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Abstract: Background: Serum asialo α1-acid gycoprotein (AsAGP) is a novel biomarker specific to
liver fibrosis. Aim: To evaluate the diagnostic efficacy of serum AsAGP levels in classifying the
severity of liver fibrosis and differentiating liver cirrhosis (LC) in patients with chronic hepatitis B
(CHB) from healthy controls. Methods: Overall, 206 subjects were prospectively enrolled. LC was
diagnosed based on liver stiffness levels (>11 kPa) measured using transient elastography. Serum
AsAGP levels were measured using an antibody-lectin sandwich immunoassay. We investigated
the diagnostic performance by comparing serum AsAGP levels among healthy control, CHB, and
CHB with LC groups. Sensitivity, specificity, and optimal AsAGP cut-off values were also calculated.
Results: Serum AsAGP levels were significantly different between healthy controls, CHB patients,
and CHB patients with LC (1.04 ± 0.31 µg/mL, 1.12 ± 0.34 µg/mL, 1.51 ± 0.43 µg/mL respectively;
p < 0.001). Serum AsAGP levels positively correlated with liver stiffness (r = 0.46, p < 0.001). AUROC
of healthy control versus CHB with LC was 0.821 (p < 0.001, optimal cut-off 1.036 µg/mL). AUROC
of healthy control versus CHB was 0.624 (p = 0.049, optimal cut-off level 0.934 µg/mL). AUROC of
CHB versus CHB with LC was 0.765, (p < 0.001, optimal cut-off 1.260 µg/mL). Conclusions: Serum
AsAGP levels in CHB patients with LC were significantly higher than those in healthy controls and
CHB patients. AsAGP levels showed good diagnostic performance in predicting advanced fibrosis
and cirrhosis, which suggests a potential role as a biomarker for predicting the progression of liver
disease in CHB.

Keywords: liver cirrhosis; liver fibrosis; biomarker; chronic hepatitis B

1. Introduction

Hepatitis B virus (HBV) infection is a major chronic liver disease, with a global
prevalence of 3.5% in 2015; more than 600,000 patients die due to HBV-associated disease
annually [1,2]. Liver fibrosis is a main prognostic factor, and the severity of liver fibrosis
and liver cirrhosis (LC) correlates with the development of hepatic decompensation and
hepatocellular carcinoma (HCC) [3,4]. Therefore, early detection of liver fibrosis and
prevention of fibrosis progression are important for the management of patients with
chronic hepatitis B (CHB) [5].

Almost all chronic liver diseases, including viral infections, alcoholic liver disease, and
nonalcoholic fatty liver disease (NAFLD), result in liver fibrosis. Chronic liver injury leads
to the excessive accumulation of extracellular matrix proteins and destroys the hepatic
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architecture. Consequently, liver fibrosis progresses to LC in the end-stage, regardless of
aetiology [6]. Discriminating asymptomatic liver fibrosis and cirrhosis in chronic liver
disease is vital for successful management [7].

Although liver biopsy is the gold standard for evaluating liver fibrosis and cirrho-
sis [8], it is an imperfect method. Its limitations include high cost, sampling variability
due to heterogeneity of liver fibrosis, inter- and intra-observer variability [9]. In addition,
liver biopsy has potential risk of morbidity and mortality associated with invasive proce-
dures [10]. Hence, non-invasive tests for assessment of liver fibrosis have been developed,
such as serologic biomarkers, transient elastography (TE), acoustic radiation force impulse
imaging, and magnetic resonance elastography (MRE) [11]. Among these, TE is widely
performed instead of liver biopsy in clinical practice. TE predicts liver fibrosis based on
liver stiffness measurement and demonstrates reliable performance in predicting fibrosis
and cirrhosis [7,12,13]. However, it requires expensive device, extra space, and dedicated
personnel for measurement. Among the biomarkers for assessing fibrosis, the FIB-4 index,
based on laboratory parameters, is valuable in that it can be easily performed in clinical
practice. Its performance for assessing liver fibrosis has been proven in patients with CHB
and chronic hepatitis C [14,15]. However, the accuracy of the FIB-4 index for assessing liver
fibrosis is not sufficient to replace liver biopsy [16,17]. Therefore, simpler and more reliable
biomarkers are needed.

α1-acid glycoprotein (AGP) is an acute phase protein that is mainly synthesised and
cleared by the liver [18]. Removal of terminal sialic acid of AGP during clearance results in
the formation of asialo α1-acid glycoprotein (AsAGP). Asialo glycoprotein receptors of hep-
atocytes capture circulating AsAGP and remove it from the serum [19]. Therefore, serum
AsAGP concentration can be affected by liver diseases. It has been reported that AsAGP
levels increase in patients with liver diseases including LC and HCC [20–22]. Recently, two
studies evaluated the diagnostic accuracy of serum AsAGP levels to predict the severity of
liver fibrosis and cirrhosis [23,24], and AsAGP showed better diagnostic performance in
patients with CHB than in patients with nonalcoholic fatty liver disease [24]. These studies
suggested the potential of AsAGP as a serum biomarker of fibrosis, but no prospective
study has compared it with healthy controls. Hence, we prospectively investigated the
diagnostic accuracy of serum AsAGP levels for assessing presence and degree of fibrosis
and diagnosing cirrhosis in CHB patients compared with that in healthy controls.

2. Materials and Methods
2.1. Study Design and Subjects

This was a single-centre prospective cohort study. We enrolled patients with CHB,
including LC patients and healthy controls who visited the Department of Hepatology at
Korea University Guro Hospital. All study subjects were Asians of Korean and Chinese
nationality. The inclusion criteria for CHB patients were as follows: (1) HBsAg positivity for
more than 6 months, (2) age older than 19 years, and (3) ability to undergo TE examination.
The exclusion criteria for CHB patients were as follows: (1) alcohol consumption (>30 g/day
in men or 20 g/day in women); (2) malignant disease except cure after 5 years; 3) alanine
aminotransferase (ALT) > 5 times the upper normal limit; (3) total bilirubin > 2 mg/dL;
(4) coinfection of HCV; (5) chronic heart failure; (6) ascites; and (7) pregnancy or breastfeed-
ing. Cases that fulfilled all the following strict criteria were enrolled as healthy controls:
(1) patients without CHB or other liver diseases; (2) ALT within normal limits; (3) no
diabetes; (4) no hypertension; (5) platelet count of 150,000/mm3 or more; (6) no fatty liver
on sonography; (7) alcohol consumption less than 30 g/day in men or 20 g/day in women;
and (8) did not meet any of the exclusion criteria of the CHB group. Most of the healthy
controls were visiting the hospital to check for cyst or hemangioma. Liver ultrasonography
and TE were performed at baseline (the first visit after screening). The subjects included in
the healthy control group did not undergo liver stiffness measurement because the liver
stiffness of healthy controls was outside the scope of this study. Fibrosis stage and cirrhosis
in the CHB group were defined based on liver stiffness values measured by TE (cut-off
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value: ≥11 kPa for cirrhosis, 8.1–10.9 kPa for stage 3 fibrosis, 7.2–8.0 kPa for stage 2 fibrosis,
<7.2 kPa for stage 0–1 fibrosis) [25].

All the participants were enrolled after providing their written informed consent
for participation. The Institutional Review Board of the Korea University Guro Hospital
approved this study (2020GR0096).

2.2. Liver Stiffness Assessment

TE (FibroScan®, EchoSens, Paris, France) was used as the reference for fibrosis. An
experienced operator blinded to the participants’ characteristics performed the test. The
median value represents the stiffness of the liver tissue. The results that fulfilled the
following criteria were regarded as valid: (1) at least 10 valid measurements; (2) a success
rate above 60%; and (3) a ratio of the interquartile range to median < 30%.

2.3. Measurement of Serum AsAGP Level

The patient’s blood was collected after an overnight fast of at least 8 hours at baseline.
The patient’s blood was centrifuged at 2000 rpm for 10 min in a serum separation tube,
and the supernatant was immediately transferred to the laboratory unit for analysis. The
serum AsAGP level was measured by an antibody-lectin sandwich immunoassay using
an AceGP® ELISA kit (ACEBiomed Inc., Seoul, Korea) [26]. For more accurate results, we
performed triplicate analysis and used the average value for serum AsAGP concentration.

2.4. Sample Size Calculation

The formula for calculating the number of subjects in this clinical trial is as follows:

n =
σ2

(
z α

2
+ zβ

)2

d2

Here, d is the error range and V(AUROC) = σ2 = 0.0099 × exp
(
− a2

2

)
×

(
6a2 + 16

)
,

a = ϕ−1(AUC)× 1.414.
Based on a previous retrospective study, we assumed that the areas under the receiver

operating characteristic curves (AUROC) of serum AsAGP levels for CHB patients and
CHB patients with LC compared to those for healthy controls were 0.914 and 0.982, respec-
tively [26]. As the AUROC of CHB patients and healthy controls was 0.914, 63 subjects
were needed to estimate a significance level of 5% and an error range of 6%. In addition, the
AUC of CHB patients with LC and healthy controls was 0.982; 36 subjects were needed to
estimate a significance level of 5% and an error range of 3%. Therefore, this study included
63 participants per group. Considering a dropout rate of 10%, we decided to enroll a
minimum of 70 participants per group of healthy controls, CHB patients, and CHB patients
with LC.

2.5. Statistical Analysis

The primary endpoint was to investigate the sensitivity, specificity, and AUROC in
CHB patients and CHB patients with LC compared to healthy controls using AsAGP. The
secondary endpoint was to investigate the sensitivity, specificity, and AUROC for each stage
of fibrosis using AsAGP. Data were reported as mean (standard deviation) or numbers with
percentages. One-way ANOVA and pairwise post-hoc testing were performed to analyse
the differences in the serum AsAGP levels between each group. The correlation between
serum AsAGP levels and other variables was calculated using the Pearson correlation
coefficient. We then computed the AUROC of the serum AsAGP levels for the diagnosis of
chronic hepatitis and cirrhosis. The sensitivity, specificity, and optimal cut-off values were
obtained from the ROC curves. Univariate and multivariate analyses by stepwise logistic
regression were performed to determine whether the serum AsAGP level was a significant
predictor for the diagnosis of CHB with LC. All data were analysed using the R software
(version 4.0.0; R Foundation for Statistical Computing, Vienna, Austria).
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3. Result
3.1. Baseline Characteristics

We screened 227 participants (77 in healthy controls, 71 in CHB patients, and 79 in
CHB patients with LC); however, with 21 screening failures, we ended with a final total
of 206 participants (68 healthy controls, 70 CHB patients, 68 CHB patients with LC). All
participants were enrolled from April 2020 to December 2020 (Figure 1). Table 1 shows the
baseline characteristics of the included participants.
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Figure 1. The diagram of patient disposition. CHB, chronic hepatitis B; LC, liver cirrhosis.

Table 1. Baseline characteristics of study participants.

Variable Total
(n = 206)

Healthy Controls
(n = 68)

CHB Patients
(n = 70)

CHB Patients with
LC (n = 68) p-Value

Age (years) 53.3 ± 11.3 50.9 ± 13.4 53.7 ± 10.4 55.3 ± 9.6 0.07
Male gender (number, %) 100 (48.5) 18 (26.5) 43 (61.4) 39 (57.4) <0.001

Diabetes (number, %) 20 (9.7) 0 (0.0) 6 (8.6) 14 (20.6) <0.001
Hypertension (number, %) 35 (17.0) 0 (0.0) 17 (24.3) 18 (26.5) 0.001

AST (IU/L) 30.1 ± 14.4 21.9 ± 6.4 29.6 ± 14.2 38.8 ± 15.4 <0.001
ALT (IU/L) 28.8 ± 18.8 18.1 ± 8.3 29.8 ± 17.8 38.5 ± 21.7 <0.001

Total bilirubin (mg/dL) 0.9 ± 1.0 0.8 ± 1.5 0.9 ± 0.4 1.1 ± 0.5 0.309
Albumin (g/dL) 4.2 ± 0.3 4.3 ± 0.2 4.3 ± 0.2 4.1 ± 0.3 0.01

Liver stiffness (kPa) 12.8 ± 8.3 * NA 6.9 ± 2.3 18.8 ± 7.9 <0.001

* Values of CHB and CHB with LC groups (n = 138). ALT, alanine transaminase; AST, aspartate transaminase;
CHB, chronic hepatitis B; LC, liver cirrhosis.

The mean age was 53.3 years without significant differences among the groups. There
were 100 males (48.5%) and 106 females (51.5%) in our study. There were more men in the
CHB and CHB with LC groups than in the healthy control group. Among the patients with
CHB and CHB with LC, 20 (9.7%) had diabetes, which was more prevalent in CHB patients
with LC, and 35 (17%) had hypertension. Aspartate aminotransferase (AST) and ALT levels
were higher in CHB patients and CHB patients with LC than in healthy controls. Mean
liver stiffness of the CHB group was 6.9 ± 2.3 kPa and that of the CHB with LC group was
18.8 ± 7.9 kPa.

3.2. Serum AsAGP Level Accroding to Fibrosis Stages

Serum AsAGP levels were significantly higher in the CHB with LC group
(1.505 ± 0.432 µg/mL) than in the healthy control (1.036 ± 0.308 µg/mL, p < 0.001) and the
CHB groups (1.121 ± 0.337 µg/mL, p < 0.001) (Table 2, Figure 2).
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Table 2. Serum AsAGP levels in respective groups.

Participants Group
Total (n = 206)

p-Value
n AsAGP (µg/mL)

Healthy controls 68 1.036 ± 0.308
<0.001CHB patients 70 1.121 ± 0.337

CHB patients with LC 68 1.505 ± 0.432
AsAGP, asialo α1-acid glycoprotein; CHB, chronic hepatitis B; LC, liver cirrhosis.
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There was no significant difference in the serum AsAGP levels between the healthy
control group and the CHB without cirrhosis group. The distribution of serum AsAGP
levels according to the fibrosis stage is summarized in Table 3 and Figure 3.

Table 3. Serum AsAGP levels according to fibrosis stage.

Fibrosis Stage
Total (n = 206)

p-Value
n AsAGP (µg/mL)

Healthy controls 68 1.036 ± 0.308

<0.001
F0-1 39 1.068 ± 0.250
F2 8 0.9778 ± 0.144
F3 23 1.261 ± 0.458

F4 (Liver cirrhosis) 68 1.505 ± 0.432
AsAGP, asialo α1-acid glycoprotein; F, fibrosis stage.

The fibrosis stage was classified based on liver stiffness measured using TE. Among
the 70 CHB patients, 39 had fibrosis stage 0–1, 8 had fibrosis stage 2, and 23 had fibrosis
stage 3. Overall, serum AsAGP levels increased as the fibrosis stage increased (p < 0.001 by
one-way ANOVA). When post-hoc analysis was performed to evaluate whether there was a
significant difference in AsAGP levels between each fibrosis stage, the serum AsAGP level
in CHB patients with LC was significantly increased compared to that in populations with
other fibrosis stages (healthy control, F0–1, F2, and F3). However, the CHB group (F0–1, F2,
and F3) did not show significant differences compared to the healthy control group.
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Figure 3. The comparison of AsAGP levels according to respective fibrosis stages. AsAGP, asialo
α1-acid glycoprotein; F, fibrosis stage; LC, liver cirrhosis.

3.3. Correlation between Serum AsAGP Level and Baseline Variables including Liver Stiffness

Table 4 shows the Pearson’s correlation between serum AsAGP levels and other
variables, including liver stiffness, which reflects the status of liver function. Serum AsAGP
levels showed a significant positive correlation with AST (r = 0.227, p = 0.001) and ALT
levels (r = 0.160, p = 0.021). Liver stiffness and serum AsAGP levels were also significantly
correlated (r = 0.436, p < 0.001). In contrast, serum bilirubin and serum albumin, which
showed a significant correlation with liver stiffness, did not correlate with AsAGP levels.

Table 4. Correlation between AsAGP levels, liver stiffness, and other variables.

Variable
AsAGP Liver Stiffness

Coefficient p-Value Coefficient p-Value

Age (years) 0.075 NS 0.119 0.087
AST (IU/L) 0.227 0.001 0.436 <0.001
ALT (IU/L) 0.160 0.021 0.404 <0.001

Total bilirubin (mg/dL) 0.102 NS 0.139 0.047
Albumin (g/dL) −0.112 NS −0.153 0.029

Liver
stiffness (kPa) 0.436 <0.001 - -

AsAGP
(µg/mL) - - 0.436 <0.001

Note: NS, not significant. AsAGP, asialo α1-acid glycoprotein; ALT, alanine transaminase; AST, aspartate transaminase.

3.4. Diagnostic Performance of AsAGP Level

We analysed the AUROC, sensitivity, and specificity to evaluate the efficacy of serum
AsAGP levels for predicting liver fibrosis and cirrhosis in CHB patients. The AUROCs of
serum AsAGP levels for CHB patients and CHB patients with LC compared to those for
healthy controls were 0.624 (95% CI 0.528–0.720; p = 0.049) and 0.821 (95% CI 0.751–0.890;
p < 0.0001), respectively (Table 5, Figure 4A,B).
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Table 5. Diagnostic performance of serum AsAGP levels through the mutual comparison of healthy
controls, CHB patients, and CHB patients with LC.

CHB Patients Versus
Healthy Controls

CHB Patients with LC
Versus Healthy Controls

CHB Patients Versus
CHB Patients with LC

AUC (95% CI) 0.624 (0.528–0.720) 0.821 (0.751–0.890) 0.765 (0.682–0.848)
Optimal cut-off

(µg/mL) 0.933 1.036 1.260

Sensitivity 75.7% 83.8% 81.4%
Specificity 55.9% 67.6% 67.5%

AsAGP, asialo α1-acid glycoprotein; CHB, chronic hepatitis B; LC, liver cirrhosis.

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 7 of 12 
 

 

levels (r = 0.160, p = 0.021). Liver stiffness and serum AsAGP levels were also significantly 

correlated (r = 0.436, p < 0.001). In contrast, serum bilirubin and serum albumin, which 

showed a significant correlation with liver stiffness, did not correlate with AsAGP levels. 

Table 4. Correlation between AsAGP levels, liver stiffness, and other variables. 

Variable 

AsAGP Liver Stiffness 

Coefficient p-Value 
Coefficient 

Coefficient 
p-Value 

Age (years) 0.075 NS 0.119 0.087 

AST (IU/L) 0.227 0.001 0.436 <0.001 

ALT (IU/L) 0.160 0.021 0.404 <0.001 

Total biliru-

bin (mg/dL) 
0.102 NS 0.139 0.047 

Albumin 

(g/dL) 
-0.112 NS -0.153 0.029 

Liver  

stiffness 

(kPa) 

0.436 <0.001 - - 

AsAGP  

(μg/mL) 
- - 0.436 <0.001 

Note: NS, not significant. AsAGP, asialo α1-acid glycoprotein; ALT, alanine transaminase; AST, as-

partate transaminase. 

3.4. Diagnostic Performance of AsAGP Level 

We analysed the AUROC, sensitivity, and specificity to evaluate the efficacy of serum 

AsAGP levels for predicting liver fibrosis and cirrhosis in CHB patients. The AUROCs of 

serum AsAGP levels for CHB patients and CHB patients with LC compared to those for 

healthy controls were 0.624 (95% CI 0.528–0.720; p = 0.049) and 0.821 (95% CI 0.751–0.890; 

p < 0.0001), respectively (Table 5, Figure 4A,B). 

 

Figure 4. The AUROC of serum AsAGP levels for differentiating liver fibrosis and cirrhosis in CHB 

patients compared to that in healthy controls. (A) CHB patients versus healthy controls, (B) CHB 

patients with LC versus healthy controls, (C) CHB patients versus CHB patients with LC. 

  

   

                          

Figure 4. The AUROC of serum AsAGP levels for differentiating liver fibrosis and cirrhosis in CHB
patients compared to that in healthy controls. (A) CHB patients versus healthy controls, (B) CHB
patients with LC versus healthy controls, (C) CHB patients versus CHB patients with LC.

The corresponding optimal cut-off values were 0.934 and 1.036, respectively. The
sensitivity and specificity of the optimal cut-off values were 75.7% and 55.9%, respectively,
in CHB patients compared to those in healthy controls, and 83.8% and 67.6%, respectively,
in CHB patients with LC compared to those in healthy controls. (Table 5) The AUROC
for the serum AsAGP level for predicting CHB with LC compared to that for predicting
CHB was 0.765 (95% CI 0.682-0.848 p < 0.0001, optimal cut-off 1.183 µg/mL) (Figure 3C).
The AUROCs of serum AsAGP for predicting each fibrosis stage when comparing healthy
controls were 0.610 (95% CI 0.503–0.717; p = 0.054) in CHB F0-1, 0.513 (95% CI 0.342–0.684,
p = 0.087) in CHB F2, and 0.685 (95% CI 0.562–0.809; p = 0.063) in CHB F3 (Supplementary
Table S1 and Supplementary Figure S1). The AUROCs of serum AsAGP for predicting
advanced fibrosis (≥F3) when comparing healthy controls was 0.775 (95% CI 0.711–0.840;
p = 0.033, optimal cut-off 1.288 µg/mL, sensitivity 59.3%, specificity 87.8%) (Supplementary
Figure S2).

3.5. Logistic Regression Analyses of Predictors for Detecting CHB with LC

In comparison with healthy controls and CHB patients with LC, age, male sex, AST,
ALT, gamma-glutamyl transferase (GGT), albumin, platelet, and AsAGP levels were signif-
icantly different in the univariate logistic regression analysis. We used stepwise logistic
regression to select significant predictors. Among them, ALT, albumin levels, platelet count,
and AsAGP levels (odds ratio 54.514, p < 0.001) were significant predictors of CHB with LC.
In the comparison of CHB and CHB with LC groups, diabetes and AST, ALT, GGT, total
bilirubin, albumin, platelet, and AsAGP levels were significantly different in the univariate
analysis. Among them, GGT, platelet count and AsAGP levels (odds ratio 11.898, p < 0.001)
were independent predictors of CHB with LC in multivariate analysis (Table 6).
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Table 6. Univariate and multivariate analyses of predictors for detecting CHB with LC.

Variables

Healthy Controls Versus CHB Patients Versus
CHB Patients with LC CHB Patients with LC

Univariate Stepwise Logistic
Regression Univariate Stepwise Logistic

Regression

p-Value OR p-Value p-Value OR p-Value

Age 0.03 0.341
Male gender <0.001 0.629

Hypertension - 0.77
Diabetes - 0.045

AST <0.001 <0.001
ALT <0.001 1.17 <0.001 0.011
GGT <0.001 0.001 1.012 0.038

Total bilirubin 0.236 0.012
Albumin 0.013 0.043 0.047 0.019
Platelet <0.001 0.97 <0.001 <0.001 0.984 <0.001
AsAGP <0.001 54.514 <0.001 <0.001 11.898 <0.001

4. Discussion

In this prospective study, we revealed the clinical usefulness of AsAGP in diagnosing
advanced fibrosis and cirrhosis in CHB patients. Serum AsAGP levels showed excellent
diagnostic performance (AUROC 0.821, p < 0.001) for CHB patients with LC compared
to those with healthy controls. Serum AsAGP levels also showed good performance in
discriminating CHB patients with LC from CHB patients without cirrhosis (AUROC 0.765,
p < 0.001). Moreover, serum AsAGP levels showed reasonable discriminating ability in
CHB patients without cirrhosis compared with those in healthy controls (AUROC 0.624,
p < 0.001). To our knowledge, this is the first prospective study to investigate the diagnostic
performance of AsAGP in CHB patients compared with that in healthy controls.

Given that presence and degree of liver fibrosis are critical prognostic factor for
hepatic complications and HCC in CHB, early detection and repeated assessment of fibrosis
progression are needed for individualized management of CHB [27,28]. In the assessment
of liver fibrosis, liver biopsy has been regarded as the reference method. However, there
are limitations mentioned above. To overcome theses limitations, non-invasive methods
including serum biomarkers have been developed. However, currently used biomarkers
such as ARPI and FIB-4 are not only validated mainly in hepatitis C and NAFLD but also
have low accuracy in diagnosing intermediate-stage fibrosis [29]. In the case of CHB, TE is
the most widely used and validated method, but it requires costly devices and the accuracy
is suboptimal in patients with obesity and elevated ALT [29,30]. Hence, it is necessary to
develop novel biomarkers that can accurately diagnose fibrosis and cirrhosis. Previous
studies reported that serum AsAGP correlates with various liver diseases, such as alcoholic
liver disease, chronic hepatitis, LC, and HCC [31–36]. Recently, an ELISA kit for AsAGP
that is simple to perform and can be easily repeated has been developed [37].

Kim et al. [26] evaluated the clinical efficacy of serum AsAGP in 610 patients with
heterogeneous liver diseases, 42 healthy controls, and 155 patients with non-hepatic dis-
eases and concluded that serum AsAGP was a promising biomarker for assessing liver
disease. However, it was a retrospective study with stored samples and used both healthy
participants and patients with non-hepatic diseases as a reference for healthy controls.
Our prospective study included 68 healthy controls satisfying the strict criteria mentioned
earlier. Lim et al. [23] investigated the performance of serum AsAGP in 48 patients with
chronic hepatitis and 48 patients with LC. LC was defined as MRE ≥ 5 kPa. This study
concluded that serum AsAGP is a suitable method for differentiating cirrhosis from chronic
hepatitis. However, their study did not estimate the sample size and included various
heterogeneous etiologies of liver disease; the majority was NAFLD (54.2%). Kim et al. [24]
evaluated the performance of serum AsAGP levels for liver fibrosis or cirrhosis in 48 CHB
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and 75 NAFLD patients. They concluded that the AsAGP level demonstrated reasonable
performance in predicting advanced fibrosis or cirrhosis in CHB patients but not in NAFLD
patients. Their study estimated a sample size of 105 each for CHB and NAFLD patients, but
they were unable to meet this estimate. This study was conducted as planned, overcoming
the limitations of previous studies. We sufficiently calculated the sample size and included
healthy controls using strict criteria (most of them were health checkups, simple cysts, or
hemangiomas), as well as homogenous CHB and CHB with LC patients.

Although our study determined the level of serum AsAGP for differentiating CHB
patients from healthy controls and CHB with LC patients from CHB patients or healthy
controls, there was no significance in serum AsAGP levels for differentiating CHB patients
with F0-1, F2, and F3 fibrosis from healthy controls. (Supplementary Table S1, Supplemen-
tary Figure S1) However, our study did not plan to evaluate the differentiation between
fibrosis stages. Therefore, the number of patients in each fibrosis stage was not sufficient
for optimal analysis, especially for CHB F2 (only eight patients). Early-stage fibrosis (≤F2)
could not be reliably divided through TE, MRE, and other serum biomarkers [38]. Further
studies with an increased number of participants with early-stage fibrosis are needed to
elucidate the performance of AsAGP in fibrosis. Nevertheless, serum AsAGP showed
significant diagnostic performance when limited to CHB patients with advanced fibrosis
(≥F3) (Supplementary Figure S2). This result also implies that serum AsAGP can be used
as reliable biomarker for detecting advanced fibrosis in CHB patients.

This study has several limitations. First, we defined the stages of liver fibrosis and
cirrhosis based on liver stiffness, but not liver biopsy or MRE. To date, liver biopsy has
been used as a reference method. Additionally, MRE is more accurate than liver stiffness
measurement using TE. However, liver biopsy is limited due to its invasive nature, and MRE
performance in assessing fibrosis and cirrhosis has been reported to be comparable with
TE [39]. Further studies using liver biopsy or MRE as references are needed. Second, the
design of this study was single-centre cross-sectional. Accordingly, it is uncertain whether
serial assessment of AsAGP levels would enable tracking fibrotic burden and predicting
clinical outcomes, such as liver-related morbidity and liver-related death. Further large,
multi-centre, longitudinal studies are needed. Third, although previous studies [23,24]
have reported no significant correlation, ALT levels were positively correlated with serum
AsAGP levels in this study. One study [23] with heterogenous patients had higher ALT
levels than this study, which might have skewed the correlation between ALT and AsAGP.
Another study [24] showed similar ALT levels in CHB patients in this study but did not
present a correlation between ALT and serum AsAGP levels among CHB patients only.
Moreover, only 22.9% of CHB patients were taking antivirals. Because we mainly enrolled
CHB patients maintained on antivirals for years (89.3% of all CHB patients) or with an
inactive immune state to avoid overestimation of liver stiffness by TE, only nine patients
(three in CHB and six in CHB with LC) had ALT levels greater than the upper normal limit
(maximum 95 IU/L). However, further research is required to elucidate the relationship
between ALT and AsAGP levels. Fourth, TE was not performed in the healthy control
group according to the study design. Therefore, the relationship between AsAGP levels
and TE levels could not be evaluated in healthy controls. Fifth, there were more women in
the healthy control group because most of the healthy controls were visiting the hospital to
check for cyst or hemangioma, which are more prevalent in females.

In conclusion, serum AsAGP levels showed good performance in differentiating CHB
patients and CHB patients with LC from healthy controls. In addition, the serum AsAGP
levels showed promise in predicting advanced fibrosis in CHB patients compared to that in
healthy controls. Therefore, serum AsAGP levels can be used as potential biomarkers for
advanced liver fibrosis and cirrhosis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12020712/s1, Figure S1: The AUROC of serum AsAGP levels
for differentiating liver fibrosis stages in CHB patients compared to that in healthy controls. A,
patients with CHB F0-1 versus healthy controls; B, patients with CHB F2 versus healthy controls;
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C, patients with CHB F3 versus healthy controls. Figure S2: The AUROC of serum AsAGP levels
for differentiating advanced fibrosis (F ≥ 3) in CHB patients compared to that in healthy controls.
Table S1: Diagnostic performance of serum AsAGP levels according to fibrosis stage in CHB patients
compared to that in healthy controls.

Author Contributions: J.H.K. acted as guarantor of the article; Y.L., S.B. and J.H.K. designed the
research; Y.L., S.B., J.H.K., T.K., S.Y.Y., Y.-S.L., Y.K.J., Y.S.S., H.J.Y., J.E.Y. and K.S.B. conducted the re-
search; Y.L., M.K., S.Y.J. and J.H.K. analysed the data; Y.L., S.B. and Y.-S.L. wrote the manuscript; J.H.K.
revised the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by ACEBiomed Inc. Korea. (Funding number, I2000071) The funders
had no role in study design, data collection and analysis, decision to publish, or manuscript preparation.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Korea University Guro Hospital.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: Data are available on request to the corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Global Hepatitis Report, 2017. 2017. Available online: https://www.who.int/hepatitis/publications/

global-hepatitis-report2017/en/ (accessed on 14 February 2021).
2. Schweitzer, A.; Horn, J.; Mikolajczyk, R.T.; Krause, G.; Ott, J.J. Estimations of worldwide prevalence of chronic hepatitis B virus

infection: A systematic review of data published between 1965 and 2013. Lancet 2015, 386, 1546–1555. [CrossRef]
3. Weissberg, J.I.; Andres, L.L.; Smith, C.I.; Weick, S.; Nichols, J.E.; Garcia, G.; Robinson, W.S.; Merigan, T.C.; Gregory, P.B. Survival

in chronic hepatitis B. An analysis of 379 patients. Ann. Intern. Med. 1984, 101, 613–616. [CrossRef] [PubMed]
4. Kim, S.U.; Kim, B.K.; Park, J.Y.; Kim, D.Y.; Ahn, S.H.; Song, K.; Han, K.-H. Transient Elastography is Superior to FIB-4 in Assessing

the Risk of Hepatocellular Carcinoma in Patients With Chronic Hepatitis B. Medicine 2016, 95, e3434. [CrossRef] [PubMed]
5. Yim, H.J.; Kim, J.H.; Park, J.Y.; Yoon, E.L.; Park, H.; Kwon, J.H.; Sinn, D.H.; Lee, S.H.; Lee, J.-H.; Lee, H.W. Comparison of clinical

practice guidelines for the management of chronic hepatitis B: When to start, when to change, and when to stop. Clin. Mol.
Hepatol. 2020, 26, 411–429. [CrossRef] [PubMed]

6. Bataller, R.; Brenner, D.A. Liver fibrosis. J. Clin. Investig. 2005, 115, 209–218. [CrossRef] [PubMed]
7. Degos, F.; Perez, P.; Roche, B.; Mahmoudi, A.; Asselineau, J.; Voitot, H.; Bedossa, P. Diagnostic accuracy of FibroScan and

comparison to liver fibrosis biomarkers in chronic viral hepatitis: A multicenter prospective study (the FIBROSTIC study).
J. Hepatol. 2010, 53, 1013–1021. [CrossRef]

8. Odagiri, N.; Matsubara, T.; Sato-Matsubara, M.; Fujii, H.; Enomoto, M.; Kawada, N. Anti-fibrotic treatments for chronic liver
diseases: The present and the future. Clin. Mol. Hepatol. 2021, 27, 413–424. [CrossRef]

9. Lim, T.S.; Kim, J.K. Is liver biopsy still useful in the era of non-invasive tests? Clin. Mol. Hepatol. 2020, 26, 302–304. [CrossRef]
10. Bravo, A.A.; Sheth, S.G.; Chopra, S. Liver biopsy. N. Engl. J. Med. 2001, 344, 495–500. [CrossRef]
11. Castera, L. Noninvasive methods to assess liver disease in patients with hepatitis B or C. Gastroenterology 2012, 142, 1293–1302.

[CrossRef]
12. Afdhal, N.H.; Bacon, B.R.; Patel, K.; Lawitz, E.J.; Gordon, S.C.; Nelson, D.R.; Challies, T.L.; Nasser, I.; Garg, J.; Wei, L.-J.; et al.

Accuracy of fibroscan, compared with histology, in analysis of liver fibrosis in patients with hepatitis B or C: A United States
multicenter study. Clin. Gastroenterol. Hepatol. 2015, 13, 772–779. [CrossRef] [PubMed]

13. Nguyen-Khac, E.; Chatelain, D.; Tramier, B.; Decrombecque, C.; Robert, B.; Joly, J.-P.; Brevet, M.; Grignon, P.; Lion, S.; Le Page,
L.; et al. Assessment of asymptomatic liver fibrosis in alcoholic patients using fibroscan: Prospective comparison with seven
non-invasive laboratory tests. Aliment. Pharmacol. Ther. 2008, 28, 1188–1198. [CrossRef] [PubMed]

14. Vallet-Pichard, A.; Mallet, V.; Nalpas, B.; Verkarre, V.; Nalpas, A.; Dhalluin-Venier, V.; Fontaine, H.; Pol, S. FIB-4: An inexpensive
and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepatology 2007, 46, 32–36.
[CrossRef] [PubMed]

15. Kim, B.K.; Kim, D.Y.; Park, J.Y.; Ahn, S.H.; Chon, C.Y.; Kim, J.K.; Paik, Y.H.; Lee, K.S.; Park, Y.N.; Han, K.-H. Validation of FIB-4
and comparison with other simple noninvasive indices for predicting liver fibrosis and cirrhosis in hepatitis B virus-infected
patients. Liver. Int. 2010, 30, 546–553. [CrossRef]

16. Xiao, G.; Yang, J.; Yan, L. Comparison of diagnostic accuracy of aspartate aminotransferase to platelet ratio index and fibrosis-4
index for detecting liver fibrosis in adult patients with chronic hepatitis B virus infection: A systemic review and meta-analysis.
Hepatology 2015, 61, 292–302. [CrossRef]

https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
http://doi.org/10.1016/S0140-6736(15)61412-X
http://doi.org/10.7326/0003-4819-101-5-613
http://www.ncbi.nlm.nih.gov/pubmed/6486592
http://doi.org/10.1097/MD.0000000000003434
http://www.ncbi.nlm.nih.gov/pubmed/27196449
http://doi.org/10.3350/cmh.2020.0049
http://www.ncbi.nlm.nih.gov/pubmed/32854458
http://doi.org/10.1172/JCI24282
http://www.ncbi.nlm.nih.gov/pubmed/15690074
http://doi.org/10.1016/j.jhep.2010.05.035
http://doi.org/10.3350/cmh.2020.0187
http://doi.org/10.3350/cmh.2020.0081
http://doi.org/10.1056/NEJM200102153440706
http://doi.org/10.1053/j.gastro.2012.02.017
http://doi.org/10.1016/j.cgh.2014.12.014
http://www.ncbi.nlm.nih.gov/pubmed/25528010
http://doi.org/10.1111/j.1365-2036.2008.03831.x
http://www.ncbi.nlm.nih.gov/pubmed/18705692
http://doi.org/10.1002/hep.21669
http://www.ncbi.nlm.nih.gov/pubmed/17567829
http://doi.org/10.1111/j.1478-3231.2009.02192.x
http://doi.org/10.1002/hep.27382


J. Clin. Med. 2023, 12, 712 11 of 12

17. Kim, W.R.; Berg, T.; Asselah, T.; Flisiak, R.; Fung, S.; Gordon, S.C.; Janssen, H.L.; Lampertico, P.; Lau, D.; Bornstein, J.D.; et al.
Evaluation of APRI and FIB-4 scoring systems for non-invasive assessment of hepatic fibrosis in chronic hepatitis B patients.
J. Hepatol. 2016, 64, 773–780. [CrossRef]

18. Hochepied, T.; Berger, F.G.; Baumann, H.; Libert, C. Alpha(1)-acid glycoprotein: An acute phase protein with inflammatory and
immunomodulating properties. Cytokine Growth Factor Rev. 2003, 14, 25–34. [CrossRef]

19. Weigel, P.H. Evidence that the hepatic asialoglycoprotein receptor is internalized during endocytosis and that receptor recycling
can be uncoupled from endocytosis at low temperature. Biochem. Biophys. Res. Commun. 1981, 101, 1419–1425. [CrossRef]

20. Sawamura, T.; Shiozaki, Y. Mechanism and clinical relevance of elevated levels of circulating asialoglycoproteins. Liver Dis. Target.
Diagn. Ther. Using Specif. Recept. Ligands 1991, 4, 215–234.

21. Arima, T. Serum glycoproteins in the liver diseases. VIII. Desialylated glycoproteins in the liver cirrhosis. Gastroenterol. Jpn. 1979,
14, 349–352. [CrossRef]

22. Song, E.Y.; Kim, K.A.; Kim, Y.D.; Lee, E.Y.; Lee, H.S.; Kim, H.J.; Ahn, B.M.; Choe, Y.K.; Kim, C.H.; Chung, T.W. Elevation of serum
asialo-alpha(1) acid glycoprotein concentration in patients with hepatic cirrhosis and hepatocellular carcinoma as measured by
antibody-lectin sandwich assay. Hepatol. Res. 2003, 26, 311–317. [CrossRef]

23. Lim, D.H.; Kim, M.; Jun, D.W.; Kwak, M.J.; Yoon, J.H.; Lee, K.N.; Lee, H.L.; Lee, O.Y.; Yoon, B.C.; Choi, H.S.; et al. Diagnostic
Performance of Serum Asialo alpha1-Acid Glycoprotein Levels to Predict Liver Cirrhosis. Gut Liver. 2021, 15, 109–116. [CrossRef]
[PubMed]

24. Kim, S.U.; Jeon, M.Y.; Lim, T.S. Diagnostic Performance of Serum Asialo-alpha1-acid Glycoprotein for Advanced Liver Fibrosis
or Cirrhosis in Patients with Chronic Hepatitis B or Nonalcoholic Fatty Liver Disease. Korean J. Gastroenterol. 2019, 74, 341–348.
[CrossRef] [PubMed]

25. Marcellin, P.; Ziol, M.; Bedossa, P.; Douvin, C.; Poupon, R.; De Lédinghen, V.; Beaugrand, M. Non-invasive assessment of liver
fibrosis by stiffness measurement in patients with chronic hepatitis B. Liver Int. 2009, 29, 242–247. [CrossRef] [PubMed]

26. Kim, K.A.; Lee, E.Y.; Kang, J.H.; Lee, H.G.; Kim, J.W.; Kwon, D.H.; Jang, Y.J.; Yeom, Y.I.; Chung, T.W.; Kim, Y.D.; et al. Diagnostic
accuracy of serum asialo-alpha1-acid glycoprotein concentration for the differential diagnosis of liver cirrhosis and hepatocellular
carcinoma. Clin. Chim. Acta 2006, 369, 46–51. [CrossRef]

27. Terrault, N.A.; Lok, A.S.F.; McMahon, B.J.; Chang, K.-M.; Hwang, J.P.; Jonas, M.M.; Brown, R.S., Jr.; Bzowej, N.H.; Wong, J.B.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology. 2018, 67,
1560–1599. [CrossRef] [PubMed]

28. European Association for the Study of the Liver. EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus
infection. J. Hepatol. 2017, 67, 370–398. [CrossRef]

29. European Association for Study of Liver; Asociacion Latinoamericana para el Estudio del Higado. EASL Clinical Practice
Guidelines: Non-invasive tests for evaluation of liver disease severity and prognosis. J. Hepatol. 2015, 63, 237–264. [CrossRef]

30. Jia, J.; Hou, J.; Ding, H.; Chen, G.; Xie, Q.; Wang, Y.; Zeng, M.; Zhao, J.; Wang, T.; Hu, X.; et al. Transient elastography compared to
serum markers to predict liver fibrosis in a cohort of Chinese patients with chronic hepatitis B. J. Gastroenterol. Hepatol. 2015,
30, 756–762. [CrossRef]

31. Thompson, S.; Matta, K.L.; Turner, G.A. Changes in fucose metabolism associated with heavy drinking and smoking: A
preliminary report. Clin. Chim. Acta 1991, 201, 59–64. [CrossRef]

32. Mann, A.C.; Record, C.O.; Self, C.H.; Turner, G.A. Monosaccharide composition of haptoglobin in liver diseases and alcohol
abuse: Large changes in glycosylation associated with alcoholic liver disease. Clin. Chim. Acta 1994, 227, 69–78. [CrossRef]
[PubMed]

33. Kondo, M.; Hada, T.; Fukui, K.; Iwasaki, A.; Higashino, K.; Yasukawa, K. Enzyme-linked immunosorbent assay (ELISA) for
Aleuria aurantia lectin-reactive serum cholinesterase to differentiate liver cirrhosis and chronic hepatitis. Clin. Chim. Acta 1995,
243, 1–9. [CrossRef]

34. Hada, T.; Kondo, M.; Yasukawa, K.; Amuro, Y.; Higashino, K. Discrimination of liver cirrhosis from chronic hepatitis by measuring
the ratio of Aleuria aurantia lectin-reactive serum cholinesterase to immunoreactive protein. Clin. Chim. Acta 1999, 281, 37–46.
[CrossRef] [PubMed]

35. Naitoh, A.; Aoyagi, Y.; Asakura, H. Highly enhanced fucosylation of serum glycoproteins in patients with hepatocellular
carcinoma. J. Gastroenterol. Hepatol. 1999, 14, 436–445. [CrossRef]

36. Aoyagi, Y.; Saitoh, A.; Suzuki, Y.; Igarashi, K.; Oguro, M.; Yokota, T.; Mori, S.; Suda, T.; Asakura, H.; Isemura, M. Fucosylation
index of alpha-fetoprotein, a possible aid in the early recognition of hepatocellular carcinoma in patients with cirrhosis. Hepatology
1993, 17, 50–52. [CrossRef] [PubMed]

37. Lee, E.Y.; Kang, J.H.; Kim, K.A.; Chung, T.W.; Kim, H.J.; Yoon, D.Y.; Lee, H.G.; Kwon, D.H.; Kim, J.W.; Kim, C.H.; et al.
Development of a rapid, immunochromatographic strip test for serum asialo alpha1-acid glycoprotein in patients with hepatic
disease. J. Immunol. Methods 2006, 308, 116–123. [CrossRef]

http://doi.org/10.1016/j.jhep.2015.11.012
http://doi.org/10.1016/S1359-6101(02)00054-0
http://doi.org/10.1016/0006-291X(81)91605-3
http://doi.org/10.1007/BF02774232
http://doi.org/10.1016/S1386-6346(03)00156-6
http://doi.org/10.5009/gnl19282
http://www.ncbi.nlm.nih.gov/pubmed/32066208
http://doi.org/10.4166/kjg.2019.74.6.341
http://www.ncbi.nlm.nih.gov/pubmed/31870140
http://doi.org/10.1111/j.1478-3231.2008.01802.x
http://www.ncbi.nlm.nih.gov/pubmed/18637064
http://doi.org/10.1016/j.cca.2006.01.002
http://doi.org/10.1002/hep.29800
http://www.ncbi.nlm.nih.gov/pubmed/29405329
http://doi.org/10.1016/j.jhep.2017.03.021
http://doi.org/10.1016/j.jhep.2015.04.006
http://doi.org/10.1111/jgh.12840
http://doi.org/10.1016/0009-8981(91)90024-7
http://doi.org/10.1016/0009-8981(94)90136-8
http://www.ncbi.nlm.nih.gov/pubmed/7955423
http://doi.org/10.1016/0009-8981(95)06146-0
http://doi.org/10.1016/S0009-8981(98)00202-2
http://www.ncbi.nlm.nih.gov/pubmed/10217625
http://doi.org/10.1046/j.1440-1746.1999.01882.x
http://doi.org/10.1002/hep.1840170110
http://www.ncbi.nlm.nih.gov/pubmed/7678576
http://doi.org/10.1016/j.jim.2005.10.010


J. Clin. Med. 2023, 12, 712 12 of 12

38. Forsgren, M.F.; Nasr, P.; Karlsson, M.; Dahlström, N.; Norén, B.; Ignatova, S.; Sinkus, R.; Cedersund, G.; Leinhard, O.D.;
Ekstedt, M.; et al. Biomarkers of liver fibrosis: Prospective comparison of multimodal magnetic resonance, serum algorithms and
transient elastography. Scand. J. Gastroenterol. 2020, 55, 848–859. [CrossRef] [PubMed]

39. Lim, J.K.; Flamm, S.L.; Singh, S.; Falck-Ytter, Y.T.; Clinical Guidelines Committee of the American Gastroenterological Association.
American Gastroenterological Association Institute Guideline on the Role of Elastography in the Evaluation of Liver Fibrosis.
Gastroenterology 2017, 152, 1536–1543. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/00365521.2020.1786599
http://www.ncbi.nlm.nih.gov/pubmed/32684060
http://doi.org/10.1053/j.gastro.2017.03.017

	Introduction 
	Materials and Methods 
	Study Design and Subjects 
	Liver Stiffness Assessment 
	Measurement of Serum AsAGP Level 
	Sample Size Calculation 
	Statistical Analysis 

	Result 
	Baseline Characteristics 
	Serum AsAGP Level Accroding to Fibrosis Stages 
	Correlation between Serum AsAGP Level and Baseline Variables including Liver Stiffness 
	Diagnostic Performance of AsAGP Level 
	Logistic Regression Analyses of Predictors for Detecting CHB with LC 

	Discussion 
	References

