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Abstract 
The majority of patients with bile duct cancer are diagnosed with clinically advanced disease. Most of these patients 

have a short life expectancy and are treated with palliative aim. Most patients present with locally advanced or meta-
static disease, which is not amenable to surgical resection, resulting in poor survival. Adjuvant or definitive radiother-
apy, with or without chemotherapy, is therefore used in many centers worldwide for better local control, and with the 
expectation that it will have a favorable effect on survival. However, the lack of appropriate prospective trials, as well 
as the small size of the published series and their retrospective nature, has produced insufficient evidence for the best 
treatment for these patients. Intraluminal brachytherapy is an important component in the multimodality approach to 
bile duct cancers. The objective of this treatment is to deliver a high local dose of radiation to the tumor while sparing 
surrounding healthy tissues. The treatment can be safely adapted for right and left hepatic duct, and for common bile 
duct lesions. Brachytherapy plays a  limited but specific role in definitive treatment with curative intent in selected 
cases of early disease, as well as in the postoperative treatment of small residual disease. Depending on the location of 
the lesion, in some cases, brachytherapy is a treatment of choice. Clinical indications, different techniques, results, and 
complications are discussed in this work. 
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Purpose 
Biliary tract cancer is a rare disease. Surgical resection 

offers the best chance for long-term survival, but the re-
sults are not satisfactory and local relapses are frequent 
[1,2]. Bile duct cancer is a rare tumor in developed coun-
tries; there are diagnosed approximately 10,000 new cas-
es per year in United States. In 2015, in USA, there were 
10,910 estimated new gallbladder and other biliary cancer 
cases (men – 4,990; women – 5,920), and 3,700 prognosed 
deaths: men – 1,660; women – 2,040 [3]. The 5-year overall 
survival (OS) rate is estimated at 5-30%. In Japan, 20,734 
new cases were diagnosed in 2007 [1]. In Poland (2011), 
there were diagnosed 1207 gallbladder cancers and 627 
bile ducts and carcinoma of the ampulla of Vater, re-
spectively. Biliary tract tumors have a  higher incidence 
in Asia, particularly in Thailand, Korea, India, and Japan. 
It is one of the most common cancers in endemic areas 
of developing countries, as high as 87 per 100,000 peo-
ple in northeast Thailand. The major risk factor in West-
ern countries is primary sclerosing cholangitis, which is 
closely associated with chronic inflammatory bowel dis-
ease, particularly ulcerative colitis. The risk of developing 
cholangiocarcinoma is higher in patients with primary 

sclerosing cholangitis, ulcerative colitis, and colonic neo-
plasm, than in patients with primary sclerosing cholan
gitis and ulcerative colitis without colonic neoplasm. In 
Japan, patients with hepatitis C virus (HCV) infection 
have 1,000 times higher incidence than would be expect-
ed in the general population, and the accumulated rate of 
newly diagnosed cholangiocarcinoma is 1.6% at 5 years 
and 3.5% at 10 years. In Asia, chronic infections of the bil-
iary tract and infestation by certain liver flukes, such as 
Clonorchis sinensis and Opisthorchis viverinni are associat-
ed with cholangiocarcinoma and hepatolithiasis. Hepato-
lithiasis itself is also a risk factor for cholangiocarcinoma; 
5% to 10% of patients with intrahepatic stones develop 
this complication [4]. The majority of bile duct carcino-
mas involve the hepatic duct bifurcation, the common 
hepatic duct, the cystic duct, and the ampulla. Tumor can 
spread along the sinusoids and neoplastic destruction of 
normal cholangioles leads to the retention of bile around 
the margin of the tumor. Tumor emboli in the portal and 
hepatic veins are common and vascular invasion can 
occur in up to 90% of cases. Local relapses are frequent.  
The tumor may also metastasize to lungs, peritoneum, and 
intra-peritoneal organs. Patients commonly present with 
obstructive jaundice. 
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General treatment rules 
Treatment options for bile duct cancer remain limited 

due to the large number of patients with advanced dis-
ease at the time of diagnosis [5,6,7,8,9,10]. Unresectable 
bile duct cancers are very difficult to treat with external 
beam radiotherapy (EBRT) alone due to the proximity  
of adjacent normal organs and the high doses required  
to effectively irradiating these neoplasms [2,11,12,13]. 
The only curative treatment seems to be a radical surgical 
excision. However, because of the propensity of cholan-
giocarcinomas to invade the hepatic artery, portal vein, 
and other vital structures this is only feasible in 10 to 15% 
of cases, and is associated with an operative mortality of 
5 to 10% [6,14,15,16]. 

Patients with inoperable peri-hilar cholangiocarci-
noma usually have obstructive jaundice and should be 
treated with endoscopic or percutaneous drainage and/
or stent placement initially. External beam therapy alone 
rarely controls advanced disease. Combinations of EBRT, 
different schedules of chemotherapy, and intraluminal 
brachytherapy (ILBT) may relieve pain and contribute to 
biliary decompression, and sometimes achieve long-term 
survival [17]. Investigators have had the broadest experi-
ence with fluorouracil (5-FU), which has response rates 
of approximately 14%. Single-agent activity has been 
noted with other drugs, such as adriamycin, but clinical 
results have been disappointing. Currently, no combi-
nation regimen has been proven sufficiently to become 
an established therapy. In some cases, combined chemo-
therapy and radiotherapy may delay the progression of 
cholangiocarcinomas, and to provide the chance for liver 
transplant [18,19,20]. 

Usually, a 1-2 weeks’ interval is planned between the 
completion of EBRT and brachytherapy (BT). Patients 
should be fit enough (WHO score 0-2) for the procedure, 
and should have been reviewed to confirm that they are 
not suitable for resection. Combined treatment is possible 
in patients who are in reasonably good condition; it is usu-
al to combine BT with EBRT [9,21,22,23,24,25,26,27,28]. 
Although the results available in the literature are some-
what contradictory with regard to the possible use of BT 
in a curative setting, some evidence indicates that BT can 
improve results of the treatment of unresectable extrahe-
patic bile duct and pancreatic cancers, if a proper subset 
of patients is identified, and a  rational and aggressive 
scheme of multimodality treatment is designed [29,30,31]. 

Until now, no prospective controlled trial including 
significant patient cohorts with enough statistical power 
has been conducted to determine the impact of BT on sur-
vival outcomes [32]. 

Clinical indications
Radical treatment 

Indications for BT can be summarized as follow:  
1) BT as a radical treatment: alone in small inoperable tu-
mors, or in combination with EBRT and/or chemothera-
py in advanced disease for unresectable patients; 2) BT as 
an adjuvant treatment after non-radical excision, possibly 
combined with EBRT. 

Palliative treatment 

Brachytherapy as a palliative treatment is often per-
formed in order to facilitate the outflow of bile (irrespec-
tive of the size of the tumor, including large inoperable 
tumors with significant extraductal disease). For unre-
sectable patients, the goal of treatment is prevention of 
locoregional disease progression to enhance quality of 
life and survival. In almost all cases, such palliative treat-
ment is recommended for Klatskin tumors. This group of 
indications occurs most frequently. 

Contraindications 
Most frequently are mention: 1) significant risk of radia-

tion-induced severe complications in organs at risk (OARs); 
2) poor general condition (WHO score > 2) [2,4,11,22]. De
cision should be made individually for every patient. 

Brachytherapy techniques 
Typically, brachytherapy is delivered through a  per-

cutaneous transhepatic biliary drainage (PTBD) tube (per-
cutaneous trans-hepatic cholangiograpgy – PTC) placed 
under fluoroscopic guidance or through catheters placed in 
the tumor bed during surgery. The trans-duodenal endo-
scopic technique is used less frequently. 

Trans-hepatic technique 

Wherever possible, it is best to use a  percutaneous 
trans-hepatic technique, which allows for the passage of 
a catheter through the stricture. Cholangiography is per-
formed and then radiographs with a  dummy source in 
the catheter. The transhepatic catheter placement (during 
percutaneous transluminal coronary angioplasty – PTCA) 
has the advantage of providing both internal drainage 
across the tumor and external drainage via the proximal 
end of the catheter. In the face of a refractory obstruction, 
BT to the proximal tumor may further help to open up the 
channel to the duodenum. This is nowadays the preferred 
approach in most cases [2,4,9,33]. Both, HDR (high-dose-
rate) and PDR (pulsed-dose-rate) BT are well tolerated 
and can be applied. 

The technique includes the following steps: 1) identify-
ing the site and length of the malignant stricture by chol-
angiogram; 2) biliary drainage with minimum 10 French 
diameter catheter (usually done by the interventional ra-
diologist); 3) inserting a BT blind-ended catheter (usually 
5 or 6 French) through the biliary drainage 10 French cath-
eter; 4) a marker wire is then passed into the brachythera-
py catheter, and orthogonal radiographs are obtained for 
computerized 2D dosimetry (or computed tomography 
[CT] scans in case of 3D planning); 5) treatment planning 
procedure. 

Trans-duodenal endoscopic technique [34] 

Trans-duodenal endoscopic approach is less frequent-
ly used technique. Before the procedure, endoscopic ret-
rograde cholangiography (ERC) is performed to identify 
the site of the tumor, the length of bile duct involved, 
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and the extent of disease. Endoscopic retrograde chol-
angiopancreatography (ERCP) is first performed and 
a sphincterotomy carried out to allow cannulation of the 
bile duct. A guide wire is then advanced through the ma-
lignant stricture and beyond. The endoscope is removed, 
and then a naso-biliary tube threaded over the guide wire 
beyond the stricture into the biliary tree. The procedure is 
done under fluoroscopy to check the position of the guide 
wire and the naso-biliary tube. The tube is finally taped to 
the patient’s nose. 

An afterloading catheter containing a  radio-opaque 
marker wire is then passed through the naso-biliary tube 
under fluoroscopy and advanced through the lesion.  
The radio-opaque wire has markers at intervals, which 
indicate where the radioactive source should be placed. 
Orthogonal radiographs are taken to confirm the position 
and to perform the dose calculation (or 3D on CT). 

Loading the radioactive source into the catheter is sim-
ilar to that described for the percutaneous trans-hepatic 
technique. 

The naso-biliary catheter can be attached to a  remote 
afterloading machine, which will give a fraction of HDR-
BT (PDR-BT is not recommended because of the short tol-
erance of endoscopy). In this case, the dwell positions of 
the source must be programmed considering the measured 
distances from the localizing radiographs. 

Target volume and planning 
2D planning 

The location and length of the stenotic bile duct tumor 
should be identified at PTC and/or ERCP or magnetic res-
onance cholangiopancreatography (MRCP). In case of 2D 
planning for the clinical target length (CTL), a 1 cm mar-
gin is taken proximally and distally of the visible stenosis. 
Using PTC or ERCP alone, no individual tumor and target 
depth can be defined, as extraductal disease can only be 
defined by additional sectional imaging (CT/MRI). 

In most of the cases, 2D planning is still the method 
of choice – due to the palliative aim of the treatment and 
the poor condition of the majority of patients. Presence 
of jaundice may also be a reason to shorten the planning 
process. X-ray images are taken directly during PTC. 
Clinical target length is defined as a 1 cm margin taken 
proximally and distally from the visible stenosis, which 
indicates the length of the gross tumor volume (GTV) 
(Figure 1 and 2). Dose specification for prescription is 
done at 1 cm from the source axis [2,9]. 

3D planning 

In case of 3D planning, the GTV is defined as any 
visible tumor by CT and/or MRI. Clinical target volume 
(CTV) may be e.g., defined as 1-1.5 cm margin to the GTV, 
especially along the bile duct and to the target depth, 
which needs to be determined (it could also include an 
adjacent lymph node). A planning target volume may be 
defined by adding a margin of 0.5 to 1 cm to the CTV. 
When using CT for 3D treatment planning, 1 to 3 mm 
slice thickness is recommended, and contrast medium 
to reconstruct the bile ducts and to visualize the GTV.  
The GTV is defined as any tumor visible through CT and/
or MRI. Clinical target volume is defined as 1 to 1.5 cm 
distance from the GTV (in depth), especially along the 
bile duct and potential lymphatic drainage areas, which 
include nodes along the porta hepatis, pancreaticoduode-

Fig. 1. Trans-hepatic approach based on a percutaneous trans- 
hepatic cholangiogram. Bile duct cancer, dilated common 
hepatic, and right and left hepatic ducts with interruption 
of contrast filling (arrows) after cholangiography. 5 French 
brachytherapy catheters with radio-opaque marker wire in-
troduced via the right hepatic duct passing through the ste-
nosis and reaching the duodenum via the common bile duct

Fig. 2. Trans-hepatic approach based on a  percutaneous 
trans-hepatic cholangiogram. Bile duct cancer with recur-
rence after insertion of stent, bile ducts visible after chol-
angiography, obturated part visible as a break, 5 French 
brachytherapy catheters with radio-opaque marker in-
side, irradiated length (arrows) has 5 cm (3 cm of obturat-
ed bile duct and a margin of 1 cm distally and proximally)
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nal system, and celiac axis [35,36]. Treating nodal disease 
with brachytherapy is usually not possible. The planning 
target volume (PTV) is defined by adding in the longitu-
dinal direction a margin of 1 cm both, distally and proxi-
mally to the CTV [20]. The dose-limiting surrounding or-
gans (both for EBRT and BT) include the liver, pancreas, 
duodenum, small bowel, stomach, and spinal cord. 

Planning procedures for PDR or HDR treatment 
schedules are performed using 3D planning systems, e.g., 
in Poznan – Oncentra Brachy (Nucletron, an Elekta com-
pany, Elekta AB, Stockholm, Sweden) treatment planning 
system. For the reconstruction of the application, a geom-
etry set of CT scans with 2.5 mm layer width is prepared. 
Radiopaque marker is inserted inside catheter for assur-
ing precise visibility, and manual tracking is performed. 

Contrast placed in the bile ducts enables precise lo-
cation of the stenosis. Liver, pancreas, stomach, and du-
odenum are delineated and used as critical structures for 
dose planning and optimization procedure. Clinical tar-
get volume is delineated as the rounded volume around 
the reconstructed catheter (Figure 3). 

For the PDR treatment, the dose of 0.8 Gy per pulse is 
prescribed to the dose points placed on the surface of the 
CTV (Figure 4). Finally, the source steep of 2.5 mm and 
active length of 50 mm with 21 active positions is used 
for treatment delivery. Reference dose is prescribed and 
normalized to the dose points and manually optimized 
using graphical method. 

Basic dose statistic values as the result of optimization 
are presented in the Table 1. Treatment plan analysis and 

Fig. 3. Transversal computed tomography image (A) and 
topogram reconstruction (B) – generated by the treatment 
planning system used for preparing three-dimensional 
reconstruction of the geometry of application (C). Clinical 
target volume and critical structures were delineated man-
ually and interpolated by the system algorithms

A B

C

Fig. 4. 2D (A) and 3D (B) reconstruction of the geometry of application with catheter, clinical target volume (CTV), 100% isodose 
and critical structures. Blue points located on the CTV surface represents dose reference points used for the dose prescription

A B
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optimization procedure are based on dose distribution pa-
rameters calculated from cumulative dose volume histo-
gram (Figure 5). Dose volume histogram (DVH) markers 
for CTV, duodenum, stomach, pancreas, and liver doses 
are analyzed. Dose distribution parameters for CTV and 
critical, respectively, are presented in Table 2 and Table 3. 

Treatment schedules [2,4,5,9,22]

In patients who are in reasonably good condition, it 
is usual to combine bile duct BT with EBRT. Typically, 

30 to 40 Gy (2 Gy fractions) are delivered through EBRT 
to a  volume, which encompasses the porta hepatis, the 
common bile duct and regional nodes. For BT, the dose 
commonly used is 15-20 Gy prescribed to the BT related 
PTV, generally over 2-3 treatments (HDR-BT). 

In the same group of patients, radical PDR-BT may be 
proposed with curative intent. Brachytherapy can be used 
after EBRT (40 Gy) in 1 course of 20 Gy (pulses of 0.5-0.8 Gy 
every hour). For monotherapy, when EBRT is not recom-
mended, 2-3 courses of 20 Gy (pulses of 0.5-0.8 Gy every 
hour) are proposed [7]. After non-radical resection, 40-50 Gy 

Table 1. Dose statistics and volume information. Calculation for the optimized dose distribution, histogram 
values for treated volume (clinical target volume, CTV), and organs at risk volumes (duodenum, stomach, liver, 
and pancreas). The dose value of 800% is the maximum value calculated by the planning system algorithm

Structure Min dose [%] Max dose [%] Median dose [%] Average dose [%] Std. dev. [%] Volume [ccm]

Contrast 3.3 800.00 15.3 66.8 126.9 17.3

External 1.7 800.00 7.4 13.4 30.1 3175.5

CTV 44.7 800.00 160.5 220.6 168.8 27.5

Duodenum 5.9 687.88 26.1 34.2 28.9 54.3

Stomach 3.5 69.11 12.5 15.0 8.6 35.8

Liver 1.8 86.96 7.1 8.9 6.3 794.3

Pancreas 8.2 98.00 17.0 23.3 15.9 8.7

Fig. 5. Cumulative dose volume histogram for analyzed case with used DVH markers for CTV, duodenum, stomach, pancreas, 
and liver doses
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Table 2. Dose volume histogram (DVH) markers 
for critical structures. Physical parameters of the 
dose distribution calculated using dose volume hi-
stogram data for the critical structures, percentage  
doses for the clinically relevant volumes of the 
structures (0.1 ccm, 1.0 ccm, and 2 ccm, respectively)

Structure/ 
DVH marker

D0.1ccm [%] D1ccm [%] D2ccm [%]

Liver 74.2 57.5 50.3

Pancreas 74.9 44.9 32.8

Stomach 57.1 35.9 30.7

Duodenum 173.5 108.8 95.1

Table 3. Dose volume histogram (DVH) markers for 
critical structures. Physical parameters of the dose 
distribution calculated using DVH data for the cli-
nical target volume (CTV). V100, V150, V150 – percen-
tage volume of the CTV covered by 100%, 150%, 
and 200% isodose, respectively, D90, D100 – percen-
tage dose delivered to 90% and 100% of the CTV 

Dose [%] Volume [%]

V100 100 82.2

V150 150 54.4

V150 200 35.8

D90 85.5 90

D100 45.3 100

in 2-3 courses (PDR-BT) can be applied (see 3D planning 
rules). 

For palliative treatment, 20-40 Gy in one or two cours-
es are suggested. Pulsed-dose-rate BT is recommended 
for the trans-hepatic technique [2,9] at 10 mm from the 
source axis using 2D. When using HDR-BT for palliative 
patients, the dose commonly used is 15-20 Gy (3-4 Gy 
fractions, 4-5 Gy/fraction) prescribed, generally over 2-3 
applications at 10 mm depth. 

Side effects 
Intraluminal brachytherapy does increase the risk of 

cholangitis and bleeding due to inserting catheters into 
the biliary tract, as late complications bile duct stenosis or 
stricture are observed. The exact rate is unknown due to 
different cohorts of patients and treatment methods ana-
lyzed in published papers. 

Acute complications of RT and ILBT include nausea, 
vomiting, and transient elevation of transaminase. These 
effects are usually mild and tolerable [4]. 

Late complications are associated with radiation dose 
(EBRT related) to surrounding organs. The most common 
complications are gastrointestinal bleeding, biliary bleed-
ing, and duodenal stenosis. With external-beam doses of  
< 55 Gy to the duodenum or stomach, the risk of severe gas-
trointestinal complications varies from 5% to 10%. At doses 
> 55 Gy, one-third of patients develop severe problems [3]. 

Results 
For patients with unresectable disease, many re-

searchers have favored EBRT with or without BT to pro-
long survival. In the Table 4, analyzed groups are hetero-
geneous and small but there is a tendency in these results. 
Most frequently OS ranges from 10 to 15 months. 

In a recently published study by Yoshioka et al. [32], 
the results on the impact of BT on OS, disease-specific 
survival (DSS), and local control (LC) were reported. The 
group comprised 209 patients, including 153 who un-
derwent EBRT alone, and 56 who received both BT and 
EBRT. It was concluded that in the treatment for unre-
sectable biliary tract cancer, the addition of BT to EBRT 
has no impact on OS or DSS, but is associated with better 

LC: the 2-year LC rates were 65% for the ILBT (+) group 
and 35% for the ILBT (–) group. Therefore, the role of BT 
should be addressed by other measures than survival 
benefit, for example by benefit in toxicity, prolonged bil-
iary tract patency decreasing the need for further pallia-
tive interventions, or benefit in quality of life. 

Shinohara et al. [29] noted a survival benefit of BT in 
comparison between BT and no radiotherapy (RT) groups. 
Their study cohort included not only unresectable but also 
postoperative patients (median survival for patients treat-
ed with brachytherapy was 11 months; 95% confidence 
interval [CI] 9-13 months), compared with 4 months for 
patients who received no radiation (p < 0.0001). 

Chen et al. [31] evaluated the clinical effect on stent pa-
tency and patient survival of 34 patients with obstructive 
jaundice (14 treated with BT, 20 [group A] – control group 
[B]). High-dose-rate was used with fractional doses of  
4-7 Gy given every 3-6 days for 3-4 times. Mean stent pa-
tency of group A (12.6 months) was significantly longer 
than that of group B (8.3 months) (p < 0.05). There was 
a considerable difference in the mean survival (9.4 months 
vs. 6.0 months) between the two groups (not significant). 

There are very few reports on BT monotherapy. 
Skowronek et al. published in 2009 [9] results of 29 pa-
tients with bile duct cancer treated palliatively exclusive-
ly with PDR-BT. In most cases, 20 Gy using PDR-BT was 
given (pulse 0.8 Gy every hour/1 cm). In 19/29 (65.5%) 
of bile duct cancer cases, clinical improvement (decrease 
of jaundice) was noted after 4 weeks. Median OS for bile 
ducts cancer patients was 11.2 months. 

Conclusions 
Intraluminal brachytherapy may be an important 

component in the multimodality approach of bile duct 
cancers. The objective of this treatment is to deliver 
a high local dose of radiation to the tumor while sparing 
surrounding normal tissues. The treatment can be safely 
adapted for right and left hepatic duct as well as for com-
mon bile duct lesions. 
1.	 Brachytherapy has a potential benefit because it may 

enhance local control and prolong patency of the bili-

http://www.sciencedirect.com/science/article/pii/S1507136710600491
https://www.ncbi.nlm.nih.gov/pubmed/27795719
https://www.ncbi.nlm.nih.gov/pubmed/25559415
https://www.ncbi.nlm.nih.gov/pubmed/24969796
http://www.redjournal.org/article/S0360-3016(09)03044-2/abstract
https://www.ncbi.nlm.nih.gov/pubmed/15526374
https://www.ncbi.nlm.nih.gov/pubmed/27795719


Journal of Contemporary Brachytherapy (2017/volume 9/number 2)

Brachytherapy of bile duct cancer 193

Table 4. Published selected results of combined external beam radiotherapy and brachytherapy

Author Number of 
patients

EBRT, dose BT, number 
of fractions, 

fraction dose, 
method

Prescription 
depth

Results  
of treatment

Statistical 
analysis

Foo et al. [21] 24 Median: 50.4 Gy,  
1.8 Gy/fraction

192Ir seeds,  
20 Gy (median) 

BT – 20/24 dose 
prescribed at  

10 mm,  
2/24 – 5 mm,  

7.5 and 7.0 mm in 
1/24 patient

MS: 12,0 months 
2 yrs: 18,8 months 
5 yrs: 14,1 months

p = 0.39

Fritz et al. [28] 30 30-45 Gy in  
25 patients

HDR, 5-10 Gy 
fractions, total 
dose 20-45 Gy 

Dose prescribed 
at 10 mm

MS: 10 months 
2 yrs: 18%  
5 yrs: 8%

n.d.

Yoshioka et al. 
[32]

1. 153
2. 56

Median: 50 Gy, 
fractions 1.8 or 

2.0 Gy

1. No
2. 18 Gy median 
(3 × 6 Gy frac-

tions) HDR

2. 43/56 cases – 
dose prescribed 

at 10 mm,  
4/56 – at 12 mm, 
5/56 – at 5 mm

1. OS (2 yrs): 40%
DSS (2 yrs): 41%
LC (2 yrs): 35%

2. OS (2 yrs): 31%
DSS (2 yrs): 42%
LC (2 yrs): 65%

LC – p = 0.094

Veeze-Kuijpers 
et al. [37]

42 30 Gy (15 frac-
tions at 2 Gy), 
since 1985 –  

40 Gy in 16 frac-
tions at 2.5 Gy

192Ir wire,  
15 Gy/75 hours,  

2 sessions 
(schedules 

changed for 
some patients)

Dose prescribed 
at 10 mm

MS: 10 months 
15% of patients ≥ 2 yrs

n.d.

Gonzalez Gonza-
lez et al. [38]

1. Group I – 41  
(+ surgery), 

Group II – 19 
(unresectable)

1. 45 Gy  
(median) 
2. 48 Gy  
(median)

192Ir wire 
1. 10 Gy

2. 22-25 Gy 

BT – dose pre-
scribed at 10 mm

1. MS: 24 months
2. MS: 10.4 months

n.d.

Eschelmann  
et al. [39]

11 25-56 Gy, frac-
tions 1.8-2.0 Gy

192Ir wire 
25 Gy (mean 

dose), 15-31 Gy 

BT – dose pre-
scribed at 10 mm

MS: 22.6 months n.d.

Takamura et al. 
[40]

93 50 Gy, 25 frac-
tions at 2 Gy

192Ir wire 
27-50 Gy  

(median 39.2) 

BT – dose pre-
scribed at 5 mm

MS: 2 yrs: 15 months 
5 yrs: 4 months

n.d.

Shin et al. [41] 1. 17
2. 14

36-55 Gy  
(median 50.4)

1. No BT
2. 3 × 5 Gy HDR

BT – dose pre-
scribed at 1.5 mm

1. RR: 53%
2. RR: 36%

1. OS (2 y): 0%
2. OS (2 y): 21%

RR – p > 0.05
OS – p = 0.015

Schleicher et al. 
[42]

1. 18 
2. 12 

Median: 30 Gy, 
19 fractions at 

1.6 Gy

1. No BT
2. median 40 Gy, 

4-5 fractions, 
HDR

BT – dose pre-
scribed at 5 mm

1. OS: 3.9 months
2. OS: 9.1 months

OS – p < 0.05

Kamada et al. 
[43]

1. 42 
2. 103

Median 40-50 Gy, 
fractions at  
2.0-2.5 Gy

192Ir wire 
1. No BT
2. 25 Gy 

BT – dose pre-
scribed at 5 mm

1. MS: 4.3 months
2. MS: 9.3 months

n.d.

Ghafoori et al. 
[44]

1. 8
2. 23

30-62 Gy,  
median – 45 Gy, 
fractions 1.8 to 

3 Gy

192Ir wire 
1. Yes  

(median 25 Gy) 
2. No BT

BT – dose pre-
scribed at 5-10 

mm

1. MS (2 yrs): 22 
months  

(5 yrs) – 13 months
2. MS (5 yrs): 5 

months

p = 0.096

EBRT – external beam radiotherapy, BT – brachytherapy, MS – median survival, yrs – years, n.d. – no data, HDR – high-dose-rate, OS – overall survival, DSS – disease 
specific survival, LC – local control, RR – recurrence rate 
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ary tract, which may be associated with better quality 
of life (QoL) and OS. Well-designed prospective trials 
should address the efficacy of brachytherapy. 

2.	 Brachytherapy can be used as a palliative treatment to 
facilitate the outflow of bile. For unresectable patients, 
the goal of treatment is thus prevention of locoregion-
al disease progression to enhance survival and quality 
of life. 

3.	 Brachytherapy can be applied as radical treatment: 
alone in small inoperable tumors or in combination 
with EBRT/chemotherapy in advanced disease for un-
resectable patients. 

4.	 Brachytherapy as adjuvant treatment alone after sub- 
radical excision may be combined with EBRT. 
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