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Abstract
Purpose  To compare oncological, functional, and toxicity outcomes of patients with radiation-recurrent prostate cancer (PCa) 
after external beam radiation therapy (EBRT) or brachytherapy (BT) treated with salvage high-intensity focused ultrasound 
(S-HIFU) or salvage radical prostatectomy (S-RP).
Methods  This retrospective study compared 52 patients with radiation-recurrent PCa after EBRT or BT treated with S-HIFU 
(n = 27) or S-RP (n = 25) between 1998 and 2016. We estimated overall survival (OS), cancer-specific survival (CSS), and 
metastasis-free survival (MFS) at 5 years. Incontinence after local salvage therapy (LST) was scored according to the number 
of pads used per day. Complications were graded according to the Clavien–Dindo classification.
Results  Both groups were similar for pre-LST tumor features, however, no S-HIFU patients received BT and S-RP patients 
were younger and healthier. Median follow-up was 45 months for S-HIFU and 43 months for S-RP. No significant differ-
ences were found in estimated 5-year OS (80.9% vs. 61.9%, p = 0.24), 5-year CSS (84.0% vs. 74.0%, p = 0.36), and 5-year 
MFS (60.3% vs. 55.2%, p = 0.55) for S-HIFU vs. S-RP, respectively. We observed a significant difference in pad-dependent 
status at 12 months (22.2% vs. 56.0%, p = 0.01) and in the number of Clavien ≥ III complications [9 (7/27 patients) vs. 16 
(12/25 patients), p = 0.027] in favor of S-HIFU vs. S-RP, respectively.
Conclusion  S-HIFU and S-RP could both be considered valuable LST options for patients with radiation-recurrent nonmeta-
static PCa with sufficient life expectancy. S-RP is associated with more pad-dependent patients at 12 months.

Keywords  High-intensity focused ultrasound · Radical prostatectomy · PSA · Radiation-recurrent prostate cancer · Salvage 
therapy · Radiotherapy

Introduction

There is currently no standard of care for locally recurrent 
prostate cancer (PCa) after failed radiotherapy (RT) [1]. 
Selected patients with histologically proven local recurrence 
without evidence of metastatic disease are eligible for local 
salvage treatment (LST) with curative intent. Other options 
are expectant management or androgen deprivation therapy 
(ADT), even though ADT has no curative intent and can 
have significant side effects [2, 3].

It is known that 20–30% of all radiation-recurrent PCas 
are classified as local recurrences [4]. Four different LST 
options for this specific disease state are currently offered: 
salvage radical prostatectomy (S-RP), salvage brachyther-
apy, salvage cryoablation, and salvage high-intensity focused 
ultrasound (S-HIFU) [1, 5]. Irreversible electroporation is 
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now being investigated as a promising fifth LST using non-
thermal high-voltage electrical pulses [6]. Recent findings 
show that minimally invasive therapies offer similar overall 
survival (OS) and biochemical disease-free survival (bDFS) 
rates compared to S-RP, while revealing a trend towards 
lower associated morbidity [1, 7].

In this study, we aimed to retrospectively compare the 
oncological, functional, and toxicity outcomes of S-HIFU 
vs. S-RP in patients with radiation-recurrent PCa following 
external beam radiation therapy (EBRT) or brachytherapy 
(BT). Primary endpoints were 5-year estimated OS, cancer-
specific survival (CSS), and metastasis-free survival (MFS). 
Secondary endpoints were incontinence rates scored by the 
number of pads used per day and perioperative complica-
tions according to the Clavien–Dindo classification of surgi-
cal complications.

Material and methods

We retrospectively analyzed the medical records of patients 
who underwent whole-gland S-HIFU or S-RP at two inde-
pendent Belgian centers (University Hospitals Leuven and 
Institute Jules Bordet Brussels) between 1998 and 2016. 
26/27 (96.3%) of S-HIFU and 19/25 (76.0%) of S-RP treat-
ments were performed between 2006 and 2016 with approxi-
mately 2–3 cases per year of each modality.

Inclusion criteria were a biochemical recurrence (BCR) 
according to the Phoenix definition (PSA nadir + 2 ng/mL) 
and a positive biopsy following EBRT or BT, a negative 
metastatic evaluation using computed tomography (CT) of 
the chest and abdomen, and bone scan. Choline PET–CT 
or magnetic resonance imaging (MRI) were considered 
valid alternatives for the CT chest/abdomen. Patients were 
excluded if they did not receive primary EBRT or BT, had 
metastases, had a subtype of PCa different from adenocarci-
noma or received HIFU treatment in centers differing from 
the ones mentioned above.

Sonablate®, Ablatherm® or Focal One® software were 
used for S-HIFU treatment planning. All patients received 
whole–gland treatment. Additional transurethral resection 
of the prostate was not routinely performed. Postoperatively, 
patients received levofloxacin for 10 days, tamsulosin for 
3 months, and oral analgesics if needed. No adjuvant ADT 
was administered. Patients were usually discharged from 
hospital the day after the procedure with a suprapubic cath-
eter for 2–4 weeks with catheter removal depending on indi-
vidual voiding function.

S-RP treatments were performed by an open retropubic 
approach with the exception of two patients who underwent 
a salvage robot-assisted radical prostatectomy (S-RARP). 
S-RP treatments were non nerve-sparing with extended pel-
vic lymphadenectomy (external iliac, obturator fossa, and 

internal iliac nodes). Patients received cefazolin at induction. 
Postoperatively, low-molecular-weight heparin was admin-
istered subcutaneously for 1 month and oral analgesics and 
anticholinergics were administered if needed. Patients were 
usually discharged from hospital 1 week after the procedure 
with a transurethral catheter for 3 weeks. A cysto-urethrog-
raphy was performed prior to catheter removal to ensure that 
no leakage was identified.

To note, both procedures were performed by experienced 
surgeons, S-HIFU by (SJ, RVV) and S-RP by (SJ, HVP). 
Patient postoperative follow-up consisted of clinical and 
biochemical evaluation at 3 months interval during the first 
year postoperatively and every 6 months thereafter. No sys-
tematic or additional biopsies were routinely taken. In case 
of BCR, diagnostic imaging was conducted using abdomin-
opelvic CT or MRI combined with a bone scan. 11C–Choline 
or 68Ga-PSMA PET-CT scans were optional and dependent 
on availability. BCR was based on the Phoenix definition 
after S-HIFU and as two consecutive PSA values>0.2 ng/
mL and rising after S-RP [8–10].

The primary endpoints included estimated OS, CSS, and 
MFS at 5 years using the Kaplan–Meier method with log-
rank test. Secondary endpoints included incontinence and 
perioperative complications. Continence was measured at 
6 and 12 months after LST and was scored according to the 
number of pads used per day: no incontinence or terminal 
dribbling, mild incontinence (1 pad), moderate incontinence 
(2 pads), or severe incontinence (3 or more pads, or need 
for incontinence surgery or urinary diversion). Peri- and 
postoperative complications were graded according to the 
Clavien–Dindo classification of surgical complications. 
Incontinence and Clavien–Dindo complications were retro-
spectively extracted from detailed chart reviews. Analyses 
were done using the statistical software package Medcalc®. 
A p value <0.05 was considered statistically significant.

Results

27 S-HIFU and 25 S-RP patients met the inclusion criteria 
(Fig. 1). All S-HIFU patients had received prostate-only RT. 
Two S-RP patients had received whole-pelvic RT, while the 
remainder had received prostate-only RT or BT.

Patient characteristics are listed in Table 1. At the time 
of primary treatment, the S-HIFU and S-RP groups were 
similar with respect to D’Amico classification, and mean 
received RT doses. However, at the time of LST, S-RP 
patients were significantly younger and healthier. In addition, 
even though non-significantly different from the S-HIFU 
group, the S-RP group included a higher number of patients 
with short PSA-DT, higher PSA, and Gleason score ≥ 4 + 4. 
Furthermore, the S-HIFU group did not contain BT patients 
(0 vs. 8, p = 0.0016). ADT use within 90 days prior to LST 
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was noted in 31% of patients (7/27 (26%) in the S-HIFU 
group vs. 9/25 (36%) in the S-RP group (p = 0.4361).

Surgery and pathology details are presented in Table 2. 
S-HIFU treatment was associated with a shorter operating 
time (p = 0.0261) and a shorter hospital stay (p < 0.0001) 
compared to S-RP. Median (range) follow-up was 45.0 
(2–168) months for S-HIFU vs. 43.0 (1–229) months for 
S-RP (p = 0.9198). The mean (SD) PSA nadir was 1.4 (2.1) 
(median 0.13, range 0.00–2.64) for S-HIFU vs. 0.1 (0.1) 
(median 0.03, range 0.0–0.45) for S-RP (p = 0.0112). 23/25 
(92%) S-RP patients underwent pelvic lymph node dissec-
tion (PLND) and 7/25 (28%) were pN1 at final pathology.

Primary endpoint

When comparing oncological outcomes of S-HIFU vs. S-RP, 
no significant differences were found in estimated 5-year 
OS (80.9% vs. 61.9%, p = 0.2391), 5-year CSS (84.0% vs. 
74.0%, p = 0.3578), and 5-year MFS (60.3% vs. 55.2%, 
p = 0.5481) (Fig. 2). Of all patients included, 36.5% were 
free from hormonal therapy at last follow-up (9/27 S-HIFU 
vs. 10/25 S-RP patients, p = 0.6213).

Secondary endpoints

No significant differences in continence status were found 
at 6 months. However, we observed a significant difference 
in pad-dependent status at 12 months (22.2% vs. 56.0%, 
p = 0.0104) (Fig. 3).

We observed a significant difference in the total num-
ber of Clavien ≥ III complications (9/27 patients vs. 16/25 
patients, p = 0.027) (Table 3). However, when assessed on 

an individual level, no significant difference was found in the 
number of patients who experienced a Clavien ≥ III com-
plication (7/27 vs. 12/25, p = 0.1019). Complications of all 
grades (Clavien I–V) were common in both groups with the 
exception of urinary retention (11/27 in the S-HIFU vs. 0/25 
in the S-RP groups, p = 0.0003) and rectal fistula (1/27 in the 
S-HIFU vs. 4/25 in the S-RP groups, p = 0.1829). Indeed, 
one S-HIFU and four S-RP patients developed a recto-uri-
nary fistula. The S-HIFU patient had high-risk PCa before 
RT, and still had cT2, Gleason score 4 + 5 disease before 
S-HIFU. He was managed with a temporary colostomy fol-
lowed by cystoprostatectomy with urinary diversion. Of the 
4 patients who developed a recto-urinary fistula following 
S-RP, 2 had low-risk, 1 had intermediate-risk, and 1 had 
high-risk disease before RT. Before S-RP, 3 of them had 
Gleason ≥ 4 + 4 (one 3 + 4), 2 had cT1, 1 cT2 and 1 cT3 dis-
ease. One fistula spontaneously resolved after temporary ile-
ostomy, one was repaired with gracilis muscle interposition, 
another was managed with fistulectomy and augmentation 
cystoplasty, and the fourth with cystectomy and neobladder.

Discussion

We report oncological, functional, and toxicity outcomes in 
a retrospective comparison between S-HIFU and S-RP for 
radiation-recurrent nonmetastatic PCa. We found compara-
ble mid-term oncological outcomes for both groups. Early 
continence was comparable, however, at longer-term follow-
up, S-RP was associated with a higher risk of being pad-
dependent. Total number of complications was comparable 
between groups, but high-grade complications were more 

Fig. 1   Consort diagram show-
ing selection of patients for 
analysis
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common in the S-RP group. On an individual-based analy-
sis, however, similar numbers of patients in both groups 
experienced high-grade complications.

According to EAU guidelines, LST can be considered 
for patients with a low comorbidity index, a life expectancy 
of more than 10 years, organ-confined PCa (T1-T2), Glea-
son score ≤ 7, and a PSA < 10 ng/mL before LST [11]. 
8/27 (29.6%) S-HIFU and 7/25 (28.0%) S-RP patients in 
our analysis met these criteria while 37/52 (71.2%) patients 
did not. Therefore, our cohort potentially represents higher 
risk disease compared to other salvage series. However, the 

oncological outcomes in our study remained comparable to 
other published series from the last decade [1, 11].

Concerning functional outcomes, we observed a signifi-
cant difference in pad-dependent status 12 months after LST 
(22.2% for S-HIFU vs. 56.0% for S-RP, p = 0.0104). This is 
consistent with a meta-regression analysis from 2015 which 
included 63 studies to compare oncological, functional, and 
toxicity outcomes of S-RP versus three nonsurgical modali-
ties, including S-HIFU. In that analysis, S-RP appeared to 
have the highest risk of urinary incontinence [12]. Kenney 
et al. hypothesized that loss of the bladder neck during S-RP 

Table 1   Patient treatment 
characteristics before LST

S-HIFU salvage high intensity focused ultrasound, S-RP salvage radical prostatectomy, SD standard devia-
tion, NA not available, PSA prostate specific antigen, LST local salvage therapy, PSA-DT PSA doubling 
time, RT radiotherapy, EBRT external beam radiation therapy, ASA American Society of Anesthesiologists 
classification
◇ Mann–Whitney test
◆ Chi-squared test

Feature S-HIFU S-RP p value

Number of patients 27 25
Age (years)
 Mean (SD) 69.9 (6.2) 63.7 (6.6) 0.0045◇

 Median (range) 69.2 (54.0–80.0) 65.0 (52.0–75.6)
ASA, no. (%) 0.0119◆

 ASA 1 4 (14.8) 13 (52.0)
 ASA 2 16 (59.3) 10 (40.0)
 ASA 3 7 (25.9) 2 (8.0)

Pre-RT risk (D’Amico classification), no. (%) 0.1076◆

 Low 4 (14.8) 9 (36.0)
 Intermediate 7 (25.9) 5 (20.0)
 High 16 (59.3) 8 (32.0)
 NA 0 3

PSA before LST, ng/mL
 Mean (SD) 4.3 (3.6) 5.3 (2.9) 0.0672◇

 Median (range) 3.2 (0.2–11.4) 4.6 (1.4–11.9)
PSA-DT before LST, no. (%) 0.1741◆

 < 12 months 13 (48.1) 16 (64.0)
 ≥ 12 months 10 (37.0) 5 (20.0)
 NA 4 4

RT modality, no. (%) 0.0016◆

 EBRT 27 (100) 17 (68.0)
 Brachytherapy 0 (0) 8 (32.0)

RT dose, Gy
 Mean (SD) 70.7 (2.7) 70.1 (3.3) 0.6032◇

 Median (range) 70.0 (66.0–78.0) 70.0 (64.0–78.0)
Gleason score before LST, no. (%) 0.7240◆

 ≤ 3 + 3 3 (11.1) 2 (8.0)
 3 + 4 4 (14.8) 3 (12.0)
 4 + 3 6 (22.2) 3 (12.0)
 ≥ 4 + 4 10 (37.0) 12 (48.0)
 NA 4 5

Median (range) Charlson comorbidity index 5 (3–7) 4 (3–5)
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unmasks a preexisting damage to the external sphincter due 
to RT, resulting in incontinence [13].

We observed a significant difference in the total number 
of Clavien ≥ III complications between groups. Recorded 
individual complications (Clavien I–V) were common in 
both groups, except a higher risk of urinary retention in the 
S-HIFU group and a higher risk of recto-urinary fistulas 
in the S-RP group. Urinary retention in the S-HIFU group 
was caused by sloughing of necrotic tissue in the prostatic 
urethra, requiring endoscopic intervention. Rectal injury 
encountered during S-RP was probably related to extensive 
fibrosis after RT with subsequently more difficult visualiza-
tion of the dissection plane between rectum and prostate. 
Two senior surgeons performed the S-HIFU (SJ, RVV) and 
two performed the S-RP procedures (SJ, HVP). More than 
300 HIFU procedures and more than 4000 open and robot-
assisted radical prostatectomies were performed in the pri-
mary setting over the study period in both centers jointly. 
This provides evidence of expertise for involved surgeons 
and reflects the high load of participating centers.

Our high total number of Clavien ≥II complications of 
21/25 (84.0%) for S-RP compared to a systematic review of 
S-RARP case series, where an overall complication rate CD 
≥II of 31/190 (16.3%) was reported, suggests that robotic 
surgery as LST results in some advantage with regard to the 
rates of serious complications [10, 14]. However, only lim-
ited retrospective series compared open S-RP to S-RARP. 
S-RARP could improve toxicity outcomes by ameliorating 
surgical definition and tissue handling compared to S-RP. 

When assessing rectal injury rates in particular from two 
different reviews, 16/339 (4.72%) S-RP vs. 2/197 (1.0%) 
S-RARP patients had rectal injury [1, 14]. Even though 
direct comparison between both studies should not be done, 
these data suggest slightly better toxicity outcomes for 
S-RARP.

Functional results might be better with S-RARP, but this 
remains to be clarified. Chade et al. reported in a system-
atic review continence rates, defined by zero pads after open 
S-RP, ranging 21–90%, while in robotic studies, it ranged 
33–80% (except a small study with six cases and no inconti-
nent patients) [11]. Zargar et al. reported in ten S-RARP case 
series an overall continence rate of 60.4% (119/197) at mean 
18.6 months follow-up, although definitions of continence 
were variable [14]. When assessing functional outcomes, 
characteristics other than type of surgery such as surgical 
experience, the variability of nerve-sparing techniques, con-
tinence, and erectile function before LST need to be consid-
ered. Since open RP is still often performed throughout the 
world and only very limited data favor S-RARP over S-RP, 
we believe our study is relevant to contemporary practice.

ADT has been used frequently in patients experiencing 
BCR following EBRT or BT. The objective of ADT should 
be to improve OS, postpone metastatic progression, and 
improve quality of life. Biochemical response only holds 
no clinical benefit for a patient. For older patients and 
those with comorbidities, the side effects of ADT may even 
decrease life expectancy [15]. The EAU–ESTRO–SIOG 
guidelines on PCa recommend that in patients with BCR 

Table 2   Surgery and pathology 
outcomes after LST

◇ Mann–Whitney test

S–HIFU (n = 27) S-RP (n = 25) p value

Mean (SD) surgery duration (minutes) 132.4 (28.6) 166.0 (53.5) 0.0261◇

Mean (SD) estimated blood loss (mL) – 808.0 (593.6)
Mean (SD) length of stay (days) 3.9 (4.7) 12.3 (6.3) < 0.0001◇

Pathologic stage, no. (%) –
 pT0 2 (8.0)
 pT1 0
 pT2 7 (28.0)
 pT3 14 (56.0)
 pT4 0
 NA 2 (8.0)

Pathologic Gleason score, no. (%) –
 ≤ 3 + 3 2 (8.0)
 3 + 4 5 (20.0)
 4 + 3 3 (12.0)
 ≥ 4 + 4 12 (48.0)
 NA 3 (12.0)

Positive surgical margin, no. (%) – 11 (44.0)
Positive nodes, no. (%) – 7 (28.0)
Median (range) nodes retrieved – 17.0 (0–40)
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following EBRT or BT not suitable for curative treatment, 
ADT should be used only for symptom palliation [16]. Sadly 
enough, although ADT offers no chance of cure, in a recent 
CaPSURE database analysis salvage therapy in patients with 
BCR following EBRT or BT consisted of ADT in 93.5% of 
587 men, with only 2% of patients receiving LST [17]. For 
the above-mentioned reasons, we believe that LST may offer 
patients a treatment with curative intent. A watchful waiting 
approach or ADT should only be offered to patients unwill-
ing to undergo LST or having a life expectancy deemed too 
short to benefit from LST.

This study has only dealt with whole–gland S-HIFU. 
Although PCa is a multifocal disease, emergence of focal 
therapies ablating the index lesion with surveillance of 
the clinically insignificant lesions seems attractive due to 
potentially avoiding the morbidity of salvage surgery or 
whole–gland ablation [5, 18, 19]. Kanthabalan et al. recently 
analyzed 150 men who underwent focal S-HIFU with rea-
sonable short-term oncological, functional, and toxicity out-
comes [20]. Improvements in HIFU technology and imag-
ing-directed HIFU treatment (hemiablation, focal treatment) 
could further result in decreased functional morbidity while 
preserving adequate oncological outcomes [21].

S-HIFU is a targeted local therapy not intervening with 
undetected metastases. In S-RP, pelvic lymph nodes are often 
simultaneously dissected. Since PLND in S-RP is not stand-
ardized, the impact on survival and comparison between stud-
ies is hard to analyze. Based on data from the Surveillance, 
Epidemiology, and End Results (SEER) 18 registry, Pokala N 
et al. studied the effect of PLND status and number of nodes 
retrieved in patients undergoing S-RP. The hazard of mortality 

was higher in men who did not undergo PLND with a hazard 
ratio of 1.4 for OS (p = 0.2) and 2.7 for CSS (p = 0.01) [22]. 
No significant increase in OS or CSS was seen with increasing 
number of lymph nodes retrieved. When carefully assessing 
the pre-salvage PSA, PSA-DT, and Gleason scores (all rec-
ognized predictors of poor outcome) in our series, patients 
who underwent S-RP had (non-significantly) worse parameters 
compared to those who underwent S-HIFU. Moreover, in our 
series, 23/25 (92%) of patients underwent PLND, and 7/25 
(28%) of patients were pN1 at final histopathology. The reason 
why S-HIFU resulted in comparable outcomes compared to 
S-RP in a group of patients in which poor prognostic factors 
were more prevalent in the S-RP group, might be explained 
by the positive effect of the PLND. Even though this effect 
remains to be proven, we advocate to perform a PLND at the 
time of S-RP.

This study has several limitations. It is retrospective in 
nature with a limited number of patients which might have 
hindered the detection of differences between groups. In addi-
tion, no propensity score matching was used for the two groups 
to reduce bias due to potential confounding variables. Regard-
ing incontinence, no patient-reported outcome measures were 
available. Erectile function was not assessed due to limited 
baseline and postoperative information from the chart reviews 
and a lack of standardized questionnaires.

Table 3   Distribution of toxicity outcomes according to the Clavien-Dindo classification of surgical complications

BNS bladder neck stricture
◆ Chi-squared test
*Fisher’s exact test

No. ≤ 30 days No. 31–90 days No.> 90 days Overall, no. (%) p value

S-HIFU S-RP S-HIFU S-RP S-HIFU S-RP S-HIFU S-RP

Clavien I 2 1 0 0 0 0 2 (6.3) 1 (4.0) 0.6021*
Clavien II 21 5 < 0.0001◆

 Clot retention 2 0 0 0 0 0 2 (6.3) 0 0.4910*
 Urinary tract infection 2 3 5 1 1 1 8 (25.0) 5 (20.0) 0.5283*
 Urinary retention 2 0 2 0 7 0 11 (34.4) 0 0.0003*

Clavien III 9 16 0.0270◆

 Wound debridement 0 2 0 0 0 0 0 2 (8.0) 0.2262*
 Rectal injury 0 4 0 0 0 0 0 4 (16.0) 0.0467*
 Rectal fistula 0 1 0 2 1 1 1 (3.1) 4 (16.0) 0.1829*
 BNS 0 1 0 2 6 5 6 (18.8) 8 (32.0) 0.5364*
 Ureteric injury 0 1 0 0 2 0 2 (6.3) 1 (4.0) 1.0000*

Clavien IV–V 0 0 0 0 0 0 0 0
Total no. of complications 32 (100) 22 (100)
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Conclusion

Our data support the view that both S-HIFU and S-RP 
could be considered as valuable LST options for patients 
with local radiation-recurrent nonmetastatic PCa with suf-
ficient life expectancy and a low comorbidity index. S-RP 
is associated with more pad-dependent patients 12 months 
after LST. High-grade complications were more common 
in the S-RP group. On an individual-based analysis, how-
ever, similar numbers of patients in both groups experi-
enced high-grade complications. Prospective multicenter 
group-matched trials with long-term follow-up are needed 
to establish clinically applicable significance. Although 
S-HIFU is a less invasive technique than S-RP, it is of 
critical importance to be aware of major complications 
such as bladder neck stricture or recto-urinary fistula in 
the salvage setting.
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