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Postoperative radiotherapy appeared to improve the
disease free survival rate of patients with extrahepatic bile
duct cancer at high risk of loco-regional recurrence
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Purpose: To investigate the outcomes of postoperative radiotherapy (RT), in patients with extrahepatic bile duct (EHBD) cancer
by comparing the survival rate between patients undergoing surgery alone or surgery plus postoperative RT, and to identify the
prognostic factors affecting survival.
Materials and Methods: Between 2000 and 2013, 52 patients with EHBD cancer underwent surgical resection. Of these, 33
patients did not receive postoperative RT (group I), and 19 patients did (group II). R1 resection was significantly more frequent in
group II. The median radiation dose was 5,040 cGy.
Results: The 3-year overall survival (OS) rate for group I and group II was 38% and 56%, respectively (p = 0.274). The 3-year
disease free survival (DFS) rate for group I and group II was 20% and 31%, respectively (p = 0.049), and the 3-year loco-regional
recurrence free survival (LRFS) rates were 19% and 58%, respectively (p = 0.002). Multivariate analyses showed that postoperative
RT and lymphovascular invasion were independent prognostic factors for DFS and LRFS. Overall, 42 patients (80%) experienced
treatment failure. Distant metastasis was the predominant pattern of failure in group II.
Conclusion: Postoperative RT after surgical resection appeared to improve the loco-regional control and DFS rate. More effort is
needed to reduce distant metastasis, the major pattern of failure, in patients who receive postoperative RT.
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Introduction
According to the cancer registries in Korea, extrahepatic bile
duct (EHBD) cancer is a rare malignancy [1]. In patients with
resectable EHBD cancer, complete surgical resection is the
only treatment with curative potential. However, complete
surgical resection with a negative resection margin is difficult,

because of the critical adjacent structures, such as the hepatic
artery and the main portal vein. Even after complete surgical
resection, the major pattern of failures is loco-regional
recurrence [2,3] and the overall survival (OS) rate of patients
who undergo complete resection was only 10%–40% [2-8].
Considering that the major pattern of failure is loco-regional
recurrence [3,4,7], many investigators have studied the role of
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postoperative radiotherapy (RT) with or without chemotherapy.
However, because of the rarity of EHBD cancer, no randomized
studies have investigated the benefits of postoperative RT.
Based on the results of retrospective studies, many institutions
recommend postoperative RT for patients with microscopic/
macroscopic residual tumor or positive regional lymph nodes.
However, the clinical benefits of RT are still a debated.
This study was performed to investigate the outcomes of
postoperative RT, in patients with EHBD cancer by comparing
the survival rates of patients who underwent surgery alone or
surgery plus postoperative RT, and to identify the prognostic
factors affecting survival in these patients.

were calculated from the date of surgery to the date of the
event or the last follow-up visit. Loco-regional failure was
defined as any recurrence in the primary tumor bed or regional
lymphatics. Distant metastasis was defined as any recurrence
in a systemic organ. The OS, disease free survival (DFS) and
loco-regional recurrence free survival (LRFS) were calculated
using the Kaplan-Meier method. The Cox proportional hazards
model was used to identify the prognostic factors for survival
in multivariate analysis. Statistical analyses were carried out
using SPSS ver. 21.0 (IBM, Armonk, NY, USA)

Materials and Methods

1. Patient’s and treatment characteristics
The characteristics of patients are summarized in Table 1. Thirty
three patients did not receive postoperative RT (group I), and
the remaining 19 patients received postoperative RT (group II).
The median age was 65 years (range, 43 to 81 years), and was
similar in both groups. The tumor was located in the proximal
region in 22 patients, and in the distal region in 30 patients.
Proximal tumor was defined anatomically as tumors located
in the extrahepatic biliary duct proximal to the origin of the
cystic duct. Distal tumor was located in the biliary duct distal
to the origin of the cystic duct. Tumor stage was determined
according to the American Joint Committee on Cancer staging
system (7th edition). There were no significant differences
in the tumor stage, surgical procedures, and pathologic
characteristics, such as differentiation, perineural invasion, and
lymphovascular invasion, between the two groups.
After surgical resection, R0 resection (pathologically
negative margin) was achieved in 28 patients (23 patients in
group I and 5 patients in group II). The proportion of patients
with R1 resection (microscopically positive margin) was
significantly greater in group II than group I. All 5 patients with
R0 resection in group II had positive lymph node involvement
or high grade dysplasia at resection margin. The 10 patients
with R1 resection in group I did not receive postoperative
RT at the surgeon’s discretion. During RT, 12 patients
received concurrent chemotherapy. Eight patients received
5-fluorouracil plus cisplatin; 2 patients received 5-fluorouracil
and leucovorin; and the other 2 patients received weekly
gemcitabine. No patients received maintenance chemotherapy
after concurrent chemoradiotherapy (CCRT). No patients in
group I received chemotherapy as adjuvant setting.

1. Patient selection
Seventy patients were histologically diagnosed with EHBD
cancer between January 2000 and December 2013 at our
institution . Of these, 52 with non-metastatic EHBD cancer
underwent surgical resection and were analyzed in this
study. The other 18 patients were excluded because they had
an unresectable tumor (n = 17), or distant metastasis (n =
1). After obtaining Institutional Review Board approval, the
medical records of 52 patients retrieved and analyzed.
2. Treatment
For proximal tumors, liver lobectomy with bile duct resection
or bile duct resection with hepaticojejunostomy was
conducted with a curative aim. For distal tumors, the Whipple
procedure (pancreaticoduodenectomy), pylorus-preserving
pancreaticoduodenectomy (PPPD) or bile duct resection was
conducted. Regional lymph node dissection was performed.
Postoperative RT is generally recommended for patients
with R1 or R2 (macroscopically residual tumor) resection or
regional lymph node metastasis. RT was generally started 4–8
weeks after surgery. All patients underwent three-dimensional
conformal RT. The clinical target volume (CTV) was defined as
the tumor bed and the regional lymph node area. The planning
target volume (PTV) included the CTV and an additional margin,
considering setup error and breathing motion. External beam
RT was delivered with multiple fields using 15 MV photon
beams. The median radiation dose was 5,040 cGy (range, 4,500
to 5,400 cGy).
3. Statistical analysis
The independent samples t-test or Pearson χ2 test were used
to compare variables between the two groups. All events
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2. Survival and prognostic factors
The median follow-up duration in all patients was 24 months
https://doi.org/10.3857/roj.2016.01879
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Table 1. Patients and tumor characteristics

Age (yr)
Gender
Male
Female
Tumor site
Proximal
Distal
T stageb)
T1
T2
T3
N stageb)
N0
N1
Stageb)
I
II
III
Surgical procedure
PPPD
Whipple procedure
Bile duct resection
Liver lobectomy with
bile duct resection
Residual tumor
R0 resection
R1 resection
Differentiation
Well
Moderate
Poor
Unknown
Perineural invasion
Yes
No
Unknown
Lymphovascular invasion
Yes
No
Unknown

Group II
(n = 19)

65 (43–79)

67 (46–81)

23 (70)
10 (30)

14 (74)
5 (26)

17 (52)
16 (48)

5 (26)
14 (74)

7 (22)
16 (48)
10 (30)

3 (16)
8 (42)
8 (42)

p-value

0.427

11 (58)
8 (42)
0.781
7 (37)
11 (58)
1 (5)
0.224

8 (24)
2 (6)
10 (30)
13 (40)

9 (47)
0 (0)
6 (32)
4 (21)

23 (70)
10 (30)

5 (26)
14 (74)

9 (27)
17 (52)
6 (18)
1 (3)

3 (16)
10 (53)
5 (26)
1 (5)

23 (70)
7 (21)
3 (9)

12 (63)
6 (32)
1 (5)

19 (58)
11 (32)
3 (10)

10 (53)
8 (42)
1 (5)

0.004

0.747

0.662

0.765

Values are presented as median (range) or number (%).
PPPD, pylorus-preserving pancreaticoduodenectomy; R0, negative
resection margin; R1, microscopically positive margin.
a)
Independent samples t-test or Pearson χ2 test. b)American Joint
Committee on Cancer staging system (7th edition).

(range, 3 to 105 months). The median OS for group I and group
II was 26 months and 37 months, respectively. The 3-year OS
rates for group I and group II were 38% and 56%, respectively,
https://doi.org/10.3857/roj.2016.01879
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Fig. 1. Overall survival (OS) curve. The 3-year OS rates for group I
and group II were 38% and 56%, respectively. RT, radiotherapy.

and they were not significantly different between the two
groups (p = 0.274) (Fig. 1). The 3-year DFS rates for Group I
and Group II were 20% and 31%, respectively (p = 0.049) (Fig.
2A), and the 3-year LRFS were 19% and 58%, respectively (p =
0.002) (Fig. 2B).
In univariate analyses of the prognostic factors for OS (Table
2), the advanced T stage, N stage, perineural invasion, and
lymphovascular invasion were significantly associated with
poor prognosis. Postoperative RT, and lymphovascular invasion
were significant prognostic factors for DFS. R0 resection, no
postoperative RT, no use of chemotherapy, perineural invasion,
and lymphovascular invasion were significant prognostic
factors for lower 3-year LRFS.
Variables with a p-value < 0.2 on univariate analysis
were incorporated into multivariate analysis. However,
chemotherapy was excluded, because all patients received
chemotherapy were in group II. Result showed that
postoperative RT and lymphovascular invasion were
independent prognostic factors for DFS. Lymphovascular
invasion was the only independent prognostic factor for OS
(Table 3).
To determine the survival benefit of postoperative RT in
patients with R1 resection, we did subgroup analysis: R1
resection with RT (n = 14), R1 resection without RT (n = 10),
R0 resection with RT (n = 5), R0 resection without RT (n =
23). The 3-year DFS rates were 28%, 33%, 40%, and 14%,
respectively. The 3-year LRFS rates were 48%, 30%, 60%, and
14%, respectively. There were significant difference of the
3-year DFS and LRFS between R1 resection with RT and R0
www.e-roj.org
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Fig. 2. (A) Disease-free survival (DFS) curve and (B) locoregional recurrence-free survival (LRFS) curve. The 3-year DFS rates for group I
and group II were 20% and 31%, respectively, and the 3-year LRFS rates were 19% and 58%, respectively. RT, radiotherapy.

Table 2. Univariate analysis of overall survival (OS), disease-free survival (DFS), and locoregional recurrence-free survival (LRFS)
Variable
Age (yr)
≤60
>60
T stage
T1-2
T3
N stage
N0
N1
Residual disease
R0
R1
Radiotherapy
Yes
No
Chemotherapy
Yes
No
Perineural invasion
Yes
No
Lymphovascular invasion
Yes
No

No. of patients

3-yr survival rate (%)
OS

p-value

DFS

42
46

34
18

52
29

35
17

56
22

28
24

43
46

19
33

56
38

12
40

53
42

35
17

41
70

29
23

39
65

LRFS
23
24

12
29

0.076

0.199

0.040

34
17

27
21

0.126

0.071

0.025

37
20

31
14

0.039

0.171

0.482

23
44

19
34

0.002

0.049

0.274

58
19

31
20

0.045

0.226

0.203

53
25

26
24

0.020

0.069

0.037

26
56

22
39

0.005

0.013

0.015
11
49

p-value
0.068

0.077

0.335
13
39

p-value

16
60

R0, negative resection margin; R1, microscopically positive margin.
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Table 3. Multivariate analysis of prognostic factors for overall survival (OS), disease-free survival (DFS), locoregional recurrence-free
survival (LRFS)
OS

Variable
T stage
N stage
Residual disease
Postoperative radiotherapy
Perineural invasion
Lymphovascular invasion

DFS

LRFS

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

2.271 (1.261–4.091)

0.152
0.226
0.935
0.324
0.350
0.006*

0.484 (0.238–0.985)
2.100 (1.264–3.489)

0.311
0.376
0.904
0.045*
0.464
0.004*

0.287 (0.128–0.642)
2.494 (1.444–4.307)

0.202
0.665
0.808
0.002*
0.296
0.001*

HR, hazard ratio; CI, confidence interval.
*Statistically significant at p < 0.05.
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Fig. 3. (A) Disease-free survival (DFS) curve and (B) locoregional recurrence-free survival (LRFS) curve for patients with R1 resection
with RT vs. patients with R0 resection without RT. R0, negative resection margin; R1, microscopically positive margin; RT, radiotherapy.

resection without RT (p = 0.032 for DFS, p = 0.001 for LRFS) (Fig.
3), and age, gender, tumor location, stage, perineural invasion,
and lymphovascular invasion were not significantly different
between these two groups. However, the OS rate was not
significantly different between these two groups (p = 0.762).
3. Patterns of failure
A total of 42 patients (80%) experienced treatment failure
(Table 4). For group I, 26 patients experienced locoregional
failure at median 14 months after surgery (range, 2 to 24
months). For group I, there was a statistically significant
increase in overall loco-regional failure rate compared with
group II (84% and 21% for group I and group II, respectively;
https://doi.org/10.3857/roj.2016.01879

Table 4. Patterns of treatment failure
Site of recurrence

Group I (n = 33)

Group II (n = 19)

Locoregional
Distant
Locoregional + distant
Total

26
3
2
31 (93%)

1
7
3
11 (58%)

p-value = 0.001). For group II patient, distant metastasis was
predominant pattern of failure.
Of 26 patients with locoregional recurrence in group I,
23 patients received salvage treatment, including CCRT in 15
patients, RT alone 7 patients, and chemotherapy alone in 1
www.e-roj.org
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patients. Median radiation dose was 5,040 cGy (range, 4,500 to
5,400 cGy). After salvage treatment, the median survival time
was 7.5 months and the 1-year survival rate was 33%. One
patient with locoregional recurrence in group II, he could not
receive any salvage treatment due to poor performance status.
4. Toxicity of adjuvant treatment
Treatment-related toxicity was evaluated using the Common
Terminology Criteria for Adverse Events (version 4.0). In
most cases, adjuvant treatment was well tolerated. Fourteen
patients experienced grade 1 gastrointestinal complication,
including abdominal pain, and anorexia. Two patients
experienced grade 3 duodenal ulcer at 14 and 36 months after
RT. These 2 patients received radiation doses of 5,400 and 5,040
cGy, respectively. Both patients recovered after endoscopic
coagulation treatment. There were no treatment related
deaths.

Discussion and Conclusion
The high incidence of loco-regional recurrence after surgical
resection has provided the rationale for postoperative RT.
Jarnagin et al. [3], reported the patterns of initial disease
recurrence after resection of hilar cholangiocarcinoma. At a
median follow-up of 24 months, 52 of 76 patients developed
tumor recurrence, which occurred loco-regionally in 65% of
these patients. Similar results were reported by Koo et al. [4],
who analyzed 97 patients with resected EHBD cancer. The
location of the tumor was classified as proximal in 26 patients,
and distal in 71 patients. Loco-regional failure was the most
common pattern of initial failure. Treatment failure was locoregional in 79% and 81% of patients with proximal and distal
DHBD cancer, respectively. In the present study, a total of 42
patients (80%) experienced treatment failure. In patients who
underwent surgery alone (group I), the most common pattern
of failure was loco-regional recurrence.
Based on these results, postoperative RT might be effective
in terms of improving loco-regional tumor control, and
hence increase survival. A comparative study by Gwak et
al. [7] reported that postoperative RT decreased the local
failure rate (61.7% for surgery alone compared with 35.6%
for surgery plus postoperative RT). Among patients with R1
resection, postoperative RT increased the DFS rate. In the study
by Borghero et al. [9], the OS and loco-regional recurrence
outcomes for patients with standard-risk R0 resection and
negative lymph node involvement were compared to those
of patients with high loco-regional recurrence risk with R1
302
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resection and/or positive lymph node status who received
postoperative chemoradiotherapy. They reported that
there were no differences in the survival and loco-regional
recurrence rates between these two groups. These findings
suggested that postoperative chemoradiation provided an
equivalent OS, despite the worse prognostic features. Kim et al.
[10] reported that postoperative chemoradiation could improve
long term survival, especially for patients with loco-regional
control. The 5-year OS rate was 44.7% in those patients. In the
present study, the DFS and LRFS rates were higher in patients
who received postoperative RT, indicating that postoperative
RT reduced the loco-regional failure rate.
Various factors were reported to be associated with the
outcomes of EHBD cancer. In particular, several studies showed
that the resection margin status, T stage, N stage, perineural
invasion, poor histologic differentiation, or postoperative
carbohydrate antigen 19-9 concentration were prognostic
factors [4,11-14]. The resection margin status is a wellestablished prognostic factor for loco-regional control and/or
OS. After postoperative RT, however, some studies showed that
there was no difference in OS between patients with a negative
or positive resection margin cases [15,16]. These findings
suggest that postoperative RT could be beneficial for patients
with a positive resection margin after surgical resection.
Horgan et al. [17] conducted a meta-analysis to determine the
impact of adjuvant therapy for biliary tract cancers including
gallbladder cancer. For patients with R1 resection, there was
a benefit of adjuvant RT (odds ratio [OR], 0.33; p = 0.01). In
the present study, we compared the survival rates between
patients with R1 resection who received postoperative RT and
patients with R0 resection without postoperative RT to clarify
the role of postoperative RT for patients with R1 resection.
The 3-year DFS and LRFS rates were higher in patients with
R1 resection who received postoperative RT than those for
patients with R0 resection who did not receive postoperative
RT, although the R1 resection is associated with poor locoregional control. These findings supported that postoperative
RT had beneficial effects in EHBD cancer patients with R1
resection who underwent surgical resection.
In univariate analysis, the T stage was associated with OS,
but not with DFS or LRFS, in this study. When patients were
divided by T stage, there were no differences in the patterns of
failure and rates of salvage treatment (data not shown). After
salvage treatment, the 1-year OS rates after salvage treatment
were 40% and 22%, for T1-2 and T3 patients, respectively
(although, no statistically significant). This might explain the
difference in OS according to T stage.
https://doi.org/10.3857/roj.2016.01879
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In the present study, the predominant pattern of failure
was distant metastasis in patients who received postoperative
RT, primarily as a result of increased loco-regional control.
Similarly, many retrospective studies have suggested that
postoperative RT improved local control and survival,
although distant metastasis was the most common pattern
of failure [7,9,10,18,19]. In the meta-analysis by Horgan et
al. [17], adjuvant treatment after surgery for bile duct cancer
improved survival compared with surgery alone (although
this was not statistically significant; OR, 0.74; p = 0.06). In
a sensitivity analysis, adjuvant chemotherapy or CCRT were
associated with greater benefit than RT alone (OR, 0.39, 0.61,
and 0.98, respectively; p = 0.02). Given that major pattern
of failure who received adjuvant radiotherapy was distant
metastasis, the study is needed to determine the benefit of
addition chemotherapy to RT or maintenance chemotherapy
after CCRT. Recently, a single-arm, phase II SWOG study
examined the efficacy of adjuvant chemotherapy and
chemoradiotherapy in patients with resected EHBD cancer or
gallbladder cancer [20]. The eligibility criteria were patients
with having stage pT2-4 or N(+) or a positive resection margin.
Patients received four cycles of gemcitabine and capecitabine
followed by capecitabine with RT. This treatment regimen
was well tolerated and promising efficacy with the 2-year OS
rate of 65% and the median OS of 35 months. The National
Comprehensive Cancer Network guidelines recommend
fluoropyrimidine based chemoradiation followed by additional
fluoropyrimidine-based or gemcitabine-based chemotherapy
for patients with a positive resection margin or positive
regional lymph nodes after curative resection [21].
This study had some limitations, including its retrospective,
nonrandomized design, and the relatively small number of
patients who received postoperative RT. Because this study was
not performed prospectively, the characteristics of patients in
both groups were not well matched. R1 resection was more
frequent in the group II than in group I. The group I comprised
a greater number of patients than the group II (33 patients for
group I, and 19 patients for group II). However, the DFS and
LRFS rates were greater in the group I and the OS rate was not
significantly different between the two groups; even though
R1 resection was more frequent in the group II. This finding
could provide further insights into the treatment strategy for
EHBD cancer after curative surgery.
In conclusions, postoperative RT after surgical resection
appeared to improve the loco-regional control and DFS
rates, especially in patients with R1 resection. More effort
is needed to reduce distant metastasis, which is the major
https://doi.org/10.3857/roj.2016.01879

pattern of failure in patients who received postoperative RT.
Intensification of systemic chemotherapy may be necessary
in such patients. In addition, a prospective randomized trial is
needed to confirm our results.
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