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INTRODUCTION: Focal Therapy (FT) is a treatment option for the treatment of limited volume clinically significant prostate cancer
(csPCa). We aim to systematically review outcomes of established FT modalities to assess the contemporary baseline and identify
gaps in evidence that will aid in further trial and study design.

METHODS: We conducted a systematic review and meta-analysis of all primary studies reporting outcomes of FT using
cryotherapy, high-intensity focused ultrasound (HIFU), and irreversible electroporation (IRE). We described patient inclusion criteria,
selection tools, treatment parameters, and surveillance protocols, and pooled overall survival (OS), cancer-specific survival (CSS),
metastasis-free survival (MFS), biochemical progression (BP), biopsy, secondary treatment, sexual, and urinary function outcomes.
Composite failure was defined as salvage whole gland ablation, radical treatment, hormonal therapy or transition to watchful
waiting.

SYNTHESIS: We identified 49 unique cohorts of men undergoing FT between 2008 and 2024 (21 cryotherapy, 20 HIFU, and 8 IRE).
Median follow-up ranged from 6 to 63 months. Pooled OS was 98.0%, CSS 99.3%, and MFS 98.5%. Pooled BP was 9.4%/year. Biopsy
was mandated post-FT within 24 months in 36/49 (73.5%) cohorts, with pooled csPCa (GG > 2) rates of 22.2% overall, 8.9% infield,
and 12.3% outfield. The pooled rate of secondary FT was 5.0%, radical treatment 10.5%, and composite failure 14.1%. Of 35 studies
reporting sexual function, 45.7% reported a low, 48.6% moderate, and 5.7% severe impact. For 34 cohorts reporting urinary
function, 97.1% reported a low impact. No differences were noted between cryotherapy, HIFU, or IRE in any of the outcomes.
CONCLUSION: FT with cryotherapy, HIFU, and IRE is associated with good short-intermediate term oncological and functional
outcomes. However, outcome reporting is heterogeneous and often incomplete. Long-term follow-up and standardized reporting
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are required to better define and report FT outcomes.

Prostate Cancer and Prostatic Diseases (2025) 28:693-706; https://doi.org/10.1038/s41391-024-00911-2

INTRODUCTION

Radical therapy with surgery or radiation is the gold standard for
treatment of localized prostate cancer (PCa) [1]. However, it is
associated with significant treatment-related sexual, urinary, and
bowel morbidity [2]. Focal therapy (FT), where only the area of
cancer within the prostate is targeted for destruction, could
potentially spare the adjacent critical anatomical structures
responsible for sexual, urinary, and bowel function from damage,
and thus preserve quality of life. Though it was first proposed in
the 2000s, physician adoption of FT was limited prior to the late
2010s.

The majority of prostate cancers are multifocal. However, it is
now recognized that not every prostate cancer lesion may need to
be treated with the understanding that intermediate- and high-
grade (Gleason score >3 + 4) prostate cancers are the ones that
tend to progress and are clinically significant (csPCa), whereas
low-grade cancers have low cancer-specific mortality and

metastasis and can be safely monitored on active surveillance
[3, 4]. Furthermore, when small, low-grade cancer foci are
discounted, the proportion of unifocal csPCa increases substan-
tially [5]. The key to successful FT is thus the accurate identification
of such unifocal csPCa lesions within the prostate.

Over the last decade, multiparametric magnetic resonance
imaging (mpMRI) has emerged as a key imaging tool of the
prostate, being able to detect and locate csPCa lesions [6]. The
advent of mpMRI-fusion biopsy has allowed physicians merge
mpMRI data with accessible office prostate biopsies [7]. These
capabilities have significantly increased the feasibility and
interest in FT.

There are now multiple new ablative energy sources and
delivery methods being developed for FT. This has resulted in
efforts being focused on many early-phase studies rather than
definitive trials [8]. Despite more than a decade of investigation,
majority of FT reports are those of single-arm cohorts.
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Furthermore, comparison between FT modalities have also been
hampered by different trial designs with varying use of pre- and
post-treatment imaging and biopsy since these have been
developing practices over the last decade.

Among the multiple FT modalities now available, cryotherapy,
high-intensity focused ultrasound (HIFU), and irreversible electro-
poration (IRE) have the longest history of use. A review of these
“established” modalities will help us to identify gaps in evidence
that will aid in further trial and study design. In this report, we aim
to systematically review oncological and functional outcomes of
established focal therapy modalities with a view to assess the
contemporary baseline and identify gaps in evidence that will aid
in further trial and study design.

METHODS

Study selection

This systematic review and meta-analysis was registered on
PROSPERO (CRD42024554177) and performed in line with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Guidelines [9].

An electronic literature search was conducted on PubMed,
Embase, and Scopus from inception to May 29, 2024, without
language restrictions. Bibliographies of each included study were
screened, and a search on Google Scholar using the first and last
author of each included study was conducted to ensure inclusion
of all relevant studies. Abstracts and full texts were reviewed by
two independent investigators, with conflicts resolved by a third
investigator.

Studies describing either cryotherapy, HIFU, or IRE outcomes
with either re-biopsy or progression results were included. Case
reports, reviews, conference abstracts, and studies reporting <20
patients were excluded. Duplicate publications were removed.
Where a cohort was reported more than once, the latest report
was used. We included only cohorts reporting ablation of half the
gland or less in this review of focal therapy (Fig. 1A). A
standardized data collection template with predefined data fields
including study characteristics, patient demographics, and out-
comes was used for data extraction by two independent
investigators. Risk of bias was assessed using the Newcastle-
Ottawa Scale (NOS) detailed in Supplementary Table 1 [10].

Outcome measures

Outcomes extracted included: D'Amico/National Comprehensive
Cancer Network (NCCN)/Cancer of the Prostate Risk Assessment
(CAPRA) risk groups, Gleason scores and International Society of
Urological Pathology (ISUP) grade groups (GG), pre-treatment
mpMRI use, pre-treatment targeted/systematic biopsy use, target
lesion location, ablation modality, ablation pattern, follow-up MRI
use, follow-up biopsy use, follow-up biopsy outcomes, biochem-
ical progression, secondary treatments, overall survival (OS),
cancer-specific survival(CSS), metastasis-free survival (MFS), and
sexual and urinary functional outcomes.

Due to the varying criteria used to assess functional outcome,
we defined the treatment impact of FT on sexual and urinary
function arbitrarily by comparison to baseline regardless of the
individual measure used. Where function was reduced by <10%
compared to baseline, this was classified as low impact. Where
function was reduced by 10-30% compared to baseline, this was
classified as moderate impact. Where function was reduced by
>30% compared to baseline, this was classified as severe impact.

Statistical analysis

Meta-analysis of proportions was carried out for several outcomes.
The primary outcome in this study was cancer detection post-FT.
This was analyzed in the form of 6 post-FT biopsy outcomes: any
cancer, any clinically significant (GG =2) cancer, in-field cancer,
infield clinically significant cancer, outfield cancer, and outfield
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clinically significant cancer. Secondary outcomes included bio-
chemical progression, treatment failure, acute urinary retention,
and urinary tract infection. Outcomes were reported for each of
cryotherapy, HIFU, and IRE, and only if >3 studies reporting the
outcome in question were available.

For primary outcomes, respective outcome numbers and
biopsied patients per study were pooled for each outcome.
Random-effects meta-analysis of proportions was conducted and
forest plots were generated, with stratification according to time
of biopsy if possible. For secondary outcomes, given the short to
medium-term follow-up in all studies, the lack of Kaplan-Meier
curves in most studies for accounting of time-varying status, as
well as low overall event rates, OS, CSS, and MFS were synthesized
as proportions for meta-analysis. To account for the significant
variation of follow-up time for biochemical progression
between studies, and given that this was the significant
oncological outcome measure for studies not using mandatory
repeat biopsy as part of the protocol given the medium-term
follow-up, we assumed that biochemical progression occurred
linearly and averaged it over the follow-up time for the purpose
of data synthesis, effectively generating an estimate of average
biochemical progression rate per year. Forest plots for all
outcomes were displayed alongside 95% confidence intervals
(95%Cl). Heterogeneity was considered low, moderate,
or considerable for I values < 40%, 40-75%, and >75%, respec-
tively. Funnel plot symmetry was visually assessed for
publication bias.

Synthesis

We reviewed 56 original articles on the topic of cryotherapy, HIFU,
or IRE FT after excluding systematic reviews, meta-analyses, and
editorials (Fig. 1B). After applying our exclusion criteria, we
identified a total of 49 unique cohorts for analysis (Table 1). Focal
cryotherapy comprised 21/49 (42.9%) cohorts [11-31]. Focal HIFU
comprised 20/49 (40.8%) of the cohorts [23, 32-50]. Focal IRE
comprised 8/49 (16.3%) of the cohorts [51-58].

Evolution of patient inclusion criteria and selection tools
over time

The patient inclusion criteria for FT among studies was highly
heterogeneous, including a range of low-, intermediate-, and high-
risk patients, as well as a large range of GGs. In all, only 29/49
(59.2%) of cohorts reported D’Amico/NCCN/CAPRA risk stratifica-
tion, while 48/49 (98.0%) of cohorts reported ISUP GG composi-
tions of their patients. Earlier cohorts were more likely to report
the risk strata compositions of their cohorts. In the 2018-2012
time period, 4/4 (100%) of cohorts reported risk stratification; from
2013 to 2016, 7/7 (100%); from 2017 to 2020, 8/13 (61.5%); and
from 2021 to 2024, 10/25 (40.0%).

Over time, we observed a gradual increase in the proportion of
GG2-5 patients in the reported cohorts, whereas earlier cohorts
generally included a higher proportion of GG1 patients, reflecting
a change in the patient selection criteria for FT to target patients
with clinically significant prostate cancer (Fig. 1C). In the
2008-2012 time period, 4 studies reported that the proportion
of their cohort having csPCa ranged from 35.0 to 42.5%; from 2013
to 2016, 7 studies reported 0.0-57.2%; from 2017 to 2020,
13 studies 16.0-74.3%; and, from 2021 to 2024, 25 studies
66.3-85.3%.

A total of 38/49 (77.6%) of cohorts reported the use of mpMRI in
the pre-diagnostic workup before FT. Later cohorts were more
likely to utilize mpMRI compared to earlier cohorts. In the
2008-2012 time period, 0/4 (0%) studies reported utilizing mpMRI;
from 2013 to 2016, 4/7 (57.1%); from 2017 to 2020, 12/13 (92.3%);
and, from 2021 to 2024, 22/25 (88.0%) studies reported utilizing
mpMRI. 27/49 (55.1%) of cohorts reported utilizing targeted
biopsies while 26/49 (53.1%) cohorts reported using some form of
systematic biopsy (12-core or mapping biopsy).
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Fig. 1 Focal therapy ablation patterns, study inclusion flowchart, and evolution of cohort csPCa composition over time. A Focal therapy
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csPCa over time.
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NCCN National Comprehensive Cancer Network, GG grade group, TRUS transrectal ultrasound, TMB transperineal mapping biopsy, NR not reported, PSA prostate-specific antigen, mpMRI multiparametric magnetic

resonance imaging, DRE digital rectal examination, BCR biochemical recurrence, TP transperineal, PCa prostate cancer, ISUP International Society of Urological Pathology.

K.J. Tay et al.

Evolution of treatment patterns over time
Overall, 14/49 (28.6%) of cohorts reported using hemi-ablation;
26/49 (53.1%), focal ablation; 1/49 (2.0%), partial gland ablation;
1/49 (2.0%), sectoral ablation; and, 6/49 (12.2%), various combina-
tions. Over time, there was a greater proportion of cohorts
utilizing more focal approaches and less hemi-ablations. In the
2008-2012 time period, 3/4 (75%) of cohorts reported utilizing
hemi-ablation for FT; from 2013 to 2016, 4/7 (57.1%); from 2017 to
2020, 6/13 (46.2%); and, from 2021 to 2024 only 1/25 (4.0%).
During our evaluation period, cryotherapy was predominant in
the earlier years, with an increasing proportion of later-reported
cohorts comprising HIFU and IRE. In the 2008-2012 time period,
4/4 (100%) of cohorts reported using cryotherapy; from 2013 to
2016, 4/7 (57.1%) cryotherapy, 2/7 (28.6%) HIFU, and 1/7 (14.3%)
IRE; from 2017 to 2020, 5/13 (38.4%) cryotherapy, 7/13 (53.8%)
HIFU, and 1/13 (7.7%) IRE; and, from 2021 to 2024, 8/25 (32.0%)
cryotherapy, 11/25 (44.0%) HIFU, and 6/25 (24.0%) IRE.

Oncological outcomes

Median follow-up times were reported in 45/49 (91.8%) cohorts,
with a median of 27.8 months and a mean of 28.4 months (range
6.0-63.0 months). Overall survival was reported by 22/49 (44.9%)
cohorts with a pooled OS of 98.0% (95% Cl 96.9-98.7, I = 33%,
p =0.07) (Fig. 2A). Cancer-specific survival was reported by 23/49
(46.9%) cohorts with a pooled CSS of 99.3% (95% Cl 98.8-99.6,
I =0%, p=0.99) (Fig. 2B). Metastasis-free survival was reported
by 23/49 (46.9%) cohorts with a pooled MFS of 98.5% (95% ClI
1> = 0%, p=0.46) (Fig. 2C). There were no differences observed
between different modalities for OS, MFS or CSS.

Biochemical progression was reported in 15/49 (30.6%) cohorts.
Of these, 12/15 (80.0%) utilized the Phoenix criteria, 2/15 (13.3%)
used the ASTRO criteria, and 1/15 (6.7%) used a nadir+ 0.5
definition. The average biochemical progression rate per year was
9.3% (95% Cl 7.0-12.3, I =63%, p <0.01) (Fig. 2D). Again, there
were no differences observed between different modalities.

Repeat biopsy was mandated within 24 months in 36/49
(73.5%) cohorts and for cause in the remaining 13/49 (26.5%)
cohorts. Among cohorts with mandated repeat biopsy in their
follow-up protocol, the mean actual repeat biopsy rate was 84.5%
(£18.8%), while for cohorts without mandated repeat biopsy, the
biopsy rate was 28.7% (+£16.0%). Among the 36 mandated repeat
biopsy cohorts, 26/36 (72.2%) reported a pooled overall, any
cancer-positive biopsy rate of 44.6% (95% Cl 38.7-50.6%, |*> = 86%,
p<0.01); 29/36 (80.6%) reported a pooled overall, clinically
significant cancer positive biopsy rate of 222% (95% Cl
17.5-27.7%, 1> = 89%, p < 0.01); 25/36 (69.4%) reported a pooled
infield, any cancer positive biopsy rate of 21.4% (16.9-26.8%,
12=79%, p<0.01); 24/36 (66.7%) reported a pooled infield,
clinically significant cancer positive biopsy rate of 8.9% (95% Cl
6.2-12.5%, I>=70%, p <0.01); 25/36 (69.4%) reported a pooled
outfield, any cancer positive biopsy rate of 26.5% (95% Cl
21.6-32.0%, 1>=77%, p<0.01); and, 22/36 (61.1%) reported a
pooled outfield, clinically significant cancer positive biopsy rate of
12.3% (95% Cl 8.7-17.1%, 1> = 77%, p <0.01). These findings are
summarized in Fig. 3A, and detailed in Supplementary Figs. 1-24.
We did not observe a clinically significant difference in positive
repeat biopsy rates between the focal cryotherapy, HIFU, or IRE
cohorts. Notably, there was high heterogeneity across the cohorts,
and as such, a formal comparison of different modalities was not
performed.

The rate of requiring a second FT was reported in 31/49
(63.3%) cohorts with a pooled incidence of 5.0% (95% ClI
3.5-7.0%, I> = 76%, p < 0.01) (Fig. 3B). The rate of salvage radical
treatment with prostatectomy or radiation therapy was reported
in 37/49 (75.5%) cohorts with a pooled incidence of 10.5% (95%
Cl 8.1-13.4%, I>=81%, p<0.01) (Fig. 3C). The rate of salvage
whole gland ablation was reported in 27/49 (55.1%) cohorts with
a pooled incidence of 2.1% (95% Cl 1.3-3.4%, 12 = 54%, p < 0.01)
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A Overall Survival

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Moc

Onik 2008 48 48 2.3% 1.000(0.926; 1.000] —
Bahn 2012 73 73 23% 1.000(0.951;1.000] .
Durand 2014 48 48 23% 1.000(0.926;1.000] —_—
Lian 2015 41 41 23% 1.000(0.914; 1.000] ]

Shah 2019 117 122 10.8% 0.959 (0.907;0.987] —a—
Basourakos 2020 55 55 2.3% 1.000(0.935;1.000] —
Tourinho-Barbosa 2020 119 119 2.3% 1.000 (0.969; 1.000] —
71 71 2.3% 1.000(0.949; 1.000] —
28 28 22% 1.000(0.877;1.000] ——e

605 29.0% 0.979 [0.961; 0.989] Ed

Van Velthoven 2016 44 50 11.4% 0.880(0.757;0.955] —————f——

Rischmann 2017 109 111 6.7% 0.982(0.936;0.998) —a
Annoot 2019 55 55 23% 1.000(0.935;1.000] —
Tourinno-Barbosa 2020 190 190 2.3% 1.000 (0.981; 1.000] —a
Abreu 2020 100 100 23% 1.000 (0.964; 1.000] —
Nahar 2020 52 52 23% 1.000(0.932;1.000] -
Dellabaella 2021 186 189 8.6% 0.984(0.954;0.97) —&
Rompré-Brodeur 2021 77 77 2.3% 1.000(0.953;1.000] —

Reddy 2022 1338 1379 17.8% 0.970 (0.960;0.979] |
Westnoff 2023 49 50 4.0% 0.980(0.894;0.999] E—
Kautman 2023 89 91  67% 0.978(0.923;0.997) —

F - 2344 66.5% 0.978 [0.959; 0.988] -
229 229 23% 1.000(0.984;1.000] .
24 24 22% 1.000(0.858; 1.000] —_—
253 4.5% 0.993[0.944;0.999] —

124,01 =1 (P =0.27); I = 19%

Random-effects model 3202 100.0% 0.980 [0.969; 0.987) d

T T T

Heterogeneity: Tau® = 0.2652; Chi* = 31.54, df =21 (P = 0.07); ' = 33%

Test for subgroup differences: Chi° = 1.14, df =2 (P = 0.57) 08 08 09 o085 1

Overall survival

Metastasis-Free Survival

Study or
Subgroup Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
[ cry
Bahn 2012 73 73 2.2% 1.000([0.951;1.000] —_—
Durand 2014 48 48 2.2% 1.000(0.926;1.000] —_—
Lian 2015 41 41 2.2% 1.000(0.914; 1.000) _
Shah 2019 122 122 22% 1.000(0.970; 1.000] —
Basourakos 2020 55 55 22% 1.000(0.935;1.000] —
Tourinho-Barbosa 2020 117 119 8.7% 0.983 [0.941;0.998] —a
Tan 2021 71 71 22% 1.000(0.949;1.000] .
Baskin 2022 738 75 86% 0.973(0.907:0.897) —_—
Tan 2023 28 28 22% 1.000(0.877;1.000] —_—
110 110 22% 1.000 [0.967; 1.000] —_—
742 35.2% 0.987[0.974;0.994] -
Modalhty = HIFL
Van Velthoven 2016 47 50 12.4% 0.940(0835,0987] ————
Rischmann 2017 111111 22% 1.000 (0.967: 1.000) —
Annoot 2019 55 55 22% 1.000([0.935;1.000] .
Tourinho-Barbosa2020 186 190 17.0% 0.979 [0.947;0.994] B
Abreu 2020 100 100 22% 1.000 (0.964; 1.000] —
Nahar 2020 52 52 22% 1.000(0.932;1.000] .
Dellabaeila 2021 189 183 2.2% 1.000 (0.981; 1.000] ==
Reddy 2022 1379 1379 2.3% 1.000(0.997; 1.000] .
Westnoff 2023 50 50 2.2% 1.000(0.929;1.000] — =
Duwe 2023 28 29 4.3% 0.966 [0.822;0.999) —#@#——
89 91 8.7% 0.978(0.923;0.997] —
2296 58.1% 0. 994] e
228 229 45% 0.896(0.976: 1.000] —=
24 24 22% 1.000(0.858; 1.000] —_—
253 6.7% 0.993 [0.965; 0.999] S
Random-effects model 3291 100.0% 0.985 [0.977; 0.990] -
Heterogeneity: Tau® = 0.0109; Chi’ = 22.23, df =22 (P = 0.45); F = 1%
Test for subgroup differences: Chi’ = 0.48, df =2 (P = 0.79) 0.85 098 095 1
Metastasis—free survival

B Cancer Specific Survival

Study or

Subgroup Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Onik 2008 48 48 3.8% 1.000 [0.926; 1.000]

—_—
Banhn 2012 73 73 3.9% 1.000(0.951; 1.000] —
Durand 2014 48 48 3.8% 1.000 [0.926; 1.000] —_—
Llan 2015 41 4“1 3.8% 1.000 [0.914; 1.000] —_—
Shah 2019 120 122 15.3% 0.984 [0.942; 0.998] —
Basourakos 2020 55 55 3.8% 1.000(0.935; 1.000] —_—a
Tourinho-Barbosa 2020 119 119 3.9% 1.000 [0.969; 1.000] —l
Tan 2021 il ) 3.9% 1.000 [0.948; 1.000] —_—
Tan 2023 28 28 38% 1.000(0877;10000 —————————————#&
605 46.0% 0.989 [0.976; 0.995] g
Mo y = HIFU
Van Velthoven 2016 50 50 3.8% 1.000(0.929; 1.000] —n
Rischmann 2017 111 111 3.9% 1.000(0.967; 1.000] .
Annoot 2019 55 55 3.8% 1.000(0.935; 1.000] —_—
Tourinho-Barbosa 2020 180 190 3.8% 1.000 (0.981; 1.000] -
Abreu 2020 100 100 3.9% 1.000 [0.964; 1.000] —_—
Nahar 2020 52 52 3.8% 1.000(0.932; 1.000] .
Dellabaella 2021 189 189 3.9% 1.000 [0.981; 1.000] —u
Rompré-Brodeur 2021 77 77 3.9% 1.000[0.953; 1.000] —
Reddy 2022 1379 1379  3.9% 1.000 [0.997; 1.000] -
Westnoft 2023 50 50 3.8% 1.000(0.929;1.000] — »
Kautman 2023 91 91  39% 1.000(0.960;1.000] — =
Randon 2344 425% 0.995 [0.990; 0.998] -
ot 5, dif =10 (P = 0.91); = 0%
Modallty = IRE
Scheltema 2022 229 229 3.9% 1.000(0.984; 1.000] -
Minana 2023 41 4 3.8% 1.000 [0.914; 1.000] —
Popeneciu 2024 24 24 38% 1.000(0.858;1.000) — =&
Rand 294 11.5% 0.992([0.961; 0.998] ——
Random-effects model 3243 100.0% 0.993 [0.988; 0.996] -

—r— T
0.86 0.88 0.9 0.92 0.94 0.95 0.98 1
Cancer-specitic survival

Heterogeneity: Tau’ = 0; Chi’ = 9.45, df = 22 (P = 0.99); I = 0%
Test for subgroup differences: Chi® = 2.25, df = 2 (P = 0.32)

Biochemical Progression

Study or

Subgroup Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Mo o
Onik 2008 1 48 21% 0.021(0.001;0.111] —#—

Truesdale 2010 7 77 7.4% 0.091(0.037;0.178] — .

Wara 2012 141 1160 13.3% 0.122(0.103;0.142) E 3

Hale 2013 1 26 20% 0.038(0.001:0.19]

Durand 2014 148 21% 0.021[0.0010.111] —=——

Lian 2015 0 41 1.1% 0.000(0.000;0.086] =

Kongnyuy 2017 21 163 10.6% 0.129 [0.082;0.190] B

Bolssier 2020 2 26 34% 0077(0.009;0.251] —#——————
Baskin 2022 13 75 9.1% 0.173(0.096:0.278] ——
Khan 2023 15 163 9.8% 0.092(0.052:0.147) —

Selvaglo 2023 9 110 8.2% 0.082[0.038;0.150] ——

Slddana 2024 2 36 3.5% 0.056(0.007,0.187) —@—————
Random-sffects mode 1973 72.5% 0.101(0.079;0.128] -

Modallty = HIFL

Van Veithoven 2016 3 50 4.6% 0.060(0.013;0.165] —@——

Abreu 2020 5 100 6.3% 0.050(0016;0.113) —l——

Shojl 2020 4 90 56% 0.044(0012,0.110 ——

Ladjevaral 2024 27 119 10.8% 0.227[0.155;0.313) —a—
Random-stfscts mode 359 27.5% 0.080(0.028;0.210]  ——
Random-effects model 2332 100.0% 0.093 [0.070; 0.123] -

Heterogeneity: Tau® = 0.1778; Chi*
Test for subgroup differences: Chi

40.85, df = 15 (P <0.01); I’ = 63%
18, df = 1 (P = 0.67) 0 005 01 015 02 025 03

Average blochemical progression per year

Fig. 2 Oncological outcomes after focal therapy. A Pooled overall survival; B pooled cancer-specific survival; C pooled metastasis-free

survival, D pooled yearly biochemical progression rate.

(Supplementary Fig. 25). The use of salvage hormonal therapy
was reported in 23/49 (46.9%) cohorts, with a pooled incidence
of 3.4% (95% Cl 2.5-4.6%, 1> =20%, p=0.19) (Supplementary
Fig. 26). Transition to watchful waiting was reported in 22/49
(44.9%) cohorts, with a pooled incidence of 3.0% (95% ClI
1.7-5.3%, 1>=66%, p<0.01) (supplementary Fig. 27). Due to
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varying definitions of treatment failure, we adopted a composite
outcome of radical or whole gland treatment, use of hormonal
therapy or a transition to watchful waiting, not including a
second FT. Using this definition, 19/49 (38.8%) cohorts had a
pooled failure rate of 14.1% (95% Cl 10.2-19.2%, I1>=77%,
p <0.01) (Fig. 3D).
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Fig. 3 Short- to intermediate-term oncological outcomes after focal therapy. A Error bar plot of the rate of positive biopsy in any location,
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therapy (FT); C pooled rate of salvage radical therapy (both radical prostatectomy and radiation therapy); D pooled rate of composite
treatment failure (salvage whole gland ablation, salvage radical therapy, salvage hormonal therapy, transition to watchful waiting).
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Sexual and urinary function

Of 35/49 (71.4%) cohorts reporting sexual function outcomes,
23/35 (65.7%) used patient-reported outcome measures (17
utilized IIEF/SHIM; 5, EPIC; 1, EORTC QLQC-28), and 12/35 (34.3%)
used physician-reported measures (10 reported the ability to
penetrate; 2, the need for medications/assistance for sexual
intercourse). We summarized the impact on sexual function was
categorized as low, moderate, or severe.

Overall, 16/35 (45.7%) cohorts reported a low impact of FT on
sexual function, 17/35 (48.6%) reported a moderate impact, and
2/35 (5.7%) a severe impact (Fig. 4A). No significant differences in
sexual impact were noted between the different modalities.

Of 34/49 (69.4%) cohorts reporting urinary function outcomes,
21/34 (61.8%) used patient-reported outcome measures (12
reported using the AUA symptom index; 7, EPIC; 1, the ICIQ-UI,
and 1, the EORTC QLQC-28), while 13/34 (38.2%) reported pad use
only. The impact on urinary function was again categorized as low,
moderate, or severe.

Overall, 33/34 (97.1%) cohorts reported a low impact of FT on
urinary function, 1/34 (2.9%) cohort reported a moderate impact,
and none of the cohorts reported a severe impact on urinary
function (Fig. 4B). No significant difference on urinary function
impact was noted between different FT modalities.

DISCUSSION

Where are the randomized controlled trials (RCTs) for FT?
Randomized evidence for the oncological efficacy of FT compared
to standard radical treatments remains lacking. One reason being
that experience in recruitment for RCTs has not been encouraging:
while the Partial ablation versus prostatectomy (PART) trial
showed initial feasibility in a 2018 report, the current recruitment
at the time of writing shows only 42 of the targeted 800 patients
recruited [59, 60]. Similarly, IP4-Chronos concluded that it is not
feasible to do a randomized study in FT because of strong patient
preferences when it comes to prostate cancer treatment [61].
Perhaps with these experiences in consideration, rather than
evaluating oncological outcomes as the primary endpoint, the
latest proposed randomized trial comparing FT to standard radical
treatment, the Prostate Cancer IRE study (PRIS), will evaluate
quality of life as the primary endpoint as this requires a smaller
sample size [62].

What can we learn from current observational data?

Here, we evaluated 49 unique cohorts of men undergoing FT for
prostate cancer. The studies were highly heterogeneous in terms
of patient inclusion, oncological/functional outcomes, and follow-
up surveillance measures. For instance, OS, CSS, and MFS were
reported only in half the cohorts, though the heterogeneity was
low. The pooled OS was 98.0%, CSS 99.3%, and MFS 98.5%.
Biochemical progression was generally reported in older cohorts,
but heterogeneity was high likely due to different follow-up times
and progression criteria. A pooled yearly biochemical progression
rate of 9.3% was reported. This was the main trigger for for-cause
biopsy for which the pooled rate was 38.7%. Among the 73.5% of
studies with mandated biopsies within 24 months, the average
biopsy compliance rate was 84.5% and csPCa detection rate was
22.2% overall, 8.9% infield, and 12.3% outfield. Again, there was
significant heterogeneity in these results, contributed by the fact
that many studies omitted the location of recurrences (infield/
outfield) or the grade of the recurrences (GG1 vs >2). The pooled
rate of repeat with FT was 5.0%, radical treatment 10.5%, and the
the pooled yearly composite treatment failure rate, which
comprises the use of radical treatment, whole-gland ablation,
hormonal therapy, or transition to watchful waiting was 14.1% per
year. This appears to be a fairly high rate of failure, but it is notable
that these tended to be reported in studies mandating repeat
biopsy with a fairly short follow-up time, so they may represent
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Fig. 4 Functional outcomes after focal therapy. A Sexual function
impact: low (<10%), medium (10-30%), and high (>30%), stratified
by modality; B Urinary function impact: low (<10%), medium
(10-30%) and high (>30%), stratified by modality.

failures detected early on. The longitudinal effect of FT over time
remains to be seen with regards to treatment failure as an
outcome.

The outcomes of FT are highly dependent on patient selection.
The more aggressive tumors included, the higher the risk of
recurrence post-FT. We noted an evolving trend including a
greater proportion of csPCa in the patient cohorts receiving
treatment. This is in accordance with findings from expert
consensus over time in which recommendations for patient
selection for FT have also evolved. In 2010 and 2012 consensuses,
de la Rosette et al and Ahmed et al respectively found that experts
recommended eradication of all cancer as the goal of FT [63, 64].
In 2015 and 2017 consensuses, Donaldson et al and Tay et al
respectively found that experts recommended eradication of
csPCa [65, 66]. In this particular analysis, we did not have enough
data to analyze the impact of the proportion of csPCa included
with regards to the oncological outcomes. Another important
question is that of untreated GG1 cancer whilst the csPCa lesion is
being treated. In the 2015 and 2017 consensuses, experts agreed
that GG1 cancer could be left untreated during FT to a csPCa
lesion [65, 66]. We found that there was very limited reporting on
the incidence and fate of untreated low-grade cancer foci in the
various cohorts.

We also observed that ablation patterns changed over time
with more focal/targeted ablations being done compared to
hemi-ablations. This trend follows that of the rapid adoption of
imaging and targeted biopsy over the last decade. With the
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ability to better identify and localize csPCa, there is greater
confidence in treating just the area containing the aggressive
tumor for true FT rather than hemi-ablation [67]. In this regard,
Zhang et al. demonstrated in a randomized clinical trial that
extending ablation to the entire hemi-gland added no advantage
to focal ablation using IRE [58]. However, given the small but
significant rates of cancer persistence in or around the treatment
zone, there is still a necessity to ensure adequate margins
around the lesion, and an adequate delivery of ablative
energy, regardless of FT modality within the area to be treated
itself [68, 69].

We did not observe significant differences between the three
established FT modalities in oncological or functional outcome.
This could reflect increased familiarity with each modality by the
treating physicians over time leading to technical measures to
improve outcome such as double freeze-thaw cycles for

K.J. Tay et al.

cryotherapy and double-tap for HIFU. Sivaraman et al proposed
that anterior tumors are better treated using cryotherapy
whereas posterior tumors are better treated with HIFU, in a
concept termed as the a la carte model [70]. Nevertheless, this
strategy has never been validated. We observed that the vast
majority of cohorts reported only using a single FT modality, with
the exception of the UK group which reported an 80% of their
focal cryotherapy series comprising of anterior tumors, and the
Montsouris group where the a la carte model originated [20, 23].
In the few (12/49, 24.5%) cohorts reporting on tumor location,
the proportion of anterior tumors in the cryotherapy cohorts
were not observably different than that of the HIFU cohorts. It
may be the case that even in academic centers, expertise in a
single FT modality is more feasible than having multiple
competing modalities that may take more financial resources
and time to master.
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Fig. 5 Failure scenarios and pre-focal therapy cancer patterns. A Potential pathways of prostate cancer progression after focal therapy (FT);
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Limitations of this review

This systematic review must be interpreted with several limitations
in mind. First, we included only single-arm cohorts reporting
cryotherapy, HIFU, and IRE FT. We did not include outcomes of
newer modalities which have been evaluated in randomized or
non-randomized comparative studies. Second, the heterogeneity
among the included studies was high for aspects ranging from
patient inclusion criteria to outcomes measures and follow-up
protocol. This limits the generalization of our findings. Third, the
follow-up time after FT remains short. The overall median follow-
up time of the included cohorts was 25.8 months (range 6-63).
This limits evaluation of OS, CSS, and MFS. Biopsy outcomes can
be a surrogate measure but are by no means definitive. Fourth, we
evaluated only the specific domains of sexual and urinary
function. These were the most reported functional domains and
it would not be possible to meaningfully assess other functions.

Where does this leave us with focal therapy in 2024 and how
do we proceed from here?

Based on our findings, it is clear that significant work remains to
be done to define the role of FT in the treatment of prostate
cancer. Major guidelines still recommend that FT, even with
established modalities, be performed at least within a prospective
registry [1]. Until the field is able to provide a clear patient-
selection criteria and demonstrate definitive long-term oncologi-
cal outcomes, these recommendations are likely to stand.

Overall, cancer-specific and metastasis-free survival remain the
ideal standards for which FT can be compared to standard radical
therapy in an RCT. However, even with sufficient dedication to
achieve a long enough follow-up, our experience with RCTs
suggest that the cross-over rate among treatments will be high
due to patient preference, thus impacting intention to treat
analysis. Other proposed outcomes such as various determina-
tions of local, biochemical, or treatment progression (repeat or
salvage) would simply be incomparable between standard radical
therapy and FT (Fig. 5A). When well recorded, however, they could
be suitable surrogate oncological outcomes in prospective FT
cohorts.

Is biopsy still necessary after FT? After all, breast surgeons do
not do breast biopsies after lumpectomy, and we do not routinely
biopsy the kidney after ablation or partial nephrectomy for kidney
cancer [71]. An imaging-only approach may be possible in a high-
volume FT center with expert radiologists, but many community
radiologists may not be experienced in reading post-FT MRIs [72,
73]. Lebastchi et al reported that majority of experts favored
repeat biopsy 6-12 months after FT [74]. An early repeat biopsy
also serves as a quality indicator of the ablation, and allows for
early repeat ablation, or fallback to radical treatment, to ensure
adequate oncological care.

What is certainly necessary, is detailed standardized reporting of
pre- and post-FT imaging and biopsy. In this systematic review, of
cohorts mandating repeat post-FT biopsy, only 27.8% reported
complete outcomes (infield, outfield, c¢s- and non-csPCa). We
would argue that the post-FT imaging and biopsy outcomes can
only be well understood in the context of the pre-FT cancer
pattern. For example, a patient with a unifocal PIRADS 4 lesion,
with c¢sPCa in corroborating targeted cores and a negative
systematic biopsy would likely do well with FT, while another
patient with multiple PIRADS 4 lesions, in which one harbors GG2
cancer treated with FT, and the others have low volume GGI1
cancer on surveillance might be at higher risk of needing
secondary FT or whole-gland treatment. The pre-FT cancer pattern
could possibly be classified into several “phenotypes” which
represent different scenarios (Fig. 5B). Identifying and reporting
these disparate patterns could help to put the post-FT imaging/
biopsy outcomes in context and thus better define oncological
outcomes after FT.
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As advanced imaging techniques, like PSMA-PET, multipara-
metric ultrasound, and genomic biomarkers continue to evolve,
the necessity for standardized, detailed reporting grows. This
ensures accurate identification and definition of the aggressive
cancer for treatment. Future work should thus focus on
standardized, accurate, and detailed reporting of the patients
treated, including both treated and untreated lesions, their
imaging and pathological characteristics, treatment zones,
follow-up protocols, and detailed failure data.

While other excellent systematic reviews on FT have been done
in the past, they have been of a broad scope focused on all
available modalities [8, 75]. This systematic review done on
established FT modalities is a more recent update (25 FT cohorts
have been reported/updated in the last 4 years alone), incorpo-
rates what long-term data is available, provides an overview of
where we are now with more “mature” oncological and functional
outcomes, providing an overview of the gaps in reporting that we
need in order to make the next systematic review a definitive one.

CONCLUSION

There is an increased uptake of focal therapy over time with a
greater proportion of patients with csPCa rather than low-grade
cancer undergoing treatment. FT with cryotherapy, HIFU, or IRE is
associated with good short-intermediate term oncological and
functional outcomes. However, outcome reporting is heteroge-
neous and often incomplete. Longer-term follow-up and standar-
dized reporting are required to better define and report FT
outcomes.
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Data are available for bona fide researchers who request it from the authors.
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