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Survival Benefit of Intraductal Radiofrequency Ablation for
Malignant Biliary Obstruction: A Systematic Review with Meta-

Analysis
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Background/Aims: Cholangiocarcinoma (CCA) is a rare but aggressive disease with a poor survival. Recent trials have shown
improved survival with intraductal radiofrequency ablation (RFA) therapy. We performed a systematic review with meta-analysis to
determine the survival benefit of endoscopic RFA for unresectable extrahepatic CCA with malignant biliary obstruction (MBO).

Methods: A systematic search from 1970 to 2020 was performed in MEDLINE, EMBASE, Cochrane Library, and ClinicalTrials.
gov. We selected eligible studies reporting relative risks, hazard ratios (HRs), or odds ratios, adjusted by controlling for confounding
factors of survival rate and stent patency duration, among patients with extrahepatic CCA with MBO treated with RFA with stent

insertion or stent insertion only.

Results: A total of eight trials (three randomized and five nonrandomized) with a total of 420 patients were included in the meta-
analysis. Pooled overall survival analysis favored RFA treatment with stent insertion (HR, 0.47; 95% confidence interval [CI], 0.34—
0.64; ’=47%; p=0.09); however, no significant difference was found in the duration of stent patency between the groups (HR, 0.79;

95% CI, 0.57-1.09; '=7%; p=0.36).

Conclusions: RFA therapy with stent insertion may confer a survival benefit compared with stent insertion only in patients with

CCA and MBO. Clin Endosc 2021;54:100-106
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INTRODUCTION

Cholangiocarcinoma (CCA) is an uncommon, aggressive,
malignant disease with a poor prognosis. It accounts for 3%
of all gastrointestinal malignancies."” The overall incidence
from 2001 to 2015 was 1.26 per 100,000 people per year in
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the United States.” CCA can be classified into three catego-
ries according to anatomical location: intrahepatic, perihilar,
and distal CCA. Perihilar CCA accounts for 60%, distal CCA
accounts for 30%, and intrahepatic CCA accounts for the re-
maining 10% of the cases. The prognosis of patients with CCA
is poorer than that of patients with other malignant diseases of
the gastrointestinal tract. The mortality rate is high because of
late diagnosis and limited chances for curative surgery, and the
resection rate at the initial diagnosis has been reported to be
20%-30%." In a previous prospective study of inoperable cas-
es, the 1- and 2-year overall survival rates of CCA were 22.4%
and 3.4%, respectively.’

For a long time, metallic or plastic biliary stenting has been
considered the best palliative treatment for unresectable CCA
or malignant biliary obstruction (MBO) caused by pancreatic
cancer. However, several attempts have been recently made
to improve clinical outcomes using local tumor treatments.


http://crossmark.crossref.org/dialog/?doi=10.5946/ce.2020.254&domain=pdf&date_stamp=2021-01-30

Radiofrequency ablation (RFA) is a regional direct tumor
ablation treatment for unresectable CCA or MBO due to met-
astatic biliary tumors, in which radiofrequency energy is deliv-
ered through endoscope channels. This technique has yielded
outstanding outcomes in some prospective studies over the
last decade.”® Therefore, the aim of this meta-analysis and sys-
tematic review was to determine the effect of endobiliary RFA
therapy on the survival outcome of patients with unresectable
extrahepatic CCA with MBO.

MATERIALS AND METHODS

Search methods for identification of studies

A systematic review of published articles from 1970 through
2020 was conducted by searching MEDLINE, EMBASE, Co-
chrane Library, and ClinicalTrials.gov. Selection was restricted
to studies written in English. The keywords used to search
for relevant articles in the different databases are described
in Appendix 1. References listed in the retrieved articles were
reviewed for eligible studies.

Article selection

Eligible studies were determined according to the following
criteria: (1) studies that analyzed patients with extrahepatic
CCA or MBO, (2) studies that compared treatment outcomes
between endobiliary RFA with stent insertion and stent inser-
tion only, (3) randomized controlled trials (RCTs) and case-
control studies with adjustment for confounding variables, and
(4) studies reporting the relative risks or odds ratios of survival
rate and stent patency duration in an RFA with stent group
and a stent-only group.

Data extraction

The following information was extracted from each article:
publication year, country, study design, case number, age of pa-
tients, sex of patients, presence of gallstones, tumor-node-me-
tastasis stages, treatment methods, surgical outcomes, and
survival times. Covariates were adjusted for in the statistical
analysis. Among several case series reports, we extracted the
same data from each case reference.

Assessment of risk of bias

The risk of bias (RoB) was independently assessed by two
reviewers (BHC and MJJ) using the Cochrane RoB Tool for
RCTs’ and ROBINS-I (RoB in Nonrandomized Studies [NRSs]
of Interventions) for NRSs."” The RoB for RCTs was graded as
“low” for low risk, “high” for high risk, and “unclear” when the
available information was not sufficient for a risk judgment.

» <«

For NRSs, each domain of the RoB was rated as “low”, “mod-
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erate’, “serious’, or “critical” for RoB, and the overall RoB was
determined according to the judgment for each domain. Any
disagreements between the reviewers were resolved through a
discussion among the three authors.

Quality of included studies

Among the RCTs, two studies (Yang et al.” and Kang et
al.'") were rated as low for all RoB domains, whereas the other
study (Hu et al.*) was rated as low for two domains (random
sequence generation and incomplete outcome data) and as
unclear for the other domains. All five NRSs"*"® were graded
as having an overall moderate RoB. In the domain of RoB due
to confounding, four studies””"” used matching for confound-
ing adjustment and one study'® showed similar distributions
of confounding covariates between groups. The RoB for this
item was rated as moderate. The other RoB items were graded
as low (Appendix 2).

Statistical analysis

The effects of treatments (RFA plus stent vs. stent only)
on overall survival and stent patency were examined on the
basis of pooled hazard ratios (HRs) and corresponding 95%
confidence intervals (CIs). The HRs and 95% CIs for these
outcomes were extracted from the results of each study, or
estimated based on available information such as log-rank
test results and Kaplan-Meier curves.”” Pooled HRs among
studies and their 95% Cls and p-values were calculated using
the random-effect model. Statistical heterogeneity between the
studies was assessed using Cochran’s Q-test and I’ statistics. I
values of 25%, 50%, and 75% were considered to indicate low,
moderate, and high heterogeneity, respectively, as previously
suggested.® A funnel plot and Egger’s test for asymmetry were
applied to assess the possibility of publication bias among the
studies for overall survival, but not for stent patency because
of the small number of included studies. All analyses were
performed using R version 3.5.1 (meta package). Two-sided
p-values of <0.05 were considered statistically significant.

RESULTS

A total of 631 articles were reviewed for eligibility, and 600
studies were excluded according to criteria (Fig. 1). Among 31
eligible studies, we selected 3 RCTs and 5 retrospective trials
that reported HRs adjusted for various confounding factors (3
case—control and 2 observational studies). Therefore, a total of
eight studies with 420 participants (190 cases treated with RFA
plus stent and 230 controls treated with stent insertion only)
were included in the meta-analysis. The baseline descriptions
of all enrolled studies are listed in Table 1. The most common
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Enrolled for analysis
Search result Eligibility =
n=631 n=31 3RCT5, 5 observationsal
studies with matching

Excluded Exluded
=600 -
Lo e L i T No adjustment of confoundings

irrelevant diagnosis, case series

Fig. 1. Schematic flowchart of study enrollment, including identification, screening, eligibility, exclusion, and analysis inclusion, according to Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines 2009. RCTs, randomized controlled trials.

Table 1. Summarized Study Designs, Outcomes and Adverse Events among the Eight Enrolled Studies

No. of patients Median time (95% CI, mo) 9
Study Study design PR Outcome HR (95% CI) for Adverse events
RFA+S  Stent RFA+S Stent RFA
Sharaiha et al. (2014)"  Retrospective 26 40 Overall 5.9 for both groups (notre- 029 (0.11-0.76)  Abdominal pain
survival ported for each group) 3; Pancreatitis 1;
Cholecystitis 1
Kallis et al. (2015)" Retrospective 23 46 Overall 7.5 4.1 0.66 (0.410-1.063) Hyperamylase-
survival mia 1; Cholangi-
Stent 15.7 10.8 1.186 (0.536- tis 1
patency 2.656)
Hu et al. (2016)° RCT 32 31 Overall 104(80-127) 57.3(48-66) 048(0.27-0.85)"  Bleeding I;
survival Cholangitis 20;
Stent  5(30-71)  39(26-52) 090 (0.52-155)° Cholecystitis7
patency
Wang et al. (2016)" Retrospective 18 18 Overall 6.1 (4.8-15.2) 5.8(4.2-16.5)  0.598 (0.324— Cholangitis 3
survival 1.324)
Stent 5.8 (2.8-11.5) 4.5(24-80) 0.49(0.25-0.93)"
patency
Duttaetal. (2017)  Retrospective 15 16  Overall 7.3 49 0.39(0.17-0.92)  Pancreatitis 1;
survival Cholangitis 1
Yang et al. (2018)’ RCT 32 33 Overall 13.240.6” 82+0.5”  0.182(0.08-0.322)  Cholangitis 2
survival
Stent 6.8(3.6-82) 3.4(24-6.5) N/A?
patency
Bokemeyer et al. Retrospective 20 22 Overall 114 74 0.54 (0.29-0.99)”  Cholangitis 6;
(2019)' survival panceratitis 2;
Intestinal perfo-
ration 19
Kang et al. 021" RCT 24 24 Overall 83(3.9-12.3) 6.0(0.9-11.1) 0.71 (0.38-1.33) Cholangitis 1
survival
Stent 44 (33-55) 39(1.1-59) 0.80(0.45-1.42)
patency

CI, confidence interval; HR, hazard ratio; N/A, not available; RCT, randomized controlled study; RFA, radiofrequency ablation; RFA+S,
radiofrequency ablation plus stent.

“HR calculated from a log-rank p-value and number of event.

YMean survival time+standard error.

9Information not available for estimation of HR.

90ne intestinal perforation with pneumothorax occurred in one study, however, authors commented that it was not related with RFA

procedure, rather than by the scope device.
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tumor site was the extrahepatic bile duct (61.8%, hilar and dis-
tal CCA). Pancreatic cancer, gallbladder cancer, and metastatic
biliary cancer accounted for 33.7%, 2.2%, and 1.2%, respec-
tively. All studies involved ablation with endoscopic retrograde
cholangiopancreatography (ERCP), except for the study by
Wang et al., which used the percutaneous transhepatic route."
For RFA treatment, six of the enrolled studies mentioned
using the same thermal probe (e.g., Habib probe) from the
same manufacturer; however, one study'' used the ELRA™
(EndoLuminal Radiofrequency Ablation; Taewoong Medical,
Seoul, Korea) probe and Hu et al.* did not describe the RFA
devices in detail. Differences were noted in the type of stent
used in each study after RFA. Two RCTs inserted only plastic
stents,”* another study'' inserted self-expandable metallic
stents (SEMSs), whereas all retrospective trials used SEMSs in
most of their cases.” '

The pooled HR for overall survival in the case group treat-
ed with RFA with stent was 0.47 (95% CI, 0.34-0.64; Fig. 2).
A moderate heterogeneity was detected among the included
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studies (I’=44%). Only four articles (two RCTs and two
observational studies) reported stent patency results. The
pooled HR for stent patency was 0.79 (0.57-1.09), with a low
heterogeneity (I’=7%; Fig. 3). All included studies reported
mild-to-moderate adverse reaction profiles among their case
groups.

Abdominal pain (3 cases), pancreatitis and hyperamylase-
mia (3 cases), cholangitis regardless of symptoms (34 cases),
and cholecystitis (8 cases) were reported. All these complica-
tions were treated with antibiotics and conservative therapy,
and no procedure-related mortality was reported. One case
of intestinal perforation with pneumothorax occurred in one
study; however, the authors commented that it was not related
to the RFA procedure but rather to the scope device. No study
demonstrated significant differences in terms of adverse events
between the RFA plus stent group and the stent-only group.
No significant publication bias was noted in the funnel plot for
overall survival (Egger’s test p=0.2869; Fig. 4).

Study Study design ~ HR
Sharaiha et al. (2014)" NRS 0.29
Kallis et al. (2015)" NRS 0.66
Hu etal. (2016)° RCT 0.48
Wang etal. (2016)" NRS 0.60
Dutta etal. (2017)" NRS 0.39
Yang etal. (2018)’ RCT 0.18
Bokemeyer et al. (2019)'° NRS 0.54
Kang etal. (2021)" RCT 0.71
Random effects model 0.47

Heterogeneity:I’=44%, p=0.09

[95% CI] Hazard ratio

[0.1150.76] =

[0.41; 1.06] e[

[0.27;0.85] — e

[0.32;1.32] —=

[0.17;0.92] —

[0.08;032] ——+—

[0.29;0.99] —

[0.38; 1.33] =T

[0.34; 0.64] -
I T T 1
0.1 05 1 2 10

Fig. 2. Pooled hazard ratios (HRs) and corresponding 95% confidence intervals (Cls) of overall survival rates between two groups (endobiliary radiofrequency ab-
lation with stent vs. stent only) among patients with cholangiocarcinoma with malignant biliary obstruction (random-effect model, eight studies with 420 participants).
NRS, non-randomised study; RCT, randomized controlled trial.

Study Study design ~ HR
Kallis et al. (2015)" NRS 1.19
Hu et al. (2016)° RCT 0.90
Wang et al. (2016)" NRS 0.49
Kang et al. (2021)" RCT 0.80
Random effects model 0.79

Heterogeneity:I'=7%, p=0.36

[95% CI] Hazard ratio
[0.54; 2.66] e
[0.52; 1.55] —
(025093 —————
[0.45; 1.42] —
[0.57; 1.09] s
—
05 1 2

Fig. 3. Pooled hazard ratios (HRs) and corresponding 95% confidence intervals (Cls) of stent patency between two groups (endobiliary radiofrequency ablation
with stent vs. stent only) among patients with cholangiocarcinoma with malignant biliary obstruction (random-effect model, four studies with 205 participants). NRS,

non-randomised study; RCT, randomized controlled trial.
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Fig. 4. Funnel plot and Egger’s test for asymmetry for survival outcome anal-
yses of eight enrolled studies. HR, hazard ratio.

DISCUSSION

Although CCA is not a common malignant disease, the
clinical outcomes are poor and the mortality rate is high be-
cause it is usually detected in an advanced stage at diagnosis.
Surgical resection can provide the best curative treatment;
however, most cases are unresectable or are poor candidates
for surgery. Various types, designs, compositions, and sizes of
stents have been developed; however, no survival improve-
ment has been reported, except for the observation that stents
with larger diameters may have a longer patency duration.”
In this context, researchers have introduced many local treat-
ments, including RFA and photodynamic therapy for MBO
for the palliative treatment of advanced CCA.

RFA is a locoregional cancer treatment that delivers ther-
mal energy generated by high-frequency alternating electrical
current; however, it causes burn injuries that lead to protein
denaturation, cell desiccation, and coagulative necrosis.” Two
types of thin probe catheters have been introduced for endo-
biliary RFA treatment through ERCP scope channels: Habib
EndoHPB (EMcision Ltd., London, UK; Boston Scientific,
Marlborough, MA, USA) and ELRA™ (Taewoong Medical).
Since the first human study that reported successful decom-
pression of bile duct obstruction,” this therapy has been
considered a palliative treatment for unresectable cases with
MBO. However, some studies during the last decade reported
that this challenging therapy enhanced not only the patency of
the biliary tract but also the survival times of patients. These
promising data suggest that sustained bile duct patency could
prolong survival in patients with MBO. We investigated the
clinical outcomes of local ablative treatment for MBO by per-
forming a meta-analysis of eight clinical studies. We observed
a survival benefit among patients who were treated with RFA
with stent insertion compared with the stent-only group.

104

The mechanism of the survival benefit of this local ablation
treatment may be explained by its ability to relieve biliary ob-
struction and prevent recurrent cholangitis, the leading cause
of mortality. However, we found two interesting features from
the enrolled articles. First, the results of Kallis et al. showed
that stent patency was better in the stent-only group than in
the RFA with stent group; however, the overall survival rate
of the RFA with stent group was superior to that of the other
group.” Sharaiha et al. found a survival improvement after
adjustment for confounding factors, including stricture im-
provement."” Although data supporting this phenomenon are
insufficient, these results suggest that mechanisms other than
stent patency improve survival outcomes. Other research data
in various solid tumor treatments support this hypothesis.
Hansler et al. reported on the tumor-specific cytolytic activity
of CD8(+) T cells after RFA therapy in patients with hepato-
cellular carcinoma and colorectal liver metastasis, suggesting
that RFA may play a role through indirect anti-tumor effects.”
den Brok et al. found that in situ tumor destruction provided a
useful antigen source for the induction of antitumor immuni-
ty. 23

In terms of adverse events, we confirmed no serious periop-
erative or postoperative complications in our enrolled studies,
except for mild-to-moderate cholangitis, pancreatitis, and a
few cases of cholecystitis, all of which were medically treated.
Nevertheless, there have been a few reports of critical adverse
events in other retrospective studies. Tal et al. reported two
deaths due to hemobilia, and thereby suggested insertion of
SEMSs after RFA instead of plastic stents.”* Roque et al. em-
phasized that a 1-min delay in removing the probe after RFA
ablation to prevent tissue adhesion caused by heated electrodes
might be a cause of tissue or vascular injury, possibly leading
to hemobilia during withdrawal,” citing the study method
described by Dolak et al.”® One rare case of liver infarction
after treatment, which was conservatively managed, was also
reported.” The authors recommended performing more care-
ful preprocedural imaging analysis to avoid vascular or biliary
injury.”

Few studies with higher evidence levels and that explored
the relationship between RFA treatment and survival im-
provement in patients with CCA are available. The number of
studies included in our systematic review was very small: the
pooled analysis for overall survival was performed using eight
studies (three RCTs and five observational studies), and stent
patency was reported in only four of these studies. Moreover,
all our enrolled studies included a considerable number of
patients with pancreatic cancer and gallbladder cancer with
biliary invasion, although the proportions were not high. The
survival benefit should be compared in different ways because



different primary cancer sites would cause different clinical
outcomes. However, we could not compare the pooled HRs
because the original studies did not report the data for each
subgroup. In this regard, further studies with subgroup analy-
sis in terms of different primary cancer origins are warranted
in the future.

Despite these limitations, our systematic review with me-
ta-analysis, of three RCTs and five retrospective studies with
control for confounding factors, demonstrates that endobili-
ary RFA treatment confers a survival benefit to patients with
MBO caused by unresectable CCA or pancreatic cancer. More
well-designed studies are warranted to elucidate the mecha-
nism of these beneficial effects and to compare the outcomes
in various individual primary cancers.
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APPENDICES

Appendix 1. Search key words.
Appendix 2. Quality assessment of risk of bias among the
included studies (Tables 1, 2).

MEDLINE

(radiofrequency ablation OR (radiofrequency OR ablation))
AND (cholangiocarcinoma OR ((bile duct OR biliary) AND
(cancer OR tumor OR malignancy)) OR (malignant biliary
obstruction OR cholestasis))

EMBASE

*survival; *patient; *human; *bile duct carcinoma; *radiof-
requency ablation; therapy; diagnosis; chemoradiotherapy;
Kaplan—Meier method; endoscopic retrograde cholangiopan-
creatography; overall survival; surgery; medical record review;
tissue necrosis; randomized controlled trial; retrospective
study; survival rate; procedures; biliary stent; distant metasta-
sis; classification; hospital patient; hepatobiliary system

Cochrane Library
“radiofrequency ablation” in Title Abstract Keyword AND
cholangiocarcinoma in Title Abstract Keyword

Table 1. Quality Assessment Using the Cochrane Risk of Bias Tool for Randomized Controlled Trials

. T g Incom-
Random  Allocation Bhn.dfng of Blinding ks Selective Other sourc-
Study sequence conceal- participants  of outcome . . Overall
. outcome reporting es of bias
generation ment and personnel assessment data
Hu et al. (2016)° Low Unclear Unclear Unclear Low Unclear Unclear Unclear
Yang et al. (2018)’ Low Low Low Low Low Low Low Low
Kang et al. (2021)" Low Low Low Low Low Low Low Low
Table 2. Quality Assessment Using Risk of Bias in Nonrandomized Studies of Interventions (ROBINS-I) for Nonrandomized Studies
Bias in Bias due o Biasin  Biasin
Bias due to . Biasinmea-  departures  Biasdue .
selection of . . . measure-  selection of
Study confound- .. surement of fromintend- to missing Overall
. participants . . mentof the reported
ing interventions ed interven- data
for the study . outcomes result
tions

Sharaiha et al. (2014)" Moderate” Low Low Low Low Low Low Moderate
Kallis et al. (2015)" Moderate” Low Low Low Low Low Low Moderate
Wang et al. (2016)" Moderate? Low Low Low Low Low Low Moderate
Dutta et al. (2017)" Moderate” Low Low Low Low Low Low Moderate
Bokemeyer et al. (2019)'° Moderate® Low Low Low Low Low Low Moderate

“Matched for age, diagnosis, performance status, and palliative chemotherapy, and adjusted for age, chemotherapy, and stricture improve-

ment.

®Matched for age, sex, comorbidity, American Society of Anesthesiologists category, and presence of metastasis.
9Matched for tumor type, location of obstruction, tumor stage, and Child-Pugh class status.

“Matched for age, sex, disease type, and disease stage, and adjusted for age, tumor site, tumor type, stent type (covered or uncovered), dis-

ease stage, and oncological treatment.

“Similar distributions between groups in terms of age, extent of disease, use of endoprostheses, and application of systemic palliative che-

motherapy.
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