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Abstract

AIM

To treated with electrochemotherapy (ECT) a pro-
spective case series of patients with liver cirrhosis and
Vp3-Vp4- portal vein tumor thrombus (PVTT) from
hepatocellular carcinoma (HCC), in order to evaluate
the feasibility, safety and efficacy of this new non
thermal ablative technique in those patients.

METHODS

Six patients (5 males and 1 female), aged 61-85 years
(mean age, 70 years), four in Child-Pugh A and two in
Child-Pugh B class, entered our study series. All patients
were studied with three-phase computed tomography
(CT), contrast enhanced ultrasound (CEUS) and ultra-
sound-guided percutaneous biopsy of the thrombus
before ECT. All patients underwent ECT treatment
(Cliniporator Vitae®, IGEA SpA, Carpi, Modena, Italy)
of Vp3-Vp4 PVTT in a single session. At the end of the
procedure a post-treatment biopsy of the thrombus was
performed. Scheduled follow-up in all patients entailed:
CEUS within 24 h after treatment; triphasic contrast-
enhanced CT and CEUS at 3 mo after treatment and
every six months thereafter.

RESULTS

Post-treatment CEUS showed complete absence of
enhancement of the treated thrombus in all cases.
Post-treatment biopsy showed apoptosis and necrosis
of tumor cells in all cases. The follow-up ranged from
9 to 20 mo (median, 14 mo). In 2 patients, the follow-
up CT and CEUS demonstrated complete patency of
the treated portal vein. Other 3 patients showed a
persistent avascular non-tumoral shrinked thrombus at
CEUS and CT during follow-up. No local recurrence was
observed at follow-up CT and CEUS in 5/6 patients.
One patient was lost to follow-up because of death
from gastrointestinal hemorrage 5 wk after ECT.

CONCLUSION
In patients with cirrhosis, ECT seems effective and safe
for curative treatment of Vp3-Vp4 PVTT from HCC.

Key words: Hepatocellular carcinoma; Portal vein tumor
thrombosis; Electrochemotherapy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Six patients with portal vein tumor thrombus
(PVTT) at hepatic hilum underwent electrochemo-
therapy (ECT), a new non thermal ablative technique.
The follow-up ranged from 9 to 20 mo (median, 14
mo). In 2 patient, the follow-up computed tomography
(CT) demonstrated complete patency of the treated
portal vein. Three patients showed a persistent ava-
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scular non-tumoral shrinked thrombus at CT during
follow-up. No local recurrence was observed in 5/6
patients. One patient, was lost to follow-up because
of death from gastrointestinal hemorrage 5 wk after
treatment. ECT seems effective and safe for curative
treatment of PVTT at hepatic hilum.

Tarantino L, Busto G, Nasto A, Fristachi R, Cacace L, Talamo M,
Accardo C, Bortone S, Gallo P, Tarantino P, Nasto RA, Di Minno
MND, Ambrosino P. Percutaneous electrochemotherapy in the
treatment of portal vein tumor thrombosis at hepatic hilum in
patients with hepatocellular carcinoma in cirrhosis: A feasibility
study. World J Gastroenterol 2017; 23(5): 906-918 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i5/906.
htm DOT: http://dx.doi.org/10.3748/wjg.v23.15.906

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third most frequent oncologic
cause of death worldwide!!. HCC is often diagnosed
at intermediate or advanced stages, when portal vein
(PV) and its branches have already been involved
by the tumoral process*®. It has been reported that
approximately 10%-40% of HCC patients are diagnosed
with portal vein tumor thrombus (PVTT)™*!. According to
the Barcelona Clinic Liver Cancer classification system™®,
HCC patients with PVTT are classified as advanced
stage (or Stage C), with a rather poor prognosis and
an expected median survival span of about 2.7-3.0
mo™®!. Current guidelines only recommend systemic
chemotherapy with Sorafenib in such patients™.

The Liver Cancer Study Group of Japan has recently
proposed a macroscopic classification for PVTT cate-
gorized into five grades, defined as follows: Vp0O, no
PVTT: Vpl, PVTT distal to the 2™ order branches of the
PV; Vp2, PVTT in the 2™ order branches of the PV; Vp3,
PVTT in the 1% order branches of the PV; Vp4, PVTT in
the main trunk of the PV or a PV branch contralateral to
the mainly involved lobe (or both)"”.,

In recently published papers®**, surgical hepatic
resection (HR) and loco-regional therapies, such
as trans-arterial chemoembolization (TACE), radio-
frequency ablation (RFA), microwawe (MW) ablation,
gamma-knife radiosurgery, 90Y-based transarterial
radioembolization (TARE), proved to be feasible and
moderately effective treatments to improve survival
of HCC patients with peripheral PVTT (Vpl and Vp2).
However, all these therapies did not substantially
modify prognosis in patients with PVTT in the main PV
and/or its 1* order branches (Vp3 and Vp4). Some
previous isolated reports advocated a possible role
of percutaneous ethanol injection (PEI)™’, RFAM®!)
or interstitial laser therapy (ILT)"® in the treatment
of Vp3-Vp4 PVTT. However, the use of PEI remains
unreliable in such clinical settings because of the easy
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escaping of the ethanol in the blood stream and the
high probability of producing neoplastic thrombi. On
the other hand, thermal ablation with RF and ILT are
harmful techniques when applied near the hepatic
hilum because of the high risk of irreversible damage
to main bile ducts, main hepatic artery, gallbladder,
duodenum or gastric wall™®**, As a matter of fact,
with the only exception of the above cited studies, no
other group recommended the use of these techniques
in the treatment of Vp3-Vp4 PVTT.

A potential ideal ablation technique for Vp3-Vp4
PVTT should be able to kill tumor cells in the portal
vessels without heat generation and without affecting
patency of main bile ducts, arterial vessels and even
without any damage to PV walls. Electrochemotherapy
(ECT) is a non-thermal local tumor ablation modality
using electroporation™. This is a physical method that
enhances cell membrane permeability, and enables
non-permeant or poorly permeant chemotherapeutic
agents to enter cells, greatly enhancing their effi-
cacy®?®, Safety and efficacy of the use of ECT in
proximity of vascular and ductile structures of liver and
pancreas have been already demonstrated in several
studies™?,

In order to evaluate the feasibility, efficacy and
safety of ECT in the treatment of Vp3-Vp4 PVTT, we
present a prospective case series of patients with
liver cirrhosis and extensive Vp3-Vp4 PVTT from HCC
treated with ECT.

MATERIALS AND METHODS

From December 2014 to December 2015, 42 patients
(29 male, 13 female, age range 48-91 year) with Vp3-
Vp4 PVTT were observed at our Unit of Hepatology and
Interventional Ultrasound in a tertiary care Institution
- A. Tortora Cancer Hospital. To be included in the
present study, patients had to fulfil the following basal
inclusion criteria: (1) Malignant PV thrombosis of the
right and/or left portal branch and/or of the distal
portion (last 2 cm) of the main PV; (2) synchronous
naive HCC nodule or recurrence after previous treat-
ments for HCC not exceeding 5 cm in size and not
more than 3 nodules in number. The presence of
nodules abutting the gastrointestinal tract or hepatic
hilum, the diaphragm, gall-bladder, kidney and right
or left branch of the PV were not considered exclusion
criteria; (3) Karnofky performance status > 70; (4)
severity of liver function impairment not exceeding
Child-Pugh class B-8, platelet count > 50.000/mm?,
INR < 1.5, total bilirubin < 1.5 mg/dL; (5) absence of
ascites at the time of treatment; (6) absence of gastric
varices and/or esophageal varices not exceeding grade
F2 at endoscopy; and (7) absence of indications to
Sorafenib therapy (Child B/C class) or intolerance to
previous Sorafenib therapy.

Causes for exclusion from the treatment were: (1)
extrahepatic HCC metastases; (2) heart impairment,
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arrythmias or presence of a cardiac pace-maker; (3)
severe lung or renal or hepatic insufficiency; (4) epilepsy;
(5) allergy to bleomycin; and (6) presence of prosthesis.

Seven patients in Child-Pugh A class had already
been treated with Sorafenib at other Institutions and
had stopped the treatment because of severe side
effects. These patients had been addressed to our
Institution for evatuation of eligibility to ECT. Other
9 Child-A-class patients were advised for systemic
therapy with Sorafenib at our Institution. Two out
of them stopped Sorafenib because of side effects.
Seven patients remained on Sorafenib therapy. Seven
Child-Pugh-C-class patients were excluded from ECT
treatment because of severe impairment of hepatic
function. Twenty-two patients were excluded from ECT
treatment because of the presence of one or more
of the following conditions (Figure 1): multinodular
HCC (14 patients), extensive hepatic infiltration from
HCC (5 patients), large esophageal (F3) or gastric
varices (3 patients). Therefore, 36 out of 42 patients
(85.7%) were excluded from ECT, and six patients
with liver cirrhosis and Vp3-Vp4 PVTT from HCC fulfilled
the selection criteria and were included in our series.
Baseline characteristics of the six patients are reported
in Table 1.

This study was approved by the Institutional Board
of our Institute and was conducted according to the
declaration of Helsinki. All patients provided written,
informed consent.

According to the EFSUMB (European Federation
of Societies for Ultrasound in Medicine and Biology)
guidelines®***!, HCC was diagnosed on the basis of
characteristic enhancement patterns (arterial enhance-
ment and late wash-out) at three-phase contrast-
enhanced computed tomography (CT) and contrast
enhanced ultrasound (CEUS). In order to assess
the nature of the thrombosis, pre-treatment CEUS
and ultrasound (US) guided percutaneous biopsy of
the thrombus were performed in all patients™®®!,
Intraoperative biopsy of the treated PVTT was also
scheduled in all patients at the end of the treatment.

To be included in the study, patients had to fulfil the
following inclusion criteria: (1) absence of indications
to Sorafenib therapy (Child B/C class) or intolerance
to previous Sorafenib therapy; (2) severity of liver
function impairment not exceeding Child-Pugh class
B-8; (3) platelet count > 50.000/mm?, INR < 1.5,
total bilirubin < 1.5 mg/dL; (4) absence of ascites at
the time of treatment; (5) absence of gastric varices
and/or esophageal varices grade > F2 at endoscopy;
(6) absence of extrahepatic HCC metastases; and
(7) synchronous first HCC nodule or recurrence after
previous treatments for HCC not exceeding 5 cm in
size and not more than 3 nodules in number. The
presence of nodules abutting the gastrointestinal tract
or hepatic hilum, the diaphragm, gall-bladder, kidney
and right or left branch of the PV were not considered
exclusion criteria.
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Figure 1 Selection of eligible patients to electrochemotherapy among a consecutive series of 42 patients with VP3-VP4 portal vein tumor thrombosis. ECT:
Electrochemotherapy; PVTT: Portal vein tumor thrombosis; HCC: Hepatocellular carcinoma.

Table 1 Baseline characteristics of patients with portal vein tumor thrombosis in our series

Patient Age/sex PS:E/K  Cirrhosis Child-Pugh AFP Albumin INR  Bilirubin  PLT (#/pL) EGDS Comorbidities
etiology class (ng/mL) (g/100 mL) (mg) EV, GV, RS
1 64 yr/M 2/70 HCV A6 14 3.7 1.10 1.20% 75000 F1-EV, GV-, RS- Diabetes
54 yr/M 1/80 HCV B7 84 3.2 1.40 1.40% 62000 F2-EV, GV+, Diabetes, MI,
RS- COPD
8 85 yr/M 1/80 HCV A5 32 4.2 1.14 1.20% 125000 FI-EV, GV-, RS- None
4 75 yr/M 2/70 HCV A6 65 3.6 1.32 1.00% 88000 F2-EV, GV-, RS- Thyroid
carcinoma,
COPD
5 61 yr/F 0/100 HCV A5 47 4.0 1.25 0.90% 74000 EV-, GV-, RS- Diabetes,
hypertension
6 77 yr/M 2/70 HCV B7 16 3.5 1.55 1.30% 56000 F1-EV, GV-, RS- Diabetes

PS E/K: Performance Status ECOG/Karnoffsky; AFP: Pre-treatment alphafetoprotein; INR: International normalized ratio; PLT: Platelets; EGDS:
Esophagastroduodenoscopy; EV, GV, RS: Esophagealvarices, gastric varices, red spots.

Before ECT procedure, all patients underwent:
(1) serum blood tests for liver function and haemo-
coagulation and serum alpha-fetoprotein dosage;
(2) upper gastrointestinal tract endoscopy (esopha-
gogastroduodenoscopy) for evaluation of esophageal
varices; (3) electrocardiogram; (4) chest X-ray;
(5) abdominal US with a commercially available US
equipment (EPIQ 7, Philips SpA, Amsterdam, The
Netherlands) and a 3.5 and 5.0 MHz convex electro-
nic probe; and (6) triphasic contrast-enhanced CT
[Iomeron® 400 (iomeprol), Bracco SpA, Milan, Italy].

ECT procedure

ECT is a combined use of chemotherapeutic drugs
and electric pulses applied to the treated tumour
nodule. Local application of electric pulses to the
tumour increases drug delivery into cells, specifically
at the site of electric pulse application (Figure 2). Drug
uptake by delivery of electric pulses is increased for
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only those chemotherapeutic drugs whose transport
through the plasma membrane is impeded. Among
many drugs that have been tested so far, bleomycin
and cisplatin found their way from preclinical testing
to clinical use. We performed ECT under general
anesthesia, with intubation. In order to avoid strong
muscle contractions induced by electric pulses, the
myorelaxant cisatracurium besylate (Nimbex®, Glaxo-
SmithKline, Brentford, United Kingdoms) was used. All
patients underwent US guided percutaneous biopsy
of the PVTT with a 21 gauge Chiba needle (ecojekt,
HS Hospital service, Rome, Italy) before the start of
ECT procedure. Than, under US guidance, four to
six electrode-needles were inserted percutaneously
along the external margin of the thrombosed portal
vessel (Figure 3). The electrodes were connected to
independently controlled generator outputs of the
Cliniporator Vitae® (IGEA SpA, Carpi, Modena, Italy).
The Cliniporator Vitae® device is a pulse generator with
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Table 2 Hepatocellular carcinoma patterns, treatments and results in é patients with portal vein tumor thrombosis treated with

electrochemotherapy
Patient Previous treatments Site of PVTT HCC nodules/size Results of ECT Follow-up
1 Surgery, RFA Right PV, distal - Complete necrosis of Vp3-Vp4 PVTT 20 mo
main PV Complete recanalization
2 None Right PV, distal 1 nodule/3.5 cm Complete necrosis of Vp3-Vp4 PVTT Death for rupture of esophageal
main PV Complete recanalization varices 14 mo after ECT
8 None Right PV 1 nodule/3 cm Complete necrosis of Vp3-Vp4 PVTT Death for Liver failure
Persistent shrinked bland thrombosis 14 mo after ECT
4 RFA RightPV, left PV, 2nodules/1.5and  Complete necrosis of Vp3-Vp4 PVIT = Death 5 wk after ECT for rupture of
distal main PV 2.5cm Persistent shrinked bland thrombosis esophageal varices
5 None Left PV 1 nodule/3.5 cm Complete necrosis of Vp3-Vp4 PVTT 12 mo
Persistent shrinked bland thrombosis
6 Surgery, RFA, TACE Right PV - Complete necrosis of Vp3-Vp4 PVTT 9 mo

Persistent shrinked bland thrombosis

ECT: Electrochemotherapy; PV: Portal vein; PVTT: Portal vein tumor thrombosis; HCC: Hepatocellular carcinoma; RFA: Radiofrequency ablation; TACE:
Trans-arterial chemoembolization; MI: Myocardial infarction; COPD: Chronic obstructive pulmonary disease.

Bleomycin
i.v. injecti

| 5,
LM% l’.‘.:
o .8 — 30

Minutes
et of IM“ Fre rmesing o
Cremorieepers ey fMacr of P encraprent of Pe
hemcthe et Sy ettt Sy
otz Aty

Figure 2 lllustrative sketch of the mechanism with which electro-
chemotherapy operates: After insertion of the electrodes in the tissue, a
bleomycin bolus is administered intravenously. Eight minutes after injection,
bleomycin diffuses in the tumor tissue. At this point the electric pulses are
started in order to alter permeability of cells’ membranes. The electroporation
process greatly increases the bleomycin intracellular entrance. Therefore by
self repair of the membranes, pores reseal and the bleomycin is entrapped in
the cells.

6 independently controlled and electrically isolated
outputs, each providing up to 3000 Volts (maximum
current: 50 Amperes) and delivering 8 rectangular
electrical pulses (rise time: 1 pus) of 100 pus duration
at a pulse repetition frequency of 4 Hz. Eight minutes
after intravenous bolus injection (15000 IU/m?) of
Bleomycine sulfate (Bleoprim®, Sanofi Aventis, Paris,
France), electric pulses were delivered. After electric
pulses delivery, the electrodes were partially or com-
pletely withdrawn and repositioned around the HCC
nodule associated with the PVTT in order to treat
the tumor with ECT. Hemostasis of liver capsule,
peritoneum, abdominal wall and skin was performed
with a thermal track ablation by connecting every
single electrode to an activated electric scalpel during
the complete withdrawal of the electrodes.

US guided percutaneous cutting needle biopsy of
the treated PVTT with an 18 gauge modified Meng-
hini’s needle (Biomol, HS Hospital service, Rome, Italy)
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was performed in all patients after ECT. CEUS control
of PVTT was performed within 24 h after the end of
ECT procedure.

After procedure, all patients started Enoxaparine
(4000 IU, daily). The scheduled follow-up in all patients
entailed: monthly color-Doppler US (CDUS) in the first
3 mo after treatment; triphasic contrast-enhanced CT
and CEUS 3 mo after treatment; afterwards, CT and
CEUS controls every six months.

RESULTS

Overall patients

Six patients (5 males and 1 female), aged 54-85 years
(mean age, 69 years) entered our study series. Baseline
characteristics of the patients are reported in Table 1.

Four patients were in Child-Pugh A class and two in
Child-Pugh B class. Four patients showed 1 (3 cases)
or 2 (1 case) HCC nodules synchronous with Vp3-PVTT
(all patients) and Vp4-PVTT (one case). The size of
HCC nodules ranged from 2.5 to 4.5 cm (mean = 3.4
cm). Two patients, previously treated with surgery and
thermal ablation, showed an isolated right branch Vp3-
PVTT, without any residual or recurrent HCC nodule in
the liver. Treatments’ results in the single patient are
reported in Table 2.

Intraoperative pre-treatment biopsy of PVTT
was adequate and showed viable HCC in 5/6 cases
(Figure 4A). In one patient the fine-needle biopsy only
showed blood material. However, pre-treatment CEUS
demonstrated hypervascular PVTT with characteristic
enhancement patterns (arterial enhancement and
late wash-out) (Figure 5B) in all cases (6/6), thus
confirming the malignant nature of thrombosis in all
patients®5*,

Two out of six patients underwent ECT of the
isolated Vp3-PVTT. Other three patients underwent
ECT of PVTT and of the associated HCC nodule in the
same session. In these patients, after ECT of PVTT, the
electrodes were partially or completely withdrawn and

February 7, 2017 | Volume 23 | Issue 5 |



Tarantino L et a/. ECT and portal vein tumor thrombosis

Figure 3 Insertion of six electrodes for electrochemotherapy treatment of right portal vein. A: lllustrative sketch showing schematically the position of
electrodes around the external margin of the Tumor thrombosis; B: Up to six electrode-needles are inserted percutaneously; C: The position of electrodes can be

monitored with US during the procedure.

Figure 4 All patients underwent pre- and post-treatment biopsy of the portal vein tumor thrombus. A: ultrasound scan demonstrate the correct positioning of
the needle tip (arrow) in the thrombus; B: Intraoperative pre-treatment biopsy of the thrombus was adequate and showed viable cells from hepatocellular carcinoma
in 5/6 cases; C: High magnification of biopsy specimen showed severe involutive changes of tumor cells with cellular apoptosis (arrows) and areas of necrosis
(arrowheads) in all six cases. Low magnification in the same specimen, beside the altered tumor thrombus, showed absence of damage from the procedure to portal
vein wall (arrows); D: Portal endothelium shows normal appearance with regular wall layers.

were reinserted around the tumor. In one patient with
2 HCC nodules, we only treated the PVTT and planned
a subsequent session of thermal ablation to treat the 2
HCC nodules (Figure 1).

Post-treatment biopsy of PVTT showed severe
involutive changes of tumor cells with cellular apoptosis
and areas of necrosis in all cases. In 3 cases, PV wall
and periportal tissues were present in the specimen;
in these portions of the specimens, PV wall showed
normal findings with normal endothelium; no distortion
or necrosis was detectable in the periportal structures
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(Figure 4B and C).

Post treatment intraoperative CEUS demonstrated
complete absence of enhancement of the thrombosis
(Figuer 5C) and of the treated HCC nodule in all cases.

The procedure was well tolerated in all cases. No
intraoperative or post-operative major complication
was reported. All patients were discharged from the
hospital the day after the treatment.

The follow-up ranged from 9 to 20 mo (median,
14 mo). In two patients, CDUS showed complete re-
canalization of the treated PVTT at 2 and 3-mo CDUS
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Figure 5 M.D.S. 64 years hepatitis C virus related cirrhosis. A: On september 2014 computed tomography (CT) showed complete malignant thrombosis of right
portal vein (arrows); B: Pretreatment contrast enhanced ultrasound showed diffuse enhancement of the thrombus (arrows) consistent with malignant thrombosis;
The patient underwent electrochemotherapy with insertion of 6 electrode-needles and i.v. Bleomicin bolus; C: Three months monthly color-Doppler ultrasound control
showed complete patency of the right portal vein; D: Persistent patency of right portal vein (arrows) and absence of local recurrence was confirmed at 3, 9, 15 mo

follow-up CT control.

follow-up, respectively. In these two patients, CEUS
and CT confirmed complete patency of the vessel
without any intravascular or perivascular recurrence
during follow-up. In three patients (14, 12, and 9
mo follow-up, respectively), CT and CEUS showed
permanent complete thrombosis with a persistent,
shrinked, avascular thrombus into the treated vessels.
In all three cases, no intravascular or perivascular
enhancement consistent with residual tumor or local
recurrence was detected at CT and CEUS during follow-
up. In the remaining patient, 24 h post-treatment
CEUS showed absence of enhancement of the treated
thrombus. However, the patient was lost to follow-up
because of death from gastrointestinal hemorrage five
weeks after ECT treatment.

During follow-up, no local recurrences, at the site
of the treated PVTT, occurred. However, 3 distant
recurrences in other segments were detected in 2
patients. All 3 new lesions were treated by RFA in 2
cases and ECT in 1 case.

Patients’ histories

Patient 1: Male, 64-year-old with HCV-related Child-
Pugh A6 cirrhosis. Previous RFA of a HCC nodule
(diameter = 3 cm) in thelVsegment in december 2012.
In November 2013, laparotomy and intraoperative MW
ablation for 2 HCC recurrences in [ and V-Vllsegments
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and PVTT of the segmental portal branch (Vp2) for
segmentV. Post treatment CT, on January 2014,
demonstrated complete necrosis of the HCC nodules
and of the Vp2-PVTT. In september 2014, CT showed
and extensive and complete right Vp3-PVTT without
any intraparenchymal recurrence of HCC. The patient
started Sorafenib (Nexavar®, Bayer, Leverkusen,
Germany) 400 mg daily but was forced to stop therapy
because of severe side effects. In December 2014,
the patient accepted ECT, as alternative therapy.
Pretreatment biopsy proved PV infiltration from “mo-
derately differentiated HCC” (Grade 2 Edmondson).
The patient underwent ECT with insertion of 6 electrode-
needles. The 2-mo CDUS showed complete patency
of the right PV (Figure 4C). The result was confirmed
at 3-mo CEUS and CT (Figure 4D). CT control at 9, 15
and 18 mo still showed a completely patent PV without
any intravascular recurrence. During follow-up, US and
CT controls showed recurrence of HCC in theVllsegment
and in theVisegment at 6 and 12 mo respectively.
Recurrences were treated by ECT and RFA respectively.

Patient 2: Male 54-year-old with HCV-related Child-
Pugh B7 cirrhosis, obesity, chronic obstructive pul-
monary disease (COPD), and previous myocardial
infarction. The patient had been treated ten years
before with coronary stents, and was on secondary
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ticlopidine prophylaxis. In February 2015, abdominal
US, CEUS and CT showed HCC in the V segment and
extensive malignant portal thrombosis of the right PV.
The patient underwent ECT by percutaneous insertion
of 4 electrodes. The intraoperative post treatment
CEUS showed a completely avascular PV thrombus. The
3-mo CEUS and CT showed a subtotal recanalization.
The 6-mo and 12-mo CT confirmed absence of local
recurrence and complete recanalization of the PV.
Unfortunately, the patients were lost to follow-up at 14
mo because of death after severe hemorrhage from
gastroesophageal varices.

Patient 3: Male, 85-year-old with HCV-related Child-
Pugh A5 cirrhosis. In december 2014, diagnosis of large
infiltrating HCC (size: 4, 5 cm) in the VII segment.
The patient started systemic therapy with Sorafenib
(400 mg/daily) at another Institution. In April 2015, he
underwent CT and MRI at our institution that detected
a large infiltrating HCC in the VI segment and extensive
and complete thrombosis of the right PV from its origin
on the main trunk up to its bifurcation. CEUS and MRI
were consistent with malignant thrombosis. The evident
progression of the disease forced to stop Sorafenib
therapy and the patients was advised for ECT treatment
as alternative. Pretreatment biopsy proved PV infil-
tration from “moderately differentiated HCC” (Grade 2
Edmondson). The patient underwent ECT of both HCC
nodule and Vp3-PVTT by insertion of six electrodes. Six
months and 12-mo CT showed persistence of avascular,
shrinked right PV thrombosis. During follow-up, a new
HCC nodule was detected in thelVsegment at 6 mo
follow-up. The new lesion was treated by RFA. Post
treatment CT demonstrated complete necrosis of the
recurrence.

Patient 4: Male, 75-year-old, with HCV-related Child-
Pugh A6 cirrhosis and COPD. The patient had been
previously treated with radioiodine for thyroid papillary
carcinoma that was in complete remission at the time
of admission. Pre-treatment EGDS showed grade F2
esophageal varices and absence of gastric varices. CT
in May 2015 showed 2 HCC nodules in the VIII and VII
segment and Vp3-Vp4 PVTT, involving both right and
left PV and the distal portion of main PV. The patient
started Sorafenib (Nexavar®, Bayer, Leverkusen,
Germany) 400 mg daily. Three weeks later the patient
was forced to stop therapy because of severe side
effects. The patient was offered a two-step treatment
schedule, entailing ECT of Vp3-Vp4 PVTT as first step
and RFA of HCC nodules as second step. In this patient
we inserted simultaneously six electrodes in two sets
of three electrodes each, in order to cover the right
and main PV with three electrodes and the left PV
with the other three. Post treatment CEUS showed
complete absence of enhancement of thrombosis in
the right, left and main PV. One month CEUS confirmed
absence of enhancement in the treated Vp3-Vp4
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PVTT, and also showed bland complete thrombosis of
main portal trunk and upper mesenteric vein. Then,
Enoxaparine dosage was increased to 8000 UI daily.
The patient underwent weekly controls with CDUS that
showed unchanged findings in portal vessels overtime.
Unfortunately, five weeks after treatment the patient
died because of a severe hemorrage from rupture of
esophageal varices.

Patient 5: Female, 61-year-old, with HCV-related
Child-Pugh A5 cirrhosis. In September 2011 the patient
underwent liver resection for a single HCC nodule in
thelll segment. In may 2015, CT and CEUS showed HCC
nodule in thelVsegment and complete left Vp3-PVTT.
The patient started systemic therapy with Sorafenib
(400 mg/daily); the treatment was stopped after 3 wk
because of severe side effects (weakness, diarrhea).
Therefore he accepted ECT treatment. Six electrodes
were inserted along the wall of the PVTT. Post-treatment
intraoperative CEUS showed a large avascular area
(8 cm x 7 cm) including the treated vessel and the
perivascular liver parenchyma. Three months CEUS and
CT follow-up showed avascular, shrinked thrombosis
of the left PV. Six-months CT and nine-months CEUS
confirmed the persistence of avascular thrombosis and
absence of any recurrence.

Patient 6: Male, 77-years-old, with HCV-related Child-
Pugh B7 cirrhosis and recurrent HCC. The patient had
undergone multiple locoregional procedures (liver
resection, TACE, RFA) in September 2005, June 2006,
June 2008, January 2009, and July 2013 to treat
multiple HCC recurrences. In August 2015, CT showed
complete malignant thrombosis of the right PV. Six
electrodes were inserted along the wall of the Vp3-
PVTT. Post treatment CEUS, 3-mo and 9-mo CT and
CEUS showed persistent, complete, shrinked avascular
thrombus.

DISCUSSION

The present case series is the first, to our best know-
ledge, evaluating safety and efficacy of ECT for the
treatment of extensive PVTT at hepatic hilum (Vp3-
Vp4) in patients with HCC. We found that this mini-
invasive interventional technique is feasible, safe and
effective and it could represent a suitable option for
the management of PVTT in this clinical setting.

With an annual incidence of more than 620000
new cases, HCC is the third most frequent cause of
cancer death worldwide!. Its incidence is progresively
increasing™ and, despite surveillance programs, HCC is
often diagnosed at an intermediate or advanced stage'.
It has been reported that up to 44% of HCC patients
are complicated with PVTT at the time of death. PVTT
severely affects prognosis of cirrhotic patients with HCC.
The median survival time of patients with unresectable
HCC without PVTT ranges from 10 to 24 mo while it
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is significantly reduced in cases with associated PVTT
(2-4 mo). PVTT is related with poor prognosis probably
because of the intensified risk of tumor spread, in-
creased portal pressure inducing variceal bleeding and
reduced portal flow and subsequent jaundice, ascites,
hepatic encephalopathy and hepatic failure!®.

For HCC patients with PVTT, current guidelines
recommend systemic therapy with Sorafenib, an oral
multiple tyrosine-kinases inhibitor that suppresses
angiogenesis and tumor cell proliferation®, In clinical
studies™"*?, Sorafenib proved to improve of several
months survival of patients with advanced HCC. Never-
theless, subgroup analyses only showed a marginal
survival benefit for Sorafenib as compared with placebo
in patients with PVTT*>*1, All currently accepted HCC
treatment guidelines consider PVTT a contraindication
for transplantation, HR and TACE"**!, The hilar
position of PVTT (Vp3-Vp4), in contrast with periphe-
ral PVTT (Vp1-Vp2), further worsen the prognosis,
also because represents a controindication to loco-
regional therapies. When feasible, surgical resection
of the tumor and associated PVTT might be the best
possible treatment, but only a small percentage of
patients can benefit of this approach™. Mild-moderate
improvement in survival of patients with Vp1-Vp2
PVTT have been reported with TACE!*'! and TARE™,
However, both TACE and TARE demonstrated only
minimal or absent advantages in patients with Vp3-
Vp4 PVTT!**2 Ablation techniques such as PEI and
RFA are usually not indicated in the management of
intermediate and advanced HCC****, In 1990, Livraghi
et al'™' reported complete ablation and absence of
recurrence at 4-12 mo follow-up in 4 patients with
segmental (V1p-V2p PVTT) treated with PEI. Several
papers reported synchronous ablation of segmental
PVTT and associated HCC nodule by RFA, MW ablation
or ILT!***®, However, most authors excluded patients
with involvement of main branches or main portal
trunk (Vp3-Vp4 PVTT) because ablation of nodules
next to hepatic hilum is considered unsafe. The high
risk of damage to main bile ducts (stricture, rupture,
obstruction) and to the hepatic artery (bleeding,
pseudoaneurysm, arterio-portal fistula) after ablation
of tumors in the center of the liver has been well
described and demonstrated both in vivo experimental
studies and in patients series'™**’!, Several measures
have been suggested to avoid complications from
damage to hepatic hilum structures during RFA and
MW ablation*®, however none of these approaches
have been extensively applicated in large series. In
2009 and in 2014 Giorgio et al'®*'"! published their
long-term results of RFA in 35 HCC patients with Vp3
and/or Vp4 PVTT. They reported absence of major
complications, complete recanalization of main
portal trunk in 26/35 (74%) patients and cumulative
survival rates at 1, 3, and 5 years of 63%, 30% and
20%, respectively. Lu et al'*® demonstrated similar
results in 108 patients treated with ILT for Vp3-Vp4
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PVTT, reporting a 3-year survival rate of 22.4%. Both
authors did not describe, in their procedures, any
safety measure in order to avoid damage to hepatic
hilum structures. In our knowledge, no other Author
followed this high risk strategy.

A potential ideal ablation technique for Vp3-Vp4
PVTT should be able to kill tumor cells in the portal
vessels without heat generation and without affecting
patency of main bile ducts, arterial vessels and even
without any damage to PV wall. The electroporation is a
process in which electric impulses can cause structural
changes in biological membranes®***®!, Depending on
pulse amplitude, duration, and the number of pulses,
two possible results can be achieved. At subcritical
electric fields, electroporation leads to transient pore
formation with increase of membranes permeability
to macromolecules that hardly could penetrate the
cells in absence of electroporation. The average pore
size is stationary and very small and, subsequently,
a complete membranes’ recovery occur (reversible
electroporation)*”). At supercritical field strengths,
the pore radius increases reaching a critical pore size.
Therefore, the membrane disgregates without any
possibility of recovery [irreversible electroporation
(IRE)]™. In the last 20 years, two electroporation-
based therapeutic techniques have been introduced:
IRE and ECT. IRE uses high intensity electric pulses
to obtain death of all cells in the electric field through
irreversible permeabilization of cell membranes*>,
ECT is a local tumor ablation modality that, through
reversible electroporation, enhances cell membrane
permeability, and enables non-permeant or poorly
permeant chemotherapeutic agents to enter cells,
greatly enhancing their efficacy in killing tumor cells**"),

ECT and IRE can be used to treat tumours su-
rrounded by vital structures such as larger blood
vessels, nerves, and viscera without subsequent
damage to these structures®***, The safety and
efficacy of their use around vascular, hollow viscera
and ductile structures in liver and pancreas have been
already demonstrated in many published papers®®>?.,
However, few papers have evaluated the feasibility
and effectiveness of percutaneous ECT on deep
tumours®** and to our knowledge we are the first to
evaluate the safety and effectiveness of percutaneous
ECT in the treatment of PVTT from HCC.

The analysis of pathologic findings in specimens
obtained with biopsies of PVTT performed before
and after ECT procedures is particularly interesting.
Pretreatment biopsies of thrombosis gave adequate
material for definitive diagnosis of PVTT from HCC in
5/6 patients. Post-treatment biopsies of the treated
thrombus were performed in all patients. Necrosis and
apoptotic aspects of tumor cells were detected in post-
treatment biopsies in all specimens. In some patients
the post-treatment biopsy material was particularly
adequate to describe what actually happens when tumor
tissue and normal cells are exposed to ECT. Infact,
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three out of six post-treatment biopsy specimens
included PV wall and periportal tissues around the
tumor thrombus. In these cases, the damage of tumor
cells (necrosis and apoptosis) was clearly showed,
while no involutive aspect was detected in perivascular
tissue and even in the portal endothelium. This selec-
tive effectiveness of ECT technique to damage only
tumor cells is based on the intrisic mechanism of the
chemotherapeutic agent used in the procedure. In
particular, bleomicyn cytotoxicity is specific for cell
cycle G2 phase®. As a result, only rapidly growing
tissues, with cells in mitosis, are the target of the
drug. However, when bleomycin is administered in
a peripheral vein, only a low antitumoral efficacy is
expected because of a poor diffusion through cells
membranes and, therefore, only slight availability of
the drug in the site of action (intracellular DNA)®*., The
electroporation process, obtained by the electric field
through electrodes insertion in the target tissue, allows
the bleomicyn to concentrate in the cells and operate
the cell cycle block with subsequent cell death®®!. ECT
ablation is not a physical process but a biochemical
therapy, physically induced and amplified, highly
selective for tumor cells®®!, ECT does not destroy nor
modify the stromal architecture of the target tissue
and damages normal cells only partially or not at all*®*’,
As a result, ECT treatment can be safely indicated in
tumor next to, or even inside, the hepatic hilum, a
condition that represent a contraindication to all the
other locoregional therapies. In our opinion, Vp3-Vp4
PVTT represents the ideal condition to evaluate the ECT
safety and efficacy. On this assumption, we started this
prospective study on a series of consecutive cirrhotic
patients affected from HCC and Vp3-Vp4 PVTT.

Our results showed that ECT is highly effective and
safe for Vp3-Vp4 PVTT. In five patients, we observed
the complete necrosis of the PVTT. In cases with an
associated HCC nodule we also achieved the complete
necrosis of the tumor. In two patients we observed at
2-3 mo follow-up the complete recanalization of the
treated portal vessel. In no case, during a mediane
follow-up of 12 mo, we observed a local recurrence.
ECT of PVTT can be performed safely. No intraoperative
and early postoperative complication occurred. A late
complication occurred in one patient who underwent
ECT for a complete tumor thrombosis of terminal
part of main portal trunk and both right and left PV.
Postoperative CEUS showed complete necrosis of all
portions of PVTT. He left the hospital the day after
treatment. In two weeks, he developed moderate
ascites and Color Doppler US showed bland complete
thrombosis of the whole axis of main trunk of PV. To
treat the progression of bland thrombosis, dosage of
LMW heparin was increased (from 4.000 UI to 8000
UI daily). At weekly Color Doppler US examination,
the thrombus seemed to remain stable. However,
five weeks after ECT treatment, the patient died for a
severe hemorrage from rupture of esophageal varices.
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Another patient died for rupture of esophageal varices
at 14 mo follow-up. In this patient, all imaging studies
performed during follow-up excluded local o distant
recurrence of HCC.

Four patients are alive and no local recurrence
of the treated PVTT or the treated HCC nodule have
been detected at 9-20 mo follow-up. In two patients
distant recurrence occurred and were treated with
percutaneous ablation in all cases.

This study has some limitations, represented by
the small number of treated patients and the short-
term follow-up. However, the preliminary results of
our case series might represent the proof of concept
for a future prospective study on consecutive patients
and a long-term follow-up. Actually, our study is a
prospective series, still going on. In this initial ex-
perience, we selected advanced HCC patients not
eligible to systemic therapy with Sorafenib. The efficacy
and safety profile of ECT procedure could encourage a
combination treatment of ECT plus Sorafenib even in
naive patients, in which systemic therapy is indicated.
The main concern with the results in this study is the
occurrence of a bland thrombosis of main portal trunk
and fatal late hemorrhage from esophageal varices. In
our short series (6 patients) a single fatal complication
account for 16%-17% of cases. This rate, if confirmed
on larger series, would be inacceptable, and patients
with gastric varices or with esophageal varices even
< F2 staging, should be excluded from treatment, or
alternatively, advised of the high risk of the occurrence
of this complication.

In conclusion, results of our prospective series
suggest that ECT is a feasible effective and safe therapy
for Vp3-Vp4 PVTT from HCC in cirrhotic patients not
eligible to other therapeutic approaches. A high risk of
hemorrhage from gastroesophageal varices after ECT
treatment of main, right or left PV must be considered
in the pre-treatment evaluation of the patients.

COMMENTS

Background

In patients with hepatocellular carcinoma (HCC) on liver cirrhosis and
portal vein tumor thrombus (PVTT) at hepatic hilum, Current guidelines
only recommend systemic chemotherapy with Sorafenib. Thermal ablation
techniques are harmful when applied near the hepatic hilum because of the
high risk of irreversible damage to main bile ducts and other structures. A
potential ideal ablation technique in these cases should be able to kill tumor
cells in the portal vessels without heat generation and without affecting patency
of main bile ducts, arterial and venous vessels.

Research frontiers

Electrochemotherapy (ECT) is a non-thermal local tumor ablation that enhances
cell membrane permeability, and enables non-permeant or poorly permeant
chemotherapeutic agents to enter cells, greatly enhancing their efficacy. Safety
and efficacy of the use of ECT in proximity of vascular and ductile structures of
liver and pancreas have been already demonstrated in several studies.

Innovations and breakthroughs
ECT can be used to treat tumours surrounded by vital structures such as
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larger blood vessels, nerves, and viscera without subsequent damage to these
structures. The safety and efficacy of their use around vascular, hollow viscera
and ductile structures in liver and pancreas have been already demonstrated
in many published papers. However, few papers have evaluated the feasibility
and effectiveness of percutaneous ECT on deep tumours and to our knowledge
we are the first to evaluate the safety and effectiveness of percutaneous ECT in
the treatment of PVTT from HCC.

Applications

If this experience will be confirmed, many tumors at hepatic hilum, not
susceptible of surgical resection or systemic therapy, could be effectively
treated in the future, even percutaneously.

Peer-review

HCC patients with PVTT usually have poor prognosis for absence of effective
satisfying treatment measures. This article entitled by Tarantino et al showed
that “In patients with cirrhosis, ECT seems effective and safe for curative
treatment of Vp3-Vp4 PVTT from HCC”. This paper provides new method of the
PVTT treatment in patients with advanced HCC.
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