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Abstract

Introduction Focal therapy (FT) ablates areas of prostate cancer rather than treating the whole gland. We compared

oncological outcomes of FT to radical prostatectomy (RP).

Methods Using prospective multicentre databases of 761 FT and 572 RP cases (November/2005-September/2018), patients

with PSA < 20 ng/ml, Gleason </= 4+ 3 and stage </= T2c were 1–1 propensity score-matched for treatment year, age,

PSA, Gleason, T-stage, cancer core length and use of neoadjuvant hormones. FT included 1–2 sessions. Primary outcome

was failure-free survival (FFS) defined by need for salvage local or systemic therapy or metastases. Differences in FFS were

determined using Kaplan–Meier analysis with log-rank test.

Results 335 radical prostatectomy and 501 focal therapy patients were eligible for matching. For focal therapy, 420 had

HIFU and 81 cryotherapy. Cryotherapy was used predominantly for anterior cancer. After matching, 246 RP and 246 FT

cases were identified. For radical prostatectomy, mean (SD) age was 63.4 (5.6) years, median (IQR) PSA 7.9 g/ml (6–10)

and median (IQR) follow-up 64 (30–89) months. For focal therapy, these were 63.3 (6.9) years, 7.9 ng/ml (5.5–10.6) and 49

[34–67] months, respectively. At 3, 5 and 8 years, FFS (95%CI) was 86% (81–91%), 82% (77–88%) and 79% (73–86%) for

radical prostatectomy compared to 91% (87–95%), 86% (81–92%) and 83% (76–90%) following focal therapy (p= 0.12).

Conclusions In patients with non-metastatic low- intermediate prostate cancer, oncological outcomes over 8 years were

similar between focal therapy and radical prostatectomy.

Introduction

There is general agreement that men with intermediate to high

risk prostate cancer have the most to benefit from active

treatment while those diagnosed with low-risk cancer are best

managed with active surveillance [1]. These men are offered

whole-gland radical treatments such as radical prostatectomy

or radical radiotherapy. However, whilst oncological out-

comes are favourable, radical treatments can sometimes lead

to treatment-related side-effects such as urinary incontinence

and erectile dysfunction [1–3]. Radiotherapy can also cause

rectal problems with a small increased risk of radiotherapy-

induced secondary malignancy.

Focal therapy has been evaluated as a strategy to improve

the therapeutic ratio conferred by radical therapy. Focal

therapy involves ablating only the areas of significant
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cancer, thereby minimising damage to collateral tissue such

as neurovascular bundles, external urinary sphincter, blad-

der neck and rectum. Such a tissue- preserving strategy is

not uncommon in other solid organ cancers [4–6]. In

prostate cancer, following early phase studies, data from

large multicentre prospective studies have shown encoura-

ging cancer control rates in the short and medium term

when using focal ablative technologies such as High

Intensity Focused Ultrasound (HIFU) and cryotherapy with

low rates of genitourinary and rectal side-effects [7–12].

However, there is paucity of comparative evidence

for oncological outcomes and whilst randomised con-

trolled trials are awaiting tests of feasibility [12–15], we

performed a propensity score-matched analysis to com-

pare cancer control outcomes of focal therapy to radical

prostatectomy.

Subjects and methods

Study design and patient population

We performed a propensity score-matched analysis on data

collected in two prospective multicentre focal therapy

registries using HIFU and cryotherapy and one prospective

single centre laparoscopic radical prostatectomy registry

(Nov/2005–Sept/2018).

Inclusion and exclusion criteria

All patients with serum PSA < 20 ng/ml, Gleason score </= 7,

and MRI stage </= T2c were included. Post-operative

pathology was not used to determine case eligibility as this

is not available in the focal therapy group and could lead to

bias. This study commenced prior to presentation of the

RADICALS trial (ISRCTN40814031) demonstrating no

benefit from adjuvant radiotherapy. Therefore, men receiving

early adjuvant radiotherapy after radical prostatectomy were

excluded from the primary analysis as these would otherwise

be considered failures in our analysis [16]. Within the sec-

ondary analyses all patients undergoing radical prostatectomy

were included.

Intervention

All patients underwent focal HIFU (Sonablate, Sonacare

Inc, Charlotte, NC, USA) or cryotherapy (SeedNet or

Visual ICE, Boston Scientific) as previously described

[7, 8]. Cryotherapy was performed in anterior tumours or

in larger prostates with an anterior-posterior distance

of >3.5 cm or those with prostatic calcifications. All

other patients with peripheral zone or posterior tumours

underwent HIFU.

Comparator

Radical Prostatectomy with unilateral or bilateral nerve-

sparing was performed as determined by the operating

surgeon and patient tumour characteristics. Lymph node

dissection was not routinely performed.

Follow-up and further treatment

In both cohorts, all patients underwent 3-monthly PSA tests

for the first year and 6-monthly for 2-years and yearly

thereafter. Patients who underwent focal therapy also

underwent a multiparametric MRI (mpMRI) at 12-months

with biopsies performed if there was suspicion of residual

cancer. After the first year post focal therapy, an mpMRI

with biopsies as appropriate were used to investigate any

rise in PSA over three consecutive readings. If suitable, a

further session of focal therapy was offered. Radical therapy

was also offered according to patient preference, or in cases

of increasing volume or stage of disease or progression to

high grade disease. Patients after radical prostatectomy were

offered salvage radiotherapy, androgen deprivation therapy

or surveillance based on PSA and post-operative patholo-

gical findings. In our practice, super-sensitive PSA testing

was used, therefore local practice advocated consideration

of salvage radiotherapy after radical prostatectomy in the

presence of risk-factors for recurrence and a consistently

rising post-operative PSA > 0.02 ng/ml.

Outcome measures and definitions

As per our previous HIFU and cryotherapy publications [7, 8],

our primary outcome was failure-free survival (FFS) defined

as transition to local salvage therapy or systemic therapy or

development of metastases (definition 1). The date of failure

was considered the earliest date at which a failure event

occurred. We allowed for one repeat HIFU or cryotherapy as

part of the focal therapy intervention. We acknowledge that

patients may be considered as having failed treatment if bio-

chemical recurrence occurs (per ASTRO definition of con-

secutive PSA rise over 0.2 ng/ml) after radical prostatectomy

and if clinically significant prostate cancer (defined as Gleason

score 3+ 4= 7 or above of any volume) was noted on post

focal therapy biopsy. As the histopathological definition of

failure post focal therapy has not been widely validated, we

felt only including biochemical recurrence would unfairly bias

outcomes against radical prostatectomy. We separately report

these outcomes in our secondary analysis.

Secondary outcomes using a cohort where all eligible

focal therapy cases and all radical prostatectomy patients

including those who underwent early adjuvant radiotherapy

was used to determine FFS using definition 2: need for

local salvage whole-gland therapy or systemic therapy or

T. T. Shah et al.



diagnosis of metastases or any repeat focal therapy treat-

ment (two or more focal therapy sessions) or any adjuvant

treatment after radical prostatectomy. We also evaluated

metastases-free survival (MFS) and overall survival (OS).

Robust attribution of cancer specific survival was not

available as we did not have access to death certificates.

Statistical analyses

Baseline characteristics

Descriptive statistics were assessed using mean ± SD or

median (interquartile range, IQR), or absolute numbers with

proportions, as appropriate. Differences in continuous vari-

ables were tested with the unpaired student’s T test or

Mann–Whitney U test, as appropriate. Differences in catego-

rical variables were tested with Fisher’s Exact test. Patients

were matched according to: year of surgery, age (years), PSA

(ng/ml), Gleason score (3+ 3, 3+ 4, 4+ 3), maximum cancer

core length (MCCL), use of neoadjuvant hormonal therapy,

and T- stage (unilateral T1c, T2a, T2b; or bilateral T2c).

Propensity score

A propensity score was constructed using logistic regression

to correct for baseline imbalances. Nearest neighbour

matching without replacement was used and groups were

matched 1–1. Patients outside the range of matched pro-

pensity scores were not included. A caliper of 0.20 of the

standard deviation of the logit of the propensity score was

used to minimise the differences between the groups in

baseline characteristics described above [17, 18]. Missing

data was assumed to be missing at random and therefore

eligible for imputation. Single imputation was performed to

correct for missing data before creation of the propensity

score. After matching, an absolute standardised mean dif-

ference (SMD) of </=0.1 was considered a balanced match.

Sensitivity analyses

Weight-adjusted 1–2 matching with and without imputation

and a 1–1 matching without imputation and analysis of

unmatched cases were performed to determine if the results

matched our primary and secondary analysis (Supplementary

E-Tables 2 and 3). This was performed in both the original

and matched cohorts.

Survival analysis

Kaplan–Meier analysis was performed on the original dataset,

the matched dataset and on the original dataset corrected for the

inverse probability of treatment weights (IPTW). The log-rank

test was used to ascertain statistical significance of differences

in outcomes in the treatment groups. A multivariable Cox-

model was used to assess whether treatment type was asso-

ciated with failure. The model was corrected for the covariates

used to create the propensity score. In addition, a Cox-model

was created using treatment type corrected for the IPTW and

the propensity score separately [17]. The proportional hazards

assumption was checked using Schoenfeld residuals and log-

log curves. Because this assumption was violated for treatment

type (decreased hazard of failure over time), Weibull acceler-

ated regression modelling was used. Statistical analysis of

categorical data was analysed using SPSS, version 25 (SPSS

inc). All further statistical analyses were performed using R

version 3.5.3 (http://www.R-project.org). The ‘MatchIt’ and

‘optmatch’ packages were used for propensity score analysis.

The ‘mice’ package was used for imputation and the ‘rms’ and

‘survminer’ package for survival analyses.

Results

572 radical prostatectomy and 761 focal therapy (626 HIFU,

135 cryotherapy) patients in total were treated. 335 patients

in the radical prostatectomy group and 501 patients in the

focal therapy group (420 HIFU, 81 cryotherapy) were eligi-

ble for analysis. 1–1 propensity score matching resulted in

246 in each group (Fig. 1). With reference to the matching

variables patients were well matched, with SMD=/< 0.1

Fig. 1 Flow diagram and matching variables used for cohort

development for the primary outcome. After applying the inclusion

and exclusion criteria and 1–1 matching, 246 patients remained in each

cohort (Radical Prostatectomy (LRP) and Focal Therapy (FT)).

Focal therapy compared to radical prostatectomy for non-metastatic prostate cancer: a propensity. . .
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(Table 1). Less than 40% of our patients prior to matching

had Gleason 3+ 3= 6 disease, with only 52/246 (21.1%)

LRP patients and 67/246 (27.2%) focal therapy patients

observed to have low volume Gleason Score 3+ 3= 6 dis-

ease after matching.

Primary Outcome

As per definition 1, failure-free survival (95% CI) in the

radical prostatectomy compared to focal therapy groups was

86% (81–91%) vs. 91% (87–95%) at 3 years, 82%

(77–88%) vs. 86% (81–92%) at 5 years and 79% (73–86%)

vs. 83% (76–90%) at 5 years, respectively (adjusted log

rank p value 0.12) (Fig. 2).

Secondary outcomes

Biochemical and histopathological outcomes

Biochemical recurrence was identified in 80/335 (23.9%)

following laparoscopic prostatectomy, in the unmatched

cohort. Histopathological recurrence or residual clinically

significant prostate cancer was reported in 117/502 (23.3%)

of the focal therapy unmatched cohort. After matching the

rate of biochemical recurrence was 61/246 (24.8%) and

histopathological recurrence was 59/246 (23.9%).

Additional treatments

39/246 (15.9%) of radical prostatectomy patients underwent

salvage radiotherapy. One patient that underwent salvage

radiotherapy died of an unrelated cause. After focal therapy,

186/246 (75.6%) required no further treatment; 42/246

(17.1%) underwent a second and 4/246 (1.6%) underwent a

third focal therapy session. Whole-gland treatment was

carried out in 7/246 (2.8%) after the second focal therapy

session with either radiotherapy (n= 6; 2.4%) or radical

prostatectomy (n= 1; 0.4%). Whole-gland treatment

Table 1 Characteristics of RP vs FT prior to matching, and after 1–1 matching and single imputation with calliper 0.20 for the primary outcome

(definition 1).

RP before
matching

FT before
matching

p value SMD before
matching

RP after matching FT after matching p value SMD after
matching

N N= 335 N= 501 N= 246 N= 246

Age (years), mean ± SD 62.1 (±6.1) 65.3 (±7.4) <0.001 0.48 63.4 (±5.6) 63.3 (±6.9) 0.79 0.02

Number of neoadjuvant
ADT given

13 (3.9%) 56 (11.2%) 0.0002 0.28 11 (4.5%) 7 (2.8%) 0.47 0.08

PSA (ng/ml), median
(IQR)

7.9 (5.9–10) 7.4 (5.3–10.3) 0.04 0.12 7.9 (6–10) 7.9 (5.5–10.6) 0.59 0.002

Gleason grade

3+ 3 132 (39.4%) 135 (26.9%) 94 (38.2%) 91 (37.0%)

3+ 4 169 (50.4%) 310 (61.9%) 0.001 0.27 128 (52.0%) 135 (54.9%) 0.75 0.05

4+ 3 34 (10.1%) 56 (11.2%) 24 (9.8%) 20 (8.1%)

Stage (bilateral) 147 (43.9%) 136 (27.1%) <0.001 0.66 116 (47.2%) 107 (43.5%) 0.47 0.07

MCCL (mm), median
(IQR)

6 (3–9) 6 (4–8) 0.48 0.04 5 (3–8) 6 (4–8) 0.48 −0.007

Year, (Range) 2012 (2007–2018) 2011 (2005–2018) <0.001 0.46 2012 (2007–2018) 2011 (2006–2016) 0.42 0.1

RP radical prostatectomy, FT focal therapy, ADT androgen deprivation therapy, PSA prostate-specific antigen, MCCL maximum cancer core

length, SMD standardised mean difference, SD standard deviation, IQR inter-quartile range.

Fig. 2 Primary outcome (definition 1): Kaplan–Meier curve

reporting failure free survival against time for laparoscopic radical

prostatectomy and focal therapy, after 1–1 matching and single

imputation. Failure-free survival (95% CI) in the radical prostatectomy

(LRP) compared to focal therapy (HIFU+Cryo) groups was

86% (81–91%) vs. 91% (87–95%) at 3 years, 82% (77–88%) vs. 86%

(81–92%) at 5 years and 79% (73–86%) vs 83% (76–90%) at 5 years,

respectively (adjusted log rank p value 0.12).

T. T. Shah et al.



straight after the first focal therapy session was carried out

in 16/246 (6.5%). No patient that underwent three focal

therapy sessions later underwent whole-gland treatment nor

had further evidence of recurrence at last follow-up.

Failure free survival (definition 2)

After applying our inclusion/exclusion criteria, 364 patients

were eligible in the radical prostatectomy group and 501

patients in the focal therapy group (420 HIFU, 81 cryo-

therapy). 1–1 propensity score matching resulted in 250 in

each group (Fig. 3). Patients were well matched according

to age, grade, MCCL, stage and neoadjuvant hormones,

with SMDs ≤0.1 [Supplementary E-Table 1].

Failure-free survival by definition 2 (95% CI) following

radical prostatectomy and focal therapy was 76% (70–82%)

vs. 82% (77–87%) at 3 years, 73% (67–79%) vs. 71%

(64–78%) at 5 years and 70% (64–77%) vs. 63% (55–73%) at

8 years, respectively (adjusted log rank p value 0.92) (Fig. 4).

Freedom from any local salvage, systemic treatment and

prostate cancer metastases and mortality

Failure-free survival (95% CI) in which we counted any

post-operative radiotherapy after radical prostatectomy as

failure in the radical prostatectomy vs. focal therapy cohorts

was 76% (70–82%) vs. 93% (90–97%) at 3 years, 73%

(68–80%) vs. 88% (84–93%) at 5 years and 71% (65–78%)

vs. 86% (80–92%) at 8 years, respectively (adjusted log rank

p value < 0.0001) [Supplementary E-Fig. 1]. Metastases-free

and overall survival was high in both groups [Supplementary

E-Figs. 2 and 3].

Sensitivity analysis

These are presented in Supplementary E-Tables 2 and 3.

Discussion

Our propensity matched comparison of focal therapy and

radical prostatectomy in the treatment of non-metastatic

prostate cancer shows focal therapy had similar cancer

control to radical prostatectomy. This finding was stable

across other types of analysis in which either matching

criteria or FFS definitions were varied.

Our findings contrast those of Garcia-Barreras et al. who

described a repeat focal treatment as failure and found a

higher risk of salvage treatment after focal therapy than

Fig. 3 Flow diagram demonstrating matching variables and cohort

development for the secondary outcome. Secondary outcomes was

assessed using a cohort where all eligible focal therapy cases and all

radical prostatectomy patients including those who underwent early

adjuvant radiotherapy were included. After matching 250 patients

remained in each cohort (Radical Prostatectomy (LRP) and Focal

Therapy (FT)).

Fig. 4 Secondary outcome (definition 2): Kaplan–Meier curve for

failure free survival in 1–1 matched patients after single imputa-

tion. Definition 2 was defined as the need for local salvage whole-gland

therapy or systemic therapy or diagnosis of metastases or any repeat

focal therapy treatment (two or more focal therapy sessions) or any

adjuvant treatment after radical prostatectomy. Failure-free survival

(95% CI) following radical prostatectomy and focal therapy was

76% (70–82%) vs. 82% (77–87%) at 3 years, 73% (67–79%) vs. 71%

(64–78%) at 5 years and 70% (64–77%) vs. 63% (55–73%) at 8 years,

respectively (adjusted log rank p value 0.92).

Focal therapy compared to radical prostatectomy for non-metastatic prostate cancer: a propensity. . .



radical prostatectomy (HR 6.06, 95% CI 3.6–10.2, p < 0.001)

at 46 months [19]. Less than 40% of our cohort had Gleason

Grade Group 1 compared to 75% in the Garcia-Barreras

study. Albisinni et al. reported a propensity matched analysis

of 55 treated with focal HIFU to 55 undergoing radical

prostatectomy. They found no significant difference in need

for salvage treatment with median follow-up of 36 months

(IQR16–56) [12]. A study of 50 focal irreversible electro-

poration patients compared to 50 radical prostatectomy

patients, with only 12 months follow-up and using different

failure definitions, showed FFS after focal therapy was higher

[20]. Although not a directly comparable study, Tay et al.

showed whole-gland cryotherapy and focal cryotherapy had

similar 5-year biochemical disease-free survival rates [21].

The Phoenix definition of biochemical failure is used fol-

lowing radiotherapy and has been shown not to be valid

following focal therapy [22]. Our failure definition was

thoughtfully determined to reflect the clinical endpoint most

relevant to a patient, thus mirroring common practice. Though

not incorporated into our primary outcome definition for

failure we also report on the rate of biochemical recurrence

according to ASTRO criteria following radical prostatectomy

and rate of post focal treatment biopsy positive for clinically

significant prostate cancer. The matching process did not

considerably alter the proportions of patients reporting these

outcomes. In our primary outcome analysis, we excluded

patients who received adjuvant radiotherapy after radical

prostatectomy and did not use biochemical failure for radical

prostatectomy. Had we done so, a higher number of radical

prostatectomy failures would be assigned and also have made

comparisons to focal therapy difficult as there are no validated

PSA metrics defining focal therapy failure. Recently, we

reported that PSA nadir +1.5 ng/ml after focal therapy may

predict failure, but this requires external validation [22].

The only RCT on focal therapy randomised 413

patients with very low to low-risk cancer to either active

surveillance or focal vascular target photodynamic ther-

apy (VTP) [23]. This study despite showing lower resi-

dual or recurrent cancer rates after VTP compared to

active surveillance, was criticised for applying focal

therapy in a group of men who do not stand to benefit

from any form of treatment, and for not using a study

entry MRI to trigger confirmatory biopsies prior to

determining suitability for active surveillance [24].

Our dataset has some advantages as all men either had

mpMRI and targeted/systematic biopsies or template

transperineal mapping biopsies prior to focal therapy. We

also used both focal HIFU and focal cryotherapy in a

manner that suits the patients’ disease characteristics

thus minimising selection bias [25]. We also had longer

follow-up and larger numbers than these aforementioned

studies and our primary definition is currently being used in

ongoing RCTs [13, 26]. In addtion, we conducted

secondary outcome analyses that incorporated any form of

treatment after the initial one and still found no statistically

significant difference.

There are some limitations. First, there may be some

residual confounding variables that our matching process

could not account for. Despite diagnostic MRI use in both

cohorts, tumour volume was not reported therefore cancer

core length was used as a validated surrogate for matching

[27]. Second, we were unable to adjust for baseline urinary

and sexual function, therefore a robust comparison of

functional outcomes was not possible. However, functional

outcomes have been previously reported for focal therapy

and radical prostatectomy [11, 28]. Third, we have only

reported on medium term outcomes (5–10years) and the

length of follow-up could be considered a limitation. It

allowed for a comparison using our intermediary composite

outcome measure and whilst the use of alternative outcome

measures such as metastases free survival and overall sur-

vival may be more appropriate, they would need long term

follow-up (>10–20 years).

Our study is not a randomised controlled trial. Whilst

historical RCTs such as SPCG-4, PIVOT and PROTECT

have successfully recruited, many other RCTs have failed to

recruit where the interventions are very different as a result

of difficulty in maintaining physician and patient equipoise

[14]. The pilot Partial Ablation versus Radical Therapy

(PART) RCT, compared focal HIFU to radical prosta-

tectomy required an extended accrual time than originally

intended and the radical arm had approximately 80%

compliance [13]. The main PART RCT will now compare

focal VTP to radical therapy (ISRCTN99760303). The IP4

Comparative Health Research Outcomes of Novel Surgery

in prostate cancer (CHRONOS) RCT (clinicaltrials.gov

NCT04049747) will aim to randomise men to either radical

treatment (radiotherapy, brachytherapy or prostatectomy) or

focal therapy (HIFU or cryotherapy), as well as test

neoadjuvant strategies that might improve cancer control

after focal therapy [26].

In patients with non-metastatic low- intermediate risk

prostate cancer, oncological outcomes over 8 years were

similar between focal therapy and radical prostatectomy.

Whilst clinicians await the results of RCTs directly com-

paring focal therapy to radical therapy, data such as these

may be used to better counsel patients about their treatment

options.
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