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ABSTRACT

Objective: To evaluate early clinical and multiparametric prostate magnetic resonance imaging (mpMRI)
results of irreversible electroporation (IRE) efficiency in treatment of localized prostate cancer.

Material and methods: For the patients in whom IRE was performed for local ablation, mpMRI was used
for the sixth month follow-up. These images were compared with the mpMRI images obtained before the pro-
cedure. We performed transperineal fusion biopsy to patients with diagnosis of localized prostate cancer. We
treated the eligible ones with IRE. Six of them have completed their 6-month follow-up period. We compared
preoperative prostate specific antigen (PSA), international prostate symptom score, international index of
erectile function (IIEF), and mpMRI of these patients with those obtained at the sixth month of follow-up.
Side effects experienced by the patients were evaluated as well.

Results: We had 10 patients who received IRE treatment. Six patients completed their sixth month-follow-up
and came for control visits. At the end of 6 months, the mean decrease in PSA level was 73%. 1IEF results
were seen not to have changed significantly. On mpMRI, diffusion restriction was seen to have disappeared
except for one patient, and Prostate Imaging Reporting Data System scores were decreased.

Conclusion: We concluded that early clinical and mpMRI results for IRE in the focal ablative treatment of
localized prostate cancer were gratifying. As an ambulatory procedure with a low incidence of side effects,
we look forward to seeing the long-term results of IRE treatment.

Keywords: Focal ablation; IRE; prostate cancer; treatment.

Introduction As is the case in the treatment for other types

of cancer, focal ablative treatments are used as

Prostate cancer is the most commonly seen
cancer in men. We mostly encounter the local-
ized form of prostate cancer.' Prostate specific
antigen (PSA) is frequently used in line with
changing disease trends during the
20 years. There are two frequently used cura-
tive treatment systems for localized prostate
cancer: radical prostatectomy and radiother-
apy. They have significant side effects such as
erectile dysfunction and urinary incontinence
that complicate the decision-making process
when choosing the treatment options.”

last

viable alternatives in localized prostate cancer
as well. The most significant advantage of
these methods is their ability to eliminate the
tumor without hindering the integrity of the
organ in the areas they are identified. Today,
we have many focal ablative treatment meth-
ods in use.? Among these, irreversible electro-
poration (IRE) has a unique place. The
procedure is applied with two or more electro-
des by disrupting the permeability of cellular
membranes with repetitive sequential electri-
cal currents. Thus, tissue ablation can be
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achieved without causing a thermal effect in the targeted
area.*”

In this study, we aimed at investigating the efficiency of IRE in
the treatment of localized prostate cancer. We performed multi-
parametric prostate magnetic resonance imaging (mpMRI)-
fusion biopsy and after establishing the diagnosis of localized
prostate cancer with biopsy, we applied IRE to lesions that
could be localized with mpMRI. We made the attempt to com-
pare the clinical and mpMRI results of the patients who had
completed six months of follow-up.

Material and Methods

Verbal and written consents of the patients were obtained after
explaining them the details of the procedure and ethical com-
mittee approval was received from the TOBB ETU Clinical
Research (KAEK-118/096). We performed at least three core
targeted biopsies from each suspicious lesions which Prostate
Imaging and Reporting and Data System (PI-RADS) > 3. Also
we performed 12 core systematic biopsy of each patient
(Figure 1). Pathologic evaluation revealed significant cancer if
core length of cancer is bigger than 50%, Gleason score bigger
than 3 + 3, and more than one core. The patients who were
included in our study had the diagnosis of adenocarcinoma
with prostate-MR fusion system biopsy performed perineally.
Targeted transperineal fusion biopsy protocol was used for this
purpose. Bioject™ (D&K Technologies, Barum, Germany)
software was used for prostate mapping to be used in transperi-
neal biopsy; the same mapping was later utilized for IRE treat-
ment (Figure 2). We treated our first patient in January 2020.
mpMRI and prostate-specific membrane antigen-based positron
emission tomography/computed tomography were used for
clinical staging of our patients.

MRI Method

For the patients in whom IRE was performed for local ablation,
mpMRI was used for the sixth month follow-up. These images
were compared with the mpMRI images obtained before the

e Focal ablative therapies are viable alternatives for the treatment
of localized prostate cancer.

e Adding to IRE’s success in the treatment of pancreatic and liver
tumors, initial early results for prostate cancer were found con-
siderably sufficient as well.

e IRE is a considerably new and effective procedure, and it will
become a standard treatment for localized prostate cancers in
the future.

procedure, and the evaluation was based on PI-RADS Steering
Committee (version 2.1) criteria. By making comparisons with
previous mpMRI results, changes that are secondary to the
treatment, lesions that are considered to be residual malignan-
cies at this level, and lesions outside the treatment focus that
raised the suspicion for residual malignancy were separately
reported. All mpMRI equipment harbors three plane small field
of view (FOV) T2A, axial diffusion-weighted imaging, and
dynamic contrast enhanced (DCE) imaging. All the patients
were screened with 3T (Ingenia, Philips Medical System, Neth-
erlands). Diffusion-weighted images were obtained with “b”
values of 0, 1,500s mm 2 and to decrease kurtosis effects,
apparent diffusion coefficient (ADC) maps were created from b
=0, 200, 1,000s mm 2 values. For DCE imaging, all patients
were administered with 0.2mL kg~ ' gadoterate meglumine
(Dotarem, Guerbet, Roissy, France) at a rate of 3 mL s~ !intra-
venously. 44-Channel spine coil and 32-channel phased-array
body coil were used for imaging. The images were evaluated
for diffusion restriction on diffusion-weighted images, ADC
hypointensity, and early arterial contrast enhancement on
dynamic contrast-enhanced images in favor of residual lesion
positivity at the level of local treatment.

IRE Procedure

Under general anesthesia with deep muscle relaxation effect,
all patients entered the procedure in lithotomy position. Ure-
thral catheters were placed for bladder drainage. Transrectal
biplanar ultrasound (BK medical, Herlev, Denmark) probe and
transperineal template were used. Three or four IRE electrodes
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Figure 1. Scheme of 12 focal systematic prostate biopsy.
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were placed at the periphery of the previously mapped lesion
(Figure 3). The distance between the active electrodes was
1-2 cm. The distance between the electrodes and the depth they
are placed were measured with biplanar ultrasound and entered
into the IRE (Nanoknife, Angio-Dynamics, New York, USA)
system. First, test current was delivered to test ideal current
levels. Treatment dose was administered afterwards. Urethral
catheter was kept in place for 1-3 days depending on the pros-
tatic obstruction the patient was experiencing.

Results

IRE treatment was applied to 10 patients diagnosed as local-
ized prostate carcinoma. Mean age of the patients was 59.7
(55-72) years, and their mean PSA level was 7.04 ng (4.1-
10.5). Mean IIEF score of the patients before the treatment was
18.6 (9-26). Gleason scores and group grading values obtained
after pathological examination are presented in Table 1. Six of
these patients had 6 months of follow-up, and their results were
included in this study. Due to the COVID-19 pandemic, delays
were experienced in the follow-up of the other patients; there-
fore, they were excluded from the study. Three patients had
more than one lesion, so the procedure was performed bilater-
ally for them. All the remaining patients underwent quadrant
ablation procedure. As one of our patients had ongoing diffu-
sion restriction during his sixth month follow-up visit, a repeat
IRE procedure was performed. PSA values of the patients were

measured every 3 months, and PSA was found to have
decreased by 73% at the end of 6 months (Table 2). Urethral
catheter was kept in place for 5days in only two patients. It
was retrieved on the next day in the other patients. In patients
having benign prostate hyperplasia and specifically median
lobe hypertrophy, urethral catheter was kept in place for a
longer period and alpha blockers were prescribed. None of the
patients experienced pain or bleeding during the post-operative
period. Two hours after the procedure, the patients could have
oral food intake and they were mobilized as early as possible.
After the procedure, mean IIEF score of the patients at 6
months was 19 (8-26). None of the patients complained of
newly developed urinary incontinence or erectile dysfunction
during the follow-up visits performed 3 and 6 months after the
procedure. MRI was performed at 6 months. Except for one
patient, diffusion restriction at the site of IRE procedure was
found to have disappeared and PI-RADS score was found to
have decreased (Figures 4 and 5 and Table 2).

Discussion

Focal ablative therapies are viable alternatives for the treatment
of localized prostate cancer. The rationale in focal tumor abla-
tion is to preserve normal healthy tissues, vital structures like
vessels and nerves in the vicinity of the tumor while eliminat-
ing the tumoral structure at the target with clear margins. One
of the main advantages of the IRE technology is that it does

Figure 2. Transperineal MR fusion prostate biopsy.
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not cause any thermal effect on structures having an adventitia
layer.6 So, it exerts a minimum effect on the vessels and nerves
decreasing the rate of side effects bringing forward a significant
advantage compared to other focal treatments.

Figure 3. IRE procedure at the operation room.

Table 1. Patients Characteristics

Patient variables Values
Age (years) 59.7 (55-72)
PSA (ngL ™" 7.04 (4.1-10.5)
Prostate volume (mL) 42.4 (24-65)
Gleason score (patient number)

3 4 3 group [ 4
3 + 4 group II 2
4 + 3> group II> 4
IIEF 18.6 (9-26)
Clinical stage

Tlc 2
T2a 4
T2b 3
T2c 1
PI-RADS score

1-2 2
3 4
4 7
5 3

The first application of IRE in prostate cancer was by Onik
et al.* on 16 patients with localized prostate cancer. These
patients did not experience side effects like erectile dysfunction
or urinary incontinence. Following this, Valerio et al.” reported
their IRE experience on 34 patients mentioning treatment fail-
ure in one patient. In a study by Van den Bos et al.,? 16 patients
who were planned to undergo radical prostatectomy received
IRE treatment 1 month prior to their operation. Pathological
examination performed after radical prostatectomy demon-
strated that the ablation was sufficient in the targeted areas and
that there were not any skip lesions. In the largest biopsy-
controlled study conducted to date, 123 patients diagnosed as
localized prostate cancer were treated with IRE, control biopsy
specimens were obtained from the treatment site at the end of 1
year and an ablation success of nearly 97% was obtained. In
this study, urinary continence was achieved in 98.8% of the
patients at the end of 12 months, and the potency was shown to
not have changed in 76% of them. In this study, the specificity
of mpMRI for diagnosing residual prostate cancer was 98%,
while negative predictive value was found as 94%.%

Currently, organ preserving treatments are started to be
regarded as standard treatments for breast, pancreas, liver, and
kidney malignancies. Likewise, considering the burden they
create for the patient and the healthcare system, radical proce-
dures will have a limited place in the treatment of localized
prostate cancers. In a recently conducted study, a randomiza-
tion with radical prostatectomy or IRE was made in two similar
groups with the same clinical features. In the comparisons of
these patients performed after 12 months, there was not any dif-
ference between the groups with regard to oncological results,
while IRE was significantly superior for urinary incontinence
and erectile dysfunction.” For high-risk prostate cancers, the
most ideal approach is radical prostatectomy; however, for
medium- or low-risk prostate cancers, focal treatments should
be considered as serious alternatives.

The aim in the treatment of localized prostate cancers is to
eradicate the tumor completely. Among the imaging methods,

Table 2. Six-Month Follow-Up Results after the Procedure

Patient results Values
PSA decrease rate (%) 73
IIEF 19 (8-26)
Continence rate (%) 100
PIRADS score reduction rate (%) 84
Unilateral/bilateral application 7/3

PSA, prostate specific antigen.

PSA, prostate specific antigen; IIEF: international index of erectile function.
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mpMRI provides the most detailed information for prostate
cancer. In the studies conducted so far, its diagnostic precision
was found to be superior to standard biopsies.'®!" Sufficient
clinical information is obtained in the controls performed with
MRI after the focal treatment of prostate cancer.'*"? In our lim-
ited series, we showed the disappearance of diffusion restriction
in all but one patient that have completed their 6 months of
follow-up. Only in one patient, because of the diffusion restric-

tion that persisted at the periphery of the lesion, a second IRE
procedure was performed. In this patient, the largeness of the
lesion site was perceived as the cause of the failed procedure.
Together with the decrease in PSA levels, PI-RADS score
reductions on MRI images are indicators of considerably favor-
able clinical response to treatment. In the continuation of this
study, this evidence needs to be supported with pathological
results as well. For this reason, we planned randomized biopsies

Figure 4. On mpMRI obtained before the IRE procedure, on the right peripheral zone, T2 hypointense area confirmed with
Gleason score 4 + 3 lesion (a, large arrow), and on the left peripheral zone T2 hypointense area confirmed with Gleason score

3 + 3 lesion (b, small arrow).

Figure 5. On mpMRI obtained after 6 months of the IRE procedure of the same patient, post-procedure suspicious fibrosis area
on right peripheral zone (a, arrow), and post-procedure suspicious fibrosis area on left peripheral zone (b, arrow).
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for all patients upon the completion of 1 year. Other limitations
of this study are having a retrospective series with a single arm
with limited number of patients. We think that IRE is a consid-
erably new and effective procedure, and it will become a stand-
ard treatment for localized prostate cancers in the future.

The first focal ablation experience was with IRE in our clinic.
Its ease of use and adaptability to transperineal prostate fusion
biopsy system made IRE a first choice for us. Adding to its suc-
cess in the treatment of pancreatic and liver tumors, initial
early results with our limited number of patients with prostate
cancer were found considerably sufficient as well. We are plan-
ning to see the long-term results in larger series of patients.

Ethics Committee Approval: Ethical committee approval was
received from the TOBB ETU Clinical Research (KAEK-118/096).

Informed Consent: Written and verbal informed consent was

obtained from all participants who participated in this study.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept - $.A.A.; Design - O.A.; Supervision -
N.C.T.; Resources - §.A.A.; Materials - P.G.K.; Data Collection and/
or Processing - $.A.A.; Analysis and/or Interpretation - O.A.; Litera-
ture Search - O.A.; Writing Manuscript - P.G.K.; Critical Review -
N.C.T.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA
Cancer J Clin. 2017,67(1):7-30. [CrossRef]

10.

11.

12.

13.

Hamdy FC, Donovan JL, Lane JA, et al. 10-Year outcomes after
monitoring, surgery, or radiotherapy for localised prostate cancer.
N EnglJ Med. 2016;375:1415-1424. [CrossRef]

Valerio M, Cerantola Y, Eggener SE, et al. New and established
technology in focal ablation of the prostate: A systematic review.
Eur Urol. 2017;71(1):17-234. [CrossRef]

Onik G, Mikus P, Rubinsky B. Irreversible electroporation: Impli-
cations for prostate ablation. Technol Cancer Res Treat.
2007;6:295-300. [CrossRef]

van den Bos W, Scheltema MJ, Siriwardana AR, et al. Focal irre-
versible electroporation as primary treatment for localised pros-
tate cancer. BJU Int. 2018;121(5):716-724. [CrossRef]

van den Bos W, Jurhill RR, de Bruin DM, et al. Histopathological
outcomes after irreversible electroporation for prostate cancer:
Results of an ablate and resect study. J Urol. 2016;196(2):552-
559. [CrossRef]

Valerio M, Dickinson L, Ali A, et al. Nanoknife electroporation
ablation trial: A prospective development study investigating
focal irreversible electroporation for localised prostate cancer. J
Urol. 2017;197(3):647-654. [CrossRef]

Blazevski A, Scheltema MJ, Yuen B, et al. Oncological and qual-
ity-of-life outcomes following focal irreversible electroporation
as primary treatment for localised prostate cancer: A biopsy-
monitored prospective cohort. Eur Urol Oncol. 2020;3(3):283-
290. [CrossRef]

Scheltema MJ, Chang JI, Bohm M, et al. Pair-matched patient-
reported quality of life and early oncological control following
focal irreversible electroporation versus robot-assisted radical
prostatectomy. World J Urol. 2018;36(9):1383-1389. [Cross-
Ref]

Ahmed HU, El-Shater Bosaily A, Brown LC, et al. Diagnostic
accuracy of multi-parametric MRI and TRUS biopsy in prostate
cancer (PROMIS): A paired validating confirmatory study.
Lancet. 2017;6736:1-8.

Kasivisvanathan V, Rannikko AS, Borghi M, et al. MRI-targeted
or standard biopsy for prostate-cancer diagnosis. N Engl J Med.
2018;378(19):1767-17717. [CrossRef]

Murray KM, Ehdaie B, Musser J, et al. Pilot study to assess
safety and clinical outcomes of irreversible electroporation for
partial gland ablation in men with prostate cancer. J Urol.
2016;196(3):883-890. [CrossRef]

Scheltema MJ, Chang JI, van den Bos W, et al. Preliminary diag-
nostic accuracy of multiparametric magnetic resonance imaging
to detect residual prostate cancer following focal therapy with
irreversible electroporation. Eur Urol Focus. 2019;5(4):585-591.
[CrossRef]


https://doi.org/10.3322/caac.21387
https://doi.org/10.1056/NEJMoa1606220
https://doi.org/10.1016/j.eururo.2016.08.044
https://doi.org/10.1177/153303460700600405
https://doi.org/10.1111/bju.13983
https://doi.org/10.1016/j.juro.2016.02.2977
https://doi.org/10.1016/j.juro.2016.09.091
https://doi.org/10.1016/j.euo.2019.04.008
https://doi.org/10.1007/s00345-018-2281-z
https://doi.org/10.1007/s00345-018-2281-z
https://doi.org/10.1056/NEJMoa1801993
https://doi.org/10.1016/j.juro.2016.02.2986
https://doi.org/10.1016/j.euf.2017.10.007



