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Abstract
Aim  To evaluate the efficacy and safety of brachytherapy with double-strand 125I seeds and biliary drainage for malignant 
obstructive jaundice.
Methods and Materials  42 patients with obstructive jaundice because of extrahepatic cholangiocarcinoma were enrolled. 22 
patients (group A) received a biliary stent with common drainage tube implantation, and 20 patients (group B) received a 
biliary stent with double-strand 125I seeds radiotherapy drainage tube placement. The length, location and pathological stage 
of biliary stricture were recorded in the two groups. Total bilirubin (TBIL), direct bilirubin (DBIL), IgA, IgG, IgM, alanine 
aminotransferase and white blood cell (WBC) count were measured before and after percutaneous transhepatic cholangial 
drainage (PTCD). Tumor diameter was measured before and three months after PTCD, and the difference were calculated. 
Stent patency time, survival time, and complications were recorded.
Results  There was no significant difference in the length, location and pathological stage of biliary stenosis between the two 
groups. There was no significant difference in TBIL, DBIL, IgA, IgG, IgM, alanine aminotransferase and WBC count between 
the two groups before or after PTCD (P > 0.05). Three months after PTCD, tumors growth in group A and tumors shrinkage in 
group B. The difference in tumor size between the two groups before and after PTCD was statistically significant (P < 0.05). 
The average stent patency times in groups A and B were 3.55 ± 0.76 months and 8.76 ± 1.85 months, respectively (P < 0.05). 
The average survival times in groups A and B were 133.5 ± 27.8 days and 252.5 ± 114.5 days, respectively (P < 0.05). There 
was no statistically significant difference in the incidence of complications between the two groups (P > 0.05).
Conclusion  Double-strand 125I seeds radiotherapy biliary drainage tubes can safely and effectively control tumors, prolong 
the patency of biliary stents, and prolong patient survival.
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Malignant obstructive jaundice is a common obstructive dis-
ease of the biliary tract. The causes of malignant obstructive 
jaundice include cholangiocarcinoma, gallbladder cancer, 
pancreatic cancer, and metastatic lymph nodes in the abdom-
inal cavity [1]. Patients lack characteristic clinical manifesta-
tions in the early stages; thus, malignant obstructive jaundice 
is not easy to diagnose. Most patients are diagnosed in the 
middle and late stages and miss the opportunity to undergo 
surgical removal of primary lesions. The success rate of 
primary lesion resection is < 20%, the five-year survival 

rate is < 30%, and the relapse rate is high [2]. Biliary stents 
have become the preferred palliative treatment for malignant 
obstructive jaundice. Although stents can relieve obstruc-
tion, they do not treat the tumor. Most patients presented 
with jaundice four to six months after biliary stent implanta-
tion. The main reason is tumor progression and growth into 
the stent [3]. In this prospective study, self-made double-
strand 125I seeds radiotherapy drainage tube combined with 
biliary stent was used to treat malignant obstructive jaun-
dice. It is expected that the purpose of treating tumors can 
be achieved through low-dose continuous irradiation. The 
report is as follows..
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Materials and methods

General information

This is a single-center, single-blind, randomized study 
designed to compare the effects of simple biliary stent 
and double-strand 125I seeds radiotherapy drainage tube 
combined with biliary stent. Inclusion criteria: (1) age 
between 18 and 85 years; (2) diagnosed as a malignant 
tumor of the extrahepatic bile duct, leading to obstruc-
tive jaundice; (3) unable to undergo surgical resection or 
the patient refused surgery; (4) willing Participate in this 
research and promise to abide by the research process. 
Exclusion criteria: (1) Patients with biliary obstruction 
unable to get through; (2) Patients with biliary fistula; (3) 
Patients after surgery; (4) Patients with massive ascites 
or multiple intrahepatic metastases; (5) Patients receiving 
other follow-up treatments (6) Those who refuse to sign 
informed consent or cannot adhere to the research process.

Forty-two patients with malignant obstructive jaundice 
who were admitted to our center from October 2016 to 
October 2018 were enrolled. All patients had clinical jaun-
dice, bilirubinuria, anorexia, and bloating, and were admit-
ted for total bilirubin (TBIL) and direct bilirubin (DBIL) 
elevation. Abdominal computed tomography and magnetic 
resonance imaging showed common bile duct obstruction 
and intrahepatic bile duct dilatation, which were diagnosed 
as extrahepatic bile duct obstruction (Fig. 1), and none 
of them received surgical intervention. All patients were 
diagnosed with extrahepatic cholangiocarcinoma by per-
cutaneous biliary clamp biopsy. The study was approved 
by the medical ethics committee of the unit (ethics review 
number: 2018-KY-29). Patients and their family members 
were informed in detail about the surgical method, and 
patients provided informed consent.

Trial grouping

42 patients were immediately divided into two groups 
according to the treatment they received by computer 
system. There were 22 patients in group A (male, n = 13; 
female, n = 9) aged 44–83  years with a median age of 
65 years. A Nitinol alloy stent with common biliary drain-
age tube placement was performed. There were 20 patients 
in group B (male, n = 12; female, n = 8) aged 42–85 years 
with a median age of 63 years. A Nitinol alloy stent with 
a self-made double-strand 125I seeds radiotherapy drainage 
tube placement was placed. All patients no longer receive 
other treatments.

Preoperative examination

Preoperative examination included routine bloods, blood 
biochemistry, blood coagulation, infectious disease screen-
ing (hepatitis B, hepatitis C, syphilis, and acquired immu-
nodeficiency syndrome), tumor markers (carcinoembryonic 
antigen, cancer antigen 125, and cancer antigen 199), elec-
trocardiogram, abdominal enhanced computed tomography 
or magnetic resonance imaging.

Surgical procedure

The main surgical instruments and medicines used were a 
percutaneous biliary puncture kit, a 5-F KMP catheter (Cook 
Medical, USA), an 8.5-F internal and external biliary drain-
age tube, a hydrophilic membrane guide wire (0.035 inch, 
180 cm), a hydrophilic membrane, a hard guide wire (0.035 
inch, 260 cm), an 8-F vascular sheath (Merit Medical Sys-
tem Inc., USA), biopsy forceps, and a nickel–titanium alloy 
biliary stent and associated delivery system (Nanjing Micro-
invasive Medical Technology Co., Ltd., China). 125I seeds 
(0.7 mCi; Tianjin Side Biopharmaceutical Co., Ltd., China), 
ioversol (Hengrui Pharmaceutical Co., Ltd., China), and a 

Fig. 1   Preoperative examination. A The intrahepatic bile duct is severely dilated; B the wall of the upper part of the common bile duct is obvi-
ously thickened; C the middle and upper part of the common bile duct is severely narrowed 
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self-made double-chain radiotherapy biliary drainage tube 
(Henan Tuoren Medical Device Co., Ltd., China) were also 
used.

Interventional procedure

Lidocaine at a concentration of 0.02 g/mL was adminis-
tered for local anesthesia and a puncture needle was used to 
puncture the tertiary branch of the right bile duct. Cholan-
giography (Fig. 2a) showed dilation of the intrahepatic and 
extrahepatic bile ducts and common bile duct stenosis or 
atresia. A guide wire was inserted through the sheath tube, 
and the sheath tube was withdrawn and advanced into the 
catheter along the guide wire. The catheter and guide wire 
were passed into the duodenum through the biliary steno-
sis or atresia, and pullback cholangiography was performed 
to show the length and location of the biliary stenosis or 
atresia. The harded guide wire was exchanged for. The 8-F 
sheath under the guidance of the guide wire and passed it 
into the biopsy forceps through the sheath (Fig. 2b). A lesion 
biopsy was performed and sent for pathological examination 
[4]. After receiving the pathological results, the biliary stent 
was sent along the hardened guide wire. The stent was accu-
rately positioned and released (Fig. 2c). Group A received 
8.5-F internal and external drainage tubes. In group B, a 
double-stranded radiotherapy drainage tube was placed, and 
125I seeds were fed through the seed channels on both sides 
so that the two ends exceeded the lesion by 2 cm, and the bil-
iary drainage tube was fixed (Fig. 2d). Postoperative single-
photon emission computed tomography was performed to 
observe the seed irradiation range [5] (Fig. 3).

Postoperative treatment

Patients were instructed to consume liquidized food after 
PTCD. Patients were administered anti-inflammatory, 

hepatoprotective drugs, and supportive treatment. The 
patient's vital signs, abdominal symptoms, and liver and 
kidney function were observed.

Observation indicators and follow up

Drainage tubes of both groups were removed one month 
after PTCD. TBIL and DBIL were observed, and the dif-
ference between preoperative and postoperative values was 
calculated. The IgA, IgG, IgM, alanine aminotransferase and 
white blood cell count of patients before and one month after 
PTCD was calculated. Abdominal computed tomography 
and magnetic resonance imaging were performed before and 
three months after PTCD to measure the radial length of 
the tumor as follows: (maximum diameter + minimum diam-
eter)/2 = tumor diameter. The difference before and after 
PTCD was calculated. Monthly follow up at the outpatient 

Fig. 2   Interventional treatment process. A percutaneous transhepatic cholangiography, B sheath-assisted clamp biopsy, C biliary stent place-
ment, D double-strand 125I seeds radiotherapy biliary drainage tube placement

Fig. 3   Single-photon emission computed tomography after insertion 
of the double-strand 125I seeds radiotherapy drainage tube shows that 
the seed radiation range completely covered the common bile duct 
lesion
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clinic and telephone follow up every three months of PTCD 
were performed and stent patency time was recorded. 
Patients’ survival times were recorded. According to reports 
in the literature, the median survival time of patients with 
malignant obstructive jaundice is 106–255 days, so the death 
of the patient and 2 years after the first patient was enrolled 
in this study were used as the study endpoint.

Statistical processing

SPSS 21.0 was used for statistical analysis. Measurement 
data are expressed as mean ± standard deviation (χ ± s), and 
a t-test was used to compare between groups. Count data are 
expressed as a percentage, and the χ2 test was used to com-
pare between groups. A P value of < 0.05 was considered 
statistically significant.

Results

Comparison of general information 
between the two groups

Age, gender composition, preoperative TBIL and DBIL, ala-
nine aminotransferase, white blood cell count, the length and 
location of biliary stenosis and tumor diameter were com-
pared between the two groups before PTCD. No statistically 
significant differences were observed (Table 1).

In order for the prognosis of the two groups of patients 
to have a comparative meaning, this study adopted anatomi-
cal staging. Group A includes 1 case in stage IIIA (1/22, 
4.5%), 18 cases in stage IIIB (18/22, 81.2%), 3 cases in stage 
IVA (3/22, 13.6%); group B includes 1 case in stage IIIA 

(1/20,5%), 17 cases of stage IIIB (17/20, 85%), and 2 cases 
of stage IVA (2/20, 10%).

Surgical situation

Forty-two patients underwent successful metal stent and 
drainage tube placement, and the success rate of a single 
operation was 100%. During operation, all patients had good 
stent positioning. The stents could expand, and the biliary 
tract recovered smoothly. There were no complications, such 
as massive biliary bleeding or pancreatitis, during or after 
operation. No 125I seeds were lost.

Changes in bilirubin, white blood cell count, 
and tumor diameter

TBIL, DBIL, and white blood cell count before and one 
month after PTCD were not statistically significant 
(P > 0.05; Table  2). Relief from jaundice was similar 
between the two groups, and seed implantation did not cause 
changes in white blood cell count. There was no statistically 
significant difference in IgA, IgG, and IgM before and after 
PTCD in group B (Table 3). In group A, the diameter of the 
tumor increased three months after PTCD compared with 
that before PTCD. In group B, the diameter of the tumor 
decreased compared with the tumor diameter before PTCD. 
The difference between the two groups was statistically sig-
nificant, indicating that radiotherapy drainage tube place-
ment effectively controlled tumor progression.

Comparison of stent patency time and survival

The average stent patency time in group A was 
3.55 ± 0.76 months, while the average stent patency time 

Table 1   Comparison of general 
information before PTCD 
between the two groups

PTCD percutaneous transhepatic cholangial drainage, M/F male/female TBIL total bilirubin, DBIL direct 
bilirubin

Patient characteristics A (n = 22) B (n = 20) P value

Median age 65 63 0.437
M/F 13/9 12/8 0.351
Preoperative TBIL (μmol/L) 298.6 ± 90.7 292.4 ± 86.2 0.200
Preoperative DBIL (μmol/L) 232.8 ± 43.5 228.7 ± 41.3 0.206
White blood cell count (× 109/L) 7.68 ± 4.16 7.75 ± 4.36 0.736
Tumor diameter (cm) 3.30 ± 1.01 3.42 ± 1.12 0.468
Alanine aminotransferase, 82.6 ± 31.8 83.1 ± 30.4 0.675
Length of biliary stenosis (mm) 29.6 ± 13.5 30.1 ± 14.0 0.346
Location of bile duct tumor
 Upper bile duct 11 (50%) 11 (55%) 0.746
 Middle bile duct 3 (13.6%) 2 (10%) 1.000
 Spreading the upper and middle bile ducts 3 (13.6%) 3 (15%) 1.000
 Lower bile duct 5 (22.7%) 4 (25%) 1.000
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in group B was 8.76 ± 1.85 months (P < 0.05). The average 
survival time of patients in group A was 133.5 ± 27.8 days, 
while the average survival time of patients in group B was 
252.5 ± 114.5 days (P < 0.05; Table 4).

The dose of tumor tissue exposure

Both ends of the particle chain are 2 cm beyond the lesion, 
and the cumulative dose reaches 125 Gy at a distance of 
0.5 cm from the seed chain, while the cumulative dose 
reaches 86 Gy at a distance of 1 cm from the seed chain 
calculated by the computerized treatment plan system (TPS).

Complications

Six patients (27.2%) in group A had minor complications, 
including three cases (13.6%) of minor biliary bleeding 
(< 10 mL), two cases (9.1%) of fever, and one case (4.5%) 
of abdominal pain, which improved after treatment. In group 
B, five patients (25.0%) had minor complications, including 
two cases (10%) of minor biliary bleeding, one case (5%) of 
fever, and two cases (10%) of abdominal pain. Vital signs in 
the two groups were stable after PTCD, and no fatal surgical 
complications occurred.

Discussion

Malignant obstructive jaundice is caused by invasion or 
compression of various malignant tumors or metastatic 
lymph nodes, resulting in biliary narrowing or atresia. At 
present, there are a lack of effective treatments in the clinic 
[1]. Surgery can remove the original lesion, but patients 
with malignant obstructive jaundice have no characteristic 
manifestations in the early stages. At the time of diagnosis, 
most patients with jaundice lose the chance to undergo radi-
cal surgery and can only undergo palliative treatment. The 
survival rate is within 30% [6, 7].

Percutaneous transhepatic cholangiography and drainage 
tube placement can quickly relieve jaundice. This approach 
is the preferred palliative treatment method, but biliary 
obstruction is not relieved and extubation is difficult. Biliary 
stents can effectively relieve biliary obstruction, making it 
possible for patients to remove the biliary drainage tube, but 
the stent has no therapeutic effect on the tumor. Continuous 
tumor growth may cause the tumor to penetrate the stent 
mesh and enter the stent, causing biliary tract restenosis. 
In addition, proliferation of the biliary intima after stent 
implantation also leads to an increased chance of biliary 
tract restenosis [8].

Studies have shown that low-dose, continuous radiation 
can effectively control tumors with low complication rates. 
Hasimu et al. [9] placed the strip of 125I seeds into the bil-
iary stent. The biliary stent can effectively open the biliary 
obstruction, and the seed strip can radiate for a long time 
to exert an anti-tumor effect, reducing the chance of stent 
restenosis with a single row of seeds. The radiation dose was 
low, and the cumulative dose at a distance of 0.5 cm from the 
seed strip was approximately 85 Gy, while the cumulative 
dose at a distance of 1 cm from the seed strip was < 50 Gy. 
A large amount of fibrous connective tissue in the biliary 
tract tumor presents great resistance to penetration by radia-
tion. Thus, higher doses are needed to effectively control 
the tumor. Moreover, the position of the seed strips is often 
biased to one side of the biliary tract, resulting in different 
radiation doses for the lesions on both sides of the biliary 
tract, and tumor control is poor. The biliary seed stent [10] 
consists of two parts. The outside is a self-expanding stent 
that can carry 125I seeds (the outer layer has a seed sheath), 

Table 2   Comparison of TBIL, DBIL, white blood cell count, and tumor diameter between the two groups before and after PTCD

Group Number TBIL postoperative 
reduction (μmol/L)

DBIL postoperative 
reduction (μmol/L)

White blood cell count postopera-
tive reduction (× 109/L)

Tumor diameter post-
operative reduction 
(cm)

A 22 257.5 ± 63.6 204.2 ± 39.5 0.26 ± 0.08 − 1.19 ± 0.42
B 20 255.1 ± 59.8 200.9 ± 36.4 0.17 ± 0.05 0.89 ± 0.27
P 0.193 0.218 0.629 0.013

Table 3   Comparison of immune indexes before and after PTCD oper-
ation (group B)

IgA (g/L) IgG (g/L) IgM (g/L)

Preoperative 2.65 ± 0.38 10.86 ± 1.28 1.47 ± 0.35
Postoperative 2.73 ± 0.32 11.02 ± 1.53 1.46 ± 0.27
P value 0.473 0.539 0.934

Table 4   Comparison of stent patency and survival between the two 
groups

Group Number Bracket patency time 
(months)

Lifetime (days)

A 22 3.55 ± 0.76 133.5 ± 27.8
B 20 8.76 ± 1.85 252.5 ± 114.5
P < 0.001 < 0.001
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and the inside is a self-expanding metal support. During 
operation, a stent with seeds is placed first, and then a self-
expanding metal stent is placed, which can effectively relieve 
biliary obstruction. The radiation released by seed decay 
can control tumor progression, but the cumulative dose of 
radiation outside the stent is still low. When the tumor is 
large, it is difficult for the radiation to cover the entire tumor, 
and the seeds cannot be removed after being placed. Once 
radiotherapy complications occur, radiotherapy cannot be 
terminated in time.

In this study, all patients obtained pathological results 
by forceps biopsy, which provided the pathological basis 
for subsequent treatment. The self-made double-chain 125I 
seeds brachytherapy biliary drainage tube was used to pre-
pare two seed delivery channels outside the biliary drainage 
tube. Two rows of seeds can be loaded at the same time 
to form a double seed chain. The length of the seed chain 
depends on the extent of biliary disease. It is determined that 
the two ends of the seed chain generally exceed the lesion by 
2 cm, and the cumulative dose reaches 125 Gy at a distance 
of 0.5 cm from the seed chain, while the cumulative dose 
reaches 86 Gy at a distance of 1 cm from the seed chain. 
The radiation dose to tumor tissue far exceeds that of single-
stranded particle strips [11]. Combined with biliary stent 
placement, this approach can quickly and effectively relieve 
biliary obstruction. The dual seed chain can release radiation 
for a long period of time and a full dose can kill tumor cells. 
The results of this study show that compared with biliary 
stent placement combined with common drainage, biliary 
stent placement combined with double-chain radiotherapy 
can also play a role in reducing jaundice, prolonging stent 
patency time (8.76 ± 1.85 vs 3.55 ± 0.76 months), signifi-
cantly shrinking the tumor after three months (0.89 ± 0.27 
vs − 1.19 ± 0.42 cm). In terms of tumor control, the effect is 
equivalent to the biliary seeds stent [10]. The survival time 
was greatly extended (252.5 ± 114.5 vs 133.5 ± 27.8 days). 
The effect is better than simple biliary stent and biliary 
drainage tube [2]. The immune function was unaffected 
(IgA, IgG, and IgM in patients undergoing particle chain 
implantation have no significant changes compared with 
before operation). There were no serious complications 
related to PTCD, and the double-strand radiotherapy drain-
age tube permits termination of brachytherapy at any time.

Biliary stent combined with a double-strand 125I seeds 
brachytherapy drainage tube can quickly relieve malignant 
biliary obstruction and effectively control tumor progres-
sion, prolong the patency of biliary stents, and prolong 
patients survival. This approach is convenient and flexible 
with a low complication rate; thus, it is worthy of further 
attention in future studies.

This study has the following shortcomings. First, the sam-
ple size is small, and there are deficiencies in the assess-
ment of tumor control rate, stent patency time, and patient 

survival, which need to be followed up with large samples 
and long-term follow-up studies; second; When calculating 
the radiation dose of the tumor, the drainage tube itself does 
not consider the obstruction of the radiation; third, the tumor 
tissue is compressed after the stent is placed, and there is a 
deviation in the measurement of the tumor size.
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