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Abstract

Background/Objectives: Endoscopic biliary stenting is the standard palliative intervention for
malignant biliary obstruction, aimed at restoring ductal patency. Radiofrequency ablation (RFA) has
been introduced as an adjunct technique to improve stent durability and patient outcomes. However,
the literature remains inconclusive regarding which patients are most likely to benefit from the
combination of RFA and stenting. Methods: To assess clinical outcomes of patients undergoing RFA
with biliary stenting and identify the factors associated with treatment success, clinical data were
collected from 24 patients suffering from non-resectable malignancies. Post-procedural and 6-month
follow-up clinical success and complication rates were measured by the technical success of RFA and
a decrease in blood bilirubin levels. Results: Nineteen females and five males were included in the
study. The most prevalent diagnoses were metastatic adenocarcinoma (n = 8) and
cholangiocarcinoma (n = 6). 25% of patients did not complete the 6-month follow-up due to
malignancy progression. 16 out of 18 maintained the patency of biliary stents and were able to
continue the oncological treatment. The two patients required multiple unsuccessful endoscopic
interventions. Conclusions: RFA with biliary stenting is a very effective, safe method for maintaining
biliary patency in cases of unresectable biliary malignant obstruction. While we did not identify any
specific factors associated with treatment success or failure, our findings support the use of RFA with
biliary stenting as a safe, feasible option in non-resectable malignancies of the biliary tract.

Keywords: radiofrequency ablation; biliary stenting; malignant biliary obstruction

1. Introduction

Biliary tract malignancies are rare but lethal diseases. Cholangiocarcinoma (CCA) represents the
second most prevalent primary hepatic malignancy following hepatocellular carcinoma (HCC),
accounting for approximately 15% of all primary liver neoplasms and 3% of all gastrointestinal
cancers [1]. Its incidence and associated mortality have increased globally over the recent decade.
Additionally, the other aggressive cancer that can affect the bile duct is pancreatic ductal
adenocarcinoma (PDAC), which mostly occurs in the head of the pancreas. Both PDAC and CCA are
known for their poor prognosis [2]. PDAC typically arises from ductal and acinar cells, often
developing via precursor pancreatic lesions. In contrast, CCA originates from the epithelial lining of
intrahepatic and extrahepatic bile ducts, frequently through biliary intraepithelial precursor lesions.
Gallbladder cancers (GBC) are most commonly adenocarcinoma, but can also occur as squamous,
adenosquamous, and small-cell subtypes, with no clear prognostic significance. Due to their
anatomical site of origin, CCA is classified into intrahepatic (iCCA, 10-20%) and extrahepatic (eCCA)
subtypes, with the latter further categorized into perihilar (pCCA, 60%) and distal (dCCA, 20-30%)
variations [3-6]. Hilar cholangiocarcinoma (HC) is a malignant neoplasm of the proximal common
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bile duct or distal intrahepatic ducts involving biliary confluence. HC, specifically called Klatskin
tumor, is considered an extrahepatic cholangiocarcinoma as it originates from the extrahepatic bile
ducts in the hepato-duodenal ligament and the gallbladder. Klatskin tumors account for 60-70% of
all cholangiocarcinoma [7]. This cancer develops gradually and implicitly, while symptoms appear
mostly at the end stage of the disease. To evaluate the degree of ductal infiltration in perihilar
cholangiocarcinoma, the 4-type Bismuth-Corlette classification system was developed (Figure 1).
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Figure 1. Schematic diagram of the Bismuth—Corlette classification of hilar cholangiocarcinoma (HCCA).

The classification is based on tumor location and the extent of bile duct infiltration, which has
significant implications for surgical approaches in clinical practice. Symptoms of bilateral hilar
tumors (including jaundice, pruritis, discolored stools, dark urine, and haemobilia) depend on the
narrowing of the bile duct, the degree of infiltration into adjacent structures, and the location of the
tumor. In the advanced stage of disease, nausea, vomiting, weight reduction, hepatomegaly, and
ascites occur [8]. Cholangiocarcinoma is considered one of the main causes of malignant biliary
structures, which may lead to serious obstructions. Unfortunately, the histopathological diagnosis of
the HC is often acquired while the carcinoma is at an advanced, non-resectable stage, which limits
possible medical intervention that could result in an improvement of the patients’ condition. Less
than one-half of HCs are resectable. The main treatment options encompass surgery, radiation,
chemotherapy, and photodynamic therapy. For PDAC localized in the head of the pancreas, surgical
resections can be performed, such as a pancreaticoduodenectomy, commonly known as the Whipple
procedure, or a pylorus-preserving pancreaticoduodenectomy (Traverso-Longmire procedure).
However, only 25% of patients are classified for that surgical treatment. Even with radical treatment,
chemotherapy is still obligatory in each case. In the management of GBC, treatment modalities
beyond immunotherapy and radiotherapy encompass extensive hepatoduodenal ligament
lymphadenectomy as well as resection of the gallbladder fossa, which typically involves partial
hepatic resection. Recent studies show that jaundiced patients benefit from surgical treatment in this
case [9]. Endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous transhepatic
cholangiography (PTC) are essential techniques for assessing the extent of the tumor in the bile ducts.
A method recommended for biliary drainage is the placement of an endoscopic or percutaneous stent
with a self-expanding metallic stent (SEMS). Recent studies have shown that SEMS tend to have more
suitable outcomes than plastic stents, and SEMS provide a longer patency and improved patient
survival after the procedure [10]. Thus, the insertion of plastic or metal SEMS biliary stents during
ERCP and combining it with RFA of the tumor mass is one of the minimally invasive methods of
treatment for biliary obstruction and palliative treatment of biliary hilar tumors [11]

RFA is a minimally invasive technique used in the palliative treatment of bile duct cancer. This
procedure is typically performed during routine endoscopic retrograde cholangiography (ERCP).
RFA works by generating thermocoagulation cell necrosis through ionic excitation using
electromagnetic wave frequencies ranging from 10* to 3x10'> Hz. Thermal ablation is achieved using
an electrode that is inserted into the tumor site, which delivers high-frequency radio waves. This
energy heats the diseased tissue, resulting in necrosis and the gradual separation of the tissue from
the surrounding healthy area. The depth of necrosis typically extends radially for about 3 to 8 mm
and is influenced by the amount of energy applied during treatment. Two types of probes can be
used to establish an electrical circuit: a monopolar probe or two bipolar probes. The ions within the
cancerous tissue follow the alternating current path, creating frictional heat that leads to protein
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denaturation and cell dehydration, resulting in cell death. This effect is most potent near the probe,
limiting the coagulation of tissues farther away, which are primarily heated by thermal conduction,
insufficient to cause necrosis. To achieve effective results, the required intermittent heat must reach a
temperature between 60-80°C, maintained for 1-2 minutes with an output of 7-10 W. Currently, two
bipolar endoluminal RFA catheters are available on the market: the Habib™ EndoHPB and the
ELRA™ Electrode. This study aims to investigate the impact of using endoluminal RFA via the
endoscopic approach for hilar tumors, combined with the placement of bilateral self-expanding metal
stents (SEMS), Amsterdam stents, or double pig-tail stents (PGT), on the clinical prognosis of patients,
as well as the safety and occurrence of complications related to the procedure.

2. Materials and Methods

The data from 24 consecutive patients with bile duct stenosis due to non-resectable HC who
underwent RFA with bile duct stenting in our department between 05.2020-05.2024 were collected
retrospectively from electronic medical records and analyzed. Patients with malignant biliary
stenosis had diagnoses of unresectable HC, PDAC in the head of the pancreas, and adenocarcinoma
of the gallbladder. Inclusion criteria for RFA treatment included patients with recurrent mechanical
jaundice due to cancer progression despite a previous biliary prosthesis. High-power radiofrequency
ablation of the narrowed biliary segments, followed by reimplantation of SEMS, Amsterdam stents,
or double pigtail (DPT) into their lumen, was performed in 24 patients (19 women and 5 men). The
procedure was performed under intravenous sedation using a PENTAX-ED-34 and 10t2
duodenoscope. RFA was carried out with a power setting of 7-14 watts and a temperature of 75—
80°C. The following stents were used for the procedure: uncovered SEMS (10x80 mm, 10x60 mm,
10x100 mm), Large Cell D-type stents (LCD) (10x60 mm), fully-covered SEMS (8x80 mm),
Amsterdam-type plastic stents (12cm 10 Fr, 9cm 10 Fr, 12 cm 8.5 Fr, 12 cm 7 Fr), and self-expandable
BIL-0-10-60-RP stents. Figures 2, 3, and 4 present the RFA catheter and stents’ configurations (Figure
2, Figure 3, Figure 4).

Figure 2. The RFA catheter (StarMed ELRA) during the ablation procedure.
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Figure 3. Stent-by-stent double SEMS configuration.

Figure 4. Stent-in-stent double SEMS configuration.

2025 by the author Distributed under a Creative Comm CC BY license.
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A retrospective study compared serum bilirubin concentration before treatment, 30 days, and 6
months after the procedure. Stent patency and complications were investigated and analyzed. The
main measure of the effectiveness of the procedure was the decrease in bilirubin concentration,
allowing the continuation of chemotherapy. The statistical analysis was performed to identify factors
influencing the success rate, defined as bilirubin concentration, allowing the continuation of
oncological treatment. The following variables were examined:

Categorical variables: gender and type of the prosthesis;

Numerical variables: age, bilirubin level before the procedure, number of stents being used, size
of the stent, number of RFA series, and RFA power.

Statistical Tests: For numerical variables, the Mann-Whitney U test was used to compare the
distributions of the success rate between the groups, as the data did not meet the assumptions for
parametric testing. For categorical variables, Fisher’s Exact Test was applied for 2x2 contingency
tables, while the Chi-Square Test was used for larger tables to assess associations with success.

3. Results

24 patients (19 females and 5 males) were included in the study. The patients' ages varied from
50 to 84, with the median and mean of 69 and 67.1 years, respectively. All the patients underwent an
implantation of a biliary prosthesis in the past due to cholestasis caused by malignancy. Among the
investigated cases, 8 were diagnosed with metastatic adenocarcinoma, 6 with cholangiocarcinoma
(CCCQ), 5 with adenocarcinoma of the gallbladder, 4 with hepatocellular carcinoma (HCC), and 1 with
neuroendocrine tumour (NET). Table 1 describes detailed patient characteristics.

Table 1. Detailed patient characteristics.

Characteristic Summary
Gender (Male to Female) 5:19
Age [years] (mean + SD) 67.08 £7.47

Bilirubin before procedure [mg/dl] (mean +

SD) 6.05+7.89
Diagnosis:
Metastatic adenocarcinoma 8 (33.3%)
Cholangiocarcinoma 6 (25%)
Adenocarcinoma of the gallbladder 5 (20.8%)
Hepatocellular carcinoma 4 (16.7%)
Neuroendocrine tumour 1(4.2%)

The number of RFA series, the energy applied, and the number of prostheses being used varied
among patients, reflecting individualized treatment protocols, as summarized in Table 2.

Table 2. Summarized data of the number of RFA series, the energy applied, and the number of prostheses being
used.

Aspect Details
Number of RFA Series 1 series: 5 patients

2 series: 8 patients

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3 series: 5 patients

4 series: 3 patients

7 watts: 11 patients
Power of RFA (Watts)
10 watts: 13 patients

1 prosthesis: 15 patients
Number of Prostheses
2 prostheses: 8 patients
SEMS: 13 patients
Type of Prostheses Amsterdam: 9 patients

DPT: 1 patient

6 of 24 patients (25%) did not complete the 6-month follow-up. In this group, during the 30-day
follow-up, only 1 patient did not achieve a bilirubin concentration allowing the continuation of
chemotherapy. The rest of the patients died due to the advanced stage of the malignancy.

In the group of patients who completed the 6-month follow-up, 16/18 (88.9%) maintained the
patency of biliary stents and could continue the oncological treatment. The remaining two patients
required endoscopic interventions due to biliary stent obstruction, which were not successful.
Boxplot analyses were conducted to examine the distribution of numerical variables (age, bilirubin
level before the procedure, number of prostheses, length of prosthesis, and number of RFA series)
between patients who achieved success and those who did not. While there was a slight difference in
median age between the success and failure groups, statistical analysis revealed no significant
difference (p=0.148, Mann-Whitney U test).

Patients' bilirubin levels before the procedure showed variability within both groups, but no
significant association with success was observed (p=0.662, Mann-Whitney U test).

Most patients required one prosthesis, and the distribution of prosthesis counts did not differ
significantly between the groups (p=0.204, Mann-Whitney U test). The median length of prostheses
was similar between groups, with no statistically significant association with success (p=0.961, Mann-
Whitney U test).

Patients underwent between one and six RFA sessions, with no statistically significant difference
in the number of sessions between the success and failure groups (p=0.637, Mann-Whitney U test).

The findings suggest that none of the examined numerical variables showed a significant impact
on the likelihood of achieving success. Bar chart analyses and contingency tables were used to explore
associations between categorical variables (gender and type of prosthesis) and success. The
proportion of male and female patients achieving success was comparable, with no statistically
significant difference (p=0.329, Fisher’s Exact Test). The use of different prosthesis types did not
significantly impact the likelihood of success (p=0.401, Chi-Square Test).

The results indicate that neither the numerical variables (e.g., age, bilirubin level, number of
prostheses, length of prosthesis, number of RFA series) nor the categorical variables (e.g., gender,
type of prosthesis) were significantly associated with treatment success (Table 3). The group
characteristics and parameters, and efficacy of the applied radiofrequency ablation are in Table 4
(Table 4).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Statistical Analysis of Factors Associated with Treatment Success.

Factor p-value
Age 0.148
Bilirubin level before procedure 0.662
Number of prostheses 0.204
Length of prosthesis 0.961
Number of RFA Series 0.637
Gender 0.329
Type of prosthesis 0.401

Table 4. Parameters and efficacy of the applied radiofrequency ablation.

N Gend Ag  Typeof Power Temperat Type of stent Technical 6-month

o. er e malignancy setting  ure [C?] success of  follow-up
[W] RFA survival
1. M 61 Metastatic 7 80 Amsterdam + -
adenocarcin 12cm, 10fr.
oma
2. F 69 HCC 7 80 Amsterdam + +
12cm, 10fr.
3. F 50 CcCcC 10 80 Amsterdam + +
12cm, 10fr.
4. F 69  Metastatic 7 80 Self- + +
adenocarcin expanding
oma BIL-0-10-60-
RP
5. F 67 HCC 7 80 Self- + +
expanding,
uncover
(80x10mm)
6. F 67 HCC 7 80 Amsterdam + +
9cm, 10fr.
7. F 74 CCC 2x7 80 Amsterdam + +
12cm, 8,5 fr.
8. F 68 Adenocarcin 10 80 Self- + -
oma of the expanding,
gallbladder uncover
(80x10mm)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

56

74

56

71

70

71

70

76

84

59

69

CcCC

Metastatic
adenocarcin

oma

CcCcC

HCC

Metastatic
adenocarcin

oma

CcCcC

Metastatic
adenocarcin

oma

cccC

Metastatic
adenocarcin

oma

Adenocarcin
oma of the
gallbladder

Adenocarcin
oma of the
gallbladder

10

2x7

10

10

10

10

10

10

10

10

80

80

80

80

75

75

80

80

80

80

80

Amsterdam
12cm, 7fr.

Amsterdam
12cm, 8,51r.

Self-
expanding,
uncover
NITI-S LCD
(10x60mm)

Self-
expanding,
uncover
(80x10mm,
60x10mm)

Amsterdam
12cm 8,5ft.
12c¢m 10 fr.

Amsterdam
12cm, 8,5fr.

Self-
expanding,
uncover
(80x10mm

Self-
expanding,
uncover
(10x80mm)

Self-
expanding,
uncover
(10x60mm)

Self-
expanding,
uncover
(10x100mm)

Self-
expanding,
uncover
(10x80mm)

8 of 13
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20. F 60 Adenocarcin 10 75 Self- - +
oma of the expanding,
gallbladder uncover
(8x80mm)
21. F 60 Adenocarcin 10 75 Self- + -
oma of the expanding,
gallbladder uncover
(10x80mm)
22. F 69  Metastatic 7 80 DP + +
adenocarcin 12cm, 7fr.
oma
23. F 70 NET 7 80 Self- + +
expanding,
uncover
24. M 70 Metastatic 7 80 Self- + +
adenocarcin expanding,
oma uncover
(80x10mm)

4. Discussion

This study evaluated the effectiveness and safety of RFA with biliary stenting in patients with
non-resectable malignancies (HC, PDAC in the head of the pancreas, and adenocarcinoma of the
gallbladder) causing biliary obstruction in the initial group of 24 patients. Our findings reveal that
this minimally invasive approach can help restore and maintain biliary patency in non-resectable
malignancies that cause bile obstruction. In approximately 90% of patients who survived the 6-month
follow-up period, bilirubin levels decreased and stabilized sufficiently to allow chemotherapy to
continue. This highlights the usefulness of RFA as an adjunct to palliative treatment that prolongs
stent patency and increases an individual's ability to undergo systemic oncological therapy. The
observed high stent patency with RFA is consistent with the recent studies, such as meta-analyses,
that favour the use of RFA with biliary stenting compared to sole biliary stenting [12,13].

Our results are consistent with the observations of other authors, who recognise the benefits of
using RFA in conjunction with biliary stenting. Recent RCTs, Gao et al. and Yang et al., support the
use of RFA with biliary stenting, highlighting its association with longer survival, stent patency, and
improvements in functioning status compared to sole biliary stenting in unresectable extrahepatic
cholangiocarcinoma or ampullary cancer unsuitable for surgery [14,15]. Another RCT, Kang et al.,
concerning advanced malignant hilar biliary obstruction, also confirms the findings [16].

However, Jarosova et al. conducted a randomized controlled trial concerning the use of RFA
with stenting compared to stenting alone in patients with CCA and PDAC. Regarding stent patency
at 12 months and prolonging survival, RFA with biliary stenting was found to be non-superior to
biliary stenting alone [17]. The most recent meta-analysis, including the mentioned above RCTs,
revealed that in patients with unresectable cholangiocarcinoma, the combination of RFA and stenting
was associated with improved overall survival and stent patency; however, the statistical power and
high heterogeneity of the study group do not allow for clear conclusions to be drawn [18]. The authors
point to the need for further research, hence our attempt to describe our clinical experience with REA
and stenting.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Biliary drainage is a key element that improves overall survival for malignant biliary obstruction
[19]. Prognosis in nonresectable malignant biliary obstruction is generally poor, but drainage, along
with palliative chemotherapy, can increase overall survival, improve quality of life, and relieve pain
and pruritus [20]. Based on the results of available studies, the median overall survival of patients
treated with drainage alone, without RFA, remains within a few months (6-9 months). With RFA, this
value increases to about a year (10-12 months). Primary bile duct tumours, such as CCA or ampullary
carcinoma, are particularly valuable in terms of median survival, while secondary tumours (PDAC,
gallbladder carcinoma, HCC, metastases) derive questionable benefit from the use of RFA. [21].
Complications can also negatively affect survival rates. In retrospective and cohort studies, e.g.,
among patients with non-operable malignant distal bile duct stricture after stenting, the 6-month
survival rate was only 24% (median =~ 81 days) [22]. In Yang's study, patients with CCA were
randomly assigned to receive RFA with stenting in combination with a novel 5-fluorouracil
compound, S-1, or RFA with biliary stenting alone. The results demonstrated that additional
chemotherapy significantly improved overall survival (16 months and 11 months, respectively), and
stent patency time was significantly longer (6.6 months and 5.6 months, respectively), and quality of
life assessed by Karnofsky index was also improved [23].

The study population consisted mostly of females, with a mean age of 67.1 years. The
heterogeneity of our study group remains high due to many types of non-resectable cancers and their
location within the biliary tract, stent types (plastic, covered, self-expandable), and their number (1
or 2), dimensions of each stent. Remarkably, the statistical analysis did not allow for identification of
any factors between treatment success and the variables assessed, including age, gender, bilirubin
levels, RFA technical parameters and type/number of prostheses, which suggests the RFA
effectiveness is consistent across wide range of factors that could potentially play a crucial role in
treatment success, both patient-depended and technical ones. However, the main limitation is small
sample size, which does not allow for drawing objective conclusions. What is important, our study
did not find any significant difference in the type of prosthesis used that could affect the clinical
outcomes. Moole et al. compared the use of self-expandable metal stents with plastic stents in
malignant distal biliary strictures and found that SEMS seemed to be superior in comparison to
plastic stents in providing patency for a longer time. SEMS was also found to have lower odds of
complications such as occlusion, the need for re-intervention, and cholangitis [24]. In our study, the
Amsterdam plastic stent performed comparably well as SEMS. However, proper patient selection for
each stent and disease progression was crucial.

Also, it is important to recognize that 25% of patients did not survive 6 months of follow-up due
to malignancy progression, which reveals the aggressive nature of the disease and the limited time
window to undertake treatment. Nevertheless, the great majority of patients completed the follow-
up period and maintained biliary tract patency, which confirms that RFA combined with biliary
stenting is a highly effective, modern, safe, and minimally invasive treatment method. Unfortunately,
2 patients struggled with maintaining patency, requiring multiple interventions, which were not
successful. This suggests that when the stent occlusion occurs, the outcomes of treatment may be less
favourable, underlining the urge for early detection and the initial effective management.

This study has a few limitations. First, the sample size comprises 24 patients; however, the actual
follow-up at 6 months was assessed in only 18 patients. That significantly limits the power of
statistical analysis to detect significant associations between variables and treatment outcomes.
Although single-institutional reports like ours are encouraging regarding the effectiveness of RFA
and biliary stenting, this calls for larger, multi-institutional, high-quality randomized controlled
studies of RFA with stenting and sole stenting, given the rarity of biliary tract malignancies. Indistinct
data in the literature support the need for further research on RFA and biliary stenting. Second, the
retrospective design of the study introduces the risk of confounding in patient selection and
prosthetic selection. Third, our study assessed only the bilirubin concentration as a success indicator.
We did not assess patient-reported outcomes, such as quality of life, pain control, and relief of
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pruritus. This should be the subject of further research on the impact on quality of life after RFA with
biliary stenting.

5. Conclusions

Radiofrequency ablation (RFA) with biliary stenting is a highly effective, safe method for
maintaining biliary patency in cases of unresectable biliary malignant obstruction. This minimally
invasive approach helped to maintain biliary patency and allowed for the continuation of
chemotherapy in the majority of patients who completed follow-up. While we did not find any
specific factors associated with treatment success or failure, our findings support the use of RFA with
biliary stenting as a safe, feasible option in non-resectable malignancies of the biliary tract.
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