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Abstract
Background:Biliary self-expandable metallic stent(SEMS) combined with iodine-125(125I) seeds are
increasingly used in patients with malignant biliary obstruction (MBO), The purpose of this study was to
evaluate the safety and e�cacy of SEMS combined with 125I seeds in the treatment of Bismuth type I or II
MBO.

Methods:The clinical data of 74 cases of MBO treated with percutaneous SEMS combined with 125I seeds
(combination group) and 81 cases of MBO treated with SEMS implantation alone (control group) in our
hospital from January 2015 to December 2019 were retrospectively analyzed.

Results:The surgical success rate of the two groups was 100%, and no surgery-related deaths occurred. The
liver function of each group was signi�cantly improved after 1 week and 1 month of follow-up. There was no
signi�cant difference in short-term e�cacy or complications between the two groups (P> 0.05). The average
biliary opening times of the combined group and control group were 9.01±4.38 months and 6.79±3.13 months,
respectively (P <0.001). The average postoperative survival time was 12.08±5.38 months and 9.10±4.16
months, respectively (P <0.001). Univariate and multivariate analyses showed that the type of biliary stent and
liver metastasis were independent factors affecting survival.

Conclusions: SEMS combined with 125I seeds is a safe, effective and feasible palliative treatment for patients
with Bismuth type I or II MBO, as it can delay the recurrence of jaundice and prolong the survival time of
patients.

1. Background
Malignant biliary obstruction (MBO) is directly or indirectly caused by malignant tumors such as pancreatic
cancer and cholangiocarcinoma, with insidious onset and poor prognosis [1,2]. As tumor tissues tend to
in�ltrate surrounding tissues and organs, the overall surgical resection rate of tumor lesions is relatively low
[3,4]. Even after surgery, complications such as liver failure, infection and tumor recurrence often occur. Biliary
drainage and stent placement can quickly relieve the symptoms of biliary obstruction and improve the quality
of life of patients, so they have become the preferred palliative treatment [5,6]. However, tumor tissue continues
to grow after stent placement, which is likely to lead to stent reobstruction, and the long-term treatment effect
is poor. According to one report, the patency time of bare metal biliary tract stents is approximately 88.3 days
[7]. A fully covered metal biliary stent can effectively inhibit tumor tissue growth through the mesh and prolong
the median patency time to approximately 118 days after stent implantation; however, the drainage of bile and
pancreatic �uid may be affected after stent implantation, related complications may occur, and the
displacement rate of these stents is higher [8]. If biliary stent implantation is combined with radionuclide
internal radiotherapy, which has been widely used in clinical practice, these can complement each other and
make up for each other's shortcomings. The stent can relieve symptoms of biliary obstruction and improve
patients' systemic conditions. The radionuclide can inhibit tumor growth, improve the long-term patency rate of
the stent and prolong the survival time. To perform radionuclide internal radiation therapy on or around a
biliary stent, many domestic researchers have explored covering the biliary stent with a �lm coated with
radionuclide particles [9]. 125I seeds were directly bound to the biliary stent, or a plastic tube containing 125I
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seeds was pressed around the stent for treatment [4,10,11]. However, the dose of radionuclides cannot be
adjusted according to the characteristics of speci�c lesions in practical applications, and the consistency of
the radiation dose and its distribution throughout the lesion cannot be guaranteed; the displacement, shedding
and leakage of radionuclides after operation are also hidden dangers.

In this study, a brachytherapy system consisting of a particle carrying 125I seeds and a SEMS developed by
Nanjing MicroPort, China, combined with a specially designed treatment planning system (TPS), was used in
patients with MBO. This study aims to explore the safety and effectiveness of SEMS combined with 125I seeds
implantation in the biliary tract and whether it can prolong the biliary opening time and overall survival.

2. Materials And Methods

2.1 Patients
The data of patients with MBO who underwent biliary stenting in the First A�liated Hospital of China
University of Science and Technology from January 2015 to December 2019 were retrospectively analyzed.

The inclusion criteria were as follows:  age 18-80 years;  clinical symptoms of biliary obstruction, such as
jaundice;  malignant biliary obstruction con�rmed by imaging, laboratory examination, tissue/cytology biopsy
or previous operation;  Bismuth-Corlette type I or II bile duct obstruction;  ECOG score of 0-3; and  inability or
refusal to undergo surgery. The exclusion criteria were as follows: benign biliary obstruction;  inability to
expand the obstruction completely and inability of the stent conveyor to pass through the obstructed section; 
complication with biliary perforation;  previous history of stent placement or biliary surgery; 
contraindications of percutaneous transhepatic biliary drainage;  ECOG score of 4; and  Bismuth-Corlette type
III or IV biliary obstruction. Finally, according to different forms of biliary stents, the sample was divided into 81
patients receiving simple biliary stent treatment and 74 patients receiving internal irradiation with 125I seeds.
The �ow chart is shown in Fig 1.

2.2 Device materials
A percutaneous transhepatic biliary drainage (PTCD) trocar (Cook Medical, Bloomington, Indiana, USA), a
supersmooth guide wire and a 5-F Cobra contrast catheter (Cordis, USA), etc. The biliary stent was provided by
the Nanjing Institute of Minimally Invasive Research, China. The length of the stent was 6-10 cm, and the
diameter of the stent was 8-10 mm. The structure of the stent was combined with particles is a double-layer
structure: a SEMS and a stent carrying 125I seeds were deployed to the target bile duct and assembled. The 125I
seeds were provided by Chengdu Yunke Company, China. The high-purity titanium shell was 0.8 mm in
diameter and 4.5 mm in length. It had a built-in 3 mm 125I silver rod with an activity of 0.3 mCi–6.0 mCi, a
prescription dose of 125I seeds (CIAE- 6711; China Institute of Atomic Energy, Beijing). Planning and calculation
were based on a treatment planning system (FTT technology, Beijing, China). Before the stent was placed, 125I
seeds were assembled into the capsule of the stent, which was attached to the external surface of the stent. 
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2.3 Operation method

2.3.1 Imaging examination and preoperative evaluation:
All patients underwent dual-phase CT enhancement and MRCP scanning to understand the tumor focus range,
biliary obstruction level and length of stenotic segment and to determine the relationship between the tumor
and the important vessels around it. This determines the length of the biliary tract particle scaffold, the
location of implantation, and the number of 125I seeds.

2.3.2 Surgical operation:
   With the patient in the supine position, we determined the skin puncture point and punctured the dilated bile
duct with a PTCD special puncture needle under �uoroscopy or B-ultrasound monitoring.  We injected the
contrast medium to show the length of the lesion and the degree of obstruction and mark them. We withdrew
the catheter and replaced it with a 260 cm superhard and superlong guide wire.  We chose an appropriate
stent system for intrabiliary irradiation according to the length of the lesion. The particle segment of the
particle carrying device was required to completely cover the lesion.  If necessary, a balloon of appropriate
length was used to dilate the obstructed biliary tract, and then the seeds carrying the device were pushed to the
lesion site along the superhard guide wire. The proximal positioning method was used to con�rm the accurate
positioning before release.  After withdrawing the releaser, the common biliary stent was pushed to the biliary
obstruction section along the superhard guide wire so that it overlapped with the particle segment of the biliary
particle device. The upper and lower edges of the internal irradiation stent system had to exceed the lesion by
approximately 10 mm.  After the operation, the external drainage tube was put in, �ushed, and clamped with
metronidazole 50 ml for 3 consecutive days. The drainage tube was left in for 1 week to understand the
patency of the stent, and then the drainage tube was removed. 

2.3.3 Postoperative treatment:
After operation, all patients received ECG monitoring, oxygen inhalation, liver protection, jaundice, hemostasis,
anti-infection treatment, and symptomatic treatment. We observed the color, quality and quantity of the bile
drainage �uid. For patients with unobstructed biliary drainage and no infection, bleeding or other signs, PTCD
was clamped 3-7 days after operation according to the bile drainage volume, color and turbidity. If there was
no obvious discomfort, the drainage tube was removed. One week after operation, a SPECT/CT scan was done
to show the radioactivity and position of the 125I seeds chain (Fig 2). Interventional treatment was done to
continue treatment of other lesions.

2.4 Evaluation method and follow-up
 Short-term e�cacy: The incidence of postoperative complications was observed, and liver function, renal

function and blood routine were reexamined 1 week and 1 month after operation to evaluate the recovery of
liver function and the curative effect on jaundice regression.
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 Long-term e�cacy: The long-term e�cacy (postoperative biliary tract opening status and postoperative
survival time) was compared between the observation group and the control group.

 In�uencing factors: To evaluate whether sex, age, etiology, liver function or obstruction site was an
independent in�uencing factor of surgical e�cacy, after the last return to the hospital for reexamination,
telephone return visits were made once a month to gather data on the patient's survival, clinical symptoms,
recurrence of jaundice and new complications. Three, 5, 7, 9 and 12 months after operation, computed
tomography (CT) was redone in the hospital or outside the hospital to view the distribution of the biliary stent
and 125I seeds and evaluate the opening of the biliary tract. 

2.5 Statistical analysis
SPSS22.0 statistical software (IBM, Armonk, NY, USA) was used for statistical analysis. Continuous data
conforming to a normal distribution are presented as mean±SD and were compared using Student’s t-test.
Continuous data that were not normally distributed are presented as median (interquartile range) and were
compared using the Mann-Whitney U-test. The Kaplan-Meier method was used to analyze the stent opening
time and survival time, and the log-rank test was used for comparison between groups. Multivariate Cox
regression analysis was used to analyze the factors affecting surgical e�cacy and survival. All results were
statistically signi�cant at P <0.05.

3. Results

3.1 Surgical results
The surgical success rate of all 155 patients was 100%,The baseline characteristics of  81 patients receiving
simple biliary stent treatment and 74 patients receiving biliary stent with 125I seeds treatment groups were well
balanced.See Table 1. The survival time of all patients was more than 30 days, so they all could be evaluated
for e�cacy.
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Table 1
Baseline characteristics of two groups’ patients

Variables Combination group(n=74) Control group(n=81) x2/t P value

Age Y     1.031 0.309

≥50 67 69    

<50 7 12    

Sex     3.759 0.053

Male 38 54    

Female 36 27    

Bismuth-Corlette     0.321 0.571

Type I 35 42 59.3%    

Type II 39 39 40.7%    

KFS(score)     3.281 0.07

≥70 62 58    

<70 12 23    

Laboratory Test        

TBIL (μmol/L) 221.84±110.93 214.48±148.83 0.274 0.785

ALT(u/L) 106.99±81.02 134.08±126.89 1.228 0.222

AST(u/L) 113.85±80.10 128.72±96.01 0.842 0.402

ALB(μmol/L) 33.95±6.82 35.03±5.53 0.928 0.355

PT(s) 11.95±1.83 12.71±1.99 1.796 0.051

Intrahepatic metastasis     1.5 0.221

Yes 32 43    

No 42 38    

PFS=Performance Status;TBIl=total bilirubin;ALT=alanine aminotransferase; AST=aspartate aminotrans
ferase; ALB=albumin;PT=prothrombin time

3.2 Short-term e�cacy
The liver function of all 155 patients improved signi�cantly at 1 and 4 weeks after operation. Compared with
preoperatively, the difference was statistically signi�cant (P < 0.001); that is, the short-term effect of each
treatment on malignant obstructive jaundice was good, and the jaundice obviously subsided. There was no
signi�cant difference between the two groups in the short-term effect (P > 0.05). See Table 2.
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Table 2
Laboratory Values before and after Stent Placement

Laboratory Test Combination group (n = 74) control group (n = 81) P value

TBIL (umol/L)      

Preoperative 214.48±148.83 221.84±110.93 0.785

 After 1W 141.87±92.47# 151.68±93.95# 0.707

After 1M 64.40±64.08#* 69.35±63.55#* 0.782

P P<0.001 P<0.001  

DBIL (umol/L)      

Preoperative 164.86±88.43 178.65±63.39 0.428

 After 1W 96.53±85.74# 113.03±93.35# 0.506

After 1M 35.36±40.27#* 42.67±38.55#* 0.381

p P<0.001 P<0.001  

IBIL (umol/L)      

Preoperative 58.33±45.62 50.68±43.39 0.693

 After 1W 45.34±25.38 38.65±24.57 0.436

After 1M 29.04±25.38# 26.38±18.43# 0.212

p 0.001 0.152  

ALT (u/L)      

Preoperative 106.99±81.02 134.08±126.89 0.222

 After 1W 68.54±48.61 79.21±55.27 0.426

After 1M 32.36±14.72# 42.65±27.62# 0.182

p 0.021 0.047  

AST (u/L)      

Preoperative 106.21±84.45 142.72±145.70 0.425

 After 1W 61.43±51.61(1-2) 81.21±59.01 0.354

After 1M 30.29±13.94# 47.86±29.78# 0.056

p 0.005 0.031  

TBA(umol/L)      

Preoperative 56.44±33.24 66.71±23.36 0.454

 After 1W 43.67±34.40 51.43±33.02 0.056
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After 1M 27.33±14.50 30.01±13.79# 0.454

p 0.439 0.013  

# Represents P <0.05 compared with preoperatively, * represents P <0.05 compared with one week after
surgery. TBIl=total bilirubin;ALT=alanine aminotransferase; AST=aspartate aminotrans ferase; DBIL=direct
bilirubin; ILBI = indirect bilirubin; TBA =total bile acid;

3.3 Complications
The incidence of complications in the combined group was 18.92%, including 8 cases of abdominal pain, 1
case of biliary bleeding, 2 cases of pancreatitis, 1 case of cholangitis and 2 cases of sepsis. The incidence of
complications in the control group was 11.11%, including 6 cases of abdominal pain, 2 cases of pancreatitis
and 1 case of sepsis. All complications improved after symptomatic treatment. No biliary stent or 125I seed
strip displacement was found in the postoperative reexamination. There was no signi�cant difference in the
incidence of complications between the two groups. See Table 3.

Table 3
complications in the two groups

Complication Combination group(n=74) Control group(n=81) p

Abdominal pain 8 6 0.460

Bleeding 1 0 0.294

pancreatitis 2 2 0.927

cholangitis 1 0 0.294

septicemia 2 1 0.508

3.4 Stent opening time
After 3, 5, 7, 9 and 12 months of follow-up or upon return to the hospital for reexamination, the patency of the
biliary tract was examined. The χ2 test showed that there was no signi�cant difference in the incidence of
reobstruction within 5 months after the operation between the two groups, indicating that there was no
difference in the e�cacy of the two methods within 5 months after operation. However, after the 5-month mark,
the difference in the incidence of biliary stent reobstruction between the two groups became statistically
signi�cant, as shown in Table 4. The overall opening times of the biliary stents in the two groups were
9.01±4.38 months and 6.24±0.48 months, respectively. Kaplan-Meier analysis was used to draw the survival
curve (Fig 3a), and the log rank test was used to compare them. The results showed that the opening time of
biliary stents loaded with 125I seeds was signi�cantly longer than that of simple biliary stents (P <0.05).
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Table 4
Follow up of stents in two groups

groups 0-3 months after operation 3-5 months after operation 5-7 months after operation

unobstructed obstruction unobstructed obstruction unobstructed obstruction

Combination
group (n
=74)

71 3 63 8 48 15

control
group (n =
81)

75 6 60 15 24 36

X2 0.795 2.095 16.584

p 0.372 0.148 0.001

3.5 Survival and its in�uencing factors
The cumulative survival rates of the two groups of patients at 3, 6 and 12 months were 99%, 89%, and 68%
(combined group) vs 96%, 79%, and 47% (control group). The survival curves of the two groups were drawn by
the Kaplan-Meier method (Fig 3b). The log-rank test showed that the average survival time of the combined
group and control group was 12.08±5.38 months and 9.10±4.16 months, respectively. There was a signi�cant
difference in survival time between the two groups (χ2=10.576, p=0.001). Univariate analysis showed that the
type of biliary obstruction, intrahepatic metastasis and stent type were signi�cantly correlated with survival.
Multivariate Cox analysis showed that intrahepatic metastasis and stent type were independent prognostic
factors that affected survival (Table 5).
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Table 5
Univariate and multivariate analyses of prognostic factors for survival

Variable Univariate Analysis Multivariate Analysis

HR(95% CI) P
Value

HR(95% CI) P Value

Sex (M/F) 0.915(0.496-
1.427)

0.467    

Age (y) (³50/<50) 0.824(0.475-
1.543)

0.147    

Bismuth type(I/II) 2.154(1.245-
3.517)

0.008 2.067(1.159-
4.282)

0.074

KPS score (³70/<70) 0.516(0.278-
1.162)

0.143    

Total bilirubin level (³200/<200)
(μmol/L)

1.017(0.754-
2.143)

0.241    

Intrahepatic metastasis(Y/N) 0.014(0.015-
0.212)

<0.001 0.021(0.004-
0.131)

<0.001

Iodine-125 Seeds(with/without) 3.287(2.112-
7.925)

<0.001 4.923(2.435-
8.568)

<0.001

4. Discussion
Most patients with obstructive jaundice caused by malignant tumors lose the opportunity for surgical
treatment [12]. Biliary stent implantation and reopening of the occluded bile duct is the main treatment method
at present. Tumor progression and stent intimal hyperplasia are the main reasons for the recurrence or
deterioration of jaundice in patients [13,14]. Therefore, how to control tumor growth and delay the hyperplasia
of the bile duct intima is the key to preventing stent blockage and prolonging the survival time of patients.
Previous clinical studies have used biliary stents combined with external radiotherapy [15], biliary stents
combined with arterial intubation chemoembolization [16] and the installation of radiotherapy devices for
biliary radiotherapy [17] and other methods. Due to the poor basic condition of the patient, the sensitivity of
surrounding organs to radiotherapy, the limitation of the primary tumor type and the cumbersome surgical
operation, etc., it cannot be widely used in clinical applications. SEMS combined with 125I seed implantation
and intracavitary irradiation has been used to treat malignant biliary obstruction [18,19], and certain clinical
effects have been achieved.

125I seeds are a kind of low-dose-rate microradiation that release γ-rays. Because of their short range of
radiation, low penetration, and maximum killing of tumors without damaging the surrounding normal tissues,
125I seeds are widely used in radiotherapy. They have been applied to the clinical treatment of prostate cancer,
rectal cancer, nasopharyngeal cancer, liver cancer and other malignant tumors have achieved good results
[20,21]. Based on the advantages of 125I seeds, we explored the difference in clinical e�cacy between SEMS
combined with 125I seeds and SEMS alone in the treatment of MBO. In this study, �rst, 125I seeds were placed in
the carrier device and �xed on the bile duct wall through the support of a biliary stent, which effectively solved
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the di�culty of direct puncture and implantation of 125I seeds for the treatment of malignant tumors growing
along the bile duct. Compared with simple biliary stent implantation, a biliary stent combined with 125I seed
implantation will not cause obstruction of bile drainage and will ensure the patency of the biliary tract. The
continuous radiation can effectively inhibit and kill tumor cells and reduce the proliferation of biliary intima.
This treatment has an obvious curative effect in delaying the recurrence of obstructive jaundice. In this study,
the bilirubin level was signi�cantly improved at 1 week and 1 month after biliary stent implantation in each
group (P <0.001). The two methods had good short-term curative effects in the treatment of MBO, and the
effect on jaundice was obvious, but the difference between the two groups was not statistically signi�cant
(P>0.05). Even though the two groups had no signi�cant difference in short-term jaundice reduction, the
recurrence time of jaundice in the combined group was signi�cantly longer than that in the control group (9.01
mo. vs. 6.79 mo., P<0.001). This result is comparable to previous results [22,23]. This study also found that the
incidence of jaundice recurrence started to differ between groups 5 months after biliary stent implantation. The
main reason was that the combination method effectively killed or inhibited the tumor cells in the bile duct wall
and then inhibited the intimal hyperplasia around the biliary stent and thereby delayed the recurrence of
obstructive jaundice. In addition to delaying the recurrence of jaundice, a biliary stent combined with
brachytherapy can also prolong the survival time of patients. Although Isayama et al.[24] reported that the
cumulative survival rate of a biliary stent combined with internal radiotherapy was no different from that of R1
resection, the median survival time of the stent combined with internal radiotherapy group was signi�cantly
longer than that of the stent-only group. The results of this article also show that the median survival time of
the combined group was signi�cantly longer than that of the control group (12.08 mo. vs. 9.10 mo., P<0.001).

In addition, existing studies have shown that the incidence of early complications of percutaneous biliary stent
implantation is 5.7% to 28%, the mortality rate related to surgery is 0% to 4%, and the mortality rate 1 month
after surgery is 9% to 15%, most of the complications can be resolved by conservative medical treatment, and
the occurrence of death one month after surgery is generally related to some of the original underlying
diseases of the patient [25]. The results of this article show that the early complication rates of the two groups
of patients were 18.92% and 11.11%, both of which improved after conservative medical treatment, and the
surgery-related mortality rate was 0%. Previous studies have shown that biliary drainage brings a risk of biliary
tract infection and puncture tumor implantation and metastasis, so percutaneous biliary drainage and stent
implantation should be done with cautious [26]. Our study did not observe the occurrence of tumor
implantation or metastasis in the puncture tract, which was due to the improvements of interventional
treatment technology and equipment in recent years. Therefore, percutaneous biliary stent combined with 125I
seed implantation is a relatively safe and feasible palliative treatment.

5. Conclusions
In conclusion, percutaneous liver puncture biliary stent placement combined with 125I seed implantation is
safe, effective and feasible for patients with unresectable Bismuth type I or II malignant biliary obstruction.
This treatment scheme can extend the patency time of the stent as well as the survival time of patients. The
limitations of this study are that it was retrospective, and the sample size was small. Therefore, prospective
multicenter and larger randomized controlled studies are needed to further con�rm our results.
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Figures

Figure 1

Flow diagram illustrating the treatment process.
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Figure 2

A 66-year-old man with cholangiocarcinoma. Preoperative MR scan showed intrahepatic bile duct dilatation
(A), and DSA showed obstruction of the middle and upper segments of the common bile duct with intrahepatic
bile duct dilatation (B). After implantation of the biliary stent combined with 125I seeds, the obstruction was
relieved, and the contrast agent entered the intestinal cavity smoothly (C). Postoperative SPECT/CT showed
that the gamma radiation range of iodine particles covered the lesions in the middle and upper common bile
duct (D-F).

Figure 3

(a) Kaplan Meier survival curves for comparison of stent patency time between combined group and control
group (P=0.001). (b) Kaplan-Meier survival curves for comparison of OS between combined group and control
group (P<0.001).


