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Abstract
AIM: To determine the efficacy of external beam ra-
diotherapy (EBRT), with or without intraluminal brachy-
therapy (ILBT), in patients with non-resected locally 
advanced hilar cholangiocarcinoma. 

METHODS: We analyzed 64 patients with locally ad-
vanced hilar cholangiocarcinoma, including 25 who 
underwent resection (17 curative and 8 non-curative), 
28 treated with radiotherapy, and 11 who received best 
supportive care (BSC). The radiotherapy group received 
EBRT (50 Gy, 30 fractions), with 11 receiving an ad-
ditional 24 Gy (4 fractions) ILBT by iridium-192 with 
remote after loading. ILBT was performed using percu-

taneous transhepatic biliary drainage (PTBD) route. Un-
covered metallic stents (UMS) were inserted into non-
resected patients with obstructive jaundice, with the 
exception of four patients who received percutaneous 
transhepatic biliary drainage only. UMS were placed en-
doscopically or percutaneously, depending on the initial 
drainage procedure. The primary endpoints were pa-
tient death or stent occlusion. Survival time of patients 
in the radiotherapy group was compared with that of 
patients in the resection and BSC groups. Stent patency 
was compared in the radiotherapy and BSC groups.

RESULTS: No statistically significant differences in 
patient characteristics were found among the resec-
tion, radiotherapy, and BSC groups. Three patients in 
the radiotherapy group and one in the BSC group did 
not receive UMS insertion but received PTBD alone; 
cholangitis occurred after endoscopic stenting, and 
patients were treated with PTBD. A total of 16 patients 
were administered additional systemic chemotherapy 
(5-fluorouracil-based regimen in 9, S-1 in 6, and 
gemcitabine in 1). Overall survival varied significantly 
among groups, with median survival times of 48.7 
mo in the surgery group, 22.1 mo in the radiotherapy 
group, and 5.7 mo in the BSC group. Patients who 
underwent curative resection survived significantly lon-
ger than those who were not candidates for surgery 
(P  = 0.0076). Cumulative survival in the radiotherapy 
group was significantly longer than in the BSC group 
(P  = 0.0031), but did not differ significantly from those 
in the non-resection group. Furthermore, the median 
survival time of patients in the radiotherapy group who 
were considered for possible resection (excluding the 
seven patients who were not candidates for surgery 
due to comorbid disease or age) was 25.9 mo. Stent 
patency was evaluated only in the 24 patients who re-
ceived a metallic stent. Stent patency was significantly 
longer in the radiotherapy than in the BSC group (P  = 
0.0165). Biliary drainage was not eliminated in any pa-
tient. To determine the efficacy of ILBT, we compared 
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survival time and stent patency in the EBRT alone 
and EBRT plus ILBT groups. However, we found no 
significant difference in survival time between groups 
or for stent patencies. Hemorrhagic gastroduodenal 
ulcers were observed in 5 patients (17.9%), three in 
the EBRT plus ILBT group and two in the EBRT alone 
group. Ulcers occurred 5 mo, 7 mo, 8 mo, 16 mo, and 
29 mo following radiotherapy. All patients required 
hospitalization, but blood transfusions were unneces-
sary. All 5 patients recovered following the administra-
tion of anti-ulcer medication.

CONCLUSION: Radiotherapy improved patient prog-
nosis and the patency of uncovered metallic stents in 
patients with locally advanced hilar cholangiocarcinoma, 
but ILBT provided no additional benefits. 

© 2012 Baishideng. All rights reserved.

Key words: Hilar cholangiocarcinoma; Radiotherapy; 
Intra-luminal brachytherapy; Biliary metallic stent; Ob-
structive jaundice

Peer reviewer: Antonio Basoli, Professor, General Surgery “Pa-
ride Stefanini”, Università di Roma-Sapienza, Viale del Policlini-
co 155, Roma 00161, Italy

Isayama H, Tsujino T, Nakai Y, Sasaki T, Nakagawa K, Yamashi-
ta H, Aoki T, Koike K. Clinical benefit of radiation therapy and 
metallic stenting for unresectable hilar cholangiocarcinoma. 
World J Gastroenterol 2012; 18(19): 2364-2370  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v18/i19/2364.htm  
DOI: http://dx.doi.org/10.3748/wjg.v18.i19.2364

INTRODUCTION
Hilar cholangiocarcinoma is a relatively rare, slow-grow-
ing, late-metastasizing tumor associated with poor patient 
prognosis[1-7]. The only known effective treatment is sur-
gery, but only a small proportion of  patients are suitable 
candidates. The operation is technically demanding and 
may be too invasive for high-risk elderly patients.

External beam radiotherapy (EBRT), with or without 
intraluminal brachytherapy (ILBT), is widely used to treat 
patients with hilar cholangiocarcinoma. A randomized 
trial comparing stenting alone with stenting plus radio-
therapy showed that both procedures significantly pro-
longed patient survival and stent patency[8]. However, the 
relatively long survival time of  untreated patients (median, 
298 d) suggests that some of  these patients may have 
been resectable. Thus, the effects of  radiotherapy alone, 
and the benefits of  ILBT, are not known.

Biliary stenting is a widely-accepted palliative proce-
dure used to treat patients with unresectable hilar cholan-
giocarcinoma and obstructive jaundice. Patient prognosis, 
however, is poor, even with the absence of  metastasis. A 
randomized trial showed that uncovered metallic stents 
remained patent longer than plastic stents in patients with 
hilar cholangiocarcinoma[9]. The primary cause of  uncov-

ered metallic stent occlusion is tumor ingrowth into the 
mesh[10]. Covered metallic stents prevent tumor ingrowth 
in patients with distal biliary obstruction and have a lon-
ger patency than uncovered metallic stents[11-16]. Although 
covered metallic stents are not feasible for treating hilar 
cancer patients because of  the complex anatomy of  the 
hilar duct, radiotherapy may be used to prevent tumor in-
growth after placement of  an uncovered metallic stent[17]. 

The aims of  this study were therefore twofold: to test 
the effects of  radiotherapy, with or without ILBT, on the 
survival of  hilar cholangiocarcinoma patients who did 
not undergo surgical resection; and to evaluate whether 
radiotherapy prolongs stent patency and thus improves 
patient quality of  life. 

MATERIALS AND METHODS
Patients 
Between 1986 and 2008, 84 patients with hilar cholan-
giocarcinoma were admitted to the Department of  Gas-
troenterology of  Tokyo University Hospital. Of  these 84 
patients, 20 had metastatic and 64 had locally advanced 
disease (Figure 1 and Table 1). Of  those with locally ad-
vanced tumors, 34 fulfilled our resectability criteria, and 
25 underwent surgical resection. The remaining 9 patients 
were not candidates for surgery due to comorbid disease 
or advanced age. Bile duct cancer was diagnosed by path-
ological examination, clinical course, or imaging results. 
Cholangiocarcinoma staging was based on computed 
tomography, magnetic resonance cholangiopancreatogra-
phy, or direct cholangiogram using endoscopic retrograde 
cholangiopancreatography or percutaneous transhepatic 
biliary drainage (PTBD). In addition, Bismuth’s classifica-
tion was applied[6].

Criteria for resectability
The resectability of  each tumor was determined after 
consultation with the hepato-biliary surgeon. Surgical con-
traindications included: invasion of  the celiac and super 
mesenteric arteries, biliary invasion of  the third branch of  
the future remnant liver, and invasion of  the both hepatic 
artery and portal vein of  the future remnant liver. 

Biliary stenting
All patients with locally advanced tumors underwent 
endoscopic or percutaneous biliary drainage (Table 2). 
Prophylactic antibiotics were administered intravenously 
prior to the endoscopic procedure and for 3 d afterwards. 
An Amsterdam-type plastic stent (7 or 8.5 Fr; Flexima 
stent, Microvasive, Boston Scientific, Natick, MA, United 
States) or a nasobiliary drainage tube (Cook Medical 
Company) was inserted into patients. PTBD using 8 Fr 
balloon catheters was performed under ultrasonographic 
and fluoroscopic guidance. Additional stents were insert-
ed or PTBD was performed if  jaundice did not improve. 

Radiation therapy
Radiotherapy was recommended for patients whose jaun-
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dice did not improve and who were not candidates for 
surgery. A total of  28 patients agreed to undergo EBRT 
(54 Gy, 30 fractions); of  these, 11 also underwent per-
cutaneous ILBT (24 Gy, 4 fractions) using a high-dose 
iridium-192 remote after loading system (Table 2). A me-
tallic stent was inserted into the 11 patients who refused 
EBRT after their jaundice improved; these patients con-
stituted the best supportive care (BSC) group.

After radiotherapy, a metallic stent was inserted en-
doscopically or percutaneously, depending on the initial 
drainage procedure. Some patients received bilateral 
metallic stents because multiple insertion routes were 
necessary for internal brachytherapy and unilateral stents 
produced insufficient drainage.

Follow up
Patient symptoms were assessed and blood tests were 
performed at monthly intervals in the outpatient clinic. 
Computed tomography scans were taken every 6 mo 
(every 2 mo during chemotherapy), with additional scans 
taken when patients were symptomatic or showed an 
increase in hepatic-biliary enzymes and bilirubin. Patients 
received chemotherapy every 2 mo.

Endpoints
The primary endpoints were patient death or stent oc-
clusion through November 2008. Stents were considered 
patent if  the jaundice did not worsen, with or without 
cholangitis. Patient survival time was measured from the 
date of  diagnosis to the date of  death, and stent patency 
was measured from placement to occlusion or to patient 
death if  the stent remained patent. Survival time of  pa-
tients in the radiotherapy group was compared with that 
of  patients in the resection and BSC groups. Stent pa-
tency was compared in the radiotherapy and BSC groups.

Statistical analysis
Cumulative patient survival and stent patency were ana-

lyzed using the Kaplan-Meier method and compared using 
the log rank test. Patients whose stents were not obstruct-
ed were excluded from stent patency analysis. The Mann-
Whitney U-test was used to compare quantitative variables, 
and Fisher’s exact test was used to analyze qualitative 
variables. All analyses were performed using StatView 5.0 
software (SAS Institute Inc., Cary, NC, United States).

RESULTS
Patient survival
Overall survival varied significantly among groups, with 
median survival times of  48.7 mo in the surgery group, 
22.1 mo in the radiotherapy group, and 5.7 mo in the 
BSC group (Figure 2). Patients who underwent curative 
resection survived significantly longer than those who 
were not candidates for surgery (P = 0.0076). Cumula-
tive survival in the radiotherapy group was significantly 
longer than in the BSC group (P = 0.0031), but did not 
differ significantly from those in the non-resection group 
(Figure 2). Furthermore, the median survival time of  pa-
tients in the radiotherapy group who were considered for 
possible resection (excluding the seven patients who were 
not candidates for surgery due to comorbid disease or 
age) was 25.9 mo.

Stent patency
Stent patency was evaluated only in the 24 patients who 
received a metallic stent (Table 3). Stent patency was 
significantly longer in the radiotherapy than in the BSC 
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Hilar cholangiocarcinoma 
n  = 84

Metastatic cases 
n  = 20

Locally advanced cases
 n  = 64

Resection cases 
n  = 25 (39.1%)

Non-resection cases
n  = 39

Radiotherapy 
n  = 28

Best supportive care
n  = 11

Figure 1  Distribution of patients with hilar cholangiocarcinoma from Au-
gust 1995 to August 2008. 

Table 1  Patient characteristics

Patient group

Radiotherapy BSC Resection P  value

Cases 28 11 25 
Gender (M/F) 14/14 4/7 20/5
Mean age (yr) 70.1 ± 9.7 

(52-86)
74.0 ± 9.0 

(61-90)
67.0 ± 9.7 

(55-78) 
Reason for non-resection > 0.9999
   Tumor factor 21   9 -
   Patient factor   7   2 - 
Performance status
   0 12   3 17
   1 15   6   8 
   2   1   2   0 
TNM stage 0.4953
   1a   0   0   7
   1b   2   2   1
   2a   1   0   3
   2b   1   1   8
   3 24   8   6
Bismuth classification 0.2332
   1   3   0   2
   2   6   3   2
   3   7   6 10
   4 12   2 11

No statistically significant differences in patient characteristics were 
observed among the resection, radiotherapy, and BSC groups. The mean 
age of the BSC patients was higher than that of the other groups, but the 
difference was not significant. TNM: Tumor, node, metastasis; BSC: Best 
supportive care. 
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Additive effect of ILBT to EBRT 
To determine the efficacy of  ILBT, we compared survival 
time and stent patency in the EBRT alone and EBRT 
plus ILBT groups. However, we found no significant dif-
ference in survival time between groups (Figure 4) or for 
stent patencies. 

Complications of radiotherapy
Hemorrhagic gastroduodenal ulcers were observed in 5 
patients (17.9%), three in the EBRT plus ILBT group 
and two in the EBRT alone group. Ulcers occurred 5 mo, 
7 mo, 8 mo, 16 mo, and 29 mo following radiotherapy. 
All patients required hospitalization, but blood transfu-
sions were unnecessary. All 5 patients recovered follow-

group (P = 0.0165; Figure 3). Biliary drainage was not 
eliminated in any patient.

Table 2  Details of biliary drainage and anti-cancer therapy

Patient group

Radiotherapy BSC P value

Cases 28 11
Biliary metallic stenting 24 10
   Drainage area    0.0630
      Bilateral 14   2 
      Unilateral 10   8
   Insertion route    0.0339
      Endoscopic   4   6
      Percutaneous 20   4
PTBD only   3   1 > 0.9999
No need for drainage   1   0 > 0.9999
Anti-cancer therapy
   Radiotherapy 28 -
      Extra corporeal (50 Gy) 28 -
      Intra bile duct (24 Gy) 11 -
   Additional chemotherapy 16 -
      Gemcitabine   1 -
      S-1   6 -
      5FU-based regimen   9 -

Three patients in the radiotherapy group and one in the BSC group did not 
receive a metallic stent but underwent PTBD alone; cholangitis occurred 
after endoscopic stenting, and patients were treated with PTBD. A total 
of 16 patients were administered additional systemic chemotherapy, with 
9 receiving a 5-fluorouracil (5FU)-based regimen, 6 receiving S-1, and 1 
receiving gemcitabine. PTBD: Percutaneous transhepatic biliary drainage; 
BSC: Best supportive care.

                                           1 yr    2 yr   3 yr   4 yr   5 yr   MST
Curative resection (n  = 17)    100      81     75     66    58      NE
Non-curative resection (n  = 8) 57      29     29     14      0  19.4M
Radiotherapy (n  = 28)             74      45       6       6      6  22.2M
BSC (n  = 11)                         18        9       9       0       0    5.7M
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Figure 2  Cumulative survival rate and median survival time of patients 
who received curative or non-curative resection, radiotherapy or best 
supportive care. Cumulative survival times were calculated using the Kaplan-
Meier method and compared using the log rank test. BSC: Best supportive 
care; MST: Median survival time; NE: Not evaluable. 
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Figure 3  Cumulative metallic stent patency. Stents were patent significantly 
longer in the radiotherapy than in the BSC group (P = 0.0165). BSC: Best sup-
portive care. 
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Figure 4  Cumulative survival times of patients who received external 
beam radiotherapy alone and those who received external beam radio-
therapy plus intra bile ductal radiotherapy (intraluminal brachytherapy). 
There was no significant difference in survival between groups. EBRT: External 
beam radiotherapy; ILBT: Intraluminal brachytherapy. 

P  = 0.3552
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ing the administration of  anti-ulcer medication.

DISCUSSION
Surgical resection is the only known cure for hilar chol-
angiocarcinoma. The surgery is highly invasive and rec-
ommended for only a small percentage of  patients; thus, 
alternative treatments are necessary. Our results suggest 
that radiotherapy prolongs survival in patients who can-
not undergo resection. Survival was significantly longer 
in patients who received radiotherapy than in those who 
received BSC, but was similar to that of  patients who un-
derwent non-curative resection. 

Radiotherapy has been shown to improve survival 
times of  patients with locally advanced hilar cholangio-
carcinoma who cannot undergo curative resection. For 
example, a randomized trial reported that median survival 
times were 12.9 mo in patients who received both EBRT 
and ILBT and 9.3 mo in patients did not receive radio-
therapy[8]. A second study found that median survival in 
patients who received chemoradiotherapy (EBRT plus 
5-fluorouracil) was 22 mo, but that study did not include 
an untreated control group[18]. A retrospective analysis 
found that the median survival time in patients with ex-
trahepatic cholangiocarcinoma who received EBRT plus 
ILBT was 9 mo, compared with 5 mo in patients treated 
with EBRT alone[19]. This wide range in survival times 
may reflect differences in patient backgrounds. Most re-
ports did not describe the percentage of  patients with re-
sectable tumors, the reasons that they were not resected, 
or the resection criteria; thus, it is difficult to generalize 
from these results. In contrast, we have stated the inclu-
sion criteria for non-surgical treatment. Moreover, in our 
radiotherapy group, the median survival of  non-resected 
patients considered for possible resection was 25.9 mo, 
longer than previously reported survival times. 

We observed no significant differences between the 
radiotherapy and BSC groups in patient background, 
including the reasons for not undergoing resection and 

performance score. We expected that selection bias may 
have resulted in longer median survival of  the radiother-
apy than of  the BSC group, but we found no significant 
difference in background between these two groups. Our 
results therefore provide additional evidence suggesting 
that radiotherapy increases survival time in patients with 
locally advanced hilar cholangiocarcinoma.

Although surgery is the only known cure for chol-
angiocarcinoma, we found that median survival of  the 
radiotherapy group did not differ significantly from that 
of  the non-curative resection group. This finding sup-
ports the survival benefits of  radiotherapy for patients 
with locally advanced hilar cholangiocarcinoma. Thus, 
radiotherapy is a treatment option for patients in poor 
condition or those with highly invasive tumors. 

Biliary stenting is a widely accepted palliative treat-
ment for non-resected patients with biliary obstruction, 
with uncovered metallic stents maintaining patency longer 
than plastic stents[9]. The primary cause of  obstruction in 
patients who receive an uncovered metallic stent is tumor 
ingrowth into the stent mesh. In a previous randomized 
trial, we prevented distal biliary obstruction by inhibiting 
tumor ingrowth and found that a covered metallic stent 
was patent longer than an uncovered stent[11]. However, 
covered metallic stents cannot be used in patients with hi-
lar obstruction, and it is necessary to develop strategies to 
prevent tumor ingrowth of  hilar lesions. Stents remained 
patent significantly longer in the radiotherapy group than 
in the BSC group (stenting alone); suggesting that local 
tumor control using radiotherapy prolongs stent patency. 
Previous studies of  the efficacy of  metallic stents in the 
treatment of  hilar cholangiocarcinoma did not use radio-
therapy, and studies investigating the survival benefits of  
radiotherapy have not reported results of  metallic stent-
ing. Thus, no evidence was available to determine the ef-
ficacy of  radiotherapy in improving stent patency. 

Multiple laser-cut-type Nitinol stents were found to 
have a mean patency of  150 d[20], with Wallstents hav-
ing a median patency of  169 d[21]. A comparison of  the 
patency of  metallic stents inserted endoscopically and 
percutaneously showed that the median stent patency of  
these two groups was 9.8 mo and 11.0 mo, respectively[22]. 
In comparison, we found that median and mean stent 
patency in our radiotherapy group were 557 d and 604 d, 
respectively. The length of  time the stents remained pat-
ent suggests that radiotherapy had a significant effect on 
patency.

We found that the addition of  ILBT to EBRT did not 
improve patient survival or stent patency. Stent patency is 
a surrogate indicator of  local anti-tumor effectiveness, be-
cause the main cause of  stent occlusion is tumor ingrowth 
through the stent mesh. ILBT requires an additional treat-
ment period and multiple PTBD insertions. Since it did 
not improve patient survival or stent patency, we do not 
recommend this additional treatment. A retrospective 
study of  31 patients found that, although additional ILBT 
improved the 2-year survival rate, it had no effect on cu-
mulative survival time[20]. No randomized studies to date 

Table 3  Results of metallic stenting

Patient group

Radiotherapy BSC P value

Cases   23   11
Mean stent patency (d)1 604 ± 78.3 235 ± 53.3 0.0038
Median stent patency (d)1 557 358
Stent obstruction (%) 12 (56.5) 4 (36.4) 0.4646
   Mean patent period 329.2 ± 234.8 136.8 ± 147.1 0.1472
   Cause
      Tumor ingrowth     9     1 0.1133
      Tumor overgrowth     1     1 0.5490
      Sludge     2     2 0.5799

1Mean and median stent patency were calculated using the Kaplan-
Meier method and compared using the log rank test. Stent patency was 
significantly longer in the radiotherapy than in the BSC group. Mean 
patent period was longer in the radiotherapy than in the BSC group, but 
the difference was not significant. BSC: Best supportive care.
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have compared the effect on survival of  radiotherapy with 
and without ILBT. Thus, the efficacy of  additional ILBT 
remains unclear. 

Photodynamic therapy is a promising local anti-tumor 
therapy for patients with non-resectable hilar cholangio-
carcinoma, with median survival times of  patients who 
did and not receive photodynamic therapy of  493 d and 
98 d, respectively, a difference that was statistically signifi-
cant[23]. Although photodynamic therapy can be used to 
treat local tumors extending along the bile duct, it cannot 
be used to treat large tumors that have invaded other or-
gans, and it cannot be used to treat loco-regional lymph 
node metastasis because it is performed in the bile duct. 
The combination of  photodynamic therapy with EBRT 
may be a more feasible treatment option.

The major limitation of  this study was its retrospec-
tive design. Moreover, despite all included patients having 
unresectable, locally advanced tumors, the characteristics 
of  the radiation and BSC groups differed. Since there 
were no selection criteria for the BSC group, the differ-
ences in outcomes between this group and the radiation 
group may be due not only to the effects of  radiation, 
but to patient condition as well.

In conclusion, radiotherapy may improve the progno-
sis of  patients with non-resected, locally advanced hilar 
cholangiocarcinoma and may increase the patency of  
uncovered metallic stents. ILBT provides no benefit for 
these patients. 
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