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Purpose Risk factors predicting distant metastasis (DM) in extrahepatic bile duct cancer (EHBDC) patients treated with curative
resection were investigated.

Materials and Methods Medical records of 1,418 EHBDC patients undergoing curative resection between Jan 2000 and Dec 2015
from 14 institutions were reviewed. After resection, 924 patients (67.6%) were surveilled without adjuvant therapy, 297 (21.7%) were
treated with concurrent chemoradiotherapy (CCRT) and 148 (10.8%) with CCRT followed by chemotherapy. To exclude the treatment
effect from innate confounders, patients not treated with adjuvant therapy were evaluated.

Results After a median follow-up of 36.7 months (range, 2.7 to 213.2 months), the 5-year distant metastasis-free survival (DMFS)
rate was 57.7%. On multivariate analysis, perihilar or diffuse tumor (hazard ratio [HR], 1.391; p=0.004), poorly differentiated histol-
ogy (HR, 2.014; p < 0.001), presence of perineural invasion (HR, 1.768; p < 0.001), positive nodal metastasis (HR, 2.670; p < 0.001)
and preoperative carbohydrate antigen (CA) 19-9 > 37 U/mL (HR, 1.353; p < 0.001) were significantly associated with inferior DMFS.
The DMFS rates significantly differed according to the number of these risk factors. For validation, patients who underwent adjuvant
therapy were evaluated. In patients with > 3 factors, additional chemotherapy after CCRT resulted in a superior DMFS compared with
CCRT alone (5-year rate, 47.6% vs. 27.7%; p=0.001), but the benefit of additional chemotherapy was not observed in patients with
0-2 risk factors.

Conclusion Tumor location, histologic differentiation, perineural invasion, lymph node metastasis, and preoperative CA 19-9 level
predicted DM risk in resected EHBDC. These risk factors might help identifying a subset of patients who could benefit from additional

chemotherapy after resection.
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Introduction

Extrahepatic bile duct cancer (EHBDC) is a rare malignan-
cy with poor prognosis [1,2]. Complete surgical resection is
considered as the only curative treatment modality, however
complete resection is often limited because of advanced stage
on presentation [3,4]. Further, even after radical resection, the
prognosis still remains poor because of frequent recurrences
[5,6]. Therefore, attempts to improve the prognosis through
adjuvant treatment have been made, but the benefit of adju-
vant treatment was not conclusive and the optimal modality
was not determined [7-10].

In a previous multicenter retrospective study (Korean
Radiation Oncology Group [KROG] 1814), the role of
adjuvant radiotherapy (RT) was evaluated in patients treated

with curative surgical resection for EHBDC [11]. Although
patients in adjuvant RT group had more poor prognostic
factors than in no adjuvant group, adjuvant RT significantly
improved the overall survival (OS), locoregional recurrence-
free survival (LRFS) and disease-free survival. When adju-
vant RT group was analyzed separately, concurrent chemo-
radiotherapy (CCRT) followed by chemotherapy showed
greatest benefit for survival outcome.

In this study, we evaluated risk factors predictive for dis-
tant metastasis (DM) in EHBDC patients using KROG 1814
data and identified group of patients who might benefit most
from adjuvant chemotherapy.
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Materials and Methods

1. Patients

The study population was described in detail in the previ-
ous publication [11]. Briefly, 1,475 patients undergoing cura-
tive surgical resection for EHBDC at 14 institutions between
January 2000 and December 2015 were included. And, fol-
lowing patients were further excluded for this study: those
receiving RT alone, pathology other than adenocarcinoma
and/or follow-up duration less than 6 months.

Following the study protocol approved by the Institution-
al Review Board of each participating institution, clinical,
pathological, and radiological data were obtained. Types of
surgery, preoperative carbohydrate antigen (CA) 19-9 level,
tumor location, pathologic stage according to the American
Joint Committee on Cancer (AJCC) system seventh edition,
resection margin status, and perineural invasion (PNI) were
recorded. The resection margin was defined as positive if
invasive carcinoma or carcinoma in situ was present at the
resection margin. Tumor location was divided into three
groups as perihilar, distal, or diffuse. Perihilar tumor was
defined as a tumor involving main lobar bile duct proximal
to the origin of cystic duct. Tumor arising in common bile
duct between the origin of cystic duct and the ampulla of
Vater were defined as distal, and tumor with involvement
of both perihilar and distal location was recorded as diffuse
tumor.

To exclude the confounding effect of treatment, risk factors
for DM were evaluated in patients who received no adjuvant
treatment after surgical resection. The prognostic value of
the risk factors was verified in patients undergoing adjuvant
treatment.

2. Statistical analysis

DM was defined as any recurrence outside the tumor bed
or regional lymph nodes. Distant metastasis-free survival
(DMFS) was calculated from the date of the surgical resec-
tion. Actuarial survival rate was calculated with the Kaplan-
Meier method and the differences were verified with the log-
rank test. Factors with p-value < 0.05 in univariate analysis
were included in multivariate analysis using Cox propor-
tional-hazards. All statistical analyses were performed using
SPSS software ver. 27.0 (IBM Corp., Armonk, NY).

Results

1. Patient characteristics

A flow diagram of patient selection is shown in Fig. 1.
Among 1,369 patients analyzed, 924 (67.5%) had surgery
alone, 297 (21.7%) received postoperative CCRT and 148
(10.8%) received postoperative CCRT followed by chemo-
therapy. As for concomitant chemotherapy during radiation,
97.8% of patients (n=435) received fluoropyrimidine-based
chemotherapy and 10 patients (2.2%) received gemcitabine-
based chemotherapy. In 148 patients undergoing mainte-
nance chemotherapy after CCRT, fluoropyrimidine-based
chemotherapy was offered in 95.9% of patients and gemcit-
abine-based chemotherapy in 4.1%.

Nine hundred twenty-four patients surveilled without
adjuvant treatment after surgical resection were evalu-
ated. Patient characteristics are summarized in Table 1. The
median age was 68 years (range, 34 to 90 years) and 585
patients (63.3%) were male. Regarding tumor location, 240
patients (26.0%) had perihilar tumors, 621 (67.2%) had dis-
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Table 1. Baseline patient and tumor characteristics (n=924)

Variable No. (%)

Age (yr), median (range) 68 (34-90)
Sex

Male 585 (63.3)

Female 339 (36.7)
Tumor location

Perihilar 240 (26.0)

Distal 621 (67.2)

Diffuse 63 (6.8)
pT category

T1 118 (12.8)

™ 402 (43.5)

T3 398 (43.1)

T4 6(0.6)
PN category

NO 666 (72.1)

N1 256 (27.7)

Nx 2(02)
Differentiation

Well 193 (20.9)

Moderate 583 (58.2)

Poor 177 (19.2)

Unknown 16 (1.7)
Resection margin

Negative 805 (87.1)

Positive 119 (12.9)
Perineural invasion

Absent 229 (24.8)

Present 640 (69.3)

Unknown 55 (6.0)
Preoperative CA19-9 (U/mL)

<37 378 (40.9)

>37 528 (57.1)

Unknown 18 (1.9)

CA 19-9, carbohydrate antigen 19-9.

tal tumors, and 63 (6.8%) had diffuse involvement. Bile duct
resection was performed in 154 patients (16.7%), bile duct
resection with hepatectomy in 203 (22.0%), and pancreati-
coduodenectomy in 555 (60.1%). Lymph node metastasis
was present in 256 patients (27.7%) and the resection margin
was negative in 805 (87.1%). One hundred and seventy-sev-
en patients (19.2%) had poorly differentiated tumor and 640
patients (69.3%) had perineural invasion. The CA 19-9 was
elevated in 528 patients (57.1%) before surgery.

2. Survival

Median follow-up duration was 37.5 months (range, 2.7 to
213.2 months) in all patients and 59.4 months (range, 6.2 to
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Fig. 2. Kaplan-Meier curves for overall, locoregional recurrence-
free, and distant metastasis-free survival in patients undergoing
surgery alone.

213.2 months) in surviving patients. The 5-year OS and LRFS
rates were 48.7% and 57.2%, respectively. DM developed in
360 patients (39.0%) and the 5-year DMFS was 57.7% (Fig. 2).
The most common site of DM was liver (192 patients, 53.3%)
followed by peritoneum (113 patients, 31.4%).
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Table 2. Univariate and multivariate analysis for distant metastasis-free survival

Univariate Multivariate
5-Year rate (%) p-value p-value HR (95% CI)

Age (yr)

<65 58.7 0.445 - -

>65 57.1 -
Sex

Male 60.3 0.074 - -

Female 53.5 -
Tumor location

Distal 61.0 0.001 0.004 1

Perihilar+diffuse 50.7 1.391 (1.113-1.737)
pT category

T1/2 62.5 0.002 0.082 -

T3/4 51.5 -
PN category

NO 67.4 <0.001 <0.001 1

N+ 28.0 2.670 (2.125-3.355)
Differentiation

Well+moderate 61.0 < 0.001 <0.001 1

Poor 415 2.014 (1.570-2.583)
Perineural invasion

Absent 77.2 <0.001 <0.001 1

Present 499 1.768 (1.292-2.242)
Resection margin

Negative 59.4 <0.001 0.053 -

Positive 45.2 -
Preoperative CA19-9 (U/mL)

<37 65.8 <0.001 0.009 1

> 37 51.4 1.353 (1.077-1.701)

CA 19-9, carbohydrate antigen 19-9; CI, confidence interval; HR, hazard ratio.

3. Risk factors for DM

The results of univariate and multivariate analysis are sum-
marized in Table 2. Univariate analysis showed that perihi-
lar or diffuse location (p=0.001), T3-4 tumor (p=0.002), nodal
involvement (p < 0.001), poor differentiation (p < 0.001),
presence of PNI (p < 0.001), margin involvement (p < 0.001),
and elevated preoperative CA 19-9 (= 37 U/mL, p < 0.001)
were significantly associated with inferior DMFS. On multi-
variate analysis which incorporated factors found significant
on univariate analysis, tumor location, nodal metastasis, his-
tologic differentiation, PNI, and preoperative CA 19-9 level
were found to be significant risk factors for DM. Based on
the result of multivariate analysis, patients were stratified
according to the number of risk factors. There were 77
patients (9.2%) with no risk factor, 179 (21.4%) with one, 265
(31.7%) with two, 198 (23.7%) with three, 102 (12.2%) with
four, and 14 (1.7%) with five, and the DMFS rates were sig-
nificantly different according to the number of risk factors

with 5-year rates of 87.3%, 75.7%, 59.4%, 36.9%, 28.9%, and
23.4%, respectively (Fig. 3).

The prognostic value of risk factors found in the analy-
sis was validated in patients receiving adjuvant treatments.
Patients were divided into two groups according to the num-
ber of risk factors using 3 as a cutoff. In group with less than
three risk factors, no significant difference in DMFS was
found between patients treated with CCRT and those treated
with CCRT followed by chemotherapy (p=0.754) (Fig. 4A).
However, in group with three or more risk factors, patients
undergoing additional chemotherapy after CCRT showed
superior DMFS compared to those patients receiving CCRT
alone (5-year rate, 48.4% vs. 27.6%; p=0.001) (Fig. 4B).
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Fig. 3. Kaplan-Meier curves for distant metastasis-free survival
according to the number of risk factors in patients undergoing
surgery alone.

Discussion

In current study, tumor location, histologic differentiation,
PNI, nodal metastasis, and preoperative CA 19-9 level were
identified as significant risk factors for DM, and the prognos-
tic value of these factors were verified in patients undergoing
adjuvant CCRT or CCRT followed by chemotherapy.

Because of the high recurrence rate in EHBDC treated with
surgical resection, the role of adjuvant treatment has been
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investigated. But, the evidence supporting adjuvant chemo-
therapy was not conclusive. Several retrospective studies
evaluating the role of chemotherapy with or without RT
showed conflicting results [12-14]. Due to the rare incidence,
randomized studies testing the optimal adjuvant treatment
in EHBDC alone were scarce. BCAT trial, only study which
compared observation with adjuvant gemcitabine after sur-
gical resection of EHBDC, failed to demonstrate the differ-
ence in relapse-free survival (RFS) and OS between the two
groups [15]. However, the BILCAP trial, which included all
sites of biliary tract cancer, showed the improved outcome
with adjuvant chemotherapy. In this study, patients were
randomized into observation versus Capecitabine after sur-
gical resection and capecitabine significantly improved out-
come in terms of RFS and OS [16]. Based on these results,
adjuvant Capecitabine is recommended for surgically resec-
ted biliary tract cancer by the American Society of Clinical
Oncology [17]. A recent report on the long-term outcome
again showed the improved RFS and OS of the Capecitabine
group [18]. However, Capecitabine did not affect local recur-
rence rate even in patients with involved resection margin,
resulting in the local recurrence comprising approximately
50% of the total recurrences in those patients. Notably, invol-
ved resection margin was a significant adverse risk factor
affecting OS along with nodal involvement and poor differ-
entiation. In our previous study, we reported the benefit of
adjuvant RT in local control as well as in OS for patients with
EHBDC [11]. In line with the previous study, we aimed to
identify prognostic factors for DM in patients with EHBDC
and also the subgroup who could benefit from additional
chemotherapy after CCRT. We found five risk factors for DM
and showed the benefit of additional chemotherapy in pati-
ents with high-risk features for DM. Therefore, we believe
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Fig. 4. Kaplan-Meier curves for distant metastasis-free survival according to the receipt of chemotherapy after concurrent chemoradio-
therapy (CCRT) in patients with 0-2 risk factors (A) and 3-5 risk factors (B).
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that results from current analysis could provide additional
reliable evidence to supporting the role of adjuvant chemo-
therapy in patients with EHBDC.

Previously, several studies reported the prognostic factors
for survival of resected EHBDC patients. Kim et al. [19] evalu-
ated EHBDC patients treated with curative surgical resection
followed by adjuvant CCRT. The major pattern of failure was
DM. Hilar tumor location, tumor size > 2 cm, lymph node
metastasis, and poorly differentiated tumor histology were
identified as prognostic factors for DM. Need for intensified
chemotherapy was suggested for patient with multiple risk
factors. Lim et al. [20] also compared the outcome of CCRT
versus CCRT followed by chemotherapy in patients with
EHBDC after resection. They identified that CA19-9 level, his-
tologic differentiation, nodal status, and pattern of adjuvant
treatment were prognostic factors for disease-free survival.
CCRT followed by chemotherapy significantly prolonged
disease-free survival, especially in subgroup of patients with
positive resection margin. Although tumor location was not
a significant prognostic factor, patients with proximal tumor
benefited from additional chemotherapy after CCRT, while
those with distal tumor did not. Another study by Im et al.
[21] also evaluated EHBDC patients undergoing curative
resection. In their results, preoperative and postoperative CA
19-9 level, histologic grade, and nodal status were prognostic
factors for DMFS and adjuvant chemotherapy after surgical
resection improved DMFS. Ecker et al. [22] identified cura-
tively resected EHBDC patients from the National Cancer
Data Base and evaluated the efficacy of adjuvant therapy
after propensity score matching. They showed the benefit of
adjuvant chemotherapy with or without RT in patients with
high-risk features, including advanced T category, nodal
metastasis, lymphovascular invasion, and poor differen-
tiation. Based on these results, it is postulated that patients
with high risks should be considered for further adjuvant
chemotherapy even after curative resection. Because of the
retrospective nature of studies and heterogeneity in adjuvant
treatment, nominated risk factors were slightly different
across the studies. Additionally, except for the study by Kim
et al. [19], the treatment outcome evaluated was mainly dis-
ease-free survival or OS and the prognostic factors specific
for DM were not evaluated. Contrary to the previous studies,
current study evaluated only patients who did not receive
any adjuvant treatment after surgical resection and focused
on the risk factors for DM. Therefore, the risk factors identi-
fied in current study could help to identify the patients who
could derive the most benefit from adjuvant chemotherapy
with minimal confounding effect.

When compared with the historical reports, the OS rate
of the surgery-alone group in our study seems to be bet-
ter. Although the proportion of resection margin involve-

ment, lymph node metastasis, and other adverse risk factors
affecting outcomes were quite different across studies, a
recent quality assessment-based meta-analysis reported the
pooled locoregional recurrence rate, DM rate, and OS rates
of the surgery group not receiving adjuvant RT were 52.1%
(crude rate), 39.3% (crude rate), and 25.6% (5-year rate), res-
pectively [23]. Better OS of our surgery-alone group might
suggest that patients with adverse features were more likely
to receive adjuvant CCRT with or without chemotherapy in
the present study. Meanwhile, this observation might also
suggest that DM risk is significant in the patients of the sur-
gery-alone group.

There are several limitations in this study including innate
retrospective design. The decision on surgical methods and
adjuvant treatment was at the discretion of servicing physi-
cian or surgeon. Thus, inherent selection bias may have been
present. Additionally, not all factors were available from the
medical records and thus may have been missed. Despite
these limitations, current study is the largest study evaluat-
ing the risk factors for DM in patients with surgically resect-
ed EHBDC.

In conclusion, proximal tumor location, poor differentia-
tion, presence of PNI, lymph node metastasis, and increased
CA 19-9 were risk factors for DM in EHBDC patients after
curative resection. Subset of patients with these risk factors
may benefit from adjuvant chemotherapy.
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