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Introduction

Distal cholangiocarcinoma [DCC] is a relatively uncom-
mon pancreaticobiliary–digestive junction neoplasm, and 
early diagnosis is challenging. The prognosis and cure rate 
of DCC has been improved over the past several decades, 
but mortality remains high. Surgical resection of a periamp-
ullary tumor by pancreaticoduodenectomy (PD) is the only 
chance for curative therapy. Radical resection is the strong-
est prognostic factor and involves margin-negative resec-
tion combined with thorough regional node dissection. In 
the future, advances in medical treatment and neoadjuvant 
therapy may improve the success of surgical operation and 
postoperative survival rates.

Several reports have been published concerning pancre-
atic and duodenal invasion [1], the surgical margin positivity 
[2, 9], lymph node metastasis [3–6, 9, 10], perineural inva-
sion [7, 10], grades of tumor differentiation [2, 6, 9], depth 
of tumor invasion [8], microvascular invasion [11, 12], post-
operative adjuvant chemotherapy [3, 12], and overexpres-
sion of p53 protein [13] for distal bile duct malignancies. 
All of these factors have been reported as independent prog-
nostic factors for DCC in multivariate survival analyses.

We, herein, assessed the available evidence on the 
survival rates of DCC patients following resection with 
curative intent and analyzed the prognostic factors. We 
performed an up-to-date meta-analysis of gender, age, peri-
neural invasion, lymph node metastasis, resection margin 
status, tumor differentiation, and adjuvant chemotherapy, 
and, when appropriate and possible, established the sources 
of heterogeneity in the results.

Abstract 
Purpose To assess the available evidence on the prognostic 
factors for the 5-year survival for patients with distal chol-
angiocarcinoma (DCC) following surgical resection.
Methods We performed a comprehensive search of 
abstracts included in databases where relevant studies were 
published between January 2000 and August 2015. Risk 
ratios (RRs), 95 % confidence intervals (95 % CIs), and 
random-effects model were calculated using RevMan 5.3 
software.
Results A total of 23 observational studies involving 2063 
patients with DCC were analyzed. The meta-analysis 
showed that postoperative adjuvant chemotherapy was not 
confirmed as a prognostic factor, with similar 5-year sur-
vival rates between those receiving and not receiving chem-
otherapy (RR 0.71; 95 % CI 0.21–2.36; P = 0.57). Perineu-
ral invasion (RR 0.51; 95 % CI 0.40–0.64; P < 0.00001), 
lymph node metastasis (RR 0.51; 95 % CI 0.38–0.70; 
P < 0.0001), positive resection margin status (RR 2.11; 
95 % CI 1.36–3.30; P = 0.001), and not-well-differen-
tiated adenocarcinoma (RR 1.77; 95 % CI 1.39–2.25; 
P < 0.00001) were associated with shorter survival.
Conclusions Perineural invasion, lymph node metastasis, 
resection margin status, and tumor differentiation were the 
significant prognostic factors for the 5-year survival.
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Materials and methods

Data sources

We performed a systematic review of the literature pub-
lished between January 2000 and August 2015. We per-
formed a comprehensive search of abstracts in the MED-
LINE database, OVID database, Springer database, the 
Science Citation Index, and the Cochrane Library data-
base using the following search terms: “distal cholangio-
carcinoma [Title]”, or “distal bile duct [Title]”, or “dis-
tal bile duct cancer [Title]”, with limitations to “English 
language” and “Humans”. Unpublished research was not 
included.

Inclusion and exclusion criteria

We included patients who underwent surgery for histologi-
cally proven distal bile duct cancer, with no limitations on 
race, sex, or age. The included studies were required to 
report at least one of the following outcomes: gender, age, 
perineural invasion, lymph node metastasis, resection mar-
gin status, tumor differentiation, and postoperative adjuvant 
chemotherapy.

Data extraction and assessment of risk of bias

To avoid double-counting, two data extractors com-
pared the retrieved articles for participating institutions 
and inclusion criteria. To determine the potential risks of 
bias in the overall results due to the inclusion of studies, 
a sensitivity analysis and a publication bias analysis were 
performed on the eligibility criteria. All of the review-
ers assessed the risk of bias according to the Cochrane 
Handbook for Systematic Reviews of Interventions. If any 
disagreements occurred, consensus was achieved through 
discussions.

Statistical analysis

Two independent reviewers extracted the data using a 
specially developed form and entered it into the freeware 
program Review Manager (Version 5.3 for Windows, 
Cochrane Collaboration, Oxford, UK). The risk ratio (RR) 
for each trial was calculated from the number of evaluable 
patients, and the RRs with their two-sided 95 % confi-
dence intervals (CIs) were used for dichotomous outcomes 
as the confirmatory effect size estimate and test criterion. 
The random-effects model was applied. The hypothesis 
tests were based on the 95 % CIs, and the P values were 
used for illustration. During data combination, the hetero-
geneity was evaluated using the Cochran’s Q test. All of 
the P values were two-sided, and P < 0.05 was considered 

statistically significant. The Excel 2007 (Microsoft, Red-
mond, WA, USA) software program was also used for our 
research.

Results

Trial and patient characteristics

A total of 87 studies were retrieved, and the workflow 
for identifying relevant trials is shown in Fig. 1. Of these 
87 studies, 6 were excluded for not having a clinical trial 
design. Of the 81 studies of clinical trials potentially suita-
ble for inclusion in the meta-analysis, 58 were excluded for 
not citing any included outcomes or for having language 
for other fields. Ultimately, 23 clinical trials with extract-
able data were included [1, 14, 16–18], all of which were 
published as full articles. These trials included a total of 
2063 patients with DCC who had received surgical resec-
tion. The principal characteristics of all of the included 
studies are shown in Table 1.

Risk of bias

Details regarding the patient characteristics and setting 
were available in all included trials [1, 3–24] (Table 1). 
None of the studies were randomized controlled trials. 
Twenty-three studies provide one or more required out-
comes, and at least six of the included trials had the same 
outcomes. We determined that our meta-analysis was 
unlikely to be influenced markedly by publication bias, as 
statistically significant data are more likely to be published 
than data lacking significance.

Prognostic factors for the 5‑year survival

Gender

Ten included studies involving 970 patients reported the 
influence of gender on 5-year survival. The 5-year sur-
vival rates for males and females were 38.8 % (256/659) 
and 35.0 % (109/311), respectively. Our meta-analy-
sis showed no significant difference in 5-year survival 
between males and females (RR 0.95; 95 % CI 0.68–
1.32; P = 0.76) (Fig. 2). Therefore, we believe that gen-
der is not an influential prognostic factor for the 5-year 
survival.

Age

Seven included studies involving 357 patients reported the 
influence of age on 5-year survival. The 5-year survival 
rates among those ≤65 years old and those >65 years old 
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were 35.6 % (69/194) and 34.4 % (56/163), respectively. 
Our meta-analysis showed no significant difference in 
5-year survival between those ≤65 years old and those 
>65 years old (RR 1.31; 95 % CI 0.82–2.12; P = 0.26) 
(Fig. 3). Therefore, we believe that age is not an influential 
prognostic factor for the 5-year survival.

Perineural invasion

Ten included studies involving 887 patients reported the 
influence of perineural invasion on 5-year survival. The 
5-year survival rates for those with (“YES”) and without 
(“NO”) perineural invasion were 31.3 % (200/639) and 
65.7 % (163/248), respectively. Our meta-analysis showed 
a significant difference in 5-year survival between those 
with and without perineural invasion (RR 0.51; 95 % CI 
0.40–0.64; P < 0.00001) (Fig. 4). Therefore, we believe 

that perineural invasion is an influential prognostic factor 
for the 5-year survival.

Lymph node metastasis

Lymph node metastasis was defined as the presence of 
malignant cells in single, multiple, or regional lymph 
nodes. Twelve included studies involving 1203 patients 
reported the influence of lymph node metastasis on the 
5-year survival. The 5-year survival rates for being posi-
tive and negative for metastasis were 23.7 % (122/514) and 
47.2 % (325/689), respectively. Our meta-analysis showed 
a significant difference in 5-year survival between those 
positive and negative for metastasis (RR 0.51; 95 % CI 
0.38–0.70; P < 0.0001) (Fig. 5). Therefore, we believe that 
lymph node metastasis is an influential prognostic factor 
for the 5-year survival.
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Fig. 1  QUOROM flow diagram of the included and excluded studies
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Table 1  Characteristics of the clinical trials included in the study

AC ampullary carcinoma, PCC proximal cholangiocarcinoma, MCC middle cholangiocarcinoma, ICC intrahepatic cholangiocarcinoma, HCC 
hilar cholangiocarcinoma, PC pancreatic carcinoma, DC duodenal cancer, PPPD pylorus-preserving pancreatoduodenectomy, PD pancreatoduo-
denectomy, HPD extended hemihepatectomy plus PD, BDR segmental bile duct resection

References DCC no. Setting Operation

Bortolasi et al. [7] 15 DCC PPPD or WPD

Yoshida et al. [3] 26 DCC PD

Sakamoto et al. [14] 25 MCC and DCC PD or PPPD or HPD

Cheng et al. [13] 112 DCC PD

Murakami et al. [5] 36 DCC WPD or PPPD

Murakami et al. [15] 43 DCC PPPD or PD or BDR

Ebata et al. [1] 95 DCC WPD or PPPD or Subtotal stomach-preservig PD in 19

Hernandez et al. [12] 35 PCC and MCC and DCC PD

Shimizu et al. [16] 34 AC and DCC PPPD or PD or BDR

Hong et al. [8] 147 DCC PD

Qiao et al. [17] 114 DCC PD

Murakami et al. [18] 56 ICC and HCC and DCC PPPD or PD or BDR

Tan et al. [19] 82 DCC PD

Pomianowska et al. [20] 46 PC and AC and DCC PD

Chung et al. [21] 241 DCC PD or PPPD

Kim et al. [10] 91 DCC PD

Iso et al. [22] 90 DCC PD

Ercolani et al. [11] 53 ICC and HCC and DCC PD or BDR

Andrianello et al. [6] 46 DCC PD or PPPD

Choi et al. [9] 122 DCC PPPD or PD or BDR

Bourgouin et al. [23] 55 AC and DC and DCC PD

Kiriyama et al. [4] 370 DCC PD

Miura et al. [24] 129 DCC PD

Study or Subgroup

Bortolasi L 2000

Cheng Q 2007

Kim HJ 2014

Kiriyama M 2015

Miura F 2015

Murakami Y (J Surg Oncol) 2007

Murakami Y (World J Surg) 2007

Qiao QL 2011

Shimizu Y 2008

Yoshida T 2002

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.16; Chi² = 24.91, df = 9 (P = 0.003); I² = 64%

Test for overall effect: Z = 0.31 (P = 0.76)

Events

2

21

17

109

35

14

14

30

8

6

256

Total

8

78

59

249

88

36

31

75

19

16

659

Events

1

7

19

42

13

5

4

8

7

3

109

Total

7

34

32

121

41

7

5

39

15

10

311

Weight

2.0%

9.3%

12.8%

15.8%

12.4%

11.0%

11.5%

10.2%

9.3%

5.7%

100.0%

M-H, Random, 95% CI

1.75 [0.20, 15.41]

1.31 [0.61, 2.78]

0.49 [0.30, 0.79]

1.26 [0.95, 1.67]

1.25 [0.75, 2.10]

0.54 [0.29, 1.01]

0.56 [0.31, 1.01]

1.95 [0.99, 3.84]

0.90 [0.42, 1.92]

1.25 [0.40, 3.90]

0.95 [0.68, 1.32]

Male Female Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Male Female

Fig. 2  Forest plot of gender for the 5-year survival
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Resection margin status

Resection margins were classified as positive when invasive 
cancer cells were identified histologically at the ductal or 
radial surgical margins [25]. Nine included studies involv-
ing 959 patients reported the influence of resection margin 
status on the 5-year survival. The 5-year survival rates for 
having positive and negative margin status were 40.8 % 
(343/840) and 15.1 % (18/119), respectively. Our meta-
analysis showed a significant difference in the 5-year sur-
vival between those positive and negative for margin status 
(RR 2.11; 95 % CI 1.36–3.30; P = 0.001) (Fig. 6). There-
fore, we believe that resection margin status is an influen-
tial prognostic factor for the 5-year survival.

Tumor differentiation

The predominant pathological grading system for tumor 
differentiation is classified as well-differentiated, mod-
erately differentiated, or poorly differentiated adenocar-
cinoma. In our study, the DCC tumors were classified as 
well- or not well-differentiated. Eight included studies 
involving 853 patients reported the influence of tumor dif-
ferentiation on 5-year survival. The 5-year survival rates for 
those with well- and not well-differentiated tumors were 
54.6 % (143/262) and 30.8 % (182/591), respectively. Our 
meta-analysis showed a significant difference in 5-year 
survival between those with well- and not well-differenti-
ated tumors (RR 1.77; 95 % CI 1.39–2.25; P < 0.00001) 

Study or Subgroup

Bortolasi L 2000

Cheng Q 2007

Kim HJ 2014

Murakami Y (J Surg Oncol) 2007

Murakami Y (World J Surg) 2007

Shimizu Y 2008

Yoshida T 2002

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.20; Chi² = 12.83, df = 6 (P = 0.05); I² = 53%

Test for overall effect: Z = 1.12 (P = 0.26)

Events

2

23

13

11

12

3

5

69

Total

8

93

37

16

16

13

11

194

Events

1

5

23

7

6

9

5

56

Total

7

19

54

27

20

21

15
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Weight

4.1%

15.4%

21.2%

17.5%

17.3%

11.3%

13.2%

100.0%

M-H, Random, 95% CI

1.75 [0.20, 15.41]

0.94 [0.41, 2.16]

0.82 [0.48, 1.41]

2.65 [1.29, 5.44]

2.50 [1.21, 5.17]

0.54 [0.18, 1.63]

1.36 [0.52, 3.58]

1.31 [0.82, 2.12]

≤ 65 > 65 Risk Ratio Risk Ratio
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0.01 0.1 1 10 100
≤ 65 > 65

Fig. 3  Forest plot of age for the 5-year survival
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Tan X 2013
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Total (95% CI)
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Heterogeneity: Tau² = 0.04; Chi² = 11.56, df = 8 (P = 0.17); I² = 31%

Test for overall effect: Z = 5.72 (P < 0.00001)

Events

0

16

18

90

33

6

7

6

17

7
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Total

9

69

57
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95

26

22

20
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22
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Events

3

16

19
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13

12
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11

3

163
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6

26

0

109

34
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14
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4

248

Weight

0.7%

13.1%

28.2%

15.2%

7.7%

9.7%
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6.5%

100.0%
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0.10 [0.01, 1.65]

0.38 [0.22, 0.64]

Not estimable

0.62 [0.49, 0.78]

0.79 [0.49, 1.26]

0.30 [0.14, 0.64]

0.37 [0.19, 0.71]
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Fig. 4  Forest plot of perineural invasion for the 5-year survival
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(Fig. 7). Therefore, we believe that tumor differentiation is 
an influential prognostic factor for the 5-year survival.

Postoperative adjuvant chemotherapy

Postoperative adjuvant chemotherapy used gemcitabine, 
fluorouracil, oxaliplatin, and paclitaxel [5, 13, 17]. Five 
included studies involving 328 patients reported the influ-
ence of postoperative adjuvant chemotherapy on the 5-year 
survival. The 5-year survival rates for those with (“YES”) 
and without (“NO”) postoperative adjuvant chemotherapy 
were 34.0 % (16/47) and 34.5 % (97/281), respectively. 

Our meta-analysis showed no significant difference in 
5-year survival between those with and without postopera-
tive adjuvant chemotherapy (RR 0.71; 95 % CI 0.21–2.36; 
P = 0.57) (Fig. 8). Therefore, we believe that postoperative 
adjuvant chemotherapy is not an influential prognostic fac-
tor for the 5-year survival.

Discussion

Cholangiocarcinoma, which is different from gallbladder 
carcinoma [26], can be classified as intrahepatic, perihilar, 

Study or Subgroup

Bortolasi L 2000

Cheng Q 2007

Ebata T 2007

Iso Y 2014

Kiriyama M 2015

Miura F 2015

Murakami Y (J Surg Oncol) 2007

Murakami Y (World J Surg) 2007

Qiao QL 2011

Shimizu Y 2008

Tan X 2013

Yoshida T 2002

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.13; Chi² = 22.41, df = 11 (P = 0.02); I² = 51%

Test for overall effect: Z = 4.20 (P < 0.0001)

Events

0

1

7

6

38

31

4

7

0

6

15

7

122

Total

4

25

36

28

157

88

17

36

39

11

52

21

514
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4
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113

17

15

27

35

9

17

3

325
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11

87

59

62

213

41

26

59

73

23
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5

689

Weight

1.2%

2.3%

9.6%

9.2%

16.7%

13.9%

7.3%

9.6%

1.2%

9.3%

12.6%

7.1%

100.0%

M-H, Random, 95% CI

0.27 [0.02, 4.09]

0.13 [0.02, 0.94]

0.42 [0.21, 0.87]

0.42 [0.20, 0.88]

0.46 [0.34, 0.62]

0.85 [0.54, 1.35]

0.41 [0.16, 1.02]

0.42 [0.21, 0.87]

0.03 [0.00, 0.41]

1.39 [0.66, 2.93]
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0.56 [0.22, 1.42]
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M-H, Random, 95% CI
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Fig. 5  Forest plot of lymph node metastasis for the 5-year survival

Study or Subgroup
Cheng Q 2007
Ebata T 2007
Kiriyama M 2015
Miura F 2015
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Total (95% CI)
Total events
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2
2
4
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15
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5
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Fig. 6  Forest plot of resection margin status for the 5-year survival
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or DCC based on the anatomic location, epidemiology, ori-
gin, etiology, pathogenesis, and treatment [27, 28]. DCC 
is a relatively uncommon malignancy with high mortality 
which is reported to occur more frequently in Japan than 
in western countries. Andrianello et al. [6] reported that, of 
the 1490 PDs performed for periampullary disease, only 
50 cases were histologically proven DCC (3.3 %). Despite 
recent technological improvements, early diagnosis of 
DCC remains difficult. More accurate diagnostic modali-
ties for an early-stage diagnosis are therefore needed.

Several reports have been published concerning signifi-
cant prognostic factors for DCC, such as surgical margin 
status [2, 9], lymph node metastasis [3–6, 9, 10], perineural 
invasion [7, 10], tumor differentiation [2, 6, 9], and post-
operative adjuvant chemotherapy [3, 12]. In the present 
study, we aimed to determine the factors influencing the 

5-year survival among DCC patients following surgical 
resection. Gender, age, and postoperative adjuvant chem-
otherapy were not confirmed as prognostic factors in our 
meta-analysis, with roughly similar survival rates reported 
between males and females (RR 0.95; 95 % CI 0.68–1.32; 
P = 0.76), those ≤65 years old and >65 years old (RR 
1.31; 95 % CI 0.82–2.12; P = 0.26), and those who had 
and had not received postoperative adjuvant chemotherapy 
(RR 0.71; 95 % CI 0.21–2.36; P = 0.57). However, peri-
neural invasion, lymph node metastasis, resection margin 
status, and tumor differentiation were indeed found to be 
significant prognostic factors following resection of DCC, 
with survival rates differing significantly between those 
with and without perineural invasion (RR 0.51; 95 % CI 
0.40–0.64; P < 0.00001), those with and without lymph 
node metastasis (RR 0.51; 95 % CI 0.38–0.70; P < 0.0001), 
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Ebata T 2007

Kim HJ 2014

Kiriyama M 2015
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Fig. 7  Forest plot of tumor differentiation for the 5-year survival
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Fig. 8  Forest plot of postoperative adjuvant chemotherapy for 5-year survival
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those with negative and positive resection margin status 
(RR 2.11; 95 % CI 1.36–3.30; P = 0.001), and those with 
well-differentiated and not well-differentiated tumors (RR 
1.77; 95 % CI 1.39–2.25; P < 0.00001).

Lymph node metastasis and perineural invasion were 
significant prognostic factors in our meta-analysis. Previ-
ous studies have similarly reported lymph node metastasis 
and perineural invasion to be significant prognostic factors 
for survival, along with margin status and tumor differen-
tiation. DCC recurrence after surgical resection results in 
poor prognosis and short overall survival times. Positive 
margin status, perineural invasion, tumor differentiation, 
and lymph node metastasis were found to be independent 
prognostic factors for the disease-free survival. Zhou et al. 
[29] analyzed the prognostic factors for the survival of 
DCC patients following resection with curative intent and 
found that R1 resection, lymph node metastasis, perineural 
invasion, lymphatic invasion, vascular invasion, pancreatic 
invasion, and pathological tumor stage ≥T3 were associ-
ated with lower rates of 5-year survival, concluding that R0 
resection resulted in substantially improved survival and 
represented one of the most important prognostic variables.

Adjuvant chemo- and/or radiation therapy has not yet 
been standardized, and as postoperative adjuvant chemo-
therapy, no effective adjuvant therapy has been established 
at present [30]. Surgical resection associated with adjuvant 
therapy may provide the most favorable outcome [31]. The 
present meta-analysis showed that postoperative adjuvant 
chemotherapy was not a prognostic factor for DCC after 
surgery.

Conclusion

In conclusion, perineural invasion, lymph node metasta-
sis, resection margin status, and tumor differentiation were 
the significant prognostic factors for the 5-year survival 
after resection of DCC, but not gender, age, or postopera-
tive adjuvant chemotherapy. Future efforts should attempt 
to reduce the rates of surgical complications and improve 
medical therapy, actions that will promote the overall 
improvement in perioperative and long-term outcomes for 
patients with this disorder.
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