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Abstract 
Purpose: Biliary stents combined with percutaneous or endoscopic ultrasound-guided iodine-125 seed implan-

tation into primary tumor have been confirmed to relieve malignant obstructive jaundice (MOJ), and prolong pa-
tient’s stent patency. The aim of the study was to evaluate meaningful clinical application indications and better guide  
the application of this technology. 

Material and methods: Patients with MOJ, who have received bile duct stenting combined with iodine-125 (125I) 
seed implantation from October, 2010 to April, 2022, were retrospectively analyzed. Univariate and multivariate anal-
yses were adopted to indicate factors of stent patency in MOJ and influencing factors of jaundice reduction at one week 
after surgery. 

Results: A total of 90 patients were enrolled into the study, including 52 males (57.8%) and 38 females (42.2%), with 
a mean age of 68.66 ±12.53 years. The median stent patency was 8 months. No serious adverse events occurred during 
follow-up. Multivariate analysis showed that Child-Pugh score (HR = 2.221, 95% CI: 1.081-4.562), biliary infection  
(HR = 1.901, 95% CI: 1.084-3.335), and pre-operative jaundice duration (HR = 1.977, 95% CI: 1.106-3.533) were the in- 
dependent risk factors for stent patency. Child-Pugh B/C (OR = 4.647, 95% CI: 1.080-19.982) and bile duct infection 
(OR = 3.583, 95% CI: 1.095-11.725) were the independent risk factors for jaundice reduction at one week after surgery. 

Conclusions: MOJ patients treated with biliary stents combined with 125I seed implantation, and patients with 
better pre-operative liver function and no biliary tract infection, present not only longer biliary stent patency, but also 
better early jaundice reduction. 
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Purpose 
Malignant obstructive jaundice (MOJ) is a disorder of 

bile excretion caused by compression or metastasis of ma-
lignant tumors [1]. Clinical manifestations are jaundice 
of the skin, nausea, itching, dark urine, and discolored 
stools as well as long-term cholestasis and cholangitis 
that could cause liver dysfunction and eventually he-
patic failure [2]. The European Society of Gastrointesti-
nal Endoscopy (ESGE) strongly recommends the use of 
self-expandable metal stents (SEMS) for palliative extra- 
hepatic biliary obstruction (high quality evidence) [3]. 
Nonetheless, stent re-occlusion caused by tumor growth, 
overgrowth, connective tissue formation, and sludge 

formation, affects the application of this technology, in-
creasing the probability of re-intervention and shortening  
the patency of a stent [4-7]. Studies have found that bili-
ary stents combined with iodine-125 (125I) seed strand im-
plantation might effectively relieve obstructive jaundice 
and prolong stent patency [8-10]. Even a  meta-analysis 
confirmed the effectiveness of 125I seeds combined with 
stents [11]. However, the limited number of seeds that 
could be implanted with this method results in a  limit-
ed therapeutic effect on primary tumor. As a result, some 
researchers have attempted to apply percutaneous bili-
ary stenting and computed tomography (CT)-guided 125I 
seed implantation in the treatment of locally advanced 
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pancreatic carcinoma with concomitant obstructive jaun-
dice, and have found that it may prolong stent patency 
[12]. We also found that biliary stenting combined with 
percutaneous or endoscopic ultrasound-guided implan-
tation of 125I seeds into the primary tumor to relieve MOJ, 
achieved satisfactory results, prolonging patient’s stent 
patency. To better guide the application of this technolo-
gy and to identify meaningful clinical application indica-
tions, the present study was conducted. 

Material and methods 
Patients 

All patients with MOJ, who had received bile duct 
stenting combined with 125I seed implantation for the pri-
mary tumor from October, 2010 to April, 2022 were en-
rolled into the study. Patients’ basic clinical information, 
laboratory and clinical data related to 125I seed implanta-
tion and stents, were collected. The study was approved 
by the Ethics Committee of the Chinese People’s Liber-
ation Army General Hospital (approval code: S2022-
464-01), and the requirement for informed consent was 
waived due to retrospective nature of the study. Inclu-
sion criteria were as follows: (1) Laboratory examinations 
and imaging studies related to MOJ; (2) Patient receiving 
bile duct stent placement to relieve obstruction and 125I 
seed implantation for primary tumor; (3) No chance for 
R0 resection of primary tumor, or surgery refusal due to 
personal reasons by patient and family. Exclusion crite-
ria: (1) Patient with benign obstructive jaundice; (2) Pa-
tient who received surgical treatment.

Procedure of stent placement and iodine-125 seed 
implantation 

All patients were discussed in the multidisciplinary 
context before receiving 125I seed implantation, lost the 
opportunity for surgery, had no indications for radio-
therapy and chemotherapy, or refused radiotherapy and 
chemotherapy for personal reasons. A  duodenoscope  
(TJF-240/TJF-260V; Olympus, Tokyo, Japan) was used 
to find the duodenal papilla. Cholangiography was per-
formed with X-ray to determine the location and length 
of stenosis. Then, a  plastic stent (Cook Medical, Bloom-
ington, IN) or a fully covered self-expandable metal stent 
(Boston Scientific, Marlborough, MA) were placed. When 
the stent was placed under guidewire guidance, the distal 
end of the stent extended at least 2 cm beyond the stenosis. 

Iodine-125 seeds (China Isotope Radiation Co., Ltd., 
Beijing, China) consisted of a  titanium capsule with 125I 
adsorbed on a  passivated palladium rod, which could 
generate 27.4 keV X-rays with a half-life of 59.4 days were 
applied. The activity of a single seed was 0.6 mCi. Abdom-
inal CT were used to determine gross tumor volume (GTV) 
before surgery, and to estimate the number of 125I seeds 
required. Intravenous or local anesthesia was applied for 
125I seed implantation under EUS (Olympus Corporation, 
Tokyo, Japan) and/or percutaneous ultrasound guidance. 
Based on our clinical experience, we have adopted a sim-
pler method for seed implantation. Under EUS guidance, 
a 19 G puncture needle was inserted into the distal edge 

of the tumor, avoiding blood vessels. Then, the needle 
core was pulled out and the 125I seed was inserted into 
the needle. During the withdrawal of the needle core, the 
seeds were pushed into the tumor tissue to ensure that the 
distal ends of the two seeds were spaced 1-2 mm apart.  
The seeds were implanted in a straight line with a density 
of 5-10 seeds/cm. To prevent the seed from flowing out  
of the intestinal lumen during needle extraction, the im-
plantation was suspended when the needle was pulled to 
the outer edge of the intestinal lumen at 2-3 mm. There was 
no overlap between puncture tracks, that is, the last seed 
implanted could not be seen during the second puncture. 
The seeds were made sure to fill evenly throughout the 
tumor. The number of implanted seeds was accurately re-
corded. Finally, the position and distribution of 125I seeds in 
the lesion were evaluated under X-ray. The median num-
ber of 125I seeds implanted for each patient for the first time 
was 30 (range, 10-100 seeds), and the median cumulative 
radioactivity was 18 mCi (range, 6-60 mCi). The procedure 
was completed. It should be noted that the detailed proce-
dures have been described in our previous study [13]. 

Follow-up 

All patients’ clinical data were collected by telephone 
and the Chinese People’s Liberation Army electronic 
medical record system. The follow-up closing date was 
April, 2022. Stent patency time was defined as the time 
from the time the patient received bile duct stent place-
ment, until bile duct obstruction occurred again. If no 
evidence of bile duct obstruction was found during fol-
low-up and before patient’s death, the patient’s time of 
death prevailed. In the evaluation of the effect of reduc-
ing jaundice at 1 week after the surgery, a decrease in to-
tal bilirubin (TBIL) ≥ 50% was defined as a good curative 
effect, and a decrease in total bilirubin < 50% was identi-
fied as a poor curative effect. 

Statistical analysis 

Statistical analysis software used in this study was 
SPSS version 25.0. GraphPad Prism version 8.0 was ap-
plied to plot the survival curve and forest map, and log-
rank test was used to compare the stent patency of the 
two groups of patients. Cox proportional hazards model 
was used for the multivariate analysis of stent patency. 
Univariate and multivariate logistic regression analyses 
were performed to evaluate factors associated with remis-
sion of jaundice at 1 week after operation. For continuous 
variables, minimum p-value method was applied to de-
termine the optimal cut-off points, and p-value was cor-
rected by approximate correction method (Miller adjust-
ment). Statistically significant difference was indicated by 
two-tailed p < 0.05. 

Results 
Basic clinical characteristics, changes  
in laboratory parameters, and adverse events 

As presented in Table 1, a total of 90 patients were 
enrolled into the study, including 52 males (57.8%) and 
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38 females (42.2%), with a  mean age of 68.66 ±12.53 
years (range, 31-90 years). All patients underwent suc-
cessful placement of bile duct stents and 125I seed im-
plantation. The types of malignancies involved were 
mainly pancreatic cancer and duodenal papilla cancer. 
The median stent patency was 8 months. As shown in 
Table 2, the median (25%, 75%) of TBIL decreased from 
152.1 μmol/l (54.4, 300.0) to 66.6 μmol/l (22.0, 145.6), 
the median (25%, 75%) of direct bilirubin (DBIL) de-
creased from 117.7 μmol/l (33.8, 239.1) to 49.9 μmol/l 
(15.9, 99.0), and the median (25%, 75%) of γ-glutamyl 
transpeptidase (GGT) decreased from 566.8 U/l (326.9, 
885.8) to 222 U/l (108.2, 396.8) before and after biliary 
stent placement, and the difference was statistically sig-
nificant (p < 0.001). As shown in Table 3, most patients 
were free of adverse events. The main adverse event 
was transient abdominal pain (125I seed implantation, 
13.3%; biliary stent placement, 16.7%), and a minority 
of patients had fever (125I seed implantation, 3.3%; bil-
iary stent placement, 4.4%), mild pancreatitis (125I seed 
implantation, 2.2%; biliary stent placement, 4.4%), and 
cholangitis (125I seed implantation, 0; biliary stent place-
ment, 4.4%). 

Factors associated with stent patency 

As shown in Table 4, univariate log-rank test was used 
to found that bile duct stricture location (high vs. low, 3 vs. 
8 months, p = 0.014) (Figure 1A), Child-Pugh score (A vs. 
B/C, 14 vs. 5 months, p < 0.001) (Figure 1B), biliary infec-
tion (yes vs. no, 9 vs. 4 months, p = 0.002) (Figure 1C), bil-
iary stent type (metal vs. plastic, 9 vs. 5 months, p = 0.005) 
(Figure 1D), ECOG-PS (1 vs. 3, 9 vs. 4 months, p = 0.045) 
(Figure 1E), pre-operative jaundice duration (≤ 1 month vs. 
> 1 month, 9 vs. 4 months, p = 0.043) (Figure 1F), and TBIL 
(≤ 171 umol/l vs. > 171 umol/l, 9 vs. 7 months, p = 0.030) 
(Figure 1G), could affect stent patency. However, age, 

Table 1. Basic patients’ characteristics 

Patients’ characteristics (N = 90) n (%)

Age (year), mean ±SD (range) 68.66 ±12.53 (31-90) 

Sex (male/female) 52 (57.8)/38 (42.2) 

Pathological type

Pancreatic cancer 65 (72.2) 

Duodenal papillary cancer 15 (16.7) 

Others 10 (11.1) 

Bile duct stricture location

High bile duct stricture 5 (5.6) 

Low bile duct stricture 85 (94.4) 

Child-Pugh, A/B-C 23 (25.6)/67 (74.4) 

Bile duct infection, yes/no 21 (23.3)/69 (76.7) 

Biliary stent type, metal/plastic 35 (38.9)/55 (61.1) 

ECOG-PS, 1/2/3 40 (44.4)/34 (37.8)/18 (17.8)

Number of iodine-125 seeds 
implanted, ≤ 40/> 40 (range) 

75 (83.3)/15 (16.7) (10-100) 

Iodine-125 seed implantation 
guidance method, EUS/percuta-
neous 

56 (62.2)/34 (37.8) 

Pre-operative jaundice duration, 
≤ 1 month/> 1 month 

61 (67.8)/29 (32.2) 

Pre-operative TP (g/l), ≤ 66.5 g/l, 
> 66.5 g/l 

62 (68.9)/28 (31.1) 

Pre-operative ALB (g/l), ≤ 37/> 37 52 (57.8)/38 (42.2) 

TBIL (μmol/l), ≤ 171/> 171 49 (54.4)/41 (45.6) 

DBIL/TBIL, ≤ 0.63/> 0.63 16 (17.8)/74 (82.2) 

GGT (U/l), ≤ 1,448.3/> 1,448.3 85 (94.4)/5 (5.6) 

NLR, ≤ 3.76/> 3.76 53 (58.9)/37 (41.1)

Table 2. Changes in laboratory results before and after treatment

Laboratory value Pre-operative within 1 week,  
median (25%, 75%) 

One week after operation  
median (25%, 75%) 

Z  P-value 

TBIL (μmol/l) 152.1 (54.4, 300.0) 66.6 (22.0, 145.6) –8.239 < 0.001 

DBIL (μmol/l) 117.7 (33.8, 239.1) 49.9 (15.9, 99.0) –7.892 < 0.001 

GGT (U/l) 566.8 (326.9, 885.8) 222 (108.2, 396.8) –8.239 < 0.001 

Table 3. Procedure-related adverse events

Adverse events Iodine-125 seed implantation (N = 90)
n (%)

Biliary stent placement (N = 90)
n (%)

Transient abdominal pain 12 (13.3) 15 (16.7) 

Fever 3 (3.3) 4 (4.4) 

Pancreatitis 2 (2.2) 4 (4.4) 

Seed migration 1 (1.1) 0 (0.0) 

Cholangitis 0 (0.0) 4 (4.4) 

Haemobilia 0 (0.0) 0 (0.0) 

Perforation 0 (0.0) 0 (0.0) 

Duodenitis 0 (0.0) 0 (0.0) 

Fistula 0 (0.0) 0 (0.0) 
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Table 4. Univariate log-rank test of stent patency of bile duct placement combined with iodine-125 seed 
implantation 

Factors Univariate 

Median patency time 
(months) 

c2 p-value 

Age (years), ≤ 69/> 69 9/5 4.754 0.656* 

Sex, male/female 8/8 1.355 0.244 

Pathological type 2.787 0.248 

Pancreatic cancer 9 

Duodenal papillary cancer 5 

Others 4 

Bile duct stricture location 6.044 0.014 

High bile duct stricture 3

Low bile duct stricture 8

Child-Pugh A/B-C 14/5 17.199 < 0.001

Biliary infection, yes/no 4/9 10.021 0.002 

Biliary stent type, metal/plastic 9/5 7.890 0.005 

ECOG-PS, 1/2/3 9/8/4 3.557 0.169 

Number of iodine-125 seeds implanted, ≤ 40/> 40 (range) 8/9 1.577 0.209 

Iodine-125 seed implantation guidance method,  
EUS/percutaneous 

8/9 0.501 0.479 

Pre-operative jaundice duration (month), ≤ 1/> 1 9/4 11.293 0.043

Pre-operative TP (g/l), ≤ 66.5/> 66.5 8/9 3.380 > 0.999

Pre-operative ALB (g/l), ≤ 37/> 37 7/10 6.471 0.336

TBIL (μmol/l), ≤ 171/> 171 9/7 4.727 0.030 

DBIL/TBIL, ≤ 0.63/> 0.63 10/5 5.875 0.426 

GGT (U/l), ≤ 1,448.3/> 1,448.3 8/4 2.569 > 0.999

NLR, ≤ 3.76/> 3.76 9/4 2.727 > 0.999
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Fig. 1. Stent patency curve of different factors (p < 0.05). A) Stent patency curve of different bile duct strictures (low vs. high,  
8 months vs. 3 months); B) Stent patency curve of different Child-Pugh (A vs. B-C, 14 months vs. 5 months)

sex, pathological type, number of 125I seeds implanted,  
125I seed implantation guidance method, pre-operative 
TP, albumin (ALB), DBIL/TBIL, and GGT had no sig-
nificant effect on stent patency (p > 0.05). The multivar-
iate analysis showed that Child-Pugh score (HR = 2.221,  

95% CI: 1.081-4.562, p = 0.030), biliary infection  
(HR = 1.901, 95% CI: 1.084-3.335, p = 0.025), and pre-oper-
ative jaundice duration (HR = 1.977, 95% CI: 1.106-3.533, 
p = 0.021) could be used as independent risk factors for 
stent patency (Figure 2A). 
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Fig. 1. Cont. C) Stent patency curve with and without 
bile duct infection (yes vs. no, 8 months vs. 3 months); 
D) Stent patency curve of different stent types (metal vs. 
plastic, 9 months vs. 5 months); E) Stent patency curve of 
different ECOG-PS (1 vs. 2 vs. 3, 9 months vs. 8 months vs.  
4 months, 1 vs. 3, p = 0.045); F) Stent patency curve of dif-
ferent jaundice durations before operation (≤ 1 month vs. 
> 1 month, 9 months vs. 4 months); G) Stent patency curve 
of different TBIL levels before operation (≤ 171 μmol/l vs. 
> 171 μmol/l, 9 months vs. 7 months) 

Factors related to the reduction of jaundice  
at 1 week after operation 

According to Table 5, Child-Pugh (OR = 5.858,  
95% CI: 1.799-19.082, p = 0.003), bile duct infection  
(OR = 3.111, 95% CI: 1.113-8.698, p = 0.030), TBIL (OR 
= 0.376, 95% CI: 0.160-0.885, p = 0.025), and DBIL/TBIL  
(OR = 0.008, 95% CI: 0.000-0.263, p = 0.007) significantly 
affected the curative effect of reducing jaundice at 1 week 
after operation (p < 0.05). Further multivariate logistic 
regression analysis found that Child-Pugh B/C (OR = 

4.647, 95% CI: 1.080-19.982, p = 0.039) and bile duct infec-
tion (OR = 3.583, 95% CI: 1.095-11.725, p = 0.035) might be 
independent risk factors for jaundice reduction at one week 
after surgery (Figure 2B). 

Discussion 
As an effective palliative treatment for MOJ, bile duct 

stent placement has been commonly used in clinical prac-
tice. However, re-obstruction of the stent increased the 
probability of re-intervention, shortened the patency of 
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Fig. 2. Forest plot of multivariate analysis of biliary stent patency and early jaundice reduction in patients with biliary stent 
implantation combined with 125I seed implantation. A) Forest plot of multivariate Cox model for stent patency; B) Forest plot 
of multivariate logistic regression for early jaundice reduction

A 
Factors		  HR (95% CI)	 P-value 
Bile duct stricture location	 High	 2.892 (0.947-8.826)	 0.062
	 Low	 Reference
Child-Pugh	 A	 Reference
	 B-C	 2.221 (1.081-4.562)	 0.030
Biliary infection	 Yes	 1.901 (1.084-3.335)	 0.025
	 Not	 Reference
Biliary stent type	 Metal	 Reference
	 Plastic	 1.268 (0.727-2.213)	 0.403
ECOG-PS	 1	 Reference
	 2	 1.169 (0.688-1.986)	 0.563
	 3	 1.497 (0.717-3.128)	 0.283
Preoperative jaundice duration	 ≤ 1	 Reference
(month)	 > 1	 1.977 (1.106-3.533)	 0.021
TBIL (μmol/l)	 ≤ 171	 Reference
	 > 171	 1.219 (0.679-2.188)	 0.507
DBIL/TBIL	 ≤ 0.63	 1.016 (0.520-1.985)	 0.963
	 > 0.63	 Reference 

B 
Factors	 OR (95% CI)	 P-value 

Child-Pugh A/B-C	 4.647 (1.080-19.982)	 0.039

Bile duct infection	 3.583 (1.095-11.725)	 0.035

TBIL	 1.182 (0.403-3.468)	 0.761

DBIL/TBIL	 0.066 (0.001-3.269)	 0.172

	 0	 1	 2	 4	 6	 8

	 0	 1	 2	 4	 6	 8

stent, and affected the application of this technology. To 
effectively prolong stent patency, the conventional stents 
are constantly being improved. A  multicenter study 
found that an inner conventional uncovered SEMS com-
bined with an outer 125I seed loaded stent could achieve 
better patency (212 days vs. 104 days) and longer survival 
(median, 202 days vs. 140 days) than conventional SEMSs 
[14]. Studies have also found that PTBD combined with 
iodine-125 stranded seeds seemed to reduce bilirubin lev-
els and prevent biliary obstruction, promoting survival 
[15]. Another study tried to improve the stent patency in 
MOJ with radiofrequency ablation combined with a bile 
duct stent [16]. We have attempted to relieve MOJ by im-
planting 125I seeds into the primary tumor, inducing bil-
iary obstruction in combination with biliary stents, and 
found that it also prolonged stent patency. The median 
stent patency was 8 months in the present study, which 
effectively prolonged the stent patency compared with 
stent placement alone (range, 2.8-4.0 months) [9, 17, 18]. 
In addition, no serious adverse events occurred during 
follow-up (Table 3). 

Stent patency is crucial for patients with advanced 
MOJ, and longer stent patency might not only reduce the 

risk of re-intervention, but also reduce the patient’s med-
ical expenses. Evaluating valuable indicators to guide the 
application of this technology has therefore become cru-
cial. Univariate analysis revealed that the location of bile 
duct stenosis might significantly affect stent patency. High 
bile duct obstruction stents have shorter patency than 
low obstruction (Figure 1A). High bile duct obstruction  
refers to an obstruction above the opening of the gall-
bladder duct, especially an obstruction at the hilum, 
which is common in gallbladder cancer, cholangiocar-
cinoma, and primary hepato-cellular cancer invading 
the bile duct [19]. Previous studies have found that stent 
placement for malignant hilar obstruction was more 
difficult, and could occlude the side branches of the in-
tra-hepatic bile duct (IHD), especially when more than 
two stents were deployed, which would reduce the 
outer sheath diameter and reduce stent patency [20]. 
In addition, high bile duct obstruction after endoscopic 
retrograde cholangiopancreatography (ERCP) was more 
prone to bile duct infection due to difficulty of adequate 
drainage [21]. Our study found that the bile duct infec-
tion might also be a risk factor for the patency of bile duct 
stents (Table 4). Hence, both, in terms of anatomical struc-
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Table 5. Univariate logistic regression analy-
sis of relieving jaundice 1 week after bile duct 
stent placement combined with iodine-125 seed 
implantation

Factors Univariate

OR (95% CI) p-value

Age (years) 0.983 (0.950-1.018) 0.335

Sex, male/female 1.851 (0.788-4.352) 0.158

Pathological type 0.279

Pancreatic cancer Reference

Duodenal papillary cancer 3.083 (0.731-12.999) 0.125

Others 3.500 (0.638-19.195) 0.149

Bile duct stricture location 5.189 (0.556-48.397) 0.148

High bile duct stricture

Low bile duct stricture

Child-Pugh, A/B-C 5.858 (1.799-19.082) 0.003

Bile duct infection, yes/not 3.111 (1.113-8.698) 0.030

Biliary stent type,  
metal/plastic

2.138 (0.890-5.133) 0.089

ECOG-PS 0.138

1 Reference

2 0.952 (0.375-2.416) 0.918

3 0.303 (0.088-1.039) 0.058

Preoperative jaundice 
duration

0.713 (0.443-1.146) 0.162

Preoperative TP (g/l) 1.060 (0.998-1.127) 0.058

Preoperative ALB (g/l) 1.025 (0.978-1.075) 0.298

TBIL (μmol/l) 0.376 (0.160-0.885) 0.025

DBIL/TBIL 0.008 (0.000-0.263) 0.007

GGT (U/l) 1.000 (0.999-1.001) 0.632

NLR 0.819 (0.400-1.674) 0.583

ture and pathophysiological mechanism, the stent paten-
cy of high biliary obstruction was worse than that of low 
biliary obstruction. This result was consistent with a pre-
vious study on 125I seed strands in relieving MOJ [19]. The 
Child-Pugh score is a simple and effective tool to assess 
the condition of patients with cirrhosis [22]. In a study of 
malignant biliary hilar obstruction, patients’ Child-Pugh 
scores at the time of stent placement were associated with 
biliary stent patency [23]. Long-term biliary obstruction, 
primary tumors, or metastases of the liver could impair 
liver function. In the Child-Pugh score of liver cirrhosis, 
grade A was generally in the compensated stage of liv-
er cirrhosis, while grades B/C indicated decompensated 
stage of cirrhosis. In addition, the number of patients in 
group C was relatively small, and we included B and C  
into one group for analysis, based on the above fac-
tors. In the current study, we found that Child-Pugh A 
could achieve longer stent patency than Child-Pugh B/C 
(Figure 1B). The reason may be that the worse the liver 
function score in patients with MOJ, the more severe the 
degree of obstruction, the more severe the tumor pro-
gression, and the more serious the damage to the liver. 
Therefore, we believe that the better the liver function of 

the patient before surgery, the longer the patient’s stent 
patency after operation. 

During the study, we also found that patients with 
pre-operative bile duct infection had shorter stent patency 
(Figure 1C). Bile duct obstruction led to poor bile outflow, 
which in turn damaged the bile duct epithelial cells and 
impaired the bile duct immune defense system, which 
caused bacterial translocation into the bloodstream, lead-
ing to infection and sepsis [24]. Moreover, increased pro-
duction of pro-inflammatory cytokines in patients with 
bile duct MOJ might also lead to perioperative sepsis [25]. 
Consequently, effective pre-operative anti-inflammatory 
treatment for patients with bile duct infection might effec-
tively improve stent patency. In this study, we used con-
ventional plastic stents and metal stents, and found that 
compared with plastic stents, metal stents combined with 
125I seed implantation might achieve longer stent patency 
(Figure 1D). Plastic stents are generally small in diameter, 
have a  high failure rate, require frequent replacement, 
and are commonly used as a  temporary decompression 
for palliative MOJ treatment, but metal stents are usually 
longer and simpler to pass through narrow biliary tracts, 
with higher technical and clinical success rates, which 
might prolong stent patency and reduce the need for re-
peated interventions [20, 26]. Therefore, for MOJ patients 
with an expected survival of more than 3 months, metal 
stents are still the first choice. The present study found 
that compared with uncovered SEMSs, covered SEMSs 
could better inhibit tumor ingrowth, resulting in longer 
stent patency [27]. Another study found that partially 
covered metal stents could achieve longer stent paten-
cy compared with fully covered and uncovered metal 
stents [28]. It is also important to select an appropriate 
stent placement location. Overlying stents should extend 
past the blocked area at both ends, otherwise there could 
be an increased risk of tumor overgrowth at the ends of 
the stent [4]. In addition, future development of novel 
tumor-specific biliary stents should broaden the scope 
of existing treatment strategies, and identify appropriate 
neoadjuvant therapies to improve long-term survival, de-
velop stent patency, reduce stent migration, and reduce 
unnecessary re-interventions [29]. 

The Eastern Cooperative Oncology Group perfor-
mance score (ECOG-PS) is an important parameter to 
reflect the physical activity status of oncology patients. 
In our study, we found that patients with an ECOG-
PS score of 3 had poorer stent patency than those with 
a score of 1 (Figure 1E), which may be related to the poor 
response of the tumor to 125I seed implantation in patients 
with a score of 3. In addition, we also found that the du-
ration of bile duct obstruction was more than 1 month, 
and the stent patency was shorter (Figure 1F). The reason 
may be that long-term obstruction seriously damage the 
bile duct and the liver. Timely and effective relief of the 
obstruction might not only reduce the obstruction symp-
toms of the patient, but also prolong the stent patency. 
We also found that for moderate-to-severe jaundice with 
TBIL > 171 µmol/l, the stent patency was shorter (Fig-
ure 1G), which may be due to the higher bilirubin level, 
more severe bile duct obstruction, and more serious bile 
duct wall damage, which makes the bile duct more likely 
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to be re-obstructed after operation. Further multivariate 
analysis found that Child-Pugh B/C, biliary infection, 
and pre-operative jaundice duration could be used as the 
independent risk factors for the stent patency. 

Iodine-125 seed implantation has been confirmed to 
be safe and effective in pancreatic cancer [30] and hepa-
to-cellular carcinoma [31, 32]. We have also carried out 
125I seed implantation in the clinical treatment of gallblad-
der cancer and duodenal papillary cancer, and a prelimi-
nary clinical effect was achieved. Previous study [13] have 
confirmed that biliary stents combined with 125I seed im-
plantation in the treatment of primary tumors with bile 
duct obstruction, might improve the patency of MOJ. The 
specific mechanism is not yet clear. Although, the place-
ment of the bile duct stent itself could damage the bile 
duct mucosa, resulting in sub-mucosal inflammation and 
edema [7], tumor in-growth is a  more important factor 
leading to dysfunction of biliary stents compared with 
bile duct mucosal hyperplasia or chronic inflammation 
[33]. We believe that the implantation of 125I seeds might 
effectively inhibit the growth of tumor tissue, prevent its’ 
invasion into the bile duct, shrink the tumor, and reduce 
the external pressure of the bile duct, so as to prolong the 
patency of bile duct stent in MOJ. Whether biliary stent 
loaded with 125I seeds combined with 125I seeds implant-
ed into primary tumors might achieve more lasting stent 
patency, requires further research in the future. 

Through the study, it was found that the indicators 
of obstructive jaundice of the patients decreased sig-
nificantly one week after the operation, and the clini-
cal symptoms improved. We also found that compared 
with B/C, Child-Pugh A had a better bilirubin decline at  
1 week after surgery (OR = 5.858, 95% CI: 1.799-19.082). In 
patients with pre-operative biliary infection (OR = 3.111, 
95% CI: 1.113-8.698) or with moderate-to-severe elevated 
TBIL (OR = 0.376, 95% CI: 0.160-0.885) before operation, 
the effect of reducing jaundice at 1 week after surgery 
was also poor. In addition, for obstructive jaundice, di-
rect bilirubin was mainly elevated. In our study, we also 
found that with the increase of DBIL/TBIL, the effect 
of reducing jaundice at 1 week after surgery was worse  
(OR = 0.008, 95% CI: 0.000-0.263). However, no significant 
effect of DBIL/TBIL on stent patency was found, and the 
specific reasons remain to be further studied. We believe 
that, although bile duct obstruction is relieved after bile 
duct stent placement, bilirubin may be quickly decreased, 
but for patients with moderately-to-severely elevated bil-
irubin, or with bile duct infection and poor liver function, 
the reduction of jaundice at 1 week post-operatively may 
be limited, and may require longer time to return to nor-
mal. Through multivariate analysis, it was found that 
liver function, Child-Pugh B/C, and bile duct infection 
could not only be independent risk factors for stent pa-
tency, but also risk factors for poor reduction of jaundice 
at 1 week after operation. 

It was undeniable that the study had some shortcom-
ings. Since it was a single-center study with a small num-
ber of medical records, it was expected that a larger study 
could be carried out in the future to verify the results. Sec-
ond, due to the long history of medical records of some 

patients, detailed clinical data on bile duct stents and bile 
duct stenosis were not included in the research. There-
fore, MOJ patients treated with biliary stents combined 
with 125I seed implantation, patients with better pre-oper-
ative liver function, and those with no biliary tract infec-
tion, present not only with longer biliary stent patency, 
but also a better early jaundice reduction effect. 
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