (PSMA) PET/CT, in order to enhance the detection
of recurrences prior to targeted biopsy and to screen for occult metastasis [23,35,36]. Despite
the lack of high-level evidence in this setting, most experts endorse using mpMRI followed
by targeted and systematic biopsy before focal therapy; however, the role of PSMA PET,
although controversial, has been gaining more acceptance in recent years [23].

Eligibility for S-HIFU includes BCR per Phoenix definition, negative metastatic screen-
ing, and localized disease confirmed with imaging. Those with urethral stricture/bladder
neck stenosis, rectal wall thickness > 6 mm, excessive prostate volume (>40 mL), or signifi-
cant prostate calcifications (>1 cm in diameter) should be counselled with caution [20,27].
There is no exact consensus or clear cut-point for the selection criteria in terms staging,
grading, and risk-stratification; however, studies generally favor a Gleason score ≤ 7,
PSA under 10 ng/mL, and organ-confined disease (T1–2), suggesting that localized and
less-aggressive disease is more amenable to local S-HIFU [20,23].

For patients with S-HIFU failure, there is no direct contraindication solely based on
prior S-HIFU failure to prevent a patient from redoing S-HIFU. HIFU can be adminis-
tered more than once, allowing for adaptations in treatment strategy depending on the
progression and recurrence of disease; however, meticulous patient selection is, again,
paramount [37].



Curr. Oncol. 2024, 31 3672

Table 1. Overview of salvage HIFU studies included in this review.

Author and Year
of Publication Study Type Country Focal/Whole

Gland
Sample

Size
Median

Age
Primary Radiation

Treatment Type
Mean Radiation Dose

(SD), Cycle, or Seed Type
Androgen

Deprivation Therapy
Time from Primary

Treatment to Salvage

Nair et al.,
2021 [35] Retrospective Canada Whole 113 63.3 BT and EBRT NA 20.4% 14.3 years

Hostiou et al.,
2019 [23] Retrospective France

Whole
(hemi-ablation

when unilateral in
some cases)

50 62.1 BT
Iodine-125 (96%)
Iridium-192 (2%)
Unknown (2%)

16% NR

Devos et al.,
2019 [24] Retrospective Belgium Whole 27 69.9 EBRT EBRT: 70.7 ± 2.7

BT: 70.1 ± 3.3 31%N-AD NR

Jones et al.,
2018 [25] Prospective USA Whole 100 70 EBRT NA None within 3

months of HIFU 24 mo minimum

Dason et al.,
2018 [26] Prospective Canada Whole 24 68 88%: EBRT

12%: BT NA 25% NR

Siddiqui et al.,
2017 [27] Prospective UK Whole 81 69 82.7%: EBRT

16.1%: BT NA 26.9% NR

Kanthabalan et al.,
2017 [28] Retrospective UK Focal 150 69.8 96.7%: EBRT

3.3%: EBRT + BT 64 in 32 fractions 45.3%:
pre-salvage 80 mo

Crouzet et al.
2017 [20] Retrospective France Whole 418 68.6 EBRT NA None within 3 months

of HIFU 5.1 ± 2.7 yrs

Shah et al.,
2016 [29] Prospective UK Whole 50 68 EBRT Range: 50–72 in 20–35

fractions, Median 57.5
52% (after

biochemical failure) 80 mo

Siddiqui et al.,
2015 [30] Retrospective UK Whole 65 71 93.8%: EBRT

6.2%: BT NA 21% NR

Yutkin et al.,
2014 [33] Prospective Canada Whole 19 60 BT

Iodine-125 (94.7%)
high-dose rate
Iridium (5.3%)

27% N-AD 72

Baco et al.,
2014 [31] Prospective France and

Norway Focal 48 68.8 95.8%: EBRT
4.2%: BT 72.5 ± 3.3 22.9%: N-AD NR

Song et al.,
2014 [32] Retrospective Korea Whole 13 68 EBRT NA 8/13 pre-salvage for 2

months 32.7 months median

Rouvière et al.,
2013 [34] Retrospective France Whole 46 NR EBRT NA N-AD32% NR

EBRT: external beam radiation therapy, NR: not reported, BT: brachytherapy, HIFU: high intensity focused ultrasound.
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3.2. Oncological and Survival Outcomes

Most of the available papers in this setting have small sample sizes and heterogenous
cohorts (Table 2). In a 2013 retrospective analysis of 46 patients who underwent S-HIFU
following EBRT, Rouvière et al. found that the 2- and 4-year progression-free survival
(PFS) rates were 42% and 31%, respectively [34]. When investigating prognostic factors,
PSA value at the time of HIFU ablation and the extension of the tumor anterior to the
urethral plane on MRI were found to be significantly associated with PFS. In another early
series, Baco et al. looked at the outcomes of hemi-gland S-HIFU in patients with unilateral
radio-recurrent PCa. They stratified PFS in 48 patients based on D’Amico risk groups and
found that overall survival (OS) was 83% at 12 months and 52% at 24 months [31]. The
18-month PFS rate was significantly linked to the Gleason score, with an 82% survival rate
for scores ≤ 7 and 34% for scores ≥ 8 (p = 0.047). This rate was also significantly associated
with pre-HIFU PSA levels, with an 80% survival rate for levels ≤ 4 ng/mL and 49% for
levels > 4 ng/mL (p = 0.002). They reported no significant difference in the 18-month PFS
between patients with a PSA nadir of ≤0.5 ng/mL and those with a nadir of >0.5 ng/mL
(72% versus 56%, p = 0.3). In the same year, Song et al. reported data on the outcomes of
S-HIFU following EBRT. Using the Stuttgart definition (PSA nadir + 1.2 ng/mL) for BCR,
they found a BCR-free rate of 53.8%, with a median follow-up time of 44.5 months. BCR
was also correlated with a higher pre-EBRT PSA and pre-HIFU PSA, and a short time to
nadir [32]. The 5-year rates for OS and cancer-specific survival (CSS) stood at 88% and
94.4%, respectively. Additionally, a nadir PSA of less than 0.5 ng/mL predicted BCR-free
survival (p = 0.014).

Table 2. Overview of studies reporting oncologic outcomes on salvage HIFU following radiation therapy.

Author and Year
of Publication Oncologic Outcomes Key Findings

Nair et al., 2021 [35]

Median OS S-HIFU 17.4 yr vs.
12.8 yr for NST (no salvage

treatment) although not
statistically significant

52 deaths (31 from PCa) for NST (no salvage therapy) group
vs. 18 deaths (9 from PCa) for S-HIFU; however, no significant
difference in CSS or OS likely due to reduced sample size and

shorter follow-up of S-HIFU group.

Hostiou et al., 2019 [23]

6-yr FFS: 41%
6-yr PFS: 45%
6-yr OS: 93%
6-yr CSS: 98%
6-yr MFS: 80%

There was no difference between hemi-ablation and
whole-gland treatment in terms of PFS.

Dason et al., 2018 [26] 5-yr RFS 51.6% RFS 2 yr: 66.3%. No difference was seen in RFS between
patients initially treated with ERBT versus brachytherapy.

Siddiqui et al., 2017 [27] 5-yr OS of 88%. 5-yr CSS of 94.4%. At 53.5 ± 31.6 months follow up, the median BRFS was 63
months. At 6 months, 22/63 men had residual disease.

Shah et al., 2016 [29] 5-yr PFS of 31%. 5-yr OS of 87%.
Removal of PSA non-responders resulted in a 5-year PFS of
37%. Postoperative PSA nadir was significantly associated

with PFS and OS.

Kanthabalan et al., 2017 [28] 3-yr BDFS of 48%

In PSA responders, achieving a PSA nadir of ≤0.5 ng/mL
correlated with a BF rate of 12% (18/150). Redo HIFU

subgroup had a 2-year BDFS of 66%. Whole gland pad free at
BDFS 36 months was 78%.

Jones et al., 2018 [25] NA 12-month biopsy was negative in 63 (81%) men. Mean PSA at
2 years was 1.1 ng/mL in 33 patients.
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Table 2. Cont.

Author and Year
of Publication Oncologic Outcomes Key Findings

Devos et al., 2019 [24]
5-yr OS 80.9%
5-yr CSS 84%

5-yr MFS 60.3%

No significant differences found in S-HIFU versus S-RP for
5-year OS, CSS, and MFS.

Crouzet et al. 2017 [20] 7-yr OS 72%, 7-yr CSS 82%, 7-yr
MFS 81%, 5-yrBRFS 49%

S-HIFU 7-year CSS and MFS rates of >80% with significant
morbidity. Concluded that S-HIFU should be initiated early

following EBRT failure

Yutkin et al., 2014 [33] 4-yr BRFS 73.6% No significant association was found between biochemical
failure, pre-HIFU Gleason score, PSA nadir, or other variables.

Baco et al., 2014 [31] PFS rates at 12 mo: 83%, 18 mo:
64%, and 24 mo: 52%

The D’Amico risk group before EBRT did not correlate with
18-month PFS. 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).

Song et al., 2014 [32] 5-yr BRFS 53.8%
BCR after salvage HIFU correlated with higher pre-EBRT PSA,

pre-HIFU PSA, and short time to nadir in univariate
analysis only.

Rouvière et al., 2013 [34] PFS was 42% at 2-yr and 31%
at 4-yr

PSA level at HIFU treatment and tumor extension anterior to
the urethra, as assessed by MRI, were independent predictors

of salvage HIFU failure.

BRFS: biochemical recurrence free survival, RFS: recurrence free survival, PFS: progression free survival, OS:
overall survival, EBRT: external beam radiation therapy, PSA: prostate-specific antigen, HIFU: high intensity
focused ultrasound, BCR: biochemical recurrence, CSS: cancer-specific survival.

In 2016, Shah et al. retrospectively studied 50 patients who received whole-gland
S-HIFU [29]. The 1-year, 3-year, and 5-year PFS rates were reported as 72%, 40%, and
31%, respectively. However, these rates increased to 86%, 47%, and 37% following the
exclusion of PSA non-responders, who were defined as patients with postoperative PSA
nadirs greater than 0.5 ng/mL. Soon after, Crouzet et al. compiled the most extensive
retrospective analysis, with 418 patients across 15 years [20]. The OS, CSS, and metastasis-
free survival (MFS) rates at 7 years were about 72%, 82%, and 81%, respectively, while
the BCR-free survival rate was calculated at 5 years to be 49% overall, with pre-EBRT risk
stratifications of 58%, 51%, and 36% for the low, medium, and high-risk groups, respectively.
The BCR-free survival rate was similar to that of Song et al., despite a much larger sample
size, lending more validity to the results gathered between studies [32]. In a more recent
study, Nair et al. reported a median OS of 17.4 years for S-HIFU versus 12.8 years for no
salvage treatment (NST); however, the differences in CSS and OS were not statistically
significant, likely due to a reduced sample size and shorter follow-up period in the S-HIFU
group [35].

In a prospective study, Jones et al. looked at 100 patients with whole-gland S-HIFU
and initially reported a negative 12-month biopsy rate of 81% [25]. However, during post-
trial follow-up, they noted the mean PSA at 2 years was 1.1 ng/mL in 33 patients, which
suggested uncertainty regarding long-term oncologic outcomes. In Hostiou et al., we saw a
unique comparison of outcomes between patients treated with whole-gland ablation and
those treated with hemi-ablation focal therapy [23]. At 6 years, the treatment failure-free
survival rate was 41%, PFS was 45%, OS was 93%, CSS was 98%, and MFS was 80%.
The PFS rate did not significantly differ between patients who underwent whole-gland
treatment and those treated with focal S-HIFU (p = 0.604).



Curr. Oncol. 2024, 31 3675

Kanthabalan et al. introduced a new parameter to assess survival outcomes when
studying focal S-HIFU, known as the composite endpoint, which includes the occurrence of
BCR, positive imaging and biopsies, starting systemic therapy, the presence of metastases,
and prostate cancer-related death [28]. This new parameter aimed to more accurately
capture treatment failure in the early to medium-term after focal therapy. The authors
believed the Phoenix criteria was not validated in the focal salvage context and was prone
to influence by ADT use prior to focal salvage therapy. This was stated to be the case for
a substantial number of patients in their sample, necessitating an adjustment. BCR-free
survival at 3 years was found to be 48% for the patients who underwent focal salvage
HIFU. When stratified by D’Amico risk groups for pre-salvage, the estimates of BCR-free
survival at 3 years were 100% for low, 61% for intermediate, and 32% for the high-risk
groups. For patients who were considered PSA responders (defined as achieving a PSA
nadir of ≤0.5 ng/mL), BCR occurred in 12% (18/150), and the estimated BCR-free survival
after three years was about 80%. As seen in prior studies, a PSA nadir of below 0.5 ng/mL
was associated with increased disease-free survival. Additionally, the BCR-free survival at
2 years for patients who had redo HIFU was 66%.

The only study to compare S-HIFU and S-RP was conducted by Devos et al., which
compared two groups of 27 and 25 patients who underwent the above-mentioned treat-
ments, respectively [24]. They showed no significant differences in estimated 5-year OS
(80.9% versus 61.9%, p = 0.24), 5-year CSS (84.0% versus 74.0%, p = 0.36), and 5-year MFS
(60.3% versus 55.2%, p = 0.55) for S-HIFU versus S-RP. However, they did note that S-RP
patients were younger and healthier, which could have skewed the overall analysis. More
recent data by Dason et al. showed a recurrence-free survival (RFS) rate of 66.3% at 2 years
and 51.6% at 5 years after S-HIFU [26]. In addition, they examined six pre-specified pre-
dictors and found that only one, an undetectable PSA nadir, was a significant predictor of
improved RFS (p < 0.001).

In summary, current studies on S-HIFU following primary radiotherapy have shown
that the 5-year RFS averages are around 50%, and a PSA nadir of less than 0.5 ng/mL
is correlated with RFS. The results of these studies signify the potential role of S-HIFU
after radio-recurrent PCa as an alternative to S-RP, demonstrating acceptable disease
control. Additional high-quality evidence from randomized clinical trials for select salvage
patients across different treatment modalities is required in order to definitively understand
outcomes from S-HIFU.

3.3. Urinary Functional Outcomes

Post-surgical incontinence is a major challenge associated with salvage procedures
following radio-recurrent PCa, as evident post-RP [7]. With improved continence outcomes,
S-HIFU may demonstrate increased quality of life with adequate disease control. A sum-
mary of functional outcomes following S-HIFU is presented in Table 3; however, given the
heterogeneity of continence evaluation and reporting methods, the results should be inter-
preted with caution and within the context of each study. Kanthabalan et al. demonstrated
great continence following whole-gland S-HIFU, especially in those who were pad-free at
baseline, with 88% (42/48) remaining pad-free at 2 years [28]. Additionally, of those who
were drip-free urinary continent at baseline (34/48), 67.6% (23/34) remained drip-free at
2 years postoperatively. At 12 months following S-HIFU treatment, Jones et al. reported
that nearly 50% of patients experienced considerably lower urinary tract symptoms [25].
Functional outcomes in terms of urinary incontinence were reported as mild in eighteen
men, moderate in twenty-five, and severe in four. Additionally, a total of 21 patients
required pads at 12 months following treatment.
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Table 3. Overview of studies reporting functional outcomes on salvage HIFU following radiation ther-
apy.

Author and Year
of Publication Incontinence (General) Sexual Function Key Findings

Devos et al.,
2019 [24] 22.2% at 12 mo NR

Complications were significantly lower in
S-HIFU than S-RP, with S-HIFU patients more

commonly experiencing urinary retention.
Pad-dependent status differed at 22.2% for
S-HIFU versus 56.0% for S-RP (p = 0.0104).

Crouzet et al.
2017 [20]

Grade > II
Initially 32%;
down to 19%.

NR

With post-RT specific HIFU parameters,
complication rates improved over the course of

the study. Incontinence (Grade II/III)
decreased from 32% to 19%; recto-urethral
fistula changed from 9% to 0.6%; BOO or

stenosis decreased from 30% to 15%.

Jones et al., 2018 [25] 47% 12/47 maintained erectile
function post S-HIFU.

Treatment related Grade III adverse events
developed early in the trial and appeared

related to operator experience. No
life-threatening treatment-related deaths or

adverse events reported.

Kanthabalan et al.,
2017 [28] 22%

Baseline of 12/31 capable
of penetration. Following
treatment, 7/12 reported

erection capable
of penetration.

Of those who were pad-free at baseline, (42/48)
remained pad-free at 2 years. UTI (11.3%),

bladder neck stricture (8%), and recto-urethral
fistula (8%) were the most common

complications. 12/31 (38%) of patients initially
reported having adequate erections for

penetration, while this rate changed to 7/12
(58%) after S-HIFU.

Siddiqui et al.,
2017 [27]

IPSS significantly
increased from baseline at

45 days (p < 0.001).

IIEF-5 scores significantly
decreased from baseline.

No significant changes were observed. IPSS
scores increased, IIEF-5 scores were reduced,

while SF-36 score did not change significantly
post S-HIFU.

Siddiqui et al.,
2015 [30] 7.5% NR

Pre-HIFU IIEF score among patients was 8.6
(±: 7.9), which disqualified them from

receiving nerve-sparing treatment. Post-HIFU
IIEF scores were 3.4 (±4), 5.1 (±5), and 5.4
(±6.5) at 45, 90, and 180 days, respectively.

Shah et al., 2016 [29] 31%
Non-significant decrease

in IIEF-15 score
after treatment.

Side effects with this study were equal to other
salvage therapies in high-risk groups.

Baco et al., 2014 [31] 25%
IIEF-5 score significantly
decreased from 11.2 (SD:

8.0) to 7.0 (SD: 5.8).

Average IPSS scores increased and average
IIEF scores decreased after S-HIFU. ICS A and

B scores increased.

Song et al., 2014 [32] 30.8% NR

4 patients reported incontinence after
treatment. No observed incidence of acute

urinary retention, urinary tract infection, anal
incontinence, rectal injury, urethro-rectal

fistula, or urethral stricture.

Yutikin et al.,
2014 [33] 31.6%

IIEF-5 scores above 20
decreased from 4

pre-treatment to 2 at 6
month follow up.

Administration of ADT before HIFU and
longer interval between BT and S-HIFU were

both associated with higher complication rates.
UTI was the most common complication.
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Table 3. Cont.

Author and Year
of Publication Incontinence (General) Sexual Function Key Findings

Hostiou et al.,
2019 [23]

Grade I: 20/35 whole
gland, 13/15 focal.

Grade II-III: 15/35 whole
gland, 2/15 focal.

ED rate increased from
50% to 76% from pre- to

post-op. Almost half of the
25 patients with IIEF-5

scores of ≥17, were
maintained at 12 months.

Incontinence, BOO and Grade ≥ III
complications decreased significantly in

hemi-ablation versus
whole-gland intervention.

Dason et al.,
2018 [26] NR

Median IIEF-15 score
decreased from

43 pre-treatment to
19 post-treatments.

Only one complication was observed. Median
IPSS increased from a baseline of 8 to 24 at a
median year 1 average and 17 at a median

2-year average.

IPSS: International Prostate Symptom Score, NR: not reported, BT: brachytherapy, IIEF: International Index of
Erectile Function, BOO: bladder outlet obstruction.

Crouzet et al. reported more favorable results, with 57.7% of patients being pad-
free [20]. They identified 21% of patients who required one pad/day, 12% of patients who
required two pads/day, and 9% of patients who required three or more pads/day. With
the specific post-RT parameters introduced in 2002, many long-term complications were
decreased, including a decrease in grade II or grade III incontinence from 32% to 19%. Focal
S-HIFU showed lower rates of severe incontinence in four out of forty-eight (8%) patients,
eight (17%) patients required one pad a day, and thirty-six (75%) were pad-free [31]. Song
et al. demonstrated outstanding results during their follow-up period after whole-gland
S-HIFU, with only three patients experiencing grade I incontinence and one with grade II;
however, the reported incontinence was resolved after pelvic floor muscle exercises [32].
In another study on patients who underwent whole-gland S-HIFU, Siddiqui et al. did
not report specific continence data, but they did report a significant increase in the IPSS
scores [30]. In a long-term follow-up study, Shah et al. reported that only a third of patients
had any pad use within an average of 80 months following S-HIFU [29].

In a comparative study, Devos et al. reported the functional outcomes of S-HIFU ver-
sus S-RP [24]. They observed a notable difference in pad-reliance after one year, favoring
S-HIFU (22% versus 56%, p = 0.01). In a comparison of whole-gland versus focal S-HIFU,
incontinence (irrespective of grade), bladder outlet obstruction (BOO), and complications
of grade ≥ III were decreased in the hemi-ablation group compared to the whole-gland
ablation (13% versus 54%; 13% versus 46%; and 13% versus 63%, for each category, respec-
tively; all p-values were significant). In this study, before S-HIFU, 47 patients (94%) were
continent, but after S-HIFU, only 29 patients (58%) remained continent. Patients with grade
I incontinence increased from one (2%) before S-HIFU to four (8%) after S-HIFU. Grade II
incontinence was seen in three patients (6%) post-S-HIFU but none pre-HIFU. Grade III
incontinence increased from two patients (4%) before the procedure to fourteen patients
(28%) afterward. Overall, when viewing continent to grade I incontinence as a single group,
this group decreased from forty-eight (96%) before S-HIFU to thirty-three (66%), with the
patients transitioning to the grade II to III incontinence group, which saw an increase from
two (4%) before S-HIFU to seventeen (34%) after S-HIFU. The study also noted that over
half of their patients (11/18) with BOO also developed grade II/III incontinence, indicating
a correlation between BOO and severe incontinence (p = 0.02).

The location of the recurrence should be considered when choosing the salvage treat-
ment approach; HIFU may be preferred, particularly for posterior lesions, due to its
localized, conservative approach that aims to maximize functional outcomes and minimize
tissue damage [21]. In summary, salvage procedures for radio-recurrent PCa are generally
associated with compromised urinary continence outcomes. Nevertheless, S-HIFU presents
more favorable outcomes and better quality of life compared to other treatment modalities,
such as S-RP. It is worth mentioning that when comparing outcomes among S-HIFU and
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S-RP or other salvage focal therapy modalities, the results should be interpreted with
caution, given the significant heterogeneity in existing reports when it comes to patient
selection, timing, and clinical characterization, with most studies focusing on only one
treatment modality without the robust framework of a randomized controlled trial.

3.4. Sexual Function Outcomes

Reporting of sexual function following S-HIFU is inconsistent between studies, with
many forgoing it outright. Reports of sexual function following S-HIFU vary inconsistently
across different studies. An overview of the reports on sexual function can be seen in
Table 3, with studies predominantly using the IIEF questionnaire to assess potency. The
majority of patients expectedly experienced a degree of sexual dysfunction following
their primary treatment, which further contributed to the heterogeneity of baseline sexual
function prior to salvage therapy, making it difficult to ascertain the degree of decline
in potency attributable to S-HIFU. In a study of 100 participants, Jones et al. reported
that out of patients who reported erectile function (n = 47) after primary treatment, only
12 (26%) maintained their potency following S-HIFU [25]. Kanthabalan et al. stated
that about 12/31 of the men in their study initially reported having adequate erections
for penetration, while this rate changed to 7/12 after S-HIFU treatment. These results
highlight the challenges associated with interpreting functional data, given the missing
information and the reliability of questionnaires [28]. In another recent study, the rate of
erectile dysfunction rose from 50% to 76% following S-HIFU. In this study, about half of
the patients who initially had IIEF-5 scores of ≥17 managed to maintain these scores at
the 12-month follow-up [23]. Other studies report a comparable decrease in IIEF score
following treatment, as expected [26,33].

3.5. Perioperative and Long-Term Complications

One of the key advantages of focal therapy compared to radical treatments is min-
imizing morbidity and improving perioperative outcomes. However, these procedures
are not devoid of complications, especially in the post-radiotherapy setting. Baco et al.
reported few complications, possibly due to their small sample size (n = 48) and focal-gland
approach [31]. Two patients were reported to have delayed pubic bone osteitis, with one
of the cases developing a pubovesical fistula 23 months after hemi S-HIFU. Shah et al.
demonstrated a relatively high rate of bladder outlet obstruction, with more than half of
their 50 patient samples requiring either a transurethral resection or urethral dilatation [29].
Data on repeat S-HIFU were also described in this study, with two out of forty-one de-
veloping a recto-urethral fistula after a single HIFU and one out of nine experiencing a
fistula in patients requiring redo-salvage HIFU. Additionally, three patients experienced
osteonecrosis of the pubic symphysis. In a prospective study conducted on 81 men, Sid-
diqui et al. reported a low rate of 3.7% rectal fistulization, but reported a high overall rate
of complications, with 223 complications occurring within six months after surgery [30].
However, many of these were relatively low-grade, with one hundred and ninety-five being
Clavien grade I, compared to seven grade III and one grade IVa complications.

In a prospective study, Dason et al. reported the functional outcomes of S-HIFU in
a small cohort of 24 patients. In their work, they observed a single complication—one
patient developed a urethral stricture nine months after receiving salvage HIFU treatment.
This finding suggests a possible extended period for stricture development post-HIFU
surgery [26]. Hostiou et al. showed similar outcomes in their 50-patient retrospective study,
with one case of pubic osteitis and two cases of recto-urethral fistulae [23]. Interestingly,
functional outcomes were often impacted by post-BT versus post-EBRT parameters. Of the
eight patients who experienced BOO post-BT, seven experienced repeat BOO after whole-
gland S-HIFU. The incidence of grade II/III incontinence was notably lower when post-BT
parameters were used versus post-EBRT, with a reduction from 62% to 34% (p = 0.015). In
the focal gland subgroup, there were no reported cases of de novo BOO, reinforcing the
potentially lower rate of complications from focal therapy. A significant difference was seen
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in Clavien-Dindo grade III or higher complications with 7/27 S-HIFU patients versus 12/25
S-RP [24]. Of note, a higher number of BOO was seen with S-HIFU versus an increased
rate of recto-urinary fistulas being seen in the S-RP group.

Crouzet et al. fielded the largest study in this setting, with over 400 patients ranging
from 1995 to 2009 [20]. In this sample population, they demonstrated a drastic change in
complication rates with the adoption of specific post-RT parameters for HIFU (given the
decreased vascularity of previously radio-treated tissue), showing a two-thirds decrease in
artificial urinary sphincter implantation, BOO rates halved to 15%, and a dramatic decrease
in recto-urethral fistulas from 9% to 0.6%. The authors did mention that a lack of a control
group limited the study due to its retrospective nature. In a 2017 retrospective study
involving 150 patients, Kanthabalan et al. reported that approximately 11% experienced
urinary infections and 8% had bladder neck strictures. Additionally, only three patients
developed a recto-urethral fistula, and just one experienced osteitis pubis following a single
HIFU procedure [28]. In their multi-center retrospective study of 100 men, Jones et al.
gives a comprehensive look at adverse-events, using Common Terminology Criteria for
Adverse Events (CTCAE) classifications to grade complications [25]. Half of the patients
experienced UTIs and urinary retention, with the majority being grade II in severity. Over
a third of the patients experienced mild hematuria, and cases of severe BOO were relatively
low at 3%, for a total of 17%.

3.6. Specific Indications for Select Patients Based on Location of Reccurence or Post-Radiation
Clinical Parameters

In recent years, there has been increasing evidence of the favorable functional and onco-
logical outcomes for hemi-ablation sHIFU in select patients with unilaterally recurrent PCa,
confirmed by multiparametric MRI and targeted biopsies [23,38]. In a prospective study
by Aoun et al., hemi-ablation HIFU proved to be an effective alternative to whole-gland
treatment in select patients with unilateral radio-recurrent PCa, with a median follow-up
time of 41.5 months. The BCR-free survival rates at 24 and 36 months were 75% and 60%,
respectively, in addition to providing limited urinary and rectal morbidity, thus, favorable
in terms of functional outcomes as incontinence occurred in 2/10 patients while the re-
maining patients were pad-free [38]. Hostiu et al. also reported that hemi-ablation reduced
incontinence, recto-urethral fistulas, and Clavien-Dindo ≥ III complications, thereby high-
lighting the utility of hemi-ablation for cases in which there is early detection of unilateral
recurrence [23].

Regarding pre-S-HIFU clinical parameters, Siddiqui et al. reported that a Gleason
score (6/7 vs. 8 or greater) nearly reached statistical significance (p = 0.059) as a predictor of
biochemical recurrence-free survival. However, variations in pre-salvage PSA levels (less
than 5 vs. 5 to 10 vs. greater than 10 ng/mL) did not have a statistically significant valence
on outcomes, which could be due to the small number of patients with PSA > 10 ng/mL
in the study. This trend points to the importance of tumor aggressiveness, as indicated by
Gleason score, in predicting the success of S-HIFU [27].

4. Conclusions

In conclusion, there is a lack of consensus on the optimal treatment modality for radio-
recurrent prostate cancer patients, partly due to the lack of robust data and heterogeneity of
studies. Nonetheless, salvage HIFU emerges as an effective treatment strategy in this setting,
with lower morbidity rates compared to radical treatments. Additional randomized clinical
trials are needed, focusing on select salvage patients across different treatment modalities.

Author Contributions: Conceptualization, S.S. and A.H.L.; methodology, S.S. and A.G.; investigation,
S.S.; writing—original draft preparation, S.S. and A.D; writing—review and editing, S.S., A.G.,
A.D., and A.H.L.; supervision, A.H.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was funded by a generous donation from the Czyzyk family.



Curr. Oncol. 2024, 31 3680

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: A.H.L. is a paid consultant for EDAP TMS FocalOne and Koelis Trinity.

References
1. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 17–48. [CrossRef] [PubMed]
2. Pishgar, F.; Ebrahimi, H.; Saeedi Moghaddam, S.; Fitzmaurice, C.; Amini, E. Global, Regional and National Burden of Prostate

Cancer, 1990 to 2015: Results from the Global Burden of Disease Study 2015. J. Urol. 2018, 199, 1224–1232. [CrossRef] [PubMed]
3. Housten, A.J.; Rice, H.E.; Chang, S.-H.; L’Hotta, A.J.; Kim, E.H.; Drake, B.F.; Wright-Jones, R.; Politi, M.C. Financial burden of men

with localized prostate cancer: A process paper. Front. Psychol. 2023, 14, 1176843. [CrossRef] [PubMed]
4. Tidd-Johnson, A.; Sebastian, S.A.; Co, E.L.; Afaq, M.; Kochhar, H.; Sheikh, M.; Mago, A.; Poudel, S.; Fernandez, J.A.; Rodriguez,

I.D.; et al. Prostate cancer screening: Continued controversies and novel biomarker advancements. Curr. Urol. 2022, 16, 197–206.
[CrossRef] [PubMed]

5. Schaeffer, E.M.; Srinivas, S.; Adra, N.; An, Y.; Barocas, D.; Bitting, R.; Bryce, A.; Chapin, B.; Cheng, H.H.; D’Amico, A.V.; et al.
NCCN Guidelines® Insights: Prostate Cancer, Version 1.2023. J. Natl. Compr. Cancer Netw. 2022, 20, 1288–1298. [CrossRef]

6. Wei, J.T.; Barocas, D.; Carlsson, S.; Coakley, F.; Eggener, S.; Etzioni, R.; Fine, S.W.; Han, M.; Kim, S.K.; Kirkby, E.; et al. Early
Detection of Prostate Cancer: AUA/SUO Guideline Part I: Prostate Cancer Screening. J. Urol. 2023, 210, 46–53. [CrossRef]
[PubMed]

7. Drobner, J.; Kaldany, A.; Shah, M.S.; Ghodoussipour, S. The Role of Salvage Radical Prostatectomy in Patients with Radiation-
Resistant Prostate Cancer. Cancers 2023, 15, 3734. [CrossRef] [PubMed]

8. Donovan, J.L.; Hamdy, F.C.; Lane, J.A.; Mason, M.; Metcalfe, C.; Walsh, E.; Blazeby, J.M.; Peters, T.J.; Holding, P.; Bonnington,
S.; et al. Patient-Reported Outcomes after Monitoring, Surgery, or Radiotherapy for Prostate Cancer. N. Engl. J. Med. 2016, 375,
1425–1437. [CrossRef] [PubMed]

9. Hamdy, F.C.; Donovan, J.L.; Lane, J.A.; Mason, M.; Metcalfe, C.; Holding, P.; Davis, M.; Peters, T.J.; Turner, E.L.; Martin, R.M.; et al.
10-Year Outcomes after Monitoring, Surgery, or Radiotherapy for Localized Prostate Cancer. N. Engl. J. Med. 2016, 375, 1415–1424.
[CrossRef]

10. Ashrafi, A.N.; Tafuri, A.; Cacciamani, G.E.; Park, D.; de Castro Abreu, A.L.; Gill, I.S. Focal therapy for prostate cancer: Concepts
and future directions. Curr. Opin. Urol. 2018, 28, 536–543. [CrossRef]

11. Ghoreifi, A.; Kaneko, M.; Peretsman, S.; Iwata, A.; Brooks, J.; Shakir, A.; Sugano, D.; Cai, J.; Cacciamani, G.; Park, D.; et al.
Patient-reported Satisfaction and Regret Following Focal Therapy for Prostate Cancer: A Prospective Multicenter Evaluation. Eur.
Urol. Open Sci. 2023, 50, 10–16. [CrossRef] [PubMed]

12. Walz, J.; Gallina, A.; Perrotte, P.; Jeldres, C.; Trinh, Q.; Hutterer, G.C.; Traumann, M.; Ramirez, A.; Shariat, S.F.; McCormack, M.;
et al. Clinicians are poor raters of life-expectancy before radical prostatectomy or definitive radiotherapy for localized prostate
cancer. BJU Int. 2007, 100, 1254–1258. [CrossRef]

13. Burt, L.M.; Shrieve, D.C.; Tward, J.D. Factors influencing prostate cancer patterns of care: An analysis of treatment variation
using the SEER database. Adv Radiat Oncol. 2018, 3, 170–180. [CrossRef]

14. Beckendorf, V.; Guerif, S.; Le Prisé, E.; Cosset, J.-M.; Bougnoux, A.; Chauvet, B.; Salem, N.; Chapet, O.; Bourdain, S.; Bachaud,
J.-M.; et al. 70 Gy versus 80 Gy in localized prostate cancer: 5-year results of GETUG 06 randomized trial. Int. J. Radiat. Oncol.
Biol. Phys. 2011, 80, 1056–1063. [CrossRef] [PubMed]

15. Roach, M., 3rd; Hanks, G.; Thames, H., Jr.; Schellhammer, P.; Shipley, W.U.; Sokol, G.H.; Sandler, H. 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, 965–974. [CrossRef]

16. Golbari, N.M.; Katz, A.E. Salvage Therapy Options for Local Prostate Cancer Recurrence After Primary Radiotherapy: A
Literature Review. Curr Urol Rep. 2017, 18, 63. [CrossRef] [PubMed]

17. Gotto, G.T.; Yunis, L.H.; Vora, K.; Eastham, J.A.; Scardino, P.T.; Rabbani, F. Impact of prior prostate radiation on complications
after radical prostatectomy. J. Urol. 2010, 184, 136–142. [CrossRef]

18. Agarwal, P.K.; Sadetsky, N.; Konety, B.R.; Resnick, M.I.; Carroll, P.R. Treatment failure after primary and salvage therapy for
prostate cancer: Likelihood, patterns of care, and outcomes. Cancer 2008, 112, 307–314. [CrossRef]

19. Bolla, M.; Van Tienhoven, G.; Warde, P.; Dubois, J.B.; Mirimanoff, R.-O.; Storme, G.; Bernier, J.; Kuten, A.; Sternberg, C.; Billiet, I.;
et al. External irradiation with or without long-term androgen suppression for prostate cancer with high metastatic risk: 10-year
results of an EORTC randomised study. Lancet Oncol. 2010, 11, 1066–1073. [CrossRef]

20. Crouzet, S.; Blana, A.; Murat, F.J.; Pasticier, G.; Brown, S.C.W.; Conti, G.N.; Ganzer, R.; Chapet, O.; Gelet, A.; Chaussy, C.G.;
et al. Salvage high-intensity focused ultrasound (HIFU) for locally recurrent prostate cancer after failed radiation therapy:
Multi-institutional analysis of 418 patients. BJU Int. 2017, 119, 896–904. [CrossRef]

https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525
https://doi.org/10.1016/j.juro.2017.10.044
https://www.ncbi.nlm.nih.gov/pubmed/29129779
https://doi.org/10.3389/fpsyg.2023.1176843
https://www.ncbi.nlm.nih.gov/pubmed/37476084
https://doi.org/10.1097/CU9.0000000000000145
https://www.ncbi.nlm.nih.gov/pubmed/36714234
https://doi.org/10.6004/jnccn.2022.0063
https://doi.org/10.1097/JU.0000000000003491
https://www.ncbi.nlm.nih.gov/pubmed/37096582
https://doi.org/10.3390/cancers15143734
https://www.ncbi.nlm.nih.gov/pubmed/37509395
https://doi.org/10.1056/NEJMoa1606221
https://www.ncbi.nlm.nih.gov/pubmed/27626365
https://doi.org/10.1056/NEJMoa1606220
https://doi.org/10.1097/MOU.0000000000000539
https://doi.org/10.1016/j.euros.2023.02.003
https://www.ncbi.nlm.nih.gov/pubmed/37101771
https://doi.org/10.1111/j.1464-410X.2007.07130.x
https://doi.org/10.1016/j.adro.2017.12.008
https://doi.org/10.1016/j.ijrobp.2010.03.049
https://www.ncbi.nlm.nih.gov/pubmed/21147514
https://doi.org/10.1016/j.ijrobp.2006.04.029
https://doi.org/10.1007/s11934-017-0709-4
https://www.ncbi.nlm.nih.gov/pubmed/28688020
https://doi.org/10.1016/j.juro.2010.03.031
https://doi.org/10.1002/cncr.23161
https://doi.org/10.1016/S1470-2045(10)70223-0
https://doi.org/10.1111/bju.13766


Curr. Oncol. 2024, 31 3681

21. Munoz, F.; Fiorica, F.; Caravatta, L.; Rosa, C.; Ferella, L.; Boldrini, L.; Fionda, B.; Alitto, A.R.; Nardangeli, A.; Dionisi, F.; et al.
Outcomes and toxicities of re-irradiation for prostate cancer: A systematic review on behalf of the Re-Irradiation Working Group
of the Italian Association of Radiotherapy and Clinical Oncology (AIRO). Cancer Treat Rev. 2021, 95, 102176. [CrossRef]

22. Abufaraj, M.; Siyam, A.; Ali, M.R.; Suarez-Ibarrola, R.; Yang, L.; Foerster, B.; Shariat, S.F. Functional Outcomes after Local Salvage
Therapies for Radiation-Recurrent Prostate Cancer Patients: A Systematic Review. Cancers 2021, 13, 244. [CrossRef] [PubMed]

23. Hostiou, T.; Gelet, A.; Chapelon, J.; Rouvière, O.; Mège-Lechevalier, F.; Lafon, C.; Tonoli-Catez, H.; Badet, L.; Crouzet, S. Salvage
high-intensity focused ultrasound for locally recurrent prostate cancer after low-dose-rate brachytherapy: Oncological and
functional outcomes. BJU Int. 2019, 124, 746–757. [CrossRef] [PubMed]

24. Devos, B.; Obeid, W.A.H.; Andrianne, C.; Diamand, R.; Peltier, A.; Everaerts, W.; Van Poppel, H.; Van Velthoven, R.; Joniau,
S. Salvage high-intensity focused ultrasound versus salvage radical prostatectomy for radiation-recurrent prostate cancer: A
comparative study of oncological, functional, and toxicity outcomes. World J. Urol. 2019, 37, 1507–1515. [CrossRef]

25. Jones, T.A.; Chin, J.; Mcleod, D.; Barkin, J.; Pantuck, A.; Marks, L.S. High Intensity Focused Ultrasound for Radiorecurrent
Prostate Cancer: A North American Clinical Trial. J. Urol. 2018, 199, 133–139. [CrossRef] [PubMed]

26. Dason, S.; Wong, N.C.; Allard, C.B.; Hoogenes, J.; Orovan, W.; Shayegan, B. High-intensity Focused Ultrasound (HIFU) as salvage
therapy for radio-recurrent prostate cancer: Predictors of disease response. Int. Braz. J. Urol. 2018, 44, 248–257. [CrossRef]

27. Siddiqui, K.M.; Billia, M.; Arifin, A.; Li, F.; Violette, P.; Chin, J.L. Pathological, Oncologic and Functional Outcomes of a Prospective
Registry of Salvage High Intensity Focused Ultrasound Ablation for Radiorecurrent Prostate Cancer. J. Urol. 2017, 197, 97–102.
[CrossRef]

28. Kanthabalan, A.; Peters, M.; Van Vulpen, M.; McCartan, N.; Hindley, R.G.; Emara, A.; Moore, C.M.; Arya, M.; Emberton, M.;
Ahmed, H.U. Focal salvage high-intensity focused ultrasound in radiorecurrent prostate cancer. BJU Int. 2017, 120, 246–256.
[CrossRef]

29. Shah, T.T.; Peters, M.; Kanthabalan, A.; McCartan, N.; Fatola, Y.; Zyp, J.v.d.V.v.; van Vulpen, M.; Freeman, A.; Moore, C.M.; Arya,
M.; et al. PSA nadir as a predictive factor for biochemical disease-free survival and overall survival following whole-gland
salvage HIFU following radiotherapy failure. Prostate Cancer Prostatic Dis. 2016, 19, 311–316. [CrossRef]

30. Siddiqui, K.M.; Billia, M.; Williams, A.; Alzahrani, A.; Chin, J.L. Comparative morbidity of ablative energy-based salvage
treatments for radio-recurrent prostate cancer. Can. Urol. Assoc. J. 2015, 9, 325–329. [CrossRef]

31. Baco, E.; Gelet, A.; Crouzet, S.; Rud, E.; Rouvière, O.; Tonoli-Catez, H.; Berge, V.; Chapelon, J.-Y.; Eggesbø, H.B. Hemi salvage
high-intensity focused ultrasound (HIFU) in unilateral radiorecurrent prostate cancer: A prospective two-centre study. BJU Int.
2014, 114, 532–540. [CrossRef] [PubMed]

32. Song, W.; Jung, U.S.; Suh, Y.S.; Jang, H.J.; Sung, H.H.; Jeon, H.G.; Jeong, B.C.; Seo, S.I.; Jeon, S.S.; Choi, H.Y.; et al. High-intensity
focused ultrasound as salvage therapy for patients with recurrent prostate cancer after radiotherapy. Korean J. Urol. 2014, 55,
91–96. [CrossRef] [PubMed]

33. Yutkin, V.; Ahmed, H.U.; Donaldson, I.; McCartan, N.; Siddiqui, K.; Emberton, M.; Chin, J.L. Salvage High-intensity Focused
Ultrasound for Patients With Recurrent Prostate Cancer After Brachytherapy. Urology 2014, 84, 1157–1162. [CrossRef] [PubMed]

34. Rouvière, O.; Sbihi, L.; Gelet, A.; Chapelon, J.-Y. 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, 661–667. [CrossRef]
[PubMed]

35. Nair, S.M.; Warner, A.; Lavi, A.; Rodrigues, G.; Chin, J. Does adding local salvage ablation therapy provide survival advantage
for patients with locally recurrent prostate cancer following radiotherapy? Whole gland salvage ablation post-radiation failure in
prostate cancer. Can. Urol. Assoc. J. 2021, 15, 123–129. [CrossRef] [PubMed]

36. Zacharakis, E.; Ahmed, H.U.; Ishaq, A.; Scott, R.; Illing, R.; Freeman, A.; Allen, C.; Emberton, M. The feasibility and safety of
high-intensity focused ultrasound as salvage therapy for recurrent prostate cancer following external beam radiotherapy. BJU Int.
2008, 102, 786–792. [CrossRef] [PubMed]

37. Johnston, M.J.; Emara, A.; Noureldin, M.; Bott, S.; Hindley, R.G. Focal High-intensity Focussed Ultrasound Partial Gland Ablation
for the Treatment of Localised Prostate Cancer: A Report of Medium-term Outcomes from a Single-center in the United Kingdom.
Urology 2019, 133, 175–181. [CrossRef]

38. Aoun, F.; Albisinni, S.; Biaou, I.; Peltier, A.; Limani, K.; Roumeguère, T.; van Velthoven, R. Salvage Hemiablation High Intensity
Focused Ultrasound for unilateral radio-recurrent prostate cancer. Prog. Urol. 2019, 29, 627–633. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ctrv.2021.102176
https://doi.org/10.3390/cancers13020244
https://www.ncbi.nlm.nih.gov/pubmed/33440752
https://doi.org/10.1111/bju.14838
https://www.ncbi.nlm.nih.gov/pubmed/31148367
https://doi.org/10.1007/s00345-019-02640-x
https://doi.org/10.1016/j.juro.2017.06.078
https://www.ncbi.nlm.nih.gov/pubmed/28652121
https://doi.org/10.1590/s1677-5538.ibju.2017.0025
https://doi.org/10.1016/j.juro.2016.06.092
https://doi.org/10.1111/bju.13831
https://doi.org/10.1038/pcan.2016.23
https://doi.org/10.5489/cuaj.3113
https://doi.org/10.1111/bju.12545
https://www.ncbi.nlm.nih.gov/pubmed/24930692
https://doi.org/10.4111/kju.2014.55.2.91
https://www.ncbi.nlm.nih.gov/pubmed/24578803
https://doi.org/10.1016/j.urology.2014.06.054
https://www.ncbi.nlm.nih.gov/pubmed/25443920
https://doi.org/10.1016/j.crad.2012.12.010
https://www.ncbi.nlm.nih.gov/pubmed/23485154
https://doi.org/10.5489/cuaj.6676
https://www.ncbi.nlm.nih.gov/pubmed/33007180
https://doi.org/10.1111/j.1464-410X.2008.07775.x
https://www.ncbi.nlm.nih.gov/pubmed/18564135
https://doi.org/10.1016/j.urology.2019.06.043
https://doi.org/10.1016/j.purol.2019.06.004

	Introduction 
	Methods 
	Results and Discussion 
	Criteria for Selecting Patients 
	Oncological and Survival Outcomes 
	Urinary Functional Outcomes 
	Sexual Function Outcomes 
	Perioperative and Long-Term Complications 
	Specific Indications for Select Patients Based on Location of Reccurence or Post-Radiation Clinical Parameters 

	Conclusions 
	References

