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Abstract

Context: Focal therapy is a promising, minimally invasive strategy to selectively treat localized
prostate cancer. A previous systematic review indicated that there is growing evidence for favorable
functional outcomes, but that oncological effectiveness was yet to be defined.
Objective: To assess the effectiveness of focal therapy in patients with localized prostate cancer in
terms of functional and oncological outcomes.
Evidence acquisition: PubMed, Embase, and The Cochrane Library were searched for studies be-
tweenOctober 2015 andDecember 31, 2020. In addition, the research stageswere acquired according
to the Idea, Development, Exploration, Assessment, Long-term study (IDEAL) recommendations.
Ongoing studies were identified through clinical trial registries.
Evidence synthesis: Seventy-two studies were identified exploring eight different sources of energy
to deliver focal therapy in 5827 patients. Twenty-seven studies reported on high-intensity focused
ultrasound (HIFU), nine studies on irreversible electroporation, 11 on cryoablation, eight on focal
laser ablation and focal brachytherapy, seven onphotodynamic therapy (PDT), two on radiofrequency
ablation, and one on prostatic artery embolization. The majority of studies were prospective
development stage 2a studies (n [213_TD$DIFF]= 35). PDT and HIFU, both in stage 3, showed promising results.
Overall, HIFU studies reported a median of 95% pad-free patients and a median of 85% patients with
no clinically significant cancer (CSC) in the treated area. For PDT, no changes in continence were
reported and a median of 90% of patients were without CSC. Both treatments were well tolerated.
Conclusions: Over the past 5 [10_TD$DIFF]yr, focal therapy has been studied for eight different energy sources,
mostly in single-arm stage 2 studies. Although a first randomized controlled trial in focal therapy has
been performed, more high-quality evaluations are needed, preferably via multicenter randomized
controlled trials with long-term follow-up and predefined assessment of oncological and functional
outcomes and health-related quality-of-life measures.
Patient summary: Focal treatment (FT) of prostate cancer has potential, considering that it has less
impact on continence and potency than radical treatment. Our systematic review indicates that
despite the method being studied extensively over the past half decade, the majority of studies
remain in an early research stage. The techniques high-intensity focused ultrasound and photody-
namic therapy have shown most progression toward advanced research stages and show favorable
results. However, more high-quality evidence is required before FT can become available as a
standard treatment.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association of Urology. This is
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1. Introduction

For localizedprostate cancer (PCa), active surveillance (AS) or
whole gland treatment (ie, radical prostatectomy [RP] and
radiotherapy) are considered standard treatment options
[1,2]. However, both are associated with considerable
morbidity, suchasurinary incontinence, erectiledysfunction,
and bowel dysfunction [3–5], contributing to decreased
quality of life [3,6]. Moreover, these treatments do not
necessarily improve patients’ oncological outcome. The
ProTecT trial has shown that the 10-yr cancer-specific
survival for both RP and external beam radiotherapy for
patients with low- and intermediate-risk PCa is similar to
that of AS only [7]. However, ASwas associatedwith a higher
disease-progression rate andmetastases. In order to improve
the benefit to risk ratio, alternative therapies have been
developed that aim to minimize adverse effects while
maintaining a beneficial oncological outcome; focal therapy
(FT) seems to be such a promising alternative.

FTaims to treat thepartof thegland thatharbors the index
lesion, namely, clinically significant disease. Hereby, the
adjacent critical structures are spared and thus morbidity is
minimized. The rationale of FT is basedon the theory that the
lesion with the largest focus of cancer, the so-called “index
lesion,” determines the risk of metastases and thus the
patient’s prognosis [8,9]. According to consensus meetings,
FT should be sought in patients with an intermediate risk of
PCa; AS should be prioritized inmenwith low-risk disease in
light of the lack of net benefit [10,11].

In the past decades, different types of energy sources in
FT have been studied [12]. These consist of high-intensity
focused ultrasound (HIFU), irreversible electroporation
(IRE), cryotherapy, photodynamic therapy (PDT), focal laser
ablation (FLA) or laser interstitial thermotherapy, radio-
frequency ablation (RFA), and focal brachytherapy. A
systematic review by Valerio et al [12] published in
2017 showed that FT is a safe treatment with encouraging
results concerning cancer control and genitourinary func-
tion. However, the vast majority of the studies included in
this review were early-stage studies (Idea, Development,
Exploration, Assessment, Long-term study [IDEAL] stage
�2b) [13]. It is worthwhile to investigate whether over the
past half decade, studies on FTs show progression toward
robust comparative studies (IDEAL stage �3).

The aim of this updated systematic review was to
evaluate novel studies on FT for patients with localized PCa
focusing on functional and oncological outcomes.

2. Evidence acquisition

This systematic review was carried out according to the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [14]. Its study protocol was
registered in thePROSPEROdatabase (CRD42020150781) [15].

2.1. Search strategy and selection criteria

The databases of PubMed (Medline), Embase, and The
Cochrane Library were searched with “prostate cancer”,
“focal therapy”, “ablation techniques”, and the names of the
energy sources. The search query is shown in the Supple-
mentary material. We carried out the search for studies
published from October 2015 to December 31, 2020, since
Valerio et al [12] already performed a search up to October
2015. Current and future studieswere searched in the clinical
trial registries (ClinicalTrial.gov) up to January 31, 2021.

Studies were included if they reported on FT as the
primary treatment and one of the following two endpoints:
(1) functional outcome (eg, impotence and incontinence)
and (2) oncological outcome (eg, postprocedural biopsy,
prostate-specific antigen [PSA], and disease-free survival).
Randomized controlled trials (RCTs), retrospective and
prospective cohort studies, and single-arm studies were
included. Case reports, review articles, and congress
abstracts were excluded. Studies concerning salvage FT
and whole gland treatment, and studies including patients
who had undergone androgen deprivation therapy (ADT) or
with metastatic disease were excluded. Two separate
reviewers (J.H. and J.B.) screened the articles for eligibility
using Rayyan software [16]. Discrepancies were discussed
by the two reviewers. In case they did not agree, a third,
senior author (J.F.) was asked for reaching consensus. In case
studies reported on the same dataset (�50% overlap of
sample size), we included the studywith the longest follow-
up and excluded the other. When the overlap was <50% of
included patients, both studies were included and the
possibility of duplication was mentioned in a table.

2.2. Data extraction form

From each study, the following data were extracted: (1)
study design; (2) IDEAL stage; (3) type of FT; (4) type of
ablation; (5) patient characteristics such as median age,
retrieval of preoperative biopsy, imaging, PSA, Gleason
score, and risk classification; (6) follow-up; (7) oncological
outcomes (such as pre- and postprocedural PSA level,
percentage of positive biopsies, biochemical recurrence
[BCR], recurrence-free survival, and overall survival); (8)
serious adverse events (SAEs) according to the Common
Terminology Criteria for Adverse Events (CTCAE) [17] or
Clavien-Dindo classification (grade �3) [18]; and (9)
functional outcomes (patient-reported outcomes and ques-
tionnaire scores, percentages of leak- and pad-free conti-
nence, and erection sufficient for intercourse [ESI]). During
data extraction, we used the definitions applied by the
authors (eg, clinically significant cancer [CSC] and BCR).

2.3. IDEAL stages

We assessed all studies for their IDEAL stage. The IDEAL
collaboration has provided a framework to evaluate
research in surgery [13]. Stage 1 (“idea”) describes the first
use of a new procedure or proof of concept, usually in a very
limited number of patients. Stage 2a (“development”)
describes the stage in which the innovation is further
developed in small groups and assessed for safety. Stage 2b
(“exploration”) makes use of larger sample sizes and aims to
provide an initial assessment of some clinical outcomes



E U RO P E AN U RO L OGY 8 1 ( 2 0 2 2 ) 5 – 3 3 7
(studies such as single-arm prospective cohort studies).
Stage 3 (“assessment”) describes the stage in which the
intervention is assessed for effectiveness compared with
current standards, ideally in an RCT. Stage 4 (“long-term
study”) concerns studies that aim to assess long-term
outcomes, typically by using a registry. In case authors did
not mention their IDEAL stage, the reviewers (J.H. and J.B.)
assigned the corresponding IDEAL stage. In case of
disagreement or doubt, a senior author (M.R.) was asked
to reach consensus.

2.4. Data analysis

Continuous variables were presented either by mean and
standard deviation (SD) or by median and range, as
appropriate. The number of patients and percentages were
given for categorical variables. In case the authors presented
numbers instead of percentages on outcome measure-
ments, percentages were calculated. For the denominator in
this calculation, patients lost to follow-up or patients not
undergoing a postprocedural biopsy were excluded. In case
certain data could not be interpreted precisely from the
manuscript, for instance, in case of a boxplot without
exactly presenting mean (SD) or median (interquartile
range), the corresponding author was asked to provide the
additional data. In case of no response, we assigned “not
interpretable” to the missing data. In a table, we present
figures based on the definitions set by the authors (eg, CSC).
In case of no disclosure concerning the postprocedural
recurrence of cancer, the postprocedural Gleason scores
were presented. In case this was not present, the data were
assigned “not reported”.

3. Evidence synthesis

Our search identified 8451 articles. After removal of
duplicates, 5005 records were screened based on titles
and abstracts. Based on this screening, 4787 articles were
excluded, resulting in 218 articles. After full-text assess-
ment for eligibility, 72 studies [19–90] were included in this
systematic review. A PRISMA flowchart is depicted in Fig. 1
[14].

During full-text screening, we encountered a study by
Guillaumier et al [91], which at first met our inclusion
criteria, but was later excluded becausewe learned from the
corresponding author that this study reported on the same
patient population as the study by Huber et al [92] inwhich
a pretreatment of ADTwas provided. Therefore, the study of
Guillaumier et al [91] was excluded, despite not specifically
mentioning the use of ADT in their manuscript.

Eight different energy sources of FT were studied. Each
energy source is explained in the Supplementary material
(Box 1). Studies using HIFU as an energy source represented
the majority of the included studies (n [214_TD$DIFF]= 27). Nine studies
reported on IRE, eight on FLA, seven on PDT, 11 on
cryoablation, eight on focal brachytherapy, two on RFA,
and one on prostatic artery embolization (PAE). One study
[42] compared HIFUwith cryoablation andwas included for
both HIFU and cryoablation. The majority of studies were
prospective development studies in IDEAL stage 2a (n [215_TD$DIFF]= 35),
followed by stage 2b (n [216_TD$DIFF]= 27), stage 1 (n = 4), and stage 4
(n = 1). One RCT on PDT (reported in two studies [73,74]), a
feasibility RCT on HIFU, and two propensity-score matched
analyses on IRE and HIFU were identified as IDEAL stage
3. The extracted data such as study characteristics,
oncological outcomes, and functional outcomes are pre-
sented in Tables 1–3. Current studies on FT registered in
Clinicaltrials.gov are presented in Table 4.We identified four
studies reporting on a new treatment modality, that is,
microwave ablation (MWA).

3.1. High-intensity focused ultrasound

Of the 72 studies reporting on FT, 27 (38%) evaluated HIFU,
including a study that compared HIFU with cryoablation
[42]. One study was considered IDEAL stage 1 study; the
majority (n [217_TD$DIFF]= 23) were considered stage 2 studies, of which
11 were in stage 2a and 12 in stage 2b. A propensity-score
matched analysis comparing HIFU (n [218_TD$DIFF]= 188) or cryoablation
(n [219_TD$DIFF]= 48) with robot-assisted radical prostatectomy (RARP;
n [220_TD$DIFF]= 472) and a feasibility RCT comparing HIFU with RP were
considered to be in stage 3 [29,32]. One large retrospective
study including 1032 patients [40] was stated to be in IDEAL
stage 4. There were no RCTs assessing the effectiveness of
HIFU. Most studies were single-arm, prospective cohort
studies. Six studies compared HIFU with another treatment
modality. Two studies, each with a different endpoint
[26,45], were pooled analyses using data from three studies.
One of these three studies [20] was included in this review
as well. Some HIFU studies (n [221_TD$DIFF]= 10) performed trans-
urethral resection of the prostate (TURP) prior to HIFU
treatment to prevent or reduce the risk of urinary retention
or to improve treatment efficacy [22,27,31,37,43]. To study
potential differences, we have reported the results sepa-
rately.

3.1.1. HIFU with TURP

Ten studies (37%) included patients who had a TURP in the
past or underwent TURP prior to HIFU
[19,22,23,31,32,34,36,37,42,43]. The median age was 65.8 [222_TD$DIFF]

yrwith amedian PSAvalue of 6.3 [223_TD$DIFF]ng/ml (range 5.5–8.2). The
median follow-up was 25 mo (range 12–45). CSC in the
treated areawas reported by three studies to be 5% [37],14%
[19], and 22% [22]. Eight studies reported on SAEs and
complications (median 1.9%, range 0–13.9%). Considering
functional outcomes, a median of 95% of patients were pad
free after treatment. Change in erectile function varied
between studies, with one study reporting a 20% increase of
erectile dysfunction [43] and another study reporting ESI
returning to baseline after 1 [169_TD$DIFF]yr [36]. One study [23]
reported on the pre- and postprocedural use of phosphodi-
esterase type 5 (PDE-5) inhibitors, which increased from 6%
to 17.4%.

3.1.2. HIFU without TURP

Seventeen studies (63%) performed HIFU without TURP as
prior treatment. The patient population had amedian age of
66 [224_TD$DIFF]yr and a median PSA value of 6.95 [225_TD$DIFF]ng/ml (5.1–8.3). The
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Fig. 1 – PRISMA flow diagram. FLA = focal laser ablation; HIFU = high-intensity focused ultrasound; IRE = irreversible electroporation; PAE = prostatic
artery embolization; PDT = photodynamic therapy; PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analyses;
RFA = radiofrequency ablation. a These consisted of records with other outcomes, other target population, and other publication types. b One study
investigating HIFU and cryoablation was included in both the HIFU and the cryoablation group.

E U RO P E AN URO LOGY 8 1 ( 2 0 2 2 ) 5 – 3 38
median follow-up was 12 mo (range 6–38). Nine of the
17 studies reported on CSC in the treated areawith amedian
rate of 15.4%, range 0–21.8%). Eleven studies reported on
complications with a median rate of 2% (range 0–4.8%). Six
studies reported on the number of patients requiring a pad,
with a median of 95.5% of pad-free patients. The studies
reported a median decrease of erectile function of 12%
(range 9.2–14%) and median ESI of 77.6% (range 44–86%). A
median of 31.5% of patients used PDE-5 inhibitors after
treatment, corresponding to a median increase of 17%.

3.2. Irreversible electroporation

The majority of IRE studies (n [61_TD$DIFF]= 9) were prospective cohort
studies. One by Scheltema et al [52] was a propensity-score
matched analysis comparing IRE with RARP. This study was
considered to be in IDEAL stage 3. The median sample size
was 30 patients (range 12–123). The studies included low-
and intermediate-risk patients with a median PSA value of
5.95 [226_TD$DIFF]ng/ml (range 4.3–8.65). The median follow-up was
12mo (range 7–36). CSC in the treated areawas reported by
four studies with a median rate of 8.5% (range 0–33%). The
median percentage of pad-free patients after treatmentwas
100% (range 92–100%). Six studies reported a decrease in
erectile function, with three (IDEAL stages 2a, 2b, and 3)
reporting a “significant” decrease. The propensity matched
analysis showed a higher number of pad-free patients in the
IRE group (n [227_TD$DIFF]= 96) than in the RARP group (n [228_TD$DIFF]= 84), but this
difference was not statistically significant. IRE was superior
to RARP concerning preservation of ESI (p [229_TD$DIFF]< 0.05) [52]. Re-
garding SAEs, four studies reported zero adverse events, and
one study reported a myocardial infarction [53].
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Table 4 – Current and future studies identified in ClinicalTrials.gov (up to January 31, 2021)

Source of
energy

Investigator IDEAL stage Recruitment status Sample size Gleason score Clinicaltrials.
gov identifier

FLA (n = 7) Ghai et al, University Health Network, Toronto,
Canada

2a Recruiting 23 �7 NCT03650595

Manenti et al, University of Rome Tor Vergata,
Rome, Italy

2a Recruiting 50 �7 NCT04045756

Pantuck et al, University of California at Los
Angeles, Los Angeles, CA, USA

2a Active, not recruiting 10 � T2b, with
Gleason score 7

NCT04305925

Futterer et al, Radboudumc, Nijmegen, The
Netherlands

2b Recruiting 53 �7 NCT04379362

Oddens et al, Amsterdam UMC, Amsterdam,
The Netherlands

1 Recruiting 15 NS NCT04170478

Woodrum et al, Mayo Clinic, Rochester, MN,
USA

1 Recruiting 20 �7 NCT02600156

Wood et al, National Institutes of Health
Clinical Center, Bethesda, MD, USA

1 Enrolling by invitation 9 Low to favorable
intermediate

NCT02759744

HIFU (n = 14) Eberli et al, Klinik für Urologie,
Universitätsspital Zürich, Germany

2b Unknown 100 Gleason �4 + 3,
T1-T2cN0M0

NCT02265159

Sven Löffeler et al, Hospital of Vestfold,
Tønsberg, Vestfold, Norway

2b Recruiting 250 Clinical/
radiological
stage < T2c

NCT04549688

Robertson et al, Duke University Medical
Center, Durham, NC, USA

2b Unknown 141 Clinical stage T1a,
b, or c or T2a

NCT00295802

Yee et al, Chinese University of Hong Kong 2a Recruiting 20 7 NCT03927924
Bladou et al, Urology Department, Jewish
General Hospital, Montreal, Quebec, Canada

2a Unknown 25 �7 (3 + 4) NCT02016040

Hospices Civils de Lyon, Lyon, France 2a Recruiting 170 3 + 4 NCT03568188
Crouzet et al, Hospices Civils de Lyon, Lyon,
France

3 Recruiting 146 6 NCT03531099

Vrabec et al, Abbotsford Regional Hospital
Cancer Center, BC, Canada

2b Not yet recruiting 20 �7 NCT00573586

Elet et al, Edouard Herriot Hospital, Lyon,
France

2a Active not recruiting 180 T1 or T2 NCT03632980

Emberton et al, University College London,
London, UK

2b Recruiting 354 �3 + 4 NCT01194648

Schoenberg et al, Johns Hopkins Medical
Institution, Baltimore, MD, USA

2b Active, not recruiting 466 T1c or T2a NCT00770822

Hospital de Transplante Euryclides de Jesus
Zerbini, São Paulo, Brazil

2b Active, not recruiting 130 Low or
intermediate

NCT03255135

Marks et al, University of California, Los
Angeles, CA, USA

2b Enrolling by invitation 30 NS NCT03620786

Baco et al, Oslo University Hospital, Oslo,
Norway

3 Recruiting 250 3 + 3 and 3 + 4 NCT03668652

Focal
brachytherapy
(n = 6)

Strnad et al, University of Erlangen-Nürnberg
Medical School, Erlangen, Germany

2a Recruiting 50 �6 NCT02391051

Fernandez et al, St George Hospital, Sydney,
Australia

2a Recruiting 20 6 NCT02643511

Song et al, John Hopkins University, Baltimore,
MDs, USA

1 Not yet recruiting 20 6 & 7 NCT03861676

Benoit et al, University of Pittsburgh Medical
Center, Pittsburgh, PA, USA

2b Recruiting 100 � 6 NCT02290366

Morris et al, British Columbia Cancer Agency,
Vancouver, BC, Canada

1 Unknown 10 �3 + 4 NCT01830166

Berlin et al, Princess Margaret Cancer Centre
Toronto, ON, Canada

2a Recruiting 30 Low to favorable
intermediate

NCT02918253

IRE (n = 5) De La Rosette et al, Clinical Research Office of
the Endourological Society

2b Active, not recruiting 106 6 or 7 NCT01835977

Sun et al, Second Military Medical University,
Shanghai, China

2b Active, not recruiting 119 NS NCT03838432

Enikeev et al, I.M. Sechenov First Moscow State
Medical University, Moscow, Russia

2a Recruiting 12 3 + 3 = 6; 3 + 4 = 7 NCT04192890

Wang et al, Shanghai East Hospital, Tongji
University School of Medicine, Shanghai, China

3 Not yet recruiting 438 <8 NCT04278261

Emberton et al, University College London
Hospitals, London UK

2a Unknown 20 �7 NCT01726894

PDT (n = 3) Coleman et al, Memorial Sloan Kettering
Cancer Center, New York, NY, USA

2b Active, not recruiting 50 3 + 4 NCT03315754
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Table 4 (Continued )

Source of
energy

Investigator IDEAL stage Recruitment status Sample size Gleason score Clinicaltrials.
gov identifier

Azzouzi et al [73,103], Centre Hospitalier
Universitaire, Angers, France

4 Active, not recruiting 200 �6 NCT03849365

Nanospectra Biosciences, Inc. 2a Active, not recruiting 45 �7 NCT02680535

Cryotherapy
(n = 3)

Tay et al, Singapore General Hospital,
Singapore

2a Recruiting 30 �4 + 4 NCT04138914

Marks et al, University of California, Los
Angeles, CA, USA

2b Enrolling by invitation 100 �7 NCT03503643

Guazzoni et al, University "Vita e Salute" San
Raffaele Milano, Italy

2a Unknown 100 T1c or T2a NCT00928603

MWA (n = 4) Chiu et al, Chinese University of Hong Kong 2a Recruiting 30 Low or
intermediate

NCT04113811

Delongchamps et al, Assistance Publique –

Hôpitaux de Paris, Paris, France
2a Active, not recruiting 11 3 + 4 NCT03023345

Oderda et al, Azienda Ospedaliera Città della
Salute e della Scienza di Torino, Italy

2a Recruiting 11 �3 + 4 NCT04627896

Fontanelli et al, Koelis, Belgium and France. 2b Not yet recruiting 65 3 + 4 NCT04582656

PAE (n = 1) Frandon et al, Nîmes University Hospital,
Nimes, France

2a Not yet recruiting 12 9–10 NCT04423913

RFA (n = 0)

FLA = focal laser ablation; HIFU = high-intensity focused ultrasound; IDEAL = Idea, Development, Exploration, Assessment, Long-term study; IRE = irreversible
electroporation; MWA = microwave ablation; NS = not specified; PAE = prostatic artery embolization; PDT = photodynamic therapy; RFA = radiofrequency
ablation.

E U RO P E AN U RO L OGY 8 1 ( 2 0 2 2 ) 5 – 3 3 27
3.3. Focal laser ablation

Eight studies on FLA were identified. Three studies were in
IDEAL stage 1, three in IDEAL stage 2a, and two were in
IDEAL stage 2b. The median sample size was 26 (range 7–
120). Study population consisted of low- to intermediate-
risk patients with a median preprocedural PSA value of 5.8 [230_TD$DIFF]

ng/ml (range 4.4–7.5). The median follow-up was 12 mo.
Most studies reported postprocedural Gleason scores and
did not specify CSC in the treated area. Four studies reported
these outcomes with a median CSC rate of 16.5% (range 4–
40%) in the treated area. Three studies reported zero SAEs,
one study reported one CTCAE grade III event, that is,
urinary tract infection, and 15 grade II events of which two
were rectourethral fistulas both of which resolved after 4–6
wk with a urinary catheter. Two studies reported on pre-
and postprocedural pad-free continence, with zero patients
requiring pads after FLA. Pre- and postprocedural Sexual
Health Inventory for Men (SHIM) scores remained constant
with no significant changes being reported (Table 3).

3.4. Cryoablation

Eleven studies on cryoablationwere identified, of which six
were retrospective studies, one of which compared HIFU
with cryoablation [42], and five were prospective studies.
All studies were in IDEAL stage 2. The median number of
patients who were included was 89 (range 17–317). The
median follow-up was 19 mo. Three studies reported on
postprocedural CSC, with 0%, 15%, and 20% of patients
having CSC in the treated area [63,65,70]. Five studies
reported on SAEs, with three reporting zero grade III SAEs
and two reporting 1.6% and 9% grade III SAEs. Change in
continence was reported by five studies, with four studies
reporting 100% pad-free continence. Two studies compared
whole gland cryoablation with focal ablation: one reported
no difference in pad-free continence between groups (both
83%) [64] and the other reported a significant difference in
favor of focal cryotherapy (24 mo continence 100% vs 98.7%,
p [231_TD$DIFF]= 0.02) [68]. The latter also reported significantly better
erectile function for the focally treated patients (at 24 mo
68.8% vs 46.8% ESI, p [232_TD$DIFF]= 0.001). The other studies did not
report significant decline in International Index of Erectile
Function (IIEF) and Expanded Prostate Cancer Index
Composite (EPIC) scores.

3.5. Photodynamic therapy

Of the seven studies on PDT, two were in IDEAL stage 2a,
three in IDEAL stage 2b, and two in as IDEAL stage
3. However, both studies [73,74] reported on the same trial
(NCT01310894). Azzouzi et al [73] reported on safety,
functional outcomes, and postprocedural biopsies at 24mo,
and Gill et al [74] reported on the risk of RP after 4 [145_TD$DIFF]yr.
However, this latter study also reported on postprocedural
biopsies after 24 mo in a post hoc analysis, arguably
accounting for data overlap. Since both articles provide
separate, useful information for this review, we reported
both.

In this trial, 413 patients were randomly assigned to
receive PDT or AS. Patients were followed for 24 mo on
functional outcome (International Prostate Symptom Score
[IPSS] and IIEF-15) and oncological outcome by means of a
systematic transrectal ultrasound–guided biopsy. The RCT
reportedSAEs in 59PDTpatients, comparedwith24patients
in the AS group. The most common treatment-related
adverse events were urinary retention and prostatitis (2%).
Concerning oncological outcomes, there were more
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patients with a negative biopsy in the PDTgroup than in the
AS group (PDT 101 [49%] vs AS 28 [14%], hazard ratio 3.67,
95% confidence interval 2.53–5.33, p [233_TD$DIFF]< 0.0001) and signifi-
cantly more patients required subsequent radical treatment
in the AS group (PDT 12 [6%] vs AS 60 [29%]). IIEF-15 and
IPSS scores were reported to be similar for both groups after
24 mo. The other studies reported lower incidences
concerning adverse events, with respectively 0–5% adverse
events. CSC in the treated area was reported by three
studies, reporting 11% (9/82) at 6 mo, 13% (2/15) at 12 mo,
and 10% (21/206) at 24 mo. Concerning functional out-
comes, no changes in continence were reported. One study
reported a decline of erectile function after 12 mo [79] but
did not present exact numbers, the others reported no
change or no data.

3.6. Focal brachytherapy

Eight studies on brachytherapy were included, seven in
stage 2a and one in stage 2b. Sample sizes were small with a
median of 30 patients (range 5–50). The median follow-up
was 24mo. Three studies reported a 100% absence of CSC in
the treated area; one study [83] reported that 12% of the
patients had CSC after treatment. Treatment was well
tolerated, with only one study reporting one grade
3 complication, namely, acute prostate hemorrhage due
to incorrect catheter removal [85]. Concerning continence,
no differences for pre- and postprocedural continence
scores were reported; only one study [82] reported a
significant increase in IPSS score from 8 to 14 at 6 mo. Four
studies reported on erectile function, with two presenting a
decline and one study [85] reporting a significant decrease
in IIEF scores from 19 (5–22) at baseline to 6 (3–20) at 6 mo,
corresponding to a 50% rate of new onset of severe erectile
dysfunction [85].

3.7. Radiofrequent ablation

Two IDEAL stage 2a studies on RFA were included [88,89]
with ten and 20 patients and 12- and 6-mo follow-up,
respectively. CSC in the treated area was reported in 4/20
patients (20%) by Orczyk et al [89]. The other study by
Aydin et al [88] did not report on CSC but reported cancer
in the treated area in 3/10 patients. One grade 3 SAE was
reported, that is, gross hematuria that required diagnostic
cystoscopy without the need for coagulation. No new pad
use was reported by Aydin et al [88], while Orczyk et al [89]
reported that 2/18 required a pad after RFA. Concerning
erectile function, Aydin et al [88] reported significantly
decreased IIEF-5 scores at 6 mo and Orczyk et al [89]
reported absence of new erectile dysfunction in 11/12
patients.

3.8. Prostatic artery embolization

One prospective pilot study on PAE (IDEAL stage 2a) was
identified [90], In this study, ten patients, consisting of men
with a median age of 72 [234_TD$DIFF]yr and a Gleason score of 6, were
treated with PAE. No SAEs were reported. After 6 mo, 6/10
patients had CSC of the treated area at biopsy. No significant
changes in urinary continence (IPSS score frommedian 5 to
1 [p [235_TD$DIFF]= 0.32]) or erectile function (IIEF-6 score from median
24 to 27 [p [236_TD$DIFF]= 0.97]) were reported.

3.9. Current and future studies

Forty-three studies were identified in the trial database of
Clinicaltrials.gov (up to January 31, 2021) concerning FT as a
primary treatment for men with localized PCa (Table 4). In
addition to the earlier mentioned modalities, studies on
MWA (n [210_TD$DIFF]= 4) were identified. Most modalities will remain
to be studied in stage 2. Only for HIFU and PDT, progression
toward advanced research stages 3 and 4 can be seen. An
overviewof IDEAL-stage progression fromstudies identified
in this review and studies identified on clinicaltrials.gov
(>2020) is depicted in Fig. 2.

3.10. Discussion

In this systematic review, we identified 72 studies, describ-
ing eight sources of energy for primary FT in 5827 patients
with localized PCa. The majority of studies were in an early
research stage, with IDEAL stage 2a (n [237_TD$DIFF]= 35) followed by
IDEAL stage 2b (n [238_TD$DIFF]= 27), although IDEAL stages 3–4 were
identified in five studies. Currently registered studies (n [239_TD$DIFF]

= 43) show similar trends to those observed in studies of the
past 5 [10_TD$DIFF]yr, that is, most studies being in IDEAL stage 2 and the
majority investigating HIFU.

Concerning oncological effectiveness, almost all studies
reported that they performed control biopsies, but most
studies did not report on CSC. CSC in the treated area was
described with a median of 14.7% (HIFU), 8.5% (IRE), 10%
(PDT), 15% (cryoablation), 17% (FLA), 20% (RFA), 60% (PAE),
and 0% (focal brachytherapy) of treated patients. However,
these numbers need to be interpreted with caution as only
two studies in focal brachytherapy presented the numbers
of CSC and only one study reported CSC in PAE and RFA.
Moreover, in general, the follow-up was rather short, with,
for example, a median follow-up of 12 mo (range 6–45) for
HIFU, which makes the assessment of oncological effective-
ness challenging. Functional outcomes were generally
favorable for all modalities of FT. No significant changes
in urinary continence and ESI were reported for studies
using HIFU, FLA, cryoablation, and PDT. Although a reliable
comparison between modalities is challenging to draw,
HIFU and PDT seem to be studied most extensively and in
advanced research stages (2b-3).

Valerio et al [12] included 37 studies, whereas we have
identified 72 studies, indicating that over the past 5 [10_TD$DIFF]yrmore
studies have been investigating FT. Some differences
between the two reviews could be discussed. First, the
new review includes larger series for HIFU, IRE, FLA, and
PDT, and a longer median follow-up with a median of
approximately 15 mo. Second, the identified studies
included patients with low-risk PCa, but we observed an
increase in the proportion of patients with a Gleason score
of 7 undergoing FT. Third, HIFU remained the most studied
modality, and for both HIFU and IRE, we found studies with
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advancement toward stage 3. FLA showed progress toward
stage 2b. Cryoablation and brachytherapy remained in stage
2b. The current review identified seven PDT studies,
whereas Valerio et al [12] reported three PDT studies.
Two of the currently identified PDT studies reported results
from an RCT. Surprisingly, PDTwas not themost extensively
studied energy source over the past decades. The first pilot
study on PDT for patients with low-risk PCa was conducted
in 2006 [93], in an era where cryoablation and HIFU had
already proceeded to stage 2 and where the first pilot study
on RFA for PCa patients was performed almost 10 [240_TD$DIFF]yr before
[94]. A possible reason for the quick advancement of studies
on a certain modality could be the continuous commitment
of a research group to gain evidence for a certain treatment
modality. Fourth, some differences in energy sources were
found, that is, Valerio et al [12] included no study using PAE,
whereas we identified one stage 2a study. Fifth, we
identified seven studies with a comparator arm composed
of standard care [23,29,32,42,52,71,73], whereas Valerio
et al [12] identified none. Similar to Valerio et al [12], we
encountered considerable heterogeneity of studies, includ-
ing differences in patients (inclusion of Gleason 6 patients),
type of ablations (ie, hemiablation and hockey stick
ablation), biopsy method, follow-up, functional outcomes
reported, and different definitions of CSC. Despite numer-
ous consensus meetings describing these aspects [10,95–
97], still a considerable variety is observed between studies.
In addition, some studies reported the addition of TURP
prior toHIFU,whichwas the case for 37% of theHIFU studies
included in this review. We described these results
separately, because we could not exclude that the previous
TURP influenced the functional and oncological outcomes.
Based on this review, a majority of HIFU procedures are
performed without the addition of TURP. The most recent
guideline report and consensus statement do not mention
the addition of TURP prior to FT [2,98]. Nomenclature
changes were not observed, although it is remarkable that
partial gland ablation is more often used in studies
involving cryoablation. Furthermore, we have identified
43 ongoing trials, whereas Valerio et al [12] identified
17 trials, indicating an increase in the number of trials
involving FT for localized PCa.

To our knowledge, this is the first systematic review on
FT without a language bias, which has, in addition to
functional and oncological outcomes, provided insight into
the research stage advancement of FT over the past 5 [10_TD$DIFF]yr.
Although this has led to an updated comprehensive
overview of the current literature, there are some limita-
tions that should be discussed. First, the heterogeneity of
studies precluded an adequate risk of bias assessment and
an adequate comparison between studies by means of a
pooled analysis. In addition, there are several factors that
challenge adequate interpretation of the results. Some
studies reported significant differences but did not present
the data. Other studies reported not to have observed
statistically significant differences but presented data that
could well present a clinically relevant difference. For
instance, a study stated no significant differences in erectile
function before and after treatment, while after treatment,
the incidence of erectile dysfunction increased from 10% to
37% [45]. Moreover, these stage 2 studies were not powered
to assess for clinically relevant differences. Another limita-
tion consists of the possibly selective reporting of functional
outcomes when patients would not reach the intended
follow-up. For example, in a study [47] in which only 12/30
patients were able to reach the follow-up, all 12 reported
leak- and pad-free continence. These datawere presented as
100% pad-free continence, but this does not adequately
reflect the functional outcome of the treated population.

In 2014, it was already stated that for FT to become an
established treatment, studies needed to proceed from
developmental studies toward stage 3 trials [99]. Although
progress toward advanced research stages is seen in this
review, a majority of studies still remain in stage 2. In
addition, rather than progression of one particular energy
source toward IDEAL stage 3 studies, multiple new energy
sources are appearing, such as PAE and MWA. These
modalities inevitably require to start off in an early research
stage. There are several reasons that may explain why
delivering a robust explanatory RCT is challenging. Some
authors [100] suggest that not all patients are willing to be
randomized into an experimental treatment group. The
reason for this belief is the termination of several RCTs due to
poor accrual. It is, therefore, suggested that the employed
study design should be changed to that of a patient-
preference study [12,100]. However, the PART feasibility
RCT,which aimed to investigate thebarriers of recruitment in
HIFU, showed that patients were in fact willing to be
randomizedand that sucha trial is feasible, albeit in a specific
context. Indeed, the “expert” centers offering HIFU off trial
had a low acceptance rate because most patients referred to
these centers had strong preference for HIFU and therefore
did not agree to be randomized [32]. A second challenge
concerns the desired outcome variable that is to be studied.
High-quality evidence gained through two different RCTs
(PART for HIFU and PDT) shows that the genitourinary
morbidity of FT is significantly lower [12]; however, evidence
foroncological outcome ismuchmoredifficult toobtain. This
will require a considerably large sample size and longer
follow-up (>10 [241_TD$DIFF]yr) given the inherent challenges with
localized PCa treatment assessment. Defining oncological
outcome by means of progression-free survival measure
might reduce the follow-up of an RCT, but it is unlikely that a
time scale of <10 [242_TD$DIFF]yr would provide any definitive results.

4. Conclusions

Over the past 5 [10_TD$DIFF][1_TD$DIFF]yr, 72 studies on FT have been conducted.
With two RCTs and two propensity-scorematched analyses,
evidence generated by IDEAL stage �3 studies has been
delivered. However, the majority of studies concerning FT
for localized PCa are still in an early research stage.
Although there is high-quality evidence that FT improves
functional outcomes and minimizes adverse events, defini-
tive proof of oncological effectiveness of FTagainst standard
of care is still pending. To fully comprehend the role of FT in
patients with localized PCa, more definitive studies are
required.



E U RO P E AN URO LOGY 8 1 ( 2 0 2 2 ) 5 – 3 330
Author contributions: Jana S. Hopstaken and Joyce G.R. Bomers had full
access to all the data in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis.
Study concept and design: Hopstaken, Bomers, Fütterer, Rovers.
Acquisition of data: Hopstaken, Bomers.
Analysis and interpretation of data: Hopstaken, Bomers, Fütterer, Rovers.
Drafting of the manuscript: Hopstaken, Bomers.
Critical revision of the manuscript for important intellectual content:

Sedelaar, Valerio, Fütterer, Rovers.
Statistical analysis: None.
Obtaining funding: None.
Administrative, technical, or material support: None.
Supervision: Sedelaar, Valerio, Fütterer, Rovers.
Other: None.
Financial disclosure: Jana S. Hopstaken certifies that all conflicts of
interest, including specific financial interests and relationships and
affiliations relevant to the subject matter or materials discussed in the
manuscript (eg, employment/affiliation, grants or funding, consultan-
cies, honoraria, stock ownership or options, expert testimony, royalties,
or patents filed, received, or pending), are the following: Professor Dr.
Rovers and Professor Dr. Fütterer report grants from Profound Medical,
during the conduct of this study, and grants from Siemens Healthineers,
outside the submitted work.
Funding/Support and role of the sponsor: None.
Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi:https://doi.org/10.1016/j.
eururo.2021.08.005.

References

[1] Mottet N, Bellmunt J, BollaM, et al. EAU-ESTRO-SIOG guidelines on
prostate cancer. Part 1: screening, diagnosis, and local treatment
with curative intent. Eur Urol 2017;71:618–29.

[2] Mottet N, van den Bergh RCN, Briers E, et al. EAU-EANM-ESTRO-
ESUR-SIOG guidelines on prostate cancer—2020 update. Part 1:
screening, diagnosis, and local treatment with curative intent. Eur
Urol 2021;79:243–62.

[3] Wilt TJ, MacDonald R, Rutks I, Shamliyan TA, Taylor BC, Kane RL.
Systematic review: comparative effectiveness and harms of treat-
ments for clinically localized prostate cancer. Ann Intern Med
2008;148:435–48.

[4] Boorjian SA, Eastham JA, Graefen M, et al. A critical analysis of the
long-term impact of radical prostatectomy on cancer control and
function outcomes. Eur Urol 2012;61:664–75.

[5] Resnick MJ, Koyama T, Fan K-H, et al. Long-term functional out-
comes after treatment for localized prostate cancer. N Engl J Med
2013;368:436–45.

[6] Sanda MG, Dunn RL, Michalski J, et al. Quality of life and satisfac-
tion with outcome among prostate-cancer survivors. N Engl J Med
2008;358:1250–61.

[7] Hamdy FC, Donovan JL, Lane JA, et al. 10-Year outcomes after
monitoring, surgery, or radiotherapy for localized prostate cancer.
N Engl J Med 2016;375:1415–24.
[8] Eggener S, Salomon G, Scardino PT, De la Rosette J, Polascik TJ,
Brewster S. Focal therapy for prostate cancer: possibilities and
limitations. Eur Urol 2010;58:57–64.

[9] Ahmed HU. The index lesion and the origin of prostate cancer. N
Engl J Med 2009;361:1704–6.

[10] Donaldson IA, Alonzi R, Barratt D, et al. Focal therapy: patients,
interventions, and outcomes—a report from a consensus meeting.
Eur Urol 2015;67:771–7.

[11] Tay Kj, Scheltema Mj, Ahmed Hu, et al. Patient selection for
prostate focal therapy in the era of active surveillance: an inter-
national Delphi consensus project. Prostate Cancer Prostatic Dis
2017;20:294–9.

[12] Valerio M, Cerantola Y, Eggener SE, et al. New and established
technology in focal ablation of the prostate: a systematic review.
Eur Urol 2017;71:17–34.

[13] McCulloch P, Altman DG, Campbell WB, et al. No surgical innova-
tion without evaluation: the IDEAL recommendations. Lancet
(London England) 2009;374:1105–12.

[14] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med 2009;6:e1000097.

[15] National Institute for Health Research (NIHR). International pro-
spective register of systematic reviews. PROSPERO database. Cen-
tre for Reviews and Dissemination. University of YorkYork, UK
https://www.crd.york.ac.uk/PROSPERO/

[16] Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a
web and mobile app for systematic reviews. Syst Rev 2016;5:210.

[17] U.S Department of Health and Human Services. Common Termi-
nology Criteria for Adverse Events (CTCAE), version 5.0. November
27. https://ctep.cancer.gov/protocoldevelopment/
electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.
pdf2017

[18] Dindo D, Demartines N, Clavien P-A. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 2004;240:205–13.

[19] Abreu AL, Peretsman S, Iwata A, et al. High intensity focused
ultrasound hemigland ablation for prostate cancer: initial out-
comes of a United States series. J Urol 2020;204:741–7.

[20] AhmedHU, Dickinson L, Charman S, et al. Focal ablation targeted to
the index lesion in multifocal localised prostate cancer: a prospec-
tive development study. Eur Urol 2015;68:927–36.

[21] Albisinni S, Aoun F, Bellucci S, et al. Comparing high-intensity focal
ultrasound hemiablation to robotic radical prostatectomy in the
management of unilateral prostate cancer: a matched-pair analy-
sis. J Endourol 2017;31:14–9.

[22] Annoot A, Olivier J, Valtille P, et al. Extra-target low-risk prostate
cancer: implications for focal high-intensity focused ultrasound of
clinically significant prostate cancer. World J Urol 2019;37:261–8.

[23] Arnouil N, Gelet A, Matillon X, et al. Traitement focal par HIFU
versus prostatectomie radicale robot-assistée pour cancer de la
prostate localisé: résultats carcinologiques et fonctionnels à 1 an.
Prog Urol 2018;28:603–10.

[24] Bacchetta F,MartinsM, Regusci S, et al. The utility of intraoperative
contrast-enhanced ultrasound in detecting residual disease after
focal HIFU for localized prostate cancer. Urol Oncol 2020;38:846.
e1–7.

[25] Bass R, Fleshner N, Finelli A, Barkin J, Zhang L, Klotz L. Oncologic
and functional outcomes of partial gland ablation with high in-
tensity focused ultrasound for localized prostate cancer. J Urol
2019;201:113–9.

[26] Dickinson L, Ahmed HU, Hindley RG, et al. Prostate-specific antigen
vs. magnetic resonance imaging parameters for assessing oncol-
ogical outcomes after high intensity-focused ultrasound focal ther-
apy for localized prostate cancer. Urol Oncol 2017;35, 30 e9–15.

https://doi.org/10.1016/j.eururo.2021.08.005
https://doi.org/10.1016/j.eururo.2021.08.005
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0005
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0005
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0005
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0010
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0010
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0010
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0010
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0015
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0015
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0015
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0015
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0020
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0020
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0020
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0025
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0025
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0025
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0030
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0030
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0030
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0035
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0035
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0035
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0040
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0040
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0040
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0045
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0045
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0050
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0050
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0050
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0055
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0055
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0055
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0055
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0060
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0060
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0060
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0065
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0065
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0065
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0070
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0070
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0070
https://www.crd.york.ac.uk/PROSPERO/
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0080
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0080
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0090
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0090
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0090
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0095
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0095
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0095
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0100
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0100
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0100
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0105
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0105
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0105
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0105
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0110
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0110
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0110
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0115
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0115
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0115
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0115
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0120
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0120
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0120
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0120
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0125
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0125
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0125
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0125
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0130
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0130
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0130
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0130


E U RO P E AN U RO L OGY 8 1 ( 2 0 2 2 ) 5 – 3 3 31
[27] Feijoo ER, Sivaraman A, Barret E, et al. Focal high-intensity focused
ultrasound targeted hemiablation for unilateral prostate cancer: a
prospective evaluation of oncologic and functional outcomes. Eur
Urol 2016;69:214–20.

[28] Ganzer R, Hadaschik B, Pahernik S, et al. Prospective multicenter
phase II study on focal therapy (hemiablation) of the prostate with
high intensity focused ultrasound. J Urol 2018;199:983–9.

[29] Garcia-Barreras S, Sanchez-Salas R, Sivaraman A, et al. Compara-
tive analysis of partial gland ablation and radical prostatectomy to
treat low and intermediate risk prostate cancer: oncologic and
functional outcomes. J Urol 2018;199:140–6.

[30] Ghai S, Perlis N, Lindner U, et al. Magnetic resonance guided
focused high frequency ultrasound ablation for focal therapy in
prostate cancer—phase 1 trial. Eur Radiol 2018;28:4281–7.

[31] Glybochko PV, Amosov AV, Krupinov GE, Petrovskii NV, Lumpov IS.
Hemiablation of localized prostate cancer by high-intensity fo-
cused ultrasound: a series of 35 cases. Oncology 2019;97:44–8.

[32] Hamdy FC, Elliott D, le Conte S, et al. Partial ablation versus radical
prostatectomy in intermediate-risk prostate cancer: the PART
feasibility RCT. Health Technol Assess 2018;22:1–96.

[33] JohnstonMJ, Emara A, NoureldinM, Bott S, Hindley RG. Focal high-
intensity focussed ultrasound partial gland ablation for the treat-
ment of localised prostate cancer: a report of medium-term out-
comes from a single-center in the United Kingdom. Urology
2019;133:175–81.

[34] Lei Y, Zanker P, Yildiz S, et al. Non-whole-gland high-intensity
focused ultrasound vs whole-gland high-intensity focused ultra-
sound for management of localized prostate cancer: 1-year oncol-
ogical and functional outcomes. J Endourol 2019;33:100–6.

[35] Mortezavi A, Krauter J, Gu A, et al. Extensive histological sampling
following focal therapy of clinically significant prostate cancer
with high intensity focused ultrasound. J Urol 2019;202:717–24.

[36] Nahar B, Bhat A, Reis IM, et al. Prospective evaluation of focal high
intensity focused ultrasound for localized prostate cancer. J Urol
2020;204:483–9.

[37] Rischmann P, Gelet A, Riche B, et al. Focal high intensity focused
ultrasound of unilateral localized prostate cancer: a prospective
multicentric hemiablation study of 111 patients. Eur Urol
2017;71:267–73.

[38] Rosenhammer B, Niessen C, Rotzinger L, et al. Oncological outcome
and value of postoperativemagnetic resonance imaging after focal
high-intensity focused ultrasound therapy for prostate cancer.
Urol Int 2019;103:270–8.

[39] Shoji S, Hiraiwa S, Uemura K, et al. Focal therapy with high-
intensity focused ultrasound for the localized prostate cancer
for Asian based on the localization with MRI-TRUS fusion im-
age-guided transperineal biopsy and 12-cores transperineal sys-
tematic biopsy: prospective analysis of oncological and functional
outcomes. Int J Clin Oncol 2020;25:1844–53.

[40] Stabile A, Orczyk C, Hosking-Jervis F, et al. Medium-term oncol-
ogical outcomes in a large cohort of men treated with either focal
or hemi-ablation using high-intensity focused ultrasonography for
primary localized prostate cancer. BJU Int 2019;124:431–40.

[41] Tay KJCC, Lau WKO, Khoo J, Thng CH, Kwek JW. Focal therapy for
prostate cancer with in-bore MR-guided focused ultrasound two-
year follow-up of a phase I trial—complications and functional
outcomes. Radiology 2017;285:620–8.

[42] Tourinho-Barbosa RR, Sanchez-Salas R, Claros OR, et al. Focal
therapy for localized prostate cancer with either HIFU or cryoa-
blation: a single institution experience. J Urol 2020;203:320–30.

[43] van Velthoven R, Aoun F, Marcelis Q, et al. A prospective clinical
trial of HIFU hemiablation for clinically localized prostate cancer.
Prostate Cancer Prostatic Dis 2016;19:79–83.
[44] Westhoff N, Ernst R, Kowalewski KF, et al. Treatment decision
satisfaction and regret after focal HIFU for localized prostate
cancer. World J Urol 2021;39:1121–9. http://dx.doi.org/10.1007/
s00345-020-03301-0.

[45] Yap T, Ahmed HU, Hindley RG, et al. The effects of focal therapy for
prostate cancer on sexual function: a combined analysis of three
prospective trials. Eur Urol 2016;69:844–51.

[46] Blazevski A, Scheltema MJ, Yuen B, et al. Oncological and quality-
of-life outcomes following focal irreversible electroporation as
primary treatment for localised prostate cancer: a biopsy-moni-
tored prospective cohort. Eur Urol Oncol 2020;3:283–90.

[47] Collettini F, Enders J, Stephan C, et al. Image-guided irreversible
electroporation of localized prostate cancer: functional and on-
cologic outcomes. Radiology 2019;292:250–7.

[48] EnikeevD, TaratkinM,Morozov A, et al. Focal irreversible electropo-
ration for localized prostate cancer management: prospective as-
sessment of efficacy and safety.Minerva Urol Nefrol 2020;72:644–5.

[49] Giganti F, Stabile A, Giona S, et al. Prostate cancer treated with
irreversible electroporation: MRI-based volumetric analysis and
oncological outcome. Magn Reson Imaging 2019;58:143–7.

[50] Murray KS, Ehdaie B, Musser J, et al. Pilot study to assess safety and
clinical outcomes of irreversible electroporation for partial gland
ablation in men with prostate cancer. J Urol 2016;196:883–90.

[51] Scheltema MJ, Chang JI, van den Bos W, et al. Impact on genitouri-
nary function and quality of life following focal irreversible elec-
troporation of different prostate segments. Diagn Interv Radiol
2018;24:268–75.

[52] Scheltema MJ, Chang JI, Bohm M, et al. Pair-matched patient-
reported quality of life and early oncological control following
focal irreversible electroporation versus robot-assisted radical
prostatectomy. World J Urol 2018;36:1383–9.

[53] Ting F, TranM, BohmM, et al. Focal irreversible electroporation for
prostate cancer: functional outcomes and short-term oncological
control. Prostate Cancer Prostatic Dis 2016;19:46–52.

[54] Valerio M, Dickinson L, Ali A, et al. Nanoknife electroporation
ablation trial: a prospective development study investigating focal
irreversible electroporation for localized prostate cancer. J Urol
2017;197:647–54.

[55] Al-Hakeem Y, Raz O, Gacs Z, Maclean F, Varol C. Magnetic reso-
nance image-guided focal laser ablation in clinically localized
prostate cancer: safety and efficacy. ANZ J Surg 2019;89:1610–4.

[56] Barqawi A, Krughoff K, Li H, Patel NU. Initial experience of targeted
focal interstitial laser ablation of prostate cancer with MRI guid-
ance. Curr Urol 2015;8:199–207.

[57] Chao B, Llukani E, Lepor H. Two-year outcomes following focal
laser ablation of localized prostate cancer. Eur Urol Oncol
2018;1:129–33.

[58] Eggener SE, Yousuf A, Watson S, Wang S, Oto A. Phase II evaluation
of magnetic resonance imaging guided focal laser ablation of
prostate cancer. J Urol 2016;196:1670–5.

[59] Lepor H, Llukani E, Sperling D, Futterer JJ. Complications, recovery,
and early functional outcomes and oncologic control following in-
bore focal laser ablation of prostate cancer. EurUrol 2015;68:924–6.

[60] Natarajan S, Jones TA, Priester AM, et al. Focal laser ablation of
prostate cancer: feasibility of magnetic resonance imaging-ultra-
sound fusion for guidance. J Urol 2017;198:839–47.

[61] Natarajan S, Raman S, Priester AM, et al. Focal laser ablation of
prostate cancer: phase I clinical trial. J Urol 2016;196:68–75.

[62] Walser E, Nance A, Ynalvez L, et al. Focal laser ablation of prostate
cancer: results in 120 patients with low- to intermediate-risk
disease. J Vasc Interv Radiol 2019;30, 401–9 e2.

[63] Basourakos SP, Al Hussein Al Awamlh B, Bianco FJ, et al. Feasibility
of in-office MRI-targeted partial gland cryoablation for prostate

http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0135
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0135
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0135
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0135
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0140
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0140
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0140
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0145
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0145
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0145
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0145
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0150
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0150
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0150
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0155
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0155
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0155
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0160
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0160
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0160
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0165
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0165
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0165
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0165
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0165
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0170
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0170
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0170
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0170
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0175
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0175
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0175
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0180
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0180
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0180
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0185
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0185
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0185
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0185
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0190
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0190
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0190
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0190
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0195
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0195
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0195
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0195
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0195
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0195
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0200
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0200
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0200
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0200
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0205
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0205
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0205
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0205
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0210
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0210
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0210
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0215
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0215
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0215
http://dx.doi.org/10.1007/s00345-020-03301-0
http://dx.doi.org/10.1007/s00345-020-03301-0
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0225
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0225
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0225
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0230
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0230
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0230
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0230
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0235
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0235
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0235
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0240
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0240
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0240
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0245
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0245
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0245
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0250
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0250
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0250
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0255
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0255
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0255
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0255
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0260
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0260
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0260
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0260
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0265
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0265
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0265
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0270
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0270
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0270
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0270
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0275
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0275
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0275
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0280
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0280
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0280
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0285
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0285
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0285
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0290
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0290
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0290
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0295
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0295
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0295
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0300
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0300
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0300
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0305
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0305
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0310
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0310
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0310
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0315
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0315


E U RO P E AN URO LOGY 8 1 ( 2 0 2 2 ) 5 – 3 332
cancer: an IDEAL stage 2A study. BMJ Surg Intervent Health
Technol 2020;2:e000056.

[64] Bossier R, Sanguedolce F, Territo A, et al. Whole and hemi-gland
cryoablation for primary localized prostate cancer: short and
medium-term oncological and functional outcomes. Actas Urol
Esp 2020;44:172–8.

[65] Chuang R, Kinnaird A, Kwan L, et al. Hemigland cryoablation of
clinically significant prostate cancer: intermediate-term followup
via magnetic resonance imaging guided biopsy. J Urol
2020;204:941–9.

[66] Kongnyuy M, Islam S, Mbah AK, et al. PSA kinetics following
primary focal cryotherapy (hemiablation) in organ-confined pros-
tate cancer patients. World J Urol 2018;36:209–13.

[67] Kongnyuy M, Lipsky MJ, Islam S, et al. Predictors of biochemical
recurrence after primary focal cryosurgery (hemiablation) for
localized prostate cancer: a multi-institutional analytic compari-
son of Phoenix and Stuttgart criteria. Urol Oncol 2017;35, 530 e15–
9.

[68] Mendez MH, Passoni NM, Pow-Sang J, Jones JS, Polascik TJ. Com-
parison of outcomes between preoperatively potent men treated
with focal versus whole gland cryotherapy in a matched popula-
tion. J Endourol 2015;29:1193–8.

[69] Shah TT, Peters M, Eldred-Evans D, et al. Early-medium-term
outcomes of primary focal cryotherapy to treat nonmetastatic
clinically significant prostate cancer from a prospective multi-
centre registry. Eur Urol 2019;76:98–105.

[70] Sze C, Tsivian E, Tay KJ, et al. Anterior gland focal cryoablation:
proof-of-concept primary prostate cancer treatment in select men
with localized anterior cancers detected by multi-parametric
magnetic resonance imaging. BMC Urol 2019;19:127.

[71] Werneburg GT, Kongnyuy M, Halpern DM, et al. Effects of focal vs
total cryotherapy and minimum tumor temperature on patient-
reported quality of life compared with active surveillance in
patients with prostate cancer. Urology 2018;113:110–8.

[72] Wysock JS, Becher E, Gogaj R, Velazquez N, Lepor H. Early oncol-
ogical control following partial gland cryo-ablation: a prospective
experience specifying reflex MRI guided biopsy of the ablation
zone. Prostate Cancer Prostatic Dis 2021;24:114–9.

[73] Azzouzi A-R, Vincendeau S, Barret E, et al. Padeliporfin vascular-
targeted photodynamic therapy versus active surveillance in men
with low-risk prostate cancer (CLIN1001 PCM301): an open-label,
phase 3, randomised controlled trial. Lancet Oncol 2017;18:181–
91.

[74] Gill IS, Azzouzi AR, Emberton M, et al. Randomized trial of partial
gland ablation with vascular targeted phototherapy versus active
surveillance for low risk prostate cancer: extended followup and
analyses of effectiveness. J Urol 2018;200:786–93.

[75] Lebdai S, Bigot P, Leroux PA, Berthelot LP, Maulaz P, Azzouzi AR.
Vascular targeted photodynamic therapywith padeliporfin for low
risk prostate cancer treatment: midterm oncologic outcomes. J
Urol 2017;198:335–44.

[76] Noweski A, Roosen A, Lebdai S, et al. Medium-term follow-up of
vascular-targeted photodynamic therapy of localized prostate
cancer using TOOKAD Soluble WST-11 (phase II trials). Eur Urol
Focus 2019;5:1022–8.

[77] Rastinehad AR, Anastos H, Wajswol E, et al. Gold nanoshell-local-
ized photothermal ablation of prostate tumors in a clinical pilot
device study. Proc Natl Acad Sci 2019;116:18590–6.

[78] Rodriguez-Rivera JA, Rodriguez-Lay R, Zegarra-Montes L, et al.
Expanding indication of padeliporfin (WST11) vascular-targeted
photodynamic therapy: results of prostate cancer Latin-American
multicenter study. Actas Urol Esp 2018;42:632–8.
[79] Taneja SS, Bennett J, Coleman J, et al. Final results of a phase I/II
multicenter trial of WST11 vascular targeted photodynamic ther-
apy for hemi-ablation of the prostate in men with unilateral low
risk prostate cancer performed in the United States. J Urol
2016;196:1096–104.

[80] Fischbach F, Hass P, Schindele D, et al. MRI targeted single fraction
HDR brachytherapy for localized prostate carcinoma: a feasibility
study of focal radiation therapy (ProFocAL). Eur Radiol
2020;30:2072–81.

[81] Graff P, Portalez D, Lusque A, et al. IDEAL 2a phase II study of
ultrafocal brachytherapy for low- and intermediate-risk prostate
cancer. Int J Radiat Oncol Biol Phys 2018;102:903–11.

[82] Kim TH, Kim JN, Yu YD, et al. Feasibility and early toxicity of focal or
partial brachytherapy in prostate cancer patients. J Contemp
Brachytherapy 2020;12:420–6.

[83] Langley S, Uribe J, Uribe-Lewis S, et al. Hemi-ablative low-dose-
rate prostate brachytherapy for unilateral localised prostate can-
cer. BJU Int 2020;125:383–90.

[84] Mahdavi SS, Spadinger IT, Salcudean SE, et al. Focal application of
low-dose-rate brachytherapy for prostate cancer: a pilot study. J
Contemp Brachytherapy 2017;9:197–208.

[85] Peters M, van Son MJ, Moerland MA, et al. MRI-guided ultrafocal
HDR brachytherapy for localized prostate cancer: median 4-year
results of a feasibility study. Int J Radiat Oncol Biol Phys
2019;104:1045–53.

[86] Prada PJ, Cardenal J, García Blanco A, et al. Focal high-dose-rate
brachytherapy for localized prostate cancer: toxicity and prelimi-
nary biochemical results. Strahlenther Onkol 2020;196:222–8.

[87] Srougi V, Barret E, Nunes-Silva I, et al. Focal brachytherapy for
localized prostate cancer: Urinary toxicity depends on tumor
location. Brachytherapy 2017;16:988–92.

[88] Aydin AM, Gage K, Dhillon J, et al. Focal bipolar radiofrequency
ablation for localized prostate cancer: Safety and feasibility. Int J
Urol 2020;27:882–9.

[89] Orczyk C, Barratt D, Brew-Graves C, et al. Prostate Radiofrequency
Focal Ablation (ProRAFT) trial: a prospective development study
evaluating a bipolar radio frequency device to treat prostate
cancer. J Urol 2021;205:1090–9.

[90] Frandon J, Bey E, Hamard A, et al. Early results of unilateral
prostatic artery embolization as a focal therapy in patients
with prostate cancer under active surveillance: cancer prostate
embolisation, a pilot study. J Vasc Interv Radiol 2021;32:247–55.

[91] Guillaumier S, Peters M, Arya M, et al. A multicentre study of 5-
year outcomes following focal therapy in treating clinically
significant nonmetastatic prostate cancer. Eur Urol
2018;74:422–9.

[92] Huber PM, Afzal N, Arya M, et al. Focal HIFU therapy for anterior
compared to posterior prostate cancer lesions. World J Urol
2021;39:1115–9.

[93] Moore CM, Nathan TR, LeesWR, et al. Photodynamic therapy using
meso tetra hydroxy phenyl chlorin (mTHPC) in early prostate
cancer. Lasers Surg Med 2006;38:356–63.

[94] Zlotta AR, Djavan B, Matos C, et al. Percutaneous transperineal
radiofrequency ablation of prostate tumour: safety, feasibility and
pathological effects on human prostate cancer. Br J Urol
1998;81:265–75.

[95] Postema AW, De Reijke TM, Ukimura O, et al. Standardization of
definitions in focal therapy of prostate cancer: report from a
Delphi consensus project. World J Urol 2016;34:1373–82.

[96] Muller BG, van den Bos W, Brausi M, et al. Follow-up modalities in
focal therapy for prostate cancer: results from a Delphi consensus
project. World J Urol 2015;33:1503–9.

http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0315
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0315
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0320
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0320
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0320
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0320
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0325
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0325
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0325
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0325
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0330
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0330
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0330
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0335
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0335
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0335
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0335
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0335
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0340
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0340
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0340
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0340
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0345
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0345
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0345
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0345
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0350
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0350
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0350
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0350
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0355
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0355
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0355
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0355
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0360
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0360
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0360
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0360
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0365
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0365
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0365
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0365
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0365
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0370
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0370
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0370
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0370
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0375
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0375
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0375
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0375
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0380
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0380
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0380
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0380
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0385
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0385
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0385
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0390
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0390
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0390
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0390
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0395
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0395
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0395
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0395
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0395
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0400
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0400
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0400
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0400
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0405
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0405
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0405
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0410
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0410
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0410
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0415
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0415
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0415
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0420
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0420
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0420
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0425
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0425
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0425
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0425
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0430
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0430
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0430
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0435
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0435
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0435
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0440
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0440
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0440
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0445
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0445
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0445
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0445
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0450
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0450
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0450
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0450
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0455
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0455
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0455
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0455
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0460
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0460
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0460
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0465
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0465
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0465
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0470
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0470
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0470
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0470
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0475
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0475
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0475
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0480
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0480
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0480


E U RO P E AN U RO L OGY 8 1 ( 2 0 2 2 ) 5 – 3 3 33
[97] van den BosW,Muller BG, AhmedH, et al. Focal therapy in prostate
cancer: international multidisciplinary consensus on trial design.
Eur Urol 2014;65:1078–83.

[98] Lebastchi AH, George AK, Polascik TJ, et al. Standardized nomen-
clature and surveillance methodologies after focal therapy and
partial gland ablation for localized prostate cancer: an interna-
tional multidisciplinary consensus. Eur Urol 2020;78:371–8.
[99] van den Bos W, Muller BG, Ehdaie B, Scardino P, de la Rosette JJ.
What is still needed to make focal therapy an accepted segment of
standard therapy? Curr Opin Urol 2014;24:247–55.

[100] AhmedHU, Berge V, BottomleyD, et al. Canwedeliver randomized
trials of focal therapy in prostate cancer? Nat Rev Clin Oncol
2014;11:482–91.

http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0485
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0485
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0485
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0490
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0490
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0490
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0490
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0495
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0495
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0495
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0500
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0500
http://refhub.elsevier.com/S0302-2838(21)01949-7/sbref0500

	An Updated Systematic Review on Focal Therapy in Localized Prostate Cancer: What Has Changed over the Past 5�Years?
	1 Introduction
	2 Evidence acquisition
	2.1 Search strategy and selection criteria
	2.2 Data extraction form
	2.3 IDEAL stages
	2.4 Data analysis

	3 Evidence synthesis
	3.1 High-intensity focused ultrasound
	3.1.1 HIFU with TURP
	3.1.2 HIFU without TURP

	3.2 Irreversible electroporation
	3.3 Focal laser ablation
	3.4 Cryoablation
	3.5 Photodynamic therapy
	3.6 Focal brachytherapy
	3.7 Radiofrequent ablation
	3.8 Prostatic artery embolization
	3.9 Current and future studies
	3.10 Discussion

	4 Conclusions
	Appendix A Supplementary data
	References


