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Abstract

BACKGROUND

Malignant obstructive jaundice (MOYJ) is a common pathologic manifestation of
malignant biliary obstruction. Recently, several clinical trials have explored the
clinical effectiveness of intraluminal*l seed-based brachytherapy for MO]J
patients, and various outcomes have been reported.

AIM
To assess the efficacy and safety of percutaneous biliary stents with *I seeds
compared to conventional metal stents in patients with unresectable MOJ.

METHODS

A systematic search of English-language databases (PubMed, Embase, Cochrane
Library, and Web of Science) was performed to identify studies published prior to
June 2020 that compared stents with or without I seeds in the treatment of
unresectable MOJ. The outcomes analyzed included primary outcomes (stent
patency and overall survival) and secondary outcomes (complications and liver
function parameters).

RESULTS

Six randomized controlled trials and four retrospective studies involving 875
patients were eligible for the analysis. Of the 875 included patients, 404 were
treated with I seed stents, while 471 were treated with conventional stents.
Unadjusted pooled analysis demonstrated that compared to conventional stents,
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] seed stents extended the stent patency time [hazard ratio (HR) = 0.36, 95%
confidence interval (CI) = 0.28-0.45, P < 0.0001] and overall survival period (HR =
0.52, 95%CI = 0.42-0.64, P < 0.00001). Subgroup analyses based on the type of **I
seed stent and type of study design showed consistent results. However, there
were no significant differences in the occurrence of total complications [odds ratio
(OR) =1.12,95%CI = 0.75-1.67, P = 0.57], hemobilia (OR =1.02, 95%CI = 0.45-2.3, P
= (0.96), pancreatitis (OR = 1.79, 95%CI = 0.42-7.53, P = 0.43), cholangitis (OR =
1.13, 95%CI = 0.60-2.13, P = 0.71), or pain (OR = 0.67, 95%CI = 0.22-2, P = 0.47). In
addition, there were no reductions in the levels of serum indices, including total
bilirubin [mean difference (MD) = 10.96, 95%CI = -3.56-25.49, P = 0.14], direct
bilirubin (MD = 7.37, 95%CI = -9.76-24.5, P = 0.4), alanine aminotransferase (MD =
7.52,95%CI = -0.71-15.74, P = 0.07), and aspartate aminotransferase (MD = -4.77,
95%ClI = -19.98-10.44, P = 0.54), after treatment. Publication bias was detected
regarding the outcome overall survival; however, the conclusions were not
changed after the adjustment.

CONCLUSION

Placement of stents combined with brachytherapy using '*I seeds contributes to a
longer stent patency and higher overall survival than placement of conventional
stents without extra complications or severe liver damage. Thus, it can be
considered an effective and safe treatment for unresectable MOJ.

Key Words: Malignant obstructive jaundice; Brachytherapy; '*I seed; Patency; Survival,
Meta-analysis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In recent years, the incidence of malignant obstructive jaundice (MQOJ) in
Asia has been 40 times higher than that in the Western world, which is a vital issue that
requires significant attention. Irradiation stents using '*’I seeds have been widely
applied in the treatment of unresectable MOJ. However, more convincing evidence-
based reviews of the efficacy and safety of '*I seed stents are needed. We used the
latest data to further validate the superiority of '*’I seed stents, providing strong
evidence for clinicians to make correct decisions in clinical practice. Furthermore, we
found that '*°I seed stents resulted in equivalent complication and serum index
outcomes as conventional stents, indicating that '*’I seed stents are safe and well
tolerated.

Citation: Chen WY, Kong CL, Meng MM, Chen WQ, Zheng LY, Mao JT, Fang SJ, Chen L,
Shu GF, Yang Y, Weng QY, Chen MJ, Xu M, Ji JS. Percutaneous biliary stent combined with
brachytherapy using '*I seeds for treatment of unresectable malignant obstructive jaundice: A
meta-analysis. World J Clin Cases 2021; 9(35): 10979-10993

URL: https://www.wjgnet.com/2307-8960/full/v9/i35/10979.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i35.10979

INTRODUCTION

Malignant obstructive jaundice (MOJ) is a common pathologic manifestation of
malignant biliary obstruction caused by various adenocarcinomas[1]. Since the disease
process is insidious but develops rapidly, only a minority of MOJ patients (< 20%) are
suitable for radical operation, leading to a poor overall prognosis[2]. For patients with
unresectable MOJ or those who are unwilling to undergo surgery, biliary stent
implantation is a mainstay to relieve the biliary obstruction and clinical symptoms
caused by progressive neoplasms[3]. Nevertheless, the stent itself has no effect on
tumor suppression. The ingrowth or overgrowth of tumors, biliary epithelial cell
proliferation, and biliary sludge formation often cause restenosis[4,5]. Thus, extra
antitumor therapies are needed to improve the prognosis of patients with unresectable
MOJ[6-8].
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Intraluminal iodine-125 (**I) seed brachytherapy, due to its antitumor growth
function and specificity for destroying target tumors, has been widely applied in local
tumor treatment[9-12]. Several studies have demonstrated that intraluminal I seed-
based brachytherapy has excellent therapeutic effects in the treatment of unresectable
MOQ]J[13-15]. However, most studies are single-center or retrospective with relatively
small sample sizes, and the number of randomized controlled trials (RCTs) is still
limited.

To provide more convincing clinical evidence, we conducted a meta-analysis to
accurately assess the efficacy and safety of percutaneous biliary stents with '*I seeds
compared with conventional stents in patients with unresectable MOJ.

MATERIALS AND METHODS

This meta-analysis was conducted according to the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines[16]. Institutional review
board approval was not required for this analysis.

Search strategy and selection criteria

The following electronic databases were searched: PubMed, Embase, Cochrane
Library, and Web of Science (before June 2020). The ClinicalTrials.gov website was
also searched for randomized trials that were registered as completed but not yet
published. Search terms such as “**I seed,” “brachytherapy,” “biliary stent,”
“malignant obstructive jaundice,” and “malignant biliary obstruction” were included.
The detailed search strategy is listed in Supplementary Table 1. In addition, the
reference lists of identified studies were screened manually to include other
potentially eligible trials. The following inclusion criteria were applied: (1) Studies
involving adult patients (aged 18-90 years) with a confirmed diagnosis of MOJ; (2)
studies comparing percutaneous biliary stent placement with the placement of I
seeds and conventional metal stents; and (3) studies published in English. The
following exclusion criteria were applied: (1) Abstracts without full texts; (2) studies
registered but not completed; (3) studies that included patients whose data was
published in multiple papers; and (4) studies with a sample size smaller than 20.

Each study (title and abstract) identified through the search strategy was screened
for potential relevance by two authors (Chen WY and Kong CL). The full articles of
studies chosen as being relevant were reviewed by the same authors for final
inclusion. Differences of opinions were resolved by consensus.

Data extraction

The following data were independently extracted by two authors: Trial information
(first author, year of publication, country, design, period of enrollment, intervention,
number of included patients, and stent manufacturer and type), baseline patient
characteristics (age, sex, causes of MOJ, and obstruction level), and outcomes (clinical
effectiveness and complications). The extracted data were documented into a
standardized Excel (Microsoft Corp, Redmond, WA, United States) file and were
checked by another author. Any disagreement was resolved through discussion and a
reassessment and recheck of the data and/or involvement of a senior author.

Quality assessment

All randomized controlled trials were analyzed using Cochrane Collaboration’s tool.
The risk of bias assessment in trials was based on random sequence generation,
allocation concealment, blinding of participants, personnel and outcome assessment,
incomplete outcome data, selective reporting, and other factors. Each category was
assessed as “yes” (low risk of bias), “no” (high risk of bias), or “unclear”. Cohort
studies were assessed using the Newcastle-Ottawa Scale (NOS) with three main
domains: Study group selection, comparability of cohorts, and ascertainment of
outcomes. A study with an NOS score of 7 or higher was considered high quality.

Outcomes and definitions

This meta-analysis analyzed primary outcomes (stent patency and overall survival)
and secondary outcomes (complications and liver function parameters). Stent patency
was calculated from the date of stent placement to the first episode of stent restenosis.
Stent restenosis was defined as the presentation of clinical signs of recurrent jaundice
with elevated bilirubin levels along with biliary dilation on imaging study. Overall
survival was defined as the interval between initial stenting and patient death or the
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last follow-up. Classification of complications was performed according to the
Common Terminology Criteria for Adverse Events (CTCAE 4.02) or the guidelines of
the Society of Interventional Radiology Standards of Practice Committee[17].
Postoperative procedure-related complications mainly included hemobilia, pancre-
atitis, cholangitis, and pain. Liver function parameters were evaluated by assessing the
change in serum indices before and 1 wk after treatment, including total bilirubin
(TBIL), direct bilirubin (DBIL), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST).

Three types of I seed stents were mentioned in the included studies. Type I stents
refer to self-expanded stents with *I seed strand fixation in a drainage catheter. Type
II stents refer to I seed-loaded stents. Type III stents refer to self-expanded stents
with '] seed strand fixation between the stent and the bile duct wall. The '*I seed
strand is a combination of a 4F catheter and multiple '*I seeds.

Statistical analysis

Statistical analyses were performed using Review Manager (version 5.0) and Stata 15.1.
For time-to-event data, the aggregated hazard ratio (HR) and its 95% confidence
interval (95%CI) were applied to report the final pooled estimate. HRs and the corres-
ponding 95%Cls were directly obtained if mentioned in the manuscript; however, if
not, the HR and InHR were estimated by the method of Tierney et al[18] from
Kaplan-Meier curves or the calculated value of the O-E and V. The outcomes of
dichotomous and continuous variables are expressed as odds ratios (ORs) and
weighted mean differences, respectively. Statistical heterogeneity across the included
studies was quantified by the I” statistic. When heterogeneity was significant (I* >
50%), a random-effects model was applied to calculate the pooled effect sizes;
otherwise, a fixed-effects model was used. Sensitivity analysis was performed by
excluding one trial in each turn to explore the potential causes of heterogeneity.
Subgroup analysis was conducted according to the type of '*I seed stent and study
design (RCT and retrospective study). Potential publication bias was appraised using
Egger’s and Begg’s tests. Publication bias was adjusted using the trim and fill method
[19]. Two-sided P < 0.05 was considered significant.

RESULTS

Search results and characteristics of the studies

The PRISMA flow diagram for the selection process is presented in Figure 1. The initial
database search yielded 244 potentially relevant studies, ten of which were included in
this meta-analysis[13-15,20-26]. Of these studies, four were retrospective cohort studies
and six were RCTs published between 2012 and 2018[13,14,20,21,25,26]. Five of these
RCTs were single-center studies, while one was a multicenter study performed at 20
centers in China[21]. All of them were conducted in China and written in English.
These studies included a total of 875 patients, among whom 404 (46.17 %) underwent
biliary stent placement combined with brachytherapy using '*I seeds, and 471
(53.83%) received conventional metal stents only for treatment. Percutaneous
transhepatic biliary drainage was performed before stent placement in all cases. Three
studies used type I stents[14,24,25], three used type 1I[20,21,26], and four used type III
[13,15,22,23]. The target population was patients with unresectable MO]J, and the
majority of them had cholangiocarcinoma (n = 331, 37.83%) and pancreatic carcinoma (
n =177, 20.23%). The trial information and patients” baseline characteristics are shown
in Table 1, while the intervention details for the deployment of '*I seeds and the main
outcomes are listed in Table2, with detailed data shown in
Supplementary Tables 2 and 3.

Quality assessment

According to the Cochrane Collaboration’s tool, the risk of bias varied among the six
RCT studies included in this meta-analysis, ranging from low to high levels
(Supplementary Figures 1 and 2). All studies had a high risk of performance bias
because it was difficult to conceal the grouping and interventional procedures from
the participants, researchers, and outcome measurers. Three RCTs (50%) did not
describe the method of allocation concealment in detail. According to the NOS, the
retrospective cohort studies had high quality scores, which were measured to be
between 7 and 9 (Supplementary Table 4).
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Table 1 Study information and patient characteristics of this Meta-analysis

Chen et al. I seed stents for MOJ patients

. Period of Number of Age Sex Obstruction
Ref. Design Country Groups . g Causes of MOJ
enrolment patients (yr) (male/female) levels
Chen et al Single-centre, RCT ~ China Mar. 2009-Jan. 27 + 17 61.2+ 12/5 Hilar and distal ~ Cholangiocarcinoma (1 = 7), hepatocellular carcinoma (n = 2), pancreatic cancer (1 = 3), hepatic
[25], 2012 2010 stent 14.5 metastases from the stomach or colorectum (1 = 5)
Stent 17 63.9 + 10/7 Cholangiocarcinoma (1 = 6), hepatocellular carcinoma (n = 4), pancreatic cancer (n = 3), hepatic
9.3 metastases from the stomach or colorectum (1 = 4)
Hasimu et al ~ Single-centre, RCT ~ China July 2011-June ®I+ 28 7093+ 11/17 Hilar and distal ~ Cholangiocarcinoma (n = 48), gallbladder cancer (1 = 7)
[13], 2017 2014 stent 8.58
Stent 27 7026+ 14/13
9.71
Chen et al Single-centre, RCT ~ China Sep. 2014-Nov. 51+ 13 66 (49, 8/5 Lower Pancreatic head carcinoma (1 = 7), gallbladder carcinoma (1 = 4), bile duct carcinoma (1 = 2)
[26], 2018 2016 stent 88)
Stent 19 68 (48, 12/7 Pancreatic head carcinoma (1 = 11), bile duct carcinoma (n = 5), gallbladder carcinoma (n = 2),
86) ampullary carcinoma (1 = 1)
Jiao et al Single-centre, RCT ~ China Jan.2013-Jan. I+ 31 60.4 + 12/17 Hilar and distal ~ Primary adenocarcinoma (1 = 19), metastatic adenocarcinoma (n = 12)
[14], 2017 2015 stent 8.8
Stent 30 60.2 + 16/14 Primary adenocarcinoma (1 = 21), metastatic adenocarcinoma (1 = 9)
8.1
Zhu et al Single-centre, RCT ~ China Nov. 2008-Oct. 21 + 12 62.5+ 7/5 Hilar and distal ~ Primary adenocarcinoma (1 = 8), metastatic adenocarcinoma (1 = 4)
[20], 2012 2010 stent 21.0
Stent 11 71.0 £ 9/2 Primary adenocarcinoma (1 = 5), metastatic adenocarcinoma (1 = 6)
22.0
Zhu et al Multicentre, RCT China Oct. 2013-Mar. 1+ 164 65.0 103/61 Hilar and distal ~ Biliary tract cancer (n = 80), pancreatic carcinoma (1 = 46), lymph node metastases (1 = 38)
[21], 2018 2016 stent (56.0,
75.0)
Stent 164 64.0 109/55 Biliary tract cancer (1 = 74), pancreatic carcinoma (1 = 53), lymph node metastases (1 = 37)
(57.0,
75.0)
Pan et al Retrospective China Mar. 2014-Dec. 1 + 30 56.53+ 23/7 Hilar and distal NR
[15], 2020 cohort study 2017 stent 12.24
Stent 54 6044+ 35/19
11.83
Wangetal  Retrospective China Sep. 2010-Feb. %1+ 24 573 (41, 29/21 Hilar and distal ~ Holangiocarcinoma (n = 18), pancreatic head carcinoma (n = 14), hilar lymph node metastasis (1
[24], 2017 cohort study 2013 stent 80) =12), ampullary carcinoma (1 = 6)
Stent 26
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Zhou et al
[22], 2019

Zhou et al
[23], 2020

151 seed stents for MOJ patients
Retrospective China Nov. 2015-Oct.
cohort study 2017
Retrospectively China Jan. 2017-June
cohort study 2018

125[ +

stent

Stent

125[ +

stent

stent

45

87

40

36

61.7 (32, 31/14 Hilar, middle Cholangiocarcinoma (1 = 18), gallbladder carcinoma (1 = 6), pancreatic carcinoma (1 = 4),

87) and distal hepatocellular carcinoma (1 = 7), gastric cancer (n = 7), ampullary cancer (n = 0), hilar node

metastases from other solid malignancies (1 = 3)

64.4 (35, 59/28 Cholangiocarcinoma (1 = 32), gallbladder carcinoma (1 = 9), pancreatic carcinoma (n = 17),

92) hepatocellular carcinoma (1 = 9), gastric cancer (n = 11), ampullary cancer (n = 1), hilar node

metastases from other solid malignancies (1 = 8)

702 % 21/19 Hilar Cholangiocarcinoma (1 = 22), pancreatic cancer (1 = 10), gallbladder cancer (n = 2), duodenal
13.8 cancer (1 = 2), metastatic cancer (n = 4)

68.1 21/15 Cholangiocarcinoma (n = 19), pancreatic cancer (n = 8), gallbladder cancer (1 = 3), duodenal
122 cancer (n = 1), metastatic cancer (n = 5)

MOJ: Malignant obstructive jaundice; RCT: randomized controlled trial.
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Egger’s and Begg's tests were carried out to evaluate the potential publication bias
for primary endpoints. There was no evidence that publication bias occurred in the
outcome of stent patency (Egger’s test P = 0.705), whereas it was observed in the
outcome of overall survival (Egger’s test P = 0.027). The conclusions were not changed
after adjustment for publication bias by using the trim-and-fill method.

Primary endpoints

Stent patency: HR data for stent patency were extracted from seven studies[13,14,21,
22,24-26]. The utilization of I seed stents resulted in a better stent patency than the
use of conventional stents (HR = 0.36, 95%CI = 0.28-0.45, P < 0.0001; Figure 2A). There
was no significant heterogeneity among these studies (I = 0%, P = 0.48). The test for
subgroup analyses revealed no significant difference in heterogeneity based on the
type of '¥I seed stent and type of study design. The results showed that compared with
conventional stents, three I seed stent types were all associated with a significantly
prolonged stent patency (Figure 3). Both RCTs and retrospective studies demonstrated
that the I seed stent group was superior to the conventional stent group in patency
(RCTs: HR = 0.42, 95%CI = 0.31-0.58, P < 0.00001; retrospective studies: HR = 0.28,
95%CI = 0.20-0.41, P < 0.00001; Figure 4A and B).

Overall survival: HR data for overall survival were extracted from eight studies[13-15,
20-23,26]. In comparison with the use of conventional stents, the application of I seed
stents resulted in a better overall survival (HR = 0.52, 95%CI = 0.42-0.64, P < 0.00001,
Figure 2B). Heterogeneity among these studies was not significant (I = 7%, P = 0.37).
The test for subgroup analysis demonstrated no significant difference in heterogeneity
according to the type of study design (P = 0.904). The results of a stratified analysis of
RCTs and retrospective studies showed that the I seed stent group had a better
overall survival than the conventional stent group (RCTs: HR = 0.42, 95%CI = 0.31-
0.58, P < 0.00001; retrospective studies: HR = 0.60, 95%CI = 0.46-0.79, P = 0.0003;
Figure 4C and D).
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Table 2 Procedure details and outcomes of studies included in the meta-analysis

Ref. Intervention Stent manufacturer and type* Outcomes
Chen et al 151 seed strands performed  Nitinol self-expendable stent (Luminexx III; BARD); Type I Laboratory values before and after stent placement, complications, stent patency
[25], 2012 after stent insertion

Conventional stent

Hasimuetal  Biliary stent with 1T seed Nitinol self-expandable stent (S.M.A.R.T.; Cordis Corporation, Miami Lakes, FL, United States); Type IIl ~ Stent patency, survival, relief of symptoms, technical and clinical success,
[13], 2017 strands complications, laboratory values before and after stent placement, radiation safety

Conventional stent

Chen et al 151 seeds-loaded-biliary Self-expendable stent (produced by Mirco-tech, Nanjing, China); Type II Laboratory values before and after stent placement, complications, stent patency,
[26], 2018 stent survival, CR, PR, SD, PD

Conventional stent
Jiao et al[14],  SEMS with '®I seed strands A Nitinol self-expendable stent (Niti-S Biliary stent, Taewoong, Seoul, Korea); Type I Technical success, laboratory values before and after stent placement, stent patency,

2017 overall survival, early or late complications
Conventional stent

Zhu et al[20], I seeds-loaded-biliary Outer self-expandable 1251 radioactive seeds-loaded stent and inner conventional self-expanding biliary Technical success, jaundice relief, radiation safety, complications (subjective and
2012 stent nitinol alloy stent (Nanjing MicroIlnvasive Medical Inc., Nanjing, China); Type I objective), survival, stent patency, laboratory values before and after stent
placement

Conventional stent

Zhu et al[21], '®I seeds-loaded-biliary Inner conventional uncovered SEMS (Nanjing Micro-Tech Co. Ltd., Nanjing, China) and outer '*I seed- ~ Stent restenosis, patency time, technical success, relief of jaundice, survival,
2018 stent Xloaded stent; Type I complications

Conventional stent

Panet al[15],  Biliary stent with 1257 seed Biliary stent (E-Luminexx Biliary Stent; Wachhausstrasse 6D76227, BARD Corporation, Karlsruhe, Stent patency, overall survival, complications, laboratory values before and after
2020 strands Germany); Type III stent placement, independent factors associated with survival

Conventional stent

Wang et al Biliary stent with ' seed Biliary internal stent (Micro-Tech Co., Ltd. Nanjing, China); Type I Success rate, laboratory values before and after stent placement, stent patency,
[24], 2017 strands survival

Conventional stent

Zhou et al UCSEMS with %I seed Three types of SEMS [E-Luminexx (Bard Peripheral Vascular, Tempe, AZ, United States), S.M.A.R.T Technical success, clinical success, complications, follow-up time, stent patency,
[22], 2019 strands (Cordis, Milpitas, CA, United States), and Zilver (Cook Medical, Bloomington, IN, United States)];Type  survival, laboratory values before and after stent placement
111
UCSEMS
Zhou et al SEMS with '2°I seed strands Self-expandable metallic stent (Cook Medical, Bloomington, IN, United States); Type III Technical success, clinical success, laboratory values before and after stent
[23], 2020 placement, complications, overall survival, and stent patency

Conventional stent

The I seed stents include three types. Type I: Self-expanded stent with I seed strand fixation in a drainage catheter; Type II: "I seed-loaded stent; Type III: Self-expanded stent with I seed strand fixation between stent and the bile
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Secondary endpoints

Complications: A total of nine studies provided incidence data for all complications or
at least one kind of complication. Overall, both groups had low overall complication
rates, with slightly worse results being observed in the I seed stent group than in the
conventional stent group (19.2% vs 16.5%). However, this difference was not statist-
ically significant (OR =1.12, 95%CI = 0.75-1.67, P = 0.57; Figure 5), and there was a low
level of heterogeneity among these studies (I = 0%, P = 0.74). There were also no
significant differences between the '*I seed stent group and the conventional stent
group in the incidence of hemobilia (OR =1.02, 95%CI = 0.45-2.3, P = 0.96; I* = 0%, P =
0.8), pancreatitis (OR =1.79, 95%CI = 0.42-7.53, P = 0.43; I* = 0%, P = 0.65), cholangitis
(OR =1.13, 95%CI = 0.60-2.13, P = 0.71; I>= 0%, P = 0.83), or pain (OR = 0.67, 95%CI =
0.22-2, P=0.47; > = 0%, P = 0.97) (Figure 5).

Posttreatment reductions in the levels of serum indices: After the procedure, there
was a significant decrease in liver function indices, including TBIL, DBIL, ALT, and
AST. The numbers of studies that reported pretreatment and posttreatment TBIL,
DBIL, ALT, and AST data were 8, 6, 7, and 4, respectively. We calculated the degree of
reduction in each index, and found that there were no significant differences in the
posttreatment reductions in the levels of TBIL (MD = 10.96, 95%CI = -3.56-25.49, P =
0.14; > = 0%, P = 0.54), DBIL (MD = 7.37, 95%CI = -9.76-24.5, P = 0.4; > =33%, P = 0.19),
ALT (MD =7.52,95%CI = -0.71-15.74, P = 0.07; I* = 0%, P = 0.51), and AST (MD = -4.77,
95%CI =-19.98-10.44, P = 0.54; > = 0%, P = 0.77) between the "I seed stent group and
the conventional stent group (Figure 6).

DISCUSSION

This meta-analysis showed that biliary stents irradiated using *I seeds resulted in a
longer stent patency and higher overall survival than conventional stents in the
treatment of unresectable MQJ. The same results were observed for the median or
mean time of stent patency and overall survival in the included studies. However, due
to the different presentations of the main results, this study transformed these original
results into HR values rather than conducting a pooled analysis. The risk of restenosis
was associated with patient death[21]. The longer stent patency was attributed to the
short-distance irradiation effect of radioactive seeds embedded in the stents. Brachy-
therapy using '*I seed stents was developed to inhibit tumor ingrowth, relieve the
obstruction, and finally prolong the survival time of patients with unresectable MOJ.
This result further confirms the superior effect of irradiation stents using '*I seeds,
which provides strong evidence for clinicians to make correct decisions in clinical
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239 records identified by literature search,
through PubMed (7 = 60), Embase (7 = 81),
Cochrane Library (7 = 20),

Identification

Web of science (7 = 53), ClinicalTrails.gov (7

Additional records identified
through other sources

(n=5)
=25)

)

‘ Records after duplicates removed (7 = 154) ‘

Screening

l

)

Records screened
based on title and

abstract

Records excluded (7 = 102):
irrelevant research (7 = 61),
review and letters (7

ongoing studies (7 = 9), not English language (7 = 20)

= 10), animal studies (7 = 2),

Eligibility

I

Full-text assessed
for eligibility

Records excluded (7 = 42):
Without a control arm (7 = 8),
not compare I group and control group (7 = 20),

conference abstract (7 = 7), not relevant outcomes (7 = 7)

3
°
=
S
=
=

!

Study included in meta-analysis (7 = 10)

Figure 1 Flow diagram outlining methods of selecting eligible studies.

Test for overall effect: Z=6.19 (P < 0.00001)

Figure 2 Forest plot (whole studies). A
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Hazard Ratio Hazard Ratio

Study or Subgrou log[Hazard Ratio SE _Weight IV, Fixed. 95% CI IV, Fixed, 95% CI

Asihaer Hasimu 2016 -1.882404 067201122  3.4% 015([0.04,0.57]

Dechao Jiao 2017 -0.7765288 0.35640441 121% 0.46(0.23,092]

Haidong Zhu 2017 -0.7360547 021928179 320% 048[0.31,0.74] —a—

TaoWang 2017 -1.347074 0.509325 5.9% 0.26[0.10,071] .

Wei Chen 2018 -0.8675006 0.6339043  3.8% 0.42[0.12,1.45) -1

Weizhong Zhou 2019 -1.2413648 020247153 375% 0.29[019,0.43] —

¥i Chen 2012 -1.171183 053902153 5.3% 0.31[0.11,0.89]

Total (95% CI) 100.0% 0.36 [0.28, 0.45] L 2

Heterageneity: Chi*= 5.52, df= 6 (P = 0.48), F= 0% Inm 011 150 100’

Test for averall effect: Z= 8.34 (P = 0.00001) Favours [1251 group] Favours [control group]
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE _Weight IV, Fixed. 95% CI IV, Fixed, 95% CI

Asihaer Hasimu 2016 -1.041287 0.31030495 11.6% 0.35([0.19, 0.65] -

Chuanguo Zhou 2018 -0.8276328 0.2554715 171% 0.59[0.36,0.97] -]

Dechao Jiao 2017 -0.9942523 029212566 131% 0.37[0.21, 0.66] -

Haidong Zhu 2012 -1.386294 051210931 4.3% 0.25(0.09, 0.68] -

Haidong Zhu 2017 -0.2823629 032684773 105% 0.75[0.40,1.43] e

Tao Pan 2020 -0.5108256 0.24848204 181% 0.60[0.37,0.98] —

Wei Chen 2018 -0.8439701 0.60991781 3.0% 043[013,1.42] _

Weizhong Zhou 2019 -0.4780358 0.22333385 22.4% 0.62[0.40,0.96] —

Total (95% CI) 100.0% 0.52[0.42,0.64] L 2

Heterogeneity: Chi*= 7.55, df=7 (P = 0.37); F= 7% 0 o 031 1=0 100’

Favours [1251 group] Favours [control group]

Hazard ratios for overall survival.

practice.

The implantation of stents irradiated using '*I is safe and well tolerated. All particle
stents have some radiation hazards, and they also increase the complexity of the
operation, which may cause certain damage to the intima and radiation damage to the
gastrointestinal or bile duct during the treatment procedure[27]. However, our
analysis showed that the treatment with '*I seed stents did not result in a higher
incidence rate of complications than conventional stents. Additionally, none of the
studies reported fatal complications, such as biliary or intestinal perforation or
massive hemorrhage, and there was no device- or procedure-related mortality.
Cholangitis is a more frequent complication associated with irradiated stents, with an
incidence of 8.4% in the '*I seed stent group and 6.9% in the conventional stent group
in this meta-analysis. However, this difference was not statistically significant. The
incidence rates of other complications, such as hemobilia, pancreatitis, and pain,
between the two groups were also comparable. Therefore, we concluded that no
additional biliary complications occurred due to the use of I seed stents in patients
with unresectable MOJ.
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Hazard Ratio Hazard Ratio
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Figure 3 Subgroup analysis of stent patency based on irradiation stent type.
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Figure 4 Forest plot (subgroup, divided by randomized controlled trials and retrospective studies). A: Randomized controlled trial (RCT)-stent
patency; B: Retrospective study-stent patency; C: RCT-overall survival; D: Retrospective study-overall survival.

After implantation of the stents, the reductions in the serum indices of patients
indicated improved therapeutic efficacy. Part of the biliary system is intrahepatic.
Theoretically, irradiation biliary stent implantation may induce damage to the liver
parenchyma. However, the reductions in the levels of serum indices (TBIL, DBIL, ALT,
and AST) after treatment were not significantly different between the two groups,
which demonstrated that the 'l seed stents were as effective as the conventional stents
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1125 group Control group Odds Ratio 0Odds Ratio
Study or Subgrou| Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Total rate
Asihaer Hasimu 2016 4 28 5 27 9.0% 0.73[017,3.08 —
Chuanguo Zhou 2019 20 40 14 36 153% 1.57 [0.63, 3.91] -1
Dechao Jiao 2017 19 31 16 31 12.8% 1.48 [0.54, 4.07] I
Haidong Zhu 2012 1 12 5 11 9.9% 0.11[0.01,1.16]
Haidong Zhu 2017 14 164 13 164 247% 1.08[0.49, 2.38] —_—
Tao Pan 2020 4 30 [ 54 TT7% 1.23[0.32, 4.76) I e—
Wei Chen 2018 3 13 5 19 B5% 0.84 [0.16, 4.35) I E—
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Yi Chen 2012 4 17 4 17 B.3% 1.00[0.20, 4.88] S
Subtotal (95% CI) 380 446 100.0%  1.09[0.74, 1.61] >
Total events 73 74

Heterogeneity: Chi*=512, df=8{P=0.74), F=0%
Test for overall effect: Z=0.43 (P = 0.67)

1.1.2 Hemobilia rate

Chuanguo Zhou 2019 4 40 3 36 20.8% 1.22[0.25,5.87] I e —
Dechao Jiao 2017 4 3 1 30 B6.5% 4.30[0.45, 40.89)]

Haidong Zhu 2012 0 12 2 11 183% 015[0.01,355 ¢

Haidong Zhu 2017 3 164 2 164 14.4% 1.51[0.25,9.14) - 1
Tao Pan 2020 0 30 1 54  7.8% 0.58[0.02 14.80]

Wei Chen 2018 1 13 2 19 11.0% 0.71[0.06,8.73]

Weizhong Zhou 2019 0 45 1 87  75% 063[0.03,1587]

YiChen 2012 1 17 2 17 13.8% 0.47[0.04,5.72]

Subtotal (95% Cl) 352 418 100.0%  1.01[0.48,2.14] N

Total events 13 14
Heterogeneity: Chi*= 3.85, df=7 (P =0.80);, F=0%
Testfor averall effect: Z=0.03 (P =0.97)

1.1.3 Pancreatitis rate

Dechao Jiao 2017 0 31 1 30 44.2% 0.31 [0.01,7.97] =

Haidong Zhu 2017 1 164 0 164 14.6% 3.02[0.12, 74.64]

Wei Chen 2018 1 13 1 19 221%  1.50(0.09, 26.36) =
Weizhong Zhou 2019 2 45 1 87 19.2% 4.00([0.35, 45.35)

Subtotal (95% CI) 253 300 100.0%  1.68[0.45, 6.28] e i—
Total events 4 3

Heterogeneity: Chi*=1.66, df= 3 (P = 0.65); F=0%

Testfor averall effect Z=0.77 (P =0.44)

1.1.4 Cholangitis rate

Chuanguo Zhou 2019 6 40 [ 36 29.0% 0.88 [0.26, 3.03] . B
Dechao Jiao 2017 11 31 7 30 24.8% 1.81 [0.59, 5.55] I
Haidong Zhu 2017 4 164 5 164 26.4% 0.80[0.21, 3.01] I
Weizhong Zhou 2019 1 45 3 87 10.8% 0.64 [0.06, 6.30]

Yi Chen 2012 3 17 2 17 89% 1.61[0.23,11.09] -
Subtotal (95% CI) 297 334 100.0%  1.13[0.60, 2.11] -

Total events 25 23

Heterogeneity: Chi*=1.46, df=4 (P=0.83), F=0%

Test for overall effect Z=0.37 (P =0.71)

1.1.5 Pain rate

Asihaer Hasimu 2016 3 28 4 27 452% 0.69[0.14,3.42) I E—
Haidong Zhu 2012 1 12 2 11 23.8% 0.41[0.03,5.28] =

Haidong Zhu 2017 1 164 1 164 12.4% 1.00([0.06,16.12]

Wei Chen 2018 1 13 2 19 18.6% 0.71 [0.06, 8.73]

Subtotal (95% CI) 217 221 100.0%  0.66 [0.22, 1.98] —~li——

Total events G 9
Heterogeneity: Chi*=0.23, df=3{P=0.97), F=0%
Testfor averall effect: Z=0.73 (P = 0.46)

0.01 0.1 10 100
Favours [I125 group] Favours [Control group)

Testfor subaroun differences: Chi*=1.23.df= 4 (P=087. F=0%

Figure 5 Forest plot comparing rate of complications.

in improving liver function in patients with unresectable MOJ. Nevertheless, '*I seed
stents have obvious advantages in inhibiting tumor growth. An investigation by Wang
et al[24] showed that the levels of tumor markers (CA-199 and CA-242) in the I seed
stent group were significantly reduced after stent implantation, while no significant
change was observed in the conventional stent group. This might be the reason why
patients with unresectable MOJ treated with irradiated stents show amelioration of
obstructive jaundice and a delayed disease process.

In terms of radiation safety, irradiation dose is the focus of brachytherapy[28]. The
amount of ' embedded in the stents is based on the tumor size and relevant
recommendations of the Treatment Planning System (TPS, FIT Technology Ltd. Co.,
Beijing, China). The radiation doses used in all studies met the minimum threshold for
effective brachytherapy treatment of adenocarcinoma (7.87 ¢cGy and 30 Gy), while
some of the studies used a higher dose (80-990 Gy) within the safety limits established
through animal experiments and clinical trials[25]. A suitable dose has the optimal
capacity to kill the primary tumor effectively. Although several previous reports
indicated that a decrease in white blood cell count and immunoglobulin (IgA, IgG, and
IgM) levels is associated with long-term and low-dose radiotherapy with *I-based
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1125 group Control group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 TBIL
Asihaer Hasimu 2016 2626 139.32 28 26465 117.02 27 46% -2.05[-69.96, 65.86]
Chuanguo Zhou 2019 1463 10752 40 1722 11705 36 8.2% -2590[76.62,24.82]
Dechao Jiao 2017 166.3  46.41 31 1354 4737 30 381% 30.90 [7.36, 54.44] —
Tao Pan 2020 17772 1678 30 156.41 149048 54  41% 21.31[-50.77,93.39]
TaoWang 2017 29224 90.03 24 28977 9746 26 7.8% 247 [-49.50,54.44]
Wei Chen 2018 2655 104.04 13  266.7 89.94 19 44% -1.20[70.73,68.33]
Weizhong Zhou 2019 849 1257 45 741 12563 87 10.3% 10.80[-34.43,56.03] -1 -
YiChen 2012 454 4989 17 485 4052 17 226% -3.10[-33.65, 27.45] e
Subtotal (95% ClI) 228 296 100.0%  10.96 [-3.56, 25.49] -
Heterogeneity: Chi*= 6.04, df= 7 (P = 0.54); F= 0%
Test for overall effect Z=1.48 (P=0.14)
1.2.2 DBIL
AsihaerHasimu 2016 16219  93.81 28 15985 6876 27 9.3%  2.34[41.02,4570] —
Chuanguo Zhou 2019 1157  81.39 40 154 1051 36 9.7% -38.30[-80.90, 4.30] e
Dechao Jiao 2017 1527 4395 31 1255 4348 30 365%  27.20[5.26,49.14] —
TaoWang 2017 147.29 104.99 24 1386 10085 26 54%  8.69[-48.47 65.85)
Wei Chen 2018 2115 4255 13 2004 3854 19 21.0% 11.10[-17.80, 40.00] I e —
Weizhong Zhou 2019 59.9 84.82 45 536 89.96 87 181%  6.30[-24.87 37.47] -
Subtotal (95% CI) 181 225 100.0% 10.38 [-2.88, 23.63] -
Heterogeneity: Chi*=7.48, df=5 (P=019), F=33%
Test for overall effect Z=1.53 (P=0.12)
1.23ALT
Asihaer Hasimu 2016 85.6 58.5 28 86.8 749 27 5.3% -1.20[-36.80, 34.40]
Chuanguo Zhou 2019 89 10164 40 686 7155 36 4.4% 2040[-18.82 59.62] ]
Dechao Jiao 2017 547 19.09 )l 39.2 3071 30 40.8% 15.50[2.62, 28.38] ——
Tao Pan 2020 362 589 30 4719 8295 54 7.2% -10.99[41.5519.57] —
Wei Chen 2018 1186 2497 13 1106 2256 19 236% 8.00 [-8.95, 24.95] I
Weizhong Zhou 2019 456 81.23 45 555 71.99 a7 8.5% -9.90[-38.04,18.24] - 1
YiChen 2012 26.8 37.42 17 256 39.24 17 102%  1.20[-24.58, 26.98] -
Subtotal (95% CI) 204 270 100.0%  7.52[-0.71, 15.74] .
Heterogeneity: Chi*=5.23, df= 6 (P=0.51); F= 0%
Test for overall effect: Z=1.79 (P = 0.07)
1.2.4 AST
Asihaer Hasimu 2016 61.1 48.9 28 735 774 27 19.6% -12.40[-46.76, 21.96] [ R
Chuanguo Zhou 2019 72 6975 40 686 7155 36 228%  3.40[-28.44,3524] D
Tao Pan 2020 231 6279 30 3752 M 54 26.8% -14.42[-43.82 14.98] - 1
Weizhong Zhou 2019 559 77.51 45 535 7342 87 308%  2.40[-25.00,29.80] N o
Subtotal (95% CI) 143 204 100.0% -4.77 [-19.98, 10.44] -
Heterogeneity: Chi*=1.12, df= 3 (P = 0.77); F= 0%
Test for overall effect: Z=0.62 (P = 0.54)
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Figure 6 Forest plot comparing mean difference in posttreatment reductions in serum indices.
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particles[29,30], the results of two included studies showed no significant differences
between the pre- and post-procedure irradiated stent groups[20,26]. This again proved
the safety of the radiation dose and '*I seed stents.

The curative effect of irradiated stents varies in patients with unresectable MOJ with
different tumor etiologies and obstruction levels. However, due to the small sample
size of enrolled patients, most studies did not explore the differences in the efficacy of
irradiated stents for different pathological tumors, except for the study by Zhu et al
[21]. In Zhu's multicenter study, subgroup analysis of tumor etiology was performed,
and the researchers first proposed that patients with biliary tract cancer could benefit
more from irradiated stents using *I seeds than those with pancreatic carcinoma and
lymph node metastases. These results suggest that "I seed stents provide better tumor
control for localized malignant obstruction from the biliary tract. Nevertheless,
obstruction can occur at any level within the biliary tract, most often in hilar and distal
bile ducts. Zhou et al[23] and Chen et al[26] focused on the role of *I seed stents in
malignant hilar and lower biliary tract obstruction, respectively. The conclusions of
these two studies are consistent with those of other studies, suggesting that I seed
stents can serve as a safe, feasible, and effective method with minimal invasiveness for
the treatment of obstruction at different levels within the biliary tract.

As mentioned in this analysis, there are three main types of '*I seed stents currently
applied in the bile duct. Subgroup analysis based on the type of stent demonstrated
that all three types of '*I seed stents were equally effective in prolonging stent patency.
%] seed strands have the advantages of replaceability and sustained radiation[31].
However, the use of a bile duct drainage tube as a carrier has certain limitations for
invasive tumor growth along the bile duct wall. The radiation dose can be evenly
distributed by using seed-loaded stents, but this type of stent is composed of two-layer
stents and a large diameter sheath, which is not suitable for patients with hilar
strictures. A self-expanded stent with I seed strand fixation between the stent and
the bile duct wall is widely adopted in current studies due to its simple process and
broader applicability. However, nonintegrated radiation stents still have many
internal radiation stent-related issues that need to be solved.
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This meta-analysis included RCTs and retrospective studies. In the subgroup
analysis, a disparity between the results of RCTs and retrospective studies was not
observed in stent patency and overall survival. Although RCTs provide a higher level
of clinical evidence, retrospective studies have their own strengths as well, such as a
potentially wider range of patients and therefore probably more real-world data.
There was no significant heterogeneity in the test for subgroup differences, which
indicated that the potential bias caused by the type of study design was small.

This meta-analysis still has several limitations: (1) There was a lack of stratified
randomization and strict control of blinding in some research centers, which could
influence the quality of this study to some extent; (2) the analysis had publication bias,
which could be the result of the inclusion of studies concerning small sample sizes and
only those that were written in English; (3) no studies involved in-depth comparative
investigations of the applicable conditions and cost-effectiveness of three types of
irradiated stents, which could limit the application of the results to some extent; and
(4) all the studies were conducted in China, which could have had a potential impact
on the generalizability of the results.

CONCLUSION

In conclusion, percutaneous biliary stents combined with brachytherapy using '*I
seeds offers a longer stent patency and higher overall survival than conventional stents
for patients with unresectable MO]J, resulting in equivalent complication and serum
index outcomes. High-quality multicenter prospective randomized studies are needed
to further assess the long-term therapeutic outcomes and safety of irradiated stents
using '?I seeds and to define the selection criteria for stent type.

ARTICLE HIGHLIGHTS

Research background

Malignant obstructive jaundice (MOJ) is a common condition caused by various
adenocarcinomas. Less than 20% of patients are suitable for radical surgery, leading to
a poor overall prognosis. Recently, several clinical studies have raised concern
regarding the clinical effectiveness of intraluminal'®I seed-based brachytherapy for
patients with unresectable MOJ; hence, we analyzed evidence from randomized
controlled trials (RCTs) and cohort studies comparing *I seed stents and conventional
stents.

Research motivation

Recently, there has been growing concern regarding the efficacy and safety of
intraluminal *I seed-based brachytherapy in the treatment of unresectable MOJ.
However, most studies are single-center or retrospective with relatively small sample
sizes and thus provide less convincing clinical evidence. The purpose of our study was
to conduct a rigorous meta-analysis of RCTs and cohort studies on irradiated stents.

Research objectives
To investigate the clinical efficacy and safety of percutaneous biliary stents with I
seeds compared with conventional metal stents in patients with unresectable MOJ.

Research methods

We performed a meta-analysis of RCTs and cohort studies. Four English-language
databases (PubMed, Embase, Cochrane Library, and Web of Science) were searched up
to June 2020 for studies comparing stents with and without '”I seeds in the treatment
of unresectable MOJ.

Research results

A total of ten studies were included (6 RCTs and 4 cohort studies), involving a total of
875 patients. Our study revealed that compared with conventional stents, '*I seed
stents extended the stent patency time and overall survival period. No extra complic-
ations or severe liver damage was caused by '*I seed stents. This topic remains to be
studied, and more research is needed to further assess the long-term therapeutic
outcomes and safety of stents irradiated using '*I seeds.
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Research conclusions

Percutaneous biliary stents combined with brachytherapy using '*I seeds offers a
longer stent patency and higher overall survival than conventional stents for patients
with unresectable MOJ, resulting in equivalent complications and serum index
outcomes.

Research perspectives

To promote the clinical application of **I seed stents for the treatment of MO]J, future
studies are needed to conduct in-depth comparative studies on the applicable
conditions and cost-effectiveness of the three types of irradiated stents. In addition, it
is necessary to compare the efficacy of irradiation stents using '*I seeds for MOJ
caused by different adenocarcinomas.
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