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Purpose: To evaluate the oncologic outcomes and postoperative complications of
high-intensity focused ultrasound (HIFU) as a salvage therapy after external-beam ra-
diotherapy (EBRT) failure in patients with prostate cancer.

Materials and Methods: Between February 2002 and August 2010, we retrospectively
reviewed the medical records of all patients who underwent salvage HIFU for trans-
rectal ultrasound-guided, biopsy-proven locally recurred prostate cancer after EBRT
failure (by ASTRO definition: prostate-specific antigen [PSA] failure after three consec-
utive PSA increases after a nadir, with the date of failure as the point halfway between
the nadir date and the first increase or any increase great enough to provoke initiation
of therapy). All patients underwent prostate magnetic resonance imaging and bone
scintigraphy and had no evidence of distant metastasis. Biochemical recurrence (BCR)
was defined according to the Stuttgart definition (PSA nadir plus 1.2 ng/mL).
Results: A total of 13 patients with a median age of 68 years (range, 60-76 years) were
included. The median pre-EBRT PSA was 21.12 ng/mL, the pre-HIFU PSA was 4.63
ng/mL, and the period of salvage HIFU after EBRT was 32.7 months. The median fol-
low-up after salvage HIFU was 44.5 months. The overall BCR-free rate was 53.8%. In
the univariate analysis, predictive factors for BCR after salvage HIFU were higher
pre-EBRT PSA (p=0.037), pre-HIFU PSA (p=0.015), and short time to nadir (p=0.036).
In the multivariate analysis, there were no significant predictive factors for BCR. The
complication rate requiring intervention was 38.5%.

Conclusions: Salvage HIFU for prostate cancer provides effective oncologic outcomes
for local recurrence after EBRT failure. However, salvage HIFU had a relatively high
rate of complications.
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INTRODUCTION

The worldwide incidence of prostate cancer is increasing
rapidly [1,2]. This cancer is the second most common cause
of cancer-related death in the United States [3]. Of newly
diagnosed prostate cancers, 70% are detected early, are or-
gan-confined, and may be suitable for a local curative ther-
apy [1]. In the United States, approximately one-third of
patients who are diagnosed with localized prostate cancer
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undergo external-beam radiotherapy (EBRT) as a primary
curative treatment [4]. However, men who undergo EBRT
for localized prostate cancer have a 20% to 63% chance of
experiencing biochemical recurrence (BCR) [5,6].

The vast majority of patients who experience a pros-
tate-specific antigen (PSA) level increase after EBRT will
receive androgen deprivation therapy (ADT) as a palliative
treatment option [7]. For patients with metastatic prostate
cancer or a life expectancy of less than 5 years, this treat-
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ment may be appropriate. However, for patients with a lo-
cally recurrent prostate cancer and a life expectancy of
greater than 5 years, a local curative treatment may still
be possible.

Salvage therapy is defined as any treatment in an at-
tempt to cure cancer following the failure of an initial
treatment. Radical prostatectomy (RP) is an established
treatment option for salvage therapy for patients with a life
expectancy greater than 5 years after failure of EBRT [8].
However, most surgeons are reluctant to perform this sur-
gery because of potentially severe postoperative complica-
tions [9]. Recently, minimally invasive treatments have
been recommended as alternatives to surgery for local re-
currence after EBRT failure. High-intensity focused ultra-
sound (HIFU) is one of the available minimally invasive
salvage treatments. Ultrasound is emitted from a trans-
rectal transducer and is focused so that it causes coagu-
lation and necrosis in target tissue [10]. However, very few
series have reported HIFU as a salvage therapy after fail-
ure of EBRT [11-13]. The aim of this study was to evaluate
the oncologic outcomes and postoperative complications of
HIFU as a salvage therapy after EBRT failure in patients
with prostate cancer and to investigate the predictive fac-
tors for BCR after salvage HIFU treatment.

MATERIALS AND METHODS

1. Patients

This retrospective study was approved by the Institutional
Review Board of the Samsung Medical Center (IRB no.
2013-07-014). Between February 2002 and August 2010,
13 patients with prostate cancer after EBRT failure by
American Society for Radiation Oncology definition (PSA
failure after three consecutive PSA increases after a nadir,
with the date of failure as the point halfway between the
nadir date and the first increase or any increase great
enough to provoke initiation of therapy [14]) underwent
salvage HIFU treatment at Samsung Medical Center as a
definitive local therapy. Eligibility criteria for salvage
HIFU treatment included transrectal ultrasound-guided,
biopsy-proven, locally recurred prostate cancer and neg-
ative metastatic evaluation confirmed by chest radiog-
raphy, prostatic magnetic resonance imaging (MRI), and
bone scintigraphy. Prostate MRI and bone scintigraphy
were performed approximately 1 month after prostate
biopsy. All patients did not want to undergo RP or were not
suitable for surgery owing to comorbidities. Patients were
divided into three groups according to the National
Comprehensive Cancer Network (NCCN) risk classi-
fication as follows: low, intermediate, and high [15].

2. HIFU treatment

The salvage HIFU treatment was performed by using an
Ablatherm HIFU device (EDAP SA, Lyon, France). This de-
vice uses an endorectal probe that incorporates both a
7.5-MHz imaging transducer for real-time imaging and a
3-MHz treatment transducer to ablate a volume ranging
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from 1.7 mm x 1.7 mm x 19 mm (0.05 mL) to 1.7 mm x 1.7
mm x 26 mm (0.08 mL). An A-mode ultrasound detection
system with an external ultrasound scanner measures the
length from the rectal wall, and this real-time safety mon-
itor reduces the risk of rectal wall coagulation.

All procedures were performed under combined spinal
and epidural anesthesia. Before salvage HIFU treatment,
all patients received a suprapubic catheter under cysto-
scopic guidance to guarantee proper urinary drainage and
which was planned to be removed 2 weeks after treatment,
dependant on urethral voiding function. A limited tran-
surethral resection of the prostate (TURP) was performed
to reduce prolonged urinary retention before HIFU treat-
ment when prostate volume was greater than 40 mL or a
median lobe was present.

After TURP was performed and a urethral catheter was
inserted, the patient was placed in the right lateral decubi-
tus position, and the endorectal probe was inserted into the
rectum and fixed in position to the HIFU table by an articu-
lating arm. Following localization of targeted tissue boun-
daries by use of an integrated ultrasound imaging system,
HIFU shots were delivered to the targeted lesion. The
HIFU protocol included treatment of the whole gland from
the bladder neck to the apex. The prostate volume was div-
ided into four or five sections, two or three per lobe, depend-
ent on prostate size and site of recurred prostate cancer.
Initially, the left most two or three sections were ablated,
and after the urethral catheter was removed, a further two
or three sections were ablated. On completion of the proce-
dure, the urethral catheter was reinserted and kept in
place until discharge. Patients were discharged 2 days af-
ter the procedure with the suprapubic catheter in place.

3. Follow-up

If urethral voiding was adequate (voided volume =100 mL
and postvoiding residual volume <50 mL) [16,17], the su-
prapubic catheter was removed after 2 weeks. After that,
the patients were scheduled for a follow-up visit 1 month
later, every 3 months for the first year, every 6 months until
the third year, and annually thereafter, if asymptomatic.
During the follow-up period, information, including con-
tinence status, digital rectal examination, and serum PSA,
were routinely obtained. If there was no evidence of BCR,
imaging evaluations were not performed. The PSA nadir
was defined as the lowest recorded PSA level during the fol-
low-up period, and the time to nadir was evaluated. BCR
was defined according to the Stuttgart post-HIFU defi-
nition of failure (PSA nadir plus 1.2 ng/mL). Imaging evalu-
ations, such as prostate MRI and bone scintigraphy, were
performed in cases of BCR to determine if there was evidence
of local recurrence or distal metastasis. Complications that
occurred during the follow-up period were categorized ac-
cording to the Clavien-Dindo classification of surgical com-
plications [18] and stratified into minor (Clavien grades I-1I)
and major (Clavien grades III-V) complications [19].
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4. Statistical analysis

Distributions of the BCR-free survival rate were calculated
according to the Kaplan-Meier estimation method. Cox
proportional hazard regression analysis was used to ana-
lyze predictive factors for BCR. A p-value <0.05 was con-

TABLE 1. Baseline characteristics of 13 patients who underwent
salvage HIFU therapy

Characteristic Value

Pre-HIFU age (y) 68 (60-76)
Pre-RT PSA (ng/mL) 21.12 (4.68-45.65)
Pre-RT Gleason score

67 9(75.0)

8-10 3(25.0)
Time from RT to HIFU (mo) 32.7 (13.5-76.5)
Pre-HIFU PSA (ng/mL) 4.63 (0.58-16.43)
Pre-HIFU Gleason score

6-7 7 (53.8)

8-10 6 (46.2)

Follow-up duration after HIFU (mo)
Prostate volume (mL)

44.5 (19.1-74.7)
25.0 (13.5-55.8)

Synchronous TURP 9(69.2)
Resection weight (g) 2.0 (1.0-7.0)
Pre-HIFU androgen deprivation treatment 8 (61.5)
Duration (mo) 2 (1-5)
NCCN risk group
Low to intermediate 7 (53.8)
High 6 (46.2)
Hypertension 9(69.2)
Diabetes mellitus 6 (46.2)
Arrhythmia 3(23.1)

Values are presented as median (range) or number (%).

HIFU, high-intensity focused ultrasound; PSA, prostate specific
antigen; RT, radiation therapy; TURP, transurethral resection of
prostate; NCCN, National Comprehensive Cancer Network.

TABLE 2. Individual clinical and pathologic characteristics
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sidered statistically significant. All statistical analyses
were performed with IBM SPSS ver. 20.0 (IBM Co.,
Armonk, NY, USA).

RESULTS

Patient demographics and preoperative data are summar-
ized in Table 1. A total of 13 patients with a median age of
68 years (range, 6076 years) were followed up for a median
duration of 44.5 months. The median pre-EBRT PSA and
pre-HIFU PSA were 21.12 ng/mL and 4.63 ng/mL,
respectively. The pre-EBRT Gleason score was 6 to 7 in nine
patients and =8 in three patients. The pre-HIFU Gleason
score was 6 to 7 in seven patients and =8 in six patients.
Eight of the 13 patients received ADT before HIFU treat-
ment, and the median duration of treatment was 2 months.
The median interval between HIFU and radiation therapy
was 32.7 months. The median prostate volume at the time
of salvage HIFU treatment was 25.0 mL. During HIFU
treatment, TURP was performed in nine patients, and the
median prostate resection weight was 2.0 g. The percen-
tiles of low to intermediate and high-risk groups according
to NCCN risk classification were 53.8% (n=7) and 46.2%
(n=6), respectively. Comorbidities included hypertension
in nine patients, diabetes mellitus in six patients, and ar-
rhythmia in three patients. Individual clinical and patho-
logic characteristics are summarized according to BCR in
Table 2.

The overall BCR-free survival rate was 53.8% (95% con-
fidence interval, 26.8-80.8; Fig. 1). The pre-EBRT PSA of
the patients with BCR was higher (median, 28.8 ng/mL)
than that of the BCR-free patients (median, 14.1 ng/mL;
p=0.046). The pre-HIFU PSA of patients with BCR was also
higher (median, 8.9 ng/mL) than that of the BCR-free pa-
tients (median, 3.3 ng/mL; p=0.019). Patients with BCR

Age PreRT PreRT PreRT Time from Pre-HIFU Pre-HIFU Pre-HIFU Nadir Nadir time,
() PSA GS stage RT to HIFU, (mo) PSA GS stage (@
BCR group
60 4.7 7 T2a 52.6 4.63 7 T2c 0.26 50
64 45.7 6 T2b 24.5 9.71 6 T2b 5.51 29
69 33.1 6 T2b 24.7 9.37 8 T2c 0.48 57
61 27.6 8 T3a 24.0 1.96 8 T2b 0.75 30
71 29.0 7 T2c 135 11.20 7 T2c 0.84 10
68 33.0 6 Tlc 30.4 16.43 8 T2c 0.03 66
BCR free group
76 5.4 7 T2c 35.0 0.58 7 T2c 0.01 200
68 34.1 10 T2c 49.3 2.60 9 T2c 0.02 120
68 9.0 - - 76.5 3.87 8 T2c 0.01 134
69 7.0 6 Tlc 36.6 5.65 6 T2c 0.29 100
61 21.1 8 T3a 24.7 3.20 8 T3a 0.01 18
75 12.6 7 T2b 32.7 4.94 7 T2b 0.03 73
76 9.2 7 Tlc 65.1 2.43 7 T2b 0.01 145

RT, radiation therapy; PSA, prostate specific antigen; GS, Gleason score; HIFU, high-intensity focused ultrasound; BCR, biochemical

recurrence.
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had a shorter time to PSA nadir (median, 40.3 days) than
did the BCR-free group (median, 112.8 days; p=0.014).

In the univariate analysis to identify factors for predict-
ing BCR, we found that higher pre-EBRT PSA (p=0.037),
pre-HIFU PSA (p=0.015), and short time to PSA nadir
(p=0.036) were significant predictive factors. Age, Gleason
score, NCCN risk, time from RT to HIFU, and prostate vol-
ume did not differ significantly between the BCR-free and
BCR groups (Table 3). In the multivariate analysis, there
were no significant predictive factors for BCR after salvage
HIFU treatment.

After salvage HIFU treatment, the median hospital stay
was 4 days. No patients required blood transfusion or suf-
fered a stroke, deep vein thrombosis, or bowel dysfunction.
One patient was hospitalized for 16 days secondary to a de-
sire to have the suprapubic catheter removed and to con-
firm urethral voiding. During the follow-up period, three
patients had grade I (requiring 0-1 pad per day) and one
patient had grade IT (more than one pad per day) incon-
tinence that was resolved after pelvic floor muscle
exercises. Bladder neck obstruction (grade IIla) was seen
in 5 of 13 patients who were treated by TURP, without seri-
ous complications (Table 4). No cases of acute urinary re-
tention, urinary tract infection, anal incontinence, rectal
injury, urethro-rectal fistula, or urethral stricture were
observed. There was no clinical progression or metastasis
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FiG. 1. Kaplan-Meier curve demonstrating the biochemical
recurrence (BCR)-free survival rate after salvage high-intensity
focused ultrasound (HIFU) therapy. The 5-year biochemical
recurrence-free survival rate is 53.8% (95% confidence interval,
26.8-80.8).
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in BCR-free patients.

DISCUSSION

In the present study, we investigated the BCR-free rate and
postoperative complications of HIFU as a salvage therapy
after EBRT failure in patients with prostate cancer and
evaluated the predictive factors for BCR after salvage
HIFU treatment. This study is the first to determine the
role of HIFU as a salvage therapy after EBRT failure for
patients with prostate cancer in Korea.

Patients with BCR after EBRT may have either a local
recurrence, metastatic disease, or both. Definite local
treatment after EBRT failure is indicated for local re-
currence without evidence of metastasis. However, it is
sometimes difficult to distinguish local recurrence from
distant metastasis in the early phase of PSA elevation be-
cause bone scintigraphy, abdominal CT, or pelvic MRI may
not identify micrometastatic bone and lymph node involve-
ment [20]. Additionally, PSA is not an accurate measure-
ment of BCR within 2 years of EBRT because the PSA
“bounces” have no clinical significance during this period
[21]. Moreover, prostate biopsies within this period should
be interpreted carefully because delayed apoptotic cell
death may confuse the pathologic results [22]. In our study,
the median time from EBRT to salvage HIFU therapy was
32.7 months. This duration is sufficient to draw mean-
ingful conclusions regarding rates of recurrence.

Patients who are thought to have localized prostate can-
cer after EBRT failure have been offered ADT, RP, or active

TABLE 3. Univariate analysis of the pre-HIFU variables for
predicting biochemical recurrence after salvage HIFU therapy

Variable Hazard ratio (95% CI)  p-value
Age 0.89 (0.76-1.04) 0.155
Pre-RT PSA 1.09 (1.01-1.19) 0.037
Gleason score 1.03 (0.21-5.14) 0.968
NCCN risk group 1.03 (0.21-5.14) 0.968
Time from RT to HIFU 0.93 (0.85-1.01) 0.098
Pre-HIFU PSA 1.27 (1.05-1.53) 0.015
Time to nadir 0.97 (0.95-0.99) 0.036
Prostate volume 1.04 (0.98-1.10) 0.224

HIFU, high-intensity focused ultrasound; CI, confidence interval;
RT, radiation therapy; PSA, prostate specific antigen; NCCN,
National Comprehensive Cancer Network.

TABLE 4. Complications associated with salvage HIFU therapy for prostate cancer according to the Clavien-Dindo classification

Complication No. (%) Major, grade (n) Minor, grade (n)
Obstruction (urethra, bladder neck) 5(38.4) GIlIIa (5)*
Stress urinary incontinence 4 (30.8) GI (3), GII (1)®

HIFU, high-intensity focused ultrasound.

%:Grade IIla requiring transurethral surgical intervention due to necrotic tissue or scarring not under general anesthesia. b.Grade I

requiring 0-1 pad per day; grade IT more than one pad per day.

Korean J Urol 2014;55:91-96
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surveillance. However, ADT and active surveillance are
not curative options. Theoretically, salvage RP may be an
excellent treatment option if recurrent prostate cancer is
indeed localized. Nguyen et al. [23] reviewed the literature
for oncologic outcomes of salvage RP after EBRT failure
published since 1990 and reported that this treatment had
a 31% to 83% cancer control rate (estimated 5-year
BCR-free status). However, because the operative field ex-
posed to radiation was altered owing to fibrosis and the af-
fected tissue plane was obliterated, it is a technically diffi-
cult procedure and is associated with high-risk complica-
tions [24]. Touma et al. [25] reviewed reports for clinical
outcomes of salvage RP after EBRT failure and reported
that complication rates of rectal injury, bladder neck con-
tracture, and incontinence were 3.3% to 50%, 9% to 28%,
and 10% to 80%, respectively. Therefore, salvage RP should
be considered in healthy patients with a life expectancy
greater than 10 years. For other patients who have medical
comorbidities or are not tolerable to the expected complica-
tions, minimally invasive and less complicated modalities
have been investigated for salvage therapy after EBRT
failure.

Recently, several reviews reported oncologic outcomes
and postoperative complications of salvage HIFU therapy
after EBRT failure. Kimura et al. [24] reviewed reports for
oncologic efficacy of salvage HIFU and reported that the
BCR-free survival rates were 46% to 61%. Complication
rates of urinary incontinence, bladder neck obstruction,
and urethro-rectal fistula after salvage HIFU therapy
were 7% to 49.5%, 8.5% to 36%, and 3% to 7%, respectively
[14,22,26]. In the current study, the BCR-free survival rate
after salvage HIFU was 53.8%, the incontinence rate was
30.8%, there were no cases of grade III incontinence that
required an artificial sphincter, and there was no rectal in-
jury during the follow-up period. However, the occurrence
of bladder neck obstruction that required intervention,
such as TURP, was relatively high at 38.5%.

In general, bladder neck obstruction after HIFU therapy
is caused by necrotic debris from the prostate or scar tissue.
If the prostate volume exceeds 40 mL or the bladder neck
is elevated, performing TURP before HIFU therapy is rec-
ommended not only to adapt the prostate gland to the lim-
ited penetration depth of ultrasound, but also to reduce the
occurrence of prolonged urinary retention and bladder out-
let obstruction [22,27]. In the current study, combined
TURP was performed in 69.2% (9/13) of patients, and the
median resection weight of the prostate was 2 g. Careful
preoperative examination and combined TURP with HIFU
may decrease postoperative urinary obstruction.

In the univariate analysis of pre-HIFU variables for pre-
dicting BCR after salvage HIFU therapy, pre-EBRT PSA,
pre-HIFU PSA, and time to PSA nadir were significant pre-
dictors in the present study. The median time to PSA nadir
of the BCR group was shorter than that of the BCR-free
group (40.3 days vs. 112.8 days, p=0.014). Ganzer et al. [28]
reported that the PSA nadir is an important factor for pre-
dicting BCR after HIFU. The present results not only sup-
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port the role of the PSA nadir, but also suggest that the time
to PSA nadir itself is a significant risk factor.

Our study had several limitations. First, it was a retro-
spective study and had a small population size, thus raising
concerns for selection bias. Second, a relatively short fol-
low-up period (44.5 months) may be a limitation because
cancer recurrences and significant complications may be
detected only with an extended follow-up period. Finally,
approximately two-thirds of patients were treated by ADT
before salvage HIFU and this may confound inter-
pretations of oncologic outcomes of salvage HIFU.

CONCLUSIONS

Salvage HIFU provided effective oncologic control for lo-
cally recurrent prostate cancer after EBRT failure. This
retrospective analysis demonstrated an overall BCR-free
rate of 53.8%. The pre-EBRT PSA, pre-HIFU PSA, and time
to reach PSA nadir were predictive factors for BCR. The
post-HIFU complication rate requiring intervention was
38.4% and it was relatively high. Patients should be aware
of the benefits and risks of salvage HIFU therapy before
considering it as a treatment option. Prospective random-
ized controlled trials with adequate recruitment and fol-
low-up are required to verify the effectiveness of HIFU as
a salvage therapy and to manage the expected compli-
cations.
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