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Focal therapy for prostate cancer with irreversible 
electroporation: Oncological and functional 
results of a single institution study
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Purpose: Focal irreversible electroporation (IRE) for prostate cancer aims to reduce quality of life complications, however outcomes 
data remains limited. We aimed to evaluate histological in-field clearance of prostate cancer at ≥12 months post-IRE.
Materials and Methods: Retrospective review of prospectively acquired data of consecutive patients treated between August 
2018 and August 2021. Significant recurrence was defined as a ≥6 mm core Gleason 3+3, or ≥Gleason 3+4 with ≥4 mm tumour 
length. A second definition of any focus of International Society of Urological Pathology (ISUP) ≥2 was also analysed.
Results: The median follow-up of the entire cohort is 23 months (range 3–39 mo). For 64 primary IRE procedures, surveillance bi-
opsy was performed in 40/50 (80.0%) with ≥12 months follow-up. Significant in-field recurrence occurred in 3/40 (7.5%), or 4/40 
(10.0%) with any focus of ISUP >2. Significant out-of-field recurrence occurred in 5/40 (12.5%). In salvage IRE, three patients (3/6, 
50.0%) have undetectable prostate-specific antigen levels, two have no residual cancer on biopsy and one patient had out-of-field 
recurrence. For sexually active men, erectile function was maintained in 24/28 (85.7%) of primary IRE. No incontinence developed 
in primary IRE (0/64).
Conclusions: Focal primary IRE for prostate cancer is associated with 90% infield ablation of any ISUP grade >2 cancer with a low 
risk of urinary incontinence or impotence. Surveillance prostate biopsies are required to exclude progression despite a normal 
post-IRE multiparametric magnetic resonance imaging (mpMRI). Salvage IRE is a promising option for localised recurrence after 
prostate radiotherapy with low morbidity.
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INTRODUCTION

Significant prostate cancer (PCa) is traditionally treated 
by whole gland therapy with a radical prostatectomy, or 
radiation treatments, including brachytherapy. Whole gland 
treatment of PCa is associated with potential quality of life 

side effects including, but not limited to, urinary inconti-
nence, impotence and radiation toxicity to the bowel/bladder.

Management of PCa with focal therapy aims to mini-
mise the quality of life complications while simultaneously 
decreasing the risk of  PCa progression. The initial focal 
therapy programs have concentrated on management of low 
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and intermediate risk PCa, as this cohort has a low probabil-
ity of PCa specific mortality within a decade of diagnosis, 
even when treated with an initial approach of active sur-
veillance [1-3].

There are many different focal therapy technologies, 
including high intensity focused ultrasound ablation, focal 
cryotherapy, focal brachytherapy and focal laser ablation. 
However, there are no prospective direct comparative trials 
between focal therapy technologies and no existing data to 
support any technology as superior [4,5]. Irreversible electro-
poration (IRE) is a focal therapy treatment that uses pul-
satile electrical currents between needle electrodes to cause 
ablation of tissue due to non-thermal apoptotic death rather 
than coagulative necrosis [6,7]. IRE alters the cell membrane, 
irreversibly increases permeability of cells that results in 
osmotic disequilibrium and apoptosis. Importantly structures 
such as blood vessels and smooth muscle cells appear more 
resistant to damage using IRE technology [8]. Early clini-
cal data shows promising in-field clearance of  PCa with 
minimal side-effect toxicity, including a low risk of urinary 
incontinence [9-12]. Furthermore, IRE complications are un-
common and are usually Clavien–Dindo Classification grade 
1–2 [4,13].

The aim of this study is to evaluate the oncological out-
come of PCa focal IRE as defined by histological in-field 
clearance of cancer at biopsy ≥12 months post-IRE. Second-
ary aims included a review of postoperative complications, 
urinary incontinence and erectile dysfunction.

MATERIALS AND METHODS

A retrospective review was performed on prospectively 
acquired data from a single institution multi-surgeon cohort 
of consecutive patients treated with IRE between August 
2018 and August 2021. Ethics approval was obtained from 
the Uniting Care Health Human Research Ethics Commit-
tee (approval number: 2021.21.359). Patients with localised 
PCa based on staging prostate-specific membrane antigen 
positron emission tomography/computed tomography (PSMA 
PET/CT) scan were considered for inclusion. All patients re-
quired a pre-operative multiparametric magnetic resonance 
imaging (mpMRI), with radiological evidence of extrapros-
tatic extension or seminal vesicle invasion (stage T3a/T3b) 
an exclusion for IRE. Tumours with a maximum diameter 
of ≥25 mm on mpMRI were considered unsuitable for IRE. 
Patients were not excluded based solely on prostate-specific 
antigen (PSA) levels, or any specific anatomical tumour 
location within the prostate. The IRE treatment zone was 
based on the significant cancer biopsy location on transperi-

neal prostate biopsy +/- concordance with either a mpMRI 
Prostate Imaging Reporting and Data System (PI-RADS) 
3–5 lesion, or an avid prostate lesion on pre-treatment stag-
ing 68Ga-PSMA PET/CT scan. Prior to the IRE procedure 
all patients met the criteria for significant PCa based on a 
definition of “a ≥6 mm core International Society of Urologi-
cal Pathology (ISUP) grade 1 (Gleason 3+3), or ISUP grade 
2 (Gleason 3+4) with ≥4 mm tumour length, or any focus of 
ISUP grade 3–5”.

In the primary IRE setting bilateral tumours were 
performed at surgeon discretion, but single ablations only 
were performed in the salvage setting after previous radio-
therapy. Pre-IRE template prostate biopsies were required to 
exclude significant volume or Gleason grade cancer outside 
the IRE treatment zone. Patients were also excluded if they 
had prior IRE at another centre.

The IRE procedure was performed under a general 
anaesthetic with the patient in lithotomy position and a 
urethral catheter in situ. The treatment field was based on 
cognitive placement of transperineal IRE needles around 
the MRI lesion with a minimal margin of 5 mm (Fig. 1). The 
position of the IRE needles was confirmed in both the axial 
and sagittal sections via transrectal ultrasound probe imag-
ing. The number of IRE electrode needles inserted depended 
upon the size and shape of the lesion. The IRE needles were 
positioned ≥4 mm off  critical structures (rectal wall/ure-
thra) and polarity changed to positive to avoid any potential 
thermal damage. Initially Magnetic Resonance Imaging - 
Transrectal Ultrasound (MRI-TRUS) fusion was used to 
help with precise needle placement, but due to the experi-
ence of the urological surgeons with transperineal biopsy 

Fig. 1. Four IRE needles (labelled 1 to 4) placed via a transperineal ap-
proach around the tumour in the prostate (marked as the inner circle) 
with the aim of a minimal ablation margin of 5 mm. IRE, irreversible 
electroporation.
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and brachytherapy techniques, cognitive needle placement 
replaced MRI-TRUS fusion. The IRE needles were then con-
nected to a NanoKnife (Angiodynamics PTL, Latham, NY, 
USA) computer- based treatment planning software machine 
that controls the current. A set of 10 pulses was initially 
applied to determine conductivity of the tissue followed by 
a therapeutic train of 80 pulses. Machine parameters were 
adjusted, with an aim to achieve a minimum change of 
current >nine amperes (Amps) between probe pairs where 
possible. In general, we aimed for the distance between IRE 
needles of 15 mm (10–22 mm), a current of 25 Amp (20–35 
Amp), a voltage of 2,500 volts (1,500–3,000 volts) and a needle 
exposure length of 15 to 20 mm.

The timing of  the indwelling catheter removal was 
dependent on individual surgeon preference, although ini-
tially at our institution patients remained overnight with 
the indwelling catheter (IDC) in situ for observation. Post-
operative complications were based on Clavien–Dindo Clas-
sification system. Incontinence of urine was defined as any 
requirement for a pad in the post-operative period. Erectile 
function was defined as moderate (or greater) confidence 
to obtain and keep an erection based on question 1 of the 
International Index of Erectile Function (IIEF-5) score, or 
as small or no problem obtaining an erection based on the 
Expanded Prostate Cancer Index Composite (EPIC) question-
naire. Where patients had not completed pre and post treat-
ment EPIC questionnaire or IIEF-5 forms, the patients were 
contacted via an investigator independent of the surgeons to 
confirm continence and erectile function.

The treating urologists recommended that all patients 
were investigated with a mpMRI six months after IRE and 
routine surveillance template transperineal biopsies of the 
infield treatment zone and also out of field prostate tissue at 
a minimum of 12 months post operatively. The histopathol-
ogy was reviewed in a specialised uropathology department. 
The mpMRI images were reported by an institution which 
performs >200 prostate mpMRI procedures each month. 
Only surgeons who performed a minimum of ten IRE proce-
dures were included for analysis.

Significant tumour recurrence on surveillance prostate 
biopsy was defined as a ≥6 mm core ISUP grade 1 (Gleason 
3+3), or ISUP grade 2 (Gleason 3+4) with ≥4 mm tumour 
length, or any focus of ISUP grade ≥3. Lesions with a posi-
tive core length of <4 mm are associated with tumour vol-
ume <0.2 mL on whole mount histopathology [14]. A second 
definition using any focus length of Gleason score 3+4 (ISUP 
grade 2) as significant cancer was also evaluated.

RESULTS

Seventy men were treated with focal IRE between Au-
gust 2018 and August 2021. All patients had significant can-
cer in the IRE treatment zone. Primary IRE was performed 
on 64/70 of whom four had bilateral lesions ablated. Salvage 
IRE for local recurrence after radiotherapy was performed 
in six patients. The characteristics of the cohort at diagno-
sis is outlined in Tables 1 and 2. The median follow-up is 23 
months (range 3–39 mo). The median age was 72 years (range 
51–87 y). Of the 70 patients in the study, 64 were discharged 
either on the day of the IRE, or day one post-operatively 
(64/70, 91.43%). The maximum length of stay was two days. 
No patient required re-admission within 30 days for post-
treatment complications.

1. Primary IRE
Of the 64 men treated with primary IRE, 50 have been 

followed-up for more than 12 months (median 23 mo, range 
3–39 mo). The median PSA is 6.10 ug/L (range 0.77–25.00 
ug/L). The median ISUP grade was 2, with 12 patients 
treated with high risk ISUP grade 4–5 malignancy. Most 
patients had a PI-RADS 4 mpMRI (44/64) at diagnosis, with 
a low risk PI-RADS 2 mpMRI in only 4 patients. There was 
no contralateral tumour in 42/64 patients, out-of-field ISUP 
grade 1 in 17/64, ISUP grade 2 in 4/64 and one patient had 
a 1 mm focus of ISUP grade 3 in the contralateral lobe. Of 
the men with ≥12 months follow-up the median pre-treat-
ment PSA density was 0.13 (range 0.02–0.55). The median 
PSA nadir in this cohort was 1.3 ug/L (range 0.07–7.20 ug/L). 
The PSA nadir ranged from 1.10% to 114.55% of the original 
pre-IRE PSA level, with a median of 26.5%. 

1) Follow-up biopsy data for primary IRE
Surveillance biopsies were performed in 40/50 (80.0%) 

of patients usually 12 months follow-up post-primary IRE, 
although four biopsies were performed at year 2 and three 
biopsies three years post IRE. The remainder either declined 
biopsies due to low PSA levels and/or complete ablation on 
post IRE mpMRI (PI-RADS ≤2). 

Complete ablation of all in-field cancer was identified 
in 35/40 (87.5%) of the surveillance biopsies. Significant in-
field recurrence was identified in 3/40 (7.5%) of surveillance 
biopsies, or 4/40 (10.0%) using definition 2 of any ISUP 2 or 
greater (Tables 3, 4). One patient had a small focus of in-
significant in-field ISUP grade 1 malignancy. Two patients 
with significant in-field recurrence have since proceeded to 
robot assisted laparoscopic radical prostatectomy (RALP), 
demonstrating Gleason 3+4 and 4+3 respectively. Both pa-
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tients were staged as pT2 with negative margins from their 
RALP histopathology. The third is awaiting a RALP and 
the fourth has elected on a conservative approach, due to 
a minimal component of ISUP grade 2 malignancy. Of the 
four in-field recurrences with ISUP ≥2, the pre-IRE PSA 
density was 0.12 (0.08–0.14), the median PSA nadir was 3.2 
ug/L (1.4–4.2 ug/L) and the median PSA nadir level in com-
parison to the initial PSA was 58.00% (23.73%–91.43%).

Significant out-of-field recurrence occurred in 5/40 (12.5%) 
on surveillance transperineal biopsies, or 11/40 (27.5%) with 
any ISUP grade 2 focus (definition 2). Of the patients with 

Table 1. Patient characteristics at baseline (primary IRE only)

Characteristic
Men undergoing 

primary IRE (n=64)
Age (y) 72 (51–87)
PSA (ug/L) 6.10 (0.77–25.00)
Prostate volume on mpMRI (cc) 40 (15–82)
Baseline prostate mpMRI PI-RADS score
    ≤2   4
    3   4
    4 44
    5 12
Size of primary target lesion on mpMRI (mm)
    No lesion (PI-RADS 2)   4
    <10 17
    10–20 40
    >20   3
Lesion location on initial mpMRI
    Peripheral zone
        Apex   8
        Mid-apex   3
        Mid 21
        Mid-base   3
        Base   4
    Transitional zone
        Apex   0
        Mid-apex   0
        Mid   3
        Mid-base   1
        Base   0
    Anterior/anterior-transitional zone
        Apex   2
        Mid-apex   1
        Mid 13
        Mid-base   1
        Base   0
        No MRI   4
Number of cores taken on initial biopsy 19.50 (2–55)
Number of positive cores on initial biopsy 5 (1–28)
Initial biopsy ISUP score
    1   4
    2 33
    3 15
    4   6
    5   6

Values are presented as median (range) or number only.
IRE, irreversible electroporation; PSA, prostate-specific antigen; mpM-
RI, multiparametric magnetic resonance imaging; PI-RADS, Prostate 
Imaging Reporting and Data System; ISUP, International Society of 
Urological Pathology.

Table 2. Patient characteristics at baseline (salvage IRE only)

Characteristic
Men undergoing 
salvage IRE (n=6)

Age (y) 70 (66–76)
PSA (ug/L) 2.20 (0.24–8.40)
Prostate volume on mpMRI (cc) 14.50 (11–41)
Baseline prostate mpMRI PI-RADS score
    ≤2 0
    3 0
    4 4
    5 2
Size of primary target lesion on mpMRI (mm)
    No lesion (PI-RADS 2) 0
    <10 1
    10–20 5
    >20 0
Lesion location on initial mpMRI
    Peripheral zone
        Apex 0
        Mid-apex 1
        Mid 2
        Mid-base 1
        Base 2
    Transitional zone
        Apex, mid, or base 0
    Anterior/anterior-transitional zone
        Apex, mid, or base 0
Number of cores taken on initial biopsy 14.50 (4–28)
Number of positive cores on initial biopsy 4 (2–8)
Initial biopsy ISUP score
    1 1
    2 2
    3 2
    4 0
    5 1

Values are presented as median (range) or number only.
IRE, irreversible electroporation; PSA, prostate-specific antigen; mpM-
RI, multiparametric magnetic resonance imaging; PI-RADS, Prostate 
Imaging Reporting and Data System; ISUP, International Society of 
Urological Pathology.
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no contralateral tumour at diagnosis, 25/42 had a biopsy 
after IRE. Out-of-field ISUP grade 2 cancer was identified 
in 5/25 on surveillance biopsy, but only one patient had a 
tumour core length ≥4 mm. Of the 17 patients with contra-
lateral lobe ISUP grade 1 at diagnosis, 11 had surveillance 
biopsies, of which four progressed to ISUP grade 2, with ≥4 
mm core length in two patients. Three of the four men with 
contralateral ISUP 2 had similar malignancy at surveillance 
biopsy and the other had clear systematic cores. The patient 
with a focus of out-of-field ISUP grade 3 is not yet due for 
surveillance biopsy. Of the four patients treated for bilateral 
IRE lesions, one had a salvage RALP for in-field recurrence, 
two had significant out-of-field recurrence with both defini-
tions and only one had a negative post-IRE biopsy.

2) MRI primary cohort data
The baseline mpMRI findings are shown in Table 1. PI-

RADS 4 was the most common lesion (44/64, 68.8%) identi-
fied on pre-IRE mpMRI. A post-IRE mpMRI was performed 
on 52/59 men who were more than six months post primary-
IRE. The mpMRI was usually performed 6 months post-IRE, 
although in three patients the mpMRI was performed 10 to 
18 months after IRE and three men had the mpMRI within 
the first 3 months. Low risk PI-RADS 2 findings were iden-
tified in 46/52 (88.46%) with PI-RADS 3 in three, PI-RADS 
4 in one and PI-RADS 5 in two patients. Of the post-IRE PI-
RADS 2 cohort 33/46 have surveillance biopsy data, with 
significant in-field cancer identified in 2/46 based on both 
definitions of significance. On the template biopsies, signifi-
cant out-of-field cancer was identified in 3/33 (9.09%) or 8/33 
(24.24%) with any volume ISUP grade 2. For significant PCa 
the negative predictive value was 73.7% (28/38) for any focus 
of ISUP grade 2 malignancy. Five of the six men with PI-
RADS 3–5 abnormal mpMRI 12 months post-IRE proceeded 
to surveillance biopsy. All had cancer, but significant cancer 
using both definitions was identified in three patients for a 
positive predictive value of 60% for mpMRI.

3) Outcomes of high-risk cohort (ISUP grades  
4 & 5)

There were 12 men with high-risk PCa (six patients each 
for ISUP 4 and ISUP 5) who received primary IRE. The 
post-IRE mpMRI was low risk PI-RADS 2 in ten men and 
two declined follow-up mpMRI. Seven patients in this cohort 
proceeded to biopsy (one at two years posy-IRE and one at 
year three), three patients are not due for biopsy due to <12 
months follow-up, one refused due to low PSA levels and 
one declined due to developing Wernicke’s encephalopathy 
not related to the IRE. There was no in-field recurrence (0/7, 
0%) in the high-risk group, however significant out-of-field 
recurrence occurred in one patient and 3/7 (42.86%) had in-
significant out-of-field recurrence.

4) Complications of primary-IRE
All 64 men treated with primary IRE remain continent, 

with an incontinence rate of 0%. One patient subsequently 
developed incontinence after a repeat contralateral IRE 
procedure was performed. Of the 50 men with ≥12 months 
follow-up, 28 were potent pre-operatively with 24/28 (85.71%) 
remaining potent after primary IRE. There was only one 
Clavien–Dindo grade >2 complication, a patient who re-
quired dilation of a urethral stricture at three months un-
related to IRE of a left mid-anterior horn peripheral zone 
tumour.

2. Salvage IRE for radiotherapy failure
Of the six salvage IRE procedures for radiotherapy fail-

ure the median follow-up is 22 months (range 13–30 mo). The 
baseline median PSA at salvage IRE was 2.20 ug/L (range 
0.24–8.4 ug/L). The post-radiotherapy, pre-IRE biopsy results 
showed ISUP grade <4 in five patients and ISUP grade 5 in 
one patient. Prior to salvage IRE there was no out-of-field 
cancer in 4 patients, one had a small focus of contralateral 
lobe ISUP grade 2 and another a small focus of ISUP grade 
3. Following the salvage IRE, three patients (3/6, 50.0%) have 
undetectable PSA levels, and all patients have a PSA <0.55 

Table 3. Patterns of recurrence after primary IRE on follow-up prostate 
biopsy

Recurrence Significant cancer Insignificant cancer
In-field 3 (7.5) 2 (5.0)
Out of field 5 (12.5) 12 (30.0)

Values are presented as number (%).
IRE, irreversible electroporation; ISUP, International Society of Urologi-
cal Pathology.
NB - Definition of significant cancer: ≥6 mm core ISUP grade 1 (Gleason 
3+3), or ISUP grade 2 (Gleason 3+4) with ≥4 mm tumour length, or 
any focus of ISUP grade 3–5.

Table 4. Patterns of recurrence after primary IRE with any volume ISUP 
≥2 graded as significant recurrence

Recurrence Significant cancer Insignificant cancer
In-field 4 (10.0) 1 (2.5)
Out of field 11 (27.5) 6 (15.0)

Values are presented as number (%).
IRE, irreversible electroporation; ISUP, International Society of Urologi-
cal Pathology.
Definition of significant cancer: ≥6 mm core ISUP grade 1 (Gleason 
3+3), or ISUP grade 2 (Gleason 3+4) with ≥4 mm tumour length, or 
any focus of ISUP grade 3–5.
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ug/L (range 0–0.53 ug/L) at last follow-up. 

1) Follow-up mpMRI and biopsy data for salvage 
IRE

Three patients had surveillance mpMRI scans after sal-
vage IRE and all were low risk PI-RADS 2. The other three 
patients declined mpMRI follow-up due to low/undetectable 
PSA levels. Two patients proceeded with transperineal sur-
veillance biopsies after salvage IRE, both with benign re-
sults and no residual in-field or out-of-field PCa. One patient 
had Gleason score 3+4 in 10% of the TURP chips performed 
seven months post-IRE for bladder outflow obstruction. The 
other three patients refused surveillance biopsy due to un-
detectable PSA levels. One patient had high-risk ISUP grade 
5 on biopsy before salvage IRE. His post-IRE mpMRI was 
PI-RADS 2 and the patient declined biopsy as the PSA was 
<0.008 ug/L after IRE. 

2) Complications of salvage IRE for radiotherapy 
failure

There was no Clavien–Dindo grade >2 complications. 
Incontinence developed in 2/6 salvage IRE procedures for ra-
diotherapy failure, although incontinence only occurred af-
ter both patients subsequently underwent a TURP for blad-
der outflow obstruction. Only two of the six patients were 
potent before salvage IRE and one (50%) maintains post IRE 
erectile function.

DISCUSSION

The aim of focal therapy is to obtain oncological clear-
ance of tumour, whilst at the same time avoiding significant 
treatment complications and maintaining quality of  life. 
In the systematic reviews [4,13] on focal IRE there are only 
two series with larger patient numbers than our study, 
with the largest study a heterogeneous cohort that did not 
distinguish the outcomes of focal IRE from hemi-ablation 
or whole gland IRE [11]. Therefore, this manuscript adds 
important information on focal IRE outcomes. Complete his-
tological in-field clearance of all cancer in our primary IRE 
series occurred in 87.5%, with significant in-field recurrence 
in 7.5%, or 10.0% if including any small core length of ISUP 2. 
However, significant out-of-field cancer in the template sur-
veillance biopsies cores was identified in 5/40 (12.5%). When 
including any core length of ISUP grade 2 as significant, the 
out-of-field significant disease increased from 5/40 (12.5%) 
pre-IRE to 11/40 (27.5%) at surveillance biopsy. Out-of-field 
tumour progression is not a failure of the focal IRE technol-
ogy, but more the failure of patient selection. If there was no 

out-of-field cancer on template biopsy prior to IRE, 5/25 de-
veloped ISUP grade 2 out-of-field progression on surveillance 
biopsy, but only one patient (4.0%) had a cancer core length 
of ≥4 mm. Our results indicate continued biopsy surveillance 
of the prostate is essential as part of a post-IRE active sur-
veillance protocol, as potentially significant PCa can occur 
despite a low risk mpMRI in the early post-IRE follow-up.

Our results confirm the pleasing published early func-
tional outcomes following IRE for primary PCa. In our se-
ries, no incontinence of urine developed in the primary IRE 
setting. However, a patient who was initially continent after 
IRE developed incontinence after a second IRE ablation for 
a new lesion in the opposite lobe. This is consistent with oth-
er published series, with between 88% to 100% of patient’s 
continent of urine at 12 months post treatment [13]. However, 
the incontinence risk increased following IRE for salvage 
of localised recurrence after primary prostate radiotherapy. 
Six men received IRE for treatment of local recurrence post 
external beam radiotherapy. There was no initial post IRE 
incontinence, however two of these patients subsequently 
proceeded with a TURP for bladder outflow obstruction and 
both developed post TURP incontinence, requiring one in-
continence pad per day. 

Of the men with more than 12 months follow-up, 28/50 
were potent prior to primary IRE and 24/28 (85.7%) main-
tained sexual function suitable for intercourse, with or 
without a PDE inhibitor. In other published series, erectile 
function is maintained in between 50% and 100%, includ-
ing preserved potency in 77% when evaluated with EPIC 
questionnaire in the salvage setting [15]. Only two of the 
six patients in our cohort were potent before salvage IRE, 
of which one patient (50%) maintained satisfactory erectile 
function after salvage IRE.

The international Delphi consensus recommended on-
cological outcomes after focal therapy be reported with se-
rum PSA, mpMRI, and systematic/targeted prostate biopsy 
results [16]. In our opinion, the use of post-IRE PSA as a 
marker of success remains controversial and unreliable, due 
to variability in PSA levels from different prostate volumes, 
the amount of tissue ablated with IRE and prostate inflam-
mation. In the series of 123 men with intermediate (91%) or 
low risk cancer by Blazevski et al. [12], the median PSA fell 
from 5.725 ng/mL to 3.48 ng/mL (interquartile range 1.43–
5.67) post-IRE. The PSA decreased by 71% in the series of 50 
patients treated with IRE to the apical tumour [17]. This is 
almost identical to our median PSA nadir of 26.5% of the 
initial PSA level. There was a lower PSA percent decline in 
the four men in our study with primary treatment in-field 
recurrence, but the small numbers prevent statistical analy-
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sis. mpMRI has been used as a surrogate marker to identify 
recurrence after focal therapy, including IRE, but evidence-
based evaluation of the accuracy of mpMRI post IRE in de-
tecting local recurrence is not robust. In the Scheltema et al. 
[18] series 10/33 men who had a negative mpMRI 6 months 
post-IRE had cancer detected on the post-IRE prostate biopsy 
histology at 12 months, with a negative predictive value for 
in-field recurrence of 88% high because of the low probabil-
ity of persistent cancer. In our cohort the negative predictive 
value of mpMRI to exclude any in-field or out-of-field ISUP 
grade 2 on surveillance biopsy was only 73.7% and therefore 
clinicians should not rely on mpMRI alone for long term 
surveillance after focal therapy.

Histological biopsy outcomes have previously been evalu-
ated by Collettini et al. [2], who analysed 28 patients at 6 
months post-IRE prostate. Two of  the 28 (7.1%) men had 
clinically significant in-field recurrence. Of interest is the 
analysis of Ting et al. [10] who analysed 25 men with Glea-
son score <8 and PI-RADS 3–5 lesion/s visible on MRI. On 
prostate biopsy 7-months post-IRE there was no infield re-
currence (0%), however, 4/21 (19%) had cancer recurrence ad-
jacent to the treatment zone. This outcome is similar to the 
biopsy results in the diagnostic setting of PCa by Franklin 
et al. [19], who identified significant cancer in the near-target 
zone in 77% of cases when the target zone was positive, with 
17% of participants upgraded through the addition of near-
target cores. These findings outline the importance of a min-
imal IRE margin treatment zone of 5 mm, as mpMRI can 
underestimate histological tumour volume compared to radi-
cal prostatectomy histology [20]. The international Delphi 
consensus has only recommended focal therapy in D’Amico 
low-/intermediate-risk cancer including ISUP grade 3 [21]. In 
contrast, we identified in-field ablation in all high-risk ISUP 
grade 4–5 malignancy on surveillance biopsy following pri-
mary IRE. Long term outcomes of this cohort will be closely 
monitored.

The definition of success of IRE should be assessed by 
infield histological clearance of cancer. Post-IRE biopsy data 
remains the gold standard to evaluate tumour ablation. 
Despite expert (panel) recommendations regarding consen-
sus on the follow-up biopsies after focal therapy, not all 
patients are willing to comply with these recommendations 
[22,23]. The international rate of post-IRE biopsies after focal 
therapy trials varies from 17 to 100% [4]. In our series, 76% 
of men beyond 12 months follow-up agreed to proceed with a 
surveillance prostate biopsy. The remainder were disinclined 
due to low PSA levels associated with low risk PI-RADS 2 
mpMRI findings. Following primary IRE, in our cohort 35/40 
(87.50%) are free of any infield malignancy. This confirms 

the encouraging early data on IRE as a reliable technology 
for PCa control, within the treatment field. An upgrade in 
significant out-of-field cancer on surveillance systematic 
biopsies is not necessarily a failure of focal therapy, but fail-
ure of the selection process, or failure to identify significant 
a volume malignancy at initial evaluation. In view of the 
lack of long-term overall and metastasis free survival from 
focal therapy, it is essential to minimise the risk of undiag-
nosed significant out of field tumour prior to focal therapy.

There is very little data available on the outcome of 
salvage IRE for radio-recurrent PCa. Scheltema et al. [15] 
analysed 18 men with localised radiorecurrent PCa and 
three men had biochemical failure based on the Phoenix 
definition. However, the Phoenix definition grossly under-
estimates the probability of recurrence cancer after radio-
therapy, which is increasingly identified on PSMA PET/CT 
once a post-radiotherapy PSA level elevates above 0.5 [24]. 
In our cohort, three of the six patients treated with salvage 
IRE for radiotherapy local recurrence had a PSA <0.01 ng/
L with a median follow-up of 22 months (range 13–30 mo) 
and the other three patients all had a PSA of <0.55 ug/L. 
The salvage IRE procedure was well tolerated with minimal 
side-effects and no initial incontinence of urine, in contrast 
to other treatments such as salvage radical prostatectomy. 
However, based on our results, caution is recommended 
when performing a TURP after salvage IRE in the post 
radiation therapy cohort, in view of an increased risk of uri-
nary incontinence.

Limitations of  our study include the relatively short 
follow-up and the retrospective review of a prospective da-
tabase. Complications can be underestimated in retrospec-
tive studies; however, apart from two patients who have re-
located overseas after IRE and were censored at last follow-
up, we have complete follow-up on all patients.

CONCLUSIONS

Focal IRE for primary PCa is associated with complete 
in-field ablation of all cancer in 87.5% based on post-IRE bi-
opsy, or 90% of any core length of ISUP grade 2. There was 
minimal postoperative complications and a low risk of post 
treatment urinary incontinence or impotence. Surveillance 
prostate biopsies are required to exclude in or out-of-treat-
ment zone progression despite a normal post-IRE mpMRI. 
Salvage IRE is a promising option for localised recurrence 
after prostate radiotherapy with low morbidity.



292 www.icurology.org

Yaxley et al

https://doi.org/10.4111/icu.20210472

CONFLICTS OF INTEREST

The authors have nothing to disclose.

FUNDING

None. 

AUTHORS’ CONTRIBUTIONS

Research conception and design: William John Yaxley, 
Troy Gianduzzo, Boon Kua, and John William Yaxley. Data 
acquisition: all authors. Statistical analysis: None. Data 
analysis and interpretation: William John Yaxley, Troy 
Gianduzzo, Boon Kua, and John William Yaxley. Drafting 
of the manuscript: William John Yaxley and John William 
Yaxley. Critical revision of the manuscript: all authors. Ob-
taining funding: None. Administrative, technical, or material 
support: None. Supervision: Troy Gianduzzo, Boon Kua, and 
John William Yaxley. Approval of the final manuscript: all 
authors.

REFERENCES

1. Scheltema MJ, Chang JI, van den Bos W, Gielchinsky I, Nguyen 
TV, Reijke TM, et al. Impact on genitourinary function and 
quality of life following focal irreversible electroporation of 
different prostate segments. Diagn Interv Radiol 2018;24:268-
75.

2. Collettini F, Enders J, Stephan C, Fischer T, Baur ADJ, Pen-
zkofer T, et al. Image-guided irreversible electroporation of 
localized prostate cancer: functional and oncologic outcomes. 
Radiology 2019;292:250-7. 

3. Hamdy FC, Donovan JL, Lane JA, Mason M, Metcalfe C, 
Holding P, et al. 10-Year outcomes after monitoring, surgery, 
or radiotherapy for localized prostate cancer. N Engl J Med 
2016;375:1415-24.

4. Kayano PP, Klotz L. Current evidence for focal therapy and 
partial gland ablation for organ-confined prostate cancer: sys-
tematic review of literature published in the last 2 years. Curr 
Opin Urol 2021;31:49-57.

5. Guo RQ, Guo XX, Li YM, Bie ZX, Li B, Li XG. Cryoablation, 
high-intensity focused ultrasound, irreversible electropora-
tion, and vascular-targeted photodynamic therapy for prostate 
cancer: a systemic review and meta-analysis. Int J Clin Oncol 
2021;26:461-84.

6. Faroja M, Ahmed M, Appelbaum L, Ben-David E, Moussa M, 
Sosna J, et al. Irreversible electroporation ablation: is all the 
damage nonthermal? Radiology 2013;266:462-70.

7. Rubinsky B, Onik G, Mikus P. Irreversible electroporation: a 
new ablation modality--clinical implications. Technol Cancer 
Res Treat 2007;6:37-48.

8. Geboers B, Scheffer HJ, Graybill PM, Ruarus AH, Nieuwen-
huizen S, Puijk RS, et al. High-voltage electrical pulses in 
oncology: irreversible electroporation, electrochemotherapy, 
gene electrotransfer, electrofusion, and electroimmunotherapy. 
Radiology 2020;295:254-72.

9. van den Bos W, Scheltema MJ, Siriwardana AR, Kalsbeek AMF, 
Thompson JE, Ting F, et al. Focal irreversible electroporation 
as primary treatment for localized prostate cancer. BJU Int 
2018;121:716-24.

10. Ting F, Tran M, Böhm M, Siriwardana A, Van Leeuwen PJ, 
Haynes AM, et al. Focal irreversible electroporation for pros-
tate cancer: functional outcomes and short-term oncological 
control. Prostate Cancer Prostatic Dis 2016;19:46-52.

11. Guenther E, Klein N, Zapf S, Weil S, Schlosser C, Rubinsky B, 
et al. Prostate cancer treatment with Irreversible Electropora-
tion (IRE): safety, efficacy and clinical experience in 471 treat-
ments. PLoS One 2019;14:e0215093.

12. Blazevski A, Scheltema MJ, Yuen B, Masand N, Nguyen TV, 
Delprado W, et al. Oncological and quality-of-life outcomes 
following focal irreversible electroporation as primary treat-
ment for localised prostate cancer: a biopsy-monitored pro-
spective cohort. Eur Urol Oncol 2020;3:283-90.

13. Ong S, Leonardo M, Chengodu T, Bagguley D, Lawrentschuk 
N. Irreversible electroporation for prostate cancer. Life (Basel) 
2021;11:490.

14. Ahmed HU, Hu Y, Carter T, Arumainayagam N, Lecornet E, 
Freeman A, et al. Characterizing clinically significant pros-
tate cancer using template prostate mapping biopsy. J Urol 
2011;186:458-64.

15. Scheltema MJ, van den Bos W, Siriwardana AR, Kalsbeek 
AMF, Thompson JE, Ting F, et al. Feasibility and safety of focal 
irreversible electroporation as salvage treatment for localized 
radio-recurrent prostate cancer. BJU Int 2017;120 Suppl 3:51-8.

16. Muller BG, van den Bos W, Brausi M, Fütterer JJ, Ghai S, Pinto 
PA, et al. Follow-up modalities in focal therapy for prostate 
cancer: results from a Delphi consensus project. World J Urol 
2015;33:1503-9.

17. Blazevski A, Amin A, Scheltema MJ, Balakrishnan A, Haynes 
AM, Barreto D, et al. Focal ablation of apical prostate cancer 
lesions with irreversible electroporation (IRE). World J Urol 
2021;39:1107-14. 

18. Scheltema MJ, Chang JI, van den Bos W, Böhm M, Delprado W, 
Gielchinsky I, et al. Preliminary diagnostic accuracy of mul-
tiparametric magnetic resonance imaging to detect residual 
prostate cancer following focal therapy with irreversible elec-
troporation. Eur Urol Focus 2019;5:585-91.



293Investig Clin Urol 2022;63:285-293. www.icurology.org

Focal IRE outcomes in prostate cancer

19. Franklin A, Gianduzzo T, Yaxley J, Kua B, Coughlin G, Sama-
ratunga H, et al. Use of a trizonal schema to assess targeting 
accuracy in prostatic fusion biopsy. BJU Int 2020;126 Suppl 
1:6-11.

20. Pooli A, Johnson DC, Shirk J, Markovic D, Sadun TY, Sisk AE 
Jr, et al. Predicting pathological tumor size in prostate cancer 
based on multiparametric prostate magnetic resonance imag-
ing and preoperative findings. J Urol 2021;205:444-51.

21. Tay KJ, Scheltema MJ, Ahmed HU, Barret E, Coleman JA, 
Dominguez-Escrig J, et al. Patient selection for prostate fo-
cal therapy in the era of active surveillance: an International 
Delphi Consensus Project. Prostate Cancer Prostatic Dis 
2017;20:294-9.

22. Ryan P, Finelli A, Lawrentschuk N, Fleshner N, Sweet J, 

Cheung C, et al. Prostatic needle biopsies following primary 
high intensity focused ultrasound (HIFU) therapy for prostatic 
adenocarcinoma: histopathological features in tumour and 
non-tumour tissue. J Clin Pathol 2012;65:729-34.

23. Scheltema MJ, Tay KJ, Postema AW, de Bruin DM, Feller J, Fut-
terer JJ, et al. Utilization of multiparametric prostate magnetic 
resonance imaging in clinical practice and focal therapy: report 
from a Delphi consensus project. World J Urol 2017;35:695-
701.

24. Raveenthiran S, Yaxley J, Gianduzzo T, Kua B, McEwan L, 
Wong D, et al. The use of 68Ga-PET/CT PSMA to determine 
patterns of disease for biochemically recurrent prostate cancer 
following primary radiotherapy. Prostate Cancer Prostatic Dis 
2019;22:385-90.


