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Abstract

It is reasonable to consider the technical possibility and oncological feasibility of the local tumor destruction in patients with
locally advanced pancreatic cancer (PCa). Irreversible electroporation (IRE) is a non-thermal method of local tumor ablation,
which uses non-thermal energy of high-voltage ultrashort electric fields localized between electrodes to create nanopores in the
cellular wall with the following cellular death. The zone of impact can be accurately predicted using the location of the electrodes.
A fairly clear and controlled ablation boundary without a clinically significant zone of perifocal tissue damage reduces the risk of
accidental injury to the wall of a hollow organ. The method is based on a change in the permeability of the cell membrane and
the development of apoptosis, which allows to act directly on the ducts and the great vessels infiltrated by the tumor without
a high risk of damage. The presented case shows that IRE is advisable to use as a part of the combined treatment of patients
with locally advanced PCa. There were no complications observed after the IRE. Radiological evaluations and pathologic reports
showed an adequate long-term local control. Also, good results were obtained in the overall life expectancy, given that we are
talking about unresectable ductal adenocarcinoma of the pancreas. The patient passed away in 39 months from the beginning
of the treatment and in 26 months from the initial IRE. In case of local relapse, repeated electroporation with a good long-term
result is also possible. The time to progression exceeded eleven months after electroporation performed for a local relapse. Ac-
cording to magnetic resonance imaging, both locoregional relapse and distant liver metastases were detected. The patient lived
16 months after a repeated IRE session and died of pulmonary embolism on the background of chemotherapy.

Favorable prognostic factors are the presence of an objective response to previous conservative treatment, compliance with the
parameters of electroporation, complete inclusion of tumor infiltration in the affected area.
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Pesiome

Mpyu mecTHOpacnpoCcTpaHEHHOM Hepe3eKTabenbHOM pake NoaXKenyaouHoM xenesbl (PMK) uenecoobpasHo paccMOTpeTb TEXHU-
YeCKyto BO3MOXHOCTb U OHKONOTMYECKYt0 060CHOBAHHOCTb /1I0Ka/IbHOM AeCTpyKuun onyxonu. Heobpatnmas anektponopaums
(H3M) — HeTepmMUeCKMt MeToA IOKaNbHOW abaALMM ONYX0aW, 30HY BO3AENCTBMA KOTOPOrO MOXKHO KOHTPO/IMPOBAThb pacmno-
NoXeHnem anekTponos. MNoa Bo3aencTBMEM HETENIOBOM IHEPTUMN BbICOKOBOJIBTHBIX YAbTPAKOPOTKMUX 3NEKTPUYECKUX NoNeN,
JIOKaZIM30BaHHbIX MEX/Y 3N1eKTPOAAaMU, B KNETOUHOM 060/104Ke 06PasyroTCA MOCTOAHHbIE HAHOMOPbI, YTO MPUBOAUT K HAaPYLUEHUIO
KNEeTOYHOro romeocTasa v rubenu knetku. locTaTouHO YeTKaa U KOHTPOIMpPYemas rpaHuLa abnaumm 6e3 KNMHUYECKM 3HaYMMO
30HbI NepUPOKaNbHOIO NMOBPEXKAEHNA TKAHEW CHUXKAET PUCK C/TY4aliHOTO BO3AENCTBUA HA OKPY»KaloLLMe OpraHbl U CTPYKTYpPbI,
B NepBylo oyepesb— CTEHKY NOAOro opraHa. MeToz 0CHOBaH Ha USMEHEHUM NPOHULLIAEMOCTU KNETOYHOW MeMBpaHbl M Pa3BUTUU
anonTosa, YTo NO3BO/IAET BO3/ENCTBOBATL HEMOCPEACTBEHHO HAa MHGUABTPMPOBAHHbIE OMYXO/IbIO MPOTOKM U MarucTpasbHble
cocyabl 6e3 BbICOKOro pUcka Mx nospexaeHus. NpeacTaBneHHbI cnyyai nokasbiaeT, yto H3M uenecoobpasHo UCNONb30BaTb
B MJ1aHe KOMBMHMPOBAHHOTO NIeYeHUs 6ONbHBIX MECTHOPACNPOCTpaHeHHOM PM}K. He oTMeYeHo 0CIOKHEHWIM HW Mocae NepBoro,
HUW nocne BToporo ceaHcos HIM. MeToabl Ny4eBOI AUArHOCTUKM, a TaKKe MOpPPONOrnyeckne nccnefoBaHuA nokasaam Bos-
MOYHOCTb aJeKBaTHOIO JIOKa/IbHOrO KOHTPOAA. TaKKe NosydeHbl Henaoxne pesy/bTaTbl B 06LLEN NPOAOMIKUTENBHOCTU KUBHH,
YUUTbIBasA, YTO peYb UAET O Hepe3eKTabebHOW NPOTOKOBOW afeHOKapLMHOME NoAKENYA0UHOM Xenesbl. bonbHas npoxuna 39
mecALeB OT Ha4yana eyeHma n 26 mecaues OT nepBoro ceaHca HIM. B cayyae mecTHOro peunamBsa TakxKe BO3MOXKHa NOBTOPHasA
3/71eKTPOMNOpPaLMA C XOPOLUMM OTAANIEHHbIM pPe3ybTaToM. Bpemsa o nporpeccMpoBaHuA NPeBbICUI0 OAMHHAALATL MecALEeB nocne
3/1IEKTPONOpPaLMK, BbINOJHEHHOM MO NOBOZY JIOKaIbHOTO peumnansa. Mo AaHHbIM MarHUTHO-PE30HAHCHOM ToMmorpadun BbiaBAEH
KaK IOKOPErMoHapHbI peuuams, Tak 1 OTAaNeHHble MeTacTasbl B neveHu. MNauueHTKa npoxuaa 16 mecaues nocie NOBTOPHOrO
ceaHca H3M 1 ymepna ot Tpomb603mM60IMKN N1eroYHOM apTepun Ha GoHe Ha4aToN XMMmuoTepanmu.

BnaronpuATHbIMM NPOrHOCTUYECKUMU PaKTOpaMM ABNAIOTCA HaMuMe 06 bEKTMBHOIO OTBETA Ha NpeLecTByloLee KOHCePBaTUB-
Hoe neyeHne, cObNOAEHNE MAPAMETPOB INEKTPONOPALUM, NOSHOE BKIIOUYEHWE OMYyX0NeBOM MHOUNLTPALMM B 30HY BO3AENCTBUA.
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INTRODUCTION

Worldwide in 2018, advanced pancreatic cancer (PCa)
was diagnosed in 460,000 cases, and 432,000 patients
with this disease have died [1]. PCa is discovered at
the time when radical surgical resection is possible in
10-20 % of cases; on the other hand, 30-50 % patients
have distant metastases [2; 3]. Local destruction
methods can be applied when diagnosis of locally
advanced pancreatic cancer is determined (remaining
30-50 % of all cases) [2; 3]. When accurately applied,
irreversible electroporation (IRE) differs favorably from
other local destruction methods. Possibility to create
an exact, easily controlled impact zone without any
clinically proven thermal damage explains effectiveness
and safety of this technique in case of use in close
diligence of hollow organs, mainline vessel and/or bile/
pancreatic duct infiltration [4]. It is possible to combine
IRE with pancreatic resection [5]. It is advisable also to
combine IRE with other treatment methods according
to aggressive type of the disease progression [6].

The purpose of the study is to show the possibility
and feasibility of repeated irreversible electroporation
in selected patients with locally advanced pancreatic
cancer as part of a combined treatment.

CASE REPORT

Patient V, a 68-year-old woman, complained on
epigastric pain irradiating backwards. During initial MRI
(02/12/2016), a solid lesion in pancreatic body had been
determined. The lesion was 56 x 37 mm in size. Tumor

markers level: CEA = 178 ng/ml, CA-19-9 = 152 U/ml.
On 03/17/2016, the patient went through an exploratory
laparotomy: a tumor nearly 60 mm in diameter infiltrated
the common hepatic and the splenic arteries. The case
was recognized as non-respectable, tumor biopsy was
performed. Histology showed the presence of fibrous
tissue fragments with ductal adenocarcinoma complexes.
From March till June 2016 the patient underwent 5 cycles
of FOLFIRINOX chemotherapy with neutropenia of grade
Il and thrombocytopenia of grade | as adverse effects.

Control CT-scan from 07/27/2016 showed a lesion in
pancreatic body (57 x 38 mm), closely adjacent to the
superior mesenteric artery and invading the common
hepatic and the splenic arteries and the celiac trunk.
Initial PET-CT with 18F-fluorodesoxiglucose (18F-FDG)
scan data from 07/18/2016 revealed a lesion in
pancreatic body (64 x 39 mm), SUV 3.22, no metastases
were found.

Then a stereotaxic radiotherapy course was
performed: five sessions between 08/03/2016 and
08/09/2016 using daily fraction dose of 7.5 Gy (total
dose 37.5 Gy) with no complications noted.

Control MRI scan data from 09/13/2016 revealed
stable disease with small reduction of tumor size to 51
x 35 mm. On control MRI scan data from 03/02/2017
a lesion (51 x 35 mm) in pancreatic body was observed—
stabilization compared to 09/13/2016. General vessels
were still invaded, however now it seemed possible to
perform resection of the pancreas with resection of the
celiac trunk. Tumor marker levels were CEA = 14.9 ng/ml,
CA199 =59.0 U/ml.

On 04/04/2017, we used laparotomic approach

Fig. 1. Abdominal MRI dated 10/31/2017. Condition after electroporation. Proximal to the electroporation zone in the isthmus of the
pancreas, a volumetric mass of up to 14 mm became apparent that is suspicious of local recurrence or continued growth, which is most
clearly visualized with diffuse-weighted imaging (fig. 1A) and in the T2 mode (fig. 1B) — white arrows.

Puc. 1. AbpomuHanbHoe MPT 31.10.2017 r. CocTosiHMe nocne anekTponopaumu. MpoKkcMmanbHee 30Hbl 31eKTPONOpaLUK B nepeLuelike
NoAXKeNnya04HON Kenesbl 06HapyeHa 06beMHan macca pasmepom A0 14 Mmm, YTO BbI3bIBAET NOAO3PEHNE HA NOKANbHBIW PeLmans v
NPOLONKAIOLMIACA POCT, KOTOPbIN Hanbonee YeTKO BU3yanusupyetcs npu gudeysHo-B3BelLeHHON BuU3yanmsauum (dur. 1A) u B pexxume T2

(puc. 1B) — benble cTpenku.
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and revealed the tumor in pancreatic body spreading
to isthmus and tail. The tumor was 65 x 35 x 20 mm
in size and invaded the mesentery root, the celiac
trunk and the superior mesenteric artery. Thus the
case was recognized as non-respectable. There were
no signs of tumor generalization so intraoperative IRE
was performed under ultrasound guidance. Number of
electrodes used was 4, the length of active electrode
pole, 20 mm, voltage, 1500-2500V, current, 30—45A,
the number of impulses between each electrode pair in
effective mode — 80, impulse duration — 90 microseconds.
Large tumor size didn’t allow to perform a single
IRE-procedure, thus the tumor had been processed
consequently from 5 locations. The technical parameters
of IRE were observed, the repeated exposures were not
required. Impact zone appeared to be 70 x 40 x 20 mm
which covered the infiltration region completely. Blood
loss was 250 ml, whole operation time was 390 min.
There were no complications.

The control MRI data from 05/05/2017 (1 month later)
and 07/05/2017 (3 months later) showed no signs of
progression. Tumor markers level from 07/03/2017: CEA
=3.9 ng/ml, CA19-9=33.1 U/ml.

Control MRI data from 10/31/2017 (6 months
following IRE) demonstrated the IRE impact zone size
stabilization (42 x 31 mm) with no contrast enhancement

in it. However, at the same time a new lesion (14 mm
in diameter) in the pancreatic isthmus region had been
detected close to the IRE impact zone which was highly
suspicious to be a local relapse or a continued growth
focus (fig. 1).

Control PET-CT with 18F-FDG data from 11/21/2017
also revealed two types of lesions in pancreatic body and
isthmic region: 1) avascular IRE impact zone —51 x 35
mm with SUV = 1.8 (compared to initial 64 x 39 mm and
SUV 3.2 respectively); 2) lesion proximal to IRE impact
zone 12 mm in diameter with SUV = 4.07 which was
evaluated as a local relapse. There was no sign of distant
metastases. Tumor markers level from 11/27/2017: CEA
=7.6 ng/ml, CA199 = 75.9 U/ml.

Considering radiological data on the local relapse
in the isthmic region of the pancreas with no sign of
distant metastases, we decided to repeat IRE as a local
destruction technique. On 12/13/2017, a laparotomy
and an intraoperative ultrasound examination were
performed. A lesion (15 x 15 x 13 mm) was revealed in
the isthmic region proximal to the initial IRE impact zone
which was highly suspicious to be a local relapse (fig. 2).

A biopsy sample taken from this lesion showed
adenocarcinoma cells (fig. 3).

The absence of malignancy in the initial IRE impact
zone was also morphologically proven (fig. 4 and fig. 5).

Fig. 2. Intraoperative data obtained during the second
electroporation session. Data from intraoperative ultrasound — the
area of the previous electroporation up to 5 cm — marked with red
arrows, and next to it, the area of recurrence up to 1.5 cm, the
boundaries are marked with a dashed line.

Puc. 2. UHTpaonepaunoHHble JaHHble, NOJy4eHHble BO Bpems
BTOPOro ceaHca 3neKTponopaumu. [laHHble MHTpaonepaLMoHHOro
Y3U — obnacTtb Npeablaylueli 3SneKTponopauum 40 5 cM — OTMeYeHbl
KPaCHbIMU CTPeNKamMm, a pAjoM ¢ Helt obnactb peunavsa ao 1,5
CM, FrPaHu1LLbl OTMEYEeHbl MYHKTUPOM.

Fig. 3. Cytological data that confirms recurrence in the proximal
direction from the area of the previous IEP session. Micrograph of
the preparation, stained with azure-eosin, x 1000. Adenocarcinoma
cells cover the visual field (marked with red arrows).

Puc. 3. uTonornueckme gaHHble, noaTsepxaatolime peunamns B
NPOKCMManbHOM HanpasaeHun ot obnacTu NpeablAyLero ceaHca
H3M. MukpodoTorpadua npenaparta, OKpaLLeHHOro na3ypHo-
3031MHOM, YB. X 1000. Knetkn ageHoKapLMHOMbI NOKPbIBAIOT nose
3peHus (OTMeYeHbl KPacHbIMM CTPeNKamm).
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The secondary IRE of the local relapse zone was
performed using four electrodes from two points of
access. The length of electrode poles was 15 mm, initial
voltage — 3000V, current —34—42A, impulse duration —
80-90 microseconds, the number of effective impulses
between each electrode pair—80. The impact zone
of secondary IRE appeared to be 25 x 20 x 18 mm
completely covering the registered relapse zone. Blood
loss recorded at 200 ml, whole operation time —280 min.
There were no complications.

Control MRI scan data from 01/15/2018 showed no
signs of tumor progression with a haematoma 20 mm
in diameter in the secondary IRE impact zone. Tumor
markers level as of 01/13/2018: CEA = 6.2 ng/ml, CA199
=110.9 U/ml. Between January and August 2018, eight
GEMCAP chemotherapy courses were performed. There
were neutropenia of grade Il and thrombocytopenia of
grade Il observed in between. Control MRl scan data from
11/20/2018 (32 months since the start of chemotherapy,
19 months after the first and 11 months after the second
IRE procedure) demonstrated a stabilization of the size of
the initial IRE impact zone—41 x 32 mm with no contrast

Fig. 4. Cytological confirmation of complete therapeutic
pathomorphosis in the area of the previous IRE session. Micrograph
of the preparation, stained with azure-eosin, x 1000. Structureless
substance (black dashed arrows) and fibroblasts (red arrows).

Puc. 4. Llutonornyeckoe noaTsepaeHue nosHoro
TepanesTUYecKoro natomopdosa B 06nacTu ¢ npesblayLLero ceaHca
H3MN. MukpodoTorpaduma npenapaTa, OKPaLEHHOrO a3yp-303UHOM,
¥YB. x 1000. BeccTpyKTypHOe BELLEeCTBO (YepHble NYHKTUPHbIE
cTpenku) u dubpobnacTol (KpacHble CTpenKkm).
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enhancement. In the secondary IRE impact zone there
was a fibrous tissue revealed in place of the previously
described haematoma. There were no signs of tumor
progression. Tumor markers level from 11/16/2018: CEA
=11.2 ng/ml, CA199 = 157 U/ml.

CT-scan 02/12/2019 revealed a lesion 55 x 34
mm in the area of previous IRE. In addition a tumor
infiltration of the celiac trunk and the superior
mesenteric vein was found. Distant metastases occurred
in liver 3—15 mm in diameter. The patient has started
chemotherapy (03/01/2019). She passed away due to
the thromboembolism (June, 2019).

DISCUSSION

Only 10-20 % of patients with ductal PCa can go
through curative resection, the median survival rate
reaches 27 month and the 2-year local relapse risk is
estimated as 60 % [2, 3]. In 30-50 % of cases, distant
metastases were revealed at the moment when the
diagnosis had been determined [2; 3]. Patients with
metastatic PCa are generally managed by systemic

Fig. 5. Histological confirmation of the absence of a tumor in

the area of the previously performed IRE. Micrograph of the
preparation, stained with hematoxylin and eosin, x 400, a fragment
of connective and adipose tissue, with lymphoid infiltration,
xanthoma cells with lipogranuloma formation (indicated by an
arrow), without elements of tumor growth.

Puc. 5. Tuctonornyeckoe noarsepxaeHne oTCyTCTBMA ONyXoaun

B 0bnacTu paHee BbinosHeHHoro HI3M. MukpodoTtorpadus
npenapara, OKpaLIEHHOro reMaToKCUANHOM U 303UHOM,

YB. x 400, pparmeHT cCoeANHUTEIbHOM U KMPOBOI TKaHMU, C
AMMPONAHON MHOUNbTPALMEN, KNETKM KCAHTOMbI C 06pa3oBaHueEM
nuvnorpaHynembl (0603HaueHbl CTpenkoit), 6e3 anemeHToB
OMnyxoNeBoro pocTa.
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chemotherapy [7-9]. In the last group of patients (30—
50 %), the tumor was diagnosed to be vastly locally
advanced what approves impossibility of radical surgery
because of the infiltration of major vessels. This group of
patients is generally managed by systemic chemotherapy
as the first step. According to meta-analysis the median
survival rate of patients with locally advanced PCa ranged
between 9 and 14.4 months in gemcitabin+nab-paclitaxel
group vs 9—15.9 months in FOLFIRINOX group [9]. A large
study LAP-07 showed that addition of radiotherapy
following gemcitabine-based chemotherapy didn’t
improve the long-term results of patients with locally
advanced disease (HR = 1.03, 95 % Cl = 0.79-1.34, p =
0.83) [10]. If partial response or stable disease is achieved
but the tumor is still unresectable local destruction
methods are being investigated nowdays [2; 3].

The use of thermal-based methods of local destruction
in case of pancreatic tumors was frequently limited
because of close interaction with perifocal mainline
vessels and hollow organs and absence of a clear and
easily controlled border between the impact zone and
the surrounding tissues. The required temperature
regimen in the ablation region may be failed to achieve
due to wide temperature variations caused by close
location of perifocal mainline vessels, what in its turn
decreases ablation quality. On the one hand, these facts
can explain the difficulties in complete tumor ablation,
on the other hand, the high risk of developing severe
complications (hollow organ perforation, pancreatitis,
acute stomach ulcers, bleeding, pancreatic- and/or bile-
fistulas, bile ducts stricture formation, etc). D. A. lonkin
et al. reported a series of pancreatic tumors cryoablation
with the complication rate 38.8 %. However the median
overall survival rate of 18 month was reported [11].

Irreversible electroporation (IRE) is a relatively new
method of local tumor destruction. In this case non-
thermal energy of microsecond pulses of high voltage
between electrodes are used to cause constant nanopores
in cell wall which result in a change of permeability of
the cell membrane, damage of intracellular homeostasis
and apoptosis initiation. Thermal impact is absent in the
general tissue mass subjected to electroporation and can
be seen just within the electrode placement area causing
coagulation necrosis without clinically significant perifocal
swelling. It is possible to combine palliative pancreatic
resection with IRE for residual tumor tissue [5].

Absence of a clinically significant thermal effect,
clearly isolated tissue damage without a sufficient impact
on stroma and possibility to create a well-controlled
impact zone by electrode location make IRE a promising
technique for the patients with PCa in cases when
surgical resection or other ablation-based methods are
not justified [12].

R. C. Martin and colleagues reported the largest
experience of IRE in pancreatic cancer. The level of
complications after IRE for locally advanced pancreatic
tumors consisted 37 %, with the mortality rate of 1.5 %.
The median survival rate for patients who received
IRE appeared to be 18 month (24.9 month from the
beginning of treatment), combined with palliative
resection —23 month (28.3 month from the beginning
of treatment) [5]. The authors showed the possibility
to use a less invasive transcutaneous approach besides
laparotomy, making usage of the IRE technique more
attractive [13].

Our case report clearly demonstrates the effectiveness
of the combined approach to treatment of the patients
with locally advanced pancreatic cancer using IRE. There
were no complications observed either after the initial
or after IRE for local relapse, which can partly prove the
safety of this technique being applied in such difficult
clinical case. Radiological evaluations and pathologic
complete response leave no doubt in usefulness of
IRE in spite of appearance of continued growth focus
proximal to the initial impact zone. The patient passed
away in 39 months from the beginning of treatment,
in 26 months from the initial IRE, in 16 months after
IRE of local relapse. Our experience let us assume that
IRE should be applied for locally advanced PCa if tumor
is not progressive after chemotherapy and complete
coverage of tumor can be achieved. Accurate technique
parameters compliance is necessary. IRE can be safely
repeated in a case of local relapse or continued growth
and no sign of distant metastases.

CONCLUSION

Literature data, as well as our case report, suggest that
the addition of IRE to standard therapy for unresectable
non-metastatic PCa may be justified in a selected group
of patients. An indication for IRE may also be tumor
recurrence after a previous electroporation.
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