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INTRODUCTION
Neoplasm of the biliary tract can be divided into intrahepatic 

(6%) and extrahepatic (94%) according to location. In the case 
of intrahepatic cholangiocarcinoma, hepatic resection is inevi
table. However, the surgical treatment for extrahepatic cholan
giocarcinoma is dependent on the location of the tumor. Extra
hepatic bile ducts are divided into hilar (49%), middle (25%), 
distal (19%), and diffused type (7%) and there are corresponding 
surgical treatment modalities [1-3]. For the treatment of mid 
to distal bile duct cancer, pancreatoduodenectomy (PD) is the 
procedure of choice. However, bile duct segmental resection 

(BDR) is now often attempted for middle common bile duct 
(CBD) cancer [4-6].

PD is associated with high morbidity and mortality. There are 
life threatening complications associated with PD that include 
severe pancreatic fistula and postpancreatectomy hemorrhage 
[7,8]. Postoperative pulmonary complications are also an impor
tant factor in the mortality of elderly patients undergoing PD 
[7,9]. In addition, complications relating to quality of life for pa
tients, include postoperative diabetes mellitus [10,11]. 

BDR and regional lymph node dissection (LND) might be an 
option, if the tumor is confined to the middle CBD. Surgeons 
can avertible pancreatic fistula by BDR. Reviewed 
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Purpose: To compare survival outcomes between bile duct segmental resection (BDR) and pancreatoduodenectomy (PD) 
for the treatment of middle and distal bile duct cancer. 
Methods: From 1997 to 2013, a total of 96 patients who underwent curative intent surgery for middle and distal bile duct 
cancer were identified. The patients were divided into 2 groups based on the type of operation; 20 patients were included in 
the BDR group and 76 patients were in the PD group. We retrospectively reviewed the clinical outcomes. 
Results: The number of lymph nodes (LNs) was significantly greater in patients within the PD group compared to the BDR 
group. The total number of LNs was 6.5 ± 8.2 vs. 11.2 ± 8.2 (P = 0.017) and the number of metastatic LNs was 0.4 ± 0.9 vs. 
1.0 ± 1.5 (P = 0.021), respectively. After a median follow-up period of 24 months (range, 4–169 months), the recurrence-free 
survival of the PD group was superior to that of the BDR group (P = 0.035). In the patients with LN metastases, the patients 
undergoing PD had significantly better survival than the BDR group (P < 0.001).
Conclusion: Surgeons should be cautious in deciding to perform BDR for middle and distal common bile duct cancer. PD is 
recommended if LN metastases are suspected.
[Ann Surg Treat Res 2018;94(5):240-246]
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There are few published studies on the survival outcomes of 
BDR for middle CBD cancer compared to PD. 

On the other hand, PD is superior to BDR in the aspect of 
radical surgery. However, the oncologic outcome has not been 
comprehensively compared with PD. The studies that have 
been done have had small patient numbers and therefore the 
evidence is slim. 

The aim of this study was to analyze the survival outcomes 
after BDR for middle and distal CBD cancer and compare them 
to PD. In doing so we sought evidence for whether BDR should 
be considered as an alternative treatment modality. Moreover, 
LN metastasis and resection margin status, are known to be 
prognostic factors associated with extrahepatic bile duct cancer 
after surgical resection [12,13]. Therefore, we validated known 
prognostic factors and investigated other risk factors.

METHODS
A total of 120 patients who underwent surgery for middle and 

distal CBD cancer between 1997 and 2013, were investigated 
retrospectively. All patients were confirmed with CBD cancer 
in final pathology results and did not include ampullar of 
vater cancer. Cases which had tumor extension to the hilar 
bile duct bifurcation were not included in this study. Twenty 
four patients who underwent palliative surgery, had distant LN 
metastasis, or had double primary cancers were also excluded. 
We analyzed the clinical data of 96 patients who underwent 
curative intent surgery for middle and distal CBD cancer. These 
patients were divided into 2 groups according to the type of 
operation; 20 patients had BDR and 76 patients PD. The PD 
group included patients who underwent pylorus preserving PD 
and conventional Whipple’s procedure. 

Surgery
For BDR, a surgeon performed Kocher maneuver to elevate 

the pancreas head, followed by dissection of the CBD from 
the head of the pancreas. Proximal and distal bile duct was 
transected and the margin was routinely checked during the 
operation with frozen sections. The pathologist confirmed 
that resection margins were free of tumor. However, if there 
was tumor invasion to the distal resection margin of bile duct, 
the intrapancreatic bile duct was additionally removed. If the 
lowest bile duct margin was tumor positive, it was converted 
to PD. Proximal bile duct margin was evaluated in the same 
manner. If there was tumor invasion to the proximal bile duct 
margin, the hilar bile duct was also removed. Hepatic resection 
was strictly considered according to the resection margin case 
by case. However, patients who underwent hepatectomy were 
not included in this study.

The extent of LND was similar between BDR and PD group. 
In BDR group, the common hepatic, hepatoduodenal, and retro

pancreatic LNs were removed. The celiac or superior mesenteric 
LNs were not routinely removed. If there were grossly enlarged 
LNs or appeared suspicious on preoperative images, they were 
removed. 

Clinical data
We retrospectively investigated age, sex, type of surgery, 

tumor location, tumor size, total number of dissected LNs, 
number of pathologically cancer cell positive LNs, R status, 
gross type, cell differentiations, T and N stage. The T and N 
stages were based on American Joint Committee on Cancer 
(AJCC) 7th edition. We also investigated whether adjuvant 
chemotherapy or adjuvant radiation therapy was performed 
after surgery. Factors relating to postoperative outcomes were 
hospital mortality, overall survival, disease-free survival, and 
tumor recurrence pattern. 

Statistics 
Categorical variables are represented as numbers (percen

tages). Continuous variables are shown as median (range). The 
difference between groups was assessed by univariate analysis 
using the chi-square and Fisher exact test. Cox regression test 
was used for statistical significance in multivariate analysis of 
significant factors in univariate analysis. Kaplan-Meier survival 
analysis was used to analyze overall survival and disease free 
survival between the 2 groups. P-values less than 0.05 were 
considered statistically significant.

RESULTS
A total of 96 extrahepatic cholangiocarcinoma patients were 

included and analyzed according to the inclusion criteria; 
twenty patients in the BDR group and 76 patients in the PD 
group.

In the PD group, there were five converted cases from BDR 
that had a positive distal bile duct resection margin in the 
frozen section during operation. Seven patients of 20 in the 
BDR group (35%) showed R1 resection, and 3 of them were R0 in 
frozen biopsy during surgery but tumor invasion was confirmed 
in permanent pathology. In the PD group, 5 patients (6.6%) had 
positive resection margin on frozen and permanent pathology. 
Two of the 5 patients with margin positive were radial margin 
positive state and had no adjacent organ invasion. Therefore, 
additional resection was not performed. The other 3 patients 
showed proximal margin positive results. One of the 3 patients 
showed moderate dysplasia and the other 2 showed invasive 
adenocarcinoma. High hilar resection was performed as much 
as possible when the proximal resection margin was positive. 
There was no further resection when the proximal margin 
positive status was repeated and no visible cancer. Two of these 
patients had reccurence at the choledochojejunostomy site.
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In-hospital mortality was observed in 1 patient (5%) with 
BDR and 6 patients (7.9%) with PD. There were no deaths 
from surgical site complications such as pancreatic fistula or 
postpancreatectomy hemorrhage. Six mortality cases in the 
BDR and PD groups were all pulmonary complications from 
postoperative pneumonia with one exception. One patient 
expired from organ space site infection without pancreatic 
fistula. The patient who died after BDR was 76 years old. Four of 
the patients who died after PD were aged from 74 to 94. These 
patients were older and had difficult lung care after surgery. 
One patient was 69 years old, but asthma was the underlying 
cause and the risk of pulmonary complications was high (Fig. 1).

Patient characteristics
The median age of patients was 69 years (range, 34–88 years) 

and the median follow-up period was 23.5 months (range, 1–170 
months). 

There were no statistically significant differences between 
BDR and PD groups in age, sex, tumor size, gross type, histologic 
grade, adjuvant chemotherapy, and adjuvant radiation therapy. 

However, the tumor location, T stage, total number of LNs 
dissected, the number of positive LNs and R status were signifi
cantly different between the 2 groups.

In cases of middle CBD cancer, BDR was the primary surgery. 
Among middle CBD cancer patients, 20 patients (80%) had BDR 
and 5 patients (7%) had PD. When the tumor involved distal 
CBD 4 patients (20%) had BDR and 71 patients (93%) had PD. 
These results showed statistically significant differences. (P < 
0.001)

The T stage was also different between the 2 groups. In the 
BDR group, 13 patients (65%) had T2 stage and 41 patients (54%) 
had T3 stage (P = 0.003).

The number of LNs was significantly higher in the PD group 

than in the BDR group. The total number of LNs was 6.5 ± 8.2 
in BDR group versus 11.2 ± 8.2 (P = 0.017) in PD group and the 
number of metastatic LNs was 0.4 ± 0.9 versus 1.0 ± 1.5 (P = 
0.021), respectively. R0 resection rate was lower in the BDR group. 
Thirteen patients (65%) had R0 resection margin compared with 
71 patients (93%) in the PD group (P = 0.001) (Table 1).

Postoperative outcome 
In multivariate analysis, factors related to recurrence were 

operation type, resection margin, and LN metastasis. BDR was 
associated with a higher risk of cancer recurrence than PD (P = 
0.045). R1 resection margin and LN metastases were statistically 
significant as a poor prognostic factors (P = 0.049 and P = 0.004, 
respectively) (Table 2).

Survival analysis included only data from 89 patients out of 
96 patients; 6 patients with early mortality and 1 patient with 
hopeless discharge were excluded.

Of the median follow-up period (24 months; range, 4–169 
months), overall survival was not significantly different, but 
the recurrence-free survival rate of the PD group was superior 
to that of the BDR group (P = 0.035). There was no significant 
difference in recurrence-free survival between BDR and PD pa
tients in the group without LN metastasis. But, for patients with 
LN metastasis, the survival rate of patients without recurrence 
was significantly higher in PD group than in BDR group (P < 
0.001). R status did not show a significant difference between 
BDR and PD in recurrence free survival (Fig. 2).

Recurrence pattern
There were some differences in the cancer recurrence pattern 

between the BDR and PD groups according to the LN metastatic 
stage. There were no LN metastases (N0) in 16 of 20 patients in 
the BDR group. Of the 20 patients in the BDR group, 16 (80%) 

120 Extrahepatic
cholangiocarcinoma

96 Inclusion criteria

24 Exclusion criteria

5 Extension

3 Frozen biopsy was
changed on

permanent pathology

20 Bile duct resection

7 (35%) R1 resection

1 (5%) Mortality

76 Pancreatoduodenectomy

5 (6.6%) R1 resection

5 (6.6%) Mortality

Fig. 1. Flow diagram of patients 
with extrahepatic cholangio
carcinoma.
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had no LN metastasis (N0) and 4 (20%) had LN metastasis (N1). 
Of the 16 patients without LN metastasis (N0), 11 patients 
experienced recurrence; 6 were local regional or residual bile 
ducts recurrence, and 5 had distant metastases.

However, distant metastases were more common in patients 
with N1 in the BDR group. In the PD group, regardless of LN 
metastasis, distant organ recurrence was more common than 
local recurrence (Fig. 3).

DISCUSSION
Previous studies reported that the resection margin and the 

number of involved LNs were considered to be the strongest 
associations for middle and distal CBD cancer [14]. However, 

there remains controversy about prognostic factors. Most 
of those studies emphasized that LN involvement is more 
important in predicting prognosis than resection margin, but 
other studies reported that resection margin statistics are more 
important [15-21].

In our study, there were significant differences between the 
BDR group and the PD group in the location of tumor, T stage, 
number of resected LNs, and R status. The number of resected 
LNs was higher in PD than in BDR. There was no significant 
difference in overall survival between the 2 groups, but the PD 
group showed more favorable results in disease-free survival. 
In our data, PD in middle and distal CBD cancer patients with 
LN metastasis had a lower recurrence rate than BDR. R status 
was a prognostic factor related to recurrence, but there was no 
difference in recurrence-free survival rate between BDR and PD 
groups. Therefore, R0 resection is an important way by which to 
reduce the recurrence rate of both groups. 

The number of LN in the PD group was higher than in the 
BDR group. This suggests that PD is a more advantageous 
method for dissection of peripancreatic LNs. 

Until recently, the surgical treatment of choice for middle 
and distal CBD cancer has been PD, in order to obtain free 
surgical margins and in order to harvest the correct number 
of LNs for correct staging [9]. However, several recent studies 
report that BDR should be considered as a new surgical option 
for middle and distal CBD cancer [4-6]. Unfortunately, there is 
still little solid evidence to consider using BDR as an alternative 

Table 1. Demographics and clinical characteristics  

Variable BDR (n = 20) PD (n = 76) P-value*

Tumor location
  Confined to middle 16 (80) 5 (7) <0.001
  Distal CBD involvement  4 (20) 71 (93)
Sex
  Male:female 16:4 47:29 0.128
Age (yr) 68.5 (54–82) 69 (34–88) 0.948
Tumor size (mm) 21 ± 9 22 ± 11 0.750
T stage 0.003
  T1  2 (10) 16 (21)
  T2 13 (65) 19 (25)
  T3  5 (25) 41 (54)
N stage 0.056
  N0 16 (80) 43 (57) 
  N1  4 (20) 33 (43)
Positive LN 0.4 ± 0.8  1.0 ± 1.5 0.021
Total LN number 6.5 ± 8.2 11.5 ± 8.3 0.017
R status 0.001
  R0 resection 13 (65) 71 (93)
  R1 resection  7 (35)  5 (7)
Gross type 0.082
  Papillary or nodular  8 (40) 16 (21)
  Infiltrative 12 (60) 60 (79)
Histologic grade 0.266
  Well or moderately 17 (85) 19 (25)
  Poorly or adenosquamous  3 (15) 57 (75)
Adjuvant chemotherapy 0.562
  Yes  4 (20) 20 (26)
  No or follow-up loss 16 (80) 56 (74)
Adjuvant radiation therapy 0.451
  Yes  1 (10)  8 (11)
  No or follow-up loss 18 (90) 68 (89)

Values are presented as number (%), median (range), or mean ± 
standard deviation.
BDR, bile duct segmental resection; PD, pancreatoduodenec
tomy; CBD, common bile duct; LN, lymph node.
*P < 0.05, significant difference between BDR group and PD 
group. 

Table 2. Multivariate analysis for DFS

Extrahepatic 
cholangiocarcinoma

Univariate 
analysis Multivariate analysis of DFS

P-value HR 95% CI P-value*

BDR 0.035 2.049 1.015–4.140 0.045
R1 resection 0.018 2.195 1.001–4.812 0.049
Lymph node 

metastasis
0.051 2.321 1.302–4.139 0.004

Sex 0.541
Age 0.392
T3 0.285
Tumor size > 2 cm 0.201
Poorly differentiated 

type
0.421

Grossly infiltrative 
type

0.500

Adjuvant 
chemotherapy

0.415

Adjuvant radiation 
therapy

0.728

DFS, disease free survival; HR, hazard ratio; CI, confidence 
interval; BDR, bile duct segmental resection.
*P < 0.05, significant association the results are represented as 
HR.
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to PD. In cases of LN enlargement, suspected LN metastasis at 
preoperative imaging, and positive distal resection margins at 
frozen biopsy during BDR, PD is the recommended procedure. 
BDR can be considered in more limited circumstances, if it is 
confirmed that the patient has a middle CBD cancer with no 
suspicion of LN metastasis in the early stages.

There were several limitations relevant to this study, in
cluding that it was based on a relatively small number of pa
tients and that it was a retrospective study rather than a ran
domized controlled trial. In addition, it was difficult to analyze 
other parameters suggested as prognostic factors; for example 
perineural invasion and lymphovascular invasion that have 

Fig. 2. Kaplan-Meier survival curves between bile duct resection group and pancreatoduodenectomy group. (A) Disease free 
survival (n = 89). (B) Overall survival (n = 89). (C) No lymph node metastases (n = 89). (D) Lymph node metastases (n = 89). (E) 
R0 resection (n = 77). (F) R1 resection (n = 12).

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0 200

Months

0

1.0

0.8

0.6

0.4

0.2

15010050

Bile duct segmental resection
Pancreatoduodenectomy
Bile duct segmental resection-censored
Pancreatoduodenectomy-censored

P = 0.035

A B

C D

E F

O
v
e
ra

ll
s
u
rv

iv
a
l

0 200

Months

0

1.0

0.8

0.6

0.4

0.2

15010050

P = 0.982

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0

0

200

200

Months

Months

0

0

1.0

1.0

0.8

0.8

0.6

0.6

0.4

0.4

0.2

0.2

150

150

100

100

50

50

Bile duct segmental resection
Pancreatoduodenectomy
Bile duct segmental resection-censored
Pancreatoduodenectomy-censored

Bile duct segmental resection
Pancreatoduodenectomy
Bile duct segmental resection-censored
Pancreatoduodenectomy-censored

P = 0.110

P = 0.162

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0

0

100

80

Months

Months

0

0

1.0

1.0

0.8

0.8

0.6

0.6

0.4

0.4

0.2

0.2

75

60

50

40

25

20

Bile duct segmental resection
Pancreatoduodenectomy
Bile duct segmental resection-censored
Pancreatoduodenectomy-censored

Bile duct segmental resection
Pancreatoduodenectomy
Bile duct segmental resection-censored
Pancreatoduodenectomy-censored

P < 0.001

P = 0.539

Bile duct segmental resection
Pancreatoduodenectomy
Bile duct segmental resection-censored
Pancreatoduodenectomy-censored

125



 Annals of Surgical Treatment and Research 245

previously been considered. As a consequence therefore, these 
results need to be validated by further well designed studies.

In conclusion, surgeons should carefully evaluate the patient's 
condition by carefully reviewing the various preoperative 
imaging tests before performing BDR for the middle and distal 
CBD cancer patients. If LN metastasis is suspected, PD is 

recommended as the surgical treatment of choice. 
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