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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-
tween October 2015 and December 31, 2020. In addition, the research stages were 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 on photodynamic therapy (PDT), two on radiofrequency
ablation, and one on prostatic artery embolization. The majority of studies were prospective
development stage 2a studies (n = 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 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
an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Forlocalized prostate 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, such as urinary incontinence, erectile dysfunction,
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, AS was associated with a higher
disease-progression rate and metastases. 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 the part of the gland that harbors the index
lesion, namely, clinically significant disease. Hereby, the
adjacent critical structures are spared and thus morbidity is
minimized. The rationale of FT is based on 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 in men with 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 the PROSPERO database (CRD42020150781) [15].

2.1. Search strategy and selection criteria

The databases of PubMed (Medline), Embase, and The
Cochrane Library were searched with “prostate cancer”,

” o«

“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 studies were 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 ].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 study with 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
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(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 ].B.)
assigned the corresponding IDEAL stage. In case of
disagreement or doubt, a senior author (M.R.) was asked
to reach consensus.

24. 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 because we learned from the
corresponding author that this study reported on the same
patient population as the study by Huber et al [92] in which
a pretreatment of ADT was 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 = 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 HIFU with cryoablation and was included for
both HIFU and cryoablation. The majority of studies were

prospective development studies in IDEAL stage 2a (n = 35),
followed by stage 2b (n = 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 = 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 = 188) or cryoablation
(n = 48) with robot-assisted radical prostatectomy (RARP;
n = 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 = 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
yr with a median PSAvalue of 6.3 ng/ml (range 5.5-8.2). The
median follow-up was 25 mo (range 12-45). CSC in the
treated area was 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 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 a median age of
66 yr and a median PSA value of 6.95 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. ? These consisted of records with other outcomes, other target population, and other publication types. ® One study
investigating HIFU and cryoablation was included in both the HIFU and the cryoablation group.

median follow-up was 12 mo (range 6-38). Nine of the
17 studies reported on CSC in the treated area with a median
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 = 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 ng/ml (range 4.3-8.65). The median follow-up was
12 mo (range 7-36). CSC in the treated area was reported by
four studies with a median rate of 8.5% (range 0-33%). The
median percentage of pad-free patients after treatment was
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 = 96) than in the RARP group (n = 84), but this
difference was not statistically significant. IRE was superior
to RARP concerning preservation of ESI (p < 0.05) [52]. Re-
garding SAEs, four studies reported zero adverse events, and
one study reported a myocardial infarction [53].
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