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Original Article 
CA9 overexpression is an independent favorable  
prognostic marker in intrahepatic cholangiocarcinoma
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Abstract: The aim of this study is to evaluate the expression of carbonic anhydrase IX (CA9) and to identify its prog-
nostic significance in intrahepatic cholangiocarcinoma (IHCC). We performed immunohistochemistry (IHC) for CA9 
in a total of 85 IHCCs. CA9 overexpression was observed in 38 of 85 (44.7%) IHCCs. CA9 overexpression was related 
to tumors with intraductal growth than mass forming or periductal infiltrative type. CA9 overexpression was more ob-
served in tumors with well/moderate differentiation than poor differentiation and without lymph node metastasis. 
No significant correlation was observed in CA9 overexpression with tumor size, pT, stage and lymphovascular inva-
sion. Intrahepatic cholangiocarcinomas with CA9 overexpression showed better overall survival than that without 
expression (P = 0.001). In multivariate analysis, lymph node metastasis (95% CI: 2.103 (1.167-3.791), P = 0.013) 
was an independent poor prognostic factor. IHCC with CA9 overexpression showed a 0.5-fold (95% confidence 
interval, 0.328-0.944) lower risk of death compared with those of no or weak expression. CA9 overexpression was 
related to histologic differentiation and an independent good prognostic factor.
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Introduction

Cholangiocarcinoma (CCC) is a highly malig-
nant neoplasm with poor overall outcome. The 
five-year survival rate after a curative resection 
is ≤ 30% [1, 2]. Efforts have focused on 
identification of carcinogenesis, it is still poorly 
understood and there has been little improve-
ment in survival over the last decade. 

CA9 expression has shown to be correlated 
with poor prognosis in many human cancers 
[3-8]. CA9 expression may serve as a predictive 
factor to guide the selection of the most appro-
priate adjuvant therapy because tumor hypoxia 
has been associated with tumor resistance to 
chemotherapy and radiotherapy as well as mo- 
re aggressive phenotype and poor survival [5].

The purpose of this study was to evaluate the 
immunohistochemical overexpression of CA9 
and their prognostic significance in patients 
with IHCC.

Materials and methods

Patients and clinicopathologic factors

Data were obtained on 85 consecutive pati- 
ents who underwent resection at Yeungnam 

University Hospital from July 1988 to June 
2012. Clinicopathologic parameters, including 
age, gender, tumor size, differentiation, pres-
ence of lymphovascular invasion, presence of 
lymph node metastasis, disease-free survival 
(DFS) and overall survival (OS) were evaluated 
by review of medical records and pathological 
reports. Overall patients’ survival was defined 
as the time from surgical resection to death of 
patients or patients’ last follow-up. Follow-up 
lasted through June 2012 (range 0-180 months, 
mean 24.98 months).

Tissue microarray construction

Five tissue microarray (TMA) blocks were made 
with 83 cases; three 2 mm cores were obtained 
from the most representative tumor area of 
each case and arrayed in a new recipient block. 
Four normal liver tissue cores included in each 
TMA and normal rectal mucosa were used as 
controls. For the other two cases, ordinary 
blocks were used.

Immunohistochemistry

After deparaffinization and rehydration, 4-µm  
sections were immunostained for CA9 (1:250, 
clone EPR4151, rabbit monoclonal antibody, 
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Figure 1. Immunohistochemical results for CA9 (A) overexpression; (B) not expression. HE, × 100.

Table 1. Comparison between CA9 overexpression and clini-
copathological parameters

Factors
CA9

P
Overexpression Not expression

Size 0.530
    < 5 cm 16 (41.0%) 23 (59.0%)
    ≥ 5 cm 22 (47.8%) 24 (52.2%)
Gross type 0.019
    Mass forming 27 (38.0%) 44 (62.0%)
    Periductal infiltrate 4 (80.0%) 1 (20.0%)
    Intraductal 7 (77.8%) 2 (22.2%)
Differentiation 0.067
    Well/Moderate 33 (50.0%) 33 (50.0%)
    Poor 5 (26.3%) 14 (73.7%)
Vascular invasion 0.634
    Present 24(42.9%) 32 (57.1%)
    Absent 14(48.3%) 15 (51.7%)
Perineural invasion 0.466
    Present 18 (40.9%) 26 (59.1%)
    Absent 20 (48.8%) 21 (51.2%)
Resection margin involve 0.577
    Present 16 (48.5%) 17 (51.5%)
    Absent 22 (42.3%) 30 (57.7%)
Lymph node metastasis 0.090
    Present 14 (35.0%) 26 (65.0%)
    Absent 24 (53.3%) 21 (46.7%)
Stage 0.203
    I 10 (52.6%) 9 (47.4%)
    II 13 (59.1%) 9 (40.9%)
    III 12 (36.4%) 21 (63.6%)
    IV 3 (27.3%) 8 (72.7%)

Epitomics, CA, USA). The staining was performed on the 
Ventana BenchMark® platform automated slide stainer 

(Ventana Medical Systems, Tucson, 
AZ, USA) using the onboard heat-
induced epitope retrieval method in 
high pH CC1 buffer (99°C, 1 h). 
Slides were then incubated with pri-
mary antibody CA9 at room temper-
ature for 40min. The staining was 
visualized using the UltraViewTM DAB 
detection Kit (Automated Bench- 
Mark®, Ventana), which included a 
hydrogen peroxide substrate and a 
3,3’-diaminobenzidine chromogen 
solution. The slides were subse-
quently counterstained with hema- 
toxylin.

Evaluation of the immunohisto-
chemical results

We assessed CA9 expression by 
using a four-step scoring system, 
previously described [3]. The scoring 
was: negative = score 0 (no staining 
or membranous staining < 10% of 
tumor cells), weak = score 1 (partial 
membrane staining > 10% of tumor 
cells), moderate = score 2 (weak to 
moderate complete membrane 
staining in > 10% of tumor cells), 
and strong = score 3 (strong and 
complete membrane staining in > 
10% of tumor cells). Finally, we con-
sidered CA9 overexpression if more 
than score 2.

Statistical analysis

SPSS version 19.0 (SPSS Inc., 
Chicago, IL, USA) was used in perfor-
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mance of statistical comparisons. Pearson’s 
Chi-square test and Fisher’s exact test were 
performed in order to examine associations 
between clinicopathologic parameters and 
expression. DFS and OS were calculated using 
the Kaplan-Meier method. The Cox proportion-
al Hazard Model was used for evaluation of the 
association between clinicopathological 
parameters and survival. A P value of less than 
0.05 was considered statistically significant.

Results

Clinicopathologic characteristics

Fifty three male and 32 female patients with a 
median age of 60.5 years (range 39-79 years) 
were included in this study. Regarding growth 
type, 71 cases were mass-forming type, 5 
cases were periductal infiltrating type, and 9 
cases were intraductal-growth type. Regarding 
histologic subtypes, there were 66 well/moder-
ately differentiated adenocarcinomas (77.6%) 
and 19 poorly differentiated adenocarcinomas 
(22.4%). Vascular invasion was observed in 45 
(64.7%) patients. Neural invasion was observed 
in 44 patients (51.8%). Resection margin 
involvement by IHCC was observed in 33 

patients (38.8%). Forty (47.1%) 
patients showed metastasis to 
regional lymph nodes.

Comparison IHC results with clini-
copathological factors

CA9 overexpression was observed 
in 38 of 85 (44.7%) IHCCs (Figure 
1). CA9 overexpression was related 
to tumors with intraductal growth 
than mass forming or periductal 
infiltrative type. CA9 overexpres-
sion was more observed in tumors 
with well/moderate differentiation 
than poor differentiation and that 
without lymph node metastasis. 
No significant correlation was 
observed in CA9 overexpression 
with tumor size, pT, stage and vas-
cular invasion (Table 1). IHCC with 
CA9 overexpression showed better 
overall survival than that with no or 
weak expression (P = 0.001) 
(Figure 2). In multivariate analysis, 
lymph node metastasis (95% confi-
dence interval 2.103, 1.167-3.791, 
P = P = 0.013) was an independent 

Figure 2. Overall survival analysis: CA9 overexpression (E) intrahepatic 
cholangiocarcinoma shows better overall survival than that with no or 
weak expression (NE).

poor prognostic factor. IHCC with CA9 overex-
pression showed a 0.5-fold (95% confidence 
interval, 0.328-0.944) lower risk of death com-
pared with those of no or weak expression.

Discussion

CA9 is a transmemebrane zinc metalloenzyme 
and has a function in cell-cell adhesion and 
plays an important role in tumor growth and 
survival under normoxia and hypoxia [9]. Its 
expression is mostly restricted to the premalig-
nant and malignant cells and rarely found in 
normal tissue or benign lesions [4]. Tumor 
hypoxia leads to resistant to chemotherapy and 
radiation therapy and increases risk of tumor 
invasion and metastasis, and considered as an 
indicator of more aggressive outcome [5, 10].

Studies on breast, upper gastrointestinal tract, 
cervix, ovary, and lung cancer have showed 
that CA9 overexpression was associated with 
poor outcome [3-5, 11-13]. Hussain et al. [5] 
suggested that CA9 expression is associated 
with poor survival in invasive breast cancer. 
Hynninen et al. [6] demonstrated that CA9 over-
expression in ovarian cancer could be a useful 
histopathological marker for hypoxia and a 
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potential target for therapy. Driessen et al. [4] 
demonstrated that tumors with CA9 overex-
pression was associated with intestinal type 
than diffuse type and showed poor prognosis in 
esophageal and gastric adenocarcinomas. CA9 
expression was associated with tumor progres-
sion and lymph node metastasis in vulva can-
cer [14]. However, the correlation between CA9 
overexpression and clinicopathologic parame-
ters has shown to be diverse, depending on the 
tumors sites, and researchers. Studies on rec-
tal cancers showed controversial results. 
Rasheed et al. [15] investigated that rectal can-
cer with CA9 overexpression showed long term 
survival than that of without expression. In con-
trast, Korkelia et al. [13] demonstrated that 
CA9 overexpression is a poor prognostic predic-
tor. And some studies have demonstrated that 
the relationship between low CA9 expression 
and poor prognosis in cervical carcinoma, 
colorectal carcinoma, and esophageal carcino-
ma [16-18]. Patard et al. [19] demonstrated 
that low CA9 expression and absence of VHL 
mutation was associated with a poor clinico-
pathological phenotype and diminished surviv-
al. Sergeant et al. [10] demonstrated that CA9 
expression was less prevalent in poorly differ-
entiated carcinomas and was associated with 
favorable prognosis in gallbladder carcinoma. 
These findings are consistent with this study. 

This study has shown that CA9 overexpression 
was associated with well/moderate differenti-
ated IHCC and was an independent good prog-
nostic factor. And CA9 overexpression was 
more evident in IHCC with intraductal growth 
and was more observed in IHCC without lymph 
node metastasis. This findings support that 
CA9 overexpression may not be involved in 
tumor progression, invasion and metastasis in 
IHCC.

Recently, CA9-targeting antibodies (WX-G250, 
Rencarex®) are being evaluated in phase III 
adjuvant immunotherapy and radiotherapy trial 
in renal cell carcinoma [20]. However, this study 
supports that CA9-targeting therapy may not be 
useful for IHCC.

In summary, this study demonstrated that CA9 
overexpression was related to well/moderate 
differentiated IHCC and an independent good 
prognostic factor.
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