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Abstract

Even though adenocarcinoma of the prostate gland could be lethal in its advanced stage, adenocarcinoma of the prostate gland can
be effectively treated when the carcinoma is localized to the prostate gland and when the localized adenocarcinoma is a low-risk or
intermediate-risk localized adenocarcinoma of the prostate gland. itis localized. Traditionally, radical prostatectomy (RP) or radical
radiotherapy (RT) in the form of either external beam radiotherapy or brachytherapy were utilized to treat all men who have localized
adenocarcinoma of the prostate gland as treatment of curative intent. Nevertheless, Radical prostatectomy and radical radiotherapy
do tend to be associated with significant risks of post-treatment side effects. Some patients who have localized prostate cancer may
not be medically fit as a result of their comorbidities to undergo radical prostatectomy or radical radiotherapy to their prostate
cancers. Over recent years a number of less-invasive treatment options are being utilized for the treatment of some localized
adenocarcinomas of the prostate gland and some of the treatment options include: Cryotherapy of prostate Cancer; Radiofrequency
ablation of prostate cancer, High Intensity Focused Ultrasound Treatment of Prostate Cancer and Irreversible Electroporation of
prostate cancer as focal ablation or whole gland ablation. Focal therapy has emerged as a potential form of treatment that can achieve
similar oncological outcomes to radical treatment while preserving functional outcomes and decreasing rates of adverse effects.
Irreversible electroporation (IRE) is one such form of focal therapy which utilizes pulsatile electrical currents to ablate tissue. This
modality of treatment is still in an early research phase, with studies showing that IRE is a safe procedure that can offer good short-
term oncological outcomes whilst carrying a lower risk of poor functional outcomes. Irreversible Electroporation (IRE) is a new
radiology image-guided tissue ablation which does induce cell death through very short but strong electric fields. IRE had been
demonstrated to have preserving properties towards vessels, nerves, as well as the extra-cellular matrix. For this reason, IRE could
represent an ideal treatment option for adenocarcinoma where other treatment options including radical prostatectomy and radical
radiotherapy tend to unselectively destroy that encompass the prostate cancer and inducing side effects including urinary
incontinence as well as sexual dysfunction / impotence. Some results of studies in which IRE had been utilized for the treatment of
curative intent of localized low-risk and intermediate-risk adenocarcinomas of the prostate gland had indicated complete efficacy
of IRE to the standard of radical prostatectomy and standard radical radiotherapy with regard to the 5-year tumour recurrence rate
as well as better preservation of genitourinary function which did prove the safety as well as suitability of IRE for the treatment of
localized low-risk and intermediate risk adenocarcinoma of the prostate gland. Some data pertaining to IRE besides focal treatment
of early adenocarcinoma of the prostate gland had shown that IRE besides focal treatment of early prostate cancer could also be
utilized for whole prostate gland ablations in patients who develop recurrent prostate cancer as well as a problem-solving treatment
for the control of local tumour within the prostate gland that are not amenable to surgery or radiotherapy anymore. Some studies
had demonstrated comparable short-term and medium-term functional outcomes functional outcomes with radical prostatectomy
and radical radiotherapy but following longer surveillance assessments those underwent IRE were found tom have superior
genitourinary function in that a number of the sexual dysfunction and urinary incontinence had resolved but with regard to the
oncology outcome repeat follow-up biopsy of the prostate had demonstrated a higher positive tumour biopsy upon pathology
examination for which either further IRE, or radical radiotherapy, or radical prostatectomy was required as subsequent treatment of
curative intent in that radical prostatectomy of curative intent had superior medium-term to long-term outcome in comparison with
IRE. IRE can also be utilized to treat locally recurrent prostate cancer following: (a) radical radiotherapy and (b) following the
finding of persistent or locally recurrent adenocarcinoma of the prostate gland pursuant the undertaking of IRE as treatment of
curative intent of localized adenocarcinoma of the prostate gland. Following failure of IRE treatment for localized adenocarcinoma
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of the prostate, the persistent carcinoma of the prostate gland could also be treated by means of radical prostatectomy, or radical
radiotherapy or any other minimally invasive treatment of curative intent including cryotherapy, radiofrequency ablation of the
prostate and high intensity focused ultrasound treatment. Considering that IRE tends to be associated with good short-term and
medium-term outcome which also tends to be generally superior to the outcome following radiotherapy as well as radical
prostatectomy, and the fact that the medium-term to long-term oncology outcome tends to be good but the oncology outcome
following radical prostatectomy as well as radiotherapy would tend to be a bit superior to IRE, it could be suggested that patients
who have low-risk and intermediate-risk localized adenocarcinoma who prefer to maintain their genitourinary function could be
offered IRE as first line treatment of curative intent which should be followed up with regular frequent assessments which would
enable early identification of treatment failures at an early stage. The individuals who are found to have IRE failure could then be
offered radical prostatectomy or radical radiotherapy as second line treatment of curative intent. Finally, there is need for a global
multi-centre trial of IRE in the treatment of curative intent of localized low-risk, intermediate-risk, as well as high risk groups and
those who have high risk group localized prostate cancer could be offered adjuvant therapy and all these treatments should be
compared with radical radiotherapy and radical prostatectomy with a long period of follow-up to enable a consensus opinion to be
established as well as guidelines to be formulated.

Key Words: adenocarcinoma of prostate; localized; low-risk; intermediate-risk; medium-risk; radical prostatectomy; radical
radiotherapy; irreversible electroporation; oncology outcome; functional outcome; serum prostate-specific antigen; prostate biopsy;
computed tomography scan; magnetic resonance imaging scan; recurrent tumor; failure of irreversible electroporation; survival
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Introduction

Carcinoma of the prostate gland can be localized carcinoma of the
prostate gland, locally advanced carcinoma of the prostate gland or
metastatic carcinoma of the prostate gland. It has been iterated that
carcinoma of the prostate gland has continued to be one of the commonest
diagnosed carcinomas in men as well as a leading cause of cancer deaths
in men globally [1,2]. It has also been documented that even though
carcinoma of the prostate gland could be lethal in its advanced stage,
carcinoma of the prostate gland could be treated effectively when it is
localized to the prostate gland [1]. Traditionally radical prostatectomy
(RP) or radical radiotherapy (RT) either in the form of external beam
radiotherapy or brachytherapy were utilized for the treatment of all men
who have localized prostate cancer, irrespective of their risk [1].
Nevertheless, notwithstanding their improved survival benefits, radical
prostatectomy (RP) and radical radiotherapy (RP) have tended to be
associated significant risks of post-treatment side effects / complications
and the two commonest of these complications tend to include urinary
incontinence (UI) and erectile dysfunction (ED). [ong 0000]. It has been
iterated that over the preceding decade, a change in the treatment of very
low-risk as well as low-risk adenocarcinoma of the prostate gland, as well
as an increasing interest in new techniques for the treatment of
intermediate-risk localized adenocarcinoma of the prostate gland has
emerged [1]. it has also been iterated that very low-risk and low-risk
adenocarcinoma of the prostate gland does tend to be associated with an
unlikely chance of developing metastasis as well as a very low-risk of
mortality [2]. In view of the aforementioned facts, new guidelines, do now
recommend treatment of such very low-risk group and low-risk groups of
localized prostate cancer by means of active surveillance to delay or
mitigate the need to undertake radical prostatectomy (RP) or radical
radiotherapy [1,3]. Likewise, it has been iterated that some evidence had
indicated that intermediate-risk group of localized-adenocarcinoma of the
prostate gland tend to be associated with oncology outcomes that are close
to the oncology outcomes of low-risk localized adenocarcinoma of the
prostate gland [1,4]. Nevertheless, the risk for the development is stated
to be still relevant and does warrant some form of therapy [1]. It has been
documented those different types of focal therapy to the prostate gland
are currently being utilized on trial basis for these men [1].

It has been explained that by focusing treatment upon a specific area of
the prostate gland, the aim of focal treatment is to achieve similar
oncology outcomes to radical treatment while preserving functional
outcomes as well as decreasing the rates of adverse effects [1].
Irreversible electroporation (IRE) is a new focal therapy option which
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utilizes pulsatile electrical currents to ablate tissue. Animal and human
models had been utilized to confirm that IRE could induce cell death but
at the same time preserving important encompassing structures [5].

The mechanism in which IRE does this is said to be via the destabilization
of the cell membrane, which then causes the alteration of membrane shape
and the formation of nanopores. It has been iterated that the excessive
permeability of these cells does tend to disrupt the osmotic balance, and
this leads to irreversible damage and the process of apoptosis [1,6]. It has
been documented that the IRE technique has now been refined in order to
administer electrical pulses at levels to prompt cell death whilst keeping
the procedure below harmful thermal thresholds [1,5]. It has been pointed
out that with regard to important structures such as blood vessels, IRE has
been demonstrated to decrease smooth muscle cells but maintain the
connective tissue matrix [1,7]. Hence, it has been utilized effectively
within liver lesions where damage to bile ducts and hepatic vessels are
lethal [1,8,9]. It has been pointed out that with regard to men who have
adenocarcinoma of the prostate gland, preservation of the neurovascular
bundles adjacent to the gland could emanate in the preservation of
continence and erectile function, which would therefore increase or
improve the quality of life of the patient [1].

It has been pointed out that initial trials for localized adenocarcinoma of
prostate gland patients had demonstrated promising results with regard to
both oncology and functional outcomes; nevertheless, more information
on the clinical performance of IRE is required before clinicians could
integrate IRE into their routine clinical practice [1]. Even though IRE is
being utilized in some research and academic centers within many
developed countries, it would be envisaged that many clinicians globally
may not be familiar with utilization of IRE in the treatment of many
lesions within the body including localized adenocarcinoma of the
prostate gland. Considering that IRE has only be utilized in the treatment
of prostate cancer, it would be envisaged that perhaps the short-term and
perhaps the intermediate-term outcome of IRE for the treatment of
prostate cancer would be known and the long-term outcome of IRE in the
treatment localized adenocarcinoma would not be known yet. Before a
consensus is made globally regarding the utilization as well as timing and
indications for utilizing prostate cancer is made it would be important to
summate the outcome of IRE in the treatment of carcinomas of the
prostate gland that have been reported in various journals in order to be
sure about the outcome of treatment of prostate cancer with IRE. The
ensuing article of IRE in the treatment of prostate cancer is divided into
three parts: (A) Overview that has defined Irreversible electroporation as
well as described various lesions of the body that have been treated by
IRE, (B) Miscellaneous Narrations and Discussions Related to Utilization
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of IRE in Research Work Focusing on Animal Studies And (C) Utilization
of Irreversible Electroporation OF Prostate Cancer IN Human Beings and
In Few Animals.

Aims

To Review and Update the Literature on Irreversible Electroporation in
The Treatment of Various Lesions of The BODY In General and with a
Focus of Localized Adenocarcinoma of the Prostate Gland.

Methods

Various Internet data bases were searched including: Google; Google
Scholar; Yahoo; and PUBMED. The search words that were used
included: Irreversible Electroporation; Irreversible Electroporation of
Prostate Cancer; Irreversible Electroporation of Adenocarcinoma of
Prostate; Irreversible Electroporation of Carcinoma of Prostate;
Irreversible Electroporation of Localized Prostate Cancer. One hundred
and six (106) references were identified which were used to write the
review and update of the literature on Irreversible Electroporation in
General And Irreversible Electroporation of Prostate Cancer which has
been divided into three parts: (A) Overview that has defined Irreversible
electroporation as well as described various lesions of the body that have
been treated by IRE, (B) Miscellaneous Narrations And Discussions
Related to Utilization of IRE in Research Work Focusing On Animal
Studies And (C) Utilization of Irreversible Electroporation OF Prostate
Cancer IN Human Beings and In Few Animals.

Overview
Definition / general statements

Irreversible electroporation (IRE) is a terminology that is utilized for soft
tissue ablation technique which utilizes short but strong electrical fields
in order to create permanent and thus lethal nanopores within the cell
membrane, and to disrupt cellular homeostasis [10]. The resulting cell
death does emanate from induced apoptosis or necrosis which has
been induced by either membrane disruption or secondary breakdown of
the membrane as an emanation of transmembrane transfer of electrolytes
and adenosine triphosphate [10,14]. It has been stated that the main
utilization of IRE does lie upon tumour ablation within regions where
precision and conservation of the extracellular matrix, blood flow and
nerves are of importance [10]. The first generation of IRE for clinical
utilization, in the form of the NanoKnife System, became commercially
available for research purposes in 2009, and this was mainly for the
surgical ablation of soft tissue tumours [10,15].

It has additionally been iterated that ablation of cancerous tissue ablation
by means of IRE does appear to demonstrate significant cancer specific
immunological responses that are currently being evaluated alone and in
combination with cancer immunotherapy [10,16-19].

History

With regard to the history of Irreversible electroporation (IRE). It has
been iterated that the first observations of the effects of IRE was reported
in 1898. [10] [20] Nollet did report the first systematic observations of the
appearance of red spots upon animal and human skin that had been
exposed to electric sparks [10, 21]. Nevertheless, the use of IRE for
modern medicine did begin in 1982 with the seminal work of Neumann
and colleagues. [10] [22] Pulsed electric fields were utilized to
temporarily permeabilize cell membranes in order to deliver foreign DNA
into cells. Within the ensuing decade, the combination of high-voltage
pulsed electric fields with the chemotherapeutic drug bleomycin and with
DNA had yielded new clinical applications including:
electrochemotherapy as well as gene electro-transfer. [10,23-27] It has
been iterated that utilization of irreversible electroporation (IRE) for
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therapeutic purposes was first suggested by Davalos, Mit, as well as
Rubinsky [10] [28].

[A] Mechanism of Irreversible electroporation

Irreversible electroporation is said to utilize ultra-short pulsed but very
strong electrical fields, micropores and nanopores are induced in the
phospholipid bilayers which form the outer cell membranes. [10] It has
been iterated those two types of damage can occur following irreversible
electroporation and these include: [10]

(@ Reversible electroporation (RE): Temporary and limited
pathways for molecular transport through nanopores are
formed; nevertheless, after the end of the electric pulse, the
transport ceases as well as the cells do remain viable. [10]
Medical applications of reversible electroporation include:
local introduction of intracellular cytotoxic pharmaceuticals
such as bleomycin (electroporation and electrochemotherapy)
[10].

(b) Irreversible electroporation (IRE): Following a certain degree
of damage to the cell membranes by electroporation, the
leakage of intracellular contents tends to be too severe or the
resealing of the cellular membrane tends to be too slow, leaving
healthy and/or cancerous cells irreversibly damaged. The cells
die by either apoptosis or by means of cell-internally induced
necrotic pathways, which is unique to this ablation technique.
[10].

It has been iterated that that even though the ablation method is generally
accepted to be apoptosis, some findings seem to contradict a pure
apoptotic cell death, which has made the exact process by which IRE
causes cell death unclear [10,14,29] Nevertheless, all studies do agree that
the cell death is an induced cell death in which the cells dying over a
varying time period of hours to days and does not rely on local extreme
heating and melting of tissue by means of high energy deposition like
most ablation technologies [10].

When an electrical field of greater than 0.5 V/nm [30] is applied to the
resting trans-membrane potential, it has been promulgated that water does
enter the cell during this dielectric breakdown. Hydrophilic pores tend to
be formed. [31,32] It has been iterated that a molecular dynamics
simulation by Tarek [33] had demonstrated this proposed pore formation
in two steps as follows: [34]

1. Pursuant to the application of an electrical field, water molecules
line up in single file and they do penetrate the hydrophobic
centre of the bilayer lipid membrane.

2. These water channels do continue to grow with regard to length
and diameter and expand into water-filled pores, at which point
they tend to be stabilized by the lipid head groups which move
from the membrane-water interface to the middle of the bilayer.

It has been postulated that as the applied electrical field increases, the
greater is the perturbation of the phospholipid head groups, which in turn
increases the number of water- filled pores [10,35]. It has been
documented the entire electroporation process could occur within a few
nanoseconds. [10,33] It has been iterated that the average sizes of
nanopores are likely cell-type specific. In swine livers, they average
around 340-360 nm, as found using SEM [10,34]. A secondary
promulgated mode of cell death was postulated to be from a breakdown
of the membrane ensuing transmembrane transfer of electrolytes and
adenosine triphosphate [10,13]. Other effects like heat [10,36] or
electrolysis [10,37,38] were also demonstrated to play a pivotal role with
regard to the currently clinically applied IRE pulse protocols.
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Potential Advantages and Disadvantages of Irreversible Electroporation
(IRE)

Advantages of Irreversible Electroporation (IRE) Some of the advantages
of IRE have been summates as the ensuing: [10]

a. Tissue selectivity - conservation of vital structures within the
treatment field. Its capability of preserving vital structures
within the IRE-ablated zone. It has been iterated that in all IRE
ablated liver tissues, critical structures, including the hepatic
arteries, hepatic veins, portal veins and intrahepatic bile ducts
were all preserved.

b.  Within IRE, the cell death is stated to be mediated by apoptosis.
Structures that mainly consist of proteins like vascular elastic
and collagenous structures, and peri-cellular matrix proteins
tend not to be affected by the currents. Vital and scaffolding
structures including structures like large blood vessels, urethra
or intrahepatic bile ducts, tend to be conserved [39]. The
electrically insulating myelin layer, encompassing nerve fibers,
does protect nerve bundles from the IRE effects to a certain
degree. It has been stated that it is not completely understood
up to what point the nerves stay unaffected or can regenerate
[10,40].

c. Sharp ablation zone margins- It has been stated that the
transition zone between the reversible electroporated area and
the irreversible electroporated area has been accepted to be only
a few cell layers. On the other hand, the transition areas as in
radiation or thermal based ablation techniques are understood
to be non-existent. It has additionally been stated that the
absence of the heat sink effect, which has been a cause of many
problems as well as treatment failures, is advantageous and
does increase the predictability of the treatment field, as well as
it has been iterated that geometrically, rather complex treatment
fields tend to be enabled by the multi-electrode concept [10,41].

d.  Absence of thermally induced necrosis - It has been summated
that the short pulse lengths relative to the time between the
pulses does prevent joule heating of the tissue. Thus, by design,
no necrotic cell damage is to be expected with the exception of
perhaps in association with very close proximity to the needle.
In view of this, irreversible electroporation (IRE) does not have
any typical short-term and long-term side-effects associated
with necrosis [7,10,42].

e. Short treatment time — It has been iterated that a typical IRE
treatment does tend to last less than 5 minutes and that this does
not include the possibly complicated electrode placement which
could require utilization of many electrodes and re-position of
the electrodes during the procedure [10].

f.  Real time monitoring — It has been stated that the IRE treatment
volume could be to a certain degree be visualized, both during
and pursuant to the IRE treatment. It has additionally been
stated that possible radiology imaging visualization methods
include: ultrasound scan, magnetic resonance imaging (MRI)
scan, and computed tomography (CT) scan [10,41].

g. Immunological response — It has been stated that irreversible
electroporation (IRE) does appear to provoke a stronger
immunology response in comparison with other ablation
methods [10,18] which is at the moment being studied for
utilization in conjunction with cancer immunotherapy options
[10,16].

Disadvantages of Irreversible Electroporation (IRE)
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Strong muscle contractions — It has been documented that the strong
electric fields that are created by Irreversible Electroporation (IRE),
due to the direct stimulation of the neuromuscular junction, do cause
strong muscle contractions that require special anesthesia and
paralysis of the entire body [10,43].

a. Incomplete ablation within targeted tumours — It has been stated
that the originally threshold for Irreversible electroporation
(IRE) of cells was approximately 600 V/cm with 8 pulses, a
pulse duration of 100 us, as well as a frequency of 10 Hz.
[10,11]. It has been stated thatQin and associates.,
subsequently discovered that even at 1,300 V/cm with 99
pulses, a pulse duration of 100 ps, and 10 Hz, there were still
islands of viable tumour cells within the ablated zones [10,44].
This discovery has been stated to suggest that tumour tissue
might respond differently to Irreversible Electroporation (IRE)
in comparison with healthy parenchyma. The mechanism of cell
death pursuant to Irreversible Electroporation (IRE) is stated to
rely upon cellular apoptosis, which does emanate from pore
formation within the cellular membrane. Tumour cells, that are
known to be resistant to apoptotic pathways, could require
higher thresholds of energy to be adequately treated.
Nevertheless, the recurrence rates that was found in clinical
studies do suggest a rather low recurrence rate and often
superior overall survival rates in comparison with other ablation
treatment options [10,45,46].

b.  Local environment — It has been iterated that the electric fields
of Irreversible Electroporation (IRE) tend to be strongly
influenced by the conductivity of the local environment.
[WikipedialQ] The presence of metal, for example with biliary
stents, could emanate in variances in energy deposition.
[Wikipedia 10] Various organs, including the kidneys, are also
subject to irregular ablation zones, as a result of the increased
conductivity of urine [10,47].

Utilization of Irreversible Electroporation in Medical Practice

A number of electrodes, in the form of long needles, tend to be placed
encompassing the target volume. The point of penetration for the
electrodes is chosen based upon the anatomical conditions [10].
Radiology imaging is important for the placement and this could be
achieved by means of ultrasound scan, magnetic resonance imaging
(MRI) scan or computed tomography (CT) scan [10]. The needles are then
connected to the Irreversible Electroporation (IRE)-generator, which then
does proceed to sequentially build up a potential difference between two
electrodes. The geometry of the Irreversible Electroporation (IRE)-
treatment field tends to be calculated in real time and it could be
influenced by the user [10]. Depending upon the treatment-field and the
number of electrodes that are utilized, the ablation tends to take between
1 minute and 10 minutes [10]. In general muscle relaxants tend to be
administered, in view of the fact that even under general anesthesia,
strong muscle contractions tend to be induced by excitation of the motor
end-plate [10].

Typical parameters (1st generation IRE system):

The ensuing summations have been made regarding the typical
parameters of 1%t generation irreversible electroporation (IRE) system:
[10]

o Number of pulses per treatment: 90
e  Pulse length: 100us
e Intermission between pulses: 100 to 1000ms

e Field strength: 1500 volt/cm
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e  Current: ca. 50 A (tissue- and geometry dependent)
e  Max ablation volume using two electrodes: 4 x 3 x 2 cm3

It has been iterated that the shortly pulsed, strong electrical fields tend to
be induced via thin, sterile, disposable electrodes. [Wikipedia 10] The
potential differences tend to be calculated as well as applied through a
computer system between these electrodes in accordance to a previously
planned treatment field [10].

One specific device that is utilized for the Irreversible Electroporation
(IRE) procedure is the NanoKnife system which was manufactured by
AngioDynamics, that received FDA 510k clearance on October 24, 2011
[48].

The NanoKnife system did also receive an Investigational Device
Exemption (IDE) from the FDA which enables AngioDynamics to
conduct clinical trials utilizing this device [48]. The Nanoknife system is
said to transmit a low-energy direct current from a generator to electrode
probes that inserted/placed within the target tissues for the surgical
ablation of soft tissue [10]. It has been stated that in 2011,
AngioDynamics apparently did receive an FDA warning letter for
promoting the device for indications for which it had not received
approval [10,49].

It has also been documented that in 2013, the United Kingdom National
Institute for Health and Clinical Excellence (NICE) had issued a guidance
that the safety and efficacy of utilization of irreversible electroporation
(IRE) of the treatment of various types of cancer had not yet been
established [10,50]. Current evidence related to the safety and efficacy of
irreversible electroporation for treating primary lung cancer and
metastases in the lung is inadequate in quantity and quality. Therefore,
this procedure should only be used in the context of research.

It has been iterated that newer generations of Electroporation-based
ablation systems are being developed specifically in order to address the
shortcomings of the first generation of Irreversible Electroporation (IRE);
however, as of June 2020, none of the technologies were available as a
medical device to be utilized. [10,38,51,52]

Clinical data

It has been iterated that potential organ systems, in which Irreversible
Electroporation (IRE) could be of significant impact due to its properties
include: the pancreas, the liver, the prostate gland.

Hepatic (liver) irreversible electroporation (IRE) is stated to appear to be
safe, even when performed near vessels and bile ducts [10,53,54] with an
overall complication rate of 16%, with majority of the complications
being needle related (pneumothorax and hemorrhage). The COLDFIRE-
2 trial which included 50 patients did show 76% local tumour
progression-free survival after 1 year of follow-up [55]. However; no
studies had been undertaken which hade compared Irreversible
Electroporation (IRE) to other ablative treatment options; nevertheless;
thermal ablations procedures had been reported to be associated with a
higher efficacy in that matter with about 96% progression free survival.
In view of this, Geboers et al. [45] did conclude that Irreversible
Electroporation (IRE) should at the moment only be performed for only
truly unresectable and tumours that are considered to be non-ablatable. It
has been documented that the overall survival rates in studies related to
utilization Irreversible Electroporation (IRE) for cancer of the pancreas
do provide an encouraging non-variable end-point and do show an
additive beneficial effect of Irreversible Electroporation (IRE) in
comparison with the standard-of care chemotherapeutic treatment with
FOLFIRINOX which entailed a combination of 5-fluorouracil,
leucovorin, irinotecan, and oxaliplatin) (median OS, 12-14months)
[56,57]. Nevertheless; Irreversible Electroporation (IRE) does appear to
be more effective in conjunction with systemic therapy and it has not been
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suggested as first-line treatment option of choice [58]. It has additionally
been iterated that even though Irreversible Electroporation (IRE) does
make adjuvant tumour mass reduction treatment for LAPC possible for
the first time, IRE does remain, in its current state, a high risk and high
side effect associated treatment procedure which is justified only due to
the high mortality and the lack of alternative treatments [10].

Prostate

It has been iterated that the concept of treating carcinoma of the prostate
gland with utilization of Irreversible Electroporation (IRE) was first
promulgated by Gary Onik and Boris Rubinsky in 2007 [10,59]. It has
been iterated that Carcinomas of the prostate gland tend to be frequently
found near sensitive structures which might be permanently damaged by
thermal treatments or radiotherapy [10]. With regard to carcinomas of the
prostate gland, it has been iterated that the applicability of surgical
treatment methods has often been limited by accessibility and precision
[10]. It has also been stated that surgery also tends to be associated with
a long period of healing time and a high rate of side effects. [10,60].

It had been conjectured that with utilization of Irreversible
Electroporation (IRE), the urethra, bladder, rectum and neurovascular
bundle and lower urinary sphincter could potentially be included within
the treatment field without creating permanent-damage [10].

It has been pointed out that Irreversible Electroporation (IRE) has been
utilized for the treatment of carcinoma of the prostate gland since 2011,
and that IRE treatment of carcinoma of the prostate gland has partly in
been in the form of clinical trials, compassionate care or individualized
treatment approach. [10] It has additionally been pointed out that like for
all other ablation treatment options, and also most conventional methods
of treatment of prostate cancer, no studies had utilized a randomized
multi-centre approach or targeted cancer-specific mortality as end-point
[10]. Other summating iterations that had been made regarding treatment
of carcinoma including the use of IRE include the following:

e  Cancer-specific mortality or overall survival had proven to be
notoriously hard to assess for carcinoma of the prostate gland,
in view of the fact that the treatment trials do need more than a
decade and usually many treatment types tend to be undertaken
during the years which does make treatment specific survival
advantages difficult to quantify.

e In view of this, the results of ablation-based treatments and
focal treatments in general usually utilize local tumour
recurrences and functional outcome including quality of life as
endpoint.

e In this regard, the clinical results that had been undertaken so
far had demonstrated encouraging results and had uniformly
stated IRE as a safe as well as effective treatment option at least
for focal ablation; nevertheless, further studies are required.

e  The largest cohort of treatment study which was reported by
Guenther et al [61].

that was associated with up to 6-year follow-up has been limited as
a heterogeneous retrospective analysis and no prospective clinical
trial, was undertaken.

e  Therefore, despite that many hospitals within Europe had been
undertaking the IRE treatment method for prostate cancer for many
years with one private clinic even listing more than one thousand
treatments as of June 2020, [62].

IRE for carcinoma of the prostate gland is at the moment not
recommended in treatment guidelines [10].

Kidney

Page 5 of 25



J. Clinical Research and Reports

While nephron-sparing surgery has been regarded as the gold standard
treatment option for small, malignant renal masses, ablative treatment
options are also regarded as viable options in patients who have been
assessed and found to be poor surgical candidates to undergo nephron-
sparing surgery. Radiofrequency ablation (RFA) of kidney lesions and
cryoablation of kidney lesions have been utilized since the 1990s;
nevertheless, in lesions that are found to be larger than 3 cm, the efficacy
of RFA and cryotherapy of kidney lesions is said to be limited [10]. It has
been iterated that the newer ablation options of treatment including: IRE,
microwave ablation (MWA), as well as high-intensity focused ultrasound,
could help overcome the challenges related to the size of the kidney
tumour [10,63].

It has been stated that the first human studies that had been undertaken
had proven the safety of IRE for the ablation of kidney masses;
nevertheless, the effectiveness of IRE based upon histopathology
examination features of an ablated kidney tumour in human beings is yet
to be known or confirmed [10]. Wagstaff and associates., had set out to
investigate the safety and effectiveness of IRE ablation of kidney tumour
masses and to evaluate the efficacy of ablation with utilization of MIR
and contrast-enhanced ultrasound imaging. It has been pointed out that in
accordance with the prospective protocol that was designed by the
authors, the treated patients would later on undergo radical nephrectomy
in order to assess the success of IRE ablation [64]. It has been pointed out
that later phase 2 prospective trials had demonstrated good results in terms
of safety and feasibility [64,65] for small kidney tumour masses but the
cohort was limited in numbers and these cohorts had included 7 patients
and 10 patients respectively; In view of this, it has been iterated that the
efficacy of IRE had not yet been established sufficiently [10]. It has
additionally been stated that IRE does appear to be safe for small kidney
masses that measure up to 4 cm [10]. Nevertheless; the consensus opinion
is that current evidence on utilization of IRE to treat kidney tumour
masses is still not adequate in quality and quantity for a consensus opinion
to be established regarding the safety and efficacy of utilizing IRE to treat
kidney tumour masses [45].

Lung

It has been iterated that in a prospective, single-arm, multi-centre, phase
Il clinical trial, the safety and efficacy of IRE upon lung cancers had been
evaluated and that the trial had included patients who had primary and
secondary lung malignancies as well as preserved pulmonary (lung)
functions. It was reported that the expected effectiveness of IRE in the
treatment of malignancies of the lung had not been met during interim
analysis of the results and the trial had been stopped prematurely. It was
also reported that the complications of IRE of the lung had included:
pneumothorax in 11 out of 23 patients, alveolar hemorrhage not resulting
in significant haemoptysis, and needle tract seeding was found in 3 cases
that amounted to 13% of the cases. Disease progression was noticed in 14
out of the 23 patients that amounted to 61% of the patients. Stable disease
was observed in 1 patient which amounted 4% of the patients, partial
remission of the tumour was observed in 1 patient which amounted to 4%
of the patients and complete remission was found in 7 patients which
amounted to 30% of the patients. The authors did conclude that IRE is not
effective for the treatment of lung cancers/malignancies [66].

Likewise, some authors reported that they had found similarly poor
treatment outcomes in their studies [67,68].

It has been pointed out that a major obstacle of IRE in the treatment of
lung lesions is the difficulty in positioning of the electrodes; placing the
probes in parallel alignment is made challenging by the interposition of
ribs. Furthermore, the planned and actual ablation zones within the lung
tend to be dramatically different because of the differences in conductivity
between the tumour, lung parenchyma, as well as air [10,69].

Coronary arteries
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It has been iterated that Maor and associates had illustrated the safety and
efficiency of IRE as an ablation option of treatment for smooth muscle
cells within the walls of large vessels in rat model [70].

In view of this IRE has been postulated as representing a preventive
treatment for coronary artery re-stenosis pursuant to percutaneous
coronary intervention procedure [10].

Pulmonary veins

It has been pointed out that many studies on animals had illustrated the
safety and efficiency of IRE as a non-thermal ablation option of treatment
for pulmonary veins with regard to the treatment of atrial fibrillation [10].
The advantages of IREs’ in comparison with radiofrequency ablation
(RFA) and cryoablation do include: Well defined ablation area and the
lack of peripheral thermal damage. In view of this, IRE has been
promulgated as a part of novel option of treatment for atrial fibrillation
(AF) [10,71].

Other organs

It has furthermore been iterated that IRE had also been investigated within
ex-vivo human eye models for the treatment of uveal melanoma [10,72],
as well as in thyroid cancer [10,73].

It has been pointed out that successful IRE ablations in animal tumour
models had been undertaken for lung, [10,74,75] brain, [10,74,76,77],
heart, [10,78] skin, [10,79,80] bone, [10,81,82] head and neck cancer
[10,83], as well as blood vessels. [10,84]

[B] Miscellaneous studies on Irreversible electroporation of various
organs in animals

Rubinsky et al. [11] made the following summations related irreversible
electroporation:

e lrreversible electroporation (IRE) is a new tissue ablation
technique in which micro to millisecond electrical pulses tend
to be delivered to undesirable tissue in order to produce cell
necrosis via irreversible cell membrane permeabilization.

e IRE does affect only the cell membrane and no other structure
within the tissue.

Rubinsky et al. [11] undertook a study which was aimed to study their
IRE tissue ablation methodology in the pig liver, to provide first
experience results on long term histopathology of IRE ablated tissue, as
well as to discuss the clinical implications of the findings. The study
consisted of the following: a) the designing of an IRE ablation protocol
via a mathematical analysis of the electrical field during electroporation;
b) utilization of ultrasound scan to position the electroporation electrodes
within the predetermined locations and subsequently to monitor the
process; ¢) application of the predetermined electroporation pulses; d) the
undertaking of histopathology examination on the IRE treated samples for
up to two weeks pursuant to the procedure; and e) correlation of the
mathematical analysis, ultrasound scan data, and histology. Rubinsky et
al. [11] observed that electroporation does affect tissue in a way that could
be imaged in real time with ultrasound scan, which should facilitate real
time control of the electroporation during clinical applications. Rubinsky
et al. [11] observed cell ablation to the margin of the treated lesion with
several cells thickness resolution. There did appear to be complete
ablation to the margin of blood vessels without compromising the
functionality of the blood vessels, which had indicated that IRE is a
promising method for the treatment of tumours that are near blood vessels
which has been a significant challenge with current ablation methods.
Consistent with the mechanism of action of IRE on the cell membrane
only, Rubinsky et al. [11] demonstrated that the structure of bile ducts,
blood vessels, and connective tissues had remained intact with IRE.
Rubinsky et al. [11] stated the following:
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e  They had reported extremely rapid resolution of lesions, within
two weeks, which was consistent with retention of vasculature.

e They had also documented tentative evidence for an
immunological response to the ablated tissue.

e They had lastly demonstrated that mathematical predictions
with the Laplace equation could be utilized in treatment
planning.

e The IRE tissue ablation technique, as characterized in their
report, might become an important new tool in the surgeon’s
armamentarium.

Au et al. [85] stated that Irreversible electroporation (IRE) is a new
ablation technique which tends to induce permanent membrane
permeability and cell death and that they were interested in ultrasound B-
mode and elastography in order to monitor IRE ablation within the liver.
With regard to methods, Au et al. [85] reported that Yorkshire pigs had
undergone IRE ablation of the liver and they were imaged with ultrasound
B-mode and elastography. Histopathology evaluation of cell death by
triphenyltetrazolium chloride and haematoxylin and eosin staining was
undertaken. Au et al. [85] summarized the results as follows:

e  Elastography demonstrated that liver that is ablated by IRE had
exhibited increased tissue stiffness with a peak strain ratio of
2.22.

e The IRE lesion did have a discrete border without bubble
artifact, and the size of the lesion size significantly correlated
with area of cell death upon histology examination of the
specimen.

e |RE ablation was not affected by presence of large blood vessels
or bile ducts.

Au et al. [85] made the following conclusions:

e IRE ablation had led to increased tissue stiffness which was
detectable by elastography and which was indicative of cell
death.

e  Elastography could complement B-mode ultrasonography to
monitor IRE ablation of the liver.

Lee et al. [86] evaluated the effectiveness of irreversible electroporation
(IRE) in hepatic (liver) tissue ablation and the radiology-pathology
correlation of IRE-induced cell death. With regard to the materials and
methods of their study, Lee et al. [86] reported that pursuant to an
approval of the animal research committee, 16 Yorkshire pigs had
undergone ultrasonography (US)-guided IRE of normal liver. A total of
55 ablation zones were created, that were imaged with US, magnetic
resonance (MR) imaging, and computed tomography (CT) and evaluated
with immunohistochemical analysis of the tissues were undertaken,
including haematoxylin-eosin (H-E), Von Kossa, and von Willibrand
factor (VWF) staining as well as terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay. Lee et aal. [86] summarized the
results as follows:

e  During macroscopy section examination of the specimens, the
mean diameter of the ablation zones was 33.5 mm + or - 3.0
(standard deviation) and this was achieved in 6.9 minutes (mean
total procedure time per ablation), with a mean difference of 2.5
mm + or - 3.6 between US and gross section measurements (r =
0.804).

e No complications were observed in any of the 16 animals.
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e The IRE ablation zones were well characterized with based
upon US, CT, and MR radiology imaging, and real-time
monitoring was feasible with US. H-E, Von Kossa, and VWF
staining which demonstrated complete cell death, with a sharply
demarcated treatment area.

e The bile ducts and vessels had been completely preserved.

e  Areas of complete cell death had exhibited positive staining for
apoptotic markers (TUNEL, BCL-2 oncoprotein), which had
suggested involvement of the apoptotic process in the
pathophysiology of cell death that was caused by IRE.

Lee et al. [86] made the ensuing conclusions:

e Inan animal model, IRE treatment did prove to be a fast, safe,
and potent ablative method, which had caused complete tissue
death by means of apoptosis.

e  Cell death was demonstrated with full preservation of the peri-
ablative zone structures, that included blood vessels, bile ducts,
and neighbouring nonablated tissues.

Duuki-Jacobs et al. [87] stated that Irreversible electroporation (IRE) is a
new technique for tumour cell ablation which had been reported to
involve non-thermal-based energy utilizing high voltage at short
microsecond pulse lengths. They also stated that In vivo assessment of the
thermal energy generated during IRE had not been undertaken and that
Thermal injury could be predicted utilizing a critical temperature model.
The aim of their study was to assess the potential for thermal injury during
IRE in an in vivo porcine model. With regard to the methods, Duuki-
Jacobs et al. [87] reported the following: In vivo continuous temperature
assessments of 86 different IRE procedures were undertaken on porcine
liver, pancreas, kidney and retroperitoneal tissue. They measured issue
temperature continuously throughout IRE procedure by means of two
thermocouples that were placed at set distances of 0-5 cm or less, and 1
cm from the IRE probes within the treatment field. They defined thermal
injury as a tissue temperature of 54°C that lasted at least 10 seconds. They
evaluated tissue type, pulse length, probe exposure length, number of
probes and retreatment for associations with thermal injury. Additionally,
IRE ablation was undertaken with metal clips or metal stents in the
ablation field in order to determine their effect upon thermal injury.
Duuki-Jacobs et al. [87] summarized the results as follows:

e  They had generated an increase in tissue temperature above the
animals' baseline temperature (median 36-0°C) during IRE in
all tissues that were studied, with the greatest increase found at
the thermocouple placed within 0-5 cm in all instances.

e Upon univariable and multivariable analysis, ablation in kidney
tissue with a maximum temperature of 62-8°C, ablation with a
pulse length setting of 100 ps with a maximum temperature of
54.7°C, probe exposure of at least 3-0 cm with a maximum
temperature of 52-0°C, and ablation with metal within the
ablation field with a maximum temperature of 65-3°C were all
associated with a significant risk of thermal injury.

Duuki-Jacobs et al. [87] made the following conclusions:

e IRE could generate thermal energy, as well as even thermal
injury, based upon the type of tissue, probe exposure lengths,
pulse lengths and proximity to metal.

o Awareness of the placement of the probe regarding proximity
to critical structures as well as probe exposure length and pulse
length are required to ensure safety and prevent thermal injury.

e A probe exposure of 2-5 cm or less for liver IRE, and 1-5 cm or
less for pancreas, with maximum pulse length of 90 pus would
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result in safe and non-thermal energy delivery with spacing of
1-5-2-3 cm between probe pairs.

Sugimoto et al. [88] undertook a study to assess various ultrasound (US)
scan findings, including B-mode, shear-wave elastography (SWE), and
contrast-enhanced US, in accurately assessing ablation margins pursuant
to irreversible electroporation (IRE) based upon radiology-pathology
examination feature correlation, and to compare these findings between
IRE and radiofrequency (RF) ablation. With regard to the materials and
methods of their study, Sugimoto et al. [88] reported that IRE was
undertaken on nine (9) and radiofrequency ablation (RF ablation) on three
(3) in vivo in three pig livers. Each ablation zone was imaged
radiologically by each method immediately after the procedure and 90
minutes subsequently. They evaluated the ablation zones based upon
gross pathological and histopathology findings within samples that were
obtained from the animals that were euthanized 2 hours pursuant to the
last ablation. They compared the characteristics and dimensions of the
histologically ablation zones were qualitatively and quantitatively against
each US finding. Sugimoto et al. [88] summarized the results as follows:

e In B-mode US at 90 minutes pursuant to the IRE, the ablation
zones had appeared as hyperechoic areas with a peripheral
hyperechoic rim, which showed excellent correlation (r(2) =
0.905, P < .0001) with the gross pathology examination
findings.

e SWE demonstrated that tissue stiffness in the IRE ablation
zones had increased over time.

e  Contrast-enhanced US demonstrated the IRE ablation zones as
hypo-vascular areas within the portal phase, and had shown the
highest correlation [r(2)=0.923, P< .0001] with gross pathology
examination findings.

e The RF ablation zones were clearly demonstrated by B-mode
us.

e  SWE did show that tissue stiffness pursuant to RF ablation was
higher in comparison with pursuant to IRE.

e  Contrast-enhanced US demonstrated RF ablation zones as
avascular areas.

Sugimoto et al. [88] concluded that RE and RF ablation zones could be
most accurately predicted by portal-phase contrast-enhanced US
measurements which has been obtained immediately after the ablation.

Appelbaum et al. [89] undertook a study in order to characterize
ultrasonographic (US) findings pursuant to irreversible electroporation
(IRE) in order to determine the utility of these findings in the accurate
assessment of ablation margins. With regard to the materials and methods
of their study, Sugimoto et al. [89] stated the following: Their institutional
animal care and use committee approval of the study was obtained. IRE
ablation totalling 58) was performed in vivo in 16 pig livers by utilizing
two 18-gauge electroporation electrodes with 2-cm tip exposure, 1.5- or
2.0-cm interelectrode spacing, and an electroporation generator. Energy
deposition was applied at 2250-3000 V (pulse length, 50-100 psec; pulse
repetition, 50-100). Ablations were undertaken under the guidance of
ultrasound (US) scan. Images had been obtained during ablation and at
defined intervals from 1 minute to 2 hours pursuant to the procedure.
Zones of ablation were examined during Macroscopic and histopathology
examination of samples that had been obtained from the animals which
had been sacrificed 2 hours to 3 hours following the IRE procedures. The
dimensions of the histopathology necrosis zone and ultrasound (US)
findings were compared and subjected to statistical analysis, with the
inclusion of a “Student” t-test and multiple linear regression.

Appelbaum et al. [89] summarized the results as follows:
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e Within 20-50 pulse repetitions of IRE energy, the ablation zone
had appeared as a hypo-echoic area with well-demarcated
margins.

e During the next 8 minutes to 15 minutes, this zone decreased in
size from 3.4 cm + 05 to 25 cm + 0.4 and it became
progressively more iso-echoic.

e  Subsequently, a peripheral hyper-echoic rim that measured 2
mm to 7 mm, with a mean of 4 mm £ 1mm encompassing the
isoechoic zone had developed 25 minutes to 90 minutes, with a
mean of 41 minutes + 19 minutes following the IRE.

e The final length of the treatment zone, including the rim,
increased to 3.3 cm £ 0.6.

e The final dimensions of the outer margin of this rim had
provided greatest accuracy (1.7 mm % 0.2) and tightest
correlation [r(2) = 0.89] with macroscopic (gross) pathology
examination findings.

e  Histopathology examination demonstrated widened sinusoidal
spaces which had progressively filled with spatially distributed
haemorrhagic infiltrate upon a bed of hepatocytes with pyknotic
nuclei throughout the treatment zone.

Appelbaum et al. [89] made the following conclusions:

e Ultra-sound (US) scan findings in the acute period following
IRE are dynamic and they evolve.

e  The ablation zone could be best predicted by measurement of
the external hyper-echoic rim that forms 90 minutes to 120
minutes pursuant to the ablation. This rim is possibly
attributable to evolving haemorrhagic infiltration via widened
sinusoids.

Appelbaum et al. [90] undertook a study to prospectively ascertain the
optimal parameters with which to achieve defined large target zones of
coagulation by utilizing irreversible electroporation (IRE) with four-
electrode arrays and the time that is needed to achieve this treatment effect
in an in vivo animal model. With regard to the materials and methods,
Appelbaum et al. [90] reported the following:

e  Their study was approved by the animal care and use
committee.

e Ultrasonography (US)-guided IRE ablation that totalled 90 was
undertaken in vivo in 69 pig livers with an array of four
electrodes (18 gauge) and an electroporation generator.

e Cardiac-gated 100-psec IRE pulses had been applied
sequentially between the six sets of electrode pairs at 2250-
3000 V.

e  Multiple algorithms of energy deposition and electrode
configuration had been studied, which included interelectrode
spacing (1.5-2.5 cm), number of IRE pulses applied
consecutively to each electrode pair (10, 20, 50, and 100), and
number of times per cycle each electrode pair was activated
(one to 10).

e  They measured the resultant zones of treatment with ultrasound
(US) scan 1.5 hours to 3 hours following the IRE and this was
confirmed at macroscopic (gross) and histopathology
examination.

e  They compared data and ablation times in order to ascertain the
optimal algorithms with which to achieve 4-7-cm areas of
treatment effect in the shortest time possible.
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e Additionally, the IRE current that was applied was correlated
with the ablation size.

e They analysed the data by utilising analysis of variance with
multiple comparisons, t tests, or nonparametric statistics.

Appelbaum et al. [90] summarized the results as follows:

e  For 2.5-cm spacing, the ablation diameter was increased by
increasing either the overall time of energy application or the
number of cycles of 20 pulses (P < .01 for both).

e  The application of IRE of less than four cycles (or continuous
IRE application of 100 pulses) did not emanate in contiguous
ablation.

e  Nevertheless, sequentially increasing the number of cycles of
IRE from four to 10 increased both the electrical current that
was applied (from 144 A+ 0.4t0 17.6 A £ 0.7, P =.0004) and
ablation diameter (from 5.6 cm £ 0.3t0 6.6 cm £ 0.3, P =.001).

e  Even though division of application into cycles had not altered
the coagulation at 2.0- and 1.5-cm spacing, application of
energy to diagonal electrode pairs had increased the
coagulation. Hence, one 100-pulse cycle (11.0 minutes * 1.4)
did produce 4.8 cm + 0.3 of ablation for 2.0-cm spacing with
diagonal pairs but only 4.1 cm + 0.3 of ablation without
diagonal pairs (7.5 minutes £ 1.0, P < .03 for both).

Appelbaum et al. [90] made the ensuing conclusions:

e  With four-electrode arrays, IRE could create large contiguous
zones of treatment effect within clinically acceptable ablation
times; the parameters could be tailored in order to achieve a
wide range of ablation sizes.

e  Cyclical deposition of IRE application is beneficial, especially,
for larger inter-probe spacing, most likely as a result of
alterations of electrical conductivity which occur pursuant to
successive applications of IRE energy.

Faroja et al. [91] undertook a study in order to ascertain whether high-
dose irreversible electroporation (IRE) ablation does induce thermal
effects in normal liver tissue. With regard to materials and methods,
Faroja et al. [91] stated the following: They had obtained animal care and
use committee approval was preceding their experiments. IRE ablation
that totalled 78 was undertaken by a single four-person team in vivo in 22
porcine livers by through the application of electric current to two 1.3-
cm-diameter circular flat-plate electrodes that were spaced 1 cm apart.
Cardiac-gated IRE pulses that ranged between 40 and 360 were
systematically applied at varying voltages betwenn1500 volts and 2900
volts. They measured End temperatures at the ablation zone centre which
were correlated with ablation time, energy parameters, and resultant
treatment effect as was determined at macroscopic (gross) pathology and
histopathology examination. Faroja et al. [91] then monitored
temperatures at the centre as well as the periphery of four ablations that
were created by the use of a four-electrode IRE array (3000 V, 90 pulses
per electrode pair). Faroja et al. [91] analysed the data by utilising
multivariate analysis of variance with multiple comparisons and/or paired
t tests and regression analysis, as appropriate. Faroja et al. [91]
summarised the results as follows:

e  Temperature rose above the 34°C baseline following the IRE in
all flat-plate experiments and this correlated linearly (R (2) =
0.39) with IRE "energy dose" (product of voltage and number
of pulses) as well as more tightly in univariate analysis with
both voltage and number of pulses.
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e  Hence, the mean temperatures as high as 86°C + 3 (standard
deviation) were noted for 2500 V and 270 pulses.

e Ablations of 90 pulses or higher at 2500 V did produce
temperatures of 50°C or higher and classic macroscopic (gross)
and histopathology findings of thermal coagulation (pyknotic
nuclei and streaming cytoplasm).

e  With regard to lower IRE doses (ie, 2100 V, 90 pulses), the
temperatures had remained below 45°C, and it was only IRE-
associated pathology findings, for example, swollen sinusoids,
dehydrated cells, and haemorrhagic infiltrate were visualised.

e  For the four-electrode arrays, the temperatures had measured
54.2°C £ 6.1 at the electrode surfaces and 38.6°C + 3.2 within
the ablation zone margin.

Faroja et al. [91] made the ensuing conclusions:

e In some conditions of high intensity, IRE could produce
sufficient heating in order to induce "white zone" thermal
coagulation.

e  While this could be useful in some settings to increase
destruction of tumour, additional characterization of the
thermal profile which is created with clinical electrodes and
energy parameters would therefore be required in order to better
comprehend the best ways to avoid unintended damage when
ablating near thermally sensitive critical structures.

Wagstaff et al. [92] stated that even though tissue ablation by irreversible
electroporation (IRE) had been characterized as nonthermal, the
application of frequent repetitive high-intensity electric pulses does have
the potential of substantially heating the targeted tissue and causing
thermal damage. Wagstaff et al. [92] undertook a study to evaluate the
risk of possible thermal damage by measuring temperature development
and distribution during IRE of porcine kidney tissue. With regard to the
methods of the study, Wagstaff et al. [92] stated the following: The animal
procedures were conducted after obtaining an approved Institutional
Animal Ethics Committee protocol. IRE ablation was undertaken in 8
porcine kidneys. Out of them, 4 kidneys were treated with the use of a 3-
needle configuration and the remaining 4 were treated with a 4-needle
configuration. All IRE ablations had consisted of 70 pulses with a length
90 ps. The pulse frequency was set at 90 pulses/min, and the pulse
intensity at 1,500 V/cm with a spacing of 15 mm between the needles.
They measured the temperature internally utilising 4 fiber-optic
temperature probes and at the surface by using a thermal camera.
Wagstaff et al. [92] summarised the results of the study as follows:

e They had measured for the 3-needle configuration, a peak
temperature of 57°C (mean = 49 + 10°C, n = 3) within the core
of the ablation zone and 40°C (mean = 36 £+ 3°C, n = 3) at 1cm
outside of the ablation zone, from a baseline temperature of 33
+1°C.

e They had measured for the 4-needle configuration, a peak
temperature of 79°C (mean = 62 + 16°C, n = 3) within the core
of the ablation zone and 42°C (mean = 39 + 3°C, n = 3) at 1cm
outside of the ablation zone, from a baseline of 35 + 1°C.

e  Thethermal camera had recorded the peak surface temperatures
within the centre of the ablation zone, reaching 31°C and 35°C
for the 3- and 4-needle configuration IRE (baseline 22°C).

Wagstaff et al. [92] made the following conclusions:

e The application of repetitive high-intensity electric pulses
during the process of IRE ablation in porcine kidney does cause
lethal rise in temperature within the ablation zone.
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e  Temperature monitoring should be considered when
undertaking IRE ablation near vital structures.

Agnass et al. [93] undertook a study which was aimed first to ascertain
whether irreversible electroporation (IRE) is associated with heat
generation in the liver and pancreas at clinical (<1,500 V/cm) and supra-
clinical (>1,500 V/cm) electroporation settings; second, and secondly to
assess the risk of thermal tissue damage within and adjacent to the treated
volume in highly perfused versus moderately perfused parts of both
organs; as well as thirdly, to investigate the influence of perfusion and of
the presence and the orientation of a metal stent on the maximal thermal
elevation (ATsessionmax) Within the tissue during an IRE session at fixed
IRE settings, and finally, to ascertain whether the maximum temperature
elevation within the IRE-subjected organ during an IRE treatment (single
or multiple sessions) is reflected in the organ's surface temperature. With
regard to the methods of the study, Agnass et al. [93] stated the following:
The aims had been investigated in 12 case studies which were undertaken
in five female Landrace pigs. Many IRE settings had been applied for
lateral (2), triangular (3), and rectangular (4) electrode configurations
within the liver hilum, liver periphery, pancreas head, and pancreas tail.
IRE series of 10-90 pulses had been applied with pulse durations which
had varied from 70 ps to 90 us and electric field strengths between 1,200
V/em and 3,000 V/em. In select cases, a metal stent was positioned in the
bile duct at the level of the liver hilum. They measured temperatures
before, during, and following the IRE in and adjacent to the treatment
volumes using fibre optical temperature probes (temperature at the
nucleation centres) and digital thermography (surface temperature). They
assumed the occurrence of thermal damage to be at temperatures above
50 °C (ATsessionmax = 13 °C relative to body temperature of 37 °C). They
compared the temperature fluctuations at the organ surface (AT Locsurf) 10
the maximum temperature elevation during an IRE treatment procedure
in the electroporation zone. In select cases, they applied IRE to tissue
volumes surrounding the portal vein (PV) and a constricted and patent
superior mesenteric vein (SMV) in order to ascertain the influence of the
heatsink effect of PV and SMV on ATsessionmax. Agnass et al. [93]
summarised the results as follows:

e The median baseline temperature was 31.6 °C-36.3 °C.
ATsessionmax Which had ranged from -1.7 °C to 25.5 °C in
moderately perfused parts of the liver and pancreas, and from
0.0 °C to 5.8 °C in highly perfused parts.

e  The median ATwocsurt OF the liver and pancreas was found to be
1.0 °C and 10.3 °C, respectively.

e  Constricting the SMV within the pancreas head yielded a 0.8
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e The presence of a metal stent within the liver hilum resulted in
a ATsessionmax 0f 19.8 °C.

e Stents that were parallel to the electrodes caused a
ATsessionmax difference of 4.2 °C relative to the perpendicular
orientation.

Agnass et al. [93] advised that appropriate IRE settings should be chosen
based upon the tissue type and the presence of stents in order to avoid
thermal damage within healthy peritumoral tissue and in order to protect
anatomical structures. Agnass et al. [93] made the ensuing conclusions:

e  Depending upon the IRE settings and tissue type, IRE has the
capability of inducing considerable heating within the liver and
pancreas which is sufficient to cause thermal tissue damage.

e  More significant temperature elevations tend to be positively
correlated with increasing number of electrode pairs, electric
field strength, and pulse number.

e  Temperature elevations could be further exacerbated by the
presence and orientation of metal stents.

e  Temperature elevations within the nucleation centres tend not
always to be reflected in the organ's surface temperature.

e  Heat sink effects that are caused by large vessels were minimal
in some instances, possibly due to reduced blood flow which
had been caused by anaesthesia.

Discussion

[C] Miscellaneous Narrations and Discussions Related to Some Case
Reports, Case Series, And Studies Related to Irreversible
Electroporation of Prostate Cancer.

Dong et al. [94] undertook clinical trials after they had obtained patients’
consent and approval from the Shanghai Changhai Hospital Ethics
Committee (CHEC2017-075) and Good Clinical Practices. Dong et al.
[94] reported that forty patients had received therapeutic HF bipolar
pulses, and their ages had ranged between 51 years and 85 years. The
patients underwent treatment within Shanghai Changhai Hospital in
Shanghai, China. Significantly elevated serum prostate-specific antigen
level was detected in patients, and the patients then underwent
multiparametric MRI to identify the suspected tumours within their
prostate glands; the maximum size of the tumour in all of the patients
ranged between 1 cm and 3 cm. The patients’ treatment information has
been illustrated in Table 1. A prostate needle biopsy was undertaken

°C higher ATsessionmax. preceding the IRE procedure in order to illustrate the clinical significance
’ of prostate cancer through histopathology examination of the specimens.
No Number of Maximum Size of Number of Patients Age Treatment
Electrodes Tumour, cm Patients Time, min
1 2 <1 3 64,76, 79 <8
2 3 1.0-15 13 81,71,59, 71,82, 74, | <20
69, 59, 79, 67, 51, 58,
63
3 4 1.5-2.0 10 76, 68, 73, 57, 65,81, | <30
84,85, 73,78
4 5 2.0-25 8 68, 51, 65, 74, 68, 76, | <40
82,75
5 6 2.5-3.0 6 75, 66, 75, 64,72, 77 | <45

Table 1: The Patients Treatment Information
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the SAGE and Open Access pages (https://us.sagepub.com/en-
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Therapeutic Equipment

A composite steep pulse therapeutic apparatus was utilized in order to
generate HF bipolar pulses, as illustrated in Figure 1A. The apparatus
could produce bursts of HF bipolar pulses, constituting of individual
pulses of duration which had ranged between 1 micro-seconds and 100
microseconds; the inter-burst delay was 1 second, and the rise time was
less than 100 nanoseconds. The schematic of bipolar HF pulse bursts
applied in the study has been illustrated in Figure 1B.

Barst Period @ Is

Total Encrglred Time:
S 207100 us

P4 Pulse Width:
S

Figure 1: The picture of (A) composite steep pulse therapeutic apparatus and (b) the schematic of HF bipolar pulses. (C) Electrodes. HF indicates
high frequency.
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In each trial, 2 to 6 needle electrodes had been inserted into the tumour
region, and the distance between 2 electrodes was less than 2 cm. The
diameter of the electrodes was 1 mm, and the exposure length was set to
1.0 to 3.0 cm (see figure 1B), depending upon the size of the tumour.

The Procedure

The patients were positioned in the dorsal lithotomy position and they
were operated under aseptic conditions and under general anaesthesia. In

Auctores Publishing LLC — Volume 10(5)-239 www.auctoresonline.org
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order to provide a lower concentration of muscle relaxant to the patients,
a muscle relaxant (cisatracurium besylate) at a dose of only 0.001 mg/ kg-
min was injected, which was lower than the dose that is utilized during a
conventional surgery (0.0015 mg/kg-min).

The therapeutic electrodes were then punctured transperineally at the
margin of the cancer lesion under trans-rectal ultrasound scan-guidance,
and the space between electrodes was measured utilizing the ultra-sound
scan images.

High-frequency bipolar pulses were administered following
determination of the position of the needle electrodes. The burst of HF
bipolar pulses, which consisted of 20 pulses each of 5 microseconds, had
a total energized time of 100 microseconds, with a 10-ps delay time
between the positive and the negative pulses. The schematic of HF bipolar
pulses is illustrated in Figure 1C. The initial voltage-to-distance ratio
applied which was 1500 V/cm between the pairs of electrodes. The
voltage was adjusted during the trial in order to avoid a very large pulse
current greater than 40 A. Pulses were administered at a repetition rate of
1 burst/second in sets of 50 pulses, following a 10-second delay so as to
avoid an increase in temperature within the tissues; the cycle was repeated
for a total number of 250 bursts which were administered between each
pair of electrodes. The electrodes were removed pursuant to the treatment,
and the patient was catheterized through the urethra before the patient
recovered from the anaesthesia.
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The Therapeutic Effect Evaluation

Four weeks pursuant to the treatment, magnetic resonance imaging (MRI)
scan was utilized to estimate the ablation area. Furthermore, the position
of the electrodes in MRI scan image, which would be utilized to analyse
the electric field threshold of ablation, was ascertained by matching the
MRI scan image and the ultrasound scan image with the location of
electrodes.

The efficacy of ablation at the cellular level was analysed in 8 patients
who had undergone complete resection of the prostate gland after 4 weeks
based upon voluntary principles. These prostate specimens were
sectioned and processed for histopathology examination utilizing
haematoxylin and eosin staining. Colour images of each tissue section
were acquired utilizing the Aperio LV1 Digital Pathology Slide Scanner
(Leica Biosystems Inc, Buffalo Grove, Illinois).

Copy rights@ Anthony Kodzo-Grey Venyo.

Numerical Simulations

The authors stated that it was difficult to reconstruct an accurate 3D model
in view of the fact that only low-resolution MRI slices were acquired.
Hence, a 2D finite element model of the prostate tissue was established
utilizing COMSOL Multiphysics software (version 4.2a; COMSOL Inc,
Burlington, Massachusetts). As has been illustrated in Figure 2, the ellipse
does illustrate the prostate and the 3 small circles do depict the electrodes.
The diameter of the needle electrode was set at 1 mm, and the electrode
spacing was set according to the measured distance within the ultrasound
scan image. The tumours were not considered in the model in view of the
fact that the dielectric parameters of prostate cancer were not clear when
HF bipolar pulses were applied.

Figure 2: Mesh model and simulation result with 3 electrodes Mesh model and simulation result with 3 electrodes. The coordinate unit is mm. The
field intensity unit is V/cm. (A) Mesh model. (B). Electric field intensity simulation.
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The electric field distribution in the biological tissue was stated to be
closely related to the electrical conductivity and permittivity. The
electrical conductivity and permittivity changes during the process of
electroporation, but the dynamic response of tissue to HF bipolar pulses
had been poorly researched; hence, in the study, the static model was
utilized for an initial analysis. The fundamental frequency of the burst in
the study was 33.3 kHz, and the corresponding permittivity and
conductivity of the prostate tissues, which could be observed from the
(reference 22) were 7162.9 and 0.43292 S/m, respectively.

The Laplace equation was utilized to solve the electric field distribution
within the tissue region. Within the solution domain, the electric current
module was utilized to solve the following equations:

Auctores Publishing LLC — Volume 10(5)-239 www.auctoresonline.org
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where U represents the electric potential, E represents the electric
field, J represents the current density, Q represents the current source, ¢
represents the conductivity, errepresents the relative permittivity, and
€o represents the permittivity of free space. The boundaries encompassing
1 electrode were assigned a constant electrical potential:

U = U[V].--=-=-mmm-- 4
The boundaries of the other electrode were assigned as a relative ground:
U = 0[V].--=--=-==---=- 5

where n represents the normal vector to the surface and J represents the
electrical current density.

The electric field distribution with iso-contours could be computed
utilizing COMSOL software through electric field simulation. The
electric field lethality threshold could be determined preliminarily by
comparing the calculated electric field intensity contours and the ablation
zone in MRI section as well as finding the electric field intensity closest
to the ablation boundary.
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Results
Dong et al. [94] summarized the results as follows:

e  The number of electrodes that were utilized in the clinical trial
was 2 to 6 as has been illustrated in Table 1.

e  The treatment time for each patient lasted less than45 minutes,
and there were no abnormalities encountered during the pulse
delivery process.

e The patients’ physiological indexes were monitored during
treatment and these included: the heart rate, blood oxygen level,
and respiration rate, and all these parameters were found to be
within the normal range.

e  Low-dose muscle relaxants were injected prior to the treatment;
therefore, muscle contractions had not occurred during the
process of treatment. This is important because any major
movements that generated by the patients could potentially
damage the nearby structures as a result of the movement of
electrodes.

A

s

Ablation area

10 mm
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e  Pursuant to the treatment, the patients felt well and they could
move around after about 10 hours.

e  Allof the patients were discharged from the hospital on the next
day after their treatments, and none of the patients had required
any further hospitalization.

o After 4 weeks, the lesions were clearly visible within their MRI
scans.

e As illustrated in Figure 3, the areas encompassed by the red
curve, namely, the darker regions, represent the ablation areas.
The areas encompassed by the blue curves are the prostate. In
some of the cases, the electrode needles were positioned very
close to the capsule of the prostate gland, but MRI scans
demonstrated that the HF bipolar pulses had not damaged the
prostate capsule. Figure 3 also demonstrated that the capsule of
the prostate gland was intact, which could inhibit the metastasis
of prostate cancer cells.

Prostate Erostate

capsuje

Ablation area

Figure 3: In MRI scans, lesions were clearly visible and the prostate capsule was noted to be intact. The area surrounded by the red curve is the
ablation area, and the area surrounded by the blue curve is the prostate. (A) MRI of one patient before treatment. (B) MRI of another patient before
treatment. MRI indicates magnetic resonance imaging.
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The location of prostate cancer was determined utilizing MRI scan
preceding the treatment (see figure 4A). The therapeutic electrodes were
then punctured transperineally at the margin of the cancer lesion under
trans-rectal ultrasound scan-guidance (see Figure 4B). The authors
pointed out that by comparing MRI scan images with ultrasound scan
images facilitated the determination of the positions of the electrodes
positions in MRI scans as has been demonstrated in figure 4C. The
electrode needles were all positioned within the ablation area, and the
tissue between the electrodes had been completely ablated. The shape of
the ablation area was closely related to the position of electrodes.
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A

Prostatic cancer

Prostate

Figure 4: The electrode position on the ultrasound images and MRI scans. The dots are the position of electrodes, and the area surrounded by the
red dashes is the prostate cancer. The areas surrounded by blue dashes or blue curves are the prostate, and the dots are the position of electrodes.
(A) MRI before the treatment. (B) Ultrasound image. (C) MRI after the treatment. MRI indicates magnetic resonance imaging.
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After determining the position of electrodes in MRI scans, the contours
of the electric field distributions between each pair of electrodes were
drawn as shown out as illustrated in Figure 5. The authors iterated that by
comparing the ablation boundaries as well as the electric field distribution
allowed the preliminary ascertaining of the electric field lethality
threshold with regard to the case of constant conductivity, and the average
lethality threshold of the treatment protocol that was utilized in the trial
was 522 £ 74 V/cm.

Ablation area
Prostate

Prostate

"
.

Figure 5: The electric field distribution contours in MRI. The Color contours are the electric field intensity lines in the range of 400 to 1000 V/cm.
The light gray area is the prostate and the dark gray area in the prostate is the ablation area. The yellow dots indicate the position of electrodes.
MRI indicates magnetic resonance imaging.
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Dong et al. [94] reported that the prostate glands of 8 patients were
excised and utilized for histopathology examination 4 weeks pursuant to
their treatment. Histopathology examination of the excised prostate

demonstrated that the ablated area had diffuse necrotic glandular tissue
without any obvious viable tissue within the ablated zone (see Figure 6A).

Copy rights@ Anthony Kodzo-Grey Venyo.

They also stated that even though Figure 6B demonstrated that large
vessels within the tissue were intact, some amount of bleeding was
visualised near the electrodes with the demonstration of scattered blood
cells in the tissue which might have been caused capillary damage. The
ablated zone had been well demarcated from the immediately adjacent
unaffected parenchyma of the prostate gland as well as the transition zone
between the necrotic glandular tissue in the ablation area as well as the
adjacent normal glandular tissue was found to be abrupt (see Figure 6C).
Furthermore, necrotic glandular tissue was observed adjacent to the
urethra as illustrated in Figure 6D. Nevertheless, the integrity of the
urethral structure had remained intact without any evidence of necrosis
within the submucosa, even in the scenario when the urethra had been
subjected to direct ablation during the safety portion of the study.

Figure 6: H&E stain of the prostate in which the ablation is clear, there are no viable glandular tissues in the ablation area, and the urethra is intact
after treatment. The yellow line is the ablation boundary. (A) H&E stain of prostate. (B) Larger vessels, (C) Ablation boundary. (D) Urethra H&E
indicates haematoxylin and eosin.
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With regard to the outcome of the treatment procedures, Dong et al. [94]
reported the following:

e  The patients were followed up for 6 months and in summary,
the overall outcomes of their clinical treatment of patients who
had prostate cancer were that 8 of 40 patients underwent radical
prostatectomy 4 weeks subsequently, and 32 of the 40 patients
retained their prostates.

Auctores Publishing LLC — Volume 10(5)-239 www.auctoresonline.org
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e  Sexual function was preserved in 14 patients out of 14 patients
that amounted to 100%) of the 14 patients, 40 patients out of 40
patients that amounted to 100% of the 40 patients could control
their micturition and they did not require any urinary pads, and
None (0) of the 40 patients had urinary incontinence during

surgery.

e  The average duration of hospitalization of the 40 patients was 2
days, and the use time of urination was 2 to 10 days.

e  Out of the 40 patients, 15 patients that amounted 37.5% of the
patients had manifested with haematuria 2 weeks pursuant to
their surgery (irreversible electroporation) and 5 patients that
amounted to 12.5% of the patients had manifested with
haematuria 4 weeks after their treatment. None of the patients
had haematuria after 6 months.

Dong et al. [94] made the ensuing conclusions:

e  Their study had described the first trial which had been
conducted in human beings that involved the administration of
HF bipolar pulses therapy for carcinoma of the prostate gland.

e  HF bipolar pulse is a minimally invasive nonthermal treatment
in ablation of tumour which could reduce the dose of muscle
relaxant during treatment.
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e In comparison with radical prostatectomy and thermal therapy,
HF could preserve the NVB, urethra, and major vasculature
within the prostate gland, which is beneficial for recovery of
patients.

e  The post-operative effect of such a treatment on their patients
was very encouraging, in that sexual function was preserved in
14 patients out of 14 patients that amounted to 100% of the 14
patients, 40 patients out of 40 patients that amounted to 100%
of the 40 patients could control their micturition and they and
did not require utilization of urinary pads, and None (0) of the
40 patients had urinary incontinence during surgery.

e The clinical trials were conducted successfully, and they
provided valuable insights relating to the treatment of prostate
cancer with utilization of HF bipolar pulses, which would
promote the ablation of solid tumours by IRE.

Colletini et al. [95] stated that Irreversible electroporation (IRE) is a
nonthermal ablative method which is based upon the formation of
nanoscale defects within cell membranes leading to cell death and that
clinical experience with the technique for the treatment of prostate cancer
had been limited. Collettini et al. [95] evaluated the urogenital toxicity
and oncology outcome of MRI-transrectal US fusion—guided IRE of
localized prostate cancer. With regard to the materials and methods of
their study, Colletini et al. [95] reported that in their prospective study,
men who had biopsy-proven, treatment-naive, low- to intermediate-risk
carcinoma of the prostate gland with serum prostate-specific antigen
[PSA] of equal to or less than 15 ng/mL; Gleason score of equal to or less
than 3 + 4 = 7; clinical stage of equal to or less than T2c; lesion size at
multiparametric MRI scan of equal to or less than 20 mm, had undergone
focal MRI/transrectal US fusion—guided IRE between July 2014 and July
2017. The primary end point of the study was the urogenital toxicity
profile of focal IRE by utilizing participant-reported questionnaires. The
secondary end points of the study were biochemical, histopathology, and
imaging measures of oncology control. Colletini et al. [95] undertook
analyses of their data by utilising nonparametric and y? test statistics.
Colletini et al. [95] summarised the results as follows:

e  Thirty men were included in the study and their median age was
65.5 years); their mean serum PSA level was 8.65 ng/mL and
mean tumour size was 13.5 mm.

e  Onegrade Il adverse event which consisted of urethral stricture
was recorded.

e The proportion of men who had erection sufficient for
penetration was observed in 25 men out of 30 mean which
amounted to 83.3% at baseline and 23 out of 29 which
amounted to 79.3% with P > .99) at 12 months.

e Leak-free and pad-free continence rate was noted in 27 out of
30 men that amounted to 90% at baseline and 25 out of 29 men
that amounted to 86.2% at P > .99 at 12 months.

e Urogenital function had remained stable at 12 months
according to changes within the modified International
Consultation on Incontinence Questionnaire Male Lower
Urinary Tract Symptoms, or ICIQ-MLUTS, and the
International Index of Erectile Function, or lIEF-5,
questionnaires (P = .58 and P = .07, respectively).

e  The serum PSA level had decreased from a baseline median
value of 8.65 ng/mL (interquartile range, 5-11.4 ng/mL) to 2.35
ng/mL (interquartile range, 1-3.4 ng/mL) at 12 months (P <
.001) pursuant to the IRE procedure.
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e At 6 months, 28 of 30 of the participants that amounted to
93.3% of the patients underwent post-treatment prostate biopsy.

e  The rate of in-field treatment failure was found in five out of 28
patients that amounted to 17.9% of the patients as was
determined with multiparametric prostate MRI and targeted
biopsies of the prostate at 6 months.

Colletini et al. [95] concluded that after a median follow-up of 20 months,
they had found out in their study that focal irreversible electroporation of
localized carcinoma of the prostate gland was associated with low
urogenital toxicity as well as promising oncology outcomes. Colletini et
al. [95] made the ensuing summation as well as Key Points:

e  MRI-transrectal US fusion—guided irreversible electroporation
represents a safe and effective procedure for patients who have
localized low- to intermediate-risk prostate cancer with
promising midterm results, both with regard to urogenital
toxicity and oncology control.

e Pursuant to irreversible electroporation (IRE) treatment of
prostate cancer, no residual cancer was found in 23 of out of 28
patients that amounted to 82% of their study participants at 6
months after targeted prostate biopsy.

e  Serum Prostate-specific antigen (PSA) levels had decreased
from 8.65 ng/mL to 2.35 ng/mL at 12 months (P < .001)
pursuant to IRE of the prostate.

e |RE of the prostate was found to be associated with a leak-free
and pad-free continence rate of 96.3% and stable urogenital
function at 12 months.

Guenther et al. [61] stated that Irreversible Electroporation (IRE) is a new
image-guided tissue ablation technology which does induce cell death
through very short but strong pulsed electric fields and that IRE had been
demonstrated to have preserving properties towards vessels and nerves as
well as the extracellular matrix. They also stated that the aforementioned
points do make IRE an ideal candidate to utilize for the treatment of
prostate cancer (PCa) where other treatment modalities frequently
unselectively tend to destroy encompassing structures which induce
severe side effects like incontinence or impotence. Guenther et al. [61]
reported their retrospective assessment of 471 IRE treatments in 429
patients who had all grades and stages of prostate cancer (PCa) with 6-
year maximum follow-up time. With regard to the material and findings
in the study, Guenther et al. [61] stated the following:

e  The cohort oof patients had consisted of low-risk cancers that
amounted to 25, intermediate-risk cancers that amounted to 88
and high-risk cancers that totalled 312.

e All of the patients had multi-parametric magnetic resonance
imaging, and 199 men had additional 3D-mapping prostate
biopsy for diagnostic work-up preceding their IRE.

e The patients were treated either focally with regard to 123
patients, sub-whole-gland with regard to 154 patients, whole-
gland with regard to 134 patients or for recurrent disease with
regard to (63 patients after previous radical prostatectomy,
radiation therapy, etc.

e Adverse effects were found to be mild in 19.7% of the patients,
moderate in 3.7% of the patients and severe in 1.4% of the
patients and these were never life-threatening.

e Urinary continence was noted to be preserved in all cases.
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e IRE-induced erectile dysfunction had persisted in 3% of the
evaluated cases 12 months pursuant to treatment.

e  The mean transient IIEF-5-Score reduction was 33% within 12-
month pursuant to the IRE follow-up and 15% after 12 months.

e  Recurrences of the prostate cancer within the follow-up period
had occurred in 10% of the treated men, 23 in or adjacent to the
treatment field and 18 outside the treatment field (residuals).

e They had found that with the inclusion of residuals for worst
case analysis, Kaplan Maier estimation on recurrence rate at 5
years resulted in 5.6% (CI195: 1.8-16.93) for Gleason 6, 14.6%
(C195: 8.8-23.7) for Gleason 7 and 39.5% (CI195: 23.5-61.4) for
Gleason [8-10].

Guenther et al. [61] made the following conclusions:

e  The results of their study had indicated comparable efficacy of
IRE to standard radical prostatectomy with regard to the 5-year
recurrence rates and better preservation of urogenital function,
proving the safety and suitability of IRE for PCa treatment.

e  The data had also demonstrated that IRE, besides focal therapy
of early PCa, could also be utilized for whole-gland ablations,
in patients who have PCa, and as a problem-solver for local
tumour control in T4-cancers that are not amenable to surgery
and radiotherapy anymore.

Ong et al. [1] made the following summating iterations related to
Irreversible Electroporation of prostate Cancer:

e  Even though it could be lethal in its advanced stage, carcinoma
of the prostate gland could be effectively treated when it is
localised.

e  Traditionally, radical prostatectomy (RP) or radiotherapy (RT)
were utilized to treat all men who have localised prostate
cancer; nevertheless, this has significant risks of post-treatment
side effects.

e Focal therapy has emerged as a potential form of treatment
which could achieve similar oncology outcomes to radical
treatment but at the same time preserving functional outcomes
and decreasing rates of adverse effects.

e lrreversible electroporation (IRE) is one such forms of focal
treatment which does use pulsatile electrical currents to ablate
tissue.

¢ |IRE modality of treatment is still in an early research phase,
with studies demonstrating that IRE is a safe procedure which
could offer good short-term oncology outcomes whilst carrying
a lower risk of poor functional outcomes.

e  They believe that based upon these results, future well-designed
clinical trials would be needed to truly assess the efficacy of
IRE in the treatment of men who have localised prostate cancer.

Abs

Rojo et al. [96] stated that metastatic prostate cancer within bone is
difficult to treat in view of the fact that the tumour cells tend to be
relatively resistant to hormonal or chemotherapies in comparison with
primary prostate cancer. They also stated that Irreversible electroporation
(IRE) is a minimally invasive ablation treatment procedure which has
potential applications in the management of prostate cancer within bone.
Nevertheless, a common limitation of IRE is recurrence of tumour, which
does arise from incomplete ablation which does allow the remaining
cancer cells to proliferate. Rojo et al. [96] in their study, combined IRE
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with radium-223 (Ra-223), a bone-seeking radionuclide which does emit
short track length alpha particles and thus tends to be associated with
reduced damage to the bone marrow and evaluated the impact of the
combination treatment on bone-forming prostate cancer tumours. With
regard to the methods of their study, Rojo et al. [96] stated that they had
tested the antitumor activity of IRE and Ra-223 as single agents and in
combination in vitro against three bone morphogenetic protein 4
(BMP4)-expressing prostate cancer cell lines (C4-2B-BMP4, Myc-CaP—
BMP4, and TRAMP-C2-BMP4). They had also performed similar
evaluation was invivo using a bone-forming C4-2B-BMP4 tumour
model in nude mice. Rojo et al. [96] summarized their results as follows:

e |IRE and Ra-223 as monotherapy had inhibited prostate cancer
cell proliferation in vitro, and their combination had resulted in
significant reduction in cell viability in comparison with
monotherapy.

e In vivo evaluation demonstrated that IRE with single-dose
administration of Ra-233, in comparison with IRE alone,
reduced the rate of tumour recurrence by 40% following initial
apparent complete ablation and had decreased the rate of
proliferation of incompletely ablated tumour as was quantified
in Ki-67 staining (53.58 + 16.0% for IRE vs. 20.12 + 1.63%; for
IRE plus Ra-223; p=0.004).

e Histopathology analysis did qualitatively show the enhanced
killing of tumour cells that were adjacent to bone by Ra-223 in
comparison with those tumours that were treated with IRE
alone.

Rojo et al. [96] made the following conclusions:

IRE in combination with Ra-223, which enhanced the destruction of
cancer cells which are adjacent to bone, had resulted in reduction
recurrence of tumour via through improved clearance of proliferative cells
within the tumour region.

Onik et al. [59] stated that percutaneous prostate cryo-ablation had
become an accepted option for the treatment for primary prostate cancer
and that thermal tissue ablation based upon cold, nevertheless, does have
some distinct limitations which include the following: Variable damage
at the cryo lesions margin, injury to adjacent structures such as rectum,
urethra and NVB (neurovascular bundle), and long procedure time due to
the need to utilize multiple freeze thaw cycles, which tend to have limited
the acceptance of this modality of treatment. Onik et al. [59] also iterated
that Irreversible electroporation IRE, is a novel non-thermal ablation
modality of treatment which utilizes short pulses of DC electric current to
create irreversible pore within the cell membrane, thus, causing cell death.
They additionally stated that Irreversible Electroporation, theoretically
should be associated with significant advantages in ablating prostate
tissue. Onik et al. [59] reported that six male dogs had their prostates
treated utilizing IRE. In this study, pulses were applied using a DC
generator which had delivered pulses in the microsecond range of
duration, with a variable pulse interval and voltage range. The IRE probes
were inserted percutaneously or trans-rectally utilizing trans-rectal
ultrasound guidance. With regard to one of the dogs, the lesions were
made purposely to include the rectum, urethra, and neurovascular bundle
(NVB). The subjects were followed-up for 1 day to 14 days before they
were sacrificed. They found out that IRE lesions within the prostate had
unique characteristics in comparison with thermal lesions. The margins
of the IRE lesions were very distinct in that they had a narrow zone of
transition from normal to complete necrosis, there was complete
destruction within the IRE lesion, and rapid resolution of the lesions with
marked shrinkage within two weeks were noted. Structures such as
urethra, vessels, nerves, and rectum were found not to be affected by the
IRE application. The IRE lesions were found to have characteristics
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which were distinctly different from thermal lesions. Onik et al. [59] were
of the opinion that the differences could be very advantageous with regard
to a clinical setting, improving the results and acceptance of prostate
ablation.

Lim et al. [97] made the ensuing summations related to irreversible
electroporation of prostate cancer.: The exposure of the prostate to high
electric field strength during irreversible electroporation (IRE) has been
extensively investigated. Multiple monopolar electrodes, however, have
risks of organ piercing and bleeding when placing electrodes. A novel
bipolar electrode made of pure platinum and stainless steel was developed
for prostate cancer ablation. Voltages of 500 and 700 V were applied to
the beagle prostate with this electrode to evaluate ablated tissues and their
characteristics. IRE procedures were technically successful in all dogs
without procedure-related complications. The current that flowed through
the anode and cathode while applying 500 and 700 V were 1.75+0.25 A
and 2.22 £0.35 A, respectively. TUNEL assays showed that the estimated
ablated areas when applying 500 and 700 V were 0.78 cm? and 1.21 cm?,
respectively. The minimum electric field strength threshold required for
induction of IRE was 800 V/cm. The platinum electrode was resistant to
corrosion. The IRE procedure for beagle prostates using a single bipolar
electrode was technically feasible and safe. The novel bipolar electrode
has great potential for treating human prostate cancer with fewer IRE-
related complications.

Blazevski et al. [98] made the following summations related to
Irreversible Electroporation of prostate cancer:

Whilst whole-gland radical treatment is highly effective for the control of
prostate cancer, it does tend to have significant impact upon quality of life
and has tended to be unnecessary ‘over-treatment’ in many men who are
diagnosed as having prostate cancer based upon screening-detected
prostate cancer. They also stated that improvements in prostate biopsy and
radiology imaging had led to increased interest in partial gland ablation
in order to reduce treatment-related morbidity. They additionally iterated
that several energies that are utilized for focal ablation had been trialled
as well as Irreversible electroporation (IRE) is a new technology which
does ablate tissue by delivering direct current between electrodes.
Blazevski et al. [98] undertook a narrative review which had documented
the history of electroporation including its scientific basis, early data from
pre-clinical animal studies, and contemporary clinical outcomes from the
use of IRE in prostate cancer. With regard to the methods, Blazevski et
al. [98] stated that they undertook a literature search utilizing the Medical
Literature Analysis and Retrieval System Online by utilizing a number of
literature search data bases in order to identify historical perspectives and
current clinical data relating to IRE for prostate cancer. Blazevski et al.
[98] summarized their results as follows:

e The history of electroporation and its implementation as a
prostate cancer treatment was following the basic scientific
principles, in vitro data, then animal studies, and now short- to
medium-term clinical cohorts in humans.

e The results of IRE on more than 283 patients had been
published in many papers, which had reported preserved rates
of (pad-free) continence in 91% to 100% of men as well as
preserved erectile function in 79% t0100% of men.

e In-field recurrence rates had ranged from 0% to 33%.

e The current state of evidence for IRE for the treatment of
primary and salvage carcinoma of the prostate gland cancer is
considered as Idea, Development, Exploration, Assessment,
Long-term follow-up (IDEAL) stage 2B.

Blazevski et al. [98] made the following conclusions:

Auctores Publishing LLC — Volume 10(5)-239 www.auctoresonline.org
ISSN: 2690-1919

Copy rights@ Anthony Kodzo-Grey Venyo.

e IRE is a novel focal ablative technology for the treatment of
localised carcinoma of the prostate gland in carefully selected
men.

e  Published cohorts had reported encouraging short-term
oncology as well as functional outcomes; nevertheless, longer-
term data are required in order to validate this treatment before
it could be recommended for widespread clinical utilization.

Blazevski et al. [99] stated that focal irreversible electroporation (IRE)
could be utilized to treat men who have localised prostate cancer (PCa)
with reduced impact on quality of life (QoL). Blaevski et al. [99] assessed
the oncology and functional outcomes of IRE as treatment for localized
prostate cancer. Blazevski et al. [99] reported on a prospective database
of patients who had undergoing primary IRE between February 2013 and
August 2018. A minimum of 12-months follow-up was available for 123
patients. The median follow-up of the patients was 36 months and the
interquartile range [IQR] was between 24 months and 52 months. A total
of 112 of the patients that amounted to 91% of the patients had National
Comprehensive Cancer Network intermediate risk and 11 of the patients
that amounted to 9% of the patients had low risk prostate cancer. A total
of 12 patients that amounted to 9.8% of the patients had International
Society of Urological Pathology (ISUP) grade 1, 88 patients that
amounted to 71.5% of the patients had ISUP 2, and 23 patients that
amounted to 18.7% of the patients had ISUP 3. The patients were treated
by means of Focal IRE ablation of their localized PCa lesions. With
regard to the outcome measurements and statistical analysis, Blazevski et
al. [99] reported that the follow-up had involved serial serum prostate-
specific antigen (PSA) level testing, multiparametric magnetic resonance
imaging (mpMRI), and trans-perineal template mapping biopsy (TTMB)
at 12 months pursuant to the IRE. They defined failure-free survival (FFS)
as progression to whole-gland or systemic treatment or metastasis/death.
Blazevski et al. [99] assessed the functional outcomes of the patients.
Blazevski et al. [99] summarized the results and limitations of the study
as follows:

e The median age of the patients was 68 years and the inter
quarter range (IQR) had ranged between 62 years and73years.

e  The median pre-operative serum PSA was 5.7ng/ml with inter-
quarter range (IQR) of between 3.8-8.0ng/ml.

e Upon post-treatment TTMB, in-field recurrence was found in
between 2.7% and 9.8% of the patients.

e  Failure free survival (FFS) at 3 years was 96.75%, metastasis-
free survival was 99%, and the overall survival was 100%.

e Atotal of 18 patients did require salvage treatment and of the
18 patients, 12 patients had repeat IRE; six patients had whole-
gland treatment.

e The negative predictive value of mpMRI was 94% and
sensitivity was 40% for detecting in-field residual disease 6
months pursuant to treatment.

e Among patients who returned their questionnaires, 80 out of 81
patients that amounted to 98.8% of patients had remained pad
free and 40 patients out of 53 patients that amounted to 76% of
patient did not have any change in their erectile function.

Blazevski et al. [99] concluded that focal IRE in select patients who have
localised clinically significant prostate cancer (PCa) had satisfactory
short-term oncology outcomes with a minimal impact on patient QoL.
Blazevski et al. [99] summated their findings as follows:

e In their study, 123 patients underwent focal therapy utilizing
irreversible electroporation.
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e The results of pathology examination of follow-up biopsy
specimens of the prostate were clear of residual disease in
90.2% to 97.3% of the patients.

e  Out of the patients, 96.75% avoided whole gland treatment at 3
years,

Blazevski, et al. [100] assessed the safety, oncological and quality-of-life
(QoL) outcomes of focal ablation of apical prostate cancer (PCa) lesions
with utilization of irreversible electroporation (IRE). With regard to the
methods of the study, patients were included in the study if they had a
prostate cancer (PCa) lesion within 3 millimetres of the apical capsule
which had been treated with IRE. The IRE procedure was undertaken in
one institution by a one urologist. Quality of life (QoL) and functional
data was collected prospectively from the patients who had given consent
for the use of the Expanded Prostate Cancer Index Composite (EPIC). The
oncology follow-up of the patients included 3-month serum prostate-
specific antigen (PSA) levels testing, the undertaking of mpMRI at 6
months and trans-perineal biopsy at 1-year post treatment. Blazevski et
al. [100] summarized the results as follows:

e A total of 50 patients had apical prostate cancer (PCa) lesions
which had been treated between February 2013 and September
2018.

e  The median follow-up time was 44 months.
¢ No Clavien-Dindo grade 3 events or higher were encountered.
e No perioperative complications were noted.

e No significant difference was found in the EPIC urinary or
bowel QoL domain between baseline and at 12-months
pursuant to the IRE treatment.

e  One patient that amounted to 2% of the patients required the use
of one pad per day for urinary incontinence 12-months pursuant
to his IRE treatment.

e  There was a small but significant decline in EPIC sexual QoL
with a score of 65 at baseline and 59 at 12-month post-IRE
treatment.

e Out of patients who were potent pre-treatment, 94% of the
patients had remained potent after their IRE treatment.

e  The median serum PSA nadir had decreased by 71% with the
levels between 6.25 ng/mL and 1.7 ng/mL

e  Only one patient that amounted to 2.5% of the patients had in-
field residual disease on repeat biopsy.

Blazevski et al. [100] concluded that focal ablation utilizing IRE for
prostate cancer (PCa) within the distal apex of the prostate gland
does appear to be safe and feasible with acceptable early QoL and
oncology outcomes.

Blazevski et al. [101] reported the feasibility, oncological and functional
outcomes of salvage robot-assisted radical prostatectomy (SRARP) for
recurrent prostate cancer (PCa) pursuant to irreversible electroporation
(IRE). Blazevski et al. [101] undertook a retrospective analysis of patients
who had undergone sRARP pursuant to IRE treatment within their
institution. Blazevski et al. [101] assessed the surgical complications,
oncology and functional outcomes. Blazevski et al. [101] summarized the
results as follows:

e  Fifteen (15) patients who had at least 12 months follow up were
identified out of the 234 men who had undergone primary IRE
between 2013 and 2019.
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e  The median and inter quarter range [IQR] age of the patients
were 68 years and a range of between 62 years and 70 years.

e The median [IQR] time from focal IRE to SRARP was 42
months and 21 months to 57 months.

e There were no rectal, bladder or ureteric injuries that had
emanated from the IRE procedures.

e The T stage was pT2 in 9 of the patients that amounted to 60%
of the patients and pT3a in 6 patients that amounted to 40% of
the patients.

e  Only one patient that amounted to 7% of the patients had a
positive surgical margin.

e Ata median [IQR] follow-up of 22 months (16 months to 32
months), no patient had a biochemical recurrence with serum
PSA greater than 0.2.

e All 15 patients were found to be continent and pad-free by 6
months and 9 patients which amounted to 60% of the patients
had erections sufficient for coital activity (intercourse) with or
without PDES inhibitors.

e No predisposing factors were identified for the prediction of
erectile dysfunction following SRARP.

Blazevski et al. [101] made the following conclusions:

e  With regard to patients who had recurrent or residual
significant prostate cancer (PCa) after undergoing focal
IRE ablation it is feasible to obtain good functional and
oncological outcomes with SRARP.

e  Their results had demonstrated that good outcomes could
be achieved with sRARP, when respecting close
monitoring post-IRE, good patient selection and surgical
experience.

Blazevski et al. [102] stated that focal Therapy is an emerging option of
treatment for prostate cancer (PCa), which does target individual localised
cancer whilst sparing important functional as well as anatomical
structures. They additionally iterated that Irreversible electroporation
(IRE) represents a focal therapy modality of treatment which is based
upon the process of cell membrane electroporation. Blazevski et al. [102]
summated the history of IRE from initial observations to its utilization
within the Urology theatre. Blazevski et al. [102] undertook a
comprehensive literature search with utilization of data bases including
PubMed, Medline, Google and Google Scholar utilising the ensuing
words: “irreversible electroporation”, “electroporation”, “history”, and
“prostate cancer”. Bazevski et al. [102] reported their results as follows:
The phenomenon of Irreversible electroporation (IRE) was observed for
the first time in 1754 when Nollet had applied electric sparks to human
skin and had noticed the occurrence of red spots or “Lichtenbeg” figures.
Subsequently it was also noticed that lighting strikes had caused different
damaging effects to the damaging effects caused by thermal burns. In the
1990s, the bactericidal effects that are caused by electricity had been
identified and utilized in the purification of food and water. Late in the
20" century “reversible” electroporation began to be utilized to disrupt
cell membrane and to allow the transfer DNA as well as chemotherapy
agents into cells. It was in the early parts of the 21% century that IRE was
initially utilized as a tissue ablation methodology. The rational for
utilizing IRE in order to ablate tissue is that IRE is a non-thermal energy
and it has the potential to limit damage to adjacent tissues as well as
structures. In 2007, Onik and associates, ablated the prostates of Beagle
dogs. The first phase I-11 trials of IRE in human beings were in 2010. In
the subsequent years, the safety and clinical feasibility of IRE was
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assessed. IRE is now utilized in many different sites around the world as
a focal treatment modality under investigational conditions. Blazevski et
al. [102] made the ensuing conclusions:

e |IRE is now utilized within many different sites around the
world.

e |RE isstill an investigational technique and does require further
long-term studies in order to make IRE an accepted segment of
the standard of care in carcinoma of the prostate gland.

Blazevski et al. [103] stated that the undertaking of focal therapy for the
treatment of prostate cancer (PCa) is increasing globally and that there is
no consensus agreed protocol regarding how to monitor patients pursuant
to focal therapy; nevertheless, many institutions utilise multi-parametric
magnetic resonance imaging mpMRI in order to detect residual or
recurrent prostate cancer (PCa). Blazenski et al. [103] undertook a study
in order to ascertain the diagnostic accuracy of mpMRI to detect residual
PCa pursuant to focal therapy with utilization of irreversible
electroporation (IRE). With regard to the method of their study, Blazevski
et al. [103] reported the following: Between February 2013 and
September 2018, 170 patients had consented to undergo as well as had
undergone primary irreversible electroporation (IRE). 102 of these
patients were included for analysis after they undergone follow-up
mpMRI at 6 months pursuant to the IRE and a trans-perineal template
mapping biopsy of the prostate at 12 months pursuant to the IRE-
procedure. PIRADS v2 was utilized to report outfield of interest (ROI)
recurrence whilst a binary outcome (suspicious versus non-suspicious)
was utilized for the infield ablative zone. Sensitivity, specificity, positive
predictive value (PPV) as well as negative predictive value (NPV) of
mpMRI scan was calculated in patients who had Gleason equal to or
higher than 3+4 =7 and Gleason equal to or greater than 3+3 = 6 with a
maximum core length equal to or longer than 4 mm on pathology
examination of their follow-up post-IRE prostate biopsy specimens. The
diagnostic accuracy was calculated for infield ROI, outfield ROI, as well
as the whole prostate gland. Glazevski et al. [103] summarized the results
as follows:

e  The sensitivity, specificity, positive predictive value as well as
negative predictive value (NPV) of the infield ROI were 40%,
98%, 67%, and 94% respectively, whilst the outfield ROI
results were 58%, 93%, 69% and 90% respectively.

e For the whole prostate gland, the sensitivity, specificity,
positive predictive value and negative predictive value (NPV)
were 56%, 89%, 60% and 86% respectively.

Glazevski et al. [103] made the ensuing conclusions:

e  Their data had demonstrated that follow-up mpMRI has the
capability to rule out residual prostate cancer (PCa) within both
the infield as well as the outfield areas.

e Nevertheless, given that 14% of residual prostate cancer (PCa)
is missed by mpMRI scan repeat biopsies of the prostate gland
would still be required in patients pursuant to their undergoing
focal therapy.

e The limitations of their study are the low incidence of
recurrence in their cohort as well as the retrospective design of
their study.

Morozov et al. [104] stated that irreversible electroporation is a treatment
option used for the provision of focal therapy. Morozov et al. [104]
undertook a systematic review, as well as summarised data on irreversible
electroporation outcomes with regard to patients who had localised
prostate cancer. They undertook a literature search in from three databases
and they included articles with their own data on irreversible
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electroporation results in patients who had localised prostate cancer. They
stated that the primary outcome was procedure efficacy that was measured
as the absence of cancer within the treatment area on the pathology
examination findings of the follow-up prostate biopsy specimens. The
secondary outcomes included the absence of prostate cancer recurrence in
the treatment area on magnetic resonance imaging (MRI) scan, out-of-
field recurrence, complications and functional outcomes including
erectile function as well as micturition. They reported the salient points
of their findings as follows:

e The in-field recurrence rate was between 0% and 39% and the
out-field recurrence rate was between 6.4% and 24%.

e In all of the studies, serum PSA level had decreased: twice
lower than baseline after 4 weeks and by 76% after 2 years.

e  Majority of the authors had noted sexual and urinary toxicity
during the first half year pursuant to surgery. Nevertheless, the
functional outcomes recovered to baseline after 6 months with
mild decrease in sexual function.

e  The complication rates pursuant to irreversible electroporation
(IRE) were 0% to 1% of Clavien—Dindo Il and 5% to 20% of
Clavien-Dindo I-II.

Morozov et al. [104] made the following conclusions:

e lrreversible electroporation does have promise oncology
outcomes, rate of post-operative complications and minimal-to-
no effects upon erectile and urinary function.

e Nevertheless, medium and long-term follow-up data on cancer-
specific and recurrence-free survival were still lacking.

Scheltema et al. [105] iterated that the design, conduct, as well as
completion of randomised trials for curative prostate cancer (PCa)
treatments tend to be challenging. Scheltema et al. [105] undertook a
study in order to evaluate the effect of robot-assisted radical
prostatectomy (RARP) versus focal irreversible electroporation (IRE)
upon patient-reported quality of life (QOL) as well as early oncology
control utilizing propensity-scored matching. With regard to the methods
of the study, Scheltema et al. [105] reported the following: Patients who
had T1c to cT2b significant prostate cancer (PCa) including high-volume
ISUP 1 or any 2/3 who had received unifocal irreversible electroporation
(IRE) were pair-matched to patients who had undergone nerve-sparing
RARP. Scheltema et al. [105] prospectively assessed the patients who had
reported outcomes utilizing the Expanded Prostate cancer Index
Composite (EPIC), America Urological association (AUA) Symptom
Score and Short Form of Health Survey (SF-12) physical and mental
components. Scheltema et al. [105] defined oncology failure as
biochemical recurrence following RARP or prostate cancer positive
pathology examination finding on follow-up prostate biopsy specimens.
Generalized mixed-effect models were utilized to compare the results of
IRE and RARP. Scheltema et al. [105] summarized the results as follows:

e 50 IRE patients had been matched to 50 RARP patients by
means of propensity score.

¢ IRE was found to be significantly superior to RARP with regard
to preservation of pad-free continence (UCO and erections that
are sufficient for sexual intercourse (ESI).

e The absolute differences were 44, 21, 13, 14% for urinary
continence (UC), and 32, 46, 27, 22% for sufficient sexual
intercourse (ESI) at 1.5 months, 3 months, 6 months, and 12
months after treatment procedure respectively.

e The EPIC summary scores had shown no statistically
significant differences.
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e Urinary symptoms were reduced for IRE patients and RARP
patients at 12 months, even though IRE patients initially
reported more complaints.

e |IRE patients did experience more early oncology failure in
comparison with RARP patients.

Scheltema et al. [105] made the ensuing conclusions:

e Their data had demonstrated the superior preservation of
urinary continence and satisfactory sexual function (ESI) in
comparison with RARP up to 12 months pursuant to treatment.

e Long-term oncology data would be required in order to provide
ultimate proof for or against the undertaking of focal therapy
like IRE.

Kizil et al. [106] evaluated early clinical and multiparametric prostate
magnetic  resonance imaging (MpMRI) results of irreversible
electroporation (IRE) efficiency in the treatment of localized prostate
cancer. With regard to the materials and method, Kizil et al. [106] stated
that with regard to the patients in whom IRE was undertaken local
ablation, mpMRI was utilized for the sixth month follow-up. These
images were compared with the mpMRI images which had been obtained
prior to the IRE procedure. Kizil et al. [106] undertook trans-perineal
fusion biopsy to patients who had a diagnosis of localized prostate cancer.
Kizil et al. [106] treated the eligible ones with IRE. Six of the patients had
completed their 6-month follow-up period. Kizil et al. [106] compared the
pre-operative serum prostate-specific antigen (PSA), international
prostate symptom score, international index of erectile function (IIEF),
and mpMRI of these patients with those they had obtained at the sixth
month of follow-up. They evaluated the side effects that had been
experienced by the patients as well. Kizil et al. [106] summarized the
results as follows:

e  They had 10 patients who had undergone IRE treatment.

e  Six patients had completed their sixth month-follow-up and
they attended for their control visits.

e At the end of 6 months, the mean decrease in the serum
prostate-specific antigen (PSA) level was 73%.

e |IEF results were found not to have changed significantly.

e Upon mpMRI, diffusion restriction was observed to have
disappeared except for one patient, and Prostate Imaging
Reporting Data System scores were decreased.

Kizil et al. [106] made the following conclusions:

e  Early clinical and mpMRI results for IRE in the focal ablative
treatment of localized prostate cancer were found to be

gratifying.

e As an ambulatory procedure with a low incidence of side
effects, they were looking forward to ascertaining the long-term
results of IRE treatment.

Conclusions and Summary

e Irreversible Electroporation (IRE) is a new radiology image-
guided tissue ablation which does induce cell death through
very short but strong electric fields.

e |IRE had been demonstrated to have preserving properties
towards vessels, nerves, as well as the extra-cellular matrix. For
this reason, IRE could represent an ideal treatment option for
adenocarcinoma where other treatment options including
radical prostatectomy and radical radiotherapy tend to
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unselectively destroy that encompass the prostate cancer and
inducing side effects including urinary incontinence as well as
sexual dysfunction / impotence.

Results of some studies in which IRE had been utilized for the
treatment of curative intent of localized low-risk and
intermediate-risk adenocarcinomas of the prostate gland had
indicated complete efficacy of IRE to the standard of radical
prostatectomy and standard radical radiotherapy with regard to
the 5-year tumour recurrence rate as well as better preservation
of genitourinary function which did prove the safety as well as
suitability of IRE for the treatment of localized low-risk and
intermediate risk adenocarcinoma of the prostate gland. Some
data pertaining to IRE besides focal treatment of early
adenocarcinoma of the prostate gland had shown that IRE
besides focal treatment of early prostate cancer could also be
utilized for whole prostate gland ablations in patients who
develop recurrent prostate cancer as well as a problem-solving
treatment for the control of local tumour within the prostate
gland that are not amenable to surgery or radiotherapy anymore.

Some studies had demonstrated comparable short-term and
medium-term functional outcomes functional outcomes with
radical prostatectomy and radical radiotherapy but following
longer surveillance assessments those underwent IRE were
found tom have superior genitourinary function in that a
number of the sexual dysfunction and urinary incontinence had
resolved but with regard to the oncology outcome repeat
follow-up biopsy of the prostate had demonstrated a higher
positive tumour biopsy upon pathology examination for which
either further IRE, or radical radiotherapy, or radical
prostatectomy was required as subsequent treatment of curative
intent in that radical prostatectomy of curative intent had
superior medium-term to long-term outcome in comparison
with IRE. IRE can also be utilized to treat locally recurrent
prostate cancer following: (a) radical radiotherapy and (b)
following the finding of persistent or locally recurrent
adenocarcinoma of the prostate gland pursuant the undertaking
of IRE as treatment of curative intent of localized
adenocarcinoma of the prostate gland.

Following failure of IRE treatment for localized
adenocarcinoma of the prostate, the persistent carcinoma of the
prostate gland could also be treated by means of radical
prostatectomy, or radical radiotherapy or any other minimally
invasive treatment of curative intent including cryotherapy,
radiofrequency ablation of the prostate and high intensity
focussed ultrasound treatment.

Considering that IRE tends to be associated with good short-
term and medium-term outcome which also tends to be
generally superior to the outcome following radiotherapy as
well as radical prostatectomy, and the fact that the medium-
term to long-term oncology outcome tends to be good but the
oncology outcome following radical prostatectomy as well as
radiotherapy would tend to be a bit superior to IRE, it could be
suggested that patients who have low-risk and intermediate-risk
localized adenocarcinoma who prefer to maintain their
genitourinary function could be offered IRE as first line
treatment of curative intent which should be followed up with
regular frequent assessments which would enable early
identification of treatment failures at an early stage.

The individuals who are found to have IRE failure could then
be offered radical prostatectomy or radical radiotherapy as
second line treatment of curative intent.
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Finally, there is need for a global multi-centre trial of IRE in the
treatment of curative intent of localized low-risk, intermediate-
risk, as well as high risk groups and those who have high risk
group localized prostate cancer could be offered adjuvant
therapy and all these treatments should be compared with
radical radiotherapy and radical prostatectomy with a long
period of follow-up to enable a consensus opinion to be
established as well as guidelines to be formulated.
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