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Introduction: Hepatocellular carcinoma (HCC) is the commonest type of primary 
liver cancers, and most patients are diagnosed in advanced or terminal stages with 
poor prognosis. Furthermore, cirrhosis, a chronic liver disease characterized by 
fibrosis and impaired liver function, is a major risk factor for the development of 
HCC. Therefore, it is crucial to establish new clinical markers for early HCC diagnosis 
and staging. Aim: Our study aimed to evaluate carbonic anhydrase IX (CA9) as an 
early serum biomarker for HCC diagnosis within cirrhotic Egyptian patients. Material 
and methods: Fifty-eight cirrhotic patients and sixty HCC patients as well as fifty-
eight healthy control subjects were selected for the current study. Routine liver 
tests, CBC, C-reactive protein, alpha-fetoprotein (AFP), and serum CA9 were done 
for all the patients included. Results: Serum CA9 and AFP levels increased 
significantly in HCC and cirrhotic patients compared to controls. CA9 increased with 
the development of hepatic disease through the direct proportion of CA9 with BCLC 
staging, child classification, ascites, and encephalopathy in the HCC cohort and the 
direct proportion with child classification and ascites in the cirrhotic cohort. Our 
findings showed that CA9 has higher accuracy than AFP to differentiate between 
HCC (at cutoff value>85 pg/mL) or cirrhotic patients (at cutoff value>54.7 pg/mL) 
and control with greater sensitivity and specificity than AFP. On the other hand, CA9 
showed lower sensitivity and specificity than AFP in discrimination between cirrhosis 
and HCC only 51.67% and 46.55%, respectively. Conclusions: CA9 could be used as 
a biomarker for early HCC diagnosis and there is a strong relationship between CA9 
level and HCC´s worse prognosis suggesting its potential role in HCC development 
and disease progression. 
Keywords: , Biomarker, Carbonic anhydrase IX (CA9), Hepatocellular carcinoma, 
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INTRODUCTION 

Liver cancer is still a life-threatening disease, 
which is expected, by 2025, to affect annually 
more than one million individuals (GLOBOCAN, 
2018; Llovet et al., 2021). Worldwide, 
hepatocellular carcinoma (HCC) is the 
commonest type of primary liver cancer that 
accounts for about 90% of cases and it is the 
third leading cause of cancer death 
(GLOBOCAN, 2018; Llovet et al., 2021). Suresh 
et al. (2020) reviewed the etiological risk factors 
contributing to HCC incidence including 
hepatitis C and B viruses, chemical carcinogens 
(ex: aflatoxins), metabolic syndromes (ex: 
diabetes mellitus and obesity), alcoholic, and 

non-alcoholic fatty liver diseases. However, HCC 
induced by hepatitis C virus (HCV) has been 
decreased substantially due to patients´ 
sustained response to antiviral drugs (Kanwal et 
al., 2017; Kouroumalis et al., 2023). 
Nonetheless, cirrhotic patients remain at high 
risk for HCC incidence even after clearance of 
HCV (Llovet et al., 2021). Hence, cirrhosis from 
any etiology is the strongest risk factor for HCC 
(EASL, 2018; Marrero et al., 2018). HCC 
represents a global health challenge, because 
most patients are diagnosed in advanced or 
terminal stages with poor prognosis (Hyuga et 
al., 2017).  
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Therefore, to prepare individual therapy plan 
for HCC patient, clinical markers should be 
identified to correlate with the ideal prognosis 
and stage. 

Hypoxia is a common characteristic in 
metastatic tumors where hypoxic regions are 
characterized by low oxygen content in addition 
to an acidic extracellular pH (van Kuijk et al., 
2016). Tumor cells are adapted to the hypoxia 
of tumor microenvironment by a shift in their 
metabolism from mitochondrial oxidative 
phosphorylation to aerobic glycolysis in the 
cytosol as a source of energy (Vander Heiden et 
al., 2009). This shift results in increased 
amounts of lactic acid which are exported from 
the cells, thus lowering the extracellular pH. 
Therefore, the role of carbonic anhydrase (CA) 
in this point is to help tumor cells to regulate 
their intracellular pH at or near the physiological 
pH=7.4 (Sadri and Zhang, 2013; Mahon et al., 
2015). 

CAs are a family of metalloenzymes that contain 
zinc ion in the active site. They catalyze the 
rapid reversible hydration of carbon dioxide 
into bicarbonate and H+ (Aggarwal et al., 2013).  
In humans there are 15 isoforms of CAs of which 
carbonic anhydrase IX (CA9) is more common in 
solid tumor tissue than normal tissue (Frost, 
2014). CA9 is a transmembrane isoenzyme with 
an extracellular catalytic domain, which is 
important in regulating the cellular pH through 
the hydrolysis of carbon dioxide, produced as a 
waste product during tumor cell glycolysis, to 
bicarbonate and H+ (Helmlinger et al., 2002; 
Pastorek and Pastorekova, 2015). The 
bicarbonate anions are transported into the cell 
to slightly increase the intracellular pH and 
promote tumor cell proliferation. While the 
produced protons remain extracellularly thus 
increasing the acidic nature of the tumor´s 
extracellular environment (Benej et al., 2014; 
Pastorek and Pastorekova, 2015). Therefore, 
CA9 has gained a prognostic value, as a 
biomarker, in cancer (van Kuijk et al., 2016). The 
objective of this study was to evaluate the role 
of CA9 as a serum marker in the diagnosis and 
prognosis of Egyptian patients with cirrhosis 
and HCC, which has not been investigated 
previously. 

 

MATERIAL AND METHODS 
Ethical statement 

The present study was carried out according to 
the guidelines for good clinical practice and 
approved by the institutional ethical committee 
of the National Liver Institute, Menoufia 
University, Egypt with approval ID 
(00367/2022). Moreover, informed written 
consents were taken from all subjects. 

Study subjects 

Fifty-eight cirrhotic patients, sixty HCC patients, 
and fifty-eight healthy control volunteers 
(control subjects were age and sex-matched 
with cases) were recruited from National Liver 
Institute, Menoufia University, Egypt in the 
period between May 2020 to June 2022. 
Exclusion criteria were any patient with 
metabolic, autoimmune, alcoholic, and fatty 
liver diseases, age below 18 years, HIV patients, 
or patients with cancer other than HCC within 
the last five years. Inclusion criteria were the 
proven HCC and cirrhotic patients according to 
the following guidelines: Ultrasound, magnetic 
resonance imaging (MRI), or computed 
tomography (CT) and confirmed 
histopathologically if needed (Song and Bae, 
2012). Child-Pugh classification was calculated 
for all cirrhotic and HCC patients according to 
Pugh et al. (1973). HCC treatment was 
determined by the Barcelona Clinic Liver Cancer 
(BCLC) staging system (Llovet et al., 1999). 

Blood sampling 

Venous blood was withdrawn from all subjects 
and divided into three vacutainer tubes: one 
with sodium citrate, one with EDTA, and one 
without anticoagulant. The third tube was 
allowed to clot, then centrifuged to obtain clear 
supernatant sera, which were stored at -80 ºC 
for further measurements. 

Methodology 

EDTA mixed blood samples were used to detect 
complete blood picture (CBC) on an automatic 
cell counter; Sysmex XT 1800 (Germany). While 
citrated plasma samples were used to detect 
prothrombin time (PT) using BFT II operates 
depending on the optomechanical measuring 
principle.  



CA9 in cirrhotic and HCC Egyptian patients... 
 

IJCBR Vol. 7(3): 1-11  3 

The results of PT were expressed as the 
International normalized ratio (INR) utilizing the 
prothrombin ratio (PR) and international 
sensitivity index (ISI). The control value for PT 
was 11.5 seconds which equals 100% 
concentration and an international ratio INR of 
1. 

C-reactive protein (CRP), liver function 
parameters; including aspartate 
aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase 
(ALP), gamma-glutamyl transferase (GGT), total 
& direct bilirubin, albumin, and total protein; 
and kidney functions tests; urea and creatinine; 
were carried out in separated sera using Cobas 
6000 (c 501 modules) auto analyzer, Roche 
diagnostics, Germany, according to 
manufacturer instructions for each parameter. 
Viral markers including HCV antibody and 
hepatitis B surface antigen (HBsAg) were done 
by the electrochemiluminescence 
immunoassay (ECLIA) using Cobas 6000 (e 601 
modules) according to their manufacturer 
instructions. 

Sandwich enzyme linked immune sorbent assay 
(Sandwich ELISA) was used for the detection of 
serum alpha-fetoprotein (AFP) using a solid 
phase ELISA kit from Sorin Biomedica (USA). 
Carbonic anhydrase IX (CA 9) was quantitatively 
evaluated in serum using ELISA kit (Bioneovan 
Co., Ltd No. 18, Beijing, China) according to its 
manufacturer´s instructions. Optical density 
proportional to CA9 concentration was 
measured at 450 nm using BiotekElx 800-UV 
microtiter plate reader (Murex Biotech S.A.(Pty) 
Ltd, Republic of South Africa).  

Statistical Analysis 

Data were analyzed statistically using SPSS 22.0 
(IBM/SPSS Inc., Chicago, IL). Normally 
distributed quantitative data was expressed as 
mean ± standard deviation (SD), while not 
normally distributed data was expressed as 
median and interquartile range (IQR).  Chi-
square test was used to measure the 
association between qualitative variables as 
appropriate. Mann-Whitney test was used for 
quantitative variables to compare between two 
groups of skewed data and when comparison 
was among more than two groups Kruskal-
Walli’s test followed by Dunn-Sidak post hoc 

test was used. In addition, correlation analysis 
using Spearman’s correlation coefficient (rs), 
and receiver operating characteristic (ROC) 
analysis were used. In all applied tests, the p-
values < 0.05 was considered significant, and p-
values < 0.01 was considered highly significant. 

RESULTS 
Demographic data and subjects’ characteristics 

In the present study 60 HCC patients (50 males, 
83.3% and 10 females, 16.7%) with median ages 
57.00, 58 liver cirrhotic patients (50 males, 
86.2% and 8 females, 13.8%) with median ages 
58.00, and 58 control subjects (48 males, 82.8% 
and 10 females, 17.2%) with median ages of 
55.00, were included. The statistical analysis 
revealed that there was no significant (p>0.05) 
difference in age and gender among the three 
studied groups as demonstrated in Table (1). In 
addition, data presented in Table (1) showed 
that cirrhotic and HCC patients suffered from 
highly significant (p<0.05) increases in ALT, AST, 
ALP, GGT, total and direct bilirubin, INR, urea, 
and creatinine accompanied with highly 
significant (p<0.01) decrease in hemoglobin 
concentration, platelet count, and serum 
albumin as compared to healthy control cases. 
While only cirrhotic patients showed a highly 
significant (p<0.01) decrease in total protein 
and a highly significant (p<0.01) rise in WBCs 
count compared to control group. Moreover, 
HCC patients showed a highly significant 
(p<0.01) elevation in albumin, total protein, and 
hemoglobin and significant (p<0.05) reduction 
in ALP, GGT, direct bilirubin, urea, creatinine, 
WBC, and INR in comparison with cirrhotic 
group.  

The observed clinico-pathological parameters 
for both cirrhotic and HCC patients, as 
demonstrated in Table 1, showed that HCC 
patients were divided according to child 
classification into 46.7% (child A), 16.7% (child 
B) and 36.7% (child C), while cirrhotic patients 
represent 13.8% (child A), 41.4% (child B) and 
44.8% (child C). Another classification for HCC 
patients according to BCLC score illustrates that 
36.7% (A/B), and 63.3% (C/D). There was 
significant (p<0.01) difference between the 
groups in, child score, child classification, 
jaundice, and the proportion of blood 
transfused cases.  
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Table 1. Demographic data and subjects’ characteristics 

  Healthy controls (n= 58) Cirrhotic patients (n= 58) HCC patients (n= 60) 
Age (years)a       
 Median (IQR) 55.0 (50.0-58.0) 58.0 (51.0-63.0) 57.0 (54.0-62.0) 
Gender [n (%)]b    
 Male 48 (82.8) 50 (86.2) 50 (83.3) 
 Female 10 (17.2) 8 (13.8) 10 (16.7) 
ALT (U/L) a    
 Median (IQR) 26.00 (21.0-31.0) 36.5 (17.0-64.0)** 39.0 (25.0-56.0)** 
AST (U/L) a    
 Median (IQR) 22.0 (18.0-30.0) 68.0 (33-126)** 45.0 (31.0-76.0)** 
ALP (U/L) a    
 Median (IQR) 47.5 (41.0-52.0) 174.5 (112.0-242.0)** 74.5 (51.0-143.5)** ## 
GGT (U/L) a    
 Median (IQR) 40.00 (37.0-48.0) 67.5 (39.0-146.0)** 48.0 (38.5-71.0)*# 
Total bilirubin (mg/dL) a    
 Median (IQR) 0.73 (0.60-0.87) 2.55 (1.30-4.90)** 1.60 (0.90-4.60)** 
Direct bilirubin (mg/dL) a    
 Median (IQR) 0.16 (0.11-0.20) 1.70 (0.60-2.60)** 0.49 (0.30-2.20)**# 
Albumin (g/dL) a    
 Median (IQR) 4.00 (3.80-4.20) 2.55 (2.10-3.00)** 3.00 (2.10-3.80)**## 
Total protein (g/dL) a    
 Median (IQR) 6.90 (6.70-7.10) 6.40 (5.30-6.90)** 6.80 (6.50-7.00)## 
Urea (mg/dL) a    
 Median (IQR) 27.00 (22.0-29.0) 60.0 (35.0-127.0)** 29.50 (20.0-87.5)*## 
Creatinine (mg/dL) a    
 Median (IQR) 0.80 (0.7-1.0) 1.11 (0.85-2.6)** 1.02 (0.8-1.2)**# 
Hemoglobin (g/dL) a     
 Mean ± SD 14.67 ± 1.01 10.56 ± 1.65** 11.85 ± 2.10**## 
WBCs (103 cell/µL) a    
Median (IQR) 5.85 (5.0-6.4) 7.45 (5.3-10.7)** 5.80 (4.3-10.3)# 
Platelets (103 cell/µL) a    
 Median (IQR) 287.5 (254.0-317.0) 95.5 (65.0-171.0)** 100.5 (65.5-157.0)** 
INR a    
 Median (IQR) 1.05 (1.0-1.1) 1.46 (1.2-1.8)** 1.28 (1.1-1.5)**# 
Child score c    
Median (IQR) - 9.00 (8.0-11.0) 7.00 (5.0-11.0)## 
Child classification [n (%)]b   ## 
 A - 8 (13.8) 28 (46.7)  
 B - 24 (41.4) 10 (16.7) 
 C - 26 (44.8) 22 (36.7) 
BCLC score [n (%)]    
 A/B - - 22 (36.7) 
 C/D - - 38 (63.3) 
Ascites [n (%)]b     
 No - 26 (44.8) 36 (60.0) 
Yes - 32 (55.2) 24 (40.0) 
Encephalopathy [n (%)]b     
 No - 36 (62.1) 38 (63.3) 
 Yes - 22 (37.9) 22 (36.7) 
Etiology of liver disease [n(%)] b     
 Hepatitis C - 48 (82.8) 52 (86.7) 
 Hepatitis B - 10 (17.2) 8 (13.3) 
Jaundice [n (%)] b   ## 
 No - 36 (62.1) 50 (83.3) 
 Yes - 22 (37.9) 10 (16.7) 
Blood transfusion [n (%)] b      ## 
 No - 20 (34.5) 38 (63.3)  
 Yes - 38 (65.5) 22 (36.7) 

 

Data are presented as median (IQR) or percent within group (%) or mean±standard deviation (SD), a: Kruskal-Walli’s test; if significant, 
multiple pairwise comparisons were adjusted by Dunn-Sidak post hoc test. b: Pearson chi-square test. c: Mann-Whitney test. *: Significant 
(p<0.05) compared to control, **: Highly significant (p<0.01) compared to control. #: Significant (p<0.05) compared to liver cirrhosis, ##: Highly 
significant (p<0.01) compared to liver cirrhosis. IQR: Interquartile range, ALT: alanine aminotransferase, AST: aspartate aminotransferase, 
ALP: alkaline phosphatase, GGT: gamma-glutamyl transferase, WBCs: white blood cells, INR: International normalized ratio, BCLC: Barcelona 
Clinic Liver Cancer. 
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Changes in the measured serum biomarkers 
were illustrated in Table 2. The levels of CA9, 
AFP, and CRP were significantly (p<0.01) higher 
in cirrhosis and HCC cases than in controls. 
Although, no significant difference was 
detected between cirrhotic and HCC patients in 
CA9 and CRP. Noticeably, there was a highly 
significant (p<0.01) increase in the AFP 
concentration in HCC patients as compared to 
cirrhotic cases. 

Correlation between CA9 and different 
parameters in cirrhosis and HCC cohorts 

Spearman correlation coefficient was used to 
evaluate the correlation between CA9 and 
different parameters in cirrhosis and HCC 
cohorts. In HCC patients significant (p<0.05) 
positive correlation was detected between CA9 
and AFP, ALT, AST, ALP, GGT, total and direct 
bilirubin, CRP, and child score. In cirrhotic 
patients a significant (p<0.05) positive 
correlation was detected between CA9 and ALT, 
AST, total and direct bilirubin, CRP, and child 
score. In contrast, there were significant 
(p<0.05) inverse correlations between CA9 and 
albumin among all patients’ groups (Table 3). 

Furthermore, statistical analysis using Mann-
Whitney and Kruskal-Wallis tests demonstrated 
that, CA9 was directly proportional (p<0.01) 
with BCLC staging, child Pugh classification, 
ascites, and encephalopathy in HCC patients, 
proving that the level of CA9 was increased with 
the development of disease. No significant 
difference was detected between CA9 and the 
type of viral infection (Table 4). In cirrhotic 
patients, there was significant (p<0.01) increase 
in the level of CA9 in comparison with child Pugh 
classification and ascites, while no significant 
difference was detected in comparing CA9 with 
encephalopathy and type of viral infection 
(Table 5). 

Diagnostic performance of CA9 and AFP for 
discrimination between studied groups 

Firstly, to discriminate between HCC and 
cirrhotic patients, data presented in Table 6 and 
Figure 1a showed that at the cutoff value > 6.3 
ng/mL AFP level will be more specific to 
discriminate between stages of cirrhosis and 
HCC with the specificity of 75.86% and 
sensitivity of 80.0%.  

While, at the cutoff value > 426 pg/mL CA9 has 
a sensitivity of 51.67% and specificity of 46.55%. 
On the other hand, in discrimination between 
HCC patients and healthy control group CA9 at 
cutoff value >85 pg/mL was more specific than 
AFP, with a specificity of 94.83% and a 
sensitivity of 95%, as presented in Table 6 and 
Fig. 1b. Finally, at a cutoff value > 54.7 pg/mL, 
CA9 recorded more diagnostic accuracy with 
higher sensitivity (93.1%) and specificity 
(82.76%) to differentiate between patients with 
cirrhosis and control group than serum AFP 
level (Table 6 and Figure 1c). 

DISCUSSION  

Hypoxia is a major stimulus of angiogenesis, 
fibrogenesis, and tumor progression 
(Rosmorduc and Housset, 2010). It is a known 
risk factor for poor prognosis and resistance to 
therapy in tumors. Several chemical substances 
are triggered intracellularly in malignant cells, 
under hypoxic conditions, which clear the way 
for cancer cell survival in harsh environments. 
These substances play crucial roles in the 
growth, invasiveness, and metastasis of tumor 
cells. 

 Hypoxia-inducible factor 1α (HIF1α), a key 
molecule in oxygen homeostasis, is generally 
induced by hypoxic stimuli (Wang et al., 1995) 
resulting in the production of several hypoxia-
related molecules, such as glucose transporter1 
(GLUT1), vascular endothelial growth factor 
(VEGF) and CA9 (Kim et al., 2002; Amann and 
Hellerbrand, 2009; Pastorek and Pastorekova, 
2015). CA9 is a pH lowering enzyme 
(Pastorekova et al., 2008) that was reported as 
the most important member of its family for 
tumorigenesis and prognostication in various 
tumors (Korkeila et al., 2009; Woelber et al., 
2011; Gigante et al., 2012; Fidan et al., 2013; 
Smith et al., 2016). Therefore, CA9 has gained 
interest as a biomarker in malignancies. An 
evaluation of circulating CA9 in Egyptian 
patients with HCC and cirrhosis has not yet been 
done to our knowledge, therefore, this study 
was conducted to evaluate the role of CA9 as a 
serum marker for those patients.  

The present study revealed statistically 
significant difference in HCC cohort than 
cirrhotic   group   regarding   ALP,   GGT,   direct  
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Table 2. Serum biomarkers (CA9, AFP and CRP) in control, liver cirrhosis, and HCC groups 

 Healthy controls (n=58) Liver cirrhosis (n=58) HCC (n=60) 

CA9 (pg/mL)a    
Median (IQR) 33.80 (21.8-53.0) 432.80 (167.2-751.1)** 490.60 (152.6-1264.8)** 
AFP (ng/mL) a    
Median (IQR) 1.50 (1.1-2.0) 3.35 (1.9-6.3)** 116.00 (7.4-1121.5)**## 
CRP (mg/dL) a    
Median (IQR) 2.45 (1.0-3.0) 32.70 (11.4-55.0)** 57.60 (14.5-99.2)** 

Data are presented as median (IQR), a: Kruskal-Walli’s test; if significant, multiple pairwise comparisons were adjusted by Dunn-Sidak post 
hoc test, **: Highly significant (p<0.01) compared to control, ##: Highly significant (p<0.01) compared to liver cirrhosis, IQR: Interquartile 
range, CA9: carbonic anhydrase IX, AFP: alpha-fetoprotein, CRP: C-reactive protein. 

 
Table 3. Correlation between CA9 (pg/mL) and various parameters 

 

Correlated parameters CA9 (pg/mL)  
 Liver cirrhosis HCC 

rs p-value rs p-value 
Age  (Years) 0.128 0.339NS 0.213 0.102NS 
AFP (ng/mL) 0.171 0.200 NS 0.385 0.002HS 

ALT (U/L) 0.284 0.030S 0.415 0.001HS 
AST (U/L) 0.273 0.038S 0.506 <0.001HS 
ALP (U/L) -0.013 0.922NS 0.272 0.036S 
GGT (U/L) -0.047 0.729NS 0.337 0.009HS 

Total bilirubin (mg/dL) 0.345 0.008HS 0.448 <0.001HS 
Direct bilirubin (mg/dL) 0.388 0.003HS 0.392 0.002HS 

Albumin (g/dL) -0.384 0.003HS -0.479 <0.001HS 
Total protein (g/dL) -0.164 0.218NS -0.245 0.059NS 

INR 0.243 0.066NS 0.140 0.286NS 
Urea (mg/dL) 0.082 0.542NS 0.131 0.319NS 

Creatinine (mg/dL) 0.082 0.540NS 0.004 0.974NS 
CRP (mg/dL) 0.381 0.003HS 0.416 0.001HS 

Hemoglobin (g/dL) 0.156 0.241NS -0.195 0.139NS 
WBCs (103 cell/µL) 0.247 0.062NS 0.223 0.087NS 

PLT (103 cell/µL) -0.191 0.151NS 0.179 0.172NS 
Child score 0.472 <0.001HS 0.472 <0.001HS 

rs: Spearman correlation coefficient, NS : Non significant at p-value  ≥ 0.05, S: Significant at p-value  < 
0.05, HS: Highly significant at p-value  < 0.01 
 

Table 4. Comparison between CA9 and clinic-pathological parameters in HCC group 

Parameters CA9 (pg/mL) 
no of cases (%) Median (IQR) p-value  

BCLC staging   a=0.002 HS 
A / B 22 (36.7) 241.2 (88.2-588.0)  
C / D 38 (63.3) 699.7 (337.1-2016.9)  
Child Pugh classification   b0.001 HS 
A 28 (46.7) 294.8 (93.35-593.0)  
B 10 (16.7) 944.0 (336.1-1508.3)  
C 22 (36.7) 1264.8 (367.9-2192.5)  
Ascites   a<0.001HS 
Absent 36 (60.0) 342.2 (104.2-699.7)  
Present 24 (40.0) 1343.8 (388.6-2109.7)  
Encephalopathy   a=0.010S 
Absent 38 (63.3) 352.4 (106.7-911.2)  
Present 22 (36.7) 944.0 (367.0-2024.5)  
Etiology of liver disease   a=0.287NS 
Hepatitis C 52 (86.7) 506.8 (195.6-1264.8)  
Hepatitis B 8 (13.3) 336.9 (85.3-1287.8)  

 

a: Mann-Whitney test, b: Kruskal-Walli’s test; if significant, multiple pairwise comparisons were 
adjusted by Dunn-Sidak post hoc test. HS: Highly significant at p-value < 0.01, S: Significant at p-value 
< 0.05, NS: Non-significant at p-value ≥ 0.05. IQR: Interquartile range, CA9: carbonic anhydrase IX, 
BCLC: Barcelona Clinic Liver Cancer. 
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Table 5. Comparison between CA9 and clinic-pathological parameters in liver cirrhosis group 
 

Parameters CA9 (pg/mL) 
no of cases (%) Median (IQR) p-value  

Child Pugh classification   a<0.001HS 
A 8 (13.8) 62.24 (45.2-92.9)  
B 24 (41.4) 509.3 (338.2-859.4)  
C 26 (44.8) 699.0 (402.0-751.1)  
Ascites   b <0.001HS 
Absent 26 (44.8) 403.5 (62.7-430.0)  
Present 32 (55.2) 713.6 (435.6-907.2)  
Encephalopathy   b =0.158NS 
Absent 36 (62.1) 412.5 (63.7-824.2)  
Present 22 (37.9) 543.2 (414.5-722.8)  
Etiology of liver disease   b =0.629NS 
Hepatitis C 48 (82.8) 488.2 (210.3-735.4)  
Hepatitis B 10 (17.2) 421.0 (54.8-826.2)  

 

a: Kruskal-Walli’s test; if significant, multiple pairwise comparisons were adjusted by Dunn-Sidak post 
hoc test. b: Mann-Whitney test, HS: Significant at p-value < 0.01, NS: Non-significant at p-value ≥ 0.05. 
IQR: Interquartile range, CA9: carbonic anhydrase IX. 

 
Table 6. Diagnostic performance of CA9 and AFP for discrimination between different studied groups 

 Cutoff value AUC p-value Sensitivity % Specificity % PPV % NPV % Accuracy % 

HCC vs. cirrhosis         
CA9 (pg/mL) > 426 0.553 0.319NS 51.67 46.55 50.0 48.2 49.15 
AFP (ng/mL) > 6.3 0.844 <0.001HS 80.0 75.86 77.4 78.6 77.97 
HCC vs. control         
CA9 (pg/mL) > 85 0.987 <0.001HS 95.0 94.83 95.0 94.8 94.92 
AFP (ng/mL) > 2.8 0.972 <0.001HS 90.0 89.66 90.0 89.7 89.83 
Cirrhosis vs. control         
CA9 (pg/mL) > 54.7 0.955 <0.001HS 93.1 82.76 84.4 92.3 87.93 
AFP (ng/mL) > 1.91 0.817 <0.001HS 72.41 70.69 71.2 71.9 71.55 

AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative predictive value, HCC: hepatocellular carcinoma, CA9: carbonic 
anhydrase IX, AFP: alpha-fetoprotein. NS: Non-significant at p-value > 0.05. HS: Highly significant at p-value< 0.01. 

 

 
Figure 1. ROC curves of CA9 and AFP for discrimination between (a) HCC and cirrhosis (b) HCC and healthy control (c) cirrhosis 
and healthy control 
 
bilirubin, albumin, total protein, INR, 
hemoglobin, platelets count, WBCs count, 
jaundice, child score and classification in 
addition to AFP level. These results agree with 
previous findings of Carr and Guerra (2017), 
Omar et al. (2020), El-Hawawshy et al. (2021), 
and Sharaf et al. (2022). According to Sharaf et 
al. (2022), these substantial alterations were 

linked to the damage of liver parenchyma 
caused by the growth of the tumor. Moreover, 
HCC patients showed significant differences 
from cirrhotic patients regarding urea, and 
creatinine. In their study, Bai et al. (2021) 
observed a noteworthy rise in urea levels 
among cancer patients, while the increase in 
creatinine levels was not statistically significant. 
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The findings suggest that elevated serum urea 
may be a prevalent occurrence in individuals 
with cancer. 

Current study reported significant direct 
proportion (p<0.01) between CA9 and BCLC 
staging, child Pugh score and classification, 
encephalopathy, and ascites in HCC patients 
and significant direct proportion (p<0.05) 
between CA9 and child Pugh score and 
classification, and ascites in cirrhotic patients. 
These results indicate that the level of CA9 
increased with the development of the disease. 
No significant difference was detected between 
CA9 and the type of viral infection of both HCC 
and cirrhotic cases. Previous data agree with 
Finkelmeier et al. (2018) who reported that CA9 
levels did not significantly vary with the 
indicated etiologies of liver disease (HBV, HCV 
infection or , non-alcoholic steatohepatitis), but 
significantly changed in different stages of 
cirrhosis and HCC patients, with the highest 
levels found in Child C stage patients and BCLC 
C or D stage HCC patients.  

Our findings showed that CA9 has higher 
accuracy than AFP to differentiate between HCC 
(at cutoff value>85 pg/mL) or cirrhotic patients 
(at cutoff value>54.7 pg/mL) and control with 
greater sensitivity and specificity than AFP. On 
the other hand, CA9 showed lower sensitivity 
and specificity than AFP in discrimination 
between cirrhosis and HCC only 51.67% and 
46.55%, respectively. Previous studies reported 
that tumor stage is a crucial histopathological 
factor in determining prognosis (Poon et al., 
2000; Peng et al., 2005). In other studies, they 
found that CA9 expression is an independent 
predictor for high-stage HCCs (Hyuga et al., 
2017; Finkelmeier et al., 2018) which is 
consistent with the reports regarding various 
human cancers (Loncaster et al., 2001; Swinson 
et al., 2003; Måseide et al., 2004; Haapasalo et 
al., 2006; Hussain et al., 2007). Huang et al. 
(2015) showed positive CA9 expression in the 
HCCs correlated with high serum AFP levels and 
high tumor grade, but not liver cirrhosis. 
Importantly, high-stage (stage II-III) HCCs, which 
have vascular invasion and various degrees of 
intrahepatic metastasis, had significant CA9 
expression as compared with low-stage HCCs 
(Huang et al., 2015).  

Moreover, Yu et al. (2011) demonstrated that 
CA9 expressed in 30.4% of HCCs, but neither the 
extent nor the intensity of CA9 immune-
reactivity correlates with clinic-pathological 
variables. 

Studies on CA9 expression in HCCs are sparse. 
Luong-Player et al. (2014) found that CA9 
expressed focally in only 15% of HCCs and its 
expression may be useful in differentiating HCC 
from intrahepatic cholangiocarcinoma. In the 
liver, it has been reported that 78% of 
cholangio-carcinomas show a positive reaction 
for CA9, whereas HCCs show a weak immune-
reactivity in only 33% of cases (Saarnio et al., 
2001). On the level of CA9 prognostic value, 
Yuan et al. (2014) reported that tumoral CA9 
intensity was found to be inversely related to E-
cadherin intensity; increases in E-cadherin 
intensity may predict a favorable prognosis. 
Furthermore, when CA9 expression was 
suppressed by siRNA, E-cadherin expression 
was increased. The ability of CA9 to adhere to β-
catenin (Haapasalo et al., 2006) is consistent 
with the suggestion that hypoxia can promote 
tumor invasion by decreasing E-cadherin-
mediated intercellular adhesion, offering the 
possibility that CA9 participates in epithelial-
mesenchymal transition (Peng et al., 2004; 
Rosmorduc and Housset, 2010). Moreover, an 
alkaline intracellular pH and an acidic 
extracellular pH have been hypothesized to 
increase tumor growth (Martinez-Zaguilan et 
al., 1996). Thus, in CA9-expressing HCCs, CA9 
inhibition could be therapeutically useful for 
reducing tumor survival or invasiveness and 
metastasis. The study of Yu et al. (2011) 
demonstrates that the inhibition of hypoxia-
inducible CA9 enhances 3-BP-induced HCC cell 
apoptosis and that CA9 expression profiles may 
have prognostic implications in HCC patients. 
Thus, the blockage of CA9 in combination with 
hexokinase II inhibitor treatment may be 
therapeutically useful in patients with large or 
infiltrative hypovascular HCCs that are 
aggressively growing in a hypoxic environment 
(Yu et al. 2011). 

CONCLUSIONS 

From the previous findings we can conclude 
that CA9 can be a promising prognostic marker 
for Egyptian HCC cases. Further studies 
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targeting CA9 should be performed to test the 
possibility of inhibiting CA9 function for the 
treatment of HCC patients. 
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GGT: gamma-glutamyl transferase, CRP: C-
reactive protein, BCLC: Barcelona Clinic Liver 
Cancer, HCV: hepatitis C virus, HBsAg: hepatitis 
B surface antigen, MRI: magnetic resonance 
imaging, CT: computed tomography, PT: 
prothrombin time, INR: International 
normalized ratio, ELISA: enzyme-linked immune 
sorbent assay, SD: standard deviation, IQR: 
interquartile range, ROC: receiver operating 
characteristic, WBCs: white blood cells. 

REFERENCES 
Aggarwal M, Boone CD, Kondeti B, McKenna R. 

(2013). Structural annotation of human 
carbonic anhydrases. J. Enzyme Inhib. Med. 
Chem., 28(2):267-277. doi: 
10.3109/14756366.2012.737323. 

Amann T, Hellerbrand C. (2009). GLUT1 as a 
therapeutic target in hepatocellular carcinoma. 
Expert. Opin. Ther. Targets, 13(12):1411-1427. 
doi: 10.1517/14728220903307509. 

Bai C, Wang H, Dong D, Li T, Yu Z, Guo J, Zhou W, Li 
D, Yan R, Wang L, Wang Z, Li Y, Ren L. (2021). 
Urea as a by-product of ammonia metabolism 
can be a potential serum biomarker of 
hepatocellular carcinoma. Front Cell Dev. Biol., 
9:650748. doi: 10.3389/fcell.2021.650748. 

Benej M, Pastorekova S, Pastorek J. (2014). Carbonic 
anhydrase IX: regulation and role in cancer. In: 
Frost SC, McKenna R (eds) Carbonic anhydrase: 

mechanism, regulation, links to disease, and 
industrial applications, Subcellular 
Biochemistry: Springer, The Netherlands, 
pp.199-219. 

Carr BI, Guerra V. (2017). Validation of a liver index 
and its significance for HCC aggressiveness. J 
Gastrointest. Cancer, 48(3):262-266. doi: 
10.1007/s12029-017-9971-4. 

El-Hawawshy MM, Shalaby MA, Assem AA. (2021). 
Tissue factor in cirrhotic and hepatocellular 
carcinoma patients. Al-Azhar Med. J., 
50(4):2971-2982. 

European Association for the Study of the Liver. EASL 
clinical practice guidelines: management of 
hepatocellular carcinoma (2018). J. Hepatol., 
69(1):182-236. doi: 
10.1016/j.jhep.2018.03.019. 

Fidan E, Mentese A, Ozdemir F, Deger O, Kavgaci H, 
Caner Karahan S, Aydin F. (2013). Diagnostic 
and prognostic significance of CA IX and suPAR 
in gastric cancer. Med. Oncol., 30(2):540. doi: 
10.1007/s12032-013-0540-9. 

Finkelmeier F, Canli Ö, Peiffer KH, Walter D, Tal A, 
Koch C, Pession U, Vermehren J, Trojan J, 
Zeuzem S, Piiper A, Greten FR, Grammatikos G, 
Waidmann O. (2018). Circulating hypoxia 
marker carbonic anhydrase IX (CA9) in patients 
with hepatocellular carcinoma and patients 
with cirrhosis. PLoS One, 13(7):e0200855. doi: 
10.1371/journal.pone.0200855.  

Frost SC. (2014). Physiological functions of the alpha 
class of carbonic anhydrases. Subcell. 
Biochem., 75:9-30. doi: 10.1007/978-94-007-
7359-2_2. 

Gigante M, Li G, Ferlay C, Perol D, Blanc E, Paul S, 
Zhao A, Tostain J, Escudier B, Negrier S, Genin 
C. (2012). Prognostic value of serum CA9 in 
patients with metastatic clear cell renal cell 
carcinoma under targeted therapy. Anticancer 
Res., 32(12):5447-5451. 

Haapasalo JA, Nordfors KM, Hilvo M, Rantala IJ, Soini 
Y, Parkkila AK, Pastoreková S, Pastorek J, 
Parkkila SM, Haapasalo HK. (2006). Expression 
of carbonic anhydrase IX in astrocytic tumors 
predicts poor prognosis. Clin. Cancer Res., 
12(2):473-477. doi: 10.1158/1078-0432.CCR-
05-0848.  

Helmlinger G, Sckell A, Dellian M, Forbes NS, Jain RK. 
(2002). Acid production in glycolysis-impaired 
tumors provides new insights into tumor 
metabolism. Clin. Cancer Res., 8(4):1284-1291. 

Huang WJ, Jeng YM, Lai HS, Fong IU, Sheu FY, Lai PL, 
Yuan RH. (2015). Expression of hypoxic marker 
carbonic anhydrase IX predicts poor prognosis 
in resectable hepatocellular carcinoma. PLoS 
One, 10(3):e0119181. doi: 
10.1371/journal.pone.0119181.  



 Abd El Latif et al., 2023 
 

 

 

  IJCBR Vol. 7(3): 1-11 10 

Hussain SA, Ganesan R, Reynolds G, Gross L, Stevens 
A, Pastorek J, Murray PG, Perunovic B, Anwar 
MS, Billingham L, James ND, Spooner D, Poole 
CJ, Rea DW, Palmer DH. (2007). Hypoxia-
regulated carbonic anhydrase IX expression is 
associated with poor survival in patients with 
invasive breast cancer. Br. J. Cancer, 96(1):104-
109. doi: 10.1038/sj.bjc.6603530. 

Hyuga S, Wada H, Eguchi H, Otsuru T, Iwgami Y, 
Yamada D, Noda T, Asaoka T, Kawamoto K, 
Gotoh K, Takeda Y, Tanemura M, Umeshita K, 
Doki Y, Mori M. (2017). Expression of carbonic 
anhydrase IX is associated with poor prognosis 
through regulation of the 
epithelial-mesenchymal transition in 
hepatocellular carcinoma. Int. J. Oncol., 
51(4):1179-1190. doi: 10.3892/ijo.2017.4098. 

International Agency for Research on Cancer. 
GLOBOCAN 
2018. IARC https://gco.iarc.fr/today/online-
analysis-
map?v=2020&mode=population&mode_population
=continents&population=900&populations=900&ke
y=asr&sex=0&cancer=11&type=0&statistic=5&prev
alence=0&population_groupearth&color_palette=d
efault&map_scale=quantile&map_nb_colors=5&co
ntinent=0&rotate=%255B10%252C0%255D (2020). 

Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao 
Y, El-Serag HB. (2017). Risk of hepatocellular 
cancer in HCV patients treated with direct-
acting antiviral 
agents. Gastroenterology, 153(4):996-1005.e1. 
doi: 10.1053/j.gastro.2017.06.012. 

Kim KR, Moon HE, Kim KW. (2002). Hypoxia-induced 
angiogenesis in human hepatocellular 
carcinoma. J. Mol. Med. (Berl), 80(11):703-714. 
doi: 10.1007/s00109-002-0380-0.  

Korkeila E, Talvinen K, Jaakkola PM, Minn H, Syrjanen 
K, Sundstrom J, Pyrhönen S (2009). Expression 
of carbonic anhydrase IX suggests poor 
outcome in rectal cancer. Br. J. Cancer, 
100(6):874-880. doi: 10.1038/sj.bjc.6604949. 

Kouroumalis E, Tsomidis I, Voumvouraki A. (2023). 
Hepatocellular carcinoma after treatment of 
hepatitis C with direct-acting antivirals: a 
critical re-appraisal. Hepatoma Res., 9:4. 
http://dx.doi.org/10.20517/2394-
5079.2022.35. 

Llovet JM, Brú C, Bruix J. (1999). Prognosis of 
hepatocellular carcinoma: the BCLC staging 
classification. Semin. Liver Dis., 19(3):329-338. 
doi: 10.1055/s-2007-1007122.  

Llovet JM, Kelley RK, Villanueva A, Singal AG, 
Pikarsky E, Roayaie S, Lencioni R, Koike K, 
Zucman-Rossi J, Finn RS (2021). Hepatocellular 
carcinoma. Nat. Rev. Dis. Primers, 7(1):6. 
https://doi.org/10.1038/s41572-020-00240-3. 

Loncaster JA, Harris AL, Davidson SE, Logue JP, 
Hunter RD, Wycoff CC, Pastorek J, Ratcliffe PJ, 
Stratford IJ, West CM. (2001). Carbonic 
anhydrase (CA IX) expression, a potential new 
intrinsic marker of hypoxia: correlations with 
tumor oxygen measurements and prognosis in 
locally advanced carcinoma of the cervix. 
Cancer Res., 61(17):6394-6399. 

Luong-Player A, Liu H, Wang HL, Lin F. (2014). 
Immunohistochemical reevaluation of carbonic 
anhydrase IX (CA IX) expression in tumors and 
normal tissues. Am. J. Clin. Pathol., 141:219-
225. doi: 10.1309/ AJCPVJDS28KNYZLD. 

Mahon BP, Pinard MA, McKenna R. (2015). Targeting 
carbonic anhydrase IX activity and expression. 
Molecules, 20(2):2323-2348. doi: 
10.3390/molecules20022323. 

Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, 
Abecassis MM, Roberts LR, Heimbach JK. 
(2018). Diagnosis, staging, and management of 
hepatocellular carcinoma: 2018 practice 
guidance by the American Association for the 
Study of Liver Diseases. Hepatology, 68(2):723-
750. doi: 10.1002/hep.29913. 

Martinez-Zaguilan R, Seftor EA, Seftor RE, Chu YW, 
Gillies RJ, Hendrix MJ (1996). Acidic pH 
enhances the invasive behavior of human 
melanoma cells. Clin Exp Metastasis, 14(2):176-
186. doi: 10.1007/BF00121214. 

Måseide K, Kandel RA, Bell RS, Catton CN, O'Sullivan 
B, Wunder JS, Pintilie M, Hedley D, Hill RP. 
(2004). Carbonic anhydrase IX as a marker for 
poor prognosis in soft tissue sarcoma. Clin 
Cancer Res, 10:4464-4471. doi: 10.1158/1078-
0432.CCR-03-0541. 

Omar MZ, Elazab T, Abdelrahman A, Mohamed E. 
(2020). Clinical significance of serum Midkine 
level as a biomarker in diagnosis of 
hepatocellular carcinoma. Benha Med. J., 
37(Internal medicine and Hepatology):37-46. 
doi: 10.21608/bmfj.2020.20583.1185. 

Pastorek J, Pastorekova S. (2015). Hypoxia-induced 
carbonic anhydrase IX as a target for cancer 
therapy: from biology to clinical use. Semin. 
Cancer Biol., 31:52-64. 
doi:10.1016/j.semcancer.2014.08.002. 

Pastorekova S, Ratcliffe PJ, Pastorek J. (2008). 
Molecular mechanisms of carbonic anhydrase 
IX-mediated pH regulation under hypoxia. BJU 
Int. 101 Suppl., 4:8-15. doi: 10.1111/j.1464-
410X.2008.07642.x. 

Peng SY, Chen WJ, Lai PL, Jeng YM, Sheu JC, Hsu HC. 
(2004). High alpha-fetoprotein level correlates 
with high stage, early recurrence and poor 
prognosis of hepatocellular carcinoma: 
significance of hepatitis virus infection, age, 



CA9 in cirrhotic and HCC Egyptian patients... 
 

IJCBR Vol. 7(3): 1-11  11 

p53 and beta-catenin mutations. Int. J. Cancer, 
112(1):44-50. doi: 10.1002/ijc.20279. 

Peng SY, Ou YH, Chen WJ, Li HY, Liu SH, Pan HW, Lai 
PL, Jeng YM, Chen DC, Hsu HC. (2005). Aberrant 
expressions of annexin A10 short isoform, 
osteopontin and alpha-fetoprotein at 
chromosome 4q cooperatively contribute to 
progression and poor prognosis of 
hepatocellular carcinoma. Int. J. Oncol., 
26:1053-1061. 

Poon RT, Fan ST, Ng IO, Lo CM, Liu CL, Wong J. (2000). 
Different risk factors and prognosis for early 
and late intrahepatic recurrence after resection 
of hepatocellular carcinoma. Cancer, 89:500-
507. 

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, 
Williams R. (1973). Transection of the 
oesophagus for bleeding oesophageal varices. 
Br. J. Surg., 60(8):646-249. doi: 
10.1002/bjs.1800600817. 

Rosmorduc O, Housset C (2010). Hypoxia: a link 
between fibrogenesis, angiogenesis, and 
carcinogenesis in liver disease. Semin. Liver 
Dis., 30(3):258-270. doi: 10.1055/s-0030-
1255355.  

Saarnio J, Parkkila S, Parkkila AK, Pastoreková S, 
Haukipuro K, Pastorek J, Juvonen T, Karttunen 
TJ (2001). Transmembrane carbonic anhydrase, 
MN/CA IX, is a potential biomarker for biliary 
tumours. J. Hepatol., 35(5):643-649. doi: 
10.1016/s0168-8278(01)00193-3. 

Sadri N, Zhang PJ. (2013). Hypoxia-inducible factors: 
Mediators of cancer progression; prognostic 
and therapeutic targets in soft tissue sarcomas. 
Cancers (Basel), 5(2):320-33. doi: 
10.3390/cancers5020320. 

Sharaf A, Elbadrawy E, Abdellatif A, Abd Al Monem 
N. (2022). Frequency of hepatocellular 
carcinoma in cirrhotic patients after chronic 
hepatitis c infection treatment with direct-
acting antivirals. Afro-Egyptian Journal of 
Infectious and Endemic Diseases (AEJI), 
12(1):16-23. doi: 
10.21608/aeji.2021.98381.1183 

Smith AD, Truong M, Bristow R, Yip P, Milosevic MF, 
Joshua AM. (2016). The utility of serum ca9 for 
prognostication in prostate cancer. Anticancer 
Res., 36(9):4489-4492. doi: 
10.21873/anticanres.10994. 

Song DS, Bae SH. (2012). Changes of guidelines 
diagnosing hepatocellular carcinoma during 
the last ten-year period. Clin. Mol. Hepatol., 
18(3):258-267. doi: 
10.3350/cmh.2012.18.3.258. 

Suresh D, Srinivas AN, Kumar DP. (2020). Etiology of 
hepatocellular carcinoma: special focus on fatty 
liver disease. Front. Oncol., 10:601710. doi: 
10.3389/fonc.2020.601710. 

Swinson DE, Jones JL, Richardson D, Wykoff C, Turley 
H, Pastorek J, Taub N, Harris AL, O'Byrne KJ. 
(2003). Carbonic anhydrase IX expression, a 
novel surrogate marker of tumor hypoxia, is 
associated with a poor prognosis in non-
smallcell lung cancer. J. Clin. Oncol., 21:473-
482. doi: 10.1200/JCO.2003.11.132.   

van Kuijk SJA, Yaromina A, Houben R, Niemans R, 
Lambin P, Dubois LJ. (2016). Prognostic 
significance of carbonic anhydrase IX 
expression in cancer patients: A meta-analysis. 
Front. Oncol., 6:69. doi: 
10.3389/fonc.2016.00069. 

Vander Heiden MG, Cantley LC, Thompson CB. 
(2009). Understanding the Warburg effect: the 
metabolic requirements of cell proliferation. 
Science, 324(5930):1029-1033. doi: 
10.1126/science.1160809. 

Wang GL, Jiang BH, Rue EA, Semenza GL. (1995). 
Hypoxiainducible factor 1 is a basic-helix-loop-
helix-PAS heterodimer regulated by cellular O2 
tension. Proc. Natl. Acad. Sci. USA., 92(12): 
5510-5514. doi: 10.1073/pnas.92.12.5510. 

Woelber L, Kress K, Kersten JF, Choschzick M, Kilic E, 
Herwig U, Lindner C, Schwarz J, Jaenicke F, 
Mahner S, Milde-Langosch K, Mueller V, Ihnen 
M. (2011). Carbonic anhydrase IX in tumor 
tissue and sera of patients with primary cervical 
cancer. BMC Cancer, 11:12. doi: 10.1186/1471-
2407-11-12. 

Yu SJ, Yoon JH, Lee JH, Myung SJ, Jang ES, Kwak MS, 
Cho EJ, Jang JJ, Kim YJ, Lee HS. (2011). Inhibition 
of hypoxia-inducible carbonic anhydrase-IX 
enhances hexokinase II inhibitor-induced 
hepatocellular carcinoma cell apoptosis. Acta. 
Pharmacol. Sin., 32:912-920. doi: 
10.1038/aps.2011.24.  

Yuan RH, Lai HS, Hsu HC, Lai PL, Jeng YM. (2014). 
Expression of bile duct transcription factor 
hnf1β predicts early tumor recurrence and is a 
stage-independent prognostic factor in 
hepatocellular carcinoma. J. Gastrointest. 
Surg., 18:1784-1794. doi: 10.1007/s11605-014-
2596-z. 


