
Abstract. Background/Aim: Irreversible electroporation
(IRE) has recently been used as an experimental ablation
treatment following systemic chemotherapy in locally
advanced pancreatic cancer (LAPC). The primary aim of this
study was to evaluate survival of LAPC patients after IRE
prior to chemotherapy. The secondary aim was to examine
the complication rates. Patients and Methods: Twenty-four
patients with LAPC were included and treated with
percutaneous ultrasound-guided IRE under general
anesthesia. Survival data from the National Quality Registry
for Pancreatic and Periampullary Cancer for LAPC during
the same period were used for comparison. Results: The
median survival after diagnosis was 13.3 months in the IRE
group compared to 9.9 months in the registry group
(p=0.511). Six patients had a severe complication after IRE
treatment. Conclusion: No obvious gain in survival was
observed with IRE as the first line treatment of LAPC and
IRE was associated with severe complications. This study
does not support percutaneous IRE in this setting.

Locally advanced pancreatic cancer (LAPC) has a poor
prognosis even with optimal standard treatment and it is the
fourth leading cause of cancer-related deaths in the western
world (1). The poor prognosis has led to several trials
investigating new treatment modalities, including
radiofrequency, microwave and cryoablation. Photodynamic
therapy and high-intensity focused ultrasound have also been
tried with minor improvements to the prognosis (2). In recent
years, several studies have been published about the use of
irreversible electroporation (IRE) in LAPC, mostly following

treatment with chemotherapy (1, 3-5). However, Belfiore et
al. have presented data on IRE followed by chemotherapy in
20 patients with LAPC and were able to perform R0 resections
on three patients (6). Our study represents our experience with
IRE prior to chemotherapy in LAPC patients. The primary aim
was to investigate overall survival and the secondary aim was
to examine the rate of complications in this setting. 

Patients and Methods

Patients. Patients included in our study had biopsy-proven LAPC
defined as superior mesenteric- or celiac-artery encasement, aortic
invasion or unreconstructable superior mesenteric- or portal-vein
involvement, with no evidence of metastatic disease on abdominal and
thoracic computed tomography (7) or at laparotomy, and no prior
systemic treatment. Exclusion criteria were age <18, implanted
electronic devices, ASA score IV, expected survival <3 months,
pregnancy, epilepsy, severe heart disease, and tumor diameter >5 cm.
All patients signed a consent form before treatment. Prior to inclusion,
all patients were discussed at a multi-disciplinary team conference.
Following IRE, starting adjuvant chemotherapy was recommended. 

Twenty-five patients were considered a sufficient number to
allow for preliminary conclusions on survival and complications. In
the case of computed tomography (CT) evaluated response to the
IRE treatment, indicating that R0 resection could be achieved,
resection would be scheduled. Chemotherapy was to be started
following local recurrence. The oncologist in charge of the patient
decided on chemotherapy after IRE. For comparison, we used
survival data from the National Quality Registry for Pancreatic and
Periampullary Cancer for patients with LAPC diagnosed during our
inclusion period between 2013 and 2015 and scheduled for active,
but not curative, treatment. We included LAPC cases diagnosed
both with radiology and during laparotomy with curative intent.
This group also contained our study patients. One difference
compared with our previous study (5) is that the date of diagnosis
is the date of radiology and not the date of the biopsy, because, to
comply with the principles of the National Quality Registry for
Pancreatic and Periampullary Cancer, we wanted the groups to be
as similar as possible. It was not possible to extract co-morbidities
from the National Quality Registry for Pancreatic and Periampullary
Cancer and the groups were not be matched. The coverage of the
National Quality Registry for Pancreatic and Periampullary Cancer
during the study period was well over 90% (8).
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Twenty-four patients, 15 men and 9 women with a median age
at diagnosis of 68.0 years, were included. After 24 patients were
treated, we encountered difficulties with our ability to provide IRE
within a reasonable time from the pancreatic cancer diagnosis and
the study was stopped for ethical reasons, since this caused a delay
in the standard of care, i.e. chemotherapy. All patients who were
scheduled for IRE at the multi-disciplinary team conference
received it. Of the 24 patients, eight had gone through a laparotomy
with curative intent before inclusion but were found to have LAPC.
Computed tomography confirmed that the rest had LAPC. Median
tumor diameter was 30 mm and 18 of the tumors were located in
the head of the pancreas and 6 in the body. The median time
between the date of diagnosis and IRE treatment was 89 days.
Eighteen of the patients had an ASA score of 2, and six had an ASA
score of 3 (Table I). Data from 299 patients with LAPC, 149 men
and 150 women, with a median age at diagnosis 70 years, were
retrieved from the National Quality Registry for Pancreatic and
Periampullary and were used as a control. Thirty-nine of them were
diagnosed at laparotomy. 

IRE procedure. The IRE treatment used was identical to that in our
previous study (5). Briefly, the equipment from Angiodynamics
System (Queensbury, NY, USA) known as Nanoknife was used. An
ultrasound was conducted the day before the treatment to rule out
metastases and to plan the needle placement. All needles were
placed percutaneously trans-abdominally using ultrasound guidance.
The active length of the needles was 15 mm and the needles were
placed parallel to each other. Four to six needles were used for each
patient. When the tumor’s diameter exceeded 2 cm, a needle was
also placed in the center of the tumor. Initially, a test with 10 pulses
of 1,200 V/cm was sent and then the current was adjusted up or
down to achieve an end current of 30-50 ampere. However, it was
not possible to exceed 1,500 V/cm. After the 10 test pulses were
administered, another 90 pulses were given as treatment. A pullback
technique was used in all patients to cover the entire tumor and in
five patients two pullbacks were used. IRE treatment was conducted
under general anesthesia with deep neuromuscular block.

Post-IRE surveillance and follow-up. After IRE the patients were
observed in-hospital for at least 3 days and an ultrasound was
conducted to rule out complications before discharge. We defined a
severe complication as Clavien-Dindo >2 that presented itself within
30 days of treatment (9). Another ultrasound and clinical assessment
were performed after one month along with an assessment of
complications and signs of active tumor. If no signs of
complications were seen, the patient was referred for post-IRE
chemotherapy. Patients were then followed with contrast-enhanced
ultrasound and CT every third month until disease recurrence or
progression was seen. Since the groups were not matched regarding
age and gender, a Cox regression was used to compare survival
between our study group and the registry group. A p-value <0.05
was considered as significant. 

The study was approved by the Uppsala Regional Ethics
Committee, Uppsala, Sweden (Dnr 2013/254).

Results 

Treatment. The median stay at the hospital after the treatment
was 5 days. We had planned to keep the patients for at least
3 days for observation. However, two were deemed fit to go

home after two days. Postoperative ultrasounds showed a
complete ablation zone without signs of tumor in all but one
patient. This patient had a small rim on the border of the
ablation zone that showed washout of the contrast, and the
ablation might not have been radical. One patient had signs
of minor bleeding which had no clinical implications.

There was no response to the IRE ablation indicating that
a R0 resection could be achieved, and thus no attempts to
resect were made. Three patients had no adjuvant
chemotherapy after the IRE treatment, one due to rapidly
progressive disease. The other two did not recover sufficiently
after their complications. It was not possible to obtain data
from the patients’ charts as to how many cycles of
chemotherapy they received. In the control group, only 77 of
the 299 patient reports showed whether or not they received
any radio- or chemotherapy. Of these 77, four had no radio-
or chemotherapy, four had primary radiochemotherapy, 72 had
chemotherapy, and four had radiotherapy.

Disease recurrence and survival. Recurrent disease was seen
in 18 patients in the IRE group. Seven had a local
recurrence, 10 had metastases and one patient had both.
Median progression-free survival for those with recurrent
disease was 3.9 months. The median time to local recurrence
and metastases was 5.8 and 2.3 months, respectively. 

Median survival after the IRE treatment was 13.3 months
and at the end of the study only one patient was alive, albeit
with known local recurrent disease. Median survival after
diagnosis of LAPC in the patients in the National Quality
Registry for Pancreatic and Periampullary Cancer was 9.9
months. Median survival did not differ statistically
significantly between the groups (p=0.511) and the patients
in the control group were significantly older (p=0.01).
Survival is shown in the Kaplan–Meier curve in Figure 1.

Safety. Six patients had a severe complication, i.e. Clavien-
Dindo >2, that presented itself within 30 days of treatment.
One patient died from the treatment after 50 days and had a
Clavien-Dindo grade of 5. This was a case with a small
duodenal perforation that led to infectious complications with
an abscess and later with air in the portal vein in the liver that
was treated with a covered stent in the portal vein. This patient
did not completely recover and died 50 days after IRE.

Three patients had a 3b complication that required
laparotomy. The first patient had a laparotomy two days
post IRE for a common bile duct perforation that was
treated with a T-drain. The second case had also bile
leakage with bilirubin in a drain, but at laparotomy no
perforation was found. However, part of the gastric wall
was inflamed and invaginated. The third patient had a
laparotomy due to free air discovered on computer
tomography. At the laparotomy, bile-stained fluid was
found, but no perforation. A T-drain was put in place and
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pyloric exclusion with gastroenteroanastomosis was
conducted.  

The remaining two complications were Clavien-Dindo
3a. The first was an infection that was complicated by an
ulcer that needed an endoscopy for treatment and the
other was an amylase-containing abscess that was
successfully treated with a percutaneous drain placed by
ultrasound. There were also three cases with Grade 2
complications: one infection, one pancreatitis and one
patient developed severe diarrhoea that was partially
alleviated with pancreatic enzymes. An angiogram was
conducted which showed an intact superior mesenteric
artery and the diarrhoea was deemed to be due to
mesenteric denervation. 

Discussion
We observed no obvious gain in survival for the IRE group
compared with register control patients and several IRE
patients had severe complications. Belfiore et al. used a study
design similar to ours and reported no severe complications
(6). After the treatment, they were able to conduct a R0
resection in three out of 20 patients. We had no cases in our
study group that were deemed resectable after the treatment.
However, the Kaplan–Meier analysis of survival in Belfiore’s
study showed a similar mean survival of 13.0 months (6). In
their follow-up article with another nine patients, survival was
14.0 months (10). In that study, they compared their results
with those in the literature and found an increased survival
after IRE treatment. An interesting difference in Belfiore’s
studies is that they performed CT on postoperative day 1 and
if no complication was found, adjuvant chemotherapy was
started on the same day. 

Compared to several other studies on IRE, this one has a
control group. Although not matched for comorbidities, it
gives us the survival for LAPC patients scheduled for active
treatment in Sweden during the study period.  

There are several limitations to this study. The most
obvious is that it is non-randomized and the groups under
comparison are not matched. We had several exclusion
criteria in our study group (implanted electronic devices, ASA
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Table I. Study data for the patients in the IRE group.

                                                                  N or median       % or Q1-Q3

Gender
   Male                                                                 15                       63
   Female                                                                9                       38
Age
   (Years)                                                           68.0                (60.5-74.5)
ASA
   2                                                                        18                       75
   3                                                                          6                       25
Surgical exploration before IRE
   Yes                                                                      8                       33
   No                                                                     16                       67
Time from diagnosis to treatment
   (days)                                                                89                  (62-118)
Location of tumor
   Caput                                                                18                       75
   Corpus                                                                6                       25
Tumor maximal diameter
   (mm)                                                                 35                   (30-40)
Clavien-Dindo score
   none or ≤2                                                        18                       75
   3a                                                                        2                         8
   3b                                                                        3                       13
   5                                                                          1                         4
Hospital stay
   (days)                                                               6.0                 (4.0-12.5)
Adjuvant chemotherapy
   Yes                                                                    21                       88
   No                                                                       3                       13
Survival after diagnosis
   (months)                                                        13.3                           
   3 months                                                                                      96
   12 months                                                                                    71
   24 months                                                                                      8
Survival after treatment
   (months)                                                        11.5                           
   3 months                                                                                      96
   12 months                                                                                    42
   24 months                                                                                      4

Figure 1. Kaplan–Meier curve of survival between the IRE group and
the registry group.



score IV, epilepsy, severe heart disease, and tumor diameter
>5.0 cm) that were not excluded in the control group because
they were not reported in the register. This might have
affected the survival of the control group negatively. 

The National Quality Registry for Pancreatic and
Periampullary Cancer is not complete with respect to
radiotherapy, radiochemotherapy and chemotherapy. This
probably produces bias and we have performed no further
analysis of the patients in the control group who received
active treatment. There was a delay of 88 days between the
date of the radiological diagnosis and the IRE treatment, due
both to referral time and the waiting time at our center.
Because of this delay, patients with rapidly progressive disease
might never have been referred to us and they may be in the
control group. This could lead to a positive selection for the
IRE group.

The relatively long waiting time also raises some ethical
issues since obviously some of the patients in the control
group had to wait several months before any active treatment
was started. Should IRE be used in this setting, the waiting
time will have to be shorter.

The complication rate was higher than in our previous study
with IRE after chemotherapy: in the present study, 25% of the
patients had severe complications compared to 12.5% in the
previous one (5). This was despite the use of identical
techniques and with the same interventional radiologist doing
the procedures. The only difference is in the timing of
chemotherapy, the importance of which is difficult to judge.
A larger study is needed to further evaluate the true
complication rate after ultrasound-guided percutaneous IRE
treatment.

The reason for the modest survival in the IRE group is
probably that many of the patients had early undetectable
metastatic disease and, thus, were not suitable for IRE. An
induction period with chemotherapy is probably needed as a
way to select patients more suitable for local treatment. 

Conclusion

There is no obvious gain in survival from upfront IRE in LAPC
cases and IRE in this setting is associated with several severe
complications. This study does not support IRE in this setting.
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