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Abstract
BACKGROUND
Hilar cholangiocarcinoma (CC) is a common malignant tumor with high malignancy and poor prognosis. Most patients have lost the opportunity to undergo radical surgery when diagnosed. Although palliative drainage or biliary stent placement is a preferable choice, the tumor cannot be controlled. This study aimed to develop a novel brachytherapy drainage tube for low-dose-rate brachytherapy with an effective drainage, thereby prolonging the survival time of patients.

CASE SUMMARY
A 54-year-old male patient had undergone choledochal stent implantation due to obstructive jaundice. He was admitted to the hospital because of the recurrence of jaundice. Preoperative imaging and pathological biopsy revealed hilar CC (Bismuth-Corlette type IIIa). First, the patient underwent percutaneous transhepatic cholangial drainage and the symptoms of jaundice gradually relieved. To further treat hilar CC and remove the biliary drainage tube as far as possible, the patient chose to use the novel brachytherapy drainage tube after a multi-disciplinary consultation. After 1 mo of brachytherapy, the re-examination revealed that the obstructive lesions disappeared, and the drainage tube was finally removed. During the following 10 mo of follow-up, the patient's hilar CC did not recur.

CONCLUSION
The novel brachytherapy drainage tube may be a new choice for patients with unresectable hilar CC.
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Core tip: This study aimed to develop a novel biliary drainage tube for low-dose-rate brachytherapy, which had a central cavity for drainage and bilateral cavities to fill 125I seeds. It was placed in a patient with unresectable hilar cholangiocarcinoma, and the obstruction was relieved 1 mo later. After 2 wk of observation, the biliary drainage tube was successfully removed, thereby improving the quality of life of the patient. No complications occurred, and obstructive jaundice did not recur during the follow-up. It was concluded that the novel brachytherapy drainage tube might be a novel choice for patients with unresectable hilar cholangiocarcinoma.


INTRODUCTION
Hilar cholangiocarcinoma (CC) is highly malignant and difficult to treat. The 5-year survival rate of the disease is less than 30% due to the difficulty in early diagnosis, lack of effective targeted drugs, and surgical challenges caused by complex anatomical structures[1]. At the early stage (Bismuth-Corlette type I or type II), surgical resection is often used to pursue a radical cure. Some studies reported that neoadjuvant therapy before liver transplantation, namely, chemoradiotherapy combined with orthotopic liver transplantation, achieved good results in treating unresectable hilar CC[2].
However, considering that most patients have lost the opportunity to undergo radical surgery when diagnosed with CC, the number of liver donors is limited. The simple placement of the drainage tube or the biliary stent may be re-obstructed due to tumor invasion and growth. Hence, it is important to extend the effective drainage time as far as possible to prolong the survival of patients. Besides, for patients who cannot obtain a matched liver source in time, brachytherapy combined with chemotherapy to actively intervene and control tumor progression is also necessary, besides palliative drainage to relieve jaundice symptoms[3].

CASE PRESENTATION
Chief complaints
A 54-year-old male patient presented to the hospital due to worsening jaundice and a fever of 38.9°C lasting 2 d.

History of present illness
The patient had undergone choledochal stent implantation due to obstructive jaundice.

History of past illness
The patient had a history of hepatitis B.

Personal and family history
The patient had no history of trauma or family tumors.

Physical examination
On a physical examination, the patient was observed with yellow sclera and skin, and mild tenderness in the right upper abdomen.

Laboratory examinations
Serum parameters were as follows: Total bilirubin: 158 μmol/L; direct bilirubin: 126μmol/L; white blood cell count: 10.6 × 109/L; alanine transaminase: 66 U/L; and aspartate transaminase: 58 U/L. The renal and coagulation functions were normal.

Imaging examinations
Magnetic resonance cholangiopancreatography indicated a significant expansion of the intrahepatic bile duct. Cholangiography indicated that the hilar lesion resulted in a linear passage of the contrast agent (Figure 1). 

FINAL DIAGNOSIS
The patient was diagnosed with hilar CC and the pathological type was adenocarcinoma.

TREATMENT
After percutaneous transhepatic cholangial drainage, the bilirubin level gradually returned to normal. Three months later, the patient was admitted for re-examination to replace the biliary drainage tube. Surgical removal and re-stent placement were refused, and the removal of biliary drainage tubes was strongly required to improve the quality of life. After discussion among interventional radiologists, oncologists, hepatobiliary surgeons, and radiotherapists, it was decided to try to place the novel brachytherapy drainage tube (Tuoren Medical Device Ltd. Co., China) loaded with double 125I strands developed by the center (Figure 2). The preoperative informed consent form was signed.
A guide wire (Terumo, Tokyo, Japan) was introduced along the original indwelling biliary drainage tube (Cook Medical, IN, USA). A novel brachytherapy drainage tube was then exchanged along the guide wire. The side hole area of the drainage tube was adjusted across the stenosis of the hilar lesion. The 125I seeds (Atom High Tech, Beijing, China) were pushed into lumens on both sides of the drainage tube, with a total of 30 seeds, ensuring that the double chain spanned 1 cm above and below the narrow zone (particle activity 29.6 MBq, size 0.45 × 0.08 cm) (Figure 1). Finally, a 0.018-inch guide wire (Cook Medical, IN, USA) of appropriate length was taken to fill both ends of the side cavity to avoid the replacement of radioactive seeds, and the catheter was fixed. The surgical time was 28 min.

OUTCOME AND FOLLOW-UP
After the surgery, the patient's computed tomography images were recorded into the treatment plan system (Yuan Bo, Beijing, China). The absorbed doses of the sites 0.5, 1.0, and 1.5 cm away from the particle chain were 90, 42, and 20 Gy, respectively.
Cholangiography showed that the hilar obstruction was eliminated. Therefore, the novel drainage tube was replaced with the traditional biliary drainage tube and kept closed for 2 wk. The patient did not have any symptoms after 2 wk of observation, and hence the drainage tube was completely removed. The bilirubin levels were normal after the monthly review, and the changes are shown in Figures 1 and 3. The patient was followed for more than 10 mo without any significant tumor progression.

DISCUSSION
Hilar CC originates from hilar biliary epithelial cells. The anatomical structure of the hepatobiliary system is complex; the rate of radical resection of the tumor is low, and the prognosis is also poor[4]. Bismuth-Corlette types I and II CC can undergo extrahepatic resection, while type III/IV hilar CC is generally considered unresectable[5]. For patients with type III, it is often necessary to remove the extrahepatic bile duct, the caudate lobe, and the corresponding left or right liver. However, for patients with type IV, it is necessary to combine hepatectomy and the reconstruction of the portal vein and hepatic artery, and also to eliminate the residual cancer cells at each margin to achieve radical resection[6]. Surgical resection alone is not the best method for the treatment of hilar CC[7,8]. For patients with unresectable hilar CC, standard combination therapy should be used, including intracavitary brachytherapy, chemotherapy with gemcitabine and cisplatin, or liver transplantation[1,2].
Multi-center studies have shown that, compared with the traditional stents, the application of 125I seeds loaded biliary stents can prolong the patency of the stents and the survival time of patients, thus proving the effectiveness of combined intracavitary brachytherapy for patients with CC[9]. But the anatomical structure of the hilar bile ducts restricts the application of conventional shape stents. It is difficult to implant custom Y-shaped or T-shaped stents, and the stents cannot be removed once implanted. Some studies used 192Ir to perform tumor irradiation through a percutaneous biliary catheter[10]. High-dose-rate (HDR)-192Ir was a common radioactive source for intraluminal brachytherapy. But HDR-192Ir after loading unit needs to be in an isolated, well-shielded room. To achieve high-dose-rate 192Ir intracavitary brachytherapy requires a high degree of protection. The bile duct tissue is very thin, and the risk of complications such as biliary tract perforation is higher with repeated procedures. The low-energy photons emitted by 125I seeds requires less shielding, and 125I seeds are characterized by a long half-life (59.6 d). This long half-life resulted in sustained injury to the tumor compared with the use of external irradiation. It is convenient to store and use, and reduces the damage to normal tissues around the tumor.
CC mainly invades and metastasizes along the long axis of the bile duct in the Glisson sheath. According to this feature, the present study used 125I seeds as a radioactive source and fused it with a traditional biliary drainage tube to design the proposed novel dual-function drainage tube. Based on a previous study, it is believed that sustained brachytherapy can minimize tumor progression before transplantation[11]. This case was consistent with previous results, and cholangiography showed no signs of recurrence[12]. After 1 mo of brachytherapy, the biliary drainage tube was successfully removed, greatly improving the quality of life of patients.
Compared with the previous brachytherapy, this patient was treated with the proposed novel radiotherapy drainage tube to relieve jaundice symptoms as soon as possible. The particle cavity on both sides was symmetrical. During the surgery, the doctor can freely adjust the position and number of 125I seeds according to cholangiography. This novel drainage tube has the following advantages. First, the tube reduces the infection rate compared with repeated 192Ir brachytherapy or photodynamic therapy. Second, due to the integrated design, the 125I seeds chain could be taken out or replaced with traditional drainage tube at any time, reducing the complications of severe brachytherapy. Last but not least, the dual-cavity design could achieve higher cumulative doses in a shorter period of time, expand the scope of treatment, shorten the time to carry the drainage tube, and improve the quality of life. The novel brachytherapy drainage tube can be used as palliative therapy alone or combined with chemotherapy as neoadjuvant therapy. It has a good application prospect in the future, but still needs further evaluation with a large number of cases and long-term clinical follow-up.

CONCLUSION
The novel biliary drainage tube combined with brachytherapy provides a new and effective treatment for patients with unresectable hilar CC.
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Figure Legends
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Figure 1 Schematic diagram of the patient's treatment process. A: Changes in bilirubin levels during the treatment and follow-up of this patient; B: Preoperative magnetic resonance cholangiopancreatography indicated obstructive lesions in the bile duct; C-E: After brachytherapy, the obstruction of hilar cholangiocarcinoma disappeared. The thick arrows show the lesion site before and after treatment; the thin arrow indicates 125I seeds arranged in the drainage tube. 
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Figure 2 Novel biliary brachytherapy drainage tube. The thick arrow shows the groove of the seeds fixed with the guide wire; the thin arrow shows a cross-sectional view of the catheter.
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Figure 3 Postoperative imaging examinations. A: Single photon emission computed tomography images after the brachytherapy drainage tube was placed; B and C: After the drainage tube was removed, computed tomography scan demonstrated that the lesions in the hilar bile duct and the common bile duct stent disappeared.
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