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ABSTRACT

Introduction The majority of patients with perihilar
cholangiocarcinoma (PHC) has locally advanced disease
or distant lymph node metastases on presentation or
exploratory laparotomy, which makes them not eligible
for resection. As the prognosis of patients with locally
advanced PHC or lymph node metastases in the palliative
setting is significantly better compared with patients

with organ metastases, ablative therapies may be
beneficial. Unfortunately, current ablative options are
limited. Photodynamic therapy causes skin phototoxicity
and thermal ablative methods, such as stereotactic body
radiation therapy and radiofrequency ablation, which are
affected by a heat/cold-sink effect when tumours are
located close to vascular structures, such as the liver
hilum. These limitations may be overcome by irreversible
electroporation (IRE), a relatively new ablative method
that is currently being studied in several other soft tissue
tumours, such as hepatic and pancreatic tumours.
Methods and analysis In this multicentre phase /Il
safety and feasibility study, 20 patients with unresectable
PHC due to vascular or distant lymph node involvement
will undergo IRE. Ten patients who present with
unresectable PHC will undergo CT-guided percutaneous
IRE, whereas ultrasound-guided IRE will be performed

in 10 patients with unresectable tumours detected at
exploratory laparotomy. The primary outcome is the total
number of clinically relevant complications (Common
Terminology Criteria for Adverse Events, score 0f>3)
within 90 days. Secondary outcomes include quality of
life, tumour response, metal stent patency and survival.
Follow-up will be 2 years.

Ethics and dissemination The protocol has been
approved by the local ethics committees. Data and results
will be submitted to a peer-reviewed journal.

Conclusion The Ablation with irreversible eLectroportation
in Patients with Advanced perihilar CholangiocarcinomA
(ALPACA) study is designed to assess the feasibility of IRE
for advanced PHC. The main purpose is to inform whether

Strengths and limitations of this study

» Both the open and percutaneous approach
of irreversible electroporation for perihilar
cholangiocarcinoma are prospectively investigated.

» Quality of life of participating patients will be closely
observed using validated questionnaires.

» Strict eligibility criteria may slow the accrual of
study participants.

» The feasibility study design with consequent relative
small sample size does not allow for accurate
survival analysis.

a follow-up trial to evaluate safety and effectiveness in a
larger cohort would be feasible.

INTRODUCTION

Perihilar cholangiocarcinoma (PHC) is a
rare biliary malignancy originating at or
near the hepatic duct confluence with an
annual incidence of approximately 200
patients in the Netherlands.! * The typical
location in the liver hilum causes biliary
obstruction with concomitant jaundice.
Surgical resection of PHC consists of a
combined extrahepatic bile duct resection
and partial liver resection, and offers the
best chance for long-term survival, with a
reported median overall survival (OS) of
19-40 months and 5-year survival rates of
18%-40%."" Unfortunately, only a subset
of patients are eligible to undergo surgical
resection, as almost 50% of patients already
present with unresectable disease, and of the
patients undergoing exploratory laparotomy
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approximately 40% are found to have locally advanced
or metastasised disease.® Of all patients with ultimately
unresectable disease, approximately 50% of tumours are
considered locally advanced because of vascular involve-
ment without the possibility of reconstruction or exten-
sive biliary involvement.®”

Systemic chemotherapy is the standard treatment for
patients who are ineligible for curative resection or liver
transplantation. The preferred regimen consists of a
combination of gemcitabine and cisplatin and results in a
median progression-free survival (PFS) of 8 months and a
median OS of 12 months.® Most patients eventually die of
cholangitis, sepsis or liver failure, despite biliary stenting
to relieve the cholestasis. Although the overall prognosis
of unresectable PHC is poor, the median OS for patients
with locally advanced PHC or lymph node metastases
beyond the hepatoduodenal ligament is significantly
longer (14-16 months) compared with patients with
organ metastases (3-5 months).® Long-term survival
of up to 36 months has even been reported in some of
these patients. This particular subgroup of patients with
PHC may benefit from ablative therapies that counteract
tumour growth and potentially improve biliary stent
patency and survival.’

Several ablative therapies have been investigated for the
treatment of advanced PHC, including stereotactic body
radiation therapy (SBRT),"” ' photodynamic therapy
(PDT)"* ¥ and endoscopic biliary radiofrequency abla-
tion (RFA)." ' These modalities show somewhat prom-
ising results but also suffer from major limitations. In
PDT, severe skin phototoxicity due to the use of slowly
degradable photosensitisers is reported.'”” Further-
more, thermal ablative modalities (ie, RFA) are limited
by thermal damage to surrounding structures and a
so-called heat/cold-sink effect. The latter phenomenon
is mediated by blood flow in surrounding vessels, creating
an area where optimal temperatures are not reached,
leaving viable cancer tissue in situ.'® Due to the typical
location of PHC in the liver hilum near the portal vein
and hepatic arteries, this is particularly challenging.

Irreversible electroporation (IRE) is an image-guided
ablation technique based on creating short-pulsed high-
voltage current fields. The electrical pulses permeabilise
the lipid bilayer of the cell membrane, hereby disrupting
intracellular homeostasis and inducing apoptosis.'” "
Because of the non-thermal mechanism, the effect of
IRE is not counteracted by a heat/cold-sink effect and
causes less damage to surrounding vital structures. In one
clinical study including 101 patients, the effect of IRE
on vessel patency in close proximity to the ablation zone
was evaluated and showed that 151 of 158 major vessels
were patent, whereas only 7 vessels exhibited thrombosis
or mild narrowing at follow-up.”” In another study, it was
observed that tumours in close proximity to major bile
ducts could be safely treated with IRE, as 26 of 28 evalu-
ated bile ducts were patent 1 month after treatment (one
occlusion occurred).”’ Long-term patency of large hilar
bile ducts has also been reported in a porcine model,

especially when electrodes were positioned more than
2mm away from the bile ducts.*

Evidence for the use of IRE in PHC is limited to one
case report.” However, several clinical studies have inves-
tigated the safety and effectiveness of IRE in hepatic and
pancreatic tumours. IRE was shown to be relatively safe
and feasible in locally advanced tumours in proximity of
vital structures.**° In locally advanced pancreatic cancer,
IRE-related complications have been reported in 13% of
patients with 2% mortality, whereas IRE-related complica-
tions in hepatic tumours occurred in 16%.%” * Complete
response of hepatic tumours has been reported in
67%-100%.*® The percutaneous IRE approach, using CT,
has been reported to be safe, thereby making it a mini-
mally invasive alternative to open IRE during surgical
exploration.”™! Although the short-term safety profile
of IRE has been extensively documented, long-term
results are awaited. Potentially improved survival has
been reported in a selected group of patients with locally
advanced pancreatic cancer.” **

Given the lack of evidence on the use of IRE in the treat-
ment of advanced PHC, the current study was designed to
gather information regarding the safety and feasibility of
IRE in these patients prior to palliative chemotherapy.

METHODS AND ANALYSIS

Design

The Ablation with irreversible eLectroportation in
Patients with Advanced perihilar Cholangiocarci-
nomA (ALPACA) study is a multicentre, phase 1/1I safety
and feasibility study of the use of IRE treatment with the
NanoKnife system (AngioDynamics, Amsterdam Zuid-
Oost, the Netherlands) in 20 patients with advanced
PHC. In this study, advanced PHC is defined as PHC with
vascular involvement or distant lymph node metastases,
precluding a resection. Two groups will be distinguished
in the study. Patients who present with advanced PHC
or have evidence of advanced disease during preopera-
tive work-up will undergo percutaneous CI-guided IRE.
Patients who present with potentially resectable PHC that
appears to be locally advanced or metastasised to distant
lymph nodes at exploratory laparotomy will undergo
ultrasound (US)-guided IRE during the same surgical
exploration session. Criteria for advanced PHC are
summarised in online supplementary additional file 1.
The study is conducted at the Academic Medical Center
and VU University Medical Center, which both are tertiary
referral centres for patients with PHC in Amsterdam, the
Netherlands.

Study objectives

The objective of this study is to assess the safety and feasi-
bility of IRE for the treatment of advanced PHC with
vascular or lymph node involvement prior to palliative
chemotherapy. The main purpose of this feasibility study
is to inform whether a follow-up trial to evaluate safety
and effectiveness in a larger cohort would be feasible.
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Primary study outcome

The primary outcome is the total number of clinically
relevant complications within 90 days post-IRE, defined
as complications requiring reintervention, prolonged
hospital stay, intensive care admission, readmission or
complications leading to mortality. These complications
are summarised by a Common Terminology Criteria
for Adverse Events (CTCAE, V.4.0) score of 3 or higher.
Definitions of specific postprocedural complications are
provided in online supplementary additional file 2 .

Secondary study outcomes

» Technically successful IRE procedure (ability to
correctly place the IRE needles and complete the
procedure)

» Intraprocedural complications related to IRE (cardiac
arrhythmias, perforation of organs or vascular
structures)

» Duration of hospital stay

» Quality of life at baseline (outpatient clinic), 6 weeks,
3 months and 6 months after IRE; assessments consists
of the European Organisation for Research and Treat-
ment of Cancer Quality of Life Questionnaire 30
(EORTC QLQ-C30), the EORTC QOL module for

cholangiocarcinoma and gallbladder cancer (EORTC
QLQ-BIL21) and the EuroQol 5D

Tumour response on CT imaging (Response Eval-
uation Criteria in Solid Tumours (RECIST) 1.1 and
criteria in table 1) and blood biomarker response
(carbohydrate antigen 19-9 (CA 19-9)) at 6 weeks and
6, 12 and 24 months after IRE

Long-term vascular and biliary complications (throm-
bosis, bile duct stenosis) as assessed on follow-up CT
imaging

Time interval between IRE and start of palliative
chemotherapy

Duration of palliative chemotherapy (number of
cycles)

Metal stent patency (time between stent insertion and
replacement)

Survival (1-year and 2-year PFS and OS). PFSis defined
as the number of months between the IRE procedure
and the time of first evidence of progressive disease as
defined by the RECIST criteria and proposed criteria
in table 1. OS is defined as the number of months
between the IRE procedure and time of death or last
follow-up.

Table 1

Proposal for new response evaluation criteria following IRE for PHC

Complete
response (CR) response (PR)

Stable
disease (SD)

Partial Progressive

disease (PD)

Major criteria
One sufficient for PD

Tumour size*
Longest diameter on axial or coronal plane of the solid
enhancing part of the tumour

Metastases

New onset, pathology-proven lymph node metastases;
cytology-proven ascites (peritonitis carcinomatosa); distant
non-nodal metastases

Minor criteria
>2 needed for PD in absence of major criteria

New-onset vessel narrowing*
>50% diameter reduction of portal vein, hepatic artery or
other major vessels in absence of thrombosis

New-onset biliary obstruction*
Other cause than biliary stent clogging or migration

New lymph nodes*
>15mm short axis diameter in transversal plane

New-onset ascites®

Cytology negative (otherwise PD); exudate; serum ascites
albumin gradient <1.1; CA 19-9 (ascites)>74U/mL

CA 19-9 (plasma) increase >100% (and >74 U/mL)t
Without signs for pancreatitis or biliary obstruction

No residual Decrease Decrease Increase
solid enhancing >30% <80% or >20%
tumour increase <20%

No No No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

Criteria will be compared with RECIST 1.1 as prognosticators for overall survival for validation. Follow-up CT scans are performed at 6 weeks

post-IRE and 6, 12 and 24 months post-IRE.

*All criteria are compared with the first follow-up scan 6 weeks post-IRE.
TCompared with pretreatment value. CA 19-9 rise only significant if latest value is at least 2x the upper limit of normal (2x37 U/mL).
CA 19-9, carbohydrate antigen 19-9; IRE, irreversible electroporation; PHC, perihilar cholangiocarcinoma; RECIST 1.1, Response Evaluation

Criteria in Solid Tumours 1.1.
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Hypotheses

Our primary hypothesis is that IRE will add approximately
20%-25% clinically relevant complications (CTCAE 23) to
the current 40% complication rate associated with biliary
drainage in the palliative management of PHC.”® An inci-
dence of 60% complications within 90 days post-IRE will
be considered as the acceptable upper limit. This will be
related to the observed impact on survival. Our secondary
hypothesis is that the patency rate of metal stents will be
prolonged because of local tumour control. Furthermore,
we hypothesise that median OS is increased by 3 months
in patients undergoing IRE. Both the metal stent patency
rate and OS of patients in this study will be compared
with patients who were eligible for study participation but
preferred standard palliative treatment. When necessary,
study data may also be compared with a historical cohort
of patients treated in our centre.

Study population

The study population consists of 20 adults who are diag-
nosed with either advanced PHC based on imaging or
staging laparoscopy, or potentially resectable PHC but
ultimately advanced disease during exploratory lapa-
rotomy. Patients will be recruited at the outpatient clinic.
In case of a planned exploratory laparotomy, patients will
be asked to participate in the study in case they appear to
have locally advanced or lymph node metastasised PHC
at laparotomy. Patients with intrahepatic or extrahepatic

organ metastases are not eligible for study participation.
Inclusion and exclusion criteria are listed in table 2.

Patients who are candidates for percutaneous CI-guided
IRE or US-guided open IRE will be discussed upfront by
the ALPACA expert panel. This dedicated panel consists
of three interventional radiologists (KPvL, OMvD, MRM),
three gastroenterologists (JEVH, EAJR, FvD) and four
surgeons (MGB, ORCB, GK, TMvG) .

Study outline

The general outline of study procedures is presented in
figure 1. Patients with potentially resectable PHC undergo
the standard preoperative work-up including laboratory
testing, CT or MRI, biliary drainage, liver function tests
and portal vein embolisation (when indicated). Patients
who present with unresectable tumours will undergo CT
imaging, laboratory testing and biliary drainage as part of
the work-up for percutaneous IRE.

Preprocedural biliary drainage

Biliary drainage for malignant hilar strictures or masses
is a complex procedure requiring considerable skill and
experience. In the present study, the exact approach of
biliary drainage (ie, endoscopically or percutaneously,
specified liver segments, unilateral or bilateral) prior to
percutaneous IRE is decided for every patient individ-
ually as it depends on biliary anatomy, vascular involve-
ment, lobar atrophy and any cause of previous drainage

Table 2 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

» Age >18years
» WHO performance status <2
» Advanced PHC*
— Excessive vascular involvement
precluding RO or R1 resection

» Resectable PHC on exploratory laparotomy

» Locally advanced PHC eligible for liver transplantationt

» >5cm tumour extension along the common hepatic duct or common bile duct

» Metastases to peritoneum, liver or other organs confirmed by percutaneous
biopsy, staging laparoscopy or intraoperative frozen section

— Lymph node metastases beyond the P Lymph node metastases beyond N2 stations (eg, inguinal, mediastinal)

hepatoduodenal ligament (common
hepatic artery, periaortic, pericaval,
superior mesenteric artery, coeliac

artery)

» Locoregional recurrence of PHC

» History of cardiac arrhythmias (sinus tachycardia (BPM>100), sick sinus
syndrome, sinoatrial exit block, AV block, sinus node re-entry, presence of
pacemaker or defibrillator)

» Recent history of myocardial infarction (<6 months)

» Uncontrolled hypertension (blood pressure must be <160/95mm Hg at the time of
screening on a stable antihypertensive regimen

» Uncontrolled infections (>grade 2 CTCAE V.4)

» Epilepsy

» Partial or complete portal vein thrombosis

» Both narrowing (sclerosis) of the portal vein and a reduced diameter of either the
common hepatic artery, coeliac trunk or superior mesenteric artery of >50%

» Any condition that is unstable or that could jeopardise the safety of the subject
and their compliance in the study

*Detailed criteria in online supplementary additional file 2. Diagnosis of PHC or lymph node metastases will be confirmed with endoscopic
brush, percutaneous or laparoscopic biopsy, whichever is suitable. Vascular or lymph node involvement on laparotomy will be confirmed with

intraoperative frozen section.
TDetailed criteria in online supplementary additional file 4.

AV, atrioventricular; BPM, beats per minute; CTCAE, Common Terminology Criteria for Adverse Events; PHC, perihilar cholangiocarcinoma.
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l

Diagnosis of perihilar
cholangiocarcinoma

'

'

QoL . . .
T = baseline Unresectable at imaging Potentially resectable
1 week
\ \
Biliary drainage . "
(if indicated) Preoperative work-up
2-4 weeks Tt 4-8 weeks
|
\A 4 \/
-gui Resectable
CEEHEE I,;‘eécutaneous Exploratory laparotomy |---------- » Withdrawn from study
Unresectable
\
5 days US-guided open
IRE
l 5 days
Metal biliary stent
placement
4-6 weeks
\
QoL
T = 6 weeks Palliative chemotherapy + Follow-up

Figure 1

Flow chart of study procedures and timing of interventions. *May include biliary drainage, staging laparoscopy, liver

function assessment, portal vein embolisation and preoperative radiotherapy. IRE, irreversible electroporation; QoL, quality of

life; US, ultrasound.

failure at the referring hospital. Preferably, bilateral
stenting is performed to protect the bile ducts during
IRE. This decision is made by the ALPACA expert panel.
All drainage procedures prior to IRE will be performed
using plastic stents. A metal biliary stent (sometimes
placed at the referring hospital) is not considered a
contraindication for IRE as long as a no-touch tech-
nique is pursued (ie, IRE electrodes are not in contact
with the metal stent).”* ** IRE will be performed when
bilirubin levels have decreased below 50 pmol/L, but
this threshold is not an absolute contraindication for
IRE, as obtaining adequate drainage may be difficult in
some patients (eg, PHC arising from primary sclerosing
cholangitis).

Candidates for open IRE who initially present with
potentially resectable PHC will undergo preoperative
biliary drainage as part of the standard preoperative work-
up. The optimal method (endoscopically or percutane-
ously) is decided at the multidisciplinary team meeting,
based on biliary anatomy and the cause of previous
drainage failure.”

Antibiotic prophylaxis

Antibiotic prophylaxis will be administered according
to the local hospital’s protocol within 1hour prior to
biliary drainage or IRE. In the Academic Medical Center,
ceftriaxone (2000 mg once intravenously) plus genta-
micin (5mg/kg once intravenously) are given. In the
VU University Medical Center, ceftriaxone (2000 mg
once intravenously) alone (first choice) or augmentin
(1200mg every 6hours intravenously) plus gentamicin
(bmg/kg once intravenously) (second choice) is given.
The same antibiotics regimens will be used for the treat-
ment of cholangitis.

IRE procedure

The IRE procedure will be performed under general
anaesthesia and epidural analgesia (or preperitoneal
wound catheters in the open IRE group) with complete
muscle paralysis and under cardiac gating either in
the operating room (US-guided open group) or in the
interventional radiology suite (CT-guided percutaneous
group). During the procedure, cardiac rhythm will be
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closely monitored and a defibrillator will be present at
all times. All electrodes will be placed by trained inter-
ventional radiologists with extensive experience with the
procedure in other solid tumours (eg, locally advanced
pancreatic cancer).

Prior to percutaneous IRE, a pigtail catheter will be
placed in the common hepatic artery in the angiography
suite entering from the right common femoral artery,
for the administration of small amounts of intra-arterial
contrast during IRE. This allows repeated and real-time
visualisation of the vessels adjacent to or encasing the
tumour and the tumour enhancement pattern, thereby
improving the safety and accuracy of electrode placement
while reducing the total dose of contrast fluid adminis-
tered. Next, the patient is transported to the CT scan.
Procedures will be performed percutaneously under CT
fluoroscopy guidance with transcatheter CT arteriog-
raphy and/or ultrasonographic guidance. After correct
patient positioning, a contrast-enhanced CT scan of the
abdomen will be performed to confirm correct staging,
exact tumour size measurement and for planning of elec-
trode placement. US-guided open IRE will be performed
during exploratory laparotomy when locally advanced
PHC or distant lymph node metastases are found.

The NanoKnife IRE system (AngioDynamics) will be
used in this study. The IRE is set up to produce 90-micro-
second high-voltage (1500-3000 V) direct-current (25—45
A) electrical pulses. Typically, 90 pulses will be delivered
in 9 sets of 10 pulses between paired unipolar electrodes,
with an exposed tip of 2.0cm (online supplementary
additional file 3). The voltage setting for each electro-
poration will be determined by the distance between
each pair of electrodes and will be aimed at 1500 V/cm,
with the intent to generate at least 1000 V between elec-
trodes. The electrodes will be placed in and around the
tumour under CT guidance or US guidance according
to the manufacturer’s guidelines aiming at macroscopic
complete ablation with a 5mm margin, with interelec-
trode distances of 10-24mm and a maximum angula-
tion between electrodes of 15°. The predicted treatment
zone will be automatically calculated using the NanoK-
nife generator software based on the exact position of all
electrodes.

The number of probes used for ablation depends on
tumour size and shape. For a two-dimensional ablation
zone with a size of less than 30x25x10mm, two probes
will be used (one active and one standard probe). When
the shape of the ablation zone is more three-dimen-
sional, with a maximum size of 30x25x20.5mm, three
probes will be used (one active and two standard). For
the ablation of a larger zone, that is, with a maximum size
of 30x25x25mm, four probes will be used. Five probes
will be used for tumours up to 30x40x30mm, and for
larger tumours up to 30x47x32mm six probes will be
used. After satisfactory electrode placement, tumour abla-
tion with the NanoKnife will be performed according to
protocol under careful ECG monitoring. All pulses will
be administered in the absolute refractory period with

use of ECG synchronisation to avoid triggering of ventric-
ular arrhythmias. If the lesion is larger or has a different
shape than the area that one set of probes can cover
(according to manufacturer’s guidelines), multiple abla-
tions will be performed, until the whole tumour area has
been ablated. The generator will be programmed to stop
delivery and recharge if the current flow exceeds 50 A.
Pull-backs will be performed if the target treatment zone
is greater than 2cm in the direction of needle placement,
and treatment will be repeated to cover the entire target
zone. The number of probes, number of probe replace-
ments (per probe) due to unsatisfactory placement,
number of pulses (for each pair of electrodes), interelec-
trode distance, pulse voltage (V), achieved pulse current
(Ampere), pulse length (ps) and pulse interval (ms) will
be carefully recorded.

Post-IRE treatment
Patients will be monitored on the recovery (open group)
and surgical ward (both groups), according to current
medical practice. It may be necessary to perform addi-
tional drainage of undrained liver segments the day after
open IRE. Patients undergoing percutaneous IRE will
be discharged after 2-3 days (in the absence of compli-
cations). Endoscopic or percutaneous plastic drains will
be exchanged for definitive metal stents (fully, partially
or uncovered self-expanding metal stents) in all patients
through an endoscopic or percutaneous approach pref-
erably within 5 days after the IRE procedure. Bile ducts in
atrophic liver lobes will preferably not be drained.
Patients will be treated with optimal palliative chemo-
therapy with gemcitabine and cisplatin.® Palliative
chemotherapy is preferably started within 6 weeks after
IRE when patients have recovered from definitive metal
biliary stent placement. The start of chemotherapy may
be postponed in the event of IRE-related or biliary drain-
age-related complications. Gemcitabine (1000mg/m?)
and cisplatin (25 mg/m?) are administered on days 1 and
8 every 3 weeks with a total of 6-8 cycles. Chemotherapy
will be discontinued in the event of tumour progression
(based on RECIST 1.1 criteria and proposed criteria in
table 1).

Post-IRE follow-up

Figure 2 presents a flow chart of the study follow-up. Six
weeks and 6, 12 and 24 months after treatment with IRE,
an abdominal CT scan will be made in order to evaluate
the effect of IRE (according to table 1). Blood samples
will be drawn to measure tumour marker (CA 19-9)
response. A CT scan 6 weeks post-IRE is considered the
baseline scan for the start of palliative chemotherapy.
When the time interval between this baseline scan and
start of chemotherapy is prolonged with more than 4
weeks (ie, because of complications), a new baseline scan
will be performed. Treatment response will be evaluated
following every three cycles of chemotherapy. CT scans at
12 and 24 months post-IRE will be performed to evaluate
the long-term tumour response following IRE.
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Percutaneous or open IRE

5 days
Y

Percutaneous metal
biliary stent placement

4-6 weeks

A4

1st follow-up (T = 6 weeks)

QoL

»>  T=3months

\ 4

2nd follow-up (T = 6 months)

\4

3rd follow-up (T = 12 months)

\4

Final follow-up (T = 24 months)

Start palliative chemotherapy

v

6 - 8 cycles Gemcitabine + Cisplatin

Figure 2 Flow chart of study follow-up. IRE, irreversible electroporation; QoL, quality of life.

Data analysis

Ablinded adjudication committee will assess the occur-
rence of the primary and secondary endpoints after
the last patient has completed follow-up. The primary
endpoint will be expressed as the total number of clin-
ically relevant complications in the entire cohort as
well as the treatment subgroups (percutaneous and
open IRE). Also, the absolute complication risk will
be calculated for the entire cohort and the treatment
subgroups. Data will be presented as mean+SD, and in
case of non-normal distributions as median and IQR.
Patient survival will be determined until 2 years after
treatment. Patients still alive after 2 years and patients
who are lost to follow-up will be censored. The data
on OS and PFS will be presented as median survival

in months with a CI of 95%. Data on 1-year and 2-year
survival will be presented as percentages.

Sample size

Considering the study’s pilot design and lack of data on
post-IRE complications in this patient group, a formal
sample size calculation is not feasible. A cohort of 20
patients is suggested to be a reasonable size to investigate
the safety and feasibility of the procedure. A range of
8-12 patients per treatment group is accepted while the
total sample size remains 20 patients.

ETHICS AND DISSEMINATION

This study is conducted in accordance with the principles
of the Declaration of Helsinki and the Dutch Medical
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Research Involving Human Subjects Act. The Institutional
Review Board (IRB) of the Academic Medical Center in
Amsterdam approved the protocol on 19 April 2016.
Secondary approval was obtained from the local IRB at
VU University Medical Center on 14 July 2016. The study
has been registered with the Dutch Central Committee on
Research Involving Human Subjects (NL56231.018.15)
and The Netherlands National Trial Register (NTR5948,
4 July 2016). Informed consent will be obtained from
each participating patient in oral and written form prior
to any study procedures.

An independent data safety monitoring board (DSMB),
consisting of three independent specialists (surgeon,
interventional radiologist, medical oncologist), will
examine the safety variables (eg, serious adverse events)
in a non-blinded manner after completion of 90-day
follow-up of the fifth and tenth study patient. The DSMB
also assists and advises the trial steering committee so as
to protect the validity and credibility of the study. Further-
more, annual non-blinded safety reports, including all
serious adverse events per group, will be provided to the
IRB. The study is monitored by the Clinical Research
Unit of the Academic Medical Center.

Data will be presented at national and international
conferences as soon as the primary endpoint has been
reached for the final recruited patient. The results of
the primary outcome (safety, complications within 90
days after IRE) will be published in a peerreviewed
journal. After completion of 2-year follow-up, results of
the secondary survival outcomes will be presented and
published as well. Data will be kept at the study sites for
15 years after trial completion, as in accordance with the
Dutch Medical Research Involving Human Subjects Act.

DISCUSSION

The ALPACA study aims to assess the safety profile and
feasibility of IRE for advanced PHC prior to palliative
chemotherapy. The eventual results of this study will
inform us whether a follow-up trial to evaluate safety and
effectiveness in a larger cohort will be feasible. Previous
studies in the field of hepato-pancreato-biliary (HPB)
malignancies have reported acceptable short-term
outcomes with the use of IRE in locally advanced hepatic
and pancreatic tumours. IRE may potentially overcome
the limitations of other modalities, such as skin photo-
toxicity in PDT, possible heat/cold-sink effect in RFA
and the need for multiple fractions in SBRT. In the
present study, IRE will not replace the current standard
of treatment in patients with locally advanced PHC. Thus,
patients meeting the criteria for liver transplantation will
be referred to a transplant centre and all patients will be
evaluated for systemic chemotherapy.

IRE may be associated with severe complications given
the complex anatomy of the liver hilum and the close
proximity of the hepatic duct, portal vein and hepatic
arteries. In this study, percutaneous electrode placement
will be performed under CT fluoroscopy guidance with

transcatheter arteriography to prevent puncture of major
vessels or electrode placement too close to vital struc-
tures. During intraoperative sessions, inspection of the
hilum and the use of US will guide electrode placement.
Severe complications associated with the procedure may
include bile leakage and portal vein or hepatic artery
thrombosis, necessitating careful monitoring and instruc-
tion of patients on discharge. Specific attention will be
paid to the placement of electrodes close to bile ducts,
as it was previously demonstrated that biliary strictures
may occur when needles are placed within 2-3mm of
the bile ducts.” ¥ IRE will not be applied in the event of
complete or partial thrombosis of the main portal vein.
Partial portal vein thrombosis is considered an exclusion
criterion because of the potential risk of worsening of
the thrombus, leading to sudden complete portal vein
thrombosis in such patients. To reduce the risk of cardiac
arrhythmias, patients with a history of severe cardiac
disease are not considered eligible for this study. Also,
cardiac synchronisation during IRE ablation (ie, pulses
not given during the atrial or ventricular systole periods
of the cardiac cycle) will be applied to further lower the
risk of arrhythmias.” %’

In the present study, a rate of severe complications of
60% within 90 days after IRE is considered an accept-
able upper limit. Complications in the standard palli-
ative treatment of patients with unresectable PHC are
mainly caused by biliary stent dysfunctions. Dislocation,
migration or clogging of stents causes cholangitis with
or without a rise in plasma bilirubin, requiring reinter-
vention. This is often accompanied by sepsis and/or liver
abscesses. In a prospective study including 157 patients
with malignant hilar biliary obstruction, 23% early (<30
days) and 40% late (>30 days) drainage-related compli-
cations were observed.” It is essential to evaluate compli-
cations in the present study in light of the association
with the IRE procedure itself. However, the maximum
accepted complication rate consists of both IRE-related
and IRE-unrelated complications. To limit the number
of drainage procedures, an expert panel has been initi-
ated for this study to carefully assess the individual biliary
drainage strategy.

Although the ALPACA study is primarily designed to
assess the safety and feasibility of IRE, our secondary
hypothesis is that IRE will prolong OS for 3 months.
Patients may also benefit from longer metal stent patency,
as was previously reported after PDT in advanced PHC.’
Despite the higher OS benefit claimed in the treatment
of other HPB tumours in current literature, we chose
3 months as this reflects, in our perspective, the least
clinically relevant survival benefit for an emerging treat-
ment provided that the complication rate is acceptable.
Given the primary study purpose, a control group of
patients only receiving standard systemic chemotherapy
is not included as a treatment arm. However, long-term
outcome in patients undergoing IRE and systemic chemo-
therapy will be compared with patients who were eligible
for study participation but preferred standard palliative
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treatment. Naturally, a valid comparison between IRE and
other local therapies or standard treatment may only be
possible in a future well-designed prospective randomised
controlled trial.
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