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Abstract 

Objective: The addition of radiation therapy after resection of hilar cholangiocarcinoma 

is controversial. The aim of this study was to assess the value of radiotherapy, and 

especially intraluminal brachytherapy, after resection of hilar cholangiocarcinoma by 

analyzing long-term complications and survival. 

Pat ients and Methods: Between 1983 and 1998, 112 patients underwent resection of 

a hilar cholangiocarcinoma. Of the 91 patients who survived the postoperative period, 

20 patients had no additional radiotherapy, 30 patients had only external radiotherapy 

(46 ± 11 Gy) and 41 patients had a combination of external (42 ± 5 Gy) and intraluminal 

brachytherapy (10 ± 2 Gy) via a jejunostomy at the distal end of the Roux-en-Y loop used 

for the biliary-enteric anastomoses. 

Results: Overall, 88% of the patients had late complications, with a significantly higher 

rate in patients receiving external beam irradiation and brachytherapy. Second to ab

dominal pain (56%), cholangitis (49%) was the most frequent complication and occurred 

significantly more often in patients who had had brachytherapy. Retrograde bile leakage 

after closure of the temporary jejunostomy was a troublesome complication in 24% of 

patients. Overall median survival after treatment with adjuvant radiotherapy was higher 

than after resection without additional radiation (24 months vs. 8 months, respectively). 

There was, however, no significant benefit of the use of intraluminal brachytherapy. 

Conclus ions : Additional radiotherapy after resection of hilar cholangiocarcinoma 

significantly improved survival. Combination of external beam irradiation with 

brachytherapy did not lengthen survival of irradiated patients. Long-term complications 

associated with adjuvant radiotherapy were substantial and were increased in patients 

who had brachytherapy. Additional radiotherapy after resection of hilar cholangio

carcinoma is therefore continued by giving external beam irradiation only. 
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Introduction 

Carcinoma of the extrahepatic bile ducts is uncommon. The incidence in autopsy series 

varies between 0.14 and 0.4 %.12 The majority of cholangiocarcinomas are located at the 

hepatic duct confluence. These hilar cholangiocarcinomas which are relatively small and 

slow growing, are notoriously difficult to treat. Because of the low incidence and 

complexity of the tumor, prospective studies on different treatment modalities are hard 

to conduct and have rarely been accomplished. 

Surgical resection offers the only chance for cure.1'0 The role of additional radiation 

therapy after resection in patients with hilar cholangiocarcinoma is controversial. In a 

previous series from this institution, resection with postoperative radiotherapy showed a 

significantly improved survival as compared to resection only." Other retrospective 

studies have also suggested that radiation therapy augments survival in patients with 

proximal bile duct tumors, especially in the palliative setting.5'213 In a more recent, 

prospective study however, Pitt et al. suggested that postoperative radiation for perihilar 

cholangiocarcinoma has no effect on either length of survival or quality of life.14 

Application of radiotherapy for bile duct carcinoma may even result in substantial 

morbidity.1317 Less, however, has been reported about complications of adjuvant radiation 

after resection for hilar cholangiocarcinoma, especially in respect with intraluminal 

brachytherapy. 

The aim of this study was to asses the results and complications of additional 

radiotherapy after resection of hilar cholangiocarcinoma, paying special attention to the 

difference of using external radiation in combination with intraluminal brachytherapy, 

or external radiation only. 
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Patients and Methods 

Patients and tumor classification 

Between 1983 and 1998, 112 patients with hilar cholangiocarcinoma underwent 

resection. Ninety-one patients survived the postoperative period and are included in this 

study. Twenty patients had no adjuvant radiotherapy. In the remaining patients, 

radiotherapy had been given either externally (n=30) or as a combination of external and 

intraluminal brachytherapy (n=41), the latter via the Roux-en-Y loop used for the biliary-

enteric anastomoses. Patient and treatment characteristics are shown in table 1. Patients 

were subdivided in three groups: no irradiation, external radiation in combination with 

intraluminal brachytherapy, and external radiation only. For grading of tumors, the 

classification proposed by Bismuth and Corlette was used.18 There were no significant 

differences between the three different groups in respect with gender, age or tumor type. 

Preoperative bil iary drainage and radiotherapy 

To relieve jaundice and to prevent cholangitis after contaminating the obstructed biliary 

system at diagnostic cholangiography, 82% of the patients underwent preoperative 

biliary drainage by means of ERCP or PTC (n=4).19,20-Z3 As of 1990, preoperative low-dose 

radiation was introduced in our institution for patients with resectable hilar bile duct 

carcinoma who had preoperative biliary stent placement, with the aim of preventing 

implantation metastases after resection.'921 •'- Thirty percent of the patients received 

preoperative low-dose irradiation, consisting of three fractions of 3.5 Gy, given in three 

consecutive days prior to surgery (total dose: 10.5 Gy). In all patients surgery took place 

within one week after the last fraction was given. Regarding both preoperative drainage 

and preoperative radiotherapy, there were also no significant differences between the 

three groups (table 1). 

152 RESULTS OF POSTOPERATIVE RADIOTHERAPY FOR RESECTABLE HILAR CHOLANGIOCARCINOMA CHAPTER 8 



TABLE 1. PATIENT AND TREATMENT CHARACTERISTICS OF PATIENTS WHO UNDERWENT RESECTION 

OF A HILAR CHOLANGIOCARCINOMA, SUBDIVIDED ACCORDING TO THE USE AND TYPE OF 

POSTOPERATIVE RADIOTHERAPY 

No irradiation External beam irradiation External beam irradiation Total 

(n=20) wi th brachytherapy(n=41) only (n=30) (n=91) 

54 (59%) 

37 (41%) 

56.8H.3 

13 (14%) 

32 (35%) 

40 (44%) 

4 (5%) 

2 (2%) 

23 (25%) 

46 (51%) 

16 (18%) 

6 (7%) 

Gender 

-male 

-female 

Mean age (±SEM) 

Type 

I 

II 

III (A/B) 

IV 

Not retrievable 

Number of 

anastomoses 

1 

2 

3 

Not retrievable 

Preoperative 

drainage 

Preoperative 
radia t ion 

Resection 

Local 
+ Hemi-hepatectomy 

Tumor marg in 

negative resection 

11 (55%) 

9 (45%) 

57.6 ±2.4 

3 (15%) 

5 (25%) 

11 (4/7) (55%) 

1 (5%) 

3 (15%) 

10(50%) 

5 (25%) 

2 (10%) 

17 (85%) 

3 (15%) 

14 (70%) 

6 (30%) 

2 (10%) 

24 (59%) 

17 (41%) 

58.6 ±1.9 

4 (10%) 

18 (44%) 

17 (9/8) (41%) 

2 (5%) 

8 (20%) 

22 (54%) 

8 (20%) 

3 (7%) 

31 (76%) 

13 (32%) 

33 (80%) 

8 (20%) 

5 (12%) 

19 (63%) 

11 (37%) 

53.5 ±2.4 

6 (20%) 

9 (30%) 

12 (6/6) (40% 

1 (3%) 

2 (7%) 

12 (40%) 

14 (47%) 

3 (10%) 

1 (3%) 

27 (90%) 

11 (37%) 

21 (70%) 

9 (30%) 

6 (20%) 

75 (82%) 

27 (30%) 

68 (75%) 

23 (25%) 

13 (14%) 
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Surgical procedures and histopathological examination 

The surgical procedures and complications have been reported previously.2' Briefly, local 

resection of the confluence area was performed in type I tumors. In type II tumors, local 

resection was often combined with partial resection of segment IV (quadrate lobe) and/or 

segment I (caudate lobe).-"1 In type III tumors local resection was combined with a hemi-

hepatectomy to achieve a 'radical' resection, or local resection was performed palliatively 

to achieve at least adequate biliary drainage. Type IV tumors were usually considered 

unresectable requiring palliative endoscopical or percutaneous drainage.-" The number 

of hepatico-jejunostomies was not significantly different between the three groups. 

Overall, in the majority of biliary reconstructions, two anastomoses were created. In the 

assessment of microscopical radicality of the resection, both resection and dissection 

planes of the specimen were analyzed.2'1 Tumor margin negative resections were achieved 

in only 13 patients (14%). There were no significant differences between the three groups 

in regard with type of resection or the percentage of tumor margin negative resections 

(table 1). 

Postoperative radiotherapy 

From 1983 till 1986, only 6 of 17 patients (35%) received postoperative (external beam) 

radiotherapy. Since 1986, all patients routinely received radiation therapy. In this group 

of 74 patients, only 9 patients (12%) had no radiation therapy after resection. Reasons for 

not receiving postoperative irradiation in this period, were poor general condition or 

refusal of the patient. 

External beam irradiation was given after resection, starting after the patient had 

fully recovered from surgery. Median time interval between surgery and radiotherapy 

was 62 ± 46 (SD) days. The center of the target volume was directed to the site of the 

biliary-enteric anastomoses. Usually 3 or 4 radiation fields were used around this area, 

guided by clips left during surgery as well as by the postoperative CT-scan in treatment 

position. CT-scan based computer planning dosimetry was performed in all patients 

avoiding high doses to the liver, small bowel and kidneys as much as possible. 
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As of July 1986, until January 1994, the protocol of postoperative radiation was 

modified and comprised a combination of external irradiation and brachytherapy. For 

brachytherapy, iridium-192 wires were used to load catheters, subsequently placed across 

the hepaticojejunal anastomoses.27 Endoscopical access to the biliary anastomoses was 

obtained via the distal end of the Roux-en-Y loop that was brought out for this purpose as 

a terminal jejunostomy at the time of resection (figure 1). 

FIGURE 1. FOR INTRALUMINAL BRACHYTHERAPY, THE DISTAL END OF THE ROUX-EN-Y LOOP WAS BROUGHT 

OUT AS TERMINAL JEJUNOSTOMY AT THE TIME OF RESECTION, GIVING ENDOSCOPICAL ACCESS 

TO THE BILIARY ANASTOMOSES 
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The position of the catheters was checked in the simulator in which also orthogonal x-

rays were used for dosimetry. The radiation dose was specified at 1 cm from the sources 

if only linear geometry of the sources could be achieved. If the anastomoses were more 

distant from another and the radioactive sources considerably diverged, a volume around 

the sources was defined of which the external edge was 1 cm away from the more lateral 

sources. Usually, three iridium wires were used applying a mean dose of 10.4 ±1.7 (SD) Gy. 

In all, 44 patients underwent resection with preparation of a Roux-en-Y loop for intra

luminal brachytherapy. However, in 5 patients (11%) brachytherapy could not be applied 

because endoscopic cannulation of the biliary tree failed due to stenosis or malposition 

of the jejunal loop. In patients who received the combination of external irradiation and 

brachytherapy, the mean administered dose of external radiation was 42.3 ± 4.9 (SD) Gy. 

This dose was given in three fractions per day of each 1.1 Gy, with 4 hours interval 

between fractions, and was continued 5 days per week until 18 days overall. In time, 

adjuvant treatment with additional brachytherapy was abandoned because of the 

incidence of complications. In the following period, patients received external beam 

irradiation only. In patients who were treated exclusively with external beam radiation, 

a mean dose of 46.0 ± 11.3 (SD) Gy was used, in a similar three fractions per day schedule. 

Statistical analysis 

The chi-square test (the Pearson and the two tails Fisher's exact test) and One-Way ANOVA 

table were used in SPSS™ 8.0, to assess the significance of differences between groups. 

Numeric data are expressed as the mean ± standard error of the mean (SEM). Only 

p-values <0.05 were accepted as significant. Univariate analysis of possible prognostic 

factors was performed using Kaplan-Meier survival curves and the log-rank significance 

test for comparison of survival between groups. 
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Results 

Complications 

Immediate symptoms which were directly attributable to irradiation, were recorded in 

the radiotherapy department. Data could be retrieved in 38/41 patients (93%) who 

received postoperative brachytherapy and in 14/30 patients (47%) who were treated with 

external beam irradiation only. Most symptoms recorded were nausea, abdominal pain, 

fever and diarrhea (table 2). No statistically significant differences were found between 

patients receiving the combination of external beam irradiation and brachytherapy, and 

patients treated with external beam irradiation only. 

TABLE 2 . IMMEDIATE COMPLICATIONS DIRECTLY ATTRIBUTABLE TO RADIOTHERAPY AFTER RESECTION 

OF HILAR CHOLANGIOCARCINOMA 

Nausea 

Abdominal pain 

Fever 

Diarrhea 

Mild complaints of discomfort 

No complications 

Mean weight before therapy (kg) 

Mean weight after therapy (kg) 

External beam irradiation 

with brachytherapy (n=38) 

12 (32%) 

11 (29%) 

9 (24%) 

5 (13%) 

17 (45%) 

14 (37%) 

66±10 

65±10 

External beam irradiation 

only (n=14) 

2 (14%) 

4 (29%) 

1 (7%) 

1 (7%) 

5 (36%) 

9 (64%) 

70±11 

70±10 

P 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Data referring to late complications and tumor recurrence during follow-up were 

retrieved by studying all available patients, documentation. These data could be retrieved 

In all 41 patients treated with the combination of external beam irradiation and 

CHAPTER 8 RESULTS OF POSTOPERATIVE RADIOTHERAPY FOR RESECTABLE HILAR CHOLANGIOCARCINOMA 157 



brachytherapy. In patients treated with external beam irradiation only, these data were 

available of 28/30 (93%) patients, whereas in patients who had no additional irradiation 

after resection, data were available of 15/20 (75%) patients. Mean follow-up time after 

operation was 28.8 ± 3.0 (SEM) months (table 3). 

Most complications recorded were jaundice, cholangitis, abdominal pain, ileus, 

ascites/ portal venous block or upper gastro-intestinal bleeding (table 3). In the 48 

patients with signs of intermittent, insufficient biliary drainage (jaundice, n=7; 

cholangitis, n=41) due to tumor recurrence or stenosis of the hepatico-jejunostomy, 32 

patients had maintenance antibiotic treatment. Percutaneous transhepatic external/ 

internal biliary drainage was needed in 16 patients, with successful balloon dilatation of 

the stricture in 7 patients. There were no significant differences between the three 

groups regarding treatment of biliary obstruction. Stenosis of the Roux-en-Y limb 

resulting in bowel obstruction, required surgical intervention in 6 patients who had all 

been treated with adjuvant irradiation, and of whom 5 patients received the 

combination with brachytherapy. Surgical intervention consisted of a proximal entero-

enterostomy in all these cases. 

Fourteen patients (17%) presented with gastro-intestinal bleeding. In 4/9 (44%) patients 

treated with brachytherapy who presented with gastro-intestinal hemorrhage, the 

bleeding evidently originated from a radiation ulcer. These radiation ulcers were, how

ever, not found in patients treated with external beam irradiation only. Overall, upper 

gastro-intestinal bleeding did not significantly correlate with the use or type of 

radiotherapy. In one patient, bleeding required surgical intervention. Bleeding was 

caused by esophageal varices in 7/14 (50%) patients. Portal vein obstruction was caused by 

tumor recurrence in 12/24 (50%) patients and was treated in one patient by means of a 

meso-renal shunt. Overall, 88% of the patients had late complications with a significantly 

higher rate in patients receiving the combination of external beam irradiation and 

intraluminal brachytherapy. 
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TABLE 3. LATE COMPLICATIONS IN PATIENTS WHO UNDERWENT RESECTION OF A HILAR CHOLANGIO-

CARCINOMA, SUBDIVIDED ACCORDING TO THE USE AND TYPE OF POSTOPERATIVE RADIOTHERAPY 

No irradiation 
(n=15) 

External beam 
irradiation with 
brachytherapy (n=41) 

External beam 
irradiation only 
(n=28) 

Total 
(n=84) 

P 

Mean follow-up period1-

(±SEM) (months) 

Jaundice' 

Cholangitis 

Abdominal pain 

Ileus 

Ascites/ Portal vein 

obstruction 

Upper gastrointestinal 
bleeding 

17.1 ±5.1 

2 (13%) 

6 (40%) 

6 (40%) 

1 (7%) 

6 (40%) 

1 (7%) 

Stenosis of the Roux-Y limb 

requi r ing surgery 0 (0%) 

Number of pat ients 
w i t h o u t complications 1 (7%) 

33.9 ±4.3 

3 (7%) 

26 (63%) 

25 (61%) 

21 (51%) 

13 (32%) 

9 (22%) 

5 (12%) 

2 (5%) 

29.6 ±5.9 28.8 ±3.0 NS 

2 (7%) 7 (8%) NS 

9 (32%) 41 (49%) <0.03 

16 (57%) 47 (56%) NS 

8 (29%) 30 (36%) <0.01 

5 (18%) 

4 (14%) 

1 (4%) 

7 (25%) 

24 (29%) NS 

14 (17%) NS 

6 (7%) NS 

10 (12%) <0.04 

+ period between date of operation and date of death or 31-12-97 for patients still alive 

' without other sings or symptoms 

In the majority of patients receiving the combination of external irradiation and 

brachytherapy, the jejunostomy was closed after completion of internal radiation. Mean 

time interval between date of resection and closure of the jejunostomy was 104 ± 25 

(SEM) days. A relatively frequent complication after closure of the temporary loop was 

retrograde bile leakage from the closed stump, as observed in 10 (24%) patients. This 

specific complication was however not seen in the five patients in which endoscopic 

cannulation of the biliary tree failed, and in whom the temporary loop was closed 

without receiving brachytherapy. 
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Local tumor progression, distant metastases and survival 

When there was suspicion on local progression of the tumor during follow-up, tumor 

growth was assessed by means of ultrasound or CT. Only 8 patients underwent autopsy 

and in all these patients a local recurrence and/ or distant metastasis was confirmed. 

The percentages of patients with local tumor progression or local recurrence in case of 

tumor margin negative resections and the number of patients with distant metastases 

(isolated, liver and peritoneal metastases) were not significantly different within the 

three groups (table 4). Twenty patients had local tumor progression as well as distant 

metastases. 

TABLE 4. NUMBER OF PATIENTS WHO UNDERWENT RESECTION OF A HILAR CHOLANGIOCARCINOMA WITH 

LOCAL TUMOR PROGRESSION AND/ OR DISTANT METASTASES, SUBDIVIDED ACCORDING TO THE 

USE AND TYPE OF POSTOPERATIVE RADIOTHERAPY 

No irradiation External beam External beam Total p 
(n=15) irradiation with irradiation only (n=84) 

brachytherapy (n=41) (n=28) 

Local tumor progression 4(27%) 15(37%) 11(39%) 30(36%) NS 

Distant metastasisJ 10(67%) 21(51%) 13(46%) 44(52%) NS 

Not assessed 3(20%) 15(37%) 12(43%) 30(36%) NS 

'20 patients had both local recurrences and distant metastases 

A late re-operation was indicated in 11 patients (13%) to palliate bowel obstruction 

due to local tumor progression or distant metastases. A gastro-enterostomy was 

performed in 8 patients, an entero-enterostomy in 2 patients and an end-colostomy in 

one patient. 

Survival data were retrievable in all patients (table 5). Overall median survival was 

significantly higher in patients treated with adjuvant radiotherapy compared to those 

resected without additional radiotherapy (24 months versus 8 months, figure 2). The 
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combination of external radiation and brachytherapy did not result in longer survival 

than after external irradiation only (median survival: 21 months and 30 months, 

respectively, figure 3). 

TABLE 5. NUMBER OF PATIENTS STILL ALIVE, MEDIAN SURVIVAL AND 5-YEARS SURVIVAL AFTER 

RESECTION OF HILAR CHOLANGIOCARCINOMA, SUBDIVIDED ACCORDING TO THE USE AND 

TYPE OF ADJUVANT RADIATION THERAPY (N = 91) 

No irradiation 

(n=20) 

External beam 

irradiation with 
brachytherapy (n=41) 

External beam 
irradiation only 

(n=30) 

Total 

(n=91) 
P 

Alive 0 (0%) 6 (15%) 

Median survival (months) 8 (5-11)" 21 (13-29)* 

5-years survival" 2/18(11%) 6/36(17%) 

15 (50%) 21 (23%) p<0.01 

30 (6-54)" 21 (17-25)" p<0.01' 

4/17(24%) 12/71 (17%) NS 

" 95% confidence interval 
/Iog- rank test 

'patients operated more than 5 years ago 

Preoperative low-dose radiotherapy, applied to decrease the risk of implantation 

metastases after resection, did not show a significant correlation with survival (median 

survival: 19 and 22 months, with or without preoperative radiotherapy, respectively, 

p=1.0). As discussed in a previous study from our institution, implantation metastases 

were not anymore encountered after preoperative application of low-dose radiotherapy 

in this category of patients. '9 2' 

Of the 21 patients still alive at the conclusion of this study (table 5), 2 patients (10%) 

have evidence of progressive disease. None of the patients resected without adjuvant 

radiotherapy are still alive. The number of patients still alive was significantly higher in 

the group treated with external beam irradiation only. Overall, 2/12 (17%) patients who 

had died without evidence of progressive disease had any previous postoperative 

C H A P T E R 8 RESULTS OF POSTOPERATIVE RADIOTHERAPY FOR RESECTABLE HILAR CHOLANGIOCARCINOMA 161 



complications. In the remaining 10 patients, death was an (in-)direct result of compli

cations during follow-up (sepsis; upper GI-tract hemorrhage; pulmonary embolism; liver 

insufficiency or cachexia). One patient died of a car accident and three patients died 

because of (metastases of) a second primary tumor (esophageal carcinoma; pancreatic 

head carcinoma and ovarian carcinoma, respectively). All other patients are assumed to 

have died of tumor progression. 
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FIGURE 2. ACTUARIAL OVERALL SURVIVAL (KAPLAN MEIER) IN PATIENTS RESECTED WITH OR WITHOUT 

POSTOPERATIVE RADIOTHERAPY 
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FIGURE 3. ACTUARIAL SURVIVAL (KAPLAN MEIER) OF PATIENTS AFTER RESECTION AND ADDITIONAL 

RADIOTHERAPY CONSISTING OF THE COMBINATION OF EXTERNAL IRRADIATION AND INTRA

LUMINAL BRACHYTHERAPY, OR EXTERNAL BEAM IRRADIATION ONLY. 
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Discussion 

In the present study, median survival was significantly longer in patients who underwent 

resection with postoperative irradiation (24 months) as compared to patients who 

underwent resection without additional radiotherapy (8 months). The number of 

microscopic tumor margin free resections in this series was low (14%), a finding similarly 

reported by others.526 Many authors have claimed an effective role of adjuvant 

radiotherapy after non-radical resections.1- Possibly, the survival advantage of 

postoperative radiotherapy found in our study relates to the high proportion of tumor 

margin positive resections."2S2<' This would explain why the overall median survival rate 

of 19 months found in the present study, is comparable with recently reported results 

showing overall median survival rates between 14 and 29 months (table 6). In the majority 

of these series, resection margins were microscopically tumor free in (more than) half of 

all patients and no radiotherapy was given after (radical) resection. 

Adjuvant radiotherapy in combination with brachytherapy did not add to the length 

of survival in this study. Median survival was even shorter (9 months) which in part may 

be due to the higher number of radiation related complications after brachytherapy. In 

literature, only scant attention had been given to the complications of adjuvant 

radiotherapy after resection, especially in regard with intraluminal brachytherapy. Most 

studies, showing results of intraluminal iridium (19Tr) treatment following biliary 

drainage procedures, or intraoperative radiation therapy during palliative procedures for 

unresectable bile duct carcinoma, comprise small numbers of patients and deal with a 

heterogeneous population.'6,213(KM In the present study which included only patients who 

had undergone resection, we focused on the value of adjuvant, external beam 

irradiation, in part combined with intraluminal brachytherapy by way of a temporary, 

terminal jejunosto my. 
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TABLE 6. RESULTS FROM LITERATURE FOLLOWING RESECTION AND ADJUVANT RADIOTHERAPY FOR HILAR 

CHOLANGIOCARCINOMA 

Author Year Number 

of Patients* 

Curative Adjuvant 

resections Radiation 

Brachy-therapy Median survival 

(months)3 

Cameron et al'' '73-'i 53 11% 

(8 HH / 45 LR) 

Tashiro et al" '75-'90 34 74% 
(24 HH / 10 LR) (92% HH 

30% LR) 

Hul van der et aï" '80-'90 16 38% 

Sugiura et al" 

Ogura et al™ 

Pitt et alh 

Pare et aV '82-'94 18 78% 
(13 HH / 5 LR) 

Washburn et alm '85-'94 59 49% 

(26 HH / 10 LR / 

13 Other) 

Madariaga et aV '8l- '94 28 50% 
(28 HH) 

Nakeeb et al4" '73-'95 109 26% 

(15 HH / 94 LR) 

Su et aV' 

72% 

(50-60 Gy) 

26% 
(only 
non-radical) 

38% 
(40 Gy) (only 

non-radical) 

51% 

(20 Gy) (trans

hepatic UJIr) 

24% 
(intra-operative: 

30 Gy) 

25% 
(postoperative 

drain: 25 Gy) 

<18 
(Rth+ / Rth - : no 

signif.difference) 

<20 

(Rth+:17 
/ Rth -: 5) 

23 

(Rth+:20 / 
Rth -: 29) 

'73-'91 

'75-'91 

•88-'93 

83 
(83 HH) 

55 

(33 HH / 22 LR) 

31 

(28 HH / 3 LR) 

57% 

51% 

29% 

None 

None 

45% 

(46 Gy) 

None 

None 

26% 

(13 Gy) (trans
hepatic "2Ir) 

28 

<15 

20 
(Rth+ / Rth - : no 

signif.difference) 

None 

None 

92% / 

None 

None 

None 

5 3 % / 33% 

(mean 48Gy) ( transhepatic 
'-Ir) 

2 f, 

23 

24 

(Rth+ / Rth - : no 

signif.difference) 

19 

(Rth+ / Rth - : no 

signif.difference) 

'83-'95 49 

(28 HH / 21 LR) 

'83-'98 91 
(23 HH/ 68 LR) 

49% 

14% 

None 

78% 

(43 Gy) 

None 

45% 

(10 Gy) 
(Roux-YmIr) 

14 

21 

(Rth +:24 

Rth -: 8) 

#Same institution 'HH: lobectomy and/or hemi-hepatectomy; LR: local bile duct resection; 

Other, livertransplantation / Whipple procedure 

'Excluding operative deaths /Also chemotherapy (Nakeeb: n=9; Madariaga: n=6) 
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Overall, the variety and rate of late complications in the present series was higher when 

compared to most previously reported series.5151"35 Cholangitis was recorded significantly 

more frequent in patients treated with intraluminal brachytherapy and bowel obstruction 

was significantly less frequent in patients resected without adjuvant radiotherapy. 

Cholangitis can be attributed to stricture and obstruction of the biliary anastomotic sites 

or of the Roux-en-Y limb, due to displacement of the radiation source after endoscopic 

insertion. Bowel passage problems and even ileus may be the result of a radiation related 

type of enteropathy. Furthermore, the temporary jejunostomy remains a continuous entry 

site for micro-organisms during treatment, facilitating cholangitis. Several studies have 

shown that external beam irradiation can give rise to complications as duodenal ulcera 

and stenosis, resulting in obstructive problems.15'1731 However, Pitt et al. did not find any 

significant differences regarding duodenal obstruction and small intestinal problems 

between irradiated and non-irradiated patients.14 Upper gastro-intestinal hemorrhage in 

this series, due to esophageal varices, duodenal ulceration or severe gastritis, was found in 

22% of patients after brachytherapy. This was not significantly different among patients 

treated with external irradiation only or no radiotherapy, although in 44% of patients 

treated with brachytherapy, a radiation ulcer was seen. 

Upper GI-tract bleedings as negative side effects of brachytherapy, were also mentioned 

by Iwasaki et al. who reported arterial changes noted directly in the radiation field during 

surgical manipulation following massive intraoperative radiotherapy (20-27.5 Gy).15 The 

temporary, terminal jejunostomy used for brachytherapy was an important burden 

influencing the quality of life of patients. Even after closure of the jejunostomy, 

retrograde leakage of bile from the Roux-en-Y loop resulted in troublesome complaints, 

sometimes requiring re-admission for percutaneous drainage of the loop or repeated 

closure. Other techniques to allow access for brachytherapy seem to offer some benefit in 

decreasing morbidity but await further clinical assessment.15 

In all, late adverse effects of radiation treatment are still difficult to distinguish from 

symptoms of defective drainage or tumor recurrence.15 Although not all complications 

during follow-up are categorized along the same lines in literature, most signs and 
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symptoms are comparable in the different studies.5151735 Remarkable in the present study 

is the fact that the group of patients who received external beam irradiation only, had 

the highest percentage of patients lacking any long-term complication (table 3). 

Surprisingly, this percentage was even higher than in patients resected without adjuvant 

radiotherapy. However, as concluded in a previous study on postoperative complications 

after resection of a hilar cholangiocarcinoma in our department, hospital morbidity, 

especially after local resections, was considerably lower during the last 5-years, as 

compared with previous periods.24 As in this period, nearly all patients (92%) received 

postoperative irradiation and almost exclusively (78%) were treated without brachy-

therapy, selection of patients with less postoperative complications and therefore better 

physical condition, may have biased the overall results in this treatment group. 

In conclusion, additional radiotherapy after resection of hilar cholangiocarcinoma in 

this series resulted in significantly improved survival. Combination of external beam 

irradiation with brachytherapy by means of a temporary jejunostomy did not show any 

benefit on either the length or the quality of survival, but generated more complications 

and therefore, was abandoned. These results have led us to continue our therapeutic 

strategy of additional radiotherapy after resection of hilar cholangiocarcinoma, delivered 

exclusively by external beam irradiation. 
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