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ABSTRACT
Purpose: This study was conducted to evaluate the impact of radiation dose after
margin involved resection in patients with extrahepatic bile duct cancer.
Methods: Among the 251 patients who underwent curative resection followed by
adjuvant chemoradiotherapy, 86 patients had either invasive carcinoma (n = 63) or
carcinoma in situ (n = 23) at the resected margin. Among them, 54 patients received
conventional radiation dose (40-50.4 Gy) and 32 patients received escalated radiation
dose (54-56 Gy).
Results: Escalated radiation dose was associated with improved locoregional
control (5yr rate, 73.8% vs. 47.1%, p = 0.069), but not disease-free survival (5yr
rate, 43.4% vs. 32.6%, p = 0.490) and overall survival (5yr rate, 40.6% vs. 29.6%,
p = 0.348). In multivariate analysis for locoregional control, invasive carcinoma at
the margin (HR 2.957, p = 0.032) and escalated radiation dose (HR 0.394, p = 0.047)
were independent prognostic factors. No additional gastrointestinal toxicity was
observed in escalated dose group.
Conclusions: Delivery of radiation dose ≥ 54 Gy was well tolerated and associated
with improved locoregional control, but not with overall survival after margin involved
resection. Further validation study is warranted.

INTRODUCTION

R0 resection challenging. Thus, microscopic positive (R1)
resection seems inevitable, especially in patients with high
operative risk.
Despite the effort of aggressive surgery including
portal vein resection and hepatopancreatoduodenectomy to
achieve a higher R0 resection rate, the reported incidence
of a R1 RM after intended curative resection has varied
from 20% to as high as 60 % in the literature [6-10].
These wide-ranged incidences of R1 RM were explained
by a variation between the definition of R1 RM or the
operative principle of the surgeons. It is a controversial

Tumor of the extrahepatic bile duct (EHBD) is
a rare form of gastrointestinal tract cancer with poor
prognosis [1, 2]. Although a radiologic evaluation on the
extent of tumor of EHBD has improved over the years,
it is still quite challenging to accurately assess required
surgical extent and thus status of resection margins (RM)
prior to actual resection procedure [3-5]. The presence
of unexpected infiltrative disease along biliary tract and
complex anatomic structures around the tumor make an
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whether residual carcinoma in situ (CIS) is truly an
adverse prognostic factor [7-9]. More recently, there were
several reports which suggested that R1-CIS increased the
incidence of local recurrence and shortened postoperative
survival against R0 resection [11-13].
Nevertheless, R1 resection has been consistently
considered as an adverse prognostic factor and use of
adjuvant chemoradiation to sterilize the microscopic
residual diseases has been strongly recommended [1114]. Unfortunately, for R1 disease, local failure rates are
still unsatisfactory even after adjuvant chemoradiation
employing conventional dose of 40-50 Gy [15-17].
There seems to be a room for improvement with respect
to the local control. In definitive settings, radiation dose
escalation demonstrated enhanced local control and overall
survival (OS) in several previous studies for biliary tract
cancers [18-21]. Therefore, a similar strategy could also
be considered for patients with postoperative microscopic
residuum. But to date, there is a paucity of information
regarding optimal radiation dose after R1 resection in
patients with EHBD cancer. This study was conducted to
evaluate the impact of radiotherapy (RT) dose in patients
with EHBD cancer after R1 resection.

Proportion of older patients, defined as older than 60 years
of age, was significantly higher in escalated dose group
(53.4% vs 78.4%, p = 0.024). Although not statistically
significant, more patients in escalated dose group had
poor performance (ECOG 2-3, 9.3% vs 21.9%, p = 0.119).
Distribution of other characteristics, such as primary tumor
location, margin pathology, T stage, N stage, and tumor
differentiation, was not significantly different between the
two groups (Table 1).

Patterns of failure
The median follow-up duration was 27 months for
all patients and 107 months for survivors. The median
follow-up duration for conventional dose group and
escalated dose group was 26 months (range, 4-236, 149 for
survivors) and 37 months (range, 7-110, 93 for survivors),
respectively. The mean follow-up duration was 59 months
for conventional dose group compared to 49 months for
escalated dose group (p = 0.339).
Overall, disease recurrences were observed in 56
(65.1%) patients. First site of relapse for conventional
dose group and escalated dose group was as follows,
respectively: locoregional recurrence (LRR) in 14 (25.9%)
patients and 5 (15.6%) patients, DM in 15 (27.8%) patients
and 13 (40.6%) patients, simultaneous LRR and DM in 8
(14.8%) patients and 1 (3.1%) patient.

RESULTS
Patient characteristics

Prognostic factors for locoregional control (LRC)

Overall, there were 54 (62.8%) men and 32
(37.2%) women with a median age of 63 years (range,
38-86). Eastern cooperative oncology group (ECOG)
performance status was mainly 0-1 in 74 (86.0%) patients.

The results of univariate analysis for LRC are shown
in Table 2. LRC for patients with invasive carcinoma (IC)

Figure 1: Locoregional control curves according to the margin pathology (A) and radiation dose (B).
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Table 1: Comparison of characteristics between patients receiving conventional dose and those receiving escalated
dose.
Conventional dose group Escalated dose group P-value
Characteristics
(n=54)
(n=32)
Age (years)
≥60
29 (53.7%)
25 (78.1%)
0.024
<60
25 (46.3%)
7 (21.9%)
Gender
Male
32 (59.3%)
22 (68.8%)
0.379
Female
22 (40.7%)
10 (31.2%)
Performance status (ECOG) 0-1
49 (90.7%)
25 (78.1%)
0.119
2-3
5 (9.3%)
7 (21.9%)
Tumor location
Hilar
28 (51.9%)
18 (56.3%)
0.474
Non-hilar
24 (44.4%)
11 (34.4%)
Diffuse
Type of surgery

Margin pathology
Histologic differentiation

2 (3.7%)

3 (9.4%)

Bile duct resection

17 (31.5%)

10 (31.3%)

Hepatobiliary resection

17 (31.5%)

11 (34.4%)

Pancreaticoduodenectomy

20 (37.0%)

11 (34.4%)

Invasive carcinoma

42 (77.8%)

21 (65.6%)

Carcinoma in situ

12 (22.2%)

11 (34.4%)

WD, MD

47 (87.0%)

28 (87.5%)

PD

3 (5.6%)

3 (9.4%)

Unknown

4 (7.4%)

1 (3.1%)

0.626

0.218
0.670

Pathologic T stage

T1-2

30 (55.6%)

18 (56.3%)

0.950

Pathologic N stage

T3-4
N0

24 (44.4%)
32 (59.3%)

14 (43.8%)
21 (65.6%)

0.814

N1

15 (27.8%)

8 (25.0%)

Nx

7 (13.0%)

3 (9.4%)

Yes

36 (66.7%)

22 (68.8%)

No

18 (33.3%)

10 (31.2%)

≥37 U/ml

26 (48.1%)

18 (56.3%)

<37 U/ml

16 (29.6%)

11 (34.4%)

Unknown

12 (22.2%)

3 (9.4%)

Maintenance chemotherapy
Preoperative CA19-9

0.842
0.989

Note: P values were calculated using chi-square test. Abbreviations: ECOG = eastern cooperative oncology group; WD =
well-differentiated; MD = moderate-differentiated; PD = poor-differentiated.
at RM vs. CIS at RM was 47.5% vs. 78.7% at 5 years,
respectively (p = 0.043, Figure 1A). Escalated radiation
dose showed marginally improved LRC (5yr rate, 73.8%
vs. 47.1%, p = 0.069, Figure 1B). In multivariate analysis,
factors with univariate p-value less than 0.2, which were
margin pathology, RT dose, and preoperative CA 19-9,
were incorporated into Cox proportional hazard model. As
a result, IC at the margin (HR 2.957, 95% CI 1.096-7.976,
p = 0.032) and radiation dose escalation (HR 0.394, 95%
CI 0.158-0.986, p = 0.047) were independent prognostic
factors for LRC (Table 2).

www.impactjournals.com/oncotarget

However, evaluation of radiation dose effect on
LRC in each subgroup of patients divided by RM status
showed no statistical significances according to the dose
group, despite numerical difference. In patients with IC (n
= 63), 5yr LRC was 65.6% with escalated dose and 40.7%
with conventional dose (p = 0.345, Supplementary Figure
1A). In patients with CIS (n = 23), 5yr LRC was 87.5%
with escalated dose and 69.4% with conventional dose (p
= 0.191, Supplementary Figure 1B).
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≥ grade 2 and in late GI toxicity ≥ grade 3 (Table 3). Acute
GI toxicities were mostly less than grade 3, which were
tolerable and alleviated after supportive treatments. About
6% of patients had late GI complications of grade 3 or
greater in both groups (p > 0.99). During chemoradiation,
hematologic toxicities were relatively mild and there was
no significant difference between two groups (Table 3).

As for disease-free survival (DFS), multivariate
analysis revealed that preoperative CA 19-9 value was the
only factor significantly associated with DFS (p = 0.040,
Supplementary Table 1), whereas pathologic N stage
showed marginal significance (p = 0.063). Radiation dose
was not significantly related with DFS (5yr rate, 43.4% vs.
32.6%, Figure 2A, p = 0.490).
As for OS, multivariate analysis revealed margin
pathology as the sole significant prognosticator (p =
0.021, Supplementary Table 2). Preoperative CA 19-9
value showed marginal significance (p = 0.053), whereas,
radiation dose did not show statistical significance (5yr
rate, 40.6% vs. 29.6%, Figure 2B, p = 0.348).
Because split course RT may have had an adverse
impact on LRC, further subgroup analysis was performed.
In conventional dose group, 9 and 45 patients underwent
continuous course and split course, respectively. There
was no significant difference between LRC of patients
with split course RT against those with continuous
course (Figure 3, p = 0.469). Conversely, for the patients
undergoing continuous course RT, LRC difference was
significant for radiation dose; 5yr LRC estimates for ≥
54 Gy vs. ≤ 50.4 Gy were 73.8% vs. 24.3%, respectively
(Figure 3, p = 0.038).

DISCUSSION
Microscopic margin involvement after curative
resection for EHBD cancer is not uncommon in current
practice. However, the definitive role and optimal dose of
RT are still unknown. To evaluate the impact of adjuvant
radiation dose for R1 resection, we only included patients
who underwent adjuvant RT for EHBD cancer. The results
of the present study suggested that dose escalation to 54
Gy or higher resulted in significant improvement of LRC
in patients after R1 resection.
To our knowledge, there has been no study
evaluating radiation dose escalation after R1 resection in
EHBD cancer. Im et al. reported that a postoperative RT
dose < 50 Gy was suboptimal for OS and LRC in patients
with EHBD cancer who had undergone curative resection
[22]. However, they included patients with R0, R1 and
R2 RM altogether, therefore impact of higher RT dose
solely for R1 patients could not be assessed. Nevertheless,
radiation dose ≥ 50 Gy was a significant prognostic factor
for OS, event-free survival, and LRC in their cohort.
Together with results from current analysis, radiation
dose beyond 50 Gy may be required to improve LRC,
irrespective of margin status.

Acute and late toxicities
Between the two dose groups, there was no
significant difference in acute gastrointestinal (GI) toxicity

Figure 2: Disease-free survival (A) and overall survival (B) curves according to the radiation dose.
www.impactjournals.com/oncotarget
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Table 2: Univariate and multivariate analyses for locoregional control
Univariate
Multivariate*
Variables
No.
5yr LRC
P
P
Age
≥60
54
55.5%
0.562
<60
32
59.8%
Gender
Male
54
57.9%
0.356
Female

32

54.5%

46
35

56.8%
57.9%

0.851

63
23

47.5%
78.7%

0.043

75

54.9%

0.677

PD

6

66.7%

Pathologic T stage
T1-2

48

63.5%

T3-4

38

52.7%

N0
N1
Radiotherapy course
Split
Continuous
Radiotherapy dose
≥54 Gy
<54 Gy
Maintenance chemotherapy
Yes
No
Preoperative CA19-9
≥37 U/ml

53
23

60.5%
43.3%

0.500

45
41

50.4%
64.3%

0.272

32
54

73.8%
47.1%

0.069

58
28

54.8%
61.9%

0.978

44

42.6%

0.145

<37 U/ml

27

69.1%

Tumor location
Hilar
Non-hilar
Margin pathology
Invasive carcinoma
Carcinoma in situ
Histologic differentiation
WD, MD

Hazard Ratio

95% CI

0.032

2.957

1.096-7.976

0.047

0.394

0.158-0.986

0.147

1.865

0.803-4.333

0.345

Pathologic N stage

Abbreviations: LRC = locoregional control; CI = confidence interval; WD = well-differentiated; MD = moderate-differentiated;
PD = poor-differentiated.
* Factors with univariate p-value less than 0.2 were selected for Cox proportional hazard model.
Another important consideration other than nominal
dose is a RT scheme. In current analysis, many patients
in conventional dose group received 40 Gy-split course
RT, which could be regarded as suboptimal in current
standard, whereas all patient in escalated dose group
underwent continuous treatment. There was significant
LRC differences according to RT dose in the continuous
group as shown in Figure 3. On the other hand, there was
www.impactjournals.com/oncotarget

no LRC difference when split course and continuous
course in the conventional dose group was compared.
However, this may be due to small number of patients
included for analysis. Furthermore, it should be noted
that all patients included in current analysis had resection
margin involvement. This increased tumor burden may be
one of the underlying causes. There are conflicting reports
on impact of RT scheme on local control and survival,
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Table 3: Acute and late toxicities
Acute gastrointestinal ≥ grade 2
Late gastrointestinal ≥ grade 3
Hematologic ≥ grade 2
Hematologic ≥ grade 3

Conventional dose group Escalated dose group P-value
(n=54)
(n=32)
30 (56%)
12 (38%)
0.105
3 (6%)
2 (6%)
1.000
13 (24%)
13 (41%)
0.106
1 (2%)
2 (6%)
0.553

Note: P values were calculated using Fisher’s exact test.
possibly biased by nature of patient cohort [23-25]. Thus,
findings from current studied should be interpreted with
caution.
Although there is no prospective data demonstrating
the influence of RT dose escalation, few retrospective
studies have reported positive impact of RT dose escalation
in the definitive setting. In the study by Alden et al., a dose
response was suggested by increased median OS with RT
dose escalation [19]. They suggested that higher radiation
dose (60-75 Gy) delivery by combining brachytherapy was
well tolerated and appeared to be an effective modality
for unresected EHBD cancer. Similarly, improved local

control with higher RT dose was also found in the MD
Anderson Cancer Center study [20]. However, median
survival was not increased. Aforementioned studies
suggested that positive dose response relationship might
exist and conventional dose of less than 50 Gy might be
inadequate for local control in EHBD cancer.
Most retrospective studies of adjuvant chemoRT
in patients with EHBD cancer have reported 40-70% of
5yr LRC after conventional dose RT [10,15-17,22,26].
5yr LRC of 73.8% in current study is comparable to or
somewhat better than the previous results, considering
that all patients included in current analysis underwent

Figure 3: Locoregional control curves according to the radiation course (split vs. continuous) and dose.
www.impactjournals.com/oncotarget
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R1 resection. This also indirectly supports the role of RT
dose escalation in these patients. However, improvement
in LRC was not readily translated to improvement in either
DFS or OS. This in turn meant DM was the major pattern
of failure due to implementation of active loco-regional
treatment, as previously suggested [26,27]. Therefore,
more effective systemic control should be considered to
decrease DM for these patients. Gemcitabine/cisplatin
combination have shown promising results in the
treatment of metastatic biliary tract cancer, and more
recently, similarly in the adjuvant setting [28-30]. Thus,
gemcitabine based adjuvant chemotherapy may improve
treatment results over 5-FU based therapy as employed in
current study. Moreover, optimal chemotherapeutic agents
for combining radiation dose escalation need to be further
studied.
However, RT dose escalation could increase
treatment-related adverse event. In current study, median
follow-up period for survivors were 149 months in
conventional dose group and 93 months in escalated dose
group, which may be long enough to detect long-term
complications. Despite limitation of being a retrospective
analysis, late radiation-related GI toxicity was not
increased with RT dose escalation even after extended
follow up. In this study, majority of toxicities were of low
grade and thus well tolerated. One of key issue to lower
manageable toxicity may be limited radiation volume.
Most of the RT field received 45 Gy and only focal area
with R1 RM received 54 Gy or higher dose with highly
conformal technique. Similarly, intensity-modulated
radiation therapy have shown improved dose distributions
to dose-limiting normal organs near the target among
patients with upper abdominal malignancies [31,32].
Other techniques such as three-dimensional brachytherapy
planning or stereotactic body RT is also advancing and
improving. Therefore, dose escalation strategy could
be more readily applied with up-to-date RT techniques,
without increased toxicities.
However, there are several weaknesses in the
present study. First and foremost, the limitations inherent
in retrospective analysis are challenging to overcome.
Further validation with external cohort or data analysis
from prospective study is indeed mandatory to support the
notions made through current analysis. Second, radiationrelated toxicities, especially those of less than grade 3,
may have been underestimated. However, grade 3 or
higher GI toxicity typically warrants hospitalization and
parenteral support, which would have been documented
in our dataset. This may reduce, but does not completely
eliminate, the possibility of underestimation of severe
GI toxicity. Despite these shortcomings, strengths of the
present study are the inclusion of a relatively homogenous
group of high-risk patients and the sufficient follow-up
period.
In conclusion, current study demonstrated that
radiation dose ≥ 54 Gy was associated with improved
www.impactjournals.com/oncotarget

LRC in patients after R1 resection and was also well
tolerated. Therefore, dose escalation could be considered
for patients with R1 resection. Improvement in LRC with
radiation dose escalation coupled with improved systemic
control may eventually contribute to improved DFS and
OS. Further validation study is warranted.

MATERIALS AND METHODS
Study population
After institutional review board approval, we
retrospectively searched eligible patients who received
adjuvant RT after resection with curative intent between
Jan 1995 to Dec 2009. Patients with gross residual disease
after resection were initially excluded during the search
process together with patients who underwent palliative
resection. Among 251 patients after initial screening, 87
patients underwent R1 resection. One patient who refused
treatment after 34 Gy was excluded in further analysis.
R1 resection was defined as the presence of IC (n = 63) or
CIS (n = 23) at any side of resected specimen, which were
confirmed in permanent pathologic reports. High-grade
dysplasia was grouped as CIS due to extreme difficulty of
distinguishing two epithelial lesions.

Surgery and staging
The types and extents of surgery were primarily
determined by surgeon taking into account of various
aspects including the location of primary tumor, frozen
pathologic section reviews during surgery, and risk of
postoperative morbidity. Pancreaticoduodenectomy
was performed in 31 patients, bile duct resection was
performed in 27 patients, and bile duct resections with
varying extent of partial hepatectomy was performed in 28
patients. The detailed surgical principles and techniques
used have been previously described [12].
For staging purposes, American Joint Committee
on Cancer (AJCC) staging 6th edition was used in order
to apply same staging system to all studied patients
independent of primary tumor location.

Adjuvant treatment
The detailed RT techniques for EHBD cancer have
also been previously described [27]. All patients’ RT
planning were individualized and conducted by treatment
planning software. In 45 patients treated till early 2000’s,
radiation dose of 40 Gy in 20 daily fractions was delivered
to tumor bed and regional lymph nodes, with 2 weeks
of planned rest after 20 Gy following the GITSG trial
protocol [33]. Concomitant 5-fluorouracil (5-FU, 500mg/
78082

Oncotarget

CONFLICTS OF INTEREST

m2/day intravenous bolus) was administered for the first
3 days of each 2 weeks of RT. Remaining 41 patients
underwent continuous course RT. Nine patients received
50 or 50.4 Gy and 32 patients received additional boost
to tumor bed or R1 RM upto 54-56 Gy. A median dose
of 45 Gy was delivered to the regional nodal area and a
cone-down volume including only tumor bed with R1
margin received an additional boost. All 32 patients with
radiation dose ≥ 54 Gy underwent continuous course
RT. Concomitant fluoropyrimidine-based chemotherapy
(intravenous 5-FU or oral capecitabine) was given during
continuous course of RT. Maintenance chemotherapy
was also administered to 58 (67.4%) patients after the
completion of RT.

Conflict of interest relevant to this article was not
reported.

GRANT SUPPORT
Byoung Hyuck Kim was supported by an
institutional R&D project funded by the Armed Forces
Medical Research Institute (2016-AFMRI-02). Kyubo
Kim was supported by the Ewha Womans University
Research Grant of 2016.

REFERENCES

Toxicity evaluation
Acute and late GI toxicity were evaluated using
Radiation Therapy Oncology Group criteria [34]. Briefly,
acute GI toxicity grade 2 refers to anorexia with ≤ 15%
weight loss from pretreatment baseline, nausea and/or
vomiting requiring antiemetics, abdominal pain requiring
analgesics or diarrhea requiring parasympatholytic
drugs. Late GI toxicity grade 3 is defined as obstruction
or bleeding, requiring surgery. However, RTOG toxicity
criteria does not have separate category for bile duct
tissue, but small/large intestine categories, thus were
counted accordingly. Therefore, biliary stricture causing
recurrent cholangitis was regarded as an obstruction,
which is grade 3 in small/large intestinal toxicity, and were
counted as such. During chemoRT, hematologic toxicities
were assessed by Common Terminology Criteria for
Adverse Events 4.0.

Statistical analysis
We divided patients into two groups in later analysis:
conventional dose group (radiation dose 40-50.4 Gy) vs.
escalated dose group (radiation dose 54-56 Gy). Primary
endpoint was a LRC rate. LRR was detected by imaging
study (computed tomography or positron-emission
tomography), which was defined as the tumor recurrence
in the surgical bed or regional nodal area. As secondary
endpoints, DFS was defined as the time interval between
the date of surgery and any failure or death during followup period. Overall survival was also measured from the
date of surgery to the date of death from any cause or the
last follow-up. The actuarial survival rates were calculated
by the Kaplan–Meier method and compared using the logrank test. The Cox proportional hazards model was applied
for multivariate analysis. The differences of clinical and
tumor characteristics between two dose groups were
compared using Fisher exact test or chi-square test. Data
were analyzed using SPSS software, release 18.0.1 (SPSS
Inc. Chicago, IL, USA).
www.impactjournals.com/oncotarget

78083

1.

Oh CM, Won YJ, Jung KW, Kong HJ, Cho H, Lee JK,
Lee DH, Lee KH, and Community of Population-Based
Regional Cancer Registries. Cancer Statistics in Korea:
Incidence, Mortality, Survival, and Prevalence in 2013.
Cancer Res Treat. 2016; 48:436–50.

2.

Ganeshan D, Moron FE, Szklaruk J. Extrahepatic biliary
cancer: new staging classification. World J Radiol. 2012;
4:345–52.

3.

Choi ER, Chung YH, Lee JK, Lee KT, Lee KH, Choi DW,
Choi SH, Heo JS, Jang KT, Park SM, Lim JH. Preoperative
evaluation of the longitudinal extent of borderline resectable
hilar cholangiocarcinoma by intraductal ultrasonography. J
Gastroenterol Hepatol. 2011; 26:1804–10.

4.

Seo H, Lee JM, Kim IH, Han JK, Kim SH, Jang JY, Kim
SW, Choi BI. Evaluation of the gross type and longitudinal
extent of extrahepatic cholangiocarcinomas on contrastenhanced multidetector row computed tomography. J
Comput Assist Tomogr. 2009; 33:376–82.

5.

Senda Y, Nishio H, Oda K, Yokoyama Y, Ebata T, Igami
T, Sugiura T, Shimoyama Y, Nimura Y, Nagino M. Value
of multidetector row CT in the assessment of longitudinal
extension of cholangiocarcinoma: correlation between
MDCT and microscopic findings. World J Surg. 2009;
33:1459–67.

6.

Sakamoto Y, Shimada K, Nara S, Esaki M, Ojima H,
Sano T, Yamamoto J, Kosuge T. Surgical management of
infrahilar/suprapancreatic cholangiocarcinoma: an analysis
of the surgical procedures, surgical margins, and survivals
of 77 patients. J Gastrointest Surg. 2010; 14:335–43.

7.

Sasaki R, Takeda Y, Funato O, Nitta H, Kawamura
H, Uesugi N, Sugai T, Wakabayashi G, Ohkohchi N.
Significance of ductal margin status in patients undergoing
surgical resection for extrahepatic cholangiocarcinoma.
World J Surg. 2007; 31:1788–96.

8.

Wakai T, Shirai Y, Moroda T, Yokoyama N, Hatakeyama
K. Impact of ductal resection margin status on long-term
survival in patients undergoing resection for extrahepatic
cholangiocarcinoma. Cancer. 2005; 103:1210–16.

9.

Endo I, House MG, Klimstra DS, Gönen M, D’Angelica M,

Oncotarget

Dematteo RP, Fong Y, Blumgart LH, Jarnagin WR. Clinical
significance of intraoperative bile duct margin assessment
for hilar cholangiocarcinoma. Ann Surg Oncol. 2008;
15:2104–12.

20. Crane CH, Macdonald KO, Vauthey JN, Yehuda P, Brown
T, Curley S, Wong A, Delclos M, Charnsangavej C, Janjan
NA. Limitations of conventional doses of chemoradiation
for unresectable biliary cancer. Int J Radiat Oncol Biol
Phys. 2002; 53:969–74.

10. Matsuda T, Fujita H, Harada N, Kunimoto Y, Tanaka
T, Kimura T, Kitaoka H, Asano E, Hosono M, Hayashi
T, Ogino K. Impact of adjuvant radiation therapy for
microscopic residual tumor after resection of extrahepatic
bile duct cancer. Am J Clin Oncol. 2013; 36:461–65.

21. Park HJ, Kim K, Chie EK, Jang JY, Kim SW, Han SW, Oh
DY, Im SA, Kim TY, Bang YJ, Ha SW. Chemoradiotherapy
for extrahepatic bile duct cancer with gross residual disease
after surgery. Anticancer Res. 2014; 34:6685–90.

11. Tsukahara T, Ebata T, Shimoyama Y, Yokoyama
Y, Igami T, Sugawara G, Mizuno T, Nagino M.
Residual Carcinoma In Situ at the Ductal Stump has a
Negative Survival Effect: An Analysis of Early-stage
Cholangiocarcinomas. Ann Surg. 2016. https://doi.
org/10.1097/SLA.0000000000001944.

22. Im JH, Seong J, Lee J, Kim YB, Lee IJ, Park JS, Yoon
DS, Kim KS, Lee WJ. Postoperative radiotherapy dose
correlates with locoregional control in patients with extrahepatic bile duct cancer. Radiat Oncol J. 2014; 32:7–13.
23. Dubben HH, Krüll A, Beck-Bornholdt HP. Split-course
radiotherapy: where do we stand? Strahlenther Onkol. 2001;
177:227–39.

12. Han IW, Jang JY, Lee KB, Kang MJ, Kwon W, Park
JW, Chang YR, Kim SW. Clinicopathological analysis
and prognosis of extrahepatic bile duct cancer with a
microscopic positive ductal margin. HPB (Oxford). 2014;
16:575–81.

24. Holsti LR, Mäntylä M. Split-course versus continuous
radiotherapy. Analysis of a randomized trial from 1964 to
1967. Acta Oncol. 1988; 27:153–61.
25. Bese NS, Hendry J, Jeremic B. Effects of prolongation
of overall treatment time due to unplanned interruptions
during radiotherapy of different tumor sites and practical
methods for compensation. Int J Radiat Oncol Biol Phys.
2007; 68:654–61.

13. Kurahara H, Maemura K, Mataki Y, Sakoda M, Iino S,
Kawasaki Y, Mori S, Kijima Y, Ueno S, Shinchi H, Takao
S, Natsugoe S. Relationship between the surgical margin
status, prognosis, and recurrence in extrahepatic bile duct
cancer patients. Langenbecks Arch Surg. 2016. https://doi.
org/10.1007/s00423-016-1491-3.

26. Kim MY, Kim JH, Kim Y, Byun SJ. Postoperative
radiotherapy appeared to improve the disease free survival
rate of patients with extrahepatic bile duct cancer at high
risk of loco-regional recurrence. Radiat Oncol J. 2016;
34:297–304.

14. Yoshida T, Matsumoto T, Sasaki A, Morii Y, Aramaki M,
Kitano S. Prognostic factors after pancreatoduodenectomy
with extended lymphadenectomy for distal bile duct cancer.
Arch Surg. 2002; 137:69–73.

27.vKim K, Chie EK, Jang JY, Kim SW, Han SW, Oh DY, Im
SA, Kim TY, Bang YJ, Ha SW. Distant metastasis risk
stratification for patients undergoing curative resection
followed by adjuvant chemoradiation for extrahepatic bile
duct cancer. Int J Radiat Oncol Biol Phys. 2012; 84:81–87.

15. Gwak HK, Kim WC, Kim HJ, Park JH. Extrahepatic
bile duct cancers: surgery alone versus surgery plus
postoperative radiation therapy. Int J Radiat Oncol Biol
Phys. 2010; 78:194–98.
16. Park JH, Choi EK, Ahn SD, Lee SW, Song SY, Yoon
SM, Kim YS, Lee YS, Lee SG, Hwang S, Lee YJ, Park
KM, Kim TW, et al. Postoperative chemoradiotherapy for
extrahepatic bile duct cancer. Int J Radiat Oncol Biol Phys.
2011; 79:696–704.

28. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney
A, Maraveyas A, Madhusudan S, Iveson T, Hughes S,
Pereira SP, Roughton M, Bridgewater J, and ABC-02
Trial Investigators. Cisplatin plus gemcitabine versus
gemcitabine for biliary tract cancer. N Engl J Med. 2010;
362:1273–81.

17. Kim TH, Han SS, Park SJ, Lee WJ, Woo SM, Moon
SH, Yoo T, Kim SS, Kim SH, Hong EK, Kim DY, Park
JW. Role of adjuvant chemoradiotherapy for resected
extrahepatic biliary tract cancer. Int J Radiat Oncol Biol
Phys. 2011; 81:e853–59.

29. Park JO, Oh DY, Hsu C, Chen JS, Chen LT, Orlando M,
Kim JS, Lim HY. Gemcitabine Plus Cisplatin for Advanced
Biliary Tract Cancer: A Systematic Review. Cancer Res
Treat. 2015; 47:343–61.

18. Tao R, Krishnan S, Bhosale PR, Javle MM, Aloia TA,
Shroff RT, Kaseb AO, Bishop AJ, Swanick CW, Koay
EJ, Thames HD, Hong TS, Das P, Crane CH. Ablative
Radiotherapy Doses Lead to a Substantial Prolongation
of Survival in Patients With Inoperable Intrahepatic
Cholangiocarcinoma: A Retrospective Dose Response
Analysis. J Clin Oncol. 2016; 34:219–26.

30. Kainuma O, Miura F, Furukawa D, Yamamoto H, Cho A,
Sano K, Nakagohri T, Asano T. Feasibility and efficacy
of gemcitabine plus cisplatin combination therapy after
curative resection for biliary tract cancer. J Hepatobiliary
Pancreat Sci. 2015; 22:789–94.
31. Yovino S, Poppe M, Jabbour S, David V, Garofalo M,
Pandya N, Alexander R, Hanna N, Regine WF. Intensitymodulated radiation therapy significantly improves acute
gastrointestinal toxicity in pancreatic and ampullary
cancers. Int J Radiat Oncol Biol Phys. 2011; 79:158–62.

19. Alden ME, Mohiuddin M. The impact of radiation dose
in combined external beam and intraluminal Ir-192
brachytherapy for bile duct cancer. Int J Radiat Oncol Biol
Phys. 1994; 28:945–51.
www.impactjournals.com/oncotarget

78084

Oncotarget

32. Bahl A, Kapoor R, Tomar P, Singh OA, Gupta R, Sharma
SC. Dosimetric comparison of doses to organs at risk using
3-D conformal radiotherapy versus intensity modulated
radiotherapy in postoperative radiotherapy of periampullary
cancers: implications for radiation dose escalation. JOP.
2013; 14:39–43.

34. Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation
Therapy Oncology Group (RTOG) and the European
Organization for Research and Treatment of Cancer
(EORTC). Int J Radiat Oncol Biol Phys. 1995; 31:1341–46.

33. Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant
combined radiation and chemotherapy following curative
resection. Arch Surg. 1985; 120:899–903.

www.impactjournals.com/oncotarget

78085

Oncotarget

