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Abstract

Aim of the study: Ultrasound surveillance for hepatocellular carcinoma (HCC) among cirrhotic patients is the 
currently used modality but it is operator dependent. Combining a tumor marker with ultrasound may improve 
sensitivity for early HCC detection. Our aim was to assess the galectin-3 level among HCC and cirrhotic patients 
on top of chronic hepatitis C to evaluate its possible role as a tumor marker for HCC surveillance among cirrhotic 
patients.

Material and methods: The study was conducted on 160 subjects. They were grouped as follows: group 1: 40 pa- 
tients with HCC secondary to liver cirrhosis on top of chronic hepatitis C; group 2: 40 patients with cirrhosis sec-
ondary to chronic hepatitis C; group 3: 40 patients with chronic hepatitis C without advanced fibrosis; group 4:  
40 healthy controls. Serum galectin-3 levels were determined in all subjects using ELISA.

Results: Serum galectin-3 level was significantly higher in HCC patients than in those with chronic hepatitis C 
(p < 0.001). Also it was significantly higher among cirrhotic patients than in patients with chronic hepatitis C  
(p < 0.001). But on comparing HCC patients with cirrhotic patients, serum galectin-3 levels were not significantly 
different (p = 0.926). 

Conclusions: Galectin-3 levels cannot be used as an additional method for surveillance of HCC among cirrhotic 
patients. 
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Introduction

Hepatocellular carcinoma (HCC) is one of the prime 
causes of cancer-related deaths globally [1] and the most 
frequent cancer in Egypt, comprising 23.8% of all ma-
lignancy cases, because of high hepatitis C virus (HCV) 
prevalence [2].

Liver cirrhosis is the main etiology for HCC [3]. Ear-
ly detection of HCC is important to achieve better man-
agement outcomes [4]. Ultrasound surveillance for HCC 
among cirrhotic patients is the currently used modality 
but it is operator-dependent and not without limitations 

[5]. Combining a tumor marker with ultrasound aims to 
improve sensitivity for early HCC detection [5]. 

Galectin-3 is known to affect HCC cell apoptosis, 
adhesion, migration, angiogenesis, and inflammatory 
responses, making it a possible tumor marker in HCC 
[6]. Also, it was discovered to be associated with worse 
prognosis in HCC patients [7, 8] and it can be a target 
for new therapies for HCC [9, 10]. 

Our aim was to assess the galectin-3 level among 
HCC and cirrhotic patients with chronic hepatitis C 
to identify its possible role as a tumor marker for HCC 
surveillance among cirrhotic patients.
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Material and methods

Materials

Sample size was calculated postulating that the 
mean level of galectin-3 in the HCC group was  
4.28 ng/ml (SD = 3.16) and 2.67 ng/ml (SD = 1.61) in 
the cirrhotic group without HCC [11]. It was estimat-
ed that 39 patients needed to be included for cirrhosis 
and HCC groups at 95% confidence interval (CI) (two- 
sided) and 80% power. The galectin-3 level in chronic 
hepatitis C without advanced fibrosis was assumed to 
be significantly lower than that in cirrhotic and HCC 
patients.

The study was conducted on 160 subjects. They 
were grouped as follows:
• group 1 (HCC group): 40 patients with HCC second-

ary to liver cirrhosis on top of chronic hepatitis C;
• group 2 (cirrhosis group): 40 subjects with cirrhosis 

secondary to chronic hepatitis C. All with acous-
tic radiation force impulse imaging (ARFI) score  
≥ 2.2 m/s plus either FIB-4 [12] > 3.25 or FIB-4  
> 1.45 with clinical and imaging evidence of cirrho-
sis. HCC was excluded using triphasic CT;

• group 3 (chronic hepatitis C group): 40 subjects with 
chronic hepatitis C without advanced fibrosis (with 
no clinical or sonographic evidence of liver cirrhosis 
plus FIB-4 < 1.45 and ARFI score < 1.4 m/s);

• group 4: 40 healthy controls.

Methods 

Data were collected regarding history, clinical find-
ings, complete blood count (CBC), serum aspartate 
and alanine aminotransferases (AST and ALT), se-
rum bilirubin, serum albumin, prothrombin activity, 
international normalized ratio (INR), α-fetoprotein 
(AFP), HCV antibodies, HBsAg and hepatitis B core 
antibody (HBcAb) using ELISA, and HCV RNA lev-
els in serum using real-time PCR assay. Liver disease 
severity was determined depending on the modified 
Child-Pugh score [13] and Model for End-Stage Liver 
Disease (MELD) score [13]. Imaging assessment relied 
on ultrasonography and ARFI score measurement. 
A triphasic computed tomography (CT) liver scan was 
carried out within 12 weeks prior to blood samples’ 
withdrawal for all cirrhotic patients. Patients with LR5 
[14] lesions were included in group 1 while in group 2 
we included only patients without evidence of any fo-
cal hepatic lesion.

Serum galectin-3 levels were verified in all sub-
jects using ELISA (Shanghai Coon Koon Biotech., Ltd) 
complying with the manufacturer’s instructions. 

The study was performed in alignment with the re-
vised Declaration of Helsinki (2013), and with Good 
Clinical Practice guidelines. Our study was approved by 
the Ethical Committee of the Faculty of Medicine, Alex-
andria University (IRB No. 00012098). Informed consent 
from all subjects included in the study was obtained.

Statistical analysis 

Data were analyzed using IBM SPSS software pack-
age version 20.0. (Armonk, NY: IBM Corp). Signifi-
cance of the obtained results was judged at the 5% level. 
The χ2 test was used for categorical variables, to com-
pare between different groups. The F-test (ANOVA) 
was used for normally distributed quantitative vari-
ables, to compare between more than two groups, and 
a post hoc test (Tukey) for pairwise comparisons. The 
Kruskal-Wallis test was used for non-normally distrib-
uted quantitative variables, to compare between more 
than two studied groups, and a post hoc test (Dunn’s 
multiple comparisons test) for pairwise comparisons. 

Results

There was no significant differences in age between 
HCC and cirrhotic patients (p = 0.238), or between cir-
rhotic and chronic viral hepatitis C patients (p = 0.166). 
Age was significantly higher in the HCC group than 
the chronic viral hepatitis group (p = 0.001). 

In the HCC group, the mean serum albumin level 
was 2.44 ±0.6 g/dl, and in the cirrhotic group mean se-
rum albumin was 2.66 ±0.73 g/dl, with no statistically 
significant difference between the groups (p = 0.464). 
In the chronic hepatitis C group the mean serum albu-
min level was 3.63 ±0.73 g/dl with a statistically signif-
icant difference with the cirrhotic group (p < 0.001). 

In the HCC group, the median total bilirubin level 
was 1.80 mg/dl (1.2-5.25). In the cirrhotic group, the 
median was 1.1 mg/dl (0.8-2.25), while in the chronic 
hepatitis C group the median was 0.60 mg/dl (0.4-0.8). 
The differences were statistically significant. 

In the HCC group, the mean platelet count was  
96.5 ±39.74 × 103 cells/mm3, while in the cirrhotic 
group, it was 102.85 ±63.08 × 103 cells/mm3 (p = 0.975). 
In the chronic hepatitis C group the mean was 280.22 
±83.21 × 103 cells/mm3, which was significantly differ-
ent from the cirrhotic group (p < 0.001). 

As regard AFP, the median in the HCC group was 
37.6 ng/ml (6.75-84), which was significantly higher 
from that of the cirrhotic group, which was 4.05 ng/ml 
(2.3-6.2) (p < 0.001), while in the chronic hepatitis C 
group it was 3.70 ng/ml (1.1-4.9) and in the healthy 
group it was 1.90 ng/ml (1-3.05). The difference be-
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tween cirrhotic and chronic hepatitis C groups was 
not statistically significant (p = 0.97) while AFP was 
significantly lower in healthy subjects than in chronic 
viral hepatitis and cirrhotic groups. 

Median serum galectin-3 levels were 319 pg/ml  
(242-375) among HCC patients, 348.5 pg/ml 
(236.5-445) among cirrhotic patients, 174.1 pg/ml 
(143-211) among chronic hepatitis C patients and 
142.5 pg/ml (116.4-187) among normal subjects.  
The serum galectin-3 level was significantly higher in 
HCC patients than in those with chronic hepatitis C 
(p < 0.001) and in normal subjects (p < 0.001). Also it 
was significantly higher among cirrhotic patients than 
in patients with chronic hepatitis C (p < 0.001) and 
healthy persons (p < 0.001). On comparing HCC and 
cirrhotic patients, serum galectin-3 levels were not sig-
nificantly different (p = 0.926). There was no statisti-
cally significant difference in galectin-3 levels between 
chronic HCV patients and healthy persons (p = 0.29) 
(Fig. 1). Table 1 shows the comparison between the 
studied groups according to demographic data, basic 
laboratory tests and galectin-3 levels.

Within the cirrhotic group, only one patient was in 
Child-Pugh class A  while 31 patients were in Child- 
Pugh class B and 8 patients were in Child-Pugh  
class C, while the MELD score ranged from 7 to 35 
(median = 15). The galectin-3 level was 355 pg/ml  
in the single Child-Pugh class A  patient while the 
median galectin-3 level was 338 pg/ml among Child-
Pugh class B patients and 352.5 pg/ml among Child-
Pugh class C patients (p = 0.695). 

Discussion

Hepatocellular carcinoma is usually asymptomat-
ic [5]. Most HCC patients present with non-operable 

disease, and so early diagnosis is important to achieve 
a better prognosis [3, 5]. 

Many tumor markers have been suggested for HCC 
diagnosis, but few deserved to be used in clinical prac-
tice [15, 16]. 

Serum AFP is the traditional tumor marker used 
for HCC diagnosis [5, 17]. However, serum AFP levels 
are normal in up to 30% of HCC patients, particular-
ly in the early stage of the disease [18]. Recent studies 
showed no value for implementing AFP level follow-up 
in screening for HCC among cirrhotic patients [5]. On 
the basis of these considerations, new biomarkers with 
better performance are needed.

Galectin-3 is a member of the galectin family that 
is mainly produced by macrophages and is involved in 
various biological events including inflammation and 
angiogenesis [19]. Galectin-3 expression was found 
to be induced in HCC cases [20], which inhibits the 
immune response against tumor cells through stimu-
lation of apoptosis of lymphocytes [21]. It is also re-
ported that circulating galectin-3 could enhance cell 
migration and extracellular matrix invasion, facili-
tating tumor growth and spread [22, 23]. Moreover, 
galectin-3 increases the expression of vascular endo-
thelial-cadherin, inducing neoangiogenesis [24].

In our study, on comparing HCC and cirrhotic 
patients serum galectin-3 levels were not significant-
ly different (p = 0.926). This was different from what 
was found by Matsuda et al., who reported significant-
ly higher levels of serum galectin-3 in HCC patients 
compared to cirrhotic patients (p = 0.03) [11]. 

In agreement with our study, a study which includ-
ed HCC, cirrhotic and chronic viral hepatitis groups 
did not reveal a  statistically significant difference in 
galectin-3 levels between HCC and cirrhotic patients 
(p = 0.5) but galectin-3 levels were significantly lower 
in the chronic viral hepatitis group as compared with 
cirrhosis and HCC groups (p < 0.001) [25]. Another 
study reported no significant difference between pa-
tients with HCC and patients with cirrhosis [26].

The sensitivity and specificity of galectin-3 to pre-
dict HCC among patients with chronic viral hepatitis B 
were 80% and 93% respectively [27]. The present study 
found that galectin-3 levels were significantly higher 
in the HCC group than the chronic hepatitis C group 
without advanced fibrosis, but this cannot be helpful 
in clinical practice as chronic HCV patients almost al-
ways develop HCC on top of cirrhotic liver [28].

On the other hand, our results showed a  signifi-
cant difference in galectin-3 levels between cirrhotic 
patients and those with chronic hepatitis C without ad-
vanced fibrosis. As we did not perform liver biopsy in 
our study and our aim was to assess the possible role of 

Fig. 1. Comparison between studied groups according to galectin-3 levels
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galectin-3 as a tumor marker among cirrhotic patients, 
we included in the cirrhosis group those with clinical-
ly evident cirrhosis, making it inappropriate to assess 
the role of galectin-3 levels in differentiating between 
various liver fibrosis stages. So we recommend further 
studies to explore this possible role.

The galectin-3 level was 355 pg/ml in the sole Child-
Pugh class A patient, while the median galectin-3 level 
among Child-Pugh class B patients was 338 pg/ml and 
352.5 pg/ml among Child-Pugh class C patients. But 

as various Child-Pugh classes were not efficiently rep-
resented, we recommend researchers to further study 
levels of galectin-3 among different cirrhosis classes in 
representative samples.

Conclusions

Although the galectin-3 level is significantly higher 
among HCC patients than those with chronic hepati-
tis, it cannot be used as an additional method for sur-

Table 1. Comparison between studied groups according to demographic data, basic laboratory tests and galectin-3 levels

Parameter Group 1 
(n = 40)

Group 2 
(n = 40)

Group 3 
(n = 40)

Group 4 
(n = 40)

Test of sig. p

Gender M : F 28 : 12 29 : 11 23 : 17 28 : 12 χ2 = 2.507 0.474

Age (years)
Mean ±SD

61.0 ±6.30 56.28 ±11.70 51.08 ±13.15 43.60 ±12.35 F = 17.714* < 0.001*

Significance p1 = 0.238, p2 = 0.001*, p3 < 0.001*, p4 = 0.166, p5 < 0.001*, p6 = 0.017*

ALT (U/l)
Median (IQR)

38.50 (28.0-69.0) 37.0 (21.0-69.5) 22.50 (15.0-35.5) 23.0 (16.5-32.0) H = 34.660* < 0.001*

Significance p1 = 0.378, p2 < 0.001*, p3 < 0.001*, p4 < 0.001*, p5 < 0.001*, p6 = 0.940

AST (U/l)
Median (IQR)

71.50 (51.0-104.0) 63.50 (40.5-87.0) 35.50 (20.0-58.5) 30.0 (20.0-40.0) H = 47.310* < 0.001*

Significance p1 = 0.143, p2 < 0.001*, p3 < 0.001*, p4 = 0.001*, p5 < 0.001*, p6 = 0.149

Albumin (g/dl)
Mean ±SD

2.44 ±0.60 2.66 ±0.73 3.63 ±0.76 4.14 ±0.69 F = 53.065* < 0.001*

Significance p1 = 0.464, p2 < 0.001*, p3 < 0.001*, p4 < 0.001*, p5 < 0.001*, p6 = 0.008*

Total bilirubin (mg/dl)
Median (IQR)

1.80 (1.20-5.25) 1.10 (0.80-2.25) 0.60 (0.40-0.80) 0.60 (0.50-0.90) H = 78.024* < 0.001*

Significance p1 = 0.025*, p2 < 0.001*, p3 < 0.001*, p4 < 0.001*, p5 < 0.001*, p6 = 0.411

INR
Median (IQR)

1.35 (1.2-1.6) 1.45 (1.2-1.8) 1.10 (1.0-1.30) 1.0 (1.0-1.05) H = 71.370* < 0.001*

Significance p1 = 0.129, p2 = 0.001*, p3 < 0.001*, p4 < 0.001*, p5 < 0.001*, p6 = 0.007*

Platelets (× 103 cell/mm3)
Mean ±SD

96.50 ±39.74 102.85 ±63.08 280.22 ±83.21 260.50 ±77.5 F = 84.620* < 0.001*

Significance p1 = 0.975, p2 < 0.001*, p3 < 0.001*, p4 < 0.001*, p5 < 0.001*, p6 = 0.566

AFP (ng/ml)
Median (IQR)

37.6 (6.75-84.0) 4.05 (2.30-6.20) 3.70 (1.10-4.90) 1.90 (1.0-3.05) H = 60.094* < 0.001*

Significance p1 < 0.001*, p2 < 0.001*, p3 < 0.001*, p4 = 0.097, p5 < 0.001*, p6 = 0.028*

Galectin-3 (pg/ml)
Median (IQR)

319.0 (242-375) 348.50 (236.5-
445)

174.10 (143-211) 142.5 (116.4-
187)

H = 55.894* < 0.001*

Significance p1 = 0.926, p2 < 0.001*, p3 < 0.001*, p4 < 0.001*, p5 < 0.001*, p6 = 0.290
χ2 – chi-square test
F – F for ANOVA test. Pairwise comparison between each 2 groups was done using a post hoc test (Tukey)
H – H for Kruskal-Wallis test. Pairwise comparison between each 2 groups was done using a post hoc test (Dunn’s test for multiple comparisons)
p – p value for comparing between all the studied groups
p1 – p value for comparing between group 1 and group 2
p2 – p value for comparing between group 1 and group 3
p3 – p value for comparing between group 1 and group 4
p4 – p value for comparing between group 2 and group 3
p5 – p value for comparing between group 2 and group 4
p6 – p value for comparing between group 3 and group 4
*Statistically significant at p ≤ 0.05
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veillance of HCC among cirrhotic patients. Galectin-3 
levels are significantly higher among patients with 
clinically evident cirrhosis than those with chronic 
hepatitis C without advanced fibrosis. We recommend 
researchers to study the role of galectin-3 in differenti-
ating various stages of liver fibrosis.
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