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Abstract

Background: Malignant biliary obstruction was typically diagnosed at an advanced stage due to painless jaundice. Stent
placement is the therapy of choice in this set of patients. Radiofrequency ablation is an ablative therapy which has been well
recognized for treating malignant biliary strictures. This meta-analysis aims to help to better understand the safety and
efficacy of biliary Radiofrequency ablation combined with stent placement.

Methods: Five databases (PubMed, Embase, Cochrane Central Register of Controlled Trials, Web of Science, and China
National Knowledge Infrastructure) were searched for randomized controlled trials and observational studies up to April
2020.

Results: The mean difference in survival time was 54.87 days (95% confidence interval C/, 34.6-75.14), meaning patients
performed with radiofrequency ablation benefit more. Reconstructed Kaplan-Meier data showed improved survival in joint
intervention with RFA (hazard ratio, 1.39; 95%C/, 1.34-1.75; P < .001). However, no survival benefit was observed in the
extrahepatic distal cholangiocarcinoma. With regard to patency time, the mean difference was 42.88 days (95%C/, 34.02-
51.37). Reconstructed Kaplan-Meier data showed improved survival in the radiofrequency ablation treated group (hazard
ratio, 1.629; 95%Cl, 1.35-1.96; P < .001). Concerning postoperative complications such as abdominal pain, cholangitis and
pancreatitis, our analysis did not show a significant difference between the radiofrequency ablation treatment group and the
controls.

Conclusion: Radiofrequency ablation plus stent resulted in improved survival and stent patency, with longer median survival
and patency time than stent alone.

Background

Malignant biliary obstruction (MBO) means stenosis and blockage of the bile ducts in the biliary tree, generally caused by
local invasion or compression of the extrahepatic biliary tract by advanced stage cholangiocarcinoma, pancreatic
adenocarcinoma gallbladder cancer, and metastatic tumors!'l. MBO is seriously influencing the quality of life and survival
time. Typically, at the time of diagnosis, most patients with MBO are at the advanced stage, only 20% are suitable for
curative surgery. [2-4]. Biliary drainage is the therapy of choice in this set of patients, the most highly recommended is the
placement of self-expanding metal stents(SEMS)[5]. SEMS is recommended if their life expectancy is at least 3 months.
However, stent placement only provides palliation for a limited duration and has no therapeutic effect on tumors. More
recently, Radiofrequency ablation (RFA) has been well recognized for treating malignant biliary strictures [6-8]. Although most
published studies have shown that the combination of RFA and stent placement can improve survival and stent patency
time[9], recent research results suggest the combination has no clinical benefit concerning survival time[10]. Therefore, the
goal of this systematic review and meta-analysis is to confirm the benefit of RFA combined with biliary stent placement in
providing increased survival time and patency time in patient with malignant biliary obstruction.

Methods

In accordance with the guidelines of Preferred Reporting ltems for Systematic Reviews and Meta-Analyses and Meta-
Analysis of Observational Studies in Epidemiology[11, 12], We performed this systematic review and meta-analysis. This
systematic review and meta-analysis has been registered at International Prospective Register of Systematic
Reviews(number CRD42020169605)

1. Search Strategy

The search was formulated in PubMed, Embase, Cochrane Central Register of Controlled Trials, Web of Science, and China
National Knowledge Infrastructure using the same subject headings and key words. Search terms included (Radiofrequency
Ablation OR Ablation Radio-Frequency OR Radio Frequency Ablation) AND (malignant biliary obstruction OR malignant bile
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duct obstruction OR malignant extrahepatic biliary obstruction OR obstructive jaundice OR Malignant hilar strictures) AND
(stent). Title and abstract were reviewed for all search results, and potentially eligible studies were received a full-text review.
Finally, the reference lists of the included studies and literature reviews found in the initial search were manually screened for
additional articles meeting the inclusion criteria. All results were downloaded into EndNote X9 and duplicate citations were
identified and removed, this procedure was conducted by 2 reviewers independently (Chen and Zhu).

2.Inclusion Criteria

The inclusion criteria for clinical articles were (1) publications dates 2010 to April 2020; (2) Published articles in English or
Chinese, including thesis and conference literature; (3) Prospective, retrospective studies or random clinical trials comparing
the clinical outcomes in biliary stent placement with or without RFA therapy were included, all patients included in the study
were inoperable (4) at least including one of patency rate or survival rate; (5) full text of studies available.

3.Exclusion Criteria

The exclusion criteria were (1) failure to report statistics on the survival or stent patency time (2) duplicate publications, case
reports, and letters were also excluded; (3) the same study of the same author, we selected the latest oneji4EThe research
included primary tumors that can be treated with surgery.

4.Data Extraction and Assessment of Study Quality

Two researchers independently conducted data extraction and analysis using a predetermined data sheet. The relevant
information included the following: type of study, country, published date, patient demographics and clinical characteristics,
methods of stent implantation, type of stents, etiology, and complications. Two reviewers independently assessed the
eligibility and validity of each study by using the Cochrane tool for assessing risk of bias in randomized controlled trials
(RCTs) and the Newcastle-Ottawa scale in observational studies. The Newcastle-Ottawa scale measured quality in the three
parameters of selection, comparability, and exposure/outcome and allocated a maximum of 4, 2, and 3 points respectively.
High quality studies were scored greater than 7, while those scored under 5 represented low-quality studies and score 5 ~ 7
were moderate quality studies. The Cochrane review recommended for the inclusion of research bias risk assessment tools
consisting of two partial tools, six specific domains, including sequence generation, allocation concealment, blinding,
incomplete data outcomes, selective outcome reporting and evaluation of other topics, based on these 6 dimensions. We
conducted research bias detection on included articles. The Grading of Recommendations, Assessment, Development and
Evaluation framework were used in this systematic review and meta-analysis. Each study was independently assessed by 2
authors, and any disagreement was to be discussed with a third reviewer and resolved in consensus.

5.Study Outcome

The primary outcome of this study was to evaluate the overall survival time and patency time. Secondary aims included
assessing adverse events of the combination with the RFA. Different types of stent implantation, stents and malignancy
were also analyzed.

6.Statistical Analysis

We used software Engauge Digitizer (version 12.0) to extract information in the coordinates of the Kaplan-Meier curves from
each included graph, the survival analysis data points were extracted simultaneously. All the extracted information was
exported into Microsoft Excel 2019, the survival data information was analyzed and extracted again, which imported into the
software SPSS (version 22) to obtain the HR (Hazard Ratio), median survival time, median patency time, P value and
cumulative survival curves that compared with the original text. The extracted information was considered valuable when the
difference was less than 5% between the original and the extracted.
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Cochrane £ and ? statistics were used to estimate statistical heterogeneity, P< .05 and £ > 50% were defined to be high
heterogeneous. Random-effects models were used when the /?value was >50%, otherwise, fixed-effects models were
chosen. Statistical significance was defined at the 5% (P =.05) level. Inverse variance method was used in analyzing
subgroups. Odds ratios (OR) was calculated in 95% confidence intervals (C/s) by using raw data when analyzing
complications. Egger linear regression was conducted to define publication bias. All statistical analysis was performed by
the software STATAlversion 14.00and RevMan (version 4.2.10).

Results

1.Study Selection and Characteristics

The initial literature search obtained 682 total studies. After removal of 287 duplicates, the rest articles were screened based
on inclusion and exclusion criteria. Full texts of 376 unique studies were evaluated and assessed for eligibility. Ultimately
sixteen articles[10, 13-27] were selected for our meta-analysis, including thirteen observational studies[13-19, 21-25, 27] and
three RCTs(Randomized Controlled Trials) studies[10, 20, 26]. The search strategy is presented in Figure.1.

A total of 953 patients were included in this meta-analysis, 447 patients were performed RFA combined stent placement
compared with 506 controls only given stent placement. Among those studies, eight studies[10, 14, 16, 17, 20, 24-26] via
ERCP (Endoscopic retrograde Cholangiopancreatography), seven studies[13, 15, 18, 19, 21, 22, 27] used percutaneous
transhepatic cholangiography (PTC) to implant stent, ERCP and PTC were mixed used in one research[23]. Types of biliary
stents were mentioned in 15 of 16 studies. Metal biliary stents placement were performed in 12 studies[10, 13-16, 19-21, 23-
25, 27], among those studies, uncovered self-expanding metallic stents (USEMS) were used in 8 studies[10, 13-15, 18, 19, 24,
27], USEMS and covered self-expanding metallic stents (SEMS) were mixed performed in 3 studies[21, 23, 25]. Plastic stents
were chosen in 2 studies[20, 26], both of them were RCTs. Metal and plastic stents were mixed used in 2 studies[16, 22]. The
details of selected process were presented in Table.1.

Table 1: study characteristics
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Author

Year
country

RCT

Num

Age
(Mean % SD)

RFA

Control

Male

Etiology

Method

Stent

Prior bilirubin
(mean+SD) pmol/L

RFA

Control

Liang
2015
China

NO

76

67.5+2.1

63.1+ 1.6

22:26

Extrahepatic

PTC/ERCP SEMS/USEMS

198.4+23.4

212.9+18.9

Li, T. F.
2015
CHINA

NO

26

53*

60*

7:8

Mixed

PTC

USEMS

287.2+
123.5

254.2+
108.5

Kallis, Y.
2015 UK

NO

69

68.9+ 9.0

69.8+ 9.9

12:24

Pancreatic
Cancer

ERCP

USEMS

244.1+48.4

203.9+149.9

Hu
2016
China

YES

63

71.9+11.5

71.0+10.7

NA

Extrahepatic

ERCP

Plastic

153.8+107.8

174.5+£156.2

Wang
2016
China

NO

36

56. 6
+12.0

58.3
+10.7

14:12

Extrahepatic
MBO

PTC

USEMS

93.1+£32.4

99.2+38.6

Kadayifci,
A
2016 USA

NO

50

65.4+13.1

62.4+11.7

8:14

Mixed

ERCP

USEMS

Sampath
K
2016 USA

NO

25

73.3%

67.3*

6:9

Hilar CCA

ERCP

Plastic/Metal

Dutta, A.
K.
2017 UK

NO

31

78%

76*

7:8

Mixed

ERCP

USEMS/p-
SEMS

Ma
2017
China

NO

80

58.1+12.6

55.1+12.2

26:27

Mixed

PTC

USEMS

253.7+76.1

246.2+77.2

Wu
2017
China

NO

71

59.2+7.5

56.5+8.75

26:25

Distal MBO

PTC

SEMS/USEMS

246.7+120.1

Yang
2018
China

YES

55

62+7.7

64.5+3.4

15:18

Extrahepatic
MBO

ERCP

Plastic

266.8+88.5

245.9+76.2

Teoh, A.
Y.
2018 HK,
China

YES

47

67.2+11.9

77.2+£10.9

15:12

Distal MBO

ERCP

USEMS

Bokemeye
A
2019
Germany

NO

42

68+2.0

66

Hilar MBO

PTC

Plastic/ SEMS

Cui W
2019
China

NO

163

Mixed

PTC

USEMS

Buerlein
R
2019 USA

NO

49

Hilar MBO

ERCP

218.88*

123.12*

Yu, T.
2020
CHINA

70

64.5%

64*

15:25

Mixed

PTC

USEMS

247.7+90.9

241.6x81.3

*mean the median. RCT, Randomized Controlled Trials. RFA, Radiofrequency ablation combined with stent placement. Control, only

stent placement. CCA, Cholangiocarcinoma. MBO: malignant biliary obstruction. Mixed, the etiology includes more than 2 tumor

types. PTC, percutaneous transhepatic cholangial drainage. ERCP, Endoscopic retrograde cholangiopancreatography. SEMS: self-

expanding metal stents. USEMS, uncovered SEMS. p- SEMS, partially covered SEMS

2.Methodologic Quality and Risk of Bias Assessment

Seven observational studies[14, 15, 19, 22-25] were of high quality and six[13, 16-18, 20, 27] were judged as moderate quality
in Newcastle-Ottawa Scale assessment. In three RCTs: two studies[10, 20] could not be assessed bias risk for no mention of
experimental methodology, one study[26] was confined as low risk by the Cochrane tool. The overall heterogeneity was P =

.12 and 2 = 32% and considered to be low. Egger's test showed P =.166, meaning there's no public bias. Risk of bias

assessment was provided in Figure.2.

3.Baseline Characteristics for Patients
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The baseline characteristics and patient demographics were showed in Table 2. There was no statistical significance
between the RFA-treated and stent alone group in gender proportion, age, adjuvant chemotherapy or radiotherapy, types of
stent, preoperative bilirubin level and primary stenosis length.

Table 20baseline characteristics in RFA + Stent group and Stent alone

RFA+ Stent Stent P value

Gender (male%) 59.43 57.8 .61
Age(y) 64.58+10.7263.75+10.74 .73
Chemotherapy (%) 44.30 47.25 0.32
Cholangiocarcinoma%! 72.56 69.69 0.45
Metastases (%) 36.97 38.89 .75
Metal stent (%) 55.80 60.97 .14
Uncovered Stent (%) 87.5 87.12 .87
Complications .75
Abdominal pain (%) 43.83 47.42 .70

Pancreatitis (%) 4.94 1.86 .34

Cholangitis (%) 29.01 29.81 .36
Pro-Bilirubin(pmol/L) 241.57 23560 gg

+79.0 +83.3

Initial stenosis length(cm) 3.48 3.45 .58

4.Survival Analysis

The pooled median survival time was significantly longer in the intervention groups with RFA (255 days, 95% CI, 237-272)
compared with control groups (178 days, 95% C/168-188, P<0.01). The reconstructed Kaplan-Meier analyses showed
improved survival in the intervention groups with RFA (hazard ratio, 1.53; 95% Cl, 1.34-1.75, P<.001) (Figure.3). The mean
difference between the RFA-treated group and the controls was 54.87 days (95% C/,34.6-75.14, P<.001), favoring patients
receiving RFA.

The median time of RFA-treated groups intervened by ERCP was 292 days (95% Cl,248-336)lexhibiting a prolonged survival
than PTC groups (213 days, 95% Cl,189-237, P<.001). The reconstructed Kaplan-Meier analyses showed improved survival in
the intervention groups with ERCP groups (HR= 1.39; 95% Cl, 1.15-1.7). Subgroup analysis revealed the mean difference of
the ERCP groups was 87.15 days (95% Cl,37.2-137.28, P<.001, Cochran Qtest ? =35%, P=.17), the PTC groups was 43.14
days (95% Cl,18.73-67.55, P<.001 Cochran Qtest 2 =49%, P =.08), but there was no significant difference between the two
groups, P=0.12. (Figure 4). Since most of the included studies cause MBO as extrahepatic factors, another subgroup
analysis was grouped according to different extrahepatic obstruction sites. The result showed that the survival benefit of the
hilar cholangiocarcinoma was 129.84 days (95%Cl: 59.76-199.92, p<.001), however, there was no survival benefit observed in
the distal cholangiocarcinoma group(p=.53) Figure 5.
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5.Stent patency

In the studies mentioning stent patency time, the overall heterogeneity was low (Cochran Qtest # =43.0%, P=.12), and there
was no publication bias in the Egger's (P =.9).

Overall patency time was 216 days (95% C/, 197-235) in the RFA groups compared to 156 days (95% C/, 144-168; P< .001) in
the controls, showing a great improvement in the RFA combining with stent implantation. The pooled overall patency time
from reconstructed Kaplan-Meier analyses showed improved time in patients receiving RFA compared with patients
undergoing biliary stent placement alone (hazard ratio, 1.63; 95% C/, 1.35-1.96, P<.001) (Figure.6). The mean difference of
patency time between the RFA and control groups was 42.88 days (95% C/34.02-51.37).

Subgroup analysis was conducted based on the approaches of stent implantation and etiology. Among the subgroup of
procedures used for biliary drainage, the mean difference in the PTC was 54.81 days (95% Cl 39.89-69.73, P<.001,

Cochran Qtest P =0%, P=.42). In the ERCP group, the mean difference was 39.88 days (95% Cl 21.51-58.24/p<.001, Cochran
Q test # =16%, P =.30). There was no statistical difference between the two groups (P =.22)lFigure 7H. Another subgroup
analysis was based on different types of stents. The overall benefit of patency time in the uncovered SEMS was 53.81 days
(95% C/39.76-67.87, P<.001, Cochran Qtest # = 0) was longer than that of the plastic stent group 33.00 days (P=.03).

We divided the studies into 3 groups according to the different etiology of MBO. The three groups were the
Cholangiocarcinoma studies, the pancreatic cancer studies, and the mixed studies (Figure 8). Subgroup analysis showed the
mean difference of pure- Cholangiocarcinoma groups was 51.09 days (95% Cl,24.53-77.66, Cochran Q test P=62%, P =.05),
the pure pancreatic cancer groups were 90.16 days (95% Cl,43.19-137.12, Cochran Qtest 2=10%, P =.33), the group of the
mixed etiology of MBO was 51.77 days (95% C/35.66-67.87, Cochran Qtest P=0%, P=.72).

6.Adverse Events

Total procedure-related complications referred from each study included abdominal pain, cholecystitis, pancreatitis and
hemobilia[20, 23, 28-31]labdominal pain was the most common complications(range from 10%~77.14%), but it did not
reach statistical significance between RFA+ stent group and stent alone group(P =.75), the same with the acute cholecystitis
(P=.36) and pancreatitis(P =.34). All postoperative pancreatitis only existed in the ERCP-related groups. Cholangitis existed
in ERCP group and PTC group.

Discussion

Radiofrequency ablation is a minimally invasive treatment technology for solid tumors developed in recent years, mainly
based on that tumor cells are less resistant to heat than normal cells [32-35]. By raising the effective local temperature to 90-
120°C, RFA could heat the tumor area, resulting in coagulation, degeneration and necrosis, therefore, it can reduce tumor
burden and the risk of stent restenosis. Many experiments in vivo and in vitro proved its effectiveness and safety [28, 36-38].
For malignant biliary obstruction, biliary stent implantation is performed to relieve clinical symptoms and reduce
complications such as cholangitis or pain. Recent studies have shown that the combined use of RFA and stent has no
clinical benefit, contrary to the previous experience[10], hence, we conducted this update meta-analysis.

Our meta-analysis reported that radiofrequency ablation combined with stent implantation can obtain survival benefits. The
survival benefit of RFA is mainly related to its ability to cause necrosis of the local tumor issue, cut off the blood supply of
the tumor, reduce tumor burden, and stimulate the body's immune response to the tumor, prevent the spread of malignant
tumors to the bile duct tree, and control disease progression. One of the main factors affecting survival is etiology.
Traditionally, MBO can be divided into intrahepatic MBO and extrahepatic MBO according to different obstructive sites.
Patients with extrahepatic MBO had generally a better outcome if compared to patients with intrahepatic MBO. The etiology
of MBO in the literature we included mainly included hilar cholangiocarcinoma, pancreatic cancer, ampullary cancer, and
gallbladder cancer. Extra-hepatic malignancies were the main etiology of the included studies. Intrahepatic MBO, such as
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hepatocellular carcinoma, occupied only a small part of the etiology in two included studies[14, 15], and at the same time,
there is no research solely based on intrahepatic MBO. Therefore, we cannot compare the efficacy of radiofrequency ablation
in MBO intrahepatic and extrahepatic malignant obstruction. We further chose to discuss the survival benefits based on the
location of extrahepatic MBO such as hilar cholangiocarcinoma and distal cholangiocarcinoma. Results showed the hilar
cholangiocarcinoma group benefited from RFA combined with stents, while the distal cholangiocarcinoma group showed no
survival benefit. The reason may be that in patients with advanced distal cholangiocarcinoma who were inoperable, the local
tumor volume reduction caused by RFA was not enough to prevent the in-stent restenosis and improve the survival rate. At
the same time, Wu et al. analyzed the functional status and quality of life of the patients. The results suggested that only
patients in good condition, without cachexia, and patients with an expected life span of more than 6 months could obtain
significant benefits from RFA[21]. Meanwhile patients with inoperable distal cholangiocarcinoma often have lymph nodes
and distant metastases, and these two usually indicate a poorer prognosis and shorter life span [39, 40]. Therefore, for
advanced distal cholangiocarcinoma, RFA may not have survival benéefit.

When referring to methods of stent implantation such as ERCP and PTC, both procedures of operation had definite clinical
benefits. Due to the different types of malignancy and obstruction sites, ERCP and PTC have their scope of application.
ERCP was recommended for malignant extrahepatic biliary obstruction and Bismuth types | and Il in malignant hilar
strictures. The overall mean difference of the ERCP group is greater than that of the PTC group, but there is no statistically
significant difference. It is worth noting that the plastic stents were all implanted through ERCP, plastic stents are usually
used for short life expectancy patients, this may have an impact on the experimental results. And most studies did not adjust
the implantation method according to the obstruction site. In general, ERCP seems to have better clinical benefit, but the
long-term efficacy of the two needs to be further studied.

The improved stent patency caused by RFA can also be observed. Total patency time of the RFA-treated group was longer
than the controls, the total mean difference was 42.88 days. RFA can reduce tumor thickness, slow the growth of cancer, and
reduce the risk of stenosis. The enlarged bile duct resulting from RFA enhanced the drainage effect of the stent, causing an
increase in patency time and an improvement in the quality of life. Different types of stents influence on patency time, our
study confirmed that the patency time of uncovered SEMS was better than that of plastic stents, which was consistent with
previous experience[41]. However, only a small amount of covered and partially covered SEMS was used in some of the
included studies[23, 25], so we cannot compare the patency time of these two types of stents. Subgroup analysis shows that
the PTC groups showed better stent patency, this is inconsistent with the overall survival time results, which may be related
to the small number of studies included in the ERCP group, and the use of plastic stents also had an impact on the results. In
some observational studies, the median patency time of the pancreatic cancer subgroup was higher than the overall[14].
Subgroup analysis based on specific tumor types showed that the pancreatic cancer subgroup had the largest mean
difference, and the cholangiocarcinoma subgroup had the least. There was no statistical difference between the three groups
P=.24. When only pancreatic cancer and cholangiocarcinoma subgroups were compared, the results suggest that there was
a statistical difference between the two (P =.03), meaning that patients with pancreatic cancer combined with RFA indeed
had a higher patency time, This may be related to the lower site of obstruction caused by pancreatic cancer and low rate of
restenosis.

Our meta-analysis revealed the combination of RFA therapy and stent implantation was superior to the stent drainage in the
overall survival and patency time, and we found first that distal cholangiocarcinoma did not benefit from additional RFA. In
terms of postoperative complications, there was no difference between the experimental group and the control group in all
studies. Overall, common complications were postoperative abdominal pain, pancreatitis, and cholangitis. In the study of a
high incidence of abdominal pain, the medication of analgesic was effective, and abdominal pain may be a transient
reaction after the RFA. In the operation of RFA, most of the research used the Habib™ EndoHPB catheter, only one study used
Habib™ VesOpen catheter, Habib™ VesOpen catheters were considered to be safer and with fewer complications[15]. Given
only one study based on the Habib™ VesOpen catheter, we could not compare the effectiveness and safety between them. In
general, RFA is safe and does not improve related complications.
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Our meta-analysis has low heterogeneity and included as many studies as possible, confirming that RFA combined with
stent implantation had overall survival benefits, except for the extra-hepatic distal cholangiocarcinoma. But our research also
has some shortcomings. Firstly, this analysis is mainly composed of observational studies and a lack of high-quality
randomized controlled studies. Secondly, we did analyze the clinical effects of different stents such as uncovered SEMS and
plastic stents, for covered and partially covered SEMS, we were unable to compare the efficacy of the two because the
number of covered and partially covered SEMS was small in the included literature and there was no specific patency time
description. More clinical data are needed to discuss the advantages between them in the mid-to-long term patency time.
Finally, given the few reports on intrahepatic MBO in the included studies, we were unable to compare the benefits of RFA in
such patients, and more clinical data are needed in the future.

Conclusion

This systematic review and meta-analysis showed that radiofrequency ablation plus stent placement resulted in increased
survival and stent patency than stent placement alone, with longer median survival and patency time.
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Figure 3

Kaplan-Meier analysis of total survival time between radiofrequency ablation treatment and control groups. Hazard Ratio
=1.39, P<.001.
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Figure 4

Forest plot to compare survival based on the types of procedures.
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Figure 5

Forest plot to compare survival based on the location of extrahepatic Malignant Biliary Obstruction.
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Figure 6

Kaplan-Meier analysis of total patency time between radiofrequency ablation treatment and control groups. Hazard Ratio
=1.629, P<.001.
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Forest plot to compare stent patency based on the types of procedures.
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Figure 8

Forest plot to compare stent patency based on the different tumors.
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