Aim of the study: Irreversible elec-
troporation is a new, non-thermal ab-
lation technique in the treatment of
parenchymal organ tumors which uses
short high voltage pulses of electricity
in order to induce apoptosis of target-
ed cells. In this paper the application
of this method of treatment in local-
ly advanced pancreatic cancer (LAPC)
and liver cancer is analyzed.

Material and methods: Between
04.2014 and 09.2014 two patients
with LAPC and one with colorectal liv-
er metastasis (CRLM) were qualified
for treatment with irreversible electro-
poration. Both patients remained un-
der constant observation and control.
PubMed/Medline, Embase and Google
Scholar databases were searched and
eight original reports on irreversible
electroporation of pancreatic and liver
tumors based on the biggest groups of
patients were found.

Results: Two patients with LAPC and
one with CRLM were qualified for
ablation with irreversible electropora-
tion. In all three patients a successful
irreversible electroporation (IRE) pro-
cedure of the whole tumor was con-
ducted. In the minimum seven-month
follow-up 100% local control was
achieved — without progression.

In the literature review the local re-
sponse to treatment ranged from 41%
to 100%. The event-free survival rate in
six-month observation was 94%.
Conclusions: Ablation with irreversible
electroporation is a new non-thermal
ablation technique which has been
demonstrated, both in the previously
published studies and in the cases de-
scribed in this paper, as a safe and ef-
ficient therapeutic method for patients
with LAPC and CRLM.
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Introduction

Locally advanced parenchymal organ tumors, described as unresectable,
were considered inoperative for many years — hence the search for new
methods of treatment, ones without the need to resect. That is why, in the
last decade, there has been technological progress in ablation techniques [1].

Ablation is commonly used as a method of treatment of primary and sec-
ondary tumors of some parenchymal organs, mostly of the liver and kidneys.
In this paper the focus is placed on the treatment of locally advanced pan-
creatic cancer (LAPC) and colorectal liver metastasis (CRLM) using non-ther-
mal ablation — electroporation.

The most popular techniques of ablation are based on thermal destruc-
tion of the source of pathology, and these are radiofrequency ablation (RFA)
and microwave ablation (MWA) [1]. Both methods use high temperature to
thermally destroy the target area. Cryoablation, which is also listed among
the thermal ablation methods, uses the opposite phenomenon — freezing
the target area. This method, however, is currently used less frequently.

Thermal ablation techniques (RFA, MWA) are widely used in patients with
tumors located in the liver, kidneys and lungs. However, because of the fact
that they are thermal methods, they may cause damage of the structures
adjacent to the tumor, such as blood vessels, bile ducts, nerves or pancreatic
ducts.

Moreover, the flow of blood in the neighboring vessels may cause cooling
of the ablation area adjacent to those vessels, and therefore induce the risk
of the “heat sink effect” [2, 3]. An additional limitation of the thermal abla-
tion techniques is the size of the tumor — the optimal size of the planned
area of ablation should not exceed 3 cm, because the full response to RFA
ablation in the case of tumors bigger than 3 cm is 10-25% [4-6].

New ablation techniques use the phenomenon of cell electroporation
caused by high-voltage electricity. Two types of electroporation can be dis-
tinguished — reversible electroporation, which is used in electrochemothera-
py (treatment of metastases to the skin of various tumors) and constitutes
an important element in the development of transfer of medicine and mod-
ified genes into cells, and irreversible electroporation (IRE) [7].

Irreversible electroporation is based on delivering high-voltage electric-
ity through electrodes directly to the tumor, under radiological control [8].
During this procedure a great number of nanopores in the cell membrane are
produced. The changes in the membrane are irreversible and the damage to
homeostasis caused by them induces apoptosis [9].

In a preclinical study it was evidenced that IRE influences only the cells
inside the ablation area, sparing large anatomical structures in the vicinity of
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the tumor, such as vessels, bile ducts, and pancreatic ducts
[10, 11]. Moreover, the “heat sink effect” does not apply to
IRE as a non-thermal ablation technique [12].

Colorectal liver metastases are the most common rec-
ommendation for surgical treatment of the liver [13, 14].
Only 10-20% of the diagnosed cases are qualified for re-
section [13]. The previous studies on thermal methods of
ablation of changes in the liver based on RFA showed an
improvement in survivability and quality of life in patients
with CRLM who underwent this therapy, as compared with
patients treated with chemotherapy [15]. Five-year surviv-
al rates with the use of RFA and MWA in colorectal liver
metastases are close to the survival rates after radical sur-
gical resection [16].

Changes located in the vicinity of large vessels, such
as the portal vein, liver vessels and close to the main bile
ducts, are often disqualified from treatment with thermo-
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Fig. 1. CRLM 8 segment, before procedure

Fig. 2. LAPC, before operation

ablation (RFA, MWA) because of the limitations of this
method.

Treatment of pancreatic cancer is one of the greatest
challenges in contemporary oncology because of its late
diagnosis, aggressive course and resistance to most avail-
able therapeutic methods [8]. Five-year survival in pancre-
atic cancer is 3.5% and one-year survival is 18% [17]. The
location of the pancreas causes patients to be asymptom-
atic until the process is advanced and the tumor spreads
to local large blood vessels, such as the portal vein, celiac
artery or superior mesenteric vessels [18]. Only 20% of the
cases are qualified for surgical treatment [19]. In the case
of unresectable pancreatic cancer (LAPC) the current stan-
dard and practically the only treatment method remains
chemotherapy [20].

Even in radical surgical treatment combined with ad-
juvant chemotherapy in combined modality therapy the
achieved five-year survivability is at the level of 10-20%
[21]. Neoadjuvant chemotherapy in borderline resectable
LAPC is beneficial as it induces the possibility of resection
in 30-40% of cases [20]. Thermal ablation of the pancreas
is used in the case of tumors in a very limited scope. Be-
cause of high vascularity of the pancreas a common com-
plication is heavy bleeding. Damaging the pancreatic duct
or bile ducts is also possible and creates the risk of further
complications in the form of fistulas [8].

Material and methods

Between 04.2014 and 09.2014 two patients with LAPC
and one with CRLM were qualified for treatment with the
irreversible electroporation technique. The patients re-
mained under constant observation and control. Each of
the patients underwent a detailed preoperative diagnosis
and none of the patients were qualified for standard surgi-
cal treatment methods. The only alternative for them was
palliative chemotherapy.

In this paper eight original reports, based on the biggest
groups of patients and related to irreversible electropora-
tion of the pancreas and liver, were also analyzed. They
were available on PubMed, Medline, Embase, and Google
Scholar databases.

Case descriptions

A 67-year-old patient was admitted to Oncological and
General Surgery Ward | in the Greater Poland Cancer Cen-
tre in August 2011 with a diagnosis of colorectal cancer.
Histopathological result: tubular adenocarcinoma with
mucinous component (G2, pT3, pNO). Adjuvant chemo-
therapy was applied. There were regular medical check-
ups in the surgical oncology outpatient clinic.

As a result of a control CT scan in April 2013 a metasta-
sis was diagnosed in the third segment of the liver — the
patient was qualified for surgical treatment and resection
of the third segment was performed. During subsequent
check-upsin April 2014 a metastasis source was diagnosed
in the eighth segment, in the area of hepatic vein drainage
(Fig. 1). The tumor was unresectable, and because of the
location it was also not qualified for ablation with ther-
mal techniques. Irreversible electroporation ablation was
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proposed to the patient. The procedure was carried out in
June 2014.

The remaining patients with LAPC (both 62 years old)
registered in the outpatient specialist center because of
generalized pain in the epigastrium and body mass loss.
An introductory and later more detailed diagnosis were
conducted and in both cases they revealed a pancreatic
tumor. The sizes of the tumors were respectively 41 mm by
40 mm and 35 mm by 25 mm. In both cases the tumor in-
filtrated the superior mesenteric vessels, the celiac artery
and left gastric vessels (Fig. 2).

At baseline the level of CA199 was respectively 386 U/ml
and 82.83 U/ml (reference range 0-37 U/ml). In one of the
patients, unrecognized earlier diabetes was diagnosed.
One of the main problems of the patients in the preop-
erative stage was difficult pain management. Their as-
sessment of it on the VAS (Visual Analogue Scale) scale
was 7/8 and they used opioid painkillers several times
a day. Ablation with the irreversible electroporation tech-
nique was proposed to them (NanoKnife, AngioDynamics,
Latham, NY). The procedures were conducted respectively
in July and September 2014.

Surgical procedure

The procedure was performed under general anesthe-
sia with standard hemodynamic monitoring. To prevent
arrhythmia induced by IRE the patients were secured with
a synchronizer (Accusync, AngioDynamics, Latham, NY)
connected to a 5-lead ECG whose purpose was to synchro-
nize the delivered electrical pulses with the diastole phase.

The laparotomies were conducted with Kocher incision
and in the case of one patient extended with an upper
midline incision. After the preparation of the target area
in each case intraoperative ultrasound was performed
by a radiologist (BK Medical System Pro Focus device). In
the case of pancreatic tumors a core needle biopsy was
performed after the localization of the tumor and next,
in all cases, the target area was mapped according to the
NanoKnife (AngioDynamics, Latham, NY) device protocol.
Four needles placed in the tumor were used for the IRE,
placed 20 mm apart, thus creating the planned ablation
area. All the needles were placed in parallel with each
other to sustain an equal electrical field. A total of four
sessions, 90 IRE pulses each, were conducted. According
to the indications of the steering system of NanoKnife
(AngioDynamics, Latham, NY) successful electroporation
of the whole tumor was achieved. The effectiveness of
the ablation was assessed in IOUS (intra-operative ultra-
sound), revealing a hypoechogenic area surrounding the
planned ablation area (Fig. 3).

Postoperative course

Postoperative complications, in accordance with CTCAE
scale version 3.0 (Common Terminology Criteria for Ad-
verse Events v3.0), were divided into direct, indirect con-
nected with the ablation procedure, and not connected
with the procedure.

No case of direct complication connected with the pro-
cedure was noted. In the patient with CRLM two compli-
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Fig. 3. Intraoperative USG, before IRE

cations indirectly connected with the procedure appeared
—jaundice with total bilirubin not higher than 21.55 umol/I
and an increase of liver aminotransferase (ALAT maximum
of 247 U/|, ASPAT 75 U/l) and one complication not con-
nected with the procedure — lower respiratory tract inflam-
mation. In patients with pancreatic cancer three indirect
complications connected with the ablation were noted —
pancreatitis, endocrine hypofunction of the pancreas in
the form of fluctuation of blood glucose level, and acute
kidney failure (maximum creatinine 198.2 umol/l) — and
one complication not connected with the procedure: leu-
kocytosis.

After the surgery the average hospitalization period
was 8.6 days.

Ambulatory control

All patients are undergoing regular check-ups of their
biochemical and radiology parameters (Figs. 4, 5). The
first check-up took place a month after the surgery, the
subsequent ones every two months. In the CRLM patient
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Fig. 4. CRLM, 8 months after IRE



contemporary

Ex: 12806/1076545_583
Se:S
Im:19+C

May 11 2015

11:42:13 AM

WY 400WL: 40

Fig. 5. Tumor of the pancreas, 8 months after IRE

the change which had undergone ablation was monitored
radiologically using MRI with the DWI function. The pa-
tient did not present a higher level of the marker CEA after
the beginning of cancer treatment. The pancreatic cancer
patients were monitored biochemically by marking the
CA199 parameter and radiologically with a CT scan.

In the CRLM patient from the third month after the pro-
cedure until the check up in May 2015 a stable image of
the post-ablative scar was observed. The scar was 40 mm
by 20 mm without signs of limited diffusion, with post-in-
flammatory fibrosis. No new sources of metastases were
observed. In December 2014 the patient was qualified for
adjuvant chemotherapy (capecitabine).

In the pancreatic cancer patients, also from the third
month after the procedure, a stable image of the post-

Table 1. Characteristics of the studies of IRE in liver tumors

Authors Year No. of patients Tumor size
(mm)

Cannon 2013 44 (20 CRLM, 14 HCC, from 21 to 27

etal [23] 10 other metastasis)

Thomson 2011 32 (17 HCC, 15 CRLM) from 10 to 50

etal [22]

Scheffer 2014 10 CRLM ~24

etal [16]

Philips 2013 23 CRLM from 17 to 32

et al. [24]

ablative scar was observed. Their sizes were respectively
35 mm by 25 mm and 45 mm by 35 mm, and they were
described as a mass of lower density — necrosis-like. The
CA199 level in both patients in the first month after the
procedure exceeded the norm at least three-fold (respec-
tively 124.9 U/ml and 131.30 U/ml). After three months
the level decreased to less than 80 U/ml and remained at
a similar level in subsequent analyses.

In both patients a significant reduction of experienced
pain stemming from the disease was also noted. A month
after the procedure it was assessed on the VAS scale at
3-4/10, which allowed for discontinuation of opioid pain-
killers and introduction of non-opioid ones. In the patient
with diabetes type three, who had this disease diagnosed
during his cancer treatment, a remission took place. It al-
lowed for discontinuation of oral hypoglycemia-inducing
medicine and sustainment of the correct level of glycemia
at three months after the procedure. At two months after
the procedure both patients began adjuvant chemothera-
py (gemcitabine).

All the patients are still under medical supervision, and
so far, after a minimum of seven months of observation,
show no signs of progression.

Literature review

A review of the biggest databases was conducted, in-
cluding PubMed, Medline, Embase, and Google Scholar.
The following keywords were used in the search: colorectal
liver metastasis and irreversible electroporation, pancre-
atic cancer and irreversible electroporation. Eight papers
which were based on the largest numbers of patients were
qualified for the review. Overview papers, papers based on
animal models and abstracts were excluded from the re-
view.

Three of the qualified studies concerned prospective
research of IRE in the case of primary and secondary liver
tumors. Four studies described IRE in the case of pancre-

Complete ablation Morbidity Follow-up  Recurrence rate
rate (%) rate (%) (months) (%)
100% 10 (3-month 12 40.5 (after
rate) 12 months)
83.3 HCG; 14.5 BD BD
50 CRLM
100% 10 BD BD
100 8.5 18 BD

Table 2. Analysis of the impact of tumor size and type of surgery on the rate of overall local recurrence-free survival for liver tumors. Cannon

etal [23]
Whole study group Tumors < 3 cm IRE percutaneously IRE in open approach
3 months 97.4% 100% 96.4% 100%
6 months 94.6% 100% 92.7% 100%
12 months 59.5% 98% 50.7% 80%



Irreversible electroporation in the treatment of locally advanced pancreas and liver metastases of colorectal carcinoma

Table 3. Study outcomes of irreversible electroporation for the treatment of locally advanced pancreatic cancer

Authors Year No. of Tumor size Tumor location Type of operation Complete Morbidity Follow-up Event-free
patients  (mm) ablation rate (%) rate (%) survival
Narayanan 2012 54 588 Head: 6 Open approach: 0 100% 14 6 months 6.7 months,
et al.[25] Body/Tail: 8 Percutaneous 6 months overall
approach: 14 survival (0S) —
70%
Martin RC Il 2013 54 ~32 Head: 35 Open approach: 52 100% 33 BD 14 months,
etal [26] Body/Tail: 19 Laparoscopy: 2 0S - 20 months
Martin RC Il 2012 27 ~29 Head: 15 Open approach: 26 96% 33 3 months Not reported
etal. [27] Body/Tail: 12 Percutaneous
approach: 1
Philips 2013 59 ~33 Head: 34 Not reported 97% 46 18 months 6.7 months
et al. [24] Body/Tail: 25

atic cancer (two pieces of prospective research and two
of retrospective research). One paper presented a multi-
center controlled study on the IRE learning curve in the
case of parenchymal organ tumors.

Table 1 presents the results of the published studies on
IRE in the case of liver tumors. The percentage of success-
ful ablations ranged from 50% to 100%. The lowest effec-
tiveness was noted by Thomson et al. and it was related to
CRLM. It may have been caused by including in the study
changes with a diameter larger than 50 mm and a high
percentage of procedures being performed percutaneously
[22]. In the study by Thomson et al. high recurrence was also
reported for changes of a diameter larger than 40 mm [22].
In the study by Cannon et al. the percentage of successful
ablations was 100%, as high as for HCC (hepatocellular car-
cinoma) and CRLM [23]. The longest observation period was
noted by Philips et al. and it lasted 18 months [24].

Only Cannon et al. established a recurrence rate of liver
tumors (HCC and liver metastases); after 6 months it was
6% and after 12 months 40.5% [23]. In Table 2 the influ-
ence of tumor size and the type of ablation performed on
overall local recurrence-free survival indicated in the study
by Cannon et al. is presented [23].

They determined that the recurrence rate at the level
of 40.5% in a 12-month observation period requires sig-
nificant reduction and thus pointed out the need for more
careful selection of patients qualified for IRE, recommend-
ed qualifying changes up to 4 cm in diameter and improv-
ing the IRE performance technique.

Table 3 presents reports related to IRE in pancreatic can-
cer [24-27]. The presented results are very consistent. The
average diameter of the tumor was around 32 mm, and
the effectiveness of ablation in the planned ablation area
was a minimum of 97%. It is worth noting that in the study
by Martin et al. in which most of the procedures were
performed during laparotomy, the average time free of re-
currence was the longest (14 months) as compared with
studies in which IRE was performed percutaneously [26].
In another study by Martin et al. attention was brought
to pain reduction in patients after the IRE procedure [27].
Pain evaluated on the VAS scale was reduced from 5 to
3 on average.

Discussion

The irreversible electroporation ablation technique is
a new, non-thermal method of irreversible electroporation
of parenchymal organ tumors. The first preclinical studies
were published in 2007. Rubinsky et al. in their experimen-
tal study from 2007, which included 35 pig livers, distin-
guished three main features which give IRE an advantage
over other ablative techniques: the remarkable effective-
ness of ablation; the area of IRE ablation close to blood
vessels does not suffer from the heat sink effect and thus
the cells in the vicinity of the vessels undergo ablation
equally with the rest of the ablated part of the tissue; and
IRE ablation retains functionality of the blood vessels, bile
ducts, urinary tract and nerves which are located in the
ablation area [28].

These conclusions were also confirmed by Charpenti-
er et al. in their preclinical study in 2011 [11]. Maour et al.
(also in 2007) did a study on rats where they performed
IRE on carotid arteries [29]. All animals survived without
side effects. Carotid arteries did not show symptoms of
aneurysm, thrombus or necrosis after 28 days. Bower et al.
in their study on pig pancreas in 2011 placed ablative elec-
trodes 1 mm from the portal vein and from the superior
mesenteric artery [2]. All animals survived postoperatively,
without symptoms of necrosis in the pancreas and with-
out embolism in blood vessels.

Since these studies many papers have been published
which analyzed the application of IRE in cancer treatment
in the liver, pancreas, kidneys, prostate, colon and lungs
and achieved promising results as well as showing a short
learning curve of the method [24].

Our study demonstrates that IRE could be successfully
performed in the treatment of locally advanced pancre-
as and liver metastases of colorectal carcinoma. We are
aware of the imperfections of our study, which is based
on a small number of patients and has a relatively short
follow-up. Nevertheless, all our patients have achieved
a great benefit from treatment: a seven-month follow-up
without progression with a good quality of life.

The conclusions from preclinical, clinical and our stud-
ies presented above allow us to conclude that the irre-
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versible ablation technique is an interesting therapeutic
method for tumors of the liver, pancreas and other organs
which have been referred to as unresectable or not fit for
ablation. However, 8 years after the first pre-clinical stud-
ies, the IRE method leaves many questions unanswered
and, what follows, a need for many studies to be conduct-
ed. Among these questions are qualification for the proce-
dure, and the use of IRE as a treatment inducing potential
resectability. There is a lack of studies directly comparing
IRE with thermal ablation techniques. What also needs to
be mentioned is that the vast majority of previous stud-
ies have been single center studies on low numbers of
patients, with a short observation period — there are not
enough multicenter, randomized studies on large numbers
of patients, whose results could be the basis for formulat-
ing recommendations for therapy using irreversible elec-
troporation.

The authors declare no conflict of interest.
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