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INTRODUCTION: Focal therapy (FT) is a promising alternative to whole-gland treatments for Localized Prostate Cancer. Ten
different FT modalities have been described in literature. However, FT is not yet recommended by the International Guidelines, due
to the lack of robust data on Oncological Outcomes. The objective of our Narrative Review is to evaluate the oncological profile of
the available FT modalities and to offer a comprehensive overview of the definitions of Cancer Control for FT.
MATERIAL AND METHODS: Literature search was performed on 21st February 2023 using PubMed, EMBASE, and Scopus, following
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (PRISMA). Articles reporting whole gland-
treatments were excluded. All articles reporting oncological outcomes were included.
RESULTS: One-hundred-twenty-four studies, reporting data on more than 8000 patients treated with FT, were included. Overall, 40
papers were on High Intensity Focal Ultrasound (HIFU), 24 on Focal Cryotherapy, 13 on Irreversible Electroporation (IRE), 11 on Focal
brachytherapy, 10 on Focal Laser Ablation (FLA), 8 on Photo-Dynamic Therapy (PDT), 3 on Microwave ablation, 3 on Robotic Partial
Prostatectomy, 2 on bipolar Radio Frequency Ablation (bRFA), 1 on Prostatic Artery Embolization (PAE) and 9 comparative papers.
Overall, the Biochemical Recurrence (BCR) rate ranged from 0% (Focal Brachytherapy) to 67.5% (HIFU); the Salvage treatment rate
ranged from 1% (IRE) to 54% (HIFU) considering re-treatment with FT and from 0% (Focal Brachytherapy) to 66.7% considering
standard Radical Treatments. There is no univocal definition of Cancer Control, however the “Phoenix criteria” for BCR were the
most commonly used.
CONCLUSIONS: FT is a promising alternative treatment for localized prostate cancer in terms of Oncological Outcomes, however
there is a wide heterogeneity in the definition of cancer control, the reporting of oncological outcomes and a lack of high-quality
clinical trials. Solid comparative studies with standard treatments and an unambiguous consensus on how to describe Cancer
Control in the field of Focal Therapy are needed.
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BACKGROUND
Whole-gland treatments, such as Radical Prostatectomy (RP) and
Radiotherapy (including both External Beam Radiation Therapy
(EBRT) and Brachytherapy), have historically been considered the
standard of care for the treatment of Localized Prostate Cancer
(PCa). With technological innovations and improving diagnostic
accuracy, the detection of PCa has improved manifold. This has a
far-reaching impact on incontinence and erectile dysfunction
which overall impacts patients’ QoL [1–5].
Active Surveillance (AS) is recommended by the EAU Guidelines

as the standard of care for Low-risk patients and it is proposed as a
possible management strategy for highly selected intermediate-
risk patients, aiming to avoid unnecessary treatment and its

related side effects [6, 7]. However, it is associated with a higher
disease-progression rate and metastases, suggesting the need to
find other therapeutic options for patients with clinically Localized
PCa keen to preserve functional outcomes [8].
Since the early 2000s, Focal Therapy (FT) has gained popularity

as an alternative option to whole-gland treatment and AS. The
assumption of FT is that a single focus, called the “index lesion”,
drives the tumor growth and the risk of metastasis [9]. By
targeting the index lesion or just a portion of the gland, avoiding
the surrounding tissues, FT should significantly reduce treatment-
related side effects on the urinary and sexual functions, resulting
in a better health‐related quality of life, without jeopardizing
short-term cancer control [10, 11]. This has led to a progressive
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trend to partial gland ablative treatments over whole gland
approach.
Ten different FT modalities have been described: High Intensity

Focused Ultrasound (HIFU), Focal Cryotherapy, Irreversible Electro-
poration (IRE), Focal Brachytherapy, Focal Laser Ablation (FLA),
Photodynamic Therapy (PDT), Microwave ablation, Partial Prosta-
tectomy, bipolar Radio Frequency Ablation (bRFA) and Prostatic
Artery Embolization (PAE). The main characteristics for each
approach are summarized in Table 1. However, despite numerous
studies have been carried out to evaluate the oncological and
functional outcomes of FT, due to the absence of reliable evidence
of long-term efficacy, the EAU Guidelines still recommend offering
whole-gland as well as focal ablative therapies within clinical trials
or registries [6].
Moreover, while it is well known how to evaluate the overall

performance of radical treatments with curative intent for
Localized PCa such as RP or RT using trifecta and pentafecta,
these have never been discussed for FT [12, 13]; therefore, there is
still no tool to objectively judge neither the individual treatments
nor the various FT modalities between them. In Trifecta, the
oncological outcome is defined as Cancer Control; however, in the
FT field, there is no consensus on how to report the Cancer
Control outcome, despite numerous consensus meetings, which
focused more on standardization of follow-up and indications.
The aim of this systematic review was to provide a compre-

hensive overview of the results in terms of Oncological outcomes
of the avaialable different modalities of Partial-gland FT and
how in the current literature Cancer Control is defined in the
field of FT.

EVIDENCE ACQUISITION
Literature search
This Systematic Review was performed according to the 2020
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) method [14]. Literature search was performed on 21

February 2023 using PubMed, EMBASE, and Scopus. No date limit was
imposed on the literature search. The following term and Boolean
operators were used: (focal brachytherapy OR Irreversible Electro-
poration OR High-Intensity Focused Ultrasound OR cryotherapy OR
microwave ablation OR partial prostatectomy OR focal laser therapy
OR photodynamic therapy OR radiofrequency ablation) AND (prostate
OR prostatic) AND (cancer OR tumor). The complete and more
comprehensive research strategy is provided in Appendix 1.

Selection criteria
The PICO (Patient, Intervention, Comparison, Outcomes) model
was used to frame and answer the clinical question:

P: Patients with Localized PCa
I: Focal therapy including HIFU, Cryotherapy, IRE, Microwave
ablation, FLA, PDT, bRFAn, Focal Brachytherapy, Partial
Prostatectomy, PAE
C: Single-arm or comparative studies
O: Oncological outcomes including Biochemical Recurrence
(BCR), Overall Survival (OS), Disease Free Survival (DFS), Salvage-
free survival, Cancer in Treated area rates, Cancer in untreated
area rates, Clinically Significant Cancer in treated area and
Salvage rates

Study screening and selection
Studies were accepted based on PICOS eligibility criteria.
Preclinical and animal studies were excluded. Only Partial gland
ablations were included (including: Hockey sticks, hemi-gland,
quadrant and subtotal), studies on whole-gland treatments where
excluded. Reviews, letters to the editor, case reports, and meeting
abstracts were also excluded. Only English papers were accepted.
Retrospective, prospective and prospective randomized studies
were accepted.
All retrieved studies were screened by two independent authors

through Covidence systematic review software (Veritas Health
Innovation, Melbourne, Australia). A third author solved

Table 1. Overview of the principal FT techniques, energy sources, mechanisms of action and approaches.

FT Modality Energy source Mechanism of action Approach

HIFU [65] Ultrasonic waves converted into
heat (>65 °C)

Acoustic cavitation and coagulative
necrosis

Transrectal probe under TRUS
guidance

Cryotherapy [66] Thermic Energy (−40 °C) Protein degeneration, vascular damages,
disruption of the cell membrane and cell
lysis

Transperineal fibers under TRUS
guidance

PDT [67] Photosensitizing agent with
vascular targeting

Infrared-activated generation of reactive
oxygen species leading to vascular
thrombosis and coagulative necrosis

Oral/intravenous drug +
transperineal fibers under TRUS
guidance

IRE [68] Electric current Formation of pores in prostate cell walls
and cellular disruption

Transperineal needles under
TRUS guidance

FLA [69] Electromagnetic radiations
inducing photothermal effect
(>42 °C)

Protein denaturation and coagulative
necrosis (without cavitation)

Transrectal/transperineal fibers
under TRUS/MRI guidance

Focal brachytherapy
[70]

Iodine-125 (I-125) radioactive
seeds

DNA damage inducing mitotic arrest and
cell death

Transperineal needles under
TRUS/MRI guidance

Microwave ablation
[43]

Microwaves inducing thermal
effect

Coagulative necrosis with “heat-sink” effect Transrectal/transperineal fibers
under TRUS guidance

bRFA [71] High-frequency alternating
current

Heating with subsequent protein
denaturation

Transperineal needles under
TRUS guidance

PAE [50] Microspheres injected into
prostatic arteries

Local anoxia resulting in ischemic necrosis
and inflammatory reactions

Superselective percutaneous
angiography

Partial Prostatectomy
[47]

- Surgical partial removal of the prostate/
target lesion

Robotic Transperitoneal or
Transvesical approach

HIFU high intensity focused ultrasound, PDT photodynamic therapy, IRE irreversible electroporation, FLA focal laser ablation, bRFA bipolar radiofrequency
ablation, PAE prostatic artery embolization, TRUS transrectal ultrasound.
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discrepancies through discussion. The full text of the screened
papers was selected if found pertinent to the aim of this review.

EVIDENCE SYNTHESIS
Literature screening
Literature search found 13,516 papers. Among these, 2648
duplicates were automatically removed, and 10868 papers were
screened against title and abstract. Among the latter, 10,576
papers were further excluded because unrelated to the purpose of
the present review. The remaining 292 full-text papers were
screened for appropriateness and 169 papers were excluded.
Finally, 124 papers were accepted and included. Figure 1 shows
the flow diagram of the literature search.

Study characteristics
There were 40 papers on HIFU, 24 on Focal Cryotherapy, 13 on IRE,
11 on Focal brachytherapy, 10 on FLA, 8 on PDT, 3 on Microwave
ablation, 3 on partial prostatectomy, 2 on bRFA and 1 on PAE.
There were 9 comparative studies. Among them, 1 was a pooled
analysis on PDT and 2 studies reporting 2 and 4-years oncological
outcomes of a single RCT comparing PDT and Active Surveillance
(AS); all the other articles were prospective and retrospective
cohorts. It was therefore not possible to perform a Meta-Analysis.
The complete list of the studies is available in Appendix 2. The
general characteristics of the included articles are summarized in
Supplementary Table 1, while all oncological outcomes are
available in Supplementary Table 2.
An overview of the ranges of BCR, focal re-treatment and radical

treatment sorted by modality and of the number of studies
reporting these parameters is available in Table 2. A summary of
the modalities in which these parameters are defined between the
various studies is presented in Table 3.

Comparative studies
Thirteen of the 124 studies retrieved were comparative and,
among them, two referred to the same RCT. Overall, 3 of them
compared the results of FT vs AS, 5 compared FT vs Robot Assisted
Laparoscopic Prostatectomy (RALP) and 5 compared different FT
modalities. However, only 9 studies (2 FT vs AS, 2 FT vs RALP and 4
FT vs FT) reported oncological outcomes and were therefore
included in this analysis.

FT vs AS. The two available articles referred to a single
Randomized Clinical Trial (RCT) d(PCM301) by the PMC301 study
group [15, 16], including 206 patients in PDT arm and 207 in AS
arm, reporting the 2- and 4-year oncological outcomes. All
patients had a low-risk disease. Treatment failure was defined as
the progression of disease from low- to moderate- or high-risk
PCa. Re-treatment was permitted at 1 year in areas with positive
biopsy. At the 2 years follow-up, negative biopsies were reported
in 49% of men treated with PDT and 14% on AS. At 4 years, PDT
was associated with significantly lower rates of cancer progression
(HR 0.42) and conversion to radical treatment compared to AS
(24% for PDT vs 53% for AS). PDT was not approved by the US FDA
in 2020 due to missing biopsy data (13%), high rate of
complications, and potential danger of large numbers of men
with low risk PCa amenable for AS receiving unnecessary
treatment.

FT vs RALP. Only three articles comparing the oncological
outcomes of FT to RALP are available in the literature: one
comparing radical prostatectomy to HIFU, the other comparing it
to HIFU and focal Cryotherapy and lastly RALP vs IRE. However,
Hamdy’s work [17] is only a feasibility study, it does not report any
results and were therefore excluded. In a match paired analysis,
Garcia- Barreras et al. [18] compared 236 patients undergoing FT
(HIFU or Cryotherapy) with 472 patients undergoing RALP: at a

mean follow up of 38.4 months, FT failure (defined as positive
control biopsy after treatment) was observed in 68 men (28.8%), of
which 53 (28.1%) after HIFU and 15 (31.2%) after cryotherapy. FT
ablation was associated with a higher risk of salvage treatment (HR
6.06, p < 0.001) compared to standard radical treatment. In a match-
paired analysis, Scheltema et al. [19] aimed to compare the effect of
RALP versus focal IRE on patient-reported quality of life (QoL) and
early oncological control using propensity-scored matching (50
patients each). In total, 70.5% (31/44) men were free of significant
PCa. Of those with residual significant PCa (29.5%, 13/44), five were
monitored actively, three underwent salvage IRE, three salvage
RALP, one salvage low-dose rate brachytherapy. One patient was
diagnosed with metastatic disease directly after IRE due to
persisting elevated PSA (>10 ng/mL) that refused pre-treatment
template-mapping biopsies and staging imaging. The median
decline in PSA after IRE was 51% (IQR 28–85%) when the median
post-IRE nadir PSA (2.8 ng/mL, IQR 0.9–4.5) was compared with the
median pre-IRE PSA (5.9 ng/mL, IQR 3.3–7.3). None of the RALP
patients experienced biochemical failure (PSA ≥ 0.2 ng/mL) within
the first 12 months of follow-up.

Comparison between different modalities of FT. Among four
studies comparing the oncological results of different FT
modalities, three compared HIFU to Cryotherapy while one
compared HIFU, Focal Brachytherapy, Cryotherapy, and PDT.
However, two of these [20, 21] reported results from the same
retrospective cohort, with similar variables for 3- and 5-year
outcomes: at 1, 3 and 5 years the cumulative failure-free survival
rate was 95%, 67% and 54%, while the radical treatment-free
survival rate was 99%, 79% and 67%, respectively. The 5-year
metastasis-free survival rate was 98% and no PCa-specific death
was registered in this cohort. On the other hand, the observational
prospective study by Dias et al. [22], with a cohort of 150 patients
(37 and 113 treated with Cryotherapy and HIFU respectively) and a
median follow-up of 61 months, reported failure-free survival (FFS)
at 2 and 4 years of 75.6% and 53.6%, respectively, while salvage-
free survival at 2 and 4 years was of 78.9% and 53.9%, respectively.
Finally, in the retrospective study by Barret et al. [23], the post-
treatment PSA levels were 3.1, 2.9, and 2.7 ng/ml at 3, 6 and
12 months respectively; no other oncological outcomes were
reported.

Single-arm studies
Focal HIFU. Oncological outcome of HIFU ablation were reported
by 40 studies. Six of them reported outcome of hemi-gland
ablation. All studies used ultrasound-guided HIFU ablation except
one series by Tay et al. reporting outcome of Magnetic Resonance
(MR)-guided HIFU treatment. There was no RCT assessing the
outcome of HIFU ablation for PCa. Overall, 28 studies were
prospective, while 15 studies were retrospective case series.
Median follow-up ranged from 6 to 127 months. While El Fegoun
et al. [24] reported the series with the longest follow-up period of
127 months, this series only included 12 patients. On the other
hand, Reddy et al. [25] reported the outcome of 1379 patients
from 13 centers in the United Kingdom with a median follow-up of
32 months, while Stabile et al. [26] retrospectively reported a
multicentric cohort of 703 patients in Europe with a median
follow-up of 41 months.
Eighteen studies used MRI-USG fusion biopsy for diagnosis of

PCa before HIFU ablation. All studies reported a mean PSA < 10
ng/mL before HIFU ablation. Sixteen series included ISUP grade
group 4. After the treatment, 23 studies reported a routine mpMRI
at 6–12 months together with a template or MRI-USG fusion
biopsy at 6–12 months. The risk of any PCa recurrence upon
follow-up control biopsy was 6% to 30% in majority of the studies.
Some studies reported a recurrence rate of 30–50%. Abreu et al.
[27] reported a 10% in-field recurrence and 8% out-of-field
recurrence of ISUP grade group 2 or above PCa, which is similar to
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Nahar et al. [28]. Shoji et al. [29] reported 8.9% of the patients
having significant cancer detected in the un-treated area, but
none in the treated area. Overall, the need for more than one
ablative session ranged from 3.8% to 30%, and the need for
further radical treatment (radical prostatectomy or whole-gland

radiotherapy) ranged from 2.2% to 25%. Reddy et al. [25] reported
18.3% of their patients requiring repeated FT due to residual or
recurrent cancer and 6.7% of their patients requiring salvage
whole-gland treatment. Stabile et al. [26] reported an overall rate
of 30% patients having additional treatment with 13% having

Fig. 1 PRISMA flowchart. Preferred reporting items for systematic review and meta-analysis flowchart.
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radical treatment over the study period. Some studies adopted the
ASTRO definition as BCR (2 studies before 2008) while some
adopted Phoenix (11 studies) or Stuttgart (3 studies) criteria. The
BCR by Phoenix criteria ranged from 7.8% to 26.6%. Men with
bilateral PCar at diagnosis and a higher PSA nadir had a higher
likelihood of treatment failure. Furthermore, HIFU treatment for
anteriorly locating tumor has lower success rate.

Cryotherapy. Oncological outcomes of Cryotherapy were
reported by 24 studies of this review. Of them, seven were
prospective study, while fourteen were retrospective, for a total of
more than 2800 patients treated. No RCT was available. The largest
series was reported by Ward et al. [30], with more than a thousand
patients enrolled, while all the other studies included less than 200
patients. Median follow-up ranged from 24 to 60 months, with the
longest of 85 months reported by Marra et al. [31]. Nineteen
studies used MRI-USG fusion biopsy for diagnosis of PCa before
Cryosurgical ablation. All studies reported a mean PSA < 10 ng/mL
before ablation except for Shah et al. [32] (mean PSA 10.8
(7.8–15.6) ng/mL) and Ward et al. [30] (156 patients with
PSA > 10 ng/mL). Eleven series included ISUP grade group 4 or
higher. After the treatment, 16 studies reported the use of a
routine mpMRI at 6 to 12 months together with a template or MRI-
USG fusion biopsy at 6 to 12 months. At a median follow up of
24 months, OS ranged from 97% to 100%. Conversely, the risk of
any PCa recurrence at follow-up biopsy on treated areas ranged
from 0%, as reported by Onik et al. in [33], to 56%, as reported by

Ohishi et al. in [34]. Recurrence in untreated areas ranged from 0
to 24%. In terms of cancer control, BCR rate was reported by
approximatively half of the studies. Some adopted the ASTRO
definition for BCR (2 studies before 2008), while others adopted
the Phoenix criteria (8 studies) or even a self-proposed definition
of Nadir + 0.5 ng/mL as threshold. BCR according to Phoenix
criteria ranged from 4% to 37.5%. The need for more than one
focal ablative treatment ranged from 2.7% to 13%, while the need
for subsequent radical treatment (radical prostatectomy or whole-
gland radiotherapy) ranged from 1.3% to 44%.

IRE. Thirteen studies on IRE were identified, of which seven were
retrospective and five were prospective. The median number of
patients included was 45 (range 10–429). The follow-up ranged
from 6 to 60 months. In all studies an MRI was performed before
control prostate biopsy, which was a template mapping biopsy in
8 studies, whilst MRI-targeted biopsy was performed in 9 studies.
All the repeated biopsies were performed 6–12 months post-IRE.
Cancer in the treated area was reported by 10 studies with a rate
of positivity ranging from 0 to 33.3%. The rate of clinically
significant PCa in the untreated area was 5–31%. Blazevski et al.
[35] reported that at 3 years, the overall failure-free survival was
96.8%, metastasis-free survival was 98.5% and overall survival was
100%. Scheltema et al. [36] reported failure-free survival of 91% at
3 years, 84% at 5 years and 69% at 8 years. Moreover, there were
no significant differences in failure-free survival rates per ISUP
Grade. Only 2 studies reported the rate of BCR. In one study, the

Table 2. Overview of the Oncological Result for FT.

FT Modality BCR
range (%)

Studies
reporting BCR,
n (%)

Focal re-
treatment
range, %

Studies reporting
re-treatment, n
(%)

Salvage
treatment
range, %

Studies reporting
salvage treatment,
n (%)

HIFU 2–67.5 22/40 (55) 2.3–54 14/40 (35) 3.3–38 26/40 (65)

Cryotherapy 2.6–62 12/24 (50) 1.6–19.9 14/24 (58.3) 1.3–44 15/24 (62.5)

PDT 4.9–33 3/8 (37.5) 1.5–23 4/8 (50) 8.3–66.7 4/8 (50)

IRE NR 0/13 (0) 1–10.5 10/13 (73.9) 2–16.2 12/13 (92.3)

FLA NR 0/10 (0) 2–33.3 5/10 (50) 1.7–16.7 4/10 (40)

Focal
brachytherapy

0–29 6/11 (54.5) 6.7–17 4/11 (36.3) 0–16.7 6/11 (54.5)

Microwave
ablation

NR 0/3 (0) NR 0/3 (0) 10–13 2/3 (66.7)

RFA NR 0/2 (0) 10 1/2 (50) 20 1/2 (50)

PAE NR 0/1 (0) NR 0/1 10 1/1 (100)

Partial
Prostatectomy

11.1 1/3 (33.3) NR 0/3 (0) 7.3–24 2/3 (66.7)

BCR, retreatment and salvage treatment ranges sorted by modality and the number of studies reporting the parameters.

Table 3. Overview of Cancer Control definitions in FT.

Cancer Control definition Definition Number of studies reporting the
parameter

BCR ASTRO ‘97 Three consecutive rises of PSA above the Nadir 3

BCR Phoenix Rise of PSA ≥ 2 ng/ml above the Nadir 29

BCR Stuttgart PSA Nadir + 1.2 ng/mL 4

BCR Huber PSA 1.0 ng/mL at 12 months and 1.5 ng/mL at 24–36 months 1

BCR Nadir + 0.5 ng/mL PSA Nadir + 0.5 ng/mL 1

BCR AUA criteria for BCR
after RP

Post-operative PSA ≥ 0.2ng/mL followed by a second confirmatory
PSA ≥ 0.2ng/mL

1

Salvage - Focal re-treatment Need for a new FT treatment (same or different FT modality) 52

Salvage - Radical treatment Need for Radical treatment (ADT, RT, Prostatectomy) 73

Definitions of BCR and re-treatment and number of studies reporting each parameter.
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Phoenix definition was used, while in another one BCR was
defined as Nadir + 0.5 ng/mL. BCR rate was 4.6% and 11%,
respectively. Only one paper did not report the rate of Salvage
therapy; notably in 6 studies a re-treatment after failure with IRE
was administered.

Focal Brachytherapy. We identified 11 studies reporting oncolo-
gical outcomes of focal brachytherapy, for a total of 576 patients
included. Overall, the median follow-up ranged from 6 to
72 months. 3 studies had a median follow-up >60 months. Six
studies reported 0% of clinically significant cancer in the treated
area, while one reported that 5% of the participants had clinically
significant cancer after treatment. Two studies reported a
biochemical failure-free survival of 100%. The longer-term studies
demonstrated promising results. Saito et al. [37] and Ta et al. [38]
showed a 5-year treatment failure-free survival of 90% and a
5-year biochemical recurrence-free survival of 96.8%, respectively.
In the study conducted by Nguyen et al. [39], both low- and
intermediate-risk groups had a favorable PSA failure-free survival
(at 5 years: 95.1% and 73.0%, respectively; at 8 years: 80.4% and
66.4%, respectively). Only 6 studies reported the rates of BCR, with
the Phoenix criteria being the only definition used. Only 4 studies
reported the rates of salvage treatment, with brachytherapy re-
treatment as the most common salvage treatment used, along
with External Beam Radiotherapy.

FLA. Ten studies on Focal Laser Ablation (FLA) were identified. All
of them were prospective, for a total of 344 patients included. No
RCT was available. The sample size ranged from 7 to 120 patients.
Overall, at follow-up time ranging from 3 to 71.5 months, the
percentage of residual cancer in the treated area was 15–70%.
One study reported residual PCa in the treated area of only 4%
(Lepor et al. [40]), in contrast with all the other studies that were
based on longer follow-up. In 6 out of 12 studies, a systematic
sampling of the prostate was combined with targeted biopsy
samples during follow-up, reporting a percentage of cancer in
untreated areas ranging from 6.7% to 75%. None of the studies
reported BCR rates. Salvage therapies were performed in up to
50% of the cases.

PDT. Eight studies reported oncological outcomes of PDT, with
only one of them being retrospective, while all other seven were
prospective. A total of 366 patients were included. Azzouzi et al.
[41], in a pooled analysis of three phase 2 studies including 117
men with low-risk PCa treated with PDT hemi-ablation in the lobe
with cancer and bilateral subtotal ablation in case of bilateral
disease, reported 6-month biopsy positivity rate of 31.6%. In the
study by Noweski et al. [42], a medium-term phase 2 study on 68
optimally treated patients with 3.5 years of follow-up, 50% of the
cohort had positive follow-up biopsy (25% in the treated and 25%
in the untreated lobe). Only one study reported the BCR-Phoenix
rate (4.8%), while 5 studies reported Salvage treatment rates, for a
total of 18 patients re-treated with FT.

Microwave ablation. Three studies on microwaves reported
oncological outcomes, and all of them were single-center
prospective trial, for a total of 36 patients included. The “Fostine
trial” is the first feasibility and safety study conducted by
Delongchamps et al. [43] using transrectal microwave needle
ablation guided by MRI-Ultrasound fusion with organ-based
tracking mechanism; the primary outcome was the ablation zone
necrosis at one-week post-operative MRI. Another phase 1 trial on
TMA by Oderda et al. [44] was performed in 11 patients via
transperineal route, and oncological outcomes are awaited. The
oncological outcomes of the first 15 patients in the first efficacy
trial (n= 30) on TMA by Chiu et al. [45] was reported in 2022.
Twenty-three tumor regions in 15 patients were ablated, with PSA
dropping from a median of 7.7 to 2.4 ng/mL in 6 months. The

primary outcome of per-protocol 6-month biopsy outcome of
both treated (targeted biopsy of 3–4 cores per lesion) and
untreated (systematic biopsies of at least 18 cores) areas showed
that 91.3% of the treated areas had no cancer. In per-patient
analysis, 5 patients (33.3%) had in-field or out-of-field recurrences;
of those, 4 were amenable for AS and 1 had radical RT.

Partial Prostatectomy. Three studies on robotic-assisted Partial
Prostatectomy where included, for a total of 51 patients. All
patients had GS 7 or less. Villers et al. [46] performed a technical
feasibility study of anterior Partial Prostatectomy (APP) for isolated
anterior PCa, proven at targeted biopsy (two cores per lesion) and
determined to be at low or intermediate risk. Twenty-eight
patients fulfilled the study criteria, but only 17 (60%) gave the
consent to participate. Nine (53%) of them had positive surgical
margins. Overall, five patients showed residual tumor at post-
operative biopsy. Overall, robotic-assisted Partial Prostatectomy
for isolated anterior cancer resulted in 86% BCR-free survival at
24 months of follow-up. In 2022, Kaouk et al. [47] reported
perioperative retrospective outcomes of the first 9 consecutive
partial prostatic gland excision through a transvesical approach,
with a robotic single port device. Focally positive margins were
found in 4 patients (44%), even if all patients had negative
margins at frozen sections. Two studies reported salvage
treatment rates (5.5 and 24%, respectively).

bRFA. Two studies on bRFA were included. The one by Aydin
et al. [48] retrospectively reviewed data on two prospective pilot
trials of bRFA for localized PCa, enrolling a total of 10 patients with
a median follow-up of 6 months, while the other by Orczyk et al.
[49] enrolled 20 patients (2 D’Amico Low-Risk and 18 Intermedi-
ate-Risk), with a median 12-month follow-up. In both studies,
follow-up with transperineal prostate biopsy was carried out at a
median of 6 months from bRFA: Aydin et al. [48] reported no
cancer in the treated zones in 70% of patients, while the absence
of significant PCa was achieved in 16 patients (80%) in the study
by Orczyk et al. [49]. Among the seven patients who had no
residual disease in the ablated zone, as reported by Aydin et al.
[48], two showed minimal (<5% of the positive core) low-risk
(GS= 6) de novo lesions outside the treated area. While the BCR
rate was not reported, the rate of salvage treatment was 10% and
20% in the two studies.

PAE. Only one single prospective pilot study by Frandon et al.
[50] was included, enrolling 10 patients with a median age of
72 years (range 62–77 years), with unilateral focal low-risk PCa
under AS, who were treated with unilateral PAE in the affected
prostatic lobe. At 6-months biopsy, 60% of patients had residual
cancer in the treated area. At one year, 9 patients (90%) were
still under surveillance, while one underwent radiotherapy for
PCa progression outside the target lesion. No BCR rate were
reported.

DISCUSSION
In this systematic review about oncological outcomes of FT, we
identified 124 studies for a total of more than 8000 patients. We
described 10 different FT modalities for PCa: HIFU, Cryoablation,
FLA, microwaves, bRFA, PDT, focal brachytherapy, PAE and Partial
Prostatectomy. The median follow-up was 24 months (IQR 12-36.7).
In terms of follow-up, most studies used an MRI at 6–12 months;

the type of biopsies performed varied across the different studies
both in terms of approach (targeted vs systematic, Transrectal vs
Transperineal), timing and triggers (i.e., at BCR, or when there is any
suspicion onMRI scan, etc.). The importance of correct pre-procedural
staging with saturation biopsies and standardized follow-up that also
uses MRI imaging to ensure excellent detection of clinically significant
cancer is highlighted by numerous studies [51, 52].
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It is not possible to absolutely compare Oncological results
between the various modalities: some of them are more
extensively studied than others that are only in an
experimental phase.
In terms of BCR, the range was 2–67.5%, 2,6–62%, 0–29%,

33–4.9% and 11,1% (only 1 study available) for HIFU, Cryotherapy,
Brachytherapy, PDT and Partial Prostatectomy respectively
(Table 2). For the other FT modalities, this data was not reported.
However, these results should be treated with caution not only
due to the different follow-up, but also due to the absence of data
on number of patients lost at follow-up in many series and to the
different definitions of BCR that have been used (Table 3). The
most studied modalities were HIFU and Cryotherapy, with follow-
up time up to 127 months. It was not possible to summarize the
results in terms of presence of cancer in treated area and cancer in
untreated area after re-biopsy, as the rate of clinically significant
cancer in treated or untreated area was often underreported and
the timing of re-biopsy is significantly heterogeneous among the
papers. Salvage treatment rates, considering patients re-treated
with focal or whole gland treatment, were 2.3–54%, 1.6–19.9%,
6.7–17%, 2–33.3%, 1–10.5%, 1.5–23.3% an 10% (only 1 report
available) for HIFU, Cryotherapy, Brachytherapy, FLA, IRE, PDT and
bRFA, respectively. On the other hand, the range of salvage
therapy with Radical/Systemic treatments (Radio therapy, Radical
Prostatectomy, ADT) were 3.3–91%, 1.3–44.4%, 3.8–16.7%,
0–16.7%, 2–16.2%, 8.3–66.7%, 20% (only 1 report available),
10–13%, 7,3–24% and 10% (only 1 report available) for HIFU,
Cryotherapy, focal brachytherapy, FLA, IRE, PDT, bRFA, micro-
waves, Partial Prostatectomy, and PAE, respectively. Again, these
results must be placed in a context of wide numerical variability in
terms of studies, sample, and follow-up, and therefore are not
comparable.
For Localized Prostate Cancer, the optimal outcome after RALP is

Cancer Control along with the recovery of continence and erectile
function, a so-called Trifecta, implemented as Pentafecta (adding no
postoperative complications and negative surgical margins) [12, 13].
Predictably, it is not possible to translate the additional oncological
outcome of the Pentafecta into the field of focal therapy, as this was
designed to evaluate the surgical performance after exeresis of the
whole prostate gland it is therefore illogical to argue on positive
margins in FT, especially in the setting of our review, where whole-
gland treatments were excluded. In Trifecta, successful Cancer
Control after RALP is defined by achieving and sustaining PSA levels
below the upper limit of detection of the assay (0.4 ng/mL before
1996 and 0.2 ng/mL afterward) [53], as well as by the lack of further
therapeutic intervention. Subsequently, Trifecta was translated into
the field of RT, although it should be noted that in this case it has
been used the Phoenix BCR definition, since the definition of BCR
mentioned in the Trifecta is not applicable to RT [54]. In the FT field,
in 2009 Blana et al. proposed their own definition of BCR for HIFU,
the “Stuttgart criteria”, which was defined as the PSA Nadir plus
1.2 ng/mL [55]. On the other hand, Huber et al. proposed a
definition of cancer control failure after HIFU, defined as nadir PSA
of 1.0 ng/ml at 12 months and 1.5 ng/ml at 24–36 months [56].
According to our findings, among the overall 44 studies reporting
rates of BCR, 3 papers published before 2008 used the ASTRO
Criteria of 1997, 29 used the Phoenix criteria applied to FT, 4 used
the Stuttgart criteria, 1 used the Huber criteria, 1 the AUA Criteria
and notably 1 paper used a unique definition of Nadir + 0.5 ng/mL
(Table 3). It must be underlined that there is no consensus on how
to unequivocally report the BCR in FT field. Numerous consensus
meetings exist in the literature whose aim was to standardize
indications, follow up and outcomes of FT therapy [57–61]. Of these,
three [59–61] stated that no definition of BCR can be recommended
based on the current data, while two [57, 58] did not mention the
BCR. On the other hand, regarding the second definition of Cancer
Control intended as rate of salvage treatment, 86 studies reported
the rate of patients undergoing further interventions (Salvage

therapy). Furthermore, the question whether a focal re-treatment
with the same or different energy can be considered salvage
treatment remains unresolved. Several other oncological outcomes
are reported by authors: metastases or PCa-specific mortality, OS,
rates of cancer in treated or untread area. This leads to a difficult
comparison a of FT with current gold standard therapies and of
FT modalities among them, although nowadays some authors
suggest that proving the exact efficacy of FT may be less important
than re-confirming its safety, for men with intermediate-risk PCa
[62]. Moreover, the absence of solid RCT in FT does not allow to
perform a meta-analysis.
Comparing our work with previous reviews available on FT,

Valerio et al. [63] included 37 studies, Hopstaken et al. [64]
identified 72 studies, while in our study, a total of 124 paper were
included. There are some substantial differences between these
three reviews. First of all, our work focuses exclusively on the
Oncological Outcomes of FT. Then, we identified two novel FT
modality: microwaves and Partial prostatectomy, which were not
included in previous works. Third, our review included larger series
for HIFU, IRE, FLA, and PDT, and a longer median follow-up of
24 months. it should also be noted that more than 90 studies
included patients with a GS= 7 (both GS 3+ 4 and GS 4+ 3) or
Higher, highlighting the tendency to include patients with
increasingly higher risk classes of PCa among candidates for FT.
Moreover, we excluded whole gland treatments, focusing on
partial gland ablation only. Similarly to previous works, one of the
most important problems was the lack of heterogeneity not only
in the disease characteristics of the included patients, but also in
the ways and times of follow-up, making it impossible to perform
a meta-analysis.
To our knowledge, this is the first Systematic Review on FT

focusing on partial gland ablation and Oncological Outcomes
results and definition, including 10 modalities. However, several
limitations of our work deserve mention. First of all, the modalities
described use different templates in the various studies: Hockey-
stick template, hemi-ablation, ablation of a single ROI. In this
setting, not only the template itself, but also the dimension of the
ROI could greatly influence the oncological results. Second, as
previously highlighted, there is a great heterogeneity on reporting
outcomes and this makes it very difficult not only to compare the
various studies available for each energy, but also to report all the
myriad variables narratively and in tables, making this work also
very complex to read. Third, some studies do not report lost-to-
follow-up rates, suggesting the possible presence of missing data.
Lastly, despite the very large number of studies retrieved thanks to
our research strategy, we rescued only one RCT and we were
therefore unable to perform a Meta-Analysis.

CONCLUSION
FT is a promising treatment in terms of Oncological Outcomes, for
selected patients, willing to accept a strict follow up and
significant re-treatment rate. There are currently 10 different
modalities of FT. There is great heterogeneity in the outcomes
reported in the literature. Further studies are needed to compare
FT to standard of care and to implement consensual definition of
BCR and therefore of Cancer Control.
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