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Outcomes of two types of iodine-125 seed delivery with metal stents
in treating malignant biliary obstruction: a systematic review and
meta-analysis

Xiaobo Fu

Han Qi PURPOSE

Zhenkang Qiu To conduct a meta-analysis comparing the efficacy and safety of two types of iodine-125 (I-125)
L seed delivery with metal stents (the study group) versus conventional metal stents (the control

Weiwei Jia ng group) in patients with malignant biliary obstruction (MBO).

Zixiong Chen

Fei Gao METHODS

Our team systematically searched the PubMed, Embase, and Cochrane Library databases for rel-
evant studies published from January 2012 up to July 2021. Survival time and stent dysfunction
were the primary measured outcomes. Subgroup analyses were conducted according to the type
of I-125 seed delivery.

RESULTS

Eleven studies, including 1057 patients in total, were pooled for stent dysfunction. The study group
showed a lower risk of stent dysfunction than the control group [odds ratio (OR): 0.61, 95% confi-
dence interval (Cl) 0.46-0.81, P = 0.001]. The pooled results of six studies reporting overall survival
(OS) showed that the study group had a better survival outcome than the control group [hazard ra-
tio (HR): 0.34, 95% Cl: 0.28-0.42, P < 0.001]. In the subgroup analyses, the I-125 seed stent group had
significantly less stent dysfunction than the control group (OR: 0.49, 95% Cl: 0.31-0.76, P = 0.002).
Meanwhile, the metal stents + I-125 radioactive seed strand group showed significantly more im-
provement in OS than the control group (HR: 0.33, 95% Cl: 0.26-0.42, P < 0.001). Moreover, our anal-
ysis suggests that using I-125 seeds did not result in increasing related adverse events compared
with using metal stents alone (all P> 0.05). The study group was significantly superior to the control
group, with better survival and decreased stent dysfunction. Meanwhile, the delivery of I-125 seeds
did not increase adverse events.

CONCLUSION
The delivery of I-125 with metal stents may be considered a preferable technique for MBO.
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mon refractory complication of these malig-
nant cancers. Only approximately 10%-20%
of patients are medically ready for surgical
resection of the obstructive lump.>™" Sadly,
the three- and five-year survival rates after
surgical excision remain unsatisfactory at
18%-52% and 5%-31%, respectively.’

Metal stent insertion is widely accepted as
the preferred palliative treatment to relieve
symptoms caused by MBO for inoperable pa-
tients.3721377 Metal stents have no therapeutic
action on tumors, and post-stent procedures
have high rates of stent dysfunction, which
limits the long-term efficacy of palliative
treatment.* Conventional metal stent inser-
tions are not sufficient for MBO patients, and
the current methods of delivering iodine-125
(I-125) seeds have shown a promising fu-
ture, including radioactive I-125 seed-loaded
stent [consisting of a self-expandable metal
stent (SEMS) and several I-125 seeds] and
metal stents insertion + 1-125 radioactive
seed strand (IRSS) (IRSS is a thin catheter
containing several 1-125 seeds). Previously,
two meta-analyses compared [-125 seed
delivery + stents with stents alone.'®'® How-
ever, the trials did not distinguish between
the two different delivery types, namely ra-
dioactive stent and IRSS, making their results
insufficient. Recently, several randomized
controlled trials (RCTs) and retrospective
studies on the use of metal stents + IRSS or
I-125 seed stents were conducted. As such,
we conducted a meta-analysis to compare
the efficacy and safety of these two methods
of I-125 seed delivery, namely metal stents
+ IRSS and radioactive |-125 seed stents. We
then compared this with conventional met-
al stents in patients with MBO and reported
the outcomes in terms of stent dysfunction,
survival, clinical success, and complications.

Methods

Our meta-analysis was guided by the
publication “Preferred Reporting Items for

* lodine-125 (I-125) played a significant role in
inhibiting tumor growth through its unique
radioactive function.

* Metal stents + |-125 radioactive seed strand
or |I-125 seed-loaded stents demonstrated
superior survival and decreased stent oc-
clusion compared with conventional metal
stents in the treatment of inoperable malig-
nant biliary obstruction.

* The two types of I-125 delivery with metal
stents did not increase the risk of proce-
dure-related complications when compared
with conventional metal stents.

Systematic reviews and Meta-Analysis” (PRIS-
MA).2°

Inclusion and exclusion criteria

A study had to satisfy particular condi-
tions. The inclusion criteria were as follows:
(a) patients who had a confirmed diagnosis
of MBO; (b) patients who refused surgical re-
section or inoperable cases; (c) studies that
compared metal stents + IRSS or I-125 seed
stents (the study group) versus convention-
al metal stents alone (the control group) in
patients with MBO; and (d) studies published
in English.

Exclusion criteria were: (a) case reports;
(b) narrative reviews; (c) non-English studies;
(d) studies on plastic biliary stents; and (e)
animal studies.

Literature search and study selection

The PubMed, Embase, and Cochrane Li-
brary databases were systemically searched
to find correlating studies from January
2012 to July 2021 using the following search
string: (SEMS OR stent) AND (1125 OR 1251 OR
I-125 OR irradiation OR radioactive OR seed)
AND (jaundice OR biliary). We also reviewed
the references of identified articles. All stud-
ies chosen were in the English language.

Types of studies

We initially included only RCTs, but this
produced a small sample size. As this could
have reduced the statistical significance of
the meta-analysis and led to bias, we decid-
ed to include matched retrospective cohort
studies also.

Data extraction and quality assessment

Data were extracted from 18 full-text-iden-
tified articles by two independent investiga-
tors. Discrepancy problems were solved by
a third investigator. A data extraction sheet
was produced that included baseline study
data (authors, publication year, period of en-
rollment, region of the conducted studies, tri-
al types, interventions); patient baseline data
(mean age, sex, sample size, cancer types,
type of MBO); and treatment-related data
(clinical success, stent dysfunction, compli-
cations, survival). The potential bias of RCTs
was gauged by applying the Cochrane risk-
of-bias tool, where possible bias relating to
selection, detection, performance, reporting,
attribution, and other issues was assessed.
Disagreements were resolved by consensus.

Retrospective studies were scored by the
Newcastle-Ottawa scale (http://www.ohri.
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ca/programs/clinical_epidemiology/oxford.
asp), and selection methods and compara-
bility were assessed. Studies could be award-
ed a maximum score of 9 points, with lower
scores assigned as follows: <4 = high bias
risk; 4-6 = moderate bias risk; and >7 = low
bias risk.

Publication biases were assessed by visual
estimation of funnel plots, while quantitative
assessment was carried out by performing
Egger’s test.?! We considered a P value of
less than 0.05 to represent the possibility of
small-study effects.

Endpoints and definitions

The original primary study endpoints
for the current analysis included stent dys-
function and overall survival (OS), while the
secondary study endpoints included pro-
cedure-related complications and clinical
success. The relief of jaundice was defined
as a clinical success if bilirubin levels were a
minimum of 30% lower in two weeks or 70%
lower in four weeks. Stent dysfunction was
defined as the relapsing of jaundice with ele-
vated bilirubin levels or signs related to MBO
with evidence of bile duct dilation through
imaging techniques. The time between stent
insertion and death was defined as the pa-
tient survival period. Procedure-related
complications mainly included cholangitis,
cholecystitis, pancreatitis, and hemobilia.
Cholangitis and cholecystitis were defined
as having symptoms of abdominal pain and
fever (temperature above 38°C) that required
antibiotic administration within 24 hours af-
ter the procedure, with no indications of any
other system being infected. Pancreatitis was
diagnosed when serum amylase levels rose
to more than three times the normal limit
(60-180 U/L), with persistent abdominal pain
after the procedure. Hemobilia was defined
as the requirement for a blood transfusion or
hemostatic surgery.

Statistical analysis

Dichotomous variables and event fre-
quencies were extracted from the identified
studies. We calculated the odds ratios (ORs)
with 95% confidence intervals (Cls). Hazard
ratios (HRs) and 95% Cls were used to assess
the OS. The heterogeneity was assessed via
x*> and I* tests. The OR was pooled by using
either a fixed-effect or random-effect mod-
el. If heterogeneity was not high (1 <50%),
data were pooled using a fixed-effect mod-
el. In contrast, if heterogeneity was present
(P >50%), data were appropriately analyzed
with a random-effect model. In addition,
subgroup analysis was performed to as-

Fuetal.



sess the potential causes of heterogeneity,
depending on the type of I-125 delivery
via metal stents (I-125 seed stents or metal
stents + IRSS). The results of this subgroup
analysis were reported. Sensitivity analysis
was performed by omitting each study from
the analysis individually and measuring the
impact this had on the results. The potential
for publication bias was tested by applying
funnel plots. Egger’s test was also used to
assess each publication’s bias for pooled val-
ues with 95% Cls (P < 0.05 was considered
significant bias). The statistical analysis was
conducted using RevMan Cochrane Collab-
oration software, Review Manager (RevMan)
version 5.4, and STATA v15.1 (Stata Corp, Col-
lege Station, Texas, USA).

Results

Study selection and baseline characteris-
tics

We initially gathered 301 potentially rel-
evant articles based on the inclusion and
exclusion criteria (Figure 1). Eighteen studies
with full texts were selected to conduct the
meta-analysis (Table 1). In these studies, sev-
en were RCTs,?>?8 and the remaining 11 were
retrospective studies.?* Three RCTs (with
383 total participants) and two retrospective
studies (with 114 total participants) com-
pared |-125 seed-loaded stents with conven-

tional metal stents.?*2627313° Four RCTs (with
217 total participants) and nine retrospective
studies (with 852 total participants) com-
pared metal stents + IRSS with metal stents
alone 2242528303238 Details of the baseline fea-
tures included in these studies are shown in
Table 1. Most of the baseline characteristics
were comparable, with all studies being con-
ducted in China. The target population was
patients with MBO for all studies. The causes
of MBO included cholangiocarcinoma, gall-
bladder carcinoma, pancreatic carcinoma,
hepatocellular carcinoma, and cancer me-
tastases, among others. The interventional
modality in the study group was the delivery
of I-125 seeds via metal stents, while the con-
trol group was implanted with conventional
metal stents.

In addition, all metal stents in the con-
trol groups were SEMS. Stent implantation
occurred via endoscopic retrograde cholan-
giopancreatography or percutaneous tran-
shepatic cholangiography. Five studies used
I-125 seed stents, and the remaining 13 used
metal stents + IRSS. Two types of I-125 seed
delivery were analyzed as subgroups.

Stent dysfunction

In the analysis of stent dysfunction, 11
StudieS22,23,25,26,29,30,33,34,37-39 reported data on
dysfunction rates, including five RCTs and six
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Additional other sources (n= 6)

retrospective studies. The heterogeneity was
low among these 11 studies (P = 41.7%; P, =
0.071). The pooled OR was significant (OR:
0.61,95% Cl: 0.46-0.81, P=0.001), which was
demonstrated by using a fixed-effect model
(Figure 2a). These results suggest that the
study group had a significantly reduced inci-
dence of stent dysfunction.

Overall survival

Six retrospective studies reported the HR
of 0S.3234353739 These studies included 276
total patients in the study group and 290
total patients in the control group. The study
group (patients who underwent surgery to
implant metal stents + IRSS or I-125 seed
stents) was compared with the control group
(patients who underwent implantation of
conventional metal stents). We pooled the
HRs and revealed a significant extension
of OS in the study group (HR: 0.34, 95% Cl:
0.28-0.42, P < 0.001) (* = 0.0%; P, = 0.771)
(Figure 2b).

Clinical success

Eight studies®263034363839 reported data
on clinical success (Table 1). There was no sig-
nificant difference in success rates between
the study group and the control group (OR:
1.27,95% Cl: 0.71-2.27, P = 0.424) (I* = 0.0%;
P, =0.469) (Figure 3).
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Figure 1. The process of article identification, inclusion, and exclusion according to the preferred reporting items for systematic reviews, meta-analyses guidelines

and above criteria.
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Figure 2. (a) Group analysis results of stent dysfunction rate; (b) group analysis of overall survival.
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Figure 3. Group analysis results of clinical success rate.
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Complications

All adverse events from studies, including
cholangitis, pancreatitis, hemophilia, and
cholecystitis, were reported. However, the
differences between the study and the con-
trol group were not statistically significant.
Heterogeneity among the studies was not
significant when compared with the control
group (all » = 0.0%, all P, > 0.05), including
for cholangitis (OR: 1.00, 95% Cl: 0.66-1.53,
P =0.992) (Figure 4a), cholecystitis (OR: 1.82,
95% Cl: 0.55-6.0, P = 0.326) (Figure 4b), pan-
creatitis (OR: 1.79, 95% ClI: 0.48-6.70, P =
0.390) (Figure 4c), and hemobilia (OR: 1.11,
95% Cl: 0.47-2.65, P = 0.813) (Figure 4d).

Subgroup analysis

Subgroup analyses were conducted to
analyze the dysfunction rates for the two
different methods of 1-125 seed deploy-
ment. The [-125 seed stents significantly
decreased stent occlusion rates compared
with metal stents alone (” = 0; P, = 0.560)
(OR: 0.49, 95% Cl: 0.31-0.76, P = 0.002) (Fig-
ure 5a). However, only three studies??63
reported this data. The heterogeneity was
high for the metal stents + IRSS groups ver-
sus the metal stents group (P = 51.2%; P, =
0.045). Using a random-effect model to pool
ORs, the analysis demonstrated no obvious
reduction in stent dysfunction between the
two groups (OR: 0.78, 95% Cl: 0.45-1.36,
P =0.378) (Figure 5b). In the subgroup anal-
ysis of survival, five studies were includ-
ed 3234353738 Syrvival was obviously improved
in patients who received the metal stents
+ IRSS compared with patients who received
conventional metal stents (HR: 0.33, 95%
Cl:0.26-0.42, P < 0.001) (* = 0.0%; P, = 0.680)
(Figure 5c).

Sensitivity analysis

In our sensitivity analysis, 11 studies re-
ported that stent dysfunction ranged from
a low of 0.58 (95% Cl: 0.44-0.78, I> = 30.2%;
P, = 0.177), after omitting the 2018 report
by Zhou et al3, to a high of 0.73 (95% Cl:
0.54-0.99; > = 0.0%; P, = 0.464), after omit-
ting the 2020 report by Li et al.®, and results
were generally similar. Six studies reported
specific HRs for OS, from a low of 0.38 (95%
Cl: 0.26-0.42, I* = 47.2%; P, = 0.048), after
omitting the 2020 report by Chen et al.*, to
a high of 0.38 (95% Cl: 0.29-0.42; > = 0.0%;
P, =0.996), after omitting the 2019 report by
Pang et al.*? Again, results were similar with-
out great fluctuation. Our sensitivity anal-
ysis indicates that there were no significant
variations in the combined effect sizes after
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excluding any one of the studies, which con-
firms the stability of the overall results.

Study quality assessment

In total, 18 studies were conducted in
China. Although these authors described the
use of proper randomization methods, some
studies did not provide details of patient al-
location; as such, the validity of seven RCTs
was assessed in detail (Figure 6). The scores
of 11 retrospective studies were 6-8 (Table
1).

Publication bias

No publication bias was found in this me-
ta-analysis. A funnel plot analysis showed no
asymmetry. Additionally, Egger’s test was
used to assess the stent dysfunction results
(P = 0.227 for OS; P = 0.167 for stent dys-
function) (Supplementary Figures 1, 2). The
included studies indicated no evident pub-
lication bias.

Discussion

Principle findings

The main palliative treatment for MBO is
stent insertion, with relief of stenosis being

its main purpose. However, stent dysfunction
remains a severe challenge for clinical practi-
tioners and directly leads to patient mortali-
ty. Therefore, we conducted this meta-anal-
ysis to provide evidence of the advantages
of metal stents + IRSS or I-125 seed stents. |-
125 seed deployment resulted in lower stent
dysfunction rates than conventional metal
stent implantation. Moreover, the OS of pa-
tients who suffered MBO and received the
I-125 seed stents had obvious improvement.
Aligning with our results, Xiang et al.’ also
found that I-125 seeds did not increase pro-
cedure-related complications, which demon-
strates that the treatment is generally safe.

Tumors can easily grow into the lumen via
the stent mesh. This can lead to the recurrent
occlusion of the stent and to symptoms such
as jaundice.'® In addition, the formation of
granulation tissue and epithelial hyperpla-
sia may also contribute to stent failure.”"
Radioactive stents may help to avoid this
stent dysfunction. First, I-125 seeds serve as
the sustained radiation source. |I-125 plays
an important role in damaging the DNA of
malignant cells, which triggers apoptosis.*
Second, the 1-125 insertion may trigger the
activation of CD3+ and CD4+ cells and cause
an anticancer immune response.** Conven-

tional metal stents lack this unique radioac-
tive function, which limits their longer-term
benefits. These characteristics may explain
why metal stents + IRSS and I-125 seed stents
demonstrate a lower rate of restenosis and
longer OS than conventional metal stents.

Comparison with other studies

A previous meta-analysis by Huang et al.*
compared IRSS+ stents with stents alone in
MBO treatment. However, the inclusion of
only three RCTs did not provide sufficient
evidence. In addition, Huang et al.* did not
include patients who used I1-125 seed stents.
In our meta-analysis, we included I-125 seed
stents and conducted subgroup analyses on
survival and stent dysfunction for the two
different deployments of I-125 seeds.

Another similar meta-analysis conduct-
ed by Xiang et al." compared two different
methods of deploying I-125 seeds and found
no significant difference in survival between
the brachytherapy group and the control
group. The brachytherapy group had de-
creased stent occlusion rates regardless of
the method of I-125 deployment. This evi-
dence is consistent with our results.
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Figure 4. (a) Group analysis result of cholangitis; (b) group analysis result of cholecystitis; (c) group analysis result of pancreatitis; (d) group analysis result of

hemobilia.
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Two studies associated with high-dose-
rate 192 iridium (Ir) intraluminal brachythera-
py for MBO patients demonstrated a survival
time of 9.2-9.4 months.**“® In our included
studies, the median survival period was lon-
ger than that of the control group (Table 1).
Nevertheless, there are several shortcomings
of HDR-192 Ir. First, it cannot provide the
sustained radiation associated with I-125

seeds.? Second, it increases biliary infection
through the procedure.” Third, for a few pa-
tients who suffer from MBO, the tissue of the
biliary tract is relatively thin, which makes it
difficult to complete the procedure.”® Envi-
ronmental requirements are also demand-
ing, necessitating an isolated, well-shielded
room.*
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Figure 5. (@) Subgroup analysis results of the dysfunction rate (I-125 seed stents group versus control group);
(b) subgroup analysis results of the dysfunction rate (metal stents + IRSS group versus control group); (c)

T
10 100

subgroup analysis results of overall survival (metal stents + IRSS group versus control group).
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Frequently, I-125 seeds are deployed via
either IRSS or the use of I-125 seed stents. To
fully cover the stent surface, the manufactur-
ing process of I-125 seed stents is rigorous.
The existing meta-analysis tends to empha-
size the IRSS approach. However, theoretical-
ly, the latter method may be more suitable
for luminal diseases such as MBO. Hopefully,
more studies will be designed to compare
the efficacy rates of these different deploy-
ment methods in MBO patients.

Strengths and limitations

In our meta-analysis, we included seven
RCTs and 11 retrospective studies. Compared
with previous meta-analyses,’* we provid-
ed relatively useful evidence. In addition, we
conducted subgroup analysis between two
different types of I-125 delivery with metal
stents, which may provide more individual-
ized treatment options for patients experi-
encing MBO. Moreover, our publication bias
and sensitivity analyses indicate the reliabili-
ty and stability of the results.

However, some RCTs lacked blinding pro-
cedures, which could possibly result in selec-
tion bias, with only Zhu et al.?® employing a
multi-center randomized research approach.
Eleven studies were not RCTs in design; as
such, these studies may be prone to bias,

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

~
~N

Chen (2012)

~ | @ | Allocation concealment (selection bias)

Chen (2018)

Hasimu (2017)

-~

Jiao (2017)

~| @
~

Wang (2021)

Zhu (2012)

Zhu (2018)

DO ODOD O O O )|selective reporting (reporting bias)
DO OO O O | O otherbias

®e v @
®e v
DO OO D O O Incomplete outcome data (attrition bias)

O DD D D ®| @ |Random sequence generation (selection bias)

Figure 6. Quality assessment of randomized

controlled trials.
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which could affect the reliability of the data.
All studies but four®2*3*3738 included partici-
pants with MBO who suffered from different
malignant tumors. In addition, the obstruc-
tion sites were not well distinguished. Sub-
group analysis based on the anatomic levels
and cancer types could not be conducted.
Future studies are necessary to evaluate re-
lated study endpoints in single-type cancers.
Additionally, different sites of obstruction of
MBO should be further explored for treat-
ment.

In theory, radioactive stenting is more ef-
fective, as it loads the I-125 seeds around the
implanted stent. Unsatisfactorily, five studies
mention only one type of radioactive stent
made from a SEMS with radioactive 1-125
seeds.?32627313% Moreover, studies on different
radioactive stents (I-125 seed stents or other
sources of radioactive material) are very rare,
and more studies are urgently required.

Moreover, all included studies were con-
ducted in China because the I-125 seed
strand was developed by Chinese research-
ers.?® A series of studies could be performed
in the future when the application of 1-125
seed stents becomes more accepted in other
countries.

Implications

MBO is caused by various cancers, and
only approximately 10%-20% of patients
who suffer from MBO are eligible for surgical
resection.®'1%48 Even after successful sur-
gery, the three- and five-year survival rates
remain at 18%-52% and 5%-31%, respec-
tively.2#95° Metal stent insertion is widely
used in MBO patients to relieve stenosis.
I-125 seeds have a radioactive half-life of ap-
proximately 59.6 days and can persistently
suppress tumorous cells.”” Moreover, I-125
seeds can reliably inhibit the growth of
neoplasm into the mesh of the stent, which
greatly avoids stent dysfunction. This me-
ta-analysis proves this method’s advantages.
Using 1-125 seed strand or radioactive stents
can provide a better prognosis than con-
ventional metal stents without increasing
complications, which provides clinical prac-
titioners with an optimal choice for handling
this difficult medical condition. When the
symptoms were relieved, the quality of life of
patients greatly improved. Indeed, according
to our results, the study group had a longer
survival rate than the conventional metal
stent group. Large RCTs are required to verify
these results.

In conclusion, the study group (using
metal stents + IRSS or I-125 seed stents) was

significantly superior to the conventional
metal stent group, with a superior survival
rate and decreased stent occlusion. In addi-
tion, the two types of I-125 seed delivery did
not increase the risk of procedure-related
complications when compared with conven-
tional metal stents. More strictly designed,
multiple-center RCTs are required to confirm
these findings.
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Supplementary Figure 1. (a, b) Funnel plotand Egger’s test on stent dysfunction.

f——— 95% CI for intercept

Cl, confidence interval.

—— 95% CI for intercept

Cl, confidence interval.

Supplementary Figure 2. (a, b) Funnel plot and Egger’s test on overall survival.
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