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Abstract
BACKGROUND 
The Mac-2 binding protein glycosylated isomer (M2BPGi) is a serum marker for 
fibrosis that correlates with the fibrosis stages in various liver diseases.

AIM 
To examine the M2BPGi’s threshold for staging fibrosis in patients with chronic 
hepatitis B (CHB), and its changes during treatment.

METHODS 
This was a prospective, longitudinal study. A total of 348 eligible patients were 
recruited from the Hepatology Department, Medic Medical Center between 
March 2020 and December 2023. Liver enzyme tests, platelet counts, M2BPGi 
levels, and FibroScan were conducted at baseline and at 3-month intervals until 
six months post-treatment. Correlation plots of M2BPGi, FibroScan, and the other 
parameters were generated. Receiver operating characteristic curves were 
constructed for M2BPGi and the other parameters to evaluate their performance.

RESULTS 
M2BPGi levels correlated well with FibroScan results and increased as the fibrosis 
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stage advanced. The median M2BPGi levels at the different stages of fibrosis showed statistically significant 
differences. The cut-off values of M2BPGi for diagnosing significant fibrosis (F ≥ 2), advanced fibrosis (F3), and 
cirrhosis (F4) were determined to be 1.08, 1.4, and 1.52, respectively. In the context of fibrosis regression in CHB 
patients during the first 6-month of treatment, M2BPGi levels appeared to decrease before this pattern occurred in 
the FibroScan results.

CONCLUSION 
M2BPGi levels were strongly correlated with FibroScan. M2BPGi can be used to assess liver fibrosis, and to serve as 
a tool for monitoring fibrosis regression in CHB patients undergoing treatment.

Key Words: Chronic hepatitis B; Liver fibrosis; Cirrhosis; Mac-2 binding protein glycosylation; FibroScan; Hepatic stellate 
cells
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Core Tip: The study highlights the innovative use of the Mac-2 binding protein glycosylated isomer (M2BPGi) as a non-
invasive serum marker for assessing liver fibrosis in patients with chronic hepatitis B. It establishes specific cut-off values 
for M2BPGi to distinguish between significant fibrosis (F ≥ 2), advanced fibrosis (F3), and cirrhosis (F4). The research 
demonstrates a strong correlation between M2BPGi levels and transient elastography results, suggesting its reliability. 
Moreover, the study reveals M2BPGi’s potential in monitoring fibrosis regression during antiviral treatment, offering a 
valuable tool for clinical practice, particularly when advanced imaging options are unavailable.
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INTRODUCTION
Hepatitis B is a liver disease caused by the hepatitis B virus (HBV). Approximately 80–90% of infants infected in the first 
year of life and 30%–50% of children infected in the first 5 years of life develop chronic infections. Chronic HBV (CHB) 
can progress to liver fibrosis, cirrhosis, hepatocellular carcinoma, and death[1]. A 2020 World Health Organization 
(WHO) report estimated that 295.9 million (3.8%) people had chronic HBV infection, and more than 3.0 million had new 
infections with HBV and hepatitis C virus (HCV) in 2019[2]. The number of HBV-related chronic liver disease deaths was 
estimated to be 523003 in 2019, and this number is expected to increase by 2030[3]. Vietnam is a low-medium income 
country where HBV is endemic, and has the 9th highest burden of HBV infection globally[4]. A recent study found that the 
prevalence of hepatitis B was 9.0% and higher in men and older people[5]. A recent study in countries with high viral 
hepatitis burdens found that Vietnam has a low policy score for the management of viral hepatitis[6]. Consequently, there 
is an imperative need to implement treatment and prevention strategies for HBV infections in Vietnam.

As mentioned above, hepatitis B can progress to cirrhosis and hepatocellular carcinoma. This progression occurs in a 
series of stages of liver fibrosis from non-cirrhotic to cirrhotic. Thus, fibrosis staging is crucial for treatment initiation. 
According to the 2024 WHO Guidelines for the Prevention, Diagnosis, Care, and Treatment of People with Chronic 
Hepatitis B Infection, treatment is recommended in adults and adolescents with CHB if they are diagnosed with 
significant fibrosis (F ≥ 2) or cirrhosis (F4), regardless of viral load and alanine transaminase (ALT) levels[7]. CHB can be 
treated with nucleoside analogs (NAs), such as entecavir and tenofovir. These drugs can induce regression and reversal of 
fibrosis, thereby reducing hepatocellular cancer development and death[8]. Liver biopsy is the gold standard method for 
staging fibrosis. However, it is invasive, difficult to repeat, and impractical for large-scale screening[9]. Radiologic 
methods include ultrasound elastography (vibration-controlled transient elastography, point-shear wave elastography, 
two-dimensional shear wave elastography) and magnetic resonance elastography, which are highly accurate and 
reproducible[10]. However, they require expensive equipment, which may not be practical in low- to middle-income 
countries and resource-limited settings. Furthermore, transient elastography cannot be performed in patients with 
morbid obesity or ascites. Serum marker levels were also assessed. These include aspartate transaminase (AST)/alanine 
transaminase (ALT) ratio (AAR), Aspartate Aminotransferase to Platelet Ratio Index (APRI), Fibrosis-4 (FIB-4) (age, AST, 
ALT, platelet count)[10]. These parameters are easy to obtain as they are part of standard laboratory tests. However, these 
methods have moderate accuracy and some of these parameters can change in other liver diseases.

The Mac-2 binding protein glycosylation isomer (M2BPGi) is a novel serum biomarker that correlates with the stage of 
liver fibrosis[11]. Other studies have found that M2BPGi can be used to track the regression of liver fibrosis after direct-
acting antiviral treatment in hepatitis C infection[12], to diagnose liver fibrosis and cirrhosis in hepatitis B patients[13,14], 
and shows a good correlation with APRI and FIB-4[15]. Therefore, M2BPGi may be a potential test for tracking fibrosis 
regression in patients with HBV infection after antiviral therapy.
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The objectives of this study were to define the M2BPGi cutoffs for fibrosis stages using transient elastography 
(FibroScan) as a reference method, determine the correlation between different methods in liver fibrosis stages, and 
evaluate the change in M2BPGi levels during treatment follow-up.

MATERIALS AND METHODS
Study design
An observational study screened a total of 400 patients with CHB at Hepatology Department (Medic Medical Center) 
from September 2020 to July 2024, of whom 54 met the exclusion criteria. At the same time, we recruited 53 healthy 
volunteers for this study to observe M2BPGi levels in the normal population. Finally, 346 patients with CHB signed an 
informed consent form and were recruited for this study. Patients with F2-F4 Liver fibrosis received tenofovir disoproxil 
fumarate (TDF) 300 mg, one pill per day. The treatment lasted 12 months. During treatment, M2BPGi, FibroScan, APRI, 
FIB-4, and Hepatitis B surface Antigen (HbsAg) were tested at 3 and 6 months after treatment initiation.

Patients
Participants were recruited from the Hepatology Department, Medic Medical Center. The inclusion criteria were as 
follows: (1) Age ≥ 18 years; (2) Chronic HBV (positive HBsAg last > 6 months, IgM negative); (3) Infection with HBV 
alone, determined by investigators’ clinical assessment, routine laboratory tests, and patient history; (4) Treatment-naïve; 
or history of antiviral treatment but discontinuation for 3 months or longer; (5) Mild fibrosis status (F0-1/ Fibroscan); (6) 
Eligibility for antiviral treatment; and (7) Eligibility for FibroScan evaluation. The exclusion criteria were as follows: (1) 
HCV or human immunodeficiency virus (HIV) coinfection based on investigators’ clinical assessment, routine laboratory 
tests, and patient history; (2) Pregnant or potentially pregnant patients without contraceptive measures; (3) Cancer; (4) 
Severe cardiovascular or respiratory diseases; (5) End-stage renal failure; (6) Non-alcoholic steatohepatitis; (7) Non-
alcoholic fatty liver disease; (8) Moderate or frequent alcohol consumption; and (9) Blood samples that did not meet the 
study requirements. Healthy volunteer samples serving as controls were collected from annual health examinations. The 
volunteers had normal blood cell counts, negative HbsAg, non-reactive anti-HCV, non-reactive HIV, normal liver 
function tests, normal renal function, and no symptoms or signs of liver disease.

Laboratory tests
Hematological and biochemical tests were performed using standard assays. FIB-4 index was calculated using the 
formula: FIB-4 = [age (years) ×AST (U/L)/platelet count (109/L) × √ALT (U/L)][16]. APRI was calculated using the 
formula [(AST/upper limit of the normal AST range) × 100]/platelet count[16].

Fibroscan
Transient elastography using FibroScan Touch 502 and Echosens was used as the reference method for liver fibrosis, and 
the cutoff for fibrosis staging was based on the Vietnamese National Guidelines. F0-1 (no or mild fibrosis): < 7.0 
kilopascal (Kpa); F2 (significant fibrosis): 7.0 - < 9.5 Kpa; F3 (advanced fibrosis): 9.5 - < 11 Kpa; F4 (cirrhosis): ≥ 11 Kpa.

M2BPGi testing
Sysmex HISCL-5000 [Sysmex Corporation, Japan] was used to measure blood M2BPGi levels and was expressed as a 
cutoff index (C.O.I).

C.O.I = (light intensity in sample-light intensity in negative control) (light intensity in positive control-light intensity in 
negative control)

The sample is deemed positive when the light intensity is above or equal to 1 C.O.I and negative when the light 
intensity is below 1 C.O.I.

Statistical analysis
Data were analyzed using PRISM GraphPad v10.0. The Kruskal-Wallis test was used for inter-group comparisons, and a 
difference was considered statistically significant at P < 0.05. The Dunn’s test was used for multiple comparisons. The 
Youden index was used to determine the optimal C.O.I for M2BPGi. Receiver operating characteristic (ROC) curve 
analysis was performed, and the area under the ROC curve (AUROC) was used to discriminate between the different 
fibrosis stages.

RESULTS
General information
Most subjects were male (n = 206), and most subjects had F2 stage fibrosis (n = 105). The mean age was 42.6 ± 0.65 years 
(Table 1). We further stratified the patients according to the fibrosis stage. Table 2 shows that there were significant 
differences in age, platelet count, AST, ALT, FibroScan, M2BPGi, FIB-4, and APRI between the patients with different 
fibrosis stages.
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Table 1 Baseline characteristics of 346 study participants, n (%)/means ± SE/median (min-max)

Variable CHB patients (n = 346)

Sex

Male 206 (59.5)

Female 140 (40.5)

Age (years) 42.6 ± 0.65

Fibrosis stage (n)

F0 37

F1 83

F2 105

F3 48

F4 73

Fibroscan (kPa) 7.7 (0.4-46.5)

Platelet count (109/L) 213 (49-394)

AST (µl/L) 29 (12.9-235.6)

ALT (µl/L) 31.9 (6.2-191.8)

Hemoglobin (g/L) 14.5 (4.6-18.4)

WBC (109/L) 6.6 (3.6-15.8)

M2BPGi (C.O.I) 1.02 (0.19-12.9)

FIB-4 1.0 (0.32-11.3)

APRI 0.38 (0.11-6.93)

CHB: Chronic hepatitis B; AST: Aspartate transaminase; ALT: Alanine transaminase; WBC: White blood counts; C.O.I: Cut-off index; FIB-4: Fibrosis-4 
index; M2BPGi: Mac-2 binding protein glycosylated isomer; APRI: Aspartate transaminase to platelet ratio index.

Table 2 Baseline major markers of 346 study participants in various fibrosis stages, median (interquartile range)/means ± SD

Variable F0 (n = 37) F1 (n = 83) F2 (n = 105) F3 (n = 48) F4 (n = 73) Overall P value (< 
0.05)

Male/Female 12/25 40/43 69/36 31/17 54/19

Age (years) 37 ± 8.6 40 ± 10.8 41.1 ± 11.6 44.2 ± 12.0 48.1 ± 13.2 < 0.0001

Platelet (109/L) 232.0 (202.5-260) 235 (210-275) 212 (184.8-244.5) 191 (166.5-252.8) 167 (130.5-207.5) < 0.0001

AST (IU/L) 21.8 (18.7-25.3) 23.4 (19.5-26.5) 34.4 (26.3-47.8) 40.1 (28.6-57.3) 45.0 (35.4-73.4) < 0.0001

ALT (IU/L) 23.1 (14.6-26.9) 21.7 (16.4-27.1) 39.0 (27.6-67.4) 49.9 (37.0-76.3) 52.3 (33-73) < 0.0001

Hemoglobin (g/L) 13.8 (13.1-15) 14.3 (13.5-15.5) 14.8 (13.9-15.9) 14.6 (13.7-16.2) 14.7 (13.7-16.1) 0.006

WBC (109/L) 6.4 (5.8-7.9) 6.5 (5.8-7.5) 6.7 (5.5-8.5) 6.8 (6.0-8.3) 6.5 (5.6-8.1) 0.621

Fibroscan (kPa) 4.6 (4-4.9) 6.0 (5.5-6.4) 7.8 (7.5-8.4) 10.5 (9.8-11.5) 22.3 (17.3-31.6) < 0.0001

M2BPGi (C.O.I) 0.66 (0.51-1) 0.76 (0.51-1.01) 0.93 (0.74-1.34) 1.54 (1.13-1.94) 3.2 (1.56-3.9) < 0.0001

FIB-4 0.74 (0.58-0.94) 0.83 (0.65-1.03) 1.08 (0.75-1.5) 1.28 (0.93-2.2) 2.18 (1.5-3.4) < 0.0001

APRI 0.25 (0.21-0.31) 0.26 (0.21-0.33) 0.47 (0.34-0.72) 0.68 (0.43-1.1) 1.37 (0.69-3.19) < 0.0001

AST: Aspartate transaminase; ALT: Alanine transaminase; WBC: White blood cell; C.O.I: Cut-off Index; FIB-4: Fibrosis-4 index; M2BPGi: Mac-2 binding 
protein glycosylated isomer; APRI: Aspartate transaminase to platelet ratio index.
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M2BGPi levels by fibrosis stages
The M2BPGi level in healthy volunteers was 0.68 ± 0.29 and lower than the threshold stated by the manufacturer 
(Figure 1). Figure 2 shows that M2BPGi levels increased as the fibrosis stage increased, which is consistent with previous 
studies. The difference in M2BPGi levels between the different fibrosis stages was statistically significant (F2 vs F0-1, P = 
0.0035; F3 vs F2, P = 0.0052; F4 vs F3, P = 0.0181; F4 vs F0-1, P < 0.001).

Correlation between parameters
FibroScan results were used as a reference for comparison with APRI, FIB-4, and M2BPGi. The results showed that 
M2BPGi (Figure 3A) had a better correlation with FibroScan than with APRI (Figure 3B) and FIB-4 (Figure 3C) (all P < 
0.001).

Diagnostic performance of markers
We further stratified the patients into significant fibrosis (F ≥ 2), advanced fibrosis (F3), and cirrhosis (F4) subgroups to 
determine the M2BPGi cutoff values for each stage. The AUROC values for M2BPGi were just above 0.80 and above in the 
three different subgroups, indicating its effectiveness in determining fibrosis stages. For diagnosing significant fibrosis 
(F ≥ 2), the optimal M2BPGi cut-off value was 1.08, with a sensitivity of 65.8%, specificity of 81.7%, and a positive 
likelihood ratio of 3.59. In the case of advanced fibrosis, M2BPGi had a sensitivity of 74.6% and specificity of 85.8% at a 
cutoff value of 1.4, along with a positive likelihood ratio of 5.1. Furthermore, the cutoff, sensitivity, specificity, and 
positive likelihood ratio for diagnosing cirrhosis obtained from the ROC curve were 1.52, 78.1%, 81.6%, and 4.24, 
respectively. The results also showed that M2BPGi had a similar performance to FIB-4 and APRI, two markers commonly 
used as surrogates for fibrosis: Significant fibrosis (Figure 4A), advanced fibrosis (Figure 4B), and cirrhosis (Figure 4C) 
subgroups.

Parameter changes over the course of treatment
The patients were followed up for six months during treatment. The correlation between M2BPGi and Fibroscan was 0.72 
(95%CI: 0.62-0.8). The results showed that ALT, M2BPGi, and FibroScan results decreased as treatment duration increased 
(Figure 5). From Figure 5, we can see that M2BPGi decreased from 1.73 at baseline to 1.13 at Month 6, while ALT 
decreased from 56.8 IU/mL at baseline to 30.05 IU/mL at Month 6 and Fibroscan decreased from 10.3 at baseline to 9.25 
at Month 6.

DISCUSSION
M2BPGi is an extracellular matrix component secreted by many different cell types, such as hepatocytes, hepatic stellate 
cells, and fibroblasts, and induces profibrotic cytokine expression in Kupffer cells to induce fibrogenesis[17]. Therefore, its 
levels are correlated with the stages of fibrosis. Many studies have demonstrated that M2BPGi is associated with liver 
fibrosis of different etiologies, such as hepatitis B, hepatitis C, and non-alcoholic fatty liver disease[18-20]. Furthermore, 
M2BPGi has been shown to be a predictor of hepatocellular carcinoma in patients[21-23].

We investigated M2BPGi levels in a healthy population before measuring the M2BPGi levels in patients with CHB. A 
total of 53 healthy volunteers were recruited, and M2BPGi was measured in their annual health examinations. The 
median M2BPGi level in this population (0.68 C.O.I) appeared to be significantly lower than the cutoff of 1 C.O.I claimed 
by Sysmex, which indicates a high probability of liver fibrosis; however, it was remarkably higher than that reported by 
Tangvoraphonkchai et al[24]. who found that the mean M2BPGi level in 63 donors was 0.1 C.O.I but is similar to 
Sulaiman et al[25], who obtained a result of 0.59 C.O.I.

We demonstrated M2BPGi performance in staging liver fibrosis in CHB patients, allowing us to start the treatment 
regimen in patients with significant fibrosis or higher. The results of our study are similar to those of previous studies. In 
our study, the proportion of patients with significant fibrosis (≥ F2) was 66%, which was similar to that reported by Bui et 
al[14], who conducted liver fibrosis in CHB patients in Vietnam. We found that M2BPGi levels increased with fibrosis 
stage and were correlated with FibroScan liver stiffness. Specifically, our results showed a positive correlation across the 
fibrosis stages. The medians of M2BPGi, APRI, and FIB-4 correlated with the severity of fibrosis. M2BPGi levels differed 
significantly among the stages (P < 0.0001). In a meta-analysis conducted by Tamaki et al[26], M2BPGi levels were 
different between various studies, and the mean M2BPGi levels according to liver fibrosis stages were 0.26–0.9 (F1), 
0.34–1.36 (F2), 0.57–1.65 (F3) and 1.21–3,1(F4). In our study, we found that the median M2BPGi values in F0, F1, F2, F3, 
and F4 were 0.66, 0.77, 0.93, 1.63, and 2.81, respectively (P < 0.05). The M2BPGi levels in the non-fibrotic group appeared 
to be similar to those in the healthy group. A post-hoc analysis was performed to compare the M2BPGi levels between the 
four stages. We found that M2BPGi levels differed significantly at all stages, particularly in significant fibrosis vs no 
fibrosis and mild fibrosis. M2BPGi elevation was observed in the early stages of fibrosis, consistent with Bui et al[14], but 
their median M2BPGI at F2-3(0.865) was much lower than our result. William Keddeas et al[27] found that M2BPGi 
increased with fibrosis severity, with M2BGPi levels of 0.719, 1.322, 1.65, and 1.904 at F0-1, F2, F3, and F4, respectively. In 
another study by Yeh et al[28] in 160 CHB patients, fibrosis was stratified by biopsy; M2BPGi levels were 0.63, 0.64, 1.36, 
1.65 and 2.7 in F0, F1, F2, F3, and F4, respectively. This result is similar to that of our study, particularly for mild fibrosis, 
advanced fibrosis, and cirrhosis.

With regard to the correlation, our results showed a good correlation between M2BPGi and FibroScan in naïve patients, 
similar to that reported by Bui et al[14] (r = 0.77, P < 0.0001), and an exact correlation was found in the study by Zou et al
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Figure 1 The distribution of Mac-2 binding protein glycosylated isomer levels in healthy volunteers. M2BPGi: Mac-2 binding protein glycosylated 
isomer; C.O.I: Cut-off index.

Figure 2 Median of Mac-2 binding protein glycan isomer levels between different fibrosis stages. aKruskal-Wallis test, P < 0.05; M2BPGi: Mac-2 
binding protein glycosylated isomer; C.O.I: Cut-off Index.

[29] (r = 0.614, P < 0.0001).
The performance of M2BGPi was comparable to that of FIB-4 and APRI for staging significant fibrosis. The cut-off 

generated was 1.08 C.O.I with 66% sensitivity and 82% specificity. Our result was nearly the same as the result of the 
study by Zou et al[29] in 680 CHB patients with a cut-off of 1.06 C.O.I, 60% sensitivity, and 82% specificity. Compared to 
the study by Bui et al[14], our cut-off was higher (1.08 vs 0.79) with a slightly higher sensitivity and specificity (66%, 82% 
vs 62%, 80%). The sensitivity of M2BPGi in our study was lower than that of FIB-4 and APRI, which differs from the study 
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Figure 3 Median of Mac-2 binding protein glycan isomer levels between different fibrosis stages. aKruskal-Wallis test, P < 0.05; C.O.I: Cut-off 
Index.

by Bui et al[14], who found that M2BPGi had the greatest sensitivity. This may be due to the higher C.O.I for M2BPGi 
used in our study (1.08) compared to that used by Bui et al[14] (0.79). In the study by Yeh et al[28], the diagnostic 
performance was similar to our result, with an area under the curve (AUC) of 0.78, and the cut-off was 1.345, which was 
higher than our cut-off with similar sensitivity and specificity (66% and 81%, respectively). However, the APRI showed a 
much poorer performance, with an AUC of 0.573, which indicated that the APRI was unable to differentiate significant 
fibrosis from mild conditions. The APRI performance in our study was excellent, which was due to the high liver function 
levels in the significant fibrosis and higher groups compared with other studies. Furthermore, our cutoff for staging 
significant fibrosis was significantly different from that of Tsuji et al[30], who found a cut-off of 0.89 C.O.I with 93% 
sensitivity and 82% specificity when they investigated 93 CHB patients and used biopsy to stratify fibrosis stages. 
M2BPGi also showed better performance than platelets, hyaluronic acid, type 4 collagen 7S, type III procollagen peptide, 
tissue inhibitor of metalloproteinase 1, N-terminal pro-peptide of type III collagen, FIB-4, APRI, and enhanced liver 
fibrosis[30].

With regard to advanced fibrosis diagnosis, we demonstrated that M2BPGi performed better in triaging advanced 
fibrosis than significant fibrosis, as the AUC, sensitivity, and specificity in our study were higher than those reported by 
Yeh et al[28]. Tsuji et al[30] found that M2BPGi showed good performance in differentiating advanced fibrosis from 
milder stages with an AUC of 0.865, an optimal cut-off of 0.45, 70% sensitivity, and 74% specificity.

For cirrhosis diagnosis, our results were similar to those of the previous studies. Specifically, Bui et al[14] established an 
M2BPGi cut-off of 1.4 with an excellent AUC of 0.91, and the highest sensitivity compared to APRI and FIB-4. Similarly, 
M2BPGi showed the highest AUC in cirrhosis diagnosis as opposed to APRI, FIB-4, AAR, and red cell distribution width 
to platelet ratio in the study by Wei et al[31], but the cut-off was higher, at 1.825 C.O.I, with 55% sensitivity and 94% 
specificity. In addition, the best performance of M2BPGi was also observed in the study of Yeh at el[28]. In summary, 
M2BPGi yielded the best performance in differentiating cirrhosis from lower fibrosis stages compared with APRI and 
FIB-4.

A combination of M2BPGi and other markers such as APRI[14] and AGAP score[32] has been found to increase the 
fibrosis prediction performance. In future studies, combinations of M2BPGi and other markers could be used to 
determine whether this would increase the sensitivity and specificity for fibrosis and cirrhosis.

In addition, we observed that M2BPGi levels changed during antiviral treatment. Considering the correlation between 
FibroScan and M2BPGi, we found that M2BPGi correlated well with FibroScan, and the coefficient was similar to that of 
the treatment-naïve group (0.72 vs 0.71). M2BPGi levels gradually decreased during 6 months of treatment. More 
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Figure 4 Area under the receiver operating characteristic curves depicting diagnostic performance of noninvasive marker. A: Area under the 
receiver operating characteristic curve (AUROC) of significant fibrosis; B: AUROC of advanced fibrosis; C: AUROC of cirrhosis. M2BPGi: Mac-2 binding protein 
glycosylated isomer; APRI: Aspartate transaminase to platelet ratio index; FIB-4: Fibrosis-4 index; AUC: Area under the curve.

specifically, M2BPGi levels decreased in the first 3 months of treatment before continuously decreasing in the next 3 
months of treatment. This is consistent with previous studies showing that M2BPGi levels decrease in hepatitis B patients 
after treatment with PEGylated interferon-α[33] and NAs[21,34]. These studies and our results show that fibrosis 
regression occurred after treatment in patients with hepatitis B infection. In contrast, FibroScan showed a slight increase 
in the first three months before it decreased subsequently. Thus, the M2BPGi reduction is likely to be more significant 
before FibroScan starts to decrease. In this study, we also intentionally investigated M2BPGi changes simultaneously with 
the observation of ALT levels, which represent liver inflammation. We found that M2BPGi and ALT showed similar 
patterns. This implies that M2BPGi may be affected by liver inflammation. Uojima et al[35] also demonstrated that liver 
inflammation leads to elevated M2BPGi levels[35]. Compared to previous study, our result of M2BPGi changes during 
the course of treatment was similar to study of Mak et al[13], who found that M2BPGi decreases by 0.1 C.O.I after 1-year 
treatment (0.32 at baseline and 0.21 at 1-year measurement). Interestingly, the authors demonstrated that Ishak score 
decreased after 12 months in patients with decreased M2BPGi[13]. Zou et al[29] also reported that M2BPGi reduction 
occurred simultaneously with FibroScan reduction during a 96-week treatment, whereas FIB-4, APRI, and AAR did not 
show the same pattern. By monitoring NAs treatment for an average of 6.6 years (1.1–10.9 years), Murata et al[36] found 
that M2BPGi levels decreased gradually at each time point, namely baseline, week 48, and the last examination. In 
particular, it decreased sharply at the last examination compared to that at week 48 examination (0.59 vs 0.77, P < 0.001). 
Hence, M2BPGi levels can be used to evaluate pathological improvement during long-term treatment.
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Figure 5 Relative changes of Mac-2 binding protein glycosylated isomer, Fibroscan, and Alanin Aminotransferase over first 6 months of 
antiviral treatment. M2BPGi: Mac-2 binding protein glycosylation isomer; ALT: Alanine transaminase; C.O.I: Cut-off index; kPa: Kilopascal.

This study has some limitations. First, it was carried out in a Vietnamese population; therefore, the results cannot be 
generalized to other countries. However, studies in West Africa[37], China[13], South Korea[38], and Japan[26] have 
found that M2BPGi levels increase with fibrosis stage in patients with hepatitis B. Second, liver biopsy, the gold standard, 
was not used to determine the fibrosis stage because it is invasive and impractical for screening a large population of 
patients. However, elastography (FibroScan) was used as a reference in this study, and studies have shown that it has 
high concordance with liver biopsy[39]. Third, the number of patients with different fibrosis stages was not balanced, 
which may have led to a selection bias and affected the validity of the C.O.I determination. Finally, the number of 
patients undergoing NAs treatment in the follow-up stages dropped steeply as the coronavirus disease of 2019 pandemic 
impeded patients from regular visits. Therefore, we only collected data from patients who completed follow-up visits in 
the first six months of treatment, which hindered our results from demonstrating the M2BPGi value in a one-year follow-
up in terms of the course of liver regression. Hence, a further comprehensive investigation on predicting the downward 
trend of fibrosis needs to be considered in the context of inflammation ruled out for study subjects in the future.

CONCLUSION
M2BPGi is an effective tool in the aid of staging fibrosis stages in HBV patients, particularly significant fibrosis (F2), 
advanced fibrosis (F3) and cirrhosis (F4) with cut-offs of 1.08 C.O.I, 1.4 C.O.I and 1.52 C.O.I, respectively. Furthermore, 
M2BPGi is useful for tracking fibrosis regression in patients with CHB to evaluate treatment response. This is the first 
study in Vietnam to investigate the M2BPGi cut-offs in each liver fibrosis stage and the dynamic changes in treatment 
response in patients with CHB. As a non-invasive test, M2BPGi can be used in conjunction with other blood tests to 
define the fibrosis status of patients with HBV. Early diagnosis enables proper treatment, thereby preventing disease 
progression. Finally, we found that dynamic changes in M2BPGi can provide reliable follow-up for fibrosis progression in 
patients undergoing treatment, especially when FibroScan or enhanced imaging tools are unavailable in hospital settings.
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