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Abstract
Background and Aim: The caudal-type homeodomain transcriptional factor CDX2, a
member of the caudal-related homeobox gene family, plays a crucial role in the regulation
of cell proliferation and differentiation in the gut. Recent studies have reported that
expression of CDX2 was an independent marker of outcome in patients with resected
adenocarcinoma of ampulla of Vater, gastric cancer, and colon cancer. The clinicopathological significance of CDX2 expression has hitherto remained unclear in biliary tract carcinoma (BTC). The aim of this study was to determine whether CDX2 expression in BTC
indicates clinical outcome.
Methods: The expression of CDX2 was investigated immunohistochemically in surgically resected specimens from 164 patients with BTC, including 74 intrahepatic cholangiocarcinomas, 49 extrahepatic cholangiocarcinomas, and 41 gallbladder carcinomas. The
correlation between expression of CDX2 and clinicopathological factors, including overall
survival, tumor location, tumor stage, and degree of tumor differentiation, was examined in
patients with BTC.
Results: In total, 27 of the 164 (16.46%) patients with BTC expressed CDX2. The
frequency of CDX2 expression was much higher in the extrahepatic cholangiocarcinomas
(22.45%) and gallbladder carcinomas (29.27%) than in the intrahepatic cholangiocarcinomas (5.41%), the difference being statistically significant (P = 0.002). Factors influencing
survival on univariate analysis were tumor stage (P < 0.00001), degree of tumor differentiation (P = 0.0002), and CDX2 expression (P = 0.01). On multivariate analysis using the
Cox proportional hazard model, CDX2 expression and tumor stage were independent
prognostic factors in patients with BTC.
Conclusion: Expression of CDX2 was an independent indicator of outcome in patients
with BTC in addition to tumor stage and tumor differentiation. The mechanism by
which CDX2 expression influences behavior of biliary tract carcinoma needs further
investigation.

Introduction
The biliary tract consists of an interconnected system of intra- and
extrahepatic ducts that transport bile secreted from the liver to the
digestive tract. Biliary tract carcinomas (BTCs), which include
cancers of the gallbladder and intra- and extrahepatic biliary trees,
are relatively infrequent but highly lethal diseases that are notoriously difficult to diagnose and treat, and have incidences that are
steadily increasing worldwide.1–3 Diagnosis of BTC usually occurs
at an advanced stage of the disease, especially intrahepatic cholangiocarcinomas and gallbladder cancer. In general, the prognosis
for patients with advanced BTC at any site is dismal.4 Local

invasion, extensive regional lymph node metastasis, distant
metastases, and vascular encasement and invasion often preclude
resection, and neither radiation nor conventional chemotherapy
significantly improves survival or quality of life. Understanding
the pathogenesis and clinicopathological characteristics of BTC
might help to improve the overall treatment strategy for the tumor.
The caudal-type homeodomain transcriptional factor CDX2, a
member of the caudal-related homeobox gene family, is mostly
expressed in the villi or differentiated cell component of the intestine.5 CDX2 plays a crucial role in the regulation of cell proliferation and differentiation in the gut.6,7 Ectopic CDX2 expression has
been seen in intestinal metaplasia of stomach8–11 and Barrett’s
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esophagus.12 CDX2 is also expressed in gastric carcinoma,13
cholangioarcinoma,14 and esophageal carcinoma.15 A previous
study has shown that expression of CDX2 is an independent
marker of outcome in patients with resected adenocarcinoma of
ampulla of Vater, which is composed of three distinct epithelial
elements including duodenal mucosa, pancreatic ductal epithelium
and biliary ductal epithelium.16 Those tumors with markers of
intestinal epithelium as compared with biliary epithelium have
better prognosis.16 In addition, loss of CDX2 expression has been
associated with a poor prognosis in colon cancer17 and gastric
cancer.13 The clinicopathological significance of the phenotype
and CDX2 expression has hitherto remained unclear in BTC. In
the present study, we therefore examined the correlation between
prognosis and CDX2 expression in BTC.

Methods
Patient specimens
Permission for this study was obtained from the ethics committee
of National Taiwan University Hospital. Paraffin-embedded material from a series of 164 BTC surgical specimens, consisting of 74
intrahepatic cholangiocarcinomas, 49 extrahepatic cholangiocarcinomas, and 41 gallbladder carcinomas, resected at the National
Taiwan University Hospital between 1995 and 2004, were used for
this study.

PBS 0.1% Triton X-100 and incubated for 30 min in a 1:200
dilution of biotinylated antimouse secondary antibody. The DakoCytomation LSAB2 System-HRP (DakoCytomation, Carpentaria,
CA, USA) was used to visualize antibody binding, and slides were
subsequently counterstained with hematoxylin.

Immunolabeling analysis and scoring
Slides were examined by an independent pathologist (Y.-M.J.).
The labeling index criterion was set at less than 25% versus more
than 25% positively labeled cancer cells.

Statistical analysis and patient outcomes
The association of CDX2 expression among clinicopathological
factors was studied by χ2 analysis of proportions, Fisher’s exact
test, and Student’s t-test when appropriate. Kaplan–Meier survival
analysis and log-rank tests were performed for univariate survival
analysis, and the Cox proportional hazards model for multivariate
survival analysis. P < 0.05 was accepted as statistically significant.
The variables assessed were patient age at diagnosis, sex, tumor
location, tumor stage, degree of tumor differentiation, and CDX2
expression. The statistical calculations were carried out using StatView-J 5.0 statistical software (SAS Institute, Cary, NC, USA).

Results

Immunohistochemistry

CDX2 expression in bile duct carcinomas

Four-micrometer sections from paraffin-embedded tissues were
used for immunohistochemistry. Slides were deparaffinized in
fresh xylene and rehydrated through sequential graded enthanols.
Antigen retrieval was performed by citrate buffer incubation
(10 mmol/L, pH 6) using a microwavable pressure cooker for
20 min. Slides were cooled for 20 min, incubated for 5 min with
3% hydrogen peroxide, washed in phosphate-buffered saline
(PBS) 0.1% Triton X-100 (pH 7.6), blocked for 20 min in 20%
normal bovine serum, and incubated with mouse monoclonal
CDX2 antibody (Bio Genex, San Ramon, CA, USA) diluted to
1:100 overnight at 4°C. The next day, the slides were washed in

The study included 164 patients with mean age of 63.7 years
(range, 30–95 years); 52% of patients were female. The mean
follow-up period was 21.9 months (range 0.5–117.3 months). The
clinicopathological features and the expression of CDX2 in 164
patients with biliary tract carcinoma are shown in Table 1. In total,
27 of the 164 (16.46%) BTCs expressed CDX2, in which positive
CDX2 staining was seen in the nuclei of carcinoma cells (Fig. 1).
When we compared CDX2 expression with the clinicopathological factors in the BTCs, there was no statistically significant difference in patient sex or age, and tumor grade or stage between the
CDX2-positive and CDX2-negative groups (Table 2). However,

Table 1 Clinicopathological features of 164 patients with biliary tract carcinoma

Characteristic

Intrahepatic bile duct
carcinoma (n = 74)

Extrahepatic bile duct
carcinoma (n = 49)

Gallbladder carcinoma
(n = 41)

Total
(n = 164)

Age (years)
Mean ± SD
Range

61.3 ± 11.7
30–87

63.5 ± 11.3
39–82

68.5 ± 13.1
41–95

63.7 ± 12.2
30–95

Sex
Male
Female

35
39

29
20

14
27

78
86

Tumor grade
Well differentiated
Moderately differentiated
Poorly differentiated

18
38
18

18
26
5

13
22
6

49
86
29

Stage
I and II
III and IV

40
34

17
32

10
31

67
97
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Figure 1 Expression of CDX2 in extrahepatic cholangiocarcinoma: (a) negative expression; (b) positive expression in the nuclei of carcinoma cells
(original magnification ×200).

Table 2 Comparison of CDX2 expression and the clinicopathological
factors in biliary tract carcinoma
Characteristic

CDX2 (+)

CDX2 (–)

P-value

Age (years)

65.5 ± 12.6

63.4 ± 12.2

0.41

Sex
Male
Female

14
13

64
73

0.68

Tumor grade
Well differentiated
Moderately differentiated
Poorly differentiated

11
15
1

38
71
28

0.07

Stage
I and II
III and IV

11
16

56
81

1

Location
Intrahepatic
Extrahepatic
Gallbladder

4
11
12

70
38
29

0.002

the frequency of CDX2 expression was much higher in the extrahepatic cholangiocarcinomas (22.45%) and gallbladder carcinomas (29.27%) than in the intrahepatic cholangiocarcinomas
(5.41%), the difference being statistically significant (P = 0.002)
(Table 2).

CDX2 expression is associated with better
prognosis in patients with BTC
Factors influencing survival on univariate analysis were tumor
stage (mean survival 54.2 months, 95% confidence interval
[CI] 41.3–67.0 months for stage I–II vs 19.9 months, 95% CI
14.1–25.7 months for stage III–IV; P < 0.00001), degree of tumor
differentiation (mean survival 42.8 months, 95% CI 30.1–55.4
months for well-differentiated carcinoma vs 34.7 months, 95%
CI 25.3–44.1 months for moderately differentiated carcinoma vs

10.8 months, 95% CI 6.7–14.9 months for poorly differentiated
carcinoma; P = 0.0002), and CDX2 expression (mean survival
51.5 months, 95% CI 33.8–69.2 months for CDX2-positive
tumors vs 29.2 months, 95% CI 22.2–36.2 months for CDX2negative tumors; P = 0.01). Patient age at diagnosis, sex, and
tumor location did not influence survival. The results of univariate
analysis are shown in Table 3 and Kaplan-Meier survival curves
are shown in Fig. 2.
On multivariate analysis using the Cox proportional hazard
model, CDX2 expression and tumor stage were independent prognostic factors in patients with BTC (Table 4). Multivariateadjusted hazard ratio of death for CDX2 in various subsets of
patients with BTC showed that CDX2 expression was associated
with a significant survival advantage in female patients, patients
with advanced stage disease, and patients with well-differentiated
carcinoma (Table 5).

Discussion
CDX2 expression is intestine-specific in the embryo and during
adulthood. CDX2 is expressed in the nuclei of epithelial cells
throughout the intestine, from duodenum to rectum. CDX2
expression has been observed in intestinal metaplasia and adenocarcinoma of stomach but not in normal gastric mucosa.8 In previous studies, CDX2 expression was not detected in normal
gallbladder mucosa and epithelium of bile duct.16,18 We found that
5.4% of intrahepatic cholangiocarcinomas, 22.5% of extrahepatic
biliary tract carcinomas, and 29.3% gallbladder carcinomas
expressed CDX2 in our study. In addition, CDX2 expression alone
was an independent predictor of survival after resection of BTC.
Advanced tumor stage and poor differentiation of tumor were
associated with a poor prognosis of BTC.
In our study, there was a trend of increasing expression of
CDX2 in BTCs that were located nearer the intestine. There was
no differential expression of CDX2 in BTC according to different
age groups, sex, grades of tumor differentiation, and tumor stages.
Although the gallbladder and bile ducts are from the same embryologic origin,19 the intrahepatic cholangiocarcinomas, extrahepatic
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Table 3 Clinicopathological features and survival data in 164 patients with biliary tract carcinoma
Characteristic

No. patients

Mean survival (months, 95% CI)

P (log-rank)

Crude hazard ratio of death (95% CI)

Sex
Male
Female

78
86

32.7 (23.7–41.6)
33.6 (23.9–43.3)

0.62

1
1.09 (0.77–1.57)

Age
<65 years
≥65 years

83
81

37.2 (27.1–47.3)
29.0 (21.0–37.1)

0.22

1.25 (0.88–1.80)

Stage
I and II
III and IV

67
97

54.2 (41.3–67.0)
19.9 (14.1–25.7)

<0.0001

1
2.73 (1.84–4.05)**

Differentiation
Well
Moderate
Poor

49
86
29

42.8 (30.1–55.3)
34.7 (25.3–44.1)
10.8 (6.7–14.9)

0.0002

1
1.24 (0.81–1.90)
1.86 (0.90–3.84)**

Location
Intrahepatic
Extrahepatic
Gallbladder

74
49
41

32.3 (22.5–42.2)
40.3 (27.6–52.9)
28.5 (16.1–40.9)

0.20

1
0.80 (0.51–1.23)
1.24 (0.80–1.91)

27
137

51.5 (33.8–69.2)
29.2 (22.2–36.2)

CDX2 expression
Positive
Negative

0.01

0.51 (0.29–0.88)*
1

*P < 0.05; **P < 0.005.

A

B

C

D

Figure 2 Kaplan–Meier survival curves for clinicopathological factors and CDX2 expression in biliary tract carcinomas according to: (a) CDX2
expression; (b) tumor differentiation; (c) tumor stage; and (d) tumor location.
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Table 4 Multivariate-adjusted hazard ratio of death in 164 patients with
biliary tract carcinoma
Characteristic

Adjusted hazard ratio of death (95% CI)

Sex
Male
Female

1
0.96 (0.65–1.40)

Age
<65 years
≥65 years

1
1.20 (0.82–1.76)

Stage
I and II
III and IV

1
3.08 (2.01–4.73)**

Differentiation
Well
Moderate
Poor

1
1.09 (0.70–1.69)
1.93 (0.92–4.05)

Location
Intrahepatic
Extrahepatic
Gallbladder

1
0.68 (0.42–1.10)
1.22 (0.76–1.97)

CDX2 expression
Positive
Negative

0.48 (0.27–0.86)*
1

*P <0.05; **P <0.005.

Table 5 Multivariate-adjusted hazard ratio of death for CDX2 in various
subsets of patients with biliary tract carcinomas
Characteristic

Adjusted hazard ratio of death for CDX2 (95% CI)†

Sex
Male
Female

0.51 (0.23–1.17)
0.35 (0.15–0.83)*

Age
<65 years
≥65 years

0.53 (0.21–1.31)
0.49 (0.23–1.06)

Stage
I and II
III and IV

0.48 (0.16–1.44)
0.45 (0.22–0.90)*

Differentiation
Well
Moderate
Poor

0.29 (0.10–0.86)*
0.72 (0.33–1.54)
3.14 (0.32–30.79)

Location
Intrahepatic
Extrahepatic
Gallbladder

0.62 (0.14–2.84)
0.40 (0.15–1.09)
0.50 (0.20–1.27)

CDX2 is known to be one of the good prognostic markers in
patients with gastric carcinoma,13,20 colon carcinoma,17 pancreatic
tumor,21 and carcinoma of ampulla of Vater.16 In a previous study,
CDX2 expression was observed in both dysplasia and intramucosal tumor of gallbladder carcinoma and was related to histological differentiation and MUC2 expression, suggesting that CDX2
expression is an early event in gallbladder carcinogenesis.18 However, the role of CDX2 as a prognostic marker was not clear in that
study.18 Hong et al. have shown that CDX2 was expressed in
37.3% of extrahepatic BTCs and more frequently in tumors with
papillary growth and no vascular invasion.22 In addition, patients
with both CDX2 and MUC2 expressing extrahepatic BTC had a
better overall survival in univariate but not multivariate analysis
than patients with other tumors.22 In our study, the expression of
CDX2 was associated with a significant survival advantage in
patients with BTC by univariate and multivariate analysis. The
results suggest that mechanisms apart from tumor stage and differentiation are influencing the outcome in patients with CDX2positive tumors. Previous studies have shown the role of CDX2 in
promoting a more differentiated cellular phenotype6 and in the
regulation of cell adhesion.23 Forced expression of CDX2 in epithelial cell lines inhibits cell proliferation and stimulates cell differentiation and apoptosis.17,24,25 CDX2-dependent regulation of
cell proliferation may be an important factor in defining the prognosis of the patients with BTC.
A survival advantage was observed in subgroups of patients
with BTC with expression of CDX2 in our study, including female
patients, patients with advanced stage disease, and patients with
well-differentiated tumors. It is not difficult to understand why
patients with advanced stage disease and patients with welldifferentiated tumors have an advantage with regard to survival
due to the role of CDX2 in cell differentiation and proliferation.
The reasons why female patients with CDX2 expression have a
survival advantage are not clear. There have been no studies to
delineate the relationship between CDX2 expression and the effect
of estrogen or other hormones. The role of CDX2 in female
patients with BTC needs further investigation.
In summary, expression of CDX2 influenced the overall survival in patients with BTC. CDX2 expression was an independent
marker of outcome in addition to tumor stage and tumor differentiation in patients with BTC. The mechanism by which CDX2
expression influences behavior of biliary tract carcinoma needs
further investigation.
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