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Abstract

Most pancreatic cancers and extrahepatic cholangio-
carcinomas are unresectable at the time of diagnosis,
and even in case of a resectable cancer, for elderly
or patients with coexistent comorbidities, surgery is
not an option. Current treatment alternatives in these
scenarios are very limited. Biliary stenting with self-
expanding metal stents (SEMS) is the mainstay palliative
treatment of biliary obstruction due to unresectable
pancreatic cancer or cholangiocarcinoma. Nevertheless,
more than 50% of SEMS become occluded after 6 mo
due to tumour over- and ingrowth, leading to hospital
readmissions and reinterventions that significantly
impair quality of life. Regimes of chemotherapy or
chemoradiotherapy also provide minimal survival be-
nefits. Therefore, novel therapies are eagerly awaited.
Radiofrequency (RF) energy causes coagulative necrosis
leading to local destruction of the accessed malignant
tissue and has an established role in the treatment of
malignancies in several solid organs, especially liver
cancers. However, pancreatic and extrahepatic biliary
cancers are not easily accessed by a percutaneous
route, making the procedure dangerous. Over the
past five years, the development of dedicated devices
compatible with endoscopic instruments has offered
a minimally invasive option for RF energy delivery in
biliopancreatic cancers. Emerging experience with
endoscopic RF ablation (RFA) in this setting has been
reported in the literature, but little is known about its
feasibility, efficacy and safety. A literature review makes
it clear that RFA in biliopancreatic tumours is feasible
with high rates of technical success and acceptable
safety profile. Although available data suggest a benefit
of survival with RFA, there is not enough evidence
to draw a firm conclusion about its efficacy. For this
reason, prospective randomized trials comparing RFA
with standard palliative treatments with quality-of-life
and survival endpoints are required. Anecdotal reports
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have also highlighted a potential curative role of RFA
in small pancreatic tumours and benign conditions,
such as ductal extension of ampullomas, intrahepatic
adenomas or non-tumoural biliary strictures. These
newest indications also deserve further examination in
larger series of studies.

Key words: Radiofrequency ablation; Pancreatic tumour;
Endobiliary radiofrequency; Cholangiocarcinoma; Biliary
stricture

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most pancreatic cancers and extrahepatic
cholangiocarcinomas are unresectable at the time
of diagnosis. Radiofrequency (RF) energy causes
coagulative necrosis leading to local destruction of the
accessed malignant tissue. Endoscopic RF has emerged
as a novel ablative therapy. In the present study, we
aim to review general principles and technical aspects
and to evaluate clinical benefits and complications
of endoscopy-guided RF in biliary and pancreatic
indications based on recent literature.
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INTRODUCTION

Extrahepatic cholangiocarcinomas (CC), including
hilar tumours, and pancreatic carcinomas (PC) are
aggressive cancers often discovered at an advanced
stage for curative surgical resection. Less than 20%
of PC and 30% of CC are resectable at the time of
diagnosis; moreover, surgery is not always an option
in patients with poor functional status or coexisting
comorbidities' . Chemotherapy and radiotherapy
provide minimal survival benefits in patients with
unresectable locally advanced pancreatic or biliary
cancer, and the average survival is measured in
months rather than years™®. The need for novel
therapies to positively impact survival has led to the
development of a variety of local ablative methods,
among which radiofrequency (RF) has generated wide
interest after its first application for hepatic tumours in
the early 1990s",

RF has been widely used percutaneously or intra-
operatively in malignancies of several solid organs,
such as the liver, breast, lung and kidney!®’. However,
PC is not usually amenable to percutaneous RF treat-
ment because of the difficult visualization of these
deeper tumours with the risk of thermal injury of the
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adjacent duodenum and blood vessels. Intraoperative
RF ablation (RFA) provides better visualization and
the ability to manipulate nearby structures, but many
patients with biliopancreatic cancers are also unfit for
surgery. Percutaneous endobiliary RF of extrahepatic
CC has been shown to be successful, but percutaneous
transhepatic bile duct access is an invasive technique;
therefore, endoscopic bile duct access by endosco-
pic retrograde cholangiopancreatography (ERCP) is
usually favoured over the percutaneous approach!**?,
The development of new over-the-wire and flexible
RF probes that can be placed down the working
channel of an endoscope or through an endoscopic
ultrasonography (EUS) needle has allowed for a
minimally invasive approach for delivering RF under
endoscopic guidance in pancreatic and extrahepatic
biliary cancers!**'*!, Nevertheless, data on safety and
efficacy are scarce. In the present study, we aim
to review general principles and technical aspects
and to evaluate clinical benefits and complications
of endoscopy-guided RF in biliary and pancreatic
indications based on recent literature.

GENERAL RF PRINCIPLES, LIMITATIONS
AND COMPLICATIONS

RFA creates an electrical circuit, either through the
body with monopolar probes, between an electrode
positioned in the tumour and a grounding pad placed
on the skin, or between two interstitial electrodes with
bipolar catheters, by using an alternating current with
a frequency in the range of radio waves (400-500
kHz). Ions within the tissue try to follow the alternating
path of the current, and thus, current flowing through
the tissues leads to ion agitation and subsequent
frictional heat. Friction heats the surrounding tissues to
50-100 °C causing protein denaturation followed by cell
dehydration and coagulative necrosis™®*>'l, Because
of the poor electrical conductivity of tissues, the closest
areas to the electrode experience the highest current
and temperature, whereas tissues farther away are
heated by thermal conduction; in these regions, the
heat may not be sufficiently high to cause necrosis'?..
Therefore, a key limitation is the extent of coagu-
lation produced by RF, which is often insufficient to
cover the tumour volume!®. This deficiency is mainly
related to the physical consequences of RF. During the
desiccation induced by RF, tissues become dehydrated
and charred with the loss of ions. Then, current
stops leading to a rise in impedance, which limits the
volume of tissue successfully ablated™®***”, This roll-
off phenomenon may be reduced by using pulsed
RF, which allows for the tissue to cool and rehydrate
between pulses, with a decrease in impedance enabling
larger volumes of thermal destruction. Another strategy
involves the use of internally cooled electrodes by
circulating water that increases the temperature at
the interface tissue electrode, limiting the charring
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Figure 1 Endobiliary and pancreatic radiofrequency ablation. A: Fluoroscopy: The Habib TM EndoHBP inside the common bile duct; B: EUS: The EUSRA RF
electrode (STARmed) inserted in a PNET. Tip of the probe (orange arrow). EUS: Endoscopic ultrasonography; RF: Radiofrequency.

process and allowing for longer lasting current
flow™™'®), However, the extent of thermal injury is also
dependent on the length and gauge of the electrode,
the temperature generated and the length of RF. The
selection of the correct settings in the generator, the
optimal application time and the development of bipolar
probes and multiple hooked electrodes in an array are
other approaches for optimizing the tumour volume
ablated™®. Another cause of incomplete tumour ablation
is the heat-sink effect created by the proximity of large
vessels to tumours. Vascular flow may dissipate heat
and cool the adjacent tissues, preventing the required
temperature from being attained, which is particularly
important when considering PC!*>*®,

In addition to thermal injury, recent studies in
animal models have suggested that RF may stimulate
systemic antitumor immunity, which acts synergistically
in subsequent tumour eradication. RFA generates large
amounts of cellular debris that results in increased
dendritic cell infiltration, inducing tumour-specific T-cell
responses'®.. Another plausible mechanism by which
an anti-tumour immunity response can be triggered is
the induction of heat shock protein (HSP) expression
because hyperthermia has been reported to enhance
the immunogenicity of cancer cells concomitantly with
the expression of HSP™?.,

There are two different categories of complications
resulting from RF. The first category corresponds to
complications related to thermal therapy and includes
a flu-like syndrome that is usually resolved within
the first 24 h, post-procedure pain, skin burns at the
grounding pad site and thermal injury of surrounding
structures™®*”, During RFA with monopolar probes,
a similar amount of energy is generated at the
ground and at the electrode surface. The surface
area, orientation and material of the pad as well as
the electrode to pad distance affect the grounding
pad temperature. With small grounding pad areas
and high-current RF, deleterious heating effects may
be observed at the ground site. Second- and third-
degree skin burns are now uncommon owing to the
use of large-area foil pads oriented to maximize the
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leading edge of the ground to safely dissipate heat.
The risk of skin burns is also obviated using bipolar
probes. Structures adjacent to a tumour may become
irreversibly coagulated during the procedure!®?%,
The damage of vessels and the gastrointestinal wall
with secondary perforation are the most feared
complications. These complications may be avoided
by maintaining a 1 cm separation between these
structures and the targeted tumour. However, vascular
damage is not as common as anticipated due to the
protective effect of the heat-sink phenomenon. The
second category of complications includes those
related to electrode placement™. The complications
consist mainly of bleeding, infection and tumour
seeding and depend on the access route and technique
applied to the targeted organ (ERCP or EUS-FNA in the
case of CC and PC, respectively).

RADIOFREQUENCY DEVICES FOR
ENDOSCOPY-GUIDED THERAPY IN

BILIOPANCREATIC INDICATIONS

Six different RF probes have been developed that
enable endoscopic RF in the pancreas and the bile duct.
Two of them are designed to be used over a guide wire
during ERCP for biliary strictures (Habib™ EndoHBP
and ELRA™), and the other four are used under EUS
guidance for pancreatic tumours (Habib™ EUS RFA,
Cryotherm probe, EUSRA RF electrode and a 19-gauge
EUS-FNA needle) (Figure 1). Among them, the
19-gauge EUS-FNA needle has been used only in liver
procedures on animal models, the Habib™ EUS RFA and
the EUSRA RF electrodes are monopolar probes and
the other three are bipolar. A cooling system is available
only with the cryotherm probe, the ELRA™, and the
EUSRA RF electrode. Other technical characteristics are
presented more extensively elsewhere® >,

ENDOSCOPY-GUIDED RF PROCEDURE

RF ablation of pancreatic tumours is performed by
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using a convex linear-array echoendoscope. When
using the cryotherm or the EUSRA RF electrodes, the
probe is passed through the operative channel of the
echoendoscope and directly inserted into the target
mass. However, with the Habib™ EUS RFA, a 19-gauge
EUS needle is first placed into the mass, positioning
the needle tip at the far end of the mass. The stylet is
then removed, and the RF probe is introduced through
the needle. Finally, the needle is withdrawn by 3 cm
to avoid direct contact between the metallic needle
and the active electrode’, Regardless of what needle
is used, real-time Doppler imaging is helpful to avoid
major vessel injury. The ablation must start at the
far end of the lesion, and for large lesions the probe
is repositioned along the same trajectory or using a
fanning technique to ablate the entire lesion!*>?®.,

For biliary RF, the biliary tract is cannulated by
conventional ERCP, and biliary tree opacification is
performed to clearly determine the location of the
stricture and to delineate its length and diameter.
Although not necessary, a sphincterotomy is usually
performed. Depending on the stricture diameter,
balloon dilation of the stricture may be required before
inserting the RF catheter. The probe is then introduced
over the guide until the stricture is reached”*". RF
energy is delivered over the selected period, and
before moving the probe, a rest period of 1 min is
observed to prevent tissues from adhering to the
electrodes. Based on the stricture length, several RF
applications are performed during the same session,
from the proximal margin of the stricture to the
distal one, with minimal overlap to reduce the risk of
complications. In patients with Klatskin tumours, RF
is also applied to more than one stricture (common
bile duct, left and/or right hepatic ducts) in the same
session. After withdrawing the probe, coagulated tissue
debris are removed with balloon sweeps, and a plastic
or metal stent is placed to ensure biliary drainage™*®.

The selected power and time settings in endoscopy-
guided biliopancreatic RF vary among the different
probes and are those recommended by manufacturers
based on the results of preclinical studies in animals
and ex vivo human studies

ENDOSCOPIC BILIOPANCREATIC RF
IN CLINICAL PRACTICE: REVIEW OF
LITERATURE

To evaluate the feasibility, clinical efficacy and safety
of endoscopy-guided biliopancreatic RF, an electronic
search was performed in Pubmed and Embase. The
review was restricted to English literature published up
to March 2016. The search terms used were “pancreatic
cancer” or “pancreatic tumour” or “cholangiocarcinoma”
or “biliary cancer” or “biliary stricture” and “radiofre-
quency ablation”. The reference list of published
articles was hand-searched to select original studies
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reporting on endoscopic RF for biliopancreatic cancers
in humans. Because of the paucity of reports on this
subject, we aimed to consider all types of evidence
available. For this reason, we also included case reports
and relevant abstracts reporting on technical feasibility,
clinical outcomes or complications of endoscopy-guided
biliopancreatic RF. Studies whose patients were included
in further larger series were not considered. Indications,
technical details, technical success, clinical outcomes,
impact on survival, complications and mortality were
extracted and further discussed.

EUS-guided RF on pancreatic tumours

Results: A literature search using the terms “pancreatic
cancer” or “pancreatic tumour” and “RF ablation”
yielded 276 relevant articles from the Pubmed and
Embase databases. Of these articles, only seven
were suitable and corresponded to four prospective
studies, one case series of three patients and two case
reports?>?23134 Data extracted from these articles
are summarized in Table 1.

Overall, 42 patients underwent EUS-guided RFA,
and indications were advanced unresectable PC in
28 patients (2 in the uncinated process, 20 in the
head, and 6 in the tail), PNET in 7, mucinous cysts
in 4, IPMN in 2 and microcystic adenoma in 1. All
patients with a resectable tumour were either unfit
for surgery or refused surgery. Among patients with
PNET, three corresponded to symptomatic insulinomas
(hypoglycemia with recurrent episodes of seizures or
syncope and frequent eating with significant weight
gain)®’. One patient with IPMN presented recurrent
tumour bleeding through the ampulla®*!, Technical
success was achieved in 36 patients (86%), but in
6 patients it was not possible to introduce the CTP
inside the tumour. The proposed explanation was
that the stiffness due to the duodenal infiltration
and desmoplastic reaction prevented the probe
insertion®. The required number of RF sessions was
not specifically reported in the majority of studies.
The selected power and application time varied
widely, ranging from 5 to 50 W and from 10 to 360 s,
respectively, primarily depending on the tumour size.

Following RF treatment, the four symptomatic
tumours became asymptomatic. No further bleeding
occurred in the patient with IPMN during 10 wk of
follow-up. Biochemical improvement was observed in
the first 48 h after RF in the three insulinomas, and
these patients remained free of symptoms during
a 12-mo follow-up'®. A favourable response was
observed in the remaining PNETs, either with complete
ablation estimated at 1-month image exam in one
case or with a vascularity change with central necrosis
in the other two PNETs"’****!, Two mucinous cysts
had complete resolution, and the volumes of the
other four cysts were nearly halved (48% reduction in
volume)™!, One study in patients with unresectable
PC focused on the feasibility and safety of EUS-guided
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Table 1 Endoscopic ultrasonography-guided radiofrequency ablation on pancreatic tumours

Ref. n Indication Mean size RF device Thermokinetics RF Outcome Survival Complications
mm (range) sessions (range)
Armelliniet 1 PNET 20 18 G Needle electrode NA NA Complete - No complication
al®™, 2005 (STARmed) ablation
Arcidiacono 22 Locally advanced 36 CTP 18 W (heating) NA Significant 6 mo' Early:
et al® 2012 PC volume reduction
in 16 patients
(23-54) 650 psi (cooling) (P =0.07) (1-12) 3 transient
abdominal pain
107 (10-360) s Technical failure 1 minor duodenal
in 6 patients bleeding
Late:
2 jaundice
1 duodenal
stricture
1 cystic fluid
collection
Rossietal™, 1 PNET 9 Habib EUS RFA 10-15W 1 Complete thermal - No complication
2014 ablation
360 s No recurrence
(34 mo follow-up)
Weigt et 1 IPMN 10 Habib EndoHBP 8W NA 2 cm ablation - Mild acute
al™, 2014 (recurrent 90s No rebleeding pancreatitis
bleeding)
(10 wk follow-up)
Pai et al™”, 8 Mucinous cyst (4) 41 (24-70) Habib EUS RFA 5-25 W 45 - 2 mild abdominal
2015 IPMN (1) 35 90-120 s (2-7) 2 cyst resolution pain
Microcystic 20 4 cyst reduction
adenoma (1)
PNET (2) 27 (15-40) (48 % reduction)
2 PNET with
vascularity
change
Lakhtakiaet 3 Insulinoma 18 18 G Needle electrode 50 W NA No recurrent - No complication
al®, 2015 hypoglycemia
(Hypoglycemia) (14-22) (STARmed) 10-15s (12 mo follow-up)
Songetal®™, 6 Locally advanced 38 18G 20-50 W 13 Necrosis at the NA 2 mild abdominal
2016 PC (4) ablation site pain
Metastatic PC (2) (30-90) Needle electrode 10s (1-2)

(STARmed)

'Among 13 patients; 2 patients were lost to follow-up and other patient died during hospitalization. PNET: Pancreatic neuroendocrine tumour; NA: Not

available; PC: Pancreatic cancer; IPMN: Intraductal pancreatic mucinous neoplasm.

RF, and therefore, survival, the main outcome in this
group, was not evaluable'®, Two of sixteen patients
were lost to follow-up, and another one died during
hospitalization in another study involving patients
with locally advanced PC. The median survival of the
remaining 13 patients was 6 mo®,

There was no procedure-related mortality, and no
patient required surgery. Mild early complications were
observed in 9 of 36 patients (25%) with successful RF
treatment. The most frequent complication, observed in
seven patients, was mild abdominal pain that lasted 24
h after treatment and responded to common analgesics.
There was one case of mild acute pancreatitis and
one case of duodenal bleeding treated endoscopically
without the need for blood transfusion®**, One patient
had a cystic fluid collection between the pancreas and the
left hepatic lobe as a late complication. The collection
was asymptomatic and resolved spontaneously™,
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Discussion: Current experience, although preliminary,
demonstrates that EUS-guided RF is a feasible
treatment. However, technical failure occurred in
six cases (14%) when using a cryotherm probe.
Results of recent studies involving percutaneous and
intraoperative RF suggest that pancreatic RF may
be dangerous without additional cooling because of
the risk of unintended thermal injury of surrounding
structures®!, The CTP for EUS-guided RF that
incorporates a cooling system cannot be inserted
through a EUS needle because of its larger diameter
and, therefore, it is introduced directly inside the echo
endoscope channel. This characteristic, along with
the flexible nature of this probe, makes it difficult to
enter a hard tumour with a desmoplastic reaction.
Technological improvements providing these probes
with cutting current, like a needle-knife, or rendering
the probes thin enough to be inserted through a EUS
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Figure 2 Ten millimeter pancreatic neuroendocrine tumour before radiofrequency ablation. Chromogranin at diagnosis: 239 ng/mL. A: The corresponding CT
image (orange arrow); B: The corresponding Doppler endoscopic ultrasonography image.

Figure 3 Same pancreatic neuroendocrine tumour showing necrosis
(orange arrow) two days after Radiofrequency ablation. Chromogranin level
decreased to 36 ng/mL.

needle, may increase the success rate.

Although the technical feasibility of EUS-guided RF
may be accepted, its clinical efficacy is more difficult to
affirm because of the scarcity of available experience.
The intended effect is primarily palliative, and possible
recurrence must be expected, although some authors
have suggested that it may be curative for small
tumours (Figures 2 and 3). Beneficial effects with
immediate relief of symptoms were observed in the
four symptomatic tumours, but the follow-up period
was very limited. Therefore, it is impossible to predict
the recurrence rate, time until symptom reappearance
and how many frequent RF sessions would be required.
In addition, for locally advanced PC, EUS-guided RF
aims to improve quality of life and to prolong survival
by means of a cytoreductive effect. However, no study
has had survival as a primary endpoint, a quality-of-
life assessment has not been performed and there are
no randomized studies comparing EUS-guided RF with
the standard palliative treatment.

The successful results of RF in hepatic tumours
and the need for less invasive alternatives to surgery
for pancreatic tumours have prompted to attempt RF
in the pancreas. Nevertheless, important biological
and anatomical differences between the liver and
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the pancreas may determine very different safety
profiles of RF in the two contexts. First, the pancreas
is a highly thermosensitive organ, and thermal injury
may lead to serious inflammatory consequences™”,
Second, hepatic tumours are usually surrounded by
normal parenchyma, and thermal injury beyond the
hepatic tumours does not usually affect important
structures, whereas pancreatic tumours often encase
vessels and the distal bile duct or are in contact with
the gastric or duodenal wall. For this reason, the
safety of intraoperative and percutaneous pancreatic
RF is still under debate, and frequent and severe
complications have been reported®**®.. In contrast,
only mild complications have been described for
EUS-guided RF in pancreas, even when RF without
additional cooling was applied. No case of severe
acute pancreatitis, duodenal perforation, severe
gastrointestinal haemorrhage or bile leak have
occurred after RF under EUS guidance. Although all
patients with a locally advanced cancer in one series
had major vessel involvement, no case of portal or
splenic thrombosis was reported™?. One explanation
for this low morbidity may be that EUS is the best
modality for real-time imaging of the pancreas,
minimizing the risk of inadvertent damage of adjacent
anatomical structures. Nevertheless, mostly large and
advanced tumours have been included in these series,
and adjacent normal structures were likely far from
the probe. In small benign lesions, other injuries may
be observed (Figures 4 and 5). Further prospective
series are needed to confirm the low morbidity.

Endoscopy-guided RF of biliary strictures

Results: The primary search identified 227 publica-
tions. Titles and abstracts were screened for relevance,
and 174 records were excluded. After a full-text review
of the 53 remaining studies, 25 papers were determined
to be eligible for inclusion (Tables 2 and 3)P**. The
selected studies comprised eight retrospective series,
two prospective trials, seven case reports and eight
abstracts. Review of article references yielded one more
abstract™.
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Table 2 Endoscopic radiofrequency ablation for biliary strictures

Ref. n Indication Stricture  Thermokinetics  RF Technical  Stricture  Stricture Stent Median  Complications
length (mm) power - time sessions  success diameter  diameter  patency survival
before RF  after RF (d) (mo)
(mm) (mm)

Pozsaretal®™, 5  Occluded 15 10W-120s  2(1-3) 100% 2 47 62 - No complication
2011 SEMS

(malignant (9-236)

strictures)
Monga et al™, 1 CcC 15 5W-120s 1 100% - - - - No complication
2011
Steel etal™!, 21 16 PC - 7-10 W 2 (1-4) 100% 0(0-1) 4 (3-6) 76% - 1
2011 hyperamylasemia

6 Klatskin/ 120s at 90-d FU 2 cholecystitis

intrahepatic CC
1rigors

Yoon et al*¥, 1 CHD CC - 7W-90s 2 100% - - - - No complication
2012
Mavrogeniset 1  Intrahepatic - - - 100% - - - - -
al™, 2012 adenoma
Dzeletovicet 1  Ampullary 10 1 - 100% - - - - CBD stenosis
al™ 2012 adenoma

with CBD (Complete

invasion ablation)
Sonpaletal™, 1  Occluded = 8-10 W 2 100% - - 90 - -
2012 SEMS (Klatskin 90s
CQ)

Lewis et al*, 5 4CC - 7-10 W 1(1-2) 100% - - - - No complication
2012 1 colon met. N0 s
Watson et al'¥”, 3 3 Klatskin CC 2 7-10 W 3 6 No complication
2012 90s
Kallis et al*, 11  Occluded - - 1 100% - - 146 - No complication
2015 SEMS:

6 PC/3 CC (1-2)

2 liver met
Topazian et 1  Intrahepatic 10W-90s 1 100% - - - - Hepatic artery
al*, 2013 adenoma (Complete pseudoaneurysm

ablation)
Figueroa- 20 11CC/7PC 15.2 7-10 W - 100% 1.7 52 100% 5 pain
Barojasetal™,  1IPMN/1Met. (3.5-33) 120's (0.5-3.4) (269)  at30-d FU 1 mild pancreatitis
2013 and cholecystitis
Alisetal®, 10 cC 20 10W-120s 3 (3-4) 100% 15 5 270 - 2mild pancreatitis
2013 (20-35) (1.5-2) 4-7) (180-450)
Lui et al™, 1 Occluded 10W-150s 1 100% - - 60 - No complication
2013 SEMS
(Klatskin CC)
Law etal™, 2 PC - 10W-120s 1 100% - - - - -
2013
Tal et al™, 12 2 intrahepatic - 8-10 W 1 100% = = - 8.5 3 hemobilia (2
2014 CcC deaths)
8 Klatskin IV 60-90 s (1-5) 3 cholangitis
CcC
2 GB can.

1 gastric Met

CHD: Common hepatic duct; CBD: Common bile duct; CC: Cholangiocarcinoma; PC: Pancreatic cancer; GB: Gallbladder; SEMS: Self-expanding metal stent;

Met: Metastasis; FU: Follow-up.

Over the last 5 years, a total of 293 patients were
reported in the literature to have undergone biliary
RF under endoscopic guidance. The indications in the
literature were malignant strictures in 232 patients
(79%), occluded self-expanding metal stents in 48
(16%), benign non-tumoural strictures in 9 (3%),
intrahepatic adenoma in 2 (0.6%) and bile duct
ingrowth of ampulloma in the remaining 2 patients
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(0.6%). In some studies, all malignant strictures
corresponded to cholangiocarcinoma, but in others
malignant strictures encompassed pancreatic cancer,
gallbladder cancer, hepatic carcinoma and metastatic
cancers as well. Only one study reported patients
with benign non-tumoural strictures and included four
postsurgical strictures, three after liver transplant
and two chronic inflammatory strictures®>!. The RF
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Figure 4 Patient suffered a mild acute pancreatitis 3 wk after radiofrequency
ablation. CT revealed a peripancreatic fluid collection (yellow arrow) and tumour
necrosis (orange arrow) with slight dilation of the upstream pancreatic duct (green
arrow).

probe used in all the reported cases was the Habib™
EndoHBP. The ELRA™ electrode has been launched
to the market recently, and to date, only one
experimental study on animals has been reported!®.
Power and time settings ranged from 5 to 10 W and
from 60 to 180 s, respectively; nevertheless, most
studies applied RF at 10 W over a period of 90 s. In
most studies, patients underwent RFA only once.
However, some operators performed RF either twice
during the same session with a rest period of 1-2 min
or at every ERCP for stent exchange during follow-up.
Technical success with satisfactory placement
and deployment of the RF catheter was achieved in
all patients. Only in one study was RF not applied in
one included patient due to an irretrievable plastic
stent with proximal migration. Because RFA was not
attempted, we did not consider this case a technical
failure™*'!. Regarding efficacy, three main outcome
measures may be considered: biliary decompression,
stent patency and survival. Biliary decompression was
possible in all cases but two (99%). In one patient,
extensive intrahepatic biliary malignancy prevented
successful biliary drainage*!!, and in one other, biliary
decompression was not achieved, despite successful
RFA and endoscopic stenting requiring percutaneous
drainage™!!. However, stent patency and survival have
not been uniformly described. Only five studies have
detailed data about stent patency in patients with
malignant strictures treated with RF before placing
a self-expanding metal stent (SEMS)M%205138621 1y
two studies, the mean lengths of stent patency in 10
and 58 patients with malignant strictures were 270
and 170 d (range 180-450 and 63-277)F**%, The
three other studies reported 96 to 100 %*%¢?! and
76 % of stent patency at 30 and 90 d™* of follow-
up, respectively. Moreover, RFA of occluded stents
achieved 60, 62, 90, 114, 146 and 180 d of mean
patency in six studies, and 62% of stents were still
patent at 90 d of follow-up after RF for stent occlusion
in one abstract report™®’. Six authors evaluated the
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Figure 5 Pancreatic duct stenosis after pancreatic radiofrequency ablation.
A and B: ERCP revealed a necrotic cavity (green arrow) and a pancreatic duct
stenosis (orange arrow); C: A plastic stent was inserted.

survival of patients treated with RF before biliary
stenting, and it was always longer than 8 mo, ranging
from 8.5 to 18 moP**"**#>631 Ag secondary outcomes,
differences between luminal diameter before and after
RFA, as determined by repeated cholangiography,
were recorded in some studies, and a significant
increase in diameter was observed immediately after
RF treatment in all casest**~%%2,

Two studies compared the stent patency and
survival of patients treated with SEMS following RFA
with those of patients undergoing biliary stenting
with SEMS alone, which represents the conventional
practice. These studies were not considered in the
present analysis because patients in both cases were
included in larger series. In the first study by Sharaiha
et al®® 26 patients, who underwent RF, were matched
with 40 patients receiving a SEMS alone. There was no
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Ref. n Indication Stricture  Thermokinetics RF Technical Stricture  Stricture Stent  Survival Complications
length (mm) power - time sessions success diameter diameter patency (mo)
before RF  after RF (d)
(mm) (mm)
Hu et al™, 9 4 postsurgical = 10W-90s 1 100% = = = = 2 abdominal
2014 pain
3 liver (5 complete 2 transient
transplant resolution leucocytosis
2 chronic 4 1 mild
inflam improvement) Ppancreatitis
Uppaletal™, 2 Prehepatic = = = 100% = = = 19-35mo 1 hemobilia
2014 transplant FU
1 LHD-CHD (No
CcC malignancy in
explant)
1 RHD-CHD
cc
Strand et al™, 16 13 Klatskin - 7W-90s - 100% = = - 9.6 Occurrence/
2014 cC month:
1 intrahepatic Stent occlusion
cCc 0.06
2 extrahepatic Stent migration
cc 0.02
Cholangitis 013
Hepatic abscess
0.02
Dolak et al™, 58 50 Klatskin - 10 W -180s 1 100% - - 170 10.6 1 partial liver
2014 CcC infarction
4PC (1-5) 5 cholangitis
1GB can 2
cholangiosepsis
1 met 3 hemobilia
1HCC 1 GB empyema
1HCC and 1 hepatic coma
CcC (1 death)
1 left bundle
branch block
Mukund et 8 Occluded - - 1 100% - - 114 No
al™ 2014 SEMS: complication
4 GB cancer (1-2)
2CC/2PC
Mehendiratta 1  Ampullary = 7W-90s = 100% = = = = No
et al™ 2015 adenoma complication
with CBD (Complete
invasion ablation)
Musquer et 1 Occluded - 10W-90s - 100% - - 180 - -
al®, 2015 SEMS
(co)
Sharaiha et 69 45 CC 14.5 8W-90s 1 100% 2 49 96% 15 for PC 1 pancreatitis
al, 2015 19 PC (3.5-60) (1-4) at30-d FU 18for 2 cholecystitis
CcC
1 GB cancer 1 hemobilia
1 gastric 3 abdominal
cancer Ppain
3 liver met
Laquiére et 12 CcC 19.5 10W-90s 1 100% - - - 12 1 sepsis
al®, 2015 4 Bismuth I (10-35) (1-3) 1 cholangitis
3 Bismuth II
2 Bismuth IIT
3 Bismuth [V
Ataretal™, 21  Occluded - 10W-90s 1 100% - - 62% - -
2015 SEMS:
11PC/7 CC (1-5) at 90-d FU
1GBcan/2
liver met

LHD: Left hepatic duct; RHD: Right hepatic duct; CHD: Common hepatic duct; CBD: Common bile duct; CC: Cholangiocarcinoma; PC: Pancreatic cancer;
HCC: Hepatocellular carcinoma; GB: Gallbladder; SEMS: Self-expanding metal stent; Met: Metastasis; FU: Follow-up.
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difference in pre- and post-RF stricture diameter (20.4
+7.33vs23.17+8.07,P=0.1and 1.6 £ 0.75vs 1.38
+ 0.18, P = 0 respectively), mean number of ERCP
(2.26 £1vs1.94 £ 1.27, P = 0.84) or survival (median
survival of the groups was 5.9 mo P = 0.87) between
the two groups. However, multivariate analysis
revealed RF as an independent predictor of survival (HR
= 0.9 (0.1-0.76), P = 0.012). The second series by
Kallis et al'®”’ consisted of 23 patients undergoing RF
followed by biliary stenting and 46 receiving a SEMS
alone. SEMS patency rates between the RF treated
group and control group were equivalent (472 d vs
324 d, HR = 1.186, 95%CI: 0.536-2.656, P = 0.669).
Median survival in the RFA group was 226 vs 123.5d
in the control group (P = 0.010), and RF was observed
to be an independent predictive factor of survival at
90 and 180 d (OR = 21.07, 95%CI: 1.45-306.64,
P = 0.026; OR = 4.48, 95%CI: 1.04-19.30, P =
0.044, respectively). Because photodynamic therapy
(PDT) has been shown to confer a significant survival
advantage compared with biliary stenting, Strand et
al*" aimed to compare RFA with PDT in patients with
unresectable CC. Overall survival was similar (9.6 mo
vs 7.5 mo respectively, P = 0.799) in patients who
underwent RF (n = 16) and in patients receiving PDT (n
= 32).

RF was anecdotally used to treat intraductal
extension of an ampullary adenoma in two cases and
an intrahepatic adenoma in two other patients; all of
them were successfully ablated™*****% In addition,
nine patients with benign strictures (four post-surgery,
three after the liver transplant and two with chronic
inflammation) and prior unsuccessful endoscopic
treatment underwent RF™., All the strictures improved,
and complete resolution was observed in more than
half.

In some studies, data on complications were
not available!***>**°7%.%4 Therefore, among 252
patients, complications occurred in 49 (19 %), and
overall mortality was less than 2% (n = 3). Infectious
complications, the most frequent adverse event, were
reported in 8% (nine cholangitis, five cholecystitis,
three cholangiosepsis, two transient leucocytosis, one
gallbladder empyema and one patient with rigors). At
least two cases of cholecystitis may be explained by
tumour encasement of the cystic duct, as shown by CT
scan and sepsis before ERCP. Four percent of patients
(n = 10) complained of postprocedure abdominal pain
well controlled with analgesics, and 2 % suffered mild
acute pancreatitis. Haemobilia occurred in 4% (n =
9) and in two cases was fatal®. Another case was
due to a pseudoaneurysm of the hepatic artery, which
was percutaneously thrombosed with thrombin™.
The pseudoaneurysm was related to RF due to the
close temporal relationship with the RF session. Liver
infarction was also described in one patient and
successfully recovered with conservative treatment®.
Thermal injury of surrounding vessels was proposed as
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the hypothetical cause. Finally, hepatic coma with fatal
outcome was recorded once®®.

Discussion: SEMS placement is the mainstay pallia-
tive treatment of malignant biliary strictures, but
more than 50% of SEMS become occluded after 6
mo. It was hypothesized that RF might lengthen stent
patency. Therefore, RF has been primarily used as
neoadjuvant therapy for malignant strictures prior to
inserting a SEMS. Afterwards and in the same line, RF
has been applied to treat SEMS occlusion by tumour
ingrowth and overgrowth. Anecdotal applications in
benign tumoural and non-tumoural strictures have
also been reported. Current experience demonstrates
that biliary RF under endoscopic guidance is feasible
and easy to perform with high technical success
rates. Although results seem promising, two studies
comparing RF plus SEMS and the conventional
palliative treatment with SEMS alone failed to show
longer patency of stents after RF. However, the
results of these studies suggest a benefit of survival
with RF. RF was also compared with PDT, which
had been shown to increase stent patency, quality
of life and survival, and RF was found to provide a
similar survival. Moreover, potential advantages of RF
over PDT are the unnecessary limitation of sunlight
exposure and its significantly lower cost. Nevertheless,
it is still early to draw conclusions about the efficacy
of endoscopic biliary RF because most of the available
data consist of small retrospective series with high
heterogeneity regarding the aetiology of malignant
strictures, the power settings selected, the number
of sessions, the disease stage and other concomitant
therapies, such as chemotherapy. Prospective
randomized trials are required to obtain more reliable
results about the efficacy of biliary RF and to explore
novel indications. The possibility to ablate intraductal
extension of ampullary adenomas might reduce the
risk of recurrence rate and the need for radical surgery
after endoscopic papillectomy (Figures 6 and 7), but
only two cases have been reported so far. An ongoing
French prospective trial may help to draw conclusions
about the interest in RF in this indication. RF may
also improve the endoscopic treatment of benign
strictures and may even be a rescue treatment for
benign strictures refractory to conventional endoscopic
treatment.

Although RF has an acceptable safety profile,
complications are not uncommon and mortality is
not zero. The most frequent adverse outcomes are
infectious complications and postprocedure abdominal
pain. Abdominal pain is usually self-limited, and the
prophylactic pre- and post-procedural use of antibiotics
may decrease the risk of infections. Infectious
complications, as well as acute pancreatitis, may be
primarily attributed to ERCP, but we cannot dismiss the
possibility of an increased risk of bacterial translocation
after RF and thermal injury of the neighbouring
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Figure 6 Ampullary adenoma with bile duct extension. A: Endoscopic image of a large lesion involving the ampulla and the adjacent duodenum; B: Bile duct

extension at endoscopic retrograde cholangiopancreatography (orange arrows).

e

Figure 7 Results after endoscopic papillectomy and biliary radiofrequency ablation at two-year follow-up. A: Endoscopy showed complete resection without
tumour recurrence; B: No longer bile duct ingrowth at endoscopic retrograde cholangiopancreatography. Biopsies were negative repeatedly.

pancreas. The most feared complications at first,
such as bile duct or duodenal perforation, were not
observed. Preventing biliary fistula was always pursued
by inserting a plastic or SEMS after RFA. However,
other serious events have been reported, such as liver
infarction and fatal haemobilia. Both are believed to
be secondary to thermal injury of the hepatic artery.
The use of intraductal ultrasonography may help to
evaluate the proximity of the hepatic artery to adjust
the power settings for more limited energy delivery.
This measure is especially relevant for hilar lesions
located near liver parenchyma and for strictures
without an associated mass.

CONCLUSION

RF is an ablative modality of treatment that has been
recently added to the therapeutic armamentarium
of endoscopy. In the setting of unresectable biliopan-
creatic cancers, in which treatment options are very
limited, high expectations are held for this modality.
Available experience suggests a beneficial effect on
survival with RFA, but current evidence is scarce
because most studies have been performed on
small and heterogeneous groups of patients using
a retrospective design. The safety profile appears
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to be acceptable, though serious complications
have been reported. This finding may be explained
in part because the energy settings are not clearly
standardized and have been extrapolated from either
in vivo animal models with non-tumoural tissues or ex
vivo human studies without considering the delayed
necrosis and the heat-sink effects in vivo. Prospective
randomized controlled trials are awaited to accurately
evaluate its efficacy in terms of survival and quality-
of-life and to optimize energy parameters in order to
reduce the risk of complications. Newest indications
such as refractory benign strictures, biliary extension
of ampullomas or branch-duct intraductal papillary
mucinous neoplasms deserve also further assessment.
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