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Abstract: The clinical significance of mac-2 binding protein glycosylation isomer (M2BPGi) levels
based on virological responses due to antiviral therapy has not been fully evaluated. We compared
the change before and 24 weeks after the therapy with daclatasvir and asunaprevir (DCV+ASV) of
M2BPGi levels with those of other fibrosis markers in 73 chronic hepatitis C cases. Moreover, we
examined the association between M2BPGi levels and hepatocarcinogenesis in sustained virological
response (SVR) and non-SVR cases. M2BPGi levels were significantly improved at post-treatment
week 24 (PTW24) in SVR but not non-SVR cases, whereas the changes of other fibrosis markers
showed the same tendency in both SVR and non-SVR cases. M2BPGi levels were well correlated with
other fibrosis markers at baseline but not PTW24. The incidence of hepatocellular carcinoma (HCC)
was significantly associated with M2BPGi levels at PTW24. The achievement of SVR significantly
affected the improvement of M2BPGi levels that best reflected the effect of direct-acting antivirals
among the fibrosis markers. Furthermore, M2BPGi levels at PTW24 were also associated with the
incidence of HCC in only SVR cases. However, the rapid decrease of M2BPGi levels might reflect the
amelioration of liver inflammation rather than the improvement of liver fibrosis, which should be
further elucidated.

Keywords: mac-2 binding protein glycosylation isomer; direct acting antivirals; liver fibrosis; hepa-
tocarcinogenesis; sustained virological response

1. Introduction

In Japan, direct-acting antivirals (DAAs) have become the mainstream of chronic
hepatitis C (CHC) treatment since the combination therapy with daclatasvir and asunapre-
vir (DCV+ASV) became available in 2014. In the most recent version (ver. 8.0) of the
Japan Society of Hepatology (JSH) guideline for the management of DAA-naïve CHC
without decompensated liver cirrhosis, combination therapies with sofosbuvir and ledi-
pasvir (SOF/LDV), elbasvir and grazoprevir (EBR+GZR), glecaprevir and pibrentasvir
(GLE/PIB) for genotype 1, and SOF and ribavirin (SOF+RBV), SOF/LDV, and GLE/PIB
for genotype 2 have been recommended as the 1st line treatments, respectively. With these
therapies, hepatitis C virus (HCV) eradications are possible in over 95% among treatment
naïve patients [1–6].

On the other hand, the evaluation of liver fibrosis in patients with CHC is quite
important as the absolute risk of hepatocellular carcinoma (HCC) occurrence that has
been reported to be remained even after sustained virological response (SVR) in patients
with advanced fibrosis, especially those with cirrhosis [7]. Although it has been well
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recognized that the histological analysis with liver biopsy is the gold standard for the
evaluation of liver fibrosis, there are some limitations and problems such as sampling error
and complication accompanying the procedure [8]. Laboratory methods such as aspartate
aminotransferase (AST) to platelet ratio index (APRI) [9] and fibrosis-4 (FIB-4) index [10]
have been suggested as non-invasive methods for liver fibrosis evaluation. However, these
may be affected by factors other than liver diseases. Thus, the more specific marker is
thought to be needed.

Glycomics-based markers for liver fibrosis were explored using a fully automated
glycan-based immunoassay, FastLec-Hepa [11]. The mac-2 binding protein (M2BP) is a
secretory glycoprotein that includes seven N-glycans per monomer [12]. A “doughnut-
shaped” polymer that presents 70–112 N-glycans is formed by 10–16 monomers of M2BP in
the serum [12]. M2BP is found to alter during the progression of liver disease and fibrosis
due to the changes in N-glycosylation, which is sialylation or extension of polylactosamine,
although the fundamental mechanism is unknown [12]. FastLec-Hepa identifies six lectin
probes that could readily discriminate the altered N-glycans of M2BP and specifically binds
to them and finally Wisteria floribunda agglutinin (WFA) is found to be the best candidate
among six lectins at every fibrosis stage [11]. Thus, the altered N-glycans of M2BP is
recognized by WFA specifically and this specific glycoprotein is described as WFA+-M2BP,
which is renamed as M2BP glycosylation isomer (M2BPGi) [12]. A recent meta-analysis
shows that M2BPGi could be a surrogate biomarker for liver biopsy to diagnose cirrhosis
in chronic liver disease [12].

In addition, high M2BPGi levels were significantly associated with hepatocarcino-
genesis and outcome in CHC cases with advanced fibrosis [13], and hepatocarcinogenesis
in cases with the achievement of SVR [14–16]. Another glycomics-based marker, Gly-
coCirrhoTest identifies compensated cirrhosis patients at risk for HCC incidence [17].
Although the association between serum M2BPGi levels and the effect of DAAs has been re-
ported [18–21], the change of serum M2BPGi levels in non-SVR cases has been insufficiently
analyzed due to excellent DAAs efficacy.

In our university affiliated hospital, CHC patients with genotype 1b were treated by
combination therapy with DCV+ASV as interferon (IFN) free first-commercially available
DAAs combination therapy in Japan regardless of the presence of a Y93H substitution as
pivotal non-structural (NS) 5A-resistance-associated substitutions (RASs) for the DAA-
based therapy. The attending doctors in the hospital were obliged to use this therapy since
the target patients included those with IFN-intolerance such as old age and advanced liver
fibrosis and the information regarding the next-generation DAAs were not available in
those days. Resultantly, a certain number of patients failed to achieve SVR in the hospital.
Then, we compared the change of M2BPGi levels between the cases of SVR and non-SVR
before and after the combination therapy with DCV+ASV. In addition, the correlations
between M2BPGi levels and conventional established fibrosis markers, and change of
α-fetoprotein (AFP) levels were analyzed. Furthermore, we also examined whether the
association between M2BPGi levels and development of HCC after the combination therapy
with DCV+ASV was affected by virological responses in those cases.

2. Materials and Methods
2.1. Patients

Seventy-three patients infected with HCV genotype 1b, who were treated with the
combination therapy with DCV+ASV between 2014 and 2015 in our university affiliated
hospital, were included in this analysis. The diagnosis of chronic HCV infection was based
on the positivity of serum HCV RNA on the polymerase chain reaction (PCR) assay. Of
the 73 patients, 37% (n = 27) were diagnosed as compensated liver cirrhosis based on
laboratory data and imaging.
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2.2. Treatment Regimen and Follow-up Surveillance for Viremia and HCC

Patients received 24 weeks of DCV (60 mg once daily) and ASV (100 mg twice
daily) and were basically assessed as outpatients every 2 weeks during the treatment,
and thereafter, followed-up every 4 weeks until 24 weeks after the combination therapy
with DCV+ASV. After that, the consultation interval for each patient was determined
at the discretion of the attending physician according to the condition of each patient.
After the start of the combination therapy with DCV+ASV, patients had been examined
with ultrasonography (US), contrast enhanced computed tomography (CT) or contrast
enhanced magnetic resonance imaging (MRI) every 3 to 6 months until February 2020
for the surveillance of HCC. When questionable nodule (s) was (were) detected with US,
additional investigation with contrast enhanced CT or MRI was performed for definite
diagnosis of HCC.

2.3. Demographic and Laboratory Data

Demographic data such as sex, age, body mass index (BMI), previous history of HCC
and IFN-based therapy, laboratory data such as platelet count, serum total bilirubin (T-bil),
alanine aminotransferase (ALT), AST, albumin (Alb), and AFP levels were included as
baseline data.

2.4. Virological Assessment

HCV RNA was measured at baseline and basically every 4 weeks after the start of
the combination therapy with DCV+ASV using AccuGene m-HCV (Abbott Japan, Tokyo,
Japan; lower limit of quantification, 1.1 log IU/mL). SVR at 24 weeks after the treatment
(SVR24) was defined as continuously undetectable HCV RNA on the PCR assay until
24 weeks after the end of the combination therapy with DCV+ASV. Before the combination
therapy with DCV+ASV, RASs in NS5A were investigated by the direct sequencing method
(n = 26) or PCR-invader assay (n = 47). The direct sequencing method was performed by
SRL (Tokyo, Japan) and the PCR-invader assay was performed by BML (Saitama, Japan).

2.5. Measurement of Mac-2 Binding Protein Glycosylation Isomer (M2BPGi) Levels

Serum M2BPGi levels were measured at baseline and post-treatment week 24 (PTW24)
with the lectin-antibody sandwich immunoassay by the automated analyzer HISCL-5000
(Sysmex, Hyogo, Japan). The improvement of M2BPGi was defined as the statistically
significant reduction of serum M2BPGi levels at post-treatment week 24 compared to
the baseline.

2.6. Statistical Analysis

Continuous variables were expressed as median (interquartile range) and analyzed
with the Mann-Whitney U test in unpaired analyses, and Wilcoxon signed-rank test in
paired analyses. Categorical variables were analyzed with the Chi-squared test. The Spear-
man rank correlation coefficient test was used for the correlation of continuous variables.
The cutoff of continuous variable was determined by the receiver operating characteristic
(ROC) analysis. The cumulative incidence curve was determined and differences among
the groups were assessed using Grey’s test. All statistical analyses were performed using
EZR version 1.53 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [22].

3. Results
3.1. Baseline Characteristics of the Subjects

The baseline characteristics of 73 enrolled patients are shown in Table 1. The body
mass index and the rates of Y93H RAS were significantly lower among SVR cases than
non-SVR cases (p = 0.043, p = 0.04, respectively). There were no significant differences of
age, sex, the rates of liver cirrhosis, the rates of patients with HCC history, pretreatment
platelet count, serum T-bil, AST, ALT, Alb, AFP, HCV RNA, M2BPGi levels, APRI, FIB-4
index, and resistance-associated substitutions between SVR cases and non-SVR cases.
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Table 1. Baseline characteristics of study patients (n = 73).

SVR (n = 58) non-SVR (n = 15) p

Sex (male/female) 25/33 10/5 0.18
Age (years) 73 (38–87) * 67 (50–86) * 0.17

Body mass index (kg/m2) 22.9 (21.6–25.2) * 25.3 (23.6–26.6) * 0.043
Chronic hepatitis/liver cirrhosis 39/19 7/8 0.141

History of HCC, n (%) 13 (22.4) 4 (26.7) 0.996
History of IFN treatments, n (%) 37 (63.8) 6 (40) 0.095

Platelet count (×103/µL) 126 (99–167) * 102 (83–152) * 0.53
Total bilirubin (mg/dL) 0.6 (0.5–0.8) * 0.7 (0.6–1.1) * 0.072

AST (IU/L) 44 (34–57) * 50 (40–66) * 0.278
ALT (IU/L) 36 (27–50) * 46 (39–58) * 0.109

Albumin (g/dL) 4.2 (3.8–4.5) * 4.2 (3.8–4.8) * 0.547
AFP > upper normal limit (10 ng/mL), n (%) 20 (34.5) 7 (46.7) 0.141

HCV RNA (log IU/mL) 6.2 (5.8–6.6) * 6.4 (6.1–6.5) * 0.374
Mac-2 binding protein (COI) 3.27 (1.49–5.13) * 2.35 (1.65–5.75) * 0.881

APRI 1.1 (0.8–2.2) * 2.0 (0.9–2.9) * 0.309
FIB-4 index 3.67 (2.78–6.38) * 4.53 (2.81–7.7) * 0.482

Resistance-associated substitutions, n (%)
L31V 1 (1.7) 2 (13.3) 0.197
Y93H 16 (27.6) 9 (60.0) 0.04

* Interquartile range. AFP: α-Fetoprotein; ALT: Alanine aminotransferase; APRI: Asparate aminotransferase to platelet ratio index;
AST: Aspartate aminotransferase; COI: Cutoff index; Fib-4: Fibrosis 4 index; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus;
IFN: Interferon.

3.2. Change of Liver Fibrosis Markers at Baseline and PTW24

Serum M2BPGi levels significantly improved in SVR cases (3.27 cutoff index (COI)
[1.49–5.13] at baseline vs. 1.48 COI [0.83–2.24] at PTW24, p < 0.001), while not in non-
SVR cases (2.35 COI [1.65–5.75] at baseline vs. 2.47 COI [1.63–4.21] at PTW24, p = 0.107
(Figure 1A). On the other hand, APRI was significantly improved in both SVR cases (1.1
[0.8–2.2] at baseline vs. 0.7 [0.4–1.0] at PTW24, p < 0.01) and non-SVR cases (2.0 [0.9–2.9]
at baseline vs. 1.0 [0.7–1.6] at PTW24, p < 0.05) (Figure 1B), and similarly, the FIB-4 index
was also significantly improved in both SVR cases (3.67 [2.18–6.34] at baseline vs. 2.87
[2.47–4.76] at PTW24, p < 0.01) and non-SVR cases (4.87 [3.33–7.83] at baseline vs. 3.26 [2.14–
4.67] at PTW24, p < 0.05) (Figure 1C). On the contrary, no significant differences of platelet
counts were observed in both SVR cases (126 × 103/µL [99 × 103–167 × 103] at baseline vs.
143 × 103/µL [96 × 103–185 × 103] at PTW24, p = 0.243) and non-SVR cases (102 × 103/µL
[83 × 103–152 × 103] at baseline vs. 133 × 103/µL [118 × 103–187 × 103] at PTW24,
p = 0.229) (Figure 1D).

3.3. Correlations between M2BPGi Levels and Other Liver Fibrosis Markers That Are APRI, FIB-4
Index, and Platelet Counts

At baseline, serum M2BPGi levels showed significant correlations with APRI, FIB-4
index, and platelet counts (APRI: Spearman’s rank correlation coefficient (rs) = 0.79, FIB-4
index: rs = 0.78, and platelet count: rs = −0.68). On the other hand, no significant correla-
tions between serum M2BPGi levels and other liver fibrosis markers were demonstrated at
PTW24 (APRI: rs = 0.17, FIB-4 index: rs = 0.12, and platelet count: rs = 0.08, respectively)
(Figure 2A–C). At PTW24, the correlations between serum M2BPGi levels and other liver
fibrosis markers were also investigated separately in SVR and non-SVR cases. However,
no significant correlations were observed in each analysis (APRI: rs = 0.18 in SVR cases,
rs = −0.26 in non-SVR cases. FIB-4 index: rs = 0.17 in SVR cases, rs = −0.16 in non-SVR
cases. Platelet count: rs = 0.04 in SVR cases, rs = 0.198 in non-SVR cases).
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Figure 1. Serum mac-2 binding protein glycosylation isomer (M2BPGi) levels (A), aspartate aminotransferase to platelet
ratio index (APRI) (B), fibrosis-4 (FIB-4) index (C), and platelet counts (D) before (BL: Baseline) and 24 weeks after the
combination therapy with daclatasvir and asunaprevir (PTW24: Post-treatment week 24) in SVR and non-SVR cases.
M2BPGi levels (A) significantly improved in SVR cases, while no significant differences of those levels were observed
in non-SVR cases. APRI (B) and FIB-4 index (C) were significantly improved in both SVR and non-SVR cases. Platelet
counts (D) had no significant changes in both SVR and non-SVR cases. In those box and whisker plots, the lines inside
the boxes represent median values. Then, the upper and lower lines of boxes represent the 75th and 25th percentiles,
respectively. Furthermore, the upper and lower bars outside the boxes represent the maximum and minimum values
excluding outliers, respectively.

Figure 2. The correlation between mac-2 binding protein glycosylation isomer (M2BPGi) levels and APRI (A), FIB-4
index (B) or platelet counts (C). Before the combination therapy with daclatasvir (DCV) and asunaprevir (ASV), M2BPGi
levels significantly correlated with APRI (A), FIB-4 index (B), and platelet counts (C), while these significant correlations
disappeared 24 weeks after the combination therapy with DCV+ASV (PTW24: Post-treatment week 24). BL: Baseline; COI:
Cutoff index; NS: Not significant; rs: Spearman’s rank correlation coefficient.
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3.4. Change of AFP Levels at Baseline and PTW24

Serum AFP levels were significantly improved in both SVR cases (7.7 ng/mL [4.1–16.1]
at baseline vs. 4.0 ng/mL [2.9–6.9] at PTW24, p < 0.001) and non-SVR cases (8.9 ng/mL
[5.2–27.6] at baseline vs. 6.2 ng/mL [3.6–11.3] at PTW24, p < 0.05) (Figure 3).

Figure 3. α-Fetoprotein (AFP) before (BL: Baseline) and 24 weeks after the combination therapy with daclatasvir (DCV) and
asunaprevir (ASV) (PTW24: Post-treatment week 24) in sustained viral response (SVR) and non-SVR cases. Serum AFP
levels significantly improved in both SVR and non-SVR cases. Those box and whisker plots were expressed as in Figure 1.

3.5. The Association between M2BPGi Levels at PTW24 and Hepatocarcinogenesis

We evaluated the relationship between M2BPGi levels and HCC incidence after the
combination therapy with DCV+ASV among the 55 patients without HCC history.

The median observation time (interquartile range) for HCC incidence from the start
of the combination therapy with DCV+ASV was 1802 days (1085–1872). Eight (14.5%) of
55 patients had HCC incidence during the observation time. M2BPGi levels at PTW24
were significantly higher in the patients who developed HCC compared with the patients
who had no HCC incidence (M2BPGi levels in the patients with HCC incidence: 2.42 COI
[2.09–3.97] vs. M2BPGi levels in the patients without HCC incidence: 1.19 COI [0.81–2.36],
p < 0.05) (Figure 4A). In ROC analysis, the best cutoff of M2BPGi levels at PTW24 regarding
HCC incidence was 1.75 COI (sensitivity: 1.0, specificity: 0.66, positive predictive value:
0.333, negative predictive value: 1.0, diagnostic accuracy: 0.709) (Figure 4B). The area under
the curve was 0.79 (95% confidence interval: 0.663–0.917) (Figure 4B).

In the cases with M2BPGi levels ≥1.75 COI at PTW24, the cumulative incidence rates
of HCC at 1, 3, and 5 years were 0%, 22%, and 35.8%, respectively. On the other hand,
in the cases with M2BPGi levels <1.75 COI at PTW24, there were no HCC incidence, and
thus, the significant difference of the cumulative HCC incidence rates was demonstrated
between the cases with M2BPGi levels ≥1.75 COI and those with M2BPGi levels <1.75 COI
at PTW24 (p < 0.01) (Figure 5A).

Of the 55 cases without HCC history, 44 cases (80%) had achieved SVR. In SVR cases
with M2BPGi levels ≥1.75 COI at PTW24, the cumulative incidence rates of HCC at 1,
3, and 5 years were 0%, 20%, and 40%, respectively, and the significant difference of the
cumulative HCC incidence rates was demonstrated between the cases with M2BPGi levels
≥1.75 COI and those with M2BPGi levels <1.75 COI (p < 0.01) at PTW24 in SVR cases
(Figure 5B). Regarding 11 of non-SVR cases, two (18.2%) cases had HCC incidence during
the observation time. In non-SVR cases with M2BPGi levels ≥1.75 COI at PTW24, the
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cumulative incidence rates of HCC at 1, 3, and 5 years were 0%, 25%, and 25%, respectively.
Although no cases with M2BPGi <1.75 at PTW24 had HCC incidence during the observation
time, the statistical evaluation was difficult due to the small number of cases.

Figure 4. The comparison between mac-2 binding protein glycosylation isomer (M2BPGi) levels between patients who
developed hepatocellular carcinoma (HCC) or not (A) and receiver operating characteristics analysis regarding the cutoff of
M2BPGi levels for the development of HCC (B) after the start of daclatasvir + asunaprevir among the cases without HCC
history. According to the Youden index, the best cutoff of M2BPGI levels was 1.75 (sensitivity: 1.0, specificity: 0.66, positive
predictive value: 0.333, negative predictive value: 1.0, diagnostic accuracy: 0.709). Area under the curve was 0.79 (95%
confidence interval: 0.663–0.917).

Figure 5. The cumulative hepatocellular carcinoma (HCC) incidence rates of overall cases (A) and SVR cases (B) after the
start of the combination therapy with daclatasvir and asunaprevir. In both analyses of overall and SVR cases, the cumulative
HCC incidence rates were significantly higher in the patients with the serum mac-2 binding protein glycosylation isomer
(M2BPGi) ≥1.75 COI (cutoff index) than those with M2BPGi levels <1.75 COI.
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4. Discussion

Our most important finding is that M2BPGi levels significantly decreased in patients
with SVR but not those without SVR. The other fibrosis markers, such as APRI, FIB-4 index,
and platelet counts did not clearly reflect the efficacy of DCV+ASV. Thus, M2BPGi levels
best reflected the effect of DAA-based therapy among these fibrosis markers. As the efficacy
of DAA-based therapy is excellent, previous studies [18–20] could not fully evaluate the
change of M2BPGi levels in non-SVR cases. In this respect, our study is of value.

The patients that achieved SVR after the DAA-based therapy showed the significant
regression of liver stiffness assessed with transient elastography, APRI, and FIB-4 index [23],
which was consistent with our findings that APRI and FIB-4 index improved significantly
in SVR cases. However, those were improved significantly even in non-SVR cases (the
statistical significance was numerically inferior compared with SVR cases). Although the
exact reasons were unclear, a plausible reason is that the temporal improvement of platelet
counts, serum AST levels, and serum ALT levels at PTW24 were achieved even in non-SVR
cases. Actually, platelet counts increased and serum AST levels decreased in nine cases
(60%) of non-SVR cases at PTW24. Serum ALT levels also decreased in 47% of non-SVR
cases. These values might have affected the calculation formulas of FIB-4 index or APRI.

Importantly, M2BPGi levels do not always reflect only liver fibrosis. M2BPGi levels are
increased at the time of the diagnosis in patients with acute liver injury and are significantly
decreased at the time of ALT normalization [24,25]. The measurement intervals are average
280 days [24] and median 59 days [25]. M2BPGi levels reflect the severity and duration of
liver injury, especially correlated with the time to ALT normalization in patients with acute
liver injury [25]. Thus, M2BPGi levels can be drastically changed reflecting other causes
such as liver inflammation in the relatively short term. Other glycomics-based markers
may also be associated with liver inflammation. For example, a galactose-deficient anti-Gal
immunoglobulin G [26] or GlycoFibroTest [27] that is the ratio between the agalacto glycans
and the fully galactosylated glycans may reflect systemic inflammation including liver
inflammation to some extent. As mentioned above, FAstLec-Hepa is a fully automated
sandwich immunoassay used for direct quantitation of serum M2BPGi levels. The serum
FAstLec-Hepa counts that mean serum M2BPGi levels decrease in SVR patients but not non-
SVR patients by PEG-interferon-α/ribavirin therapy and FIB-4 index does not distinguish
the differences of serum M2BPGi levels between SVR patients and non-SVR patients in a
short post-therapeutic interval [11], which is a very similar finding to our results. In a long-
term follow-up, out of three SVR patients, the serum FAstLec-Hepa counts numerically
decrease at approximately 3 years after the completion of antiviral therapy compared to
approximately 1 year after the completion of antiviral therapy in one case, while the counts
fluctuate and do not show a continuous reduction from 1 to 5 years after the completion of
antiviral therapy in the other cases [11]. Although the exact interpretation is difficult due
to a few cases, the remarkable decrease of the counts in a short post-therapeutic interval
might suggest amelioration of liver inflammation rather than improvement of liver fibrosis.
We guess that this hypothesis is applicable to our results.

Before the combination therapy with DCV+ASV, serum M2BPGi levels significantly
correlated with APRI, FIB-4 index, and platelet count. These results supported the useful-
ness of M2BPGi as a fibrosis marker. On the other hand, serum M2BPGi levels showed
no significant correlations with APRI and FIB-4 index at PTW24. In SVR cases, the im-
provement degrees of APRI and FIB-4 index were numerically smaller than those of serum
M2BPGi levels (Figure 2A–C). In non-SVR cases, the APRI and FIB-4 index were signif-
icantly decreased, while serum M2BPGi levels were not significantly changed. These
changes might explain that serum M2BPGi levels were not correlated with the APRI and
FIB-4 index at PTW24.

It was previously reported that SVR due to the combination therapy with DCV+ASV
significantly contributed to the improvement of platelet counts [18]. In our study, platelet
counts were improved in 53.4% (n = 31) in SVR cases, however, the significant improvement
of platelet counts could not be obtained statistically. In our study, 58.9% (n = 43) were



Biomedicines 2021, 9, 660 9 of 11

elderly patients who were 70 years old or more, and the median serum M2BPGi levels of
overall patients before the combination therapy with DCV+ASV were relatively high values
of 3.26 COI (1.58–5.28), thus, many established cirrhosis cases were thought to be included.
Platelet counts might be improved significantly in the future study with long-term follow
up and patients with milder liver fibrosis.

AFP is a non-invasive predictive marker for HCC in patients infected with HCV,
which can be used as a complemental data for fibrosis stage [28]. In our study, serum AFP
levels were significantly improved regardless of the achievement of SVR. Since serum AFP
levels also reflect liver inflammation, the decrease of serum AFP levels in non-SVR cases
might also be caused by the temporal improvement of hepatitis as with APRI and FIB-4
index. Similar to our study, it was reported that serum AFP levels were improved with the
combination therapy with DCV+ASV even in non-SVR cases [29].

Although DAA-induced SVR was reportedly associated with the reduction of HCC
risk, HCC incidence rates were higher in cirrhosis cases of SVR than non-cirrhosis cases of
non-SVR [30]. In our study, M2BPGi levels at PTW24 were significantly high in patients who
developed HCC after the treatment. The evaluation of M2BPGi levels at PTW24 could be
useful in predicting the future HCC development. As the number of our study subjects was
small and only one kind of DAA therapy was used in our study, the results were difficult to
be generalized and should be interpreted carefully. However, the previous studies in which
PTW12, PTW24 or 1 year after PTW24 is associated with HCC development in the patients
treated with the combination therapy with DCV+ASV [19] or the regimens including other
DAAs [14,31], support our data. M2BPGi levels after the time of ALT normalization might
more accurately reflect the actual degree of liver fibrosis than that before the antiviral
treatment by reducing the effect of liver inflammation or liver damage in CHC patients.
Thus, it makes sense that M2BPGi levels after the time of ALT normalization might be a
predictor of HCC development in CHC patients.

As mentioned above, the present study has several limitations. First, our study was
limited to only Japanese patients infected with genotype 1 and treated with the combination
therapy with DCV+ASV, although several DAA-based therapies replaced DCV+ASV at
present in Japan. Second, this is the retrospective cohort study in a single institution. Third,
the number of the study subjects was small and the follow up-period after the completion
of the combination therapy with DCV+ASV was short.

5. Conclusions

In conclusion, M2BPGi levels significantly reduced in SVR cases but not in non-SVR
cases. M2BPGi levels were well correlated with conventional established fibrosis markers
before the combination therapy with DCV+ASV. Of these fibrosis markers that were APRI,
FIB-4 index, and platelet counts, however, the change of these markers from baseline to
PTW24 showed the same tendency between SVR and non-SVR cases. Thus, M2BPGi levels
best reflected the effect of DAA-based therapy among these fibrosis markers. However, it
should be remembered that the rapid decrease of M2BPGi levels might reflect amelioration
of liver inflammation rather than improvement of liver fibrosis, which should be further
elucidated. Importantly, M2BPGi levels at PTW24 were associated with the incidence ratio
of HCC in only SVR cases. Further large-scale, longer follow-up, and prospective studies
including other ethnic groups, genotypes, and DAAs regimens were needed to confirm
our data.

Author Contributions: Conceptualization, K.S.; methodology, S.T. and K.S.; formal analysis, S.T.;
data curation, S.T., K.M., K.K., T.K. and H.T.; writing—original draft preparation, S.T.; writing—
review and editing, K.S.; validation, H.T. and S.K.; supervision, T.U. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.



Biomedicines 2021, 9, 660 10 of 11

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Kusunoki Hospital (no. 2015-14,
29 February 2016) and Gunma University Hospital (no. 160019, 15 June 2016).

Informed Consent Statement: Informed consent was obtained in the form of opt-out on the website.

Data Availability Statement: The analyzed datasets in the study are available from the correspond-
ing author on reasonable request.

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

References
1. Mizokami, M.; Yokosuka, O.; Takehara, T.; Sakamoto, N.; Korenaga, M.; Mochizuki, H.; Nakane, K.; Enomoto, H.; Ikeda, F.;

Yanase, M.; et al. Ledipasvir and sofosbuvir fixed-dose combination with and without ribavirin for 12 weeks in treatment-naive
and previously treated Japanese patients with genotype 1 hepatitis C, An open-label, randomised, phase 3 trial. Lancet Infect. Dis.
2015, 15, 645–653. [CrossRef]

2. Kumada, H.; Suzuki, Y.; Karino, Y.; Chayama, K.; Kawada, N.; Okanoue, T.; Itoh, Y.; Mochida, S.; Toyoda, H.; Yoshiji, H.; et al.
The combination of elbasvir and grazoprevir for the treatment of chronic HCV infection in Japanese patients, A randomized
phase II/III study. J. Gastroenterol. 2017, 52, 520–533. [CrossRef] [PubMed]

3. Chayama, K.; Suzuki, F.; Karino, Y.; Kawakami, Y.; Sato, K.; Atarashi, T.; Naganuma, A.; Watanabe, T.; Eguchi, Y.; Yoshiji, H.; et al.
Efficacy and safety of glecaprevir/pibrentasvir in Japanese patients with chronic genotype 1 hepatitis C virus infection with and
without cirrhosis. J. Gastroenterol. 2018, 53, 557–565. [CrossRef] [PubMed]

4. Omata, M.; Nishiguchi, S.; Ueno, Y.; Mochizuki, H.; Izumi, N.; Ikeda, F.; Toyoda, H.; Yokosuka, O.; Nirei, K.; Genda, T.; et al.
Sofosbuvir plus ribavirin in Japanese patients with chronic genotype 2 HCV infection, An open-label, phase 3 trial. J. Viral Hepat.
2014, 21, 762–768. [CrossRef] [PubMed]

5. Toyoda, H.; Chayama, K.; Suzuki, F.; Sato, K.; Atarashi, T.; Watanabe, T.; Atsukawa, M.; Naganuma, A.; Notsumata, K.;
Osaki, Y.; et al. Efficacy and safety of glecaprevir/pibrentasvir in Japanese patients with chronic genotype 2 hepatitis C virus
infection. Hepatology 2018, 67, 505–513. [CrossRef]

6. Asahina, Y.; Itoh, Y.; Ueno, Y.; Matsuzaki, Y.; Takikawa, Y.; Yatsuhashi, H.; Genda, T.; Ikeda, F.; Matsuda, T.; Dvory-Sobol, H.; et al.
Ledipasvir-sofosbuvir for treating Japanese patients with chronic hepatitis C virus genotype 2 infection. Liver Int. 2018, 38,
1552–1561. [CrossRef]

7. Kanwal, F.; Kramer, J.; Asch, S.M.; Chayanupatkul, M.; Cao, Y.; El-Serag, H.B. Risk of hepatocellular cancer in HCV patients
treated with direct-acting antiviral agents. Gastroenterology 2017, 153, 996–1005. [CrossRef] [PubMed]

8. Karanjia, R.N.; Crossey, M.M.; Cox, I.J.; Fye, H.K.; Njie, R.; Goldin, R.D.; Taylor-Robinson, S.D. Hepatic steatosis and fibrosis,
Non-invasive assessment. World J. Gastroenrerol. 2016, 22, 9880–9897. [CrossRef]

9. Wai, C.T.; Greenson, J.K.; Fontana, R.J.; Kalbfleisch, J.D.; Marrero, J.A.; Conjeevaram, H.S.; Lok, A.S. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology 2013, 38, 518–526. [CrossRef]

10. 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.

11. Kuno, A.; Ikehara, Y.; Tanaka, Y.; Ito, K.; Matsuda, A.; Sekiya, S.; Hige, S.; Sakamoto, M.; Kage, M.; Mizokami, M.; et al. A serum
“sweet-doughnut” protein facilitates fibrosis evaluation and therapy assessment in patients with viral hepatitis. Sci. Rep. 2013, 3,
1065. [CrossRef] [PubMed]

12. Feng, S.; Wang, Z.; Zhao, Y.; Tao, C. Wisteria floribunda agglutinin-positive Mac-2-binding protein as a diagnostic biomarker in
liver cirrhosis: An updated meta-analysis. Sci. Rep. 2020, 10, 10582. [CrossRef] [PubMed]

13. Inoue, T.; Tsuzuki, Y.; Iio, E.; Shinkai, N.; Matsunami, K.; Fujiwara, K.; Matsuura, K.; Nojiri, S.; Tanaka, Y. Clinical evaluation of
hepatocarcinogenesis and outcome using a novel glycobiomarker Wisteria floribunda agglutinin-positive Mac-2 binding protein
(WFA+-M2BP) in chronic hepatitis C with advanced fibrosis. Jpn. J. Infect. Dis. 2018, 71, 177–183. [CrossRef]

14. Osawa, L.; Tamaki, N.; Kurosaki, M.; Kirino, S.; Watakabe, K.; Wang, W.; Okada, M.; Shimizu, T.; Higuchi, M.; Takaura, K.; et al.
Wisteria floribunda Agglutinin-Positive Mac-2 Binding Protein but not α-fetoprotein as a Long-Term Hepatocellular Carcinoma
Predictor. Int. J. Mol. Sci. 2020, 21, 3640. [CrossRef]

15. Sasaki, R.; Yamasaki, K.; Abiru, S.; Komori, A.; Nagaoka, S.; Saeki, A.; Hashimoto, S.; Bekki, S.; Kugiyama, Y.; Kuno, A.; et al.
Serum Wisteria Floribunda Agglutinin-Positive Mac-2 Binding Protein Values Predict the Development of Hepatocellular
Carcinoma among Patients with Chronic Hepatitis C after Sustained Virological Response. PLoS ONE 2015, 10, e0129053.
[CrossRef] [PubMed]

16. Sato, S.; Genda, T.; Ichida, T.; Amano, N.; Sato, S.; Murata, A.; Tsuzura, H.; Narita, Y.; Kanemitsu, Y.; Hirano, K.; et al. Prediction of
Hepatocellular Carcinoma Development after Hepatitis C Virus Eradication Using Serum Wisteria floribunda Agglutinin-Positive
Mac-2-Binding Protein. Int. J. Mol. Sci. 2016, 17, 2143. [CrossRef]

17. Verhelst, X.; Vanderschaeghe, D.; Castéra, L.; Raes, T.; Geerts, A.; Francoz, C.; Colman, R.; Durand, F.; Callewaert, N.; Van
Vlierberghe, H. A Glycomics-Based Test Predicts the Development of Hepatocellular Carcinoma in Cirrhosis. Clin. Cancer Res.
2017, 23, 2750–2758. [CrossRef] [PubMed]

http://doi.org/10.1016/S1473-3099(15)70099-X
http://doi.org/10.1007/s00535-016-1285-y
http://www.ncbi.nlm.nih.gov/pubmed/27873094
http://doi.org/10.1007/s00535-017-1391-5
http://www.ncbi.nlm.nih.gov/pubmed/28948366
http://doi.org/10.1111/jvh.12312
http://www.ncbi.nlm.nih.gov/pubmed/25196837
http://doi.org/10.1002/hep.29510
http://doi.org/10.1111/liv.13685
http://doi.org/10.1053/j.gastro.2017.06.012
http://www.ncbi.nlm.nih.gov/pubmed/28642197
http://doi.org/10.3748/wjg.v22.i45.9880
http://doi.org/10.1053/jhep.2003.50346
http://doi.org/10.1038/srep01065
http://www.ncbi.nlm.nih.gov/pubmed/23323209
http://doi.org/10.1038/s41598-020-67471-y
http://www.ncbi.nlm.nih.gov/pubmed/32601332
http://doi.org/10.7883/yoken.JJID.2017.459
http://doi.org/10.3390/ijms21103640
http://doi.org/10.1371/journal.pone.0129053
http://www.ncbi.nlm.nih.gov/pubmed/26070204
http://doi.org/10.3390/ijms17122143
http://doi.org/10.1158/1078-0432.CCR-16-1500
http://www.ncbi.nlm.nih.gov/pubmed/27986746


Biomedicines 2021, 9, 660 11 of 11

18. Miyaki, E.; Imamura, M.; Hiraga, N.; Murakami, E.; Kawaoka, T.; Tsuge, M.; Hiramatsu, A.; Kawakami, Y.; Aikata, H.;
Hayes, C.N.; et al. Daclatasvir and asunaprevir treatment improves liver function parameters and reduces liver fibrosis markers
in chronic hepatitis C patients. Hepatol. Res. 2016, 46, 758–764. [CrossRef]

19. Nagata, H.; Nakagawa, M.; Nishimura-Sakurai, Y.; Asano, Y.; Tsunoda, T.; Miyoshi, M.; Kaneko, S.; Goto, F.; Otani, S.; Kawai-
Kitahata, F.; et al. Serial measurement of Wisteria floribunda agglutinin positive Mac-2-binding protein is useful for predicting
liver fibrosis and the development of hepatocellular carcinoma in chronic hepatitis C patients treated with IFN-based and IFN-free
therapy. Hepatol. Int. 2016, 10, 956–964. [CrossRef]

20. Tsuji, K.; Kurosaki, M.; Itakura, J.; Mori, N.; Takaki, S.; Hasebe, C.; Akahane, T.; Joko, K.; Yagisawa, H.; Takezawa, J.; et al.
Real-world efficacy and safety of ledipasvir and sofosbuvir in patients with hepatitis C virus genotype 1 infection, A nationwide
multicenter study by the Japanese Red Cross Liver Study Group. J. Gastroenterol. 2018, 53, 1142–1150. [CrossRef]

21. Watanabe, T.; Tokumoto, Y.; Joko, K.; Michitaka, K.; Horiike, N.; Tanaka, Y.; Tada, F.; Kisaka, Y.; Nakanishi, S.; Nonaka, T.; et al.
Predictors of treatment efficacy and ALT non-normalization with sofosbuvir/ribavirin therapy for patients with hepatitis C virus
genotype 2. J. Med. Virol. 2017, 89, 1567–1573. [CrossRef] [PubMed]

22. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transplant. 2013, 48,
452–845. [CrossRef]

23. Bachofner, J.A.; Valli, P.V.; Kröger, A.; Bergamin, I.; Künzler, P.; Baserga, A.; Braun, D.; Seifert, B.; Moncsek, A.; Fehr, J.; et al.
Direct antiviral agent treatment of chronic hepatitis C results in rapid regression of transient elastography and fibrosis markers
fibrosis-4 score and aspartate aminotransferase-platelet ratio index. Liver Int. 2017, 37, 369–376. [CrossRef]

24. Morio, K.; Imamura, M.; Daijo, K.; Teraoka, Y.; Honda, F.; Nakamura, Y.; Kobayashi, T.; Nakahara, T.; Nagaoki, Y.;
Kawaoka, T.; et al. Wisteria floribunda agglutinin positive Mac-2-binding protein level increases in patients with acute liver
injury. J. Gastroenterol. 2017, 52, 1252–1257. [CrossRef]

25. Seike, T.; Komura, T.; Shimizu, Y.; Omura, H.; Kumai, T.; Kagaya, T.; Ohta, H.; Kawashima, A.; Harada, K.; Kaneko, S.; et al. The
Serum Mac-2-binding Protein Glycosylation Isomer Dynamics in Acute Liver Injury. Intern. Med. 2020, 59, 1581–1588. [CrossRef]
[PubMed]

26. Mehta, A.S.; Long, R.E.; Comunale, M.A.; Wang, M.; Rodemich, L.; Krakover, J.; Philip, R.; Marrero, J.A.; Dwek, R.A.; Block, T.M.
Increased levels of galactose-deficient anti-Gal immunoglobulin G in the sera of hepatitis C virus-infected individuals with
fibrosis and cirrhosis. J. Virol. 2008, 82, 1259–1270. [CrossRef]

27. Vanderschaeghe, D.; Laroy, W.; Sablon, E.; Halfon, P.; Van Hecke, A.; Delanghe, J.; Callewaert, N. GlycoFibroTest is a highly
performant liver fibrosis biomarker derived from DNA sequencer-based serum protein glycomics. Mol. Cell. Proteom. 2009, 8,
986–994. [CrossRef] [PubMed]

28. Tateyama, M.; Yatsuhashi, H.; Taura, N.; Motoyoshi, Y.; Nagaoka, S.; Yanagi, K.; Abiru, S.; Yano, K.; Komori, A.; Migita, K.; et al.
Alpha-fetoprotein above normal levels as a risk factor for the development of hepatocellular carcinoma in patients infected with
hepatitis C virus. J. Gastroenterol. 2011, 46, 92–100. [CrossRef]

29. Akuta, N.; Sezaki, H.; Suzuki, F.; Kawamura, Y.; Hosaka, T.; Kobayashi, M.; Kobayashi, M.; Saitoh, S.; Suzuki, Y.; Arase, Y.; et al.
Favorable efficacy of daclatasvir plus asunaprevir in treatment of elderly Japanese patients infected with HCV genotype 1b aged
70 and older. J. Med. Virol. 2017, 89, 91–98. [CrossRef]

30. Ioannou, G.N.; Green, P.K.; Beste, L.A.; Mun, E.J.; Kerr, K.F.; Berry, K. Development of models estimating the risk of hepatocellular
carcinoma after antiviral treatment for hepatitis C. J. Hepatol. 2018, 69, 1088–1098. [CrossRef]

31. Yasui, Y.; Kurosaki, M.; Komiyama, Y.; Takada, H.; Tamaki, N.; Watakabe, K.; Okada, M.; Wang, W.; Shimizu, T.; Kubota, Y.; et al.
Wisteria floribunda agglutinin-positive Mac-2 binding protein predicts early occurrence of hepatocellular carcinoma after
sustained virologic response by direct-acting antivirals for hepatitis C virus. Hepatol. Res. 2018, 48, 1131–1139. [CrossRef]
[PubMed]

http://doi.org/10.1111/hepr.12621
http://doi.org/10.1007/s12072-016-9754-1
http://doi.org/10.1007/s00535-018-1455-1
http://doi.org/10.1002/jmv.24776
http://www.ncbi.nlm.nih.gov/pubmed/28165154
http://doi.org/10.1038/bmt.2012.244
http://doi.org/10.1111/liv.13256
http://doi.org/10.1007/s00535-017-1345-y
http://doi.org/10.2169/internalmedicine.3867-19
http://www.ncbi.nlm.nih.gov/pubmed/32269188
http://doi.org/10.1128/JVI.01600-07
http://doi.org/10.1074/mcp.M800470-MCP200
http://www.ncbi.nlm.nih.gov/pubmed/19181623
http://doi.org/10.1007/s00535-010-0293-6
http://doi.org/10.1002/jmv.24592
http://doi.org/10.1016/j.jhep.2018.07.024
http://doi.org/10.1111/hepr.13233
http://www.ncbi.nlm.nih.gov/pubmed/30030872

	Introduction 
	Materials and Methods 
	Patients 
	Treatment Regimen and Follow-up Surveillance for Viremia and HCC 
	Demographic and Laboratory Data 
	Virological Assessment 
	Measurement of Mac-2 Binding Protein Glycosylation Isomer (M2BPGi) Levels 
	Statistical Analysis 

	Results 
	Baseline Characteristics of the Subjects 
	Change of Liver Fibrosis Markers at Baseline and PTW24 
	Correlations between M2BPGi Levels and Other Liver Fibrosis Markers That Are APRI, FIB-4 Index, and Platelet Counts 
	Change of AFP Levels at Baseline and PTW24 
	The Association between M2BPGi Levels at PTW24 and Hepatocarcinogenesis 

	Discussion 
	Conclusions 
	References

