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ABSTRACT

INTRODUCTION: Hilar Cholangiocarcinoma (hCAA) is often
incurable at diagnosis and palliative treatment is the only option for
most patients. Endoscopic placement of biliary stents to facilitate bile
flow forms the cornerstone of palliative therapy. Tumour ingrowth
with blockage of stent continues to be a major problem. Endo- Bili-
ary Radio Frequency Ablation (EBRA) has emerged as an adjunct
to existing treatment options by potentially prolonging stent patency
and survival. However the safety and efficacy of EBRA is still an
area that merits further study.

METHODS: The study was conducted at a high volume tertiary
care centre from January 2017 to December 2019 where consecu-
tive patients of hCCA requiring endoscopic palliation were included.
EBRA was performed using the ELRA™ (Endo Luminal Radiofte-
quency Ablation) electrode from Taewoong Medical (South Korea)
during the ERC, followed by the placement of a Self-expanding me-
tallic stent (SEMS) as per protocol (Group 1). Patients who did not
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consent to the EBRA were treated with SEMS alone and served as
controls (Group 2). The primary outcome was overall survival; while
secondary outcomes studied were need for repeat interventions and
procedure related adverse events.

RESULTS: A total of 49 patients were included (mean age 66.65
+ 12.96 years, M:F = 0.8). 22 patients underwent EBRA (Group 1);
and 27 patients underwent SEMS placement alone (Group 2). The
baseline characteristics (age, gender, bismuth staging of hCCA and
post drainage palliative chemotherapy) were similar in both groups.
The median survival for group 1 was 282 days and for group 2 was
180 days (p = 0.008). Post procedure cholangitis was noted in 7/22
patients (31.8%) of patients in Group 1 and 8/27 patients (30.7%)
of patients in group 2. Four patients (17.3%) in group 1 required
re-stenting within 6 months while 8 patients (30.7%) required re-
stenting in group 2.

CONCLUSIONS: Patients who underwent EBRA were found
to have a significant survival advantage as compared to standard
treatment options. EBRA was found to be technically feasible, safe
and can be a useful adjunct to endoscopic palliation in patients with
hCCA.

Key words: Radio frequency ablation; cholangiocarcinoma; Pallia-
tion; Biliary stricture; Endoscopy

Core tip: Palliative endoscopic biliary drainage is the mainstay of
treatment in advanced hilar cholangiocarcinoma. Endoscopic biliary
RFA is a useful adjunct in therapy by potentially increasing period
of stent patency and overall survival. This was a single centre ret-
rospective cohort study involving 49 patients, of which 22 patients
were treated with EBRA followed by biliary stenting and their
outcomes were compared with 27 patients who underwent biliary
stenting alone. EBRA was found to be technically feasible, safe and
provided a significant survival benefit as compared to biliary stent
placement alone.

© 2022 The Authors. Published by ACT Publishing Group Ltd. All
rights reserved.
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INTRODUCTION

Cholangiocarcinoma (CCA) is an epithelial cell malignancy that can
arise from any part of the biliary tract. It represents the second most
frequent type of primary liver cancer and approximately 3% of all
gastro-intestinal neoplasias!'l. The tumour is further classified into
three subgroups according to its anatomical location: intrahepatic
(ICCA), hilar (hCCA) and distal CCA (dCCA). Although these sub
groups have a common ontology, their behaviour, natural history and
treatment options are vastly different. This has been shown to have a
significant impact on overall outcome!?. The most common subtype
is hCCA, which accounts for 60-70% of all cases of CCAP!. Within
Southeast Asia itself, its annual incidence varies from 0.1/100,000
to 71.3/100,0001, Compared to the dCCA, hCCA usually presents
at an advanced clinical stage and carries a very poor prognosis with
a reported 5-year survival rate of less than 10%>¢. Moreover, most
patients present at an advanced stage and/or have significant comor-
bidities that make them poor surgical candidates. Palliative treatment
remains the only option for a majority of patients and survival of
these patients is poor even with chemotherapy.

Biliary drainage procedures - endoscopic or percutaneous drains,
form the cornerstone of palliative treatment options in these patients.
In addition to improving the quality of life in these patients, several
studies have demonstrated that biliary drainage may improve im-
mune function and nutritional status, at the same time reduce risk of
cholangitis”*. Endoscopic biliary drainage is accomplished by En-
doscopic retrograde cholangiography(ERC) with the placement of an
endobiliary prosthesis. Most commonly, in the setting of malignant
biliary strictures, a self-expanding metal stent(SEMS) is preferred
owing to superior safety and longer duration of patency necessitating
fewer interventions®™!”, However, delayed stent occlusion is common
with SEMS and can be seen in 34.4% of patients at 1 year!'\. Stent
occlusion can be due to sludge deposition, tumour ingrowth, epithe-
lial hyperplasia or biofilm formation!®'?. Among these, tumour in-
growth is particularly concerning as this may result in stent occlusion
leading to recurrent cholangitis, re-intervention with the placement of
additional stents, prolonged hospital stay and poor outcomes.

A variety of modalities have been explored to ablate tumour in-
growth and improve stent patency including, intraluminal brachy-
therapy (ILBT), radiofrequency ablation (RFA) and photodynamic
therapy (PDT). With the introduction of RFA probes that can be
passed through the scope, endoluminal biliary RFA (EBRA) has
taken precedence and has shown good results in limited studies thus
far. RFA is a technique by which thermal energy is applied directly to
the tumour causing coagulative necrosis of tumour tissue thereby re-
ducing tumour burden. EBRA prior to SEMS placement could poten-
tially decrease the viability of the tumour tissue and thereby reduce
tumour ingrowth of the stent. The original probe employed was the
Habib EndoHBP probe (EMcision UK, London, United Kingdom).
Since then, other types of probes have been developed including
ELRA™ (Endo Luminal Radiofrequency Ablation) electrode from
Taewoong Medical (South Korea). The safety and efficacy of this
technique to prolong stent patency has been established in various re-
ports in the past!®. As to whether EBRA provided a survival benefit
in these patients is a matter of debate and needs further clarity.

MATERIALS AND METHODS

Study population and design
This was a retrospective cohort study where all patients with an
established diagnosis of inoperable hCCA between January 2016 to
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October 2017 were included in the study. Patients who had consented
for EBRA were included into Group 1, while the remaining were
included into group 2. Biliary drainage with the placement of an en-
dobiliary prosthesis was performed in all the patients. Details of all
the patients including demographics, bismuth staging of hCCA, clini-
cal presentation, presence of lymph nodal involvement, portal vein
thrombosis, metastasis, nature and site of stent placement, improve-
ment in biliary obstruction post procedure, technical success of RFA
and procedure related complications like cholangitis, pancreatitis and
cholecystitis, need for repeat intervention and survival were recorded
in pre-designed proformas.

Technical specifications of the procedure

All endoscopic procedures were performed under general anaesthe-
sia by an experienced endoscopist. Choice of anaesthetic was left to
the discretion of a dedicated anaesthetist present for all procedures.
A standard adult ERC scope (Olympus TJF Q180V) with an outer
diameter of 13.7 mm and channel diameter of 4.2 mm was used. All
procedures were performed in a dedicated endoscopy suite under
fluoroscopic guidance (Flexavision, Shimadzu). A satisfactory chol-
angiogram was done delineating the exact site and extent of the stric-
ture.

In patients of Group 1, following an adequate sphincterotomy, an
EBRA probe was passed over the wire, across the stricture. EBRA
probe used was the ELRA™ electrode from Taewoong Medical in all
the patients (Figure 1). The length of the probe is 18mm, diameter
is 7 Fr, ablation depth is 4mm and it has multiple bipolar electrodes
which provide linear ablation therefore no ground pad is needed.
A VIVA combo™-generator was used with the probe and it was set
to 2 minutes with a maximum temperature of 80°C and a power of
10 watts. All patients received a minimum of one session of RFA (2
minutes). If the entire length of the stricture was not covered by the
18mm probe, the probe was repositioned and multiple sessions of
RFA (2 minutes each) were performed to ensure adequate ablation.
As a part of protocol, a complete balloon sweeping of the ducts were
performed after every RFA session to remove necrotic debris. This
was followed by the placement of a self-expanding metal stent as per
usual protocol. Technical success was defined as successful passage
of the EBRA probe across the stricture, followed by the placement of
a stent into the intended ductal system.

Patients of group 2 were treated only with the placement of stent
following sphincterotomy. In all patients, bilateral stent placement
was preferred over unilateral stent. However, in the patients where
technical limitations like unfavourable anatomy of the proximal ducts
and tight high grade strictures precluded bilateral stenting, a single
stent was placed in the ductal system of choice as assessed prior to
procedure based on ductal diameters and lack of lobar atrophy on
cross-sectional imaging.

Follow-up protocol

All patients were followed up for complications, 30-day mortality
and outcome. The primary outcome of the study was overall survival
of the study population, while secondary outcomes studied were need
for repeat interventions and post procedure complications.

Statistical Analysis

Statistical analysis was carried out using IBM SPSS software version
20.0. Comparison between two groups was done using independent
2-sample T test/Mann Whitney U test and three group comparison
was done using ANOVA/Kruskal Wallis for parametric and non-
parametric variables respectively. Categorical variables were analysed
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Figure 1 Cholangiogfam showing A) Hilar stricture with Intrahepafiﬂc}:ﬂra;erral radical dilatation B) RFA probe seen within the hilar stricture C)
Fluoroscopic image showing Bilateral Self expanding metal stents.

Figure 2 Cholangioscopic image of hCCA : Panel A - Prior to RFA, lumen occlusion, increased vascularity and tissue friability are seen; Panel B - Post RFA
the lumen is widened and there is reduced vascularity and tissue friability.

using Chi-square test/Fisher’s exact test for univariate analysis and were noted in 4/22 patients(18.1%) in group 1 and 2/27 patients(7.4%)
multivariate analysis was then carried out using multiple logistic in group 2; while Bismuth [II/IV disease were noted in 18/22 patients
regression analysis. Kaplan Meir curves with log rank estimation for (81.8) in group 1 and 25/27 patients (92.5%) in group 2 (p value -
overall survival at 3 months and 6 months and for efficacy of RFA 0.549). The baseline laboratory values were similar in both groups.
was carried out as a part of outcome analysis. A p value of less than Metastasis was noted in 8/22 patients (36.4%) patients in group 1 and
0.05 was considered significant. 3/27 patients(11.1%) in group 2 (p value - 0.035). Metastasis was not-

ed in the liver, lungs and peritoneum. Lymph node involvement was
RESULTS noted in 9/22 patients (40.9%) patients in group 1 as compared to 3/27

patients (11.1%) patients in group 2 (p value - 0.018). The presence of
Patient demographics PVT thrombosis was similar in both groups (10/22 patients(45.5%) in
A total of 49 patients were included in the study. The baseline de- group 1 and 11/27 patients (40.7%) in group 2). Three patients (3/22,
mographics of the patient population have been provided in Table 1. 13.6%) in group 1 and three patients in group 2 (3/27, 11.1%) were
The mean age was 66.65 £ 12.96 years with a male to female ratio given palliative chemotherapy (p = 0.789).

of 0.8. Bismuth type I/Il CCA was noted in 6/49 patients (12.2%),

type I1I a/b CCA in 13/49 patients (26.5%), and type IV in 30/49 pa- Safety of EBRA in the management of hCCA

tients (61.2%). The most common presentation was jaundice (46/49, Biliary drainage was achieved by ERC in all patients in group one
93.9%), followed by pruritus (42/49, 85.7%). Fever at presentation and 21 (77%) patients in group 2 with the remaining 6(33%) patients
was noted in 7/49 patients (14.3%). Disease was predominantly left undergoing Percutaneous Transhepatic Biliary Drainage (PTBD)

sided (21/49, 43.8%) with metastasis noted in 22.4%(11/49) and por- with stent placement. All patients who underwent ERCP underwent
tal vein thrombosis (PVT) noted in 42.9% (21/49). Palliative chemo- papillotomy following which EBRA was performed prior to stenting.
therapy was administered in 6/49 patients (12.2%). The cholangiograms done immediately after EBRA did not show any

A total of 22 patients underwent EBRA and were included into significant difference. Change in ductal diameters post stenting were
Group 1 (mean age 68.45 + 11.71 years, M:F = 0.91); and 27 patients also found to be similar between the two groups. In the total patient
underwent biliary stent placement alone and were included into Group cohort, 40.8% (20/49) patients had unilateral stent placement while

2 (mean age 65.18 + 13.95 years, M:F = 0.73). Bismuth I/II disease 29/49 patients (59.2%) had bilateral stent placement.
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Table 1 Total and group demographics.
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Overall, 15/49 patients (30.6%) had post procedure complications. bilateral biliary stenting as compared to unilateral stent placement
The only complication noted in this study was cholangitis. Rate of with a median survival of 492 days and 124 days respectively (p =
cholangitis was 7/22 patients(31.8%) in Group 1 as compared to 0.025). The median survival in patients with metastasis was 178 days
8/27 patients (29.6%) in group 2 (p = 0.869) None of our patients had compared to 414 days in patients without metastasis (p = 0.535) and
post procedure pancreatitis, bleeding or perforation. There was no median survival of patients who underwent palliative chemotherapy
procedure related mortality. Causes of 30 day mortality in this study was 244 days as compared to 378 days in patients who did not get
include cardiac event (n = 1), sepsis with multiorgan dysfunction (n = chemotherapy (p = 0.710).

Need for Re-intervention

Re-intervention was required due to cholangitis secondary to stent CCA is classified as a rare cancer, but its incidence (0.3-6 per 100,000
blockage. Overall, 15/49 patients (30.6%) required re-intervention inhabitants per year®?) and mortality (1-6 per 100,000 inhabitants
with repeated placement of biliary stents. A total of 4/22 pa- per year, globally!™, not taking into account specific regions with
tients(18.2%) required re-intervention within 6 months in group 1 as incidence > 6 per 100,000 habitants such as South Korea, China and
compared to 6/27 patients (22.2%) in group 2 (p value 0.577). The Thailand) have been increasing in the past few decades worldwide,
mean delta bilirubin levels post procedure was 48.4% in group 1 as representing a global health problem!". Moreover, CCA has a dismal
compared to 28.6% in group 2 (p value 1.32). The median interven- prognosis owing to its insidious onset and late stage at presentation
tion free days was 58 days in group 1 as compared to 60 days in (Seer 18 registry data shows the 5 year survival rate for intrahepatic
group 2. biliary malignancies is as low as 17.5%).

Treatment options for CCA include surgical resection with a
Efficacy of EBRA in the management of hCCA curative intent or biliary drainage with or without palliative chemo-
The overall survival of the patient cohort during the study period was therapy!!™.. A majority of patients require biliary drainage which can

236 days. The 30-day mortality was 13% (3/22) in group 1 and 7.7% be done endoscopically or percutaneously?. Endoscopic drainage
(2/27) in group 2 (p value 0.133). More importantly, patients in group involves ERCP with placement of biliary endoprosthesis, which can

1 had a significantly longer median survival (282 days) as compared be plastic or metal (SEMS). The major long term complication of this
to patients in group 2 (180 days) (p value 0.008). The only other procedure is stent occlusion leading to jaundice and cholangitis!'®l.
factor that showed an independent association with survival was The mechanisms for stent blockage include sludge deposition, tu-
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mour ingrowth, epithelial hyperplasia, biofilm formation and forma-
tion of granulation tissue!'>'7!#],

EBRA is a modality that has been shown to improve stent patency
in patients with malignant biliary strictures!'®l. There are two EBRA
probes commercially available - The Habib™ endoprobe and the
ELRA™ electrode from Taewoong Medical. A recent comprehensive
review of EBRA!" studied 330 patients from 12 studies, of which
all studies except one were treated with the Habib™ endoprobe. The
prospective study by Laleman et all'”, evaluated the feasibility, safety
and stent patency of the ELRA™ probe in 18 patients with dCCA (9),
hCCA (11) and pancreatic carcinoma (7). Overall, the procedure was
feasible in all patients, with complications being pancreatitis in two
patients and cholangitis in 4 patients. The median stent patency was
110 days (16-374 days).

In our study, all patients in the intervention group were treated us-
ing the ELRA™ probe.

The only complication noted in our study was cholangitis (31.8%)
with no significant difference between the two study groups. This
finding was in line with other studies®?*?!. The cause of cholangitis
is multifactorial - procedural introduction of enteric bacteria, incom-
plete drainage of obstructed ducts, stent blockage and poor nutritional
and immune status. In addition, thermal energy generated during
RFA is known to cause sloughing of tumour tissue in the biliary tract
which might lead to early stent plugging and cholangitis!"* (Figure
2). We tried to reduce this risk by sweeping the duct with a biliary
balloon after application of RFA. In our study, RFA of the duct did
not increase the risk of cholangitis. Other reported complications of
EBRA such as acute pancreatitis, cholecystitis, cholangitis, gall blad-
der empyema and hemobilia were absent in our patients!'®??, Though
the median intervention free days were similar in both groups (58
days versus 60 days), the need for re-stenting was less in patients
who underwent RFA (17.3% versus 30.7%).

Our study population with advanced hCCA treated with palliative
biliary drainage, had an overall median survival of 220 days. The
patients in the intervention group had a significantly higher median
survival of 282 days as compared to 180 days in the control group
(p = 0.008). There was no difference in the number of patients who
underwent palliative chemotherapy in both groups (13.6% in the in-
tervention group and 11.1% in the controls, p = 0.789).

Earlier reports exploring the efficacy of EBRA with SEMS place-
ment have shown mixed results with a trend towards a marginal
survival benefit. A retrospective study by Sharaiha et al., evaluated
EBRA and SEMSs vs. SEMSs alone in 66 patients with malignant
biliary obstruction (cholangiocarcinoma in 37 and pancreatic can-
cer in 29). Twenty-six were treated with RFA plus SEMS, while
40 patients matched by age and diagnosis underwent direct SEMS
placement and were used as controls. No differences in AEs, increase
in bile duct diameter and survival were observed between the two
groups?.

However, in a systematic review and meta-analysis, Sofi et al stud-
ied 505 patients from 9 publications, with malignant biliary strictures
in whom SEMS placement with or without prior RFA application via
the endoscopic or the percutaneous routes was done. The analysis
showed that patients who received RFA had a significantly longer
stent patency (50 versus 37 days, p < 0.002) and survival (285 vs. 248
days, p < 0.001)?¥, Yang J et al published a randomized control trial
where type I and II Klatskin tumor (19) or distal cholangiocarcinoma
(46) were randomly assigned to RFA plus plastic stent (32) versus
plastic stent alone (33)
and the secondary outcomes were adverse events and stent patency.

1. The main outcome was mean survival time

Similar AEs occurred in both groups, while stent patency was signifi-
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cantly longer in the RFA group (6.8months versus 3.4 months, p =
0.02). The mean overall survival time was significantly longer in the
RFA plus stent group than the stent only group (13.2 + 0.6 versus 8.3
+ 0.5 months, p < 0.001),

Despite a significantly higher number of patients with metastatic
disease and lymph node involvement (36.4% versus 11.1% in the
control group), the median survival was significantly better in the in-
tervention group. This can be attributed to an immunologic response
directed towards the tumour triggered by RFA induced tissue necro-
sis!"®. In a study by Schueller G et all, following RF ablation, cellular
expression of heat-shock proteins (known to be of crucial importance
in host-tumour interactions) HSP 70 and HSP 90 increased signifi-
cantly in patients of hepatocellular carcinoma treated with REA).

Another interesting finding of this study was that patients with
bilateral stent placement had a significant survival benefit (p =
0.025) with a median survival of 492 days compared with 124 days
in patients who had unilateral stenting. Previous studies have shown
conflicting results®®”?’). But, a study by Lee et al showed that bilateral
SEMS placement resulted in fewer reinterventions and a more dura-
ble stent patency (median 252 vs. 139 days)©®. This finding indicates
an important role played by the number and location of biliary stents
in the overall prognosis of these patients. The application of RFA
can potentially facilitate bilateral stenting and optimal placement of
stents, a finding which requires further validation.

CONCLUSION

This study is one of the few studies that evaluated the safety and
efficacy of the ELRA™ endobiliary RFA probe in palliative biliary
drainage for hCCA. Our study comparing thermal ablation of hCCA
prior to the deployment of SEMS demonstrated a significant survival
advantage in addition to what appears to be prolonged stent patency
with less frequent therapeutic interventions. Compared to most other
studies, our cohort of patients were uniform since we did not include
distal cholangiocarcinoma and pancreatic cancer. Important techni-
cal aspects of EBRA were also highlighted in this study, including
meticulous positioning of the RFA endo probe at the cephalic end of
the stricture with incremental thermal ablation in a caudal fashion
to achieve more complete ablation of the tumour mass; and balloon
sweeping of the duct of necrotic debris prior to deploying the stent in
order to reduce the risk of post procedural cholangitis. Thus, EBRA
can be a useful adjunct to endoscopic palliation in patients with
hCCA and needs further evaluation in larger studies.
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