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Abstract: Although radiotherapy to the prostate for cancer is effective, recurrence occurs in 10-15% within
5 years. Traditional salvage treatments for men with radiorecurrent prostate cancer comprise of watchful
waiting (WW) with or without androgen deprivation therapy (ADT) or radical prostatectomy (RP). Neither
strategy provides ideal therapeutic ratios. Salvage focal ablation is an emerging option. We performed a
systematic review of the Medline and Embase databases for studies reporting outcomes of focal salvage
brachytherapy (sBT), cryotherapy (sCT) or high-intensity focused ultrasound (sHIFU) for radiorecurrent
prostate cancer (conception to April 2019). Results were screened for inclusion against predetermined
eligibility criteria. Certain data were extracted, including rates of biochemical disease-free survival (BDES),
metastasis, conversion to second-line therapies and adverse events. Of a total 134 articles returned from
the search, 15 studies (14 case series and 1 comparative study) reported outcomes after focal sBT [5], sCT
[7] and sHIFU [3]. Cohort size varied depending on intervention, with eligible studies of sBT being small
case series. Median follow-up ranged from 10 to 56 months. Although pre-salvage demographics were
similar [median age range, 61-75 years; prostate-specific antigen (PSA) range, 2.8-5.5 ng/mL], there was
heterogeneity in patient selection, individual treatment protocols and outcome reporting. At 3 years, BDFS
ranged from 61% to 71.4% after sBT, 48.1-72.4% after sCT and 48% after sHIFU. Only studies of sCT
reported 5-year BDFS, which ranged from 46.5% to 54.4%. Rates of metastasis were low after all salvage
modalities, as were conversion to second-line therapies (although this was poorly reported). Grade 3 adverse
events were rare. This systematic review indicates that salvage focal ablation of radiorecurrent prostate
cancer provides acceptable oncological outcomes and is well tolerated. Unfortunately, there is heterogeneity
in the study design of existing evidence. Level 1 research comparing salvage focal therapies to existing whole-

gland strategies is needed to further establish the role of these promising treatments.
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Introduction

In the UK, around one-third of men newly diagnosed with
clinically significant localised prostate cancer undergo radical
external beam radiotherapy (EBRT) (1). The incidence of
primary treatment with brachytherapy implantation has
also increased over the last 20 years (2). Contemporary
data suggests that 10-15% of men develop biochemical
failure within 5 years (3). Traditional treatment options for
these men have been limited and have consisted of either
watchful waiting (WW) with or without delayed androgen
deprivation therapy (ADT) or salvage radical prostatectomy
(sRP) in those who are eligible and fit enough for treatment.
Prolonged ADT use can lead to a castrate resistance state
after a median of 2-3 years. Side-effects include vasomotor
complications, sexual dysfunction and gynaecomastia,
osteoporosis, metabolic syndrome and depression.
Additionally, there may be an association with neurocognitive
deficits, thromboembolism, and cardiovascular disease (4).
Oncological outcomes after sRP are generally worse
than for those undergoing primary treatment with 5-year
biochemical disease-free survival (BDFS) estimated
at 48% and cancer specific survival (CSS) of 92%. At
10 years, these fall to 37% and 83 % respectively (5).
In addition, wound healing after primary irradiation
treatment is poor; complications after salvage surgery are
common and include urinary incontinence (20-78.1%),
anastomotic stricture (0-41.8%), rectal injury (0-12.5%)
and erectile dysfunction (29-100%) (6). Whole gland
alternatives to sRP include salvage brachytherapy (sBT),
cryotherapy (sCT) and high-intensity focused ultrasound
(sHIFU) (7,8).

Recently, there has been a shift towards a more focal
ablative approach whereby only the areas of recurrent
cancer within the prostate are treated rather than the whole
gland. This can provide oncological control whilst limiting
functional adverse events and preserving quality of life.
Although primary prostate cancer is often multifocal, it
has been noted that the largest or highest grade lesion (the
index lesion) drives cancer progression in the majority of
patients (9) and, after EBRT, the recurrence occurs at this
site in 89-100% of patients, suggesting that a radioresistant
clone from the original index lesion may be responsible (10).
Salvage focal therapy may allow satisfactory oncological
control whilst avoiding the morbidity of whole gland
treatment (11).

In this article we discuss the key challenges in assessment
and patient selection for salvage focal therapy before
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reporting our findings from a systematic review of partial
gland treatment outcomes.

Methods

This study was prospectively registered on the PROSPERO
International Prospective Register of Systematic Reviews
(CRD42019138240). Reporting of this review follows
recommendations defined in the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
statement (12).

Eligibility criteria

English language empirical studies (randomised and non-
randomised comparative and non-comparative studies)
describing salvage focal (partial gland) treatment of localised
radiorecurrent prostate cancer using brachytherapy,
cryotherapy and HIFU were included. Studies describing
whole-gland ablation were excluded. Review articles,
unpublished studies, case reports, letters, bulletins,
comments and conference abstracts were excluded.

Search strategy

Two authors (CC Khoo and T'T Shah) performed a
systematic review of the Medline and Embase databases
for empirical studies (randomised and non-randomised
comparative and non-comparative studies) describing
salvage focal treatment of localised radiorecurrent prostate
cancer up to 23rd April 2019. A hand-search of reference
lists of relevant review articles was also undertaken. Search
terms included combinations of “salvage”, “recurrent” or
“radiorecurrent” with each of “focal brachytherapy”, “focal
cryotherapy”, “focal cryoablation”, “focal high intensity
focused ultrasound” or “focal HIFU” (for example, “salvage
AND focal cryoablation”).

Study selection

Two authors (CC Khoo and T'T Shah) reviewed potentially
relevant articles for inclusion. The full text of remaining
articles was obtained and further screened for inclusion.
Small series (n<10), duplicates, studies with follow-up
articles and articles not meeting eligibility criteria were
excluded. Disparities were discussed to obtain consensus; in

cases when agreement could not be reached, a third author
(M] Connor) arbitrated.
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Data items

The primary outcome was BDFS [as per the “Phoenix”
definition—prostate-specific antigen (PSA) >2 ng/mL
above the nadir] (13). We also extracted data on rates of
metastases, conversion to second-line therapies and adverse
events (as per the Common Terminology Criteria for
Adverse Events) (14).

Quality assessment

Each study was assessed using the Methodological Index
for Non-Randomized Studies instrument, a validated
tool designed to assess the quality of nonrandomized
comparative and non-comparative surgical studies (15).

Statistical analysis

As no randomised controlled trials were identified in
systematic searching of the literature, a narrative synthesis
and not a meta-analysis was performed. All statistical data,
including patient demographics and oncological outcomes
(e.g., BDFYS), are presented as reported directly by the
authors of included studies.

Defining the population, interventions and
endpoints

Defining biochemical recurrence (BCR) after radiotherapy

Surveillance after radiotherapy treatment is usually with
serial PSA measurements. The American Society of
Therapeutic Radiology and Oncology (ASTRO) initially
defined BCR as three consecutive PSA rises after a nadir in
the 1990s (16); this has been largely superseded by the joint
Radiation Therapy Oncology Group/ASTRO “Phoenix”
definition of a rise of 2 ng/mL or more above the PSA nadir
level (13). It should be remembered that a “PSA bounce”
may occur after EBRT due to remaining areas of viable
glandular tissue producing PSA, with the time to first rise
being the most useful distinguishing factor (17).

Assessing local disease recurrence

In patients with evidence of BCR, determining the site
of recurrence allows planning of ongoing management.
Digital rectal examination (DRE) and transrectal ultrasound
(TRUS) are easy to perform and readily available but are
not reliable (18). Multiparametric MRI (mpMRI) (which
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includes diffusion weighted and dynamic contrast enhanced
phases) has good diagnostic accuracy and can be used to
inform subsequent biopsy and local salvage treatments
(19,20). mpMRI has been demonstrated to have significantly
higher sensitivity and specificity than TRUS alone in the
detection of recurrence (21).

Prostate biopsy remains the only way to definitively
confirm local relapse. However, distinguishing benign post-
radiotherapy atypia from disease recurrence is challenging
and biopsies should be examined by an experienced
pathologist. Additionally, false negatives (due to sampling
error) and false positives (due to delayed tumour regression)
are not uncommon (22,23). Histologic resolution may take
24-36 months; for this reason, after EBRT, biopsies should
not be taken before this unless there is a pressing clinical

need (22).

Ruling out metastatic disease

Ruling out the presence of metastases is essential to
establish treatment options. Bone is the sole site of spread
in >80% of patients who develop metastases (24). Bone
scans have traditionally formed part of assessment of
patients with BCR; however, the utility of this modality for
patients with PSA <10 ng/mL has been questioned (25,26).
Bone scans can also give false positive results from trauma,
inflammation, Paget’s disease and local inflammation (27).
Positron emission tomography/computed tomography
(PET/CT) with choline tracers has been shown to have a
high diagnostic rate of bone metastases (28,29). Prostate-
specific membrane antigen (PSMA) PET also provides
excellent accuracy (and is especially useful when PSA
is low) (30). Currently, high expense limits routine use.
However, advancements in PET imaging technology
and increasing demand for PET tracers (leading to more
efficient production) may improve cost-efficiency and use
of this modality in the future (28). Whole body MRI (WB-
MRI) has good sensitivity and specificity, and allows for
simultaneous assessment for metastasis and multiparametric
imaging of the prostatic bed (31-33). However, accuracy
compared to PET/CT has yet to be fully established (34).
Additionally, scan duration is lengthy (although this has
reduced to approximately an hour with modern 3T MRI
machines) (27). Choline PET/MR may provide higher
accuracy, but it is contested whether this is superior to
PET/CT (35,36). Currently, the European Association
of Urology acknowledges that Choline PET/CT, PSMA
PET/CT and WB-MRI may provide greater sensitivity in
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Figure 1 Study selection.

the diagnosis of metastases than the traditional workup of
bone scan plus abdominopelvic CT, but their added clinical
utility remains unclear. They recommend staging using a
cross-sectional imaging modality and a bone scan (37).

Results of systematic review

The search identified 134 relevant publications. After
duplicates, non-English language and ineligible articles were
removed, 29 were included for abstract review. Eighteen
studies met eligibility criteria; after full text review, 3 were
excluded (in all, n<10). Fifteen studies (14 case series and
1 comparative study) with a combined total of 628 patients
were finally included (Figure I).

With the exception of 1 study comparing salvage
focal and whole-gland sCT (38), all eligible studies were
single-arm case series. Only five studies were prospective.
However, outcome data were complete and measured
appropriately. The average Methodological Index for Non-
Randomized Studies instrument score was 11.8/16 for non-
comparative studies, with the single comparative study
scoring 15/24 (Table 1).

Primary and secondary outcomes were well reported
by all studies. However, there was often heterogeneity in
patient selection and treatment protocols (for example,
regarding concurrent ADT use).

Salvage focal brachytherapy

Five case series met inclusion criteria (7able 2) (39-43).
Although all studies reported outcomes of focal sBT
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for radiorecurrent disease, there was heterogeneity in
radiation dose. Cohorts were small (n=12-20). Most studies
reported short to mid-term follow-up, although one study
approached 5-year outcomes (10-56 months).

Two- (87-100%) and 3-year (61-71.4%) BDEFS rates
were reasonable. No study reported 5-year rates. Metastasis
was uncommon (0-15%); Kunogi et a/. reported no
metastases after median follow-up of 56 months in 12
patients (41). Rate of conversion to second-line salvage
treatment was similarly low (13.3-30.0%). The procedure
was well tolerated; grade 3 toxicity adverse events were rare,
and included urethral stricture (5-5.9%) (40,42) and self-
resolving haematuria (6.7%) (43).

Salvage focal cryotherapy

Seven single-arm and one comparative trial examining
outcomes post focal sCT were included (Table 3)
(38,44-49). There was homogeneity in treatment
methodology, with the majority of studies using a
hemiablative strategy. Although most cohorts were small,
three studies reported outcomes for >50 patients (n=10-91)
(45,47,49). Follow-up was short to mid-term (12-37 months).

There was significant variability in reported BDFS rates.
At 1 year, BDFS ranged from 48.1% to 95.3%. Three-
year (48.1-72.4%) and 5-year (46.5-54.4%) rates were
more consistent. In their comparative study, De Castro
Abreu ez al. report 5-year BDFES to be 54.4% in the focal
sCT (n=25) and 86.5% in the whole-gland sCT treatment
group (n=25) (although no statistical comparison was
made due to underlying selection bias and differences in
treatment protocols) (38). Rates of metastasis (10-21.3%)
and conversion to second-line therapies (40.0%) were
poorly reported, with only Bomers ef 4/. describing patients
undergoing further treatment with focal sCT (three
patients) or ADT (one patient) (n=10) (46). Complications
were uncommon; grade 3 adverse events included
rectourethral fistula (3.3-5.5%) (45,47) and urethral
stricture (5.3-10%) (44,46). Minor complications included
transient haematuria, temporary incontinence and erectile

dysfunction (49).

Salvage focal bigh-intensity focused ultrasound

Three studies met eligibility criteria (7able 4) (50-52).
Treatment strategies varied, and included quadrant-,
hemi- and index lesion ablation (with residual cancer left
untreated). The largest cohort (n=150) also had the longest
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Table 2 Salvage focal brachytherapy outcomes

Khoo et al. Salvage focal therapies for radiorecurrent prostate cancer

. Median Median ) . Conversion to
Median age Biochemical . .
Author Year (vears) pre-salvage follow-up disease-free survival Metastasis  second-line salvage
Y PSA (ng/mL) (months) therapies
Hsu et al. (39) 2013 15 68 3.5 23.3 100% (2 years); 0% 13.3% (focal sBT: 2)
71.4% (3 years)

Peters et al. (40) 2014 20 69 4.7 36 71% (3 years) 15% 30.0% (ADT: 6)
Kunogi et al. (41) 2016 12 68 4.1 56 78% (4 years) 0% 16.7% (ADT: 1, WW: 1)
Maenhout et al. (42) 2017 17 69 4.8 10 92% (2 years) 5.9% n.a.
Murgic et al. (43) 2018 15 75 41 36 87% (2 years); 0% n.a.

61% (3 years)

PSA, prostate-specific antigen; sBT, salvage brachytherapy; ADT, androgen deprivation therapy; WW, watchful waiting; n.a., not available.

Table 3 Salvage focal cryotherapy outcomes

) Median Median Biochemical ) )
Median ) . Conversion to second-line
Author Year age (years) pre-salvage follow-up disease-free  Metastasis salvage therapies
gely PSA (ng/mL) (months) survival 9 P
Eisenberg and Shinohara 2008 19 71(avg.) 3.3 (avg.) 18 89% (1 year); 17.6% n.a.
(44) 67% (2 years);
50% (3 years)
De Castro Abreu et al. (38) 2013 25 61 2.8 31 54.4% (5 years) 0% n.a.
"Wenske et al. (45) 2013 55 66 4 37 47% (5 years); n.a. n.a.
42% (10 years)
Bomers et al. (46) 2013 10 67 3.8 12 n.a. 10% 40.0% (focal sCT: 3, ADT: 1)
Li et al. (47) 2015 91 71.1 (avg.) 4.8 15 95.3% (1 year); n.a. n.a.
72.4% (3 years);
46.5% (5 years)
Overduin et al. (48) 2017 47 66 4.9 24 51% (1 year) 21.3% n.a.
Kongnyuy et al. (49) 2017 65 71 4 26.6 48.1% n.a. n.a.

(1 and 3 years)

T, primary treatment: RT in 80%, cryotherapy in 20%. RT, radiotherapy; avg., average; n.a., not available; PSA, prostate-specific antigen;

ADT, androgen deprivation therapy; sCT, salvage cryotherapy.

follow-up (35 months) (52).

There was heterogeneity in reporting of rates of BDFS.
Ahmed et al. split their cohort into patients who achieved
a PSA nadir <0.5 ng/mL and those who did not; in the
former group BDFS was 86% at 1 year, 75% at 2 years and
63% at 3 years, and in the latter, 55% at 1 year, 24% at 2
years and 0% at 3 years (50). Baco er al. reported BDES to
be 67% at the end of median follow-up of 16.3 months (51).
Kanthabalan er 4/. estimate 3-year BDFS to be 48% (52).
Rates of metastasis were comparable (5-12.5%). Conversion
rate to second-line treatment was extractable from only one

© Translational Andrology and Urology. All rights reserved.

study and was 8.0% (52). Reported complications included
rectourethral fistula (2-3.6%) (50,52), bladder neck stenosis
(8.0%) (52), and pubic bone osteitis (0.7-4.2%) (51,52).
Functional outcomes were well described by two studies.
Ahmed ez al. report a pad-free, leak-free continence rate
at 64% and pad-free rate was 87% at last follow-up.
International Index of Erectile Function (IIEF5) scores
worsened from a pre-procedure median of 18 to 13 at 6
months (50). Concordantly, Kanthabalan er 4/. note that,
at 2 years, 87.5% of those pad-free at baseline remained
pad-free (42/48 patients), and 67.6% of patients drip-free

Transl Androl Urol 2020;9(3):1535-1545 | http://dx.doi.org/10.21037/tau.2019.08.21



Translational Andrology and Urology, Vol 9, No 3 June 2020

Table 4 Salvage focal HIFU outcomes
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Median Median ) ) ) ) .
Mean age Biochemical disease-free . Conversion to second-line
Author Year n (vears) pre-salvage follow-up survival Metastasis salvage therapies
y PSA (ng/mL) (months) 9 P
Ahmed et al. 2012 39 70.5 4.6 17 86% (1 year), 75% (2 years), 5% n.a.
(50) 63% (3 years)"
55% (1 year), 24% (2 year),
0% (3 years)*

Bacoetal (51) 2014 48 68.8 na 16.3 67% (end of follow-up) 12.5% n.a.
Kanthabalan 2017 150 69.8 5.5 35 48% (3 years) 6% 8.0% (sRP: 3, EBRT of
etal. (52) spinal metastatic disease: 1,

irreversible electroporation: 1,
sCT: 1, chemotherapy: 4, other
drug treatments: 2)

', achieved PSA nadir <0.5 ng/mL; ¥, did not achieve PSA nadir <0.5 ng/mL. HIFU, high-intensity focused ultrasound; sRP, salvage radical
prostatectomy; sCT, salvage cryotherapy; PSA, prostate-specific antigen.

continent at baseline remained drip-free (23/34 patients).
There was a minor decline in median ITEFS5 scores from 15
to 13 (52).

Discussion

In summary, our systematic review shows that, in the
treatment of radiorecurrent prostate cancer, focal sBT,
sCT and sHIFU all provide acceptable oncological
control and have low rates of complications. Salvage focal
treatment may represent a viable and less invasive strategy
for select patients with localised radiorecurrent disease.
Unfortunately, most of the available evidence is level 3 only,
and long-term follow-up is lacking. Additionally, more
robust evaluation of urinary and sexual functional outcomes
with validated questionnaires is needed to help inform
patient choice.

How do these outcomes compare to salvage surgery?
Traditional surgical treatment of radiorecurrent prostate
cancer is with sRP. A retrospective multi-institutional
cohort analysis of 404 men who underwent sRP for
localised radiorecurrent prostate cancer demonstrated
reasonable survival outcomes; at 5 years, rates of being free
from metastasis and cancer-specific death were 83% and
92% respectively; these decreased to 77% and 83% at 10
years. However, the BDFS rate was 48% (5 years) and 37%
(10 years), and complications after sRP are common [e.g.,
urinary incontinence (20-78.1%) and erectile dysfunction
(29-100%)] (5,6). Consequently, there has been increased
interest in salvage treatments using other modalities.
A meta-regression analysis of predominately whole-

© Translational Andrology and Urology. All rights reserved.

gland series comparing sRP with sBT, sCT and sHIFU
demonstrated no difference in oncological outcomes, but
significantly increased rate of urinary incontinence with
sRP, supporting the role of sBT, sCT and sHIFU for
patients with localised recurrence (53).

Our systematic search did not return any randomised
controlled studies comparing sRP with focal sBT, sCT
and sHIFU. The limited available evidence compares sRP
with whole-gland sCT and sHIFU treatment (no studies
comparing sRP and sBT are available). A retrospective study
of 440 men found significantly higher overall mortality
rates with sRP (n=99) than whole-gland sCT (n=341) (21.57
vs. 6.14 deaths/100 person years) (54). Conversely, other
smaller series have come to different conclusions. Pisters
et al. found that sRP (n=42) resulted in a significantly
superior 5-year BDFS (66% vs. 42%) and overall survival
(95% wvs. 85%) than whole-gland sCT (n=56) (55), and Vora
et al. report similar BCR rates for sRP (16.7%; n=6) and
whole-gland sCT (23.5%; n=17) (although median follow-up
times differed; 7.2 vs. 14.1 months) (56). Of note, this latter
study reported rates of severe urinary incontinence of 16.7%
after sSRP and 5.9% after whole-gland sCT (56). Devos et al.
retrospectively compared outcomes of sRP (n=25) with
whole-gland sHIFU (n=27). Median follow-up was similar
(43 vs. 45 months). There were no significant differences
in estimated 5-year overall survival, cancer-specific survival
or metastasis-free survival. However, patients who had
undergone sHIFU were more continent at 12 months and
had experienced fewer Clavien-Dindo >3 complications (57).
These whole-gland comparisons suggest that sCT and
sHIFU may provide similar oncological and functional
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outcomes to sRP. Formal comparative studies are needed
prior to making firm conclusions regarding the oncological
outcomes from salvage focal series; however, it appears that
functional outcomes are superior when compared to the
either sRP or whole-gland ablative modalities.

After salvage focal therapy, how do we define BCR? Most
of the included studies used the “Phoenix” threshold (13).
However, this definition was designed for use post RT in a
primary setting; this strategy has not been validated for use
in primary focal therapy, let alone in a salvage setting. The
use of PSA surveillance after focal therapy is controversial as
the untreated tissue may continue to secrete PSA, resulting
in a “false positive” biochemical failure (not representative
of oncological failure) (58). If the initial PSA reading post
focal therapy is high, does this represent recurrence or
undertreatment? Ahmed et «/. analysed their cohort by
“responders” (those who achieved a PSA nadir <0.5 ng/mL)
and “non-responders” (those who did not) (50). It has been
suggested that, post focal therapy, PSA should reduce by
50% within 3 months of treatment and remain stable, with
recurrence defined as any deviation from this protocol (59).
Validation of post salvage focal therapy surveillance
strategies is needed.

As ablative technologies develop, it seems inevitable that
their use in a salvage focal setting will be explored further.
Our results suggest that salvage focal treatment provides
acceptable oncological outcomes with low rates of adverse
events; however, how do we decide between modalities?
Unfortunately, to date, there have been no studies
comparing focal sBT, sCT and sHIFU or comparisons to
sRP or ADT. Choice is likely to depend on both patient
and tumour characteristics (such as size and anatomical
location).

This systematic review has a number of possible
limitations. Despite a comprehensive search strategy, it is
possible we missed some relevant articles. Fourteen of the
15 included studies were single-arm case series without
comparator, and there was lack of standardisation in patient
selection (e.g., concurrent ADT use), treatment protocols
(e.g., both high and low dose brachytherapy were used) and
outcome reporting. Long-term follow-up was lacking. Study
quality was moderate only. It is not possible to make strong
recommendations based on available evidence. Although
we did not formally extract urinary and sexual functional
outcomes these were poorly reported by studies evaluating
sBT and sCT; the patient’s post-treatment quality of life is
undoubtedly a key factor in decision-making. Finally, cost-
effectiveness was not evaluated.

© Translational Andrology and Urology. All rights reserved.

Conclusions

Salvage therapies are underutilised in men with recurrent
prostate cancer. Focal sBT, sCT and sHIFU may provide
at least comparable oncological control to whole-gland
treatment with fewer operative complications. Currently,
although patients must be carefully selected and counselled
on an individual basis, salvage focal treatment has become
a realistic management option. Future research comparing
salvage focal with existing whole-gland treatments with
long-term follow-up is required to refine indications,
inform choice of modality and ensure outcomes endure.
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