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Mac-2 Binding Protein Glycosylation 
Isomer as a Hepatocellular Carcinoma 
Marker in Patients With Chronic 
Hepatitis B or C Infection
Tomi Jun ,1 Yao-Chun Hsu,2-5 Shintaro Ogawa,6 Yen-Tsung Huang,7 Ming-Lun Yeh,8 Cheng-Hao Tseng,4  
Chung-Feng Huang,8 Chi-Ming Tai,5 Chia-Yen Dai,8 Jee-Fu Huang,8 Wan-Long Chuang,8 Ming-Lung Yu ,8 Yasuhito Tanaka,6 
and Mindie H. Nguyen9

Mac-2 binding protein glycosylation isomer (M2BPGi) is a novel glycoprotein biomarker that correlates with liver 
fibrosis. It has been investigated in East Asian populations as a hepatocellular carcinoma (HCC) biomarker. We 
assessed M2BPGi as an HCC biomarker in an ethnically diverse cohort of patients with chronic hepatitis B virus 
(HBV) and hepatitis C virus (HCV) infection. We enrolled 947 treatment-naive patients mono-infected with HBV or 
HCV without HCC at baseline. Biomarker levels were measured from baseline sera and correlated with longitudinal 
clinical data. The primary outcome was HCC occurrence during long-term follow-up. Median M2BPGi was significantly 
higher among patients with cirrhosis (2.67 versus 0.80; P < 0.001) and patients who developed HCC (3.22 versus 1.16; 
P < 0.001). The area under the receiver operating characteristic (AUROC) for M2BPGi and alpha-fetoprotein  
(AFP) was similar overall (0.77 versus 0.72; P = 0.15), but M2BPGi outperformed AFP among patients with HBV 
(0.84 versus 0.75; P = 0.02). M2BPGi performed poorly among patients with HCV (AUROC, 0.51). M2BPGi was an 
independent predictor of HCC among patients with HBV but not among patients with HCV. M2BPGi performed 
better in patient subgroups with a lower prevalence of cirrhosis. Conclusion: In our HBV cohort, M2BPGi was more 
effective than AFP in predicting HCC and was an independent predictor of HCC. However, M2BPGi had  
limited predictive value in our HCV cohort, likely due to a high cirrhosis burden in this cohort. Further studies are 
needed to evaluate M2BPGi as an HCC biomarker in broader patient populations with more diverse disease etiology,  
non-Asian ethnicity, and more advanced fibrosis. (Hepatology Communications 2019;3:493-503).

Hepatocellular carcinoma (HCC) was respon-
sible for more than 800,000 deaths in 
2015 and is the fourth leading cause of 

cancer deaths around the world.(1) Early detection 
improves survival, and several HCC biomarkers have 
been studied for this purpose. However, aside from 

alpha-fetoprotein (AFP), none have entered broad 
clinical use globally.(2)

In 2013, Kuno et al.(3) identified a glycosylation 
isoform of Mac-2 binding protein that correlated 
with liver fibrosis in patients with chronic hepatitis 
C virus (HCV) infection. Mac-2 binding protein 

Abbreviations: AFP, alpha-fetoprotein; AUROC, area under the receiver operating characteristic curve; BMI, body mass index; CI, confidence 
interval; COI, cutoff index; FIB-4, fibrosis-4; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard 
ratio; M2BPGi, Mac-2 binding protein glycosylation isomer; NAFLD, nonalcoholic fatty liver disease; ROC, receiver operating characteristic.
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is produced by various cell types, including hepato-
cytes, and changes in its glycosylation pattern in the 
setting of liver disease are the basis for its use as a 
biomarker.

The glycan-based immunoassay described by Kuno 
et al.(3) is now available in Japan and has been used to 
study this marker in a variety of contexts. In addition 
to HCV, the Mac-2 binding protein glycosylation 
isomer (M2BPGi) has been studied as a marker for 
fibrosis in chronic hepatitis B virus (HBV) infection, 
nonalcoholic fatty liver disease (NAFLD), and pri-
mary biliary cirrhosis, among others.(4-7) It has also 
been evaluated as a biomarker for HCC in HBV, 
HCV, and NAFLD, with favorable results.(8-11)

Several gaps in the literature regarding M2BPGi 
remain and should be addressed prior to wide-
spread adoption of the biomarker. First, M2BPGi 
has thus far only been evaluated in East Asian pop-
ulations. Data from other populations are neces-
sary to establish its generalizability. Second, as an 
HCC biomarker, M2BPGi has thus far been stud-
ied in cohorts with a single underlying liver disease, 
whether HBV, HCV, or NAFLD. In routine clini-
cal practice, health care providers serve populations 
with a mix of liver diseases, all of whom may be 
at risk of HCC. As such, data from mixed cohorts 
are needed to compare M2BPGi performance across 
various liver diseases.

We designed this multicenter study to assess 
M2BPGi as a biomarker for HCC in an ethnically 
diverse and international cohort of patients with HBV 
and HCV from Asia and California.

Patients and Methods
STUDY DESIGN AND SETTING

This cohort study involved 947 adult patients (18 
years or older) with chronic viral hepatitis (HBV or 
HCV) who were enrolled and observed from April 
2001 to October 2017 at three teaching hospitals in 
the United States and Taiwan (Stanford University 
Medical Center, Palo Alto, California; E-Da Hospital, 
Kaohsiung, Taiwan; Kaohsiung Medical University 
Hospital, Kaohsiung, Taiwan). The primary outcome 
was occurrence of HCC during long-term follow-up.

Baseline clinical characteristics and sera were col-
lected at enrollment. Routine laboratory tests were 
conducted at each institution, whereas measurement 
of M2BPGi was conducted at a single laboratory at 
the Department of Virology and Liver Unit, Nagoya 
City University, Nagoya, Japan. The laboratory per-
sonnel performing the M2BPGi assay were blinded 
to clinical information associated with each sample. 
Clinical and laboratory data were submitted to the 
data center at Stanford University Medical Center, 
Stanford, CA, for data management and analysis.

All patients gave written informed consent prior to 
blood collection. The study was approved by the insti-
tutional review board at each participating institution.

PATIENT POPULATION
Patients 18 years or older who were mono-in-

fected with HBV or HCV, antiviral treatment naive, 
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and had at least 1 year of follow-up were included. 
Patients were excluded if they were diagnosed with 
HCC within 6 months of entering the study as these 
may have been prevalent rather than incident cases. 
Patients with HBV–HCV coinfection or nonviral 
chronic liver diseases were also excluded.

Diagnoses of HBV and HCV were established by 
serologic testing and nucleic acid tests for viremia. 
HCC was diagnosed based on histology or noninva-
sive imaging criteria as recommended by the American 
Association for the Study of Liver Diseases.(12) 
Cirrhosis was diagnosed based on imaging, clinical, 
and histopathologic findings. Patients with HCV were 
considered treated if they achieved sustained virologic 
response between enrollment and censoring; patients 
with HBV were considered treated if they received any 
antiviral treatment between enrollment and censoring.

DATA COLLECTION AND M2BPGi 
MEASUREMENT

Baseline demographic, clinical, laboratory, patho-
logic, and radiographic data were extracted from the 
medical records at each site and compiled into a com-
mon database with uniform definitions.

Noninvasive scores based on routine laboratory tests 
were also calculated as indicators of liver fibrosis or 
dysfunction. We used the following equations: fibro-
sis-4 (FIB-4) = (aspartate aminotransferase [U/L] × 
age [years]) / (alanine aminotransferase [U/L]1/2 × 
platelet count [103/μL])(13); Model for End-Stage 
Liver Disease = 3.78 × ln(serum bilirubin [mg/dL]) 
+ 11.2 × ln(international normalized ratio) + 9.57 × 
ln(serum creatinine [mg/dL]) + 6.43.(14)

Serum M2BPGi levels were measured from 
archived sera using an automated analyzer apply-
ing the lectin-antibody sandwich immunoassay 
(HISCL-2000i; Sysmex Corporation, Hyogo, Japan), 
as described.(15) M2BPGi levels were expressed as a 
cutoff index (COI), which was calculated according 
to the following formula: COI = ([M2BPGi]sample 
– [M2BPGi]negative control) / ([M2BGi]positive control – 
[M2BPGi]negative control).

STATISTICAL ANALYSIS
M2BPGi values were reported as medians with 

interquartile ranges and compared across patient 
subgroups using the Mann-Whitney U test. Other 

descriptive statistics were reported as proportions (%), 
mean with SD, or medians with interquartile ranges 
and compared using the Student t test, the chi-square 
test, or the Mann-Whitney U test as appropriate. 
Statistical significance was defined as two-tailed  
P < 0.05.

Time-dependent receiver operating characteristic 
(ROC) curves were generated in R (R Foundation, 
Vienna, Austria) using the timeROC package. 
Comparisons of paired ROC curves were performed 
using the timeROC package, and unpaired compari-
sons were performed in MedCalc (MedCalc Software, 
Ostend, Belgium).

Univariate and multivariate survival models were 
constructed using Cox proportional hazards models in 
Stata, version 14 (Stata Corporation, College Station, 
TX). The primary outcome was incident HCC diag-
nosis. The primary predictor variable was M2BPGi 
level. Secondary predictors were sex, age, cirrhosis sta-
tus, and treatment status at baseline. To account for 
patient heterogeneity, models were adjusted for site as 
a random effect, and separate models were constructed 
for patients with HBV and HCV.

Results
BASELINE CHARACTERISTICS

The baseline clinical characteristics of patients in 
this study are described in Table 1. Patient populations 
with HCV and HBV differed in several important 
respects. Patients with HCV were older on average, 
had a higher body mass index (BMI), were more 
likely to be female, were less likely to be Asian, were 
more likely to come from the U.S. cohort, and were 
more likely to have cirrhosis. Median M2BPGi lev-
els were higher in the HCV group (2.28 versus 1.09;  
P < 0.001). Median length of follow-up in the over-
all cohort was 6.8 years and not significantly different 
between the HBV and HCV groups.

Patient characteristics stratified by site and underly-
ing disease are reported in Supporting Tables S1A,B. 
Patients from the United States had a higher aver-
age BMI (27.4 kg/m2 versus 25.2 kg/m2; P < 0.001) 
and were more likely to have diabetes (21.3% versus 
15.4%; P = 0.053). All patients from Taiwan were 
Asian compared to 50.5% of patients from the United 
States. Rates of antiviral therapy for either HBV or 
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HCV were higher in Taiwan than the United States 
(62% versus 46.0%; P < 0.001). The 10-year incidence 
of HCC was higher among patients from Taiwan 
than from the United States (10.3% versus 4.1%;  
P = 0.007). Within each site, the differences between 
HBV and HCV patients were generally similar to the 
overall cohort.

Median M2BPGi was markedly higher among 
patients with cirrhosis than those without (2.67 ver-
sus 0.80; P < 0.001) and among those who devel-
oped HCC than those who did not (3.22 versus 1.16;  
P < 0.001) (Fig. 1A,B). When stratifying by both cir-
rhosis and HCC, median M2BPGi was still higher 
among patients with cirrhosis who developed HCC 
than among patients with cirrhosis who did not 
develop HCC, although the difference was less prom-
inent (3.31 versus 2.63; P = 0.04) (Fig. 1C). There 
was no significant difference in median M2BPGi lev-
els between patients without cirrhosis who developed 

HCC and those who did not (0.31 versus 0.81;  
P = 0.18); however, only 3 patients without cirrhosis 
developed HCC (Fig. 1C).

M2BPGi COMPARED TO AFP
To assess the performance of M2BPGi as a bio-

marker for the prediction of future HCC, we com-
pared M2BPGi to AFP using the area under the 
ROC curve (AUROC) (Fig. 2). M2BPGi and AFP 
had similar AUROC values in the overall cohort  
(0.77 versus 0.72; P = 0.15), among patients with 
cirrhosis (0.60 versus 0.57; P = 0.50), and among 
patients with HCV (0.51 versus 0.59; P = 0.34). 
M2BPGi had a significantly higher AUROC value 
than AFP among patients with HBV (0.84 versus 
0.75; P = 0.02). Time-dependent AUROC values for 
AFP and M2BPGi at 3, 5, and 10 years are reported 
in Table 2A,B.

TABLE 1. PATIENT CLINICAL CHARACTERISTICS AT BASELINE AND FOLLOW-UP

HCV (n = 233) HBV (n = 714)
Overall

(n = 947) P Value

BASELINE

Age at entry, years 55.6 ± 9.2 45.1 ± 12.1 47.7 ± 12.3 <0.001

Female 113 (48.7%) 205 (28.8%) 318 (33.7%) <0.001

Caucasian 66 (28.6%) 5 (0.7%) 71 (7.5%) <0.001

Asian 141 (61.0%) 707 (99.2%) 848 (89.8%) <0.001

Other ethnicities 24 (10.4%) 1 (0.1%) 25 (2.7%) <0.001

U.S. cohort 118 (50.6%) 79 (11.1%) 197 (20.8%) <0.001

BMI (kg/m2) 27.8 ± 5.4 24.9 ± 3.4 25.7 ± 4.5 <0.001

Diabetes mellitus 60 (26.8%) 73 (12.9%) 133 (16.9%) <0.001

Cirrhosis 204 (87.6%) 259 (36.3%) 463 (48.9%) <0.001

Antiviral therapy 107 (48.4%) 443 (62.0%) 550 (58.8%) <0.001

Aspartate aminotransferase, U/L 78 (52-118.5) 57 (34-111.5) 63 (37-115.5) <0.001

Alanine aminotransferase, U/L 84.5 (56-132.5) 81 (39-178) 82 (43-156) 0.27

Bilirubin, mg/dL 0.9 (0.6-1.6) 1.1 (0.74-1.73) 1.08 (0.7-1.7) 0.01

Platelet count, 103/μL 126 (84-176) 171.5 (113.5-217) 158 (102-210) <0.001

Albumin, g/dL 3.6 (2.9-4) 4.04 (3.6-4.4) 3.92 (3.4-4.3) <0.001

MELD 9 (7-13) 9 (7-12) 9 (7-12) 0.64

FIB-4 4.07 (2.19-6.78) 1.91 (1.01-4.20) 2.39 (1.19-5.33) <0.001

AFP, ng/mL 8.9 (4.9-17) 4.44 (2.35-9.16) 5.2 (2.7-11.4) <0.001

M2BPGi, COI 2.28 (1.05-4.81) 1.09 (0.59-2.84) 1.27 (0.64-3.4) <0.001

FOLLOW-UP

Follow-up, years 7.48 (4.16-9.96) 6.48 (3.21-11.19) 6.80 (3.37-10.81) 0.25

Age at HCC diagnosis, years 62.4 ± 7.7 59.8 ± 9.3 60.9 ± 8.7 0.16

5-year cumulative HCC incidence 22 (9.4%) 28 (3.9%) 50 (5.3%) 0.001
10-year cumulative HCC incidence 38 (16.3%) 47 (6.6%) 85 (9.0%) <0.001

Data are reported as proportions (%), means ± standard deviations, or medians with interquartile ranges, as appropriate.
Abbreviation: MELD, Model for End-Stage Liver Disease.
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We attempted to improve predictive performance 
by combining AFP and M2BPGi in a logistic regres-
sion model. The model’s performance did not sig-
nificantly differ from that of M2BPGi because the 
coefficient for AFP was small (Supporting Fig. S1).

M2BPGi IN PREDICTIVE MODELS 
OF HCC

Univariate and multivariate Cox proportional haz-
ards models were separately constructed for patients 
with HBV and HCV. Covariates included were sex, 
age, cirrhosis, treatment status, and M2BPGi. Site was 
controlled for as a random effect. Cirrhosis was omitted 
from the HCV model as all patients with HCV who 
developed HCC had cirrhosis. Among patients with 
HBV, M2BPGi and cirrhosis were both independent 
predictors of HCC (Table 3A). Among patients with 
HCV, M2BPGi was not an independent predictor 
of HCC (Table 3B). Sensitivity analyses to diabetes 

in the multivariate models did not change the results 
with regard to M2BPGi (hazard ratio [HR] 1.11,  
P = 0.001 for HBV; HR 0.97, P = 0.53 for HCV).

INTERACTIONS BETWEEN 
M2BPGi, CIRRHOSIS, AND 
UNDERLYING LIVER DISEASE

When comparing the performance of M2BPGi 
among various subsets of patients, we observed that 
M2BPGi performance was better in groups with a 
lower proportion of patients with cirrhosis. For exam-
ple, M2BPGi performed significantly better among 
patients with HBV (36.3% cirrhosis) than patients 
with HCV (87.6% cirrhosis) (AUROC, 0.84 ver-
sus 0.51; P < 0.001). Similarly, M2BPGi performed 
significantly better among patients with HBV over-
all compared to patients with HBV with cirrhosis 
(AUROC, 0.84 versus 0.69; P = 0.02) and among the 
overall cohort compared to patients with cirrhosis only 

FIG. 1. Stratification of M2BPGi levels. M2BPGi levels were stratified by (A) cirrhosis status, (B) HCC status, and (C) both cirrhosis 
and HCC status. Each box represents the 25th to 75th percentiles. Whiskers extend to the upper and lower adjacent values.
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(AUROC, 0.77 versus 0.60; P = 0.001). Stratifying 
the cohort into tertiles by the FIB-4 index produced a 
similar pattern; the AUROC for M2BPGi was higher 

in the tertiles with lower FIB-4 scores and less cirrho-
sis (Supporting Figs. S2 and S3; Supporting Tables S2 
and S3).

FIG. 2. Time-dependent ROC curves for M2BPGi and AFP as predictors of HCC within 10 years. (A) all patients, (B) patients with 
cirrhosis, (C) patients with HBV, (D) patients with HCV, (E) patients with HBV and cirrhosis, (F) patients with HCV and cirrhosis.
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TABLE 2A.  A FP: TIME-DEPENDENT AUROC VALUES FOR PREDICTING HCC AT DIFFERENT TIME 
POINTS ACROSS PATIENT SUBGROUPS

Time (year)
All Patients
(n = 879)

All Cirrhosis
(n = 433)

All HBV
(n = 664)

All HCV
(n = 215)

HBV Cirrhosis
(n = 239)

HCV Cirrhosis
(n = 194)

3 0.67
(0.59-0.76)

0.55
(0.44-0.66)

0.66
(0.54-0.77)

0.63
(0.53-0.74)

0.49
(0.31-0.66)

0.61
(0.50-0.72)

5 0.69
(0.62-0.75)

0.57
(0.48-0.65)

0.71
(0.62-0.79)

0.60
(0.48-0.72)

0.55
(0.42-0.67)

0.58
(0.46-0.71)

10 0.72
(0.66-0.78)

0.57
(0.48-0.66)

0.75
(0.68-0.82)

0.59
(0.46-0.73)

0.54
(0.42-0.66)

0.59
(0.46-0.73)

Values are AUROC (95% CI) at the specified time point.

TABLE 2B.  M 2BPGI: TIME-DEPENDENT AUROC VALUES FOR PREDICTING HCC AT DIFFERENT TIME 
POINTS ACROSS PATIENT SUBGROUPS

Time (year)
All Patients
(n = 879)

All Cirrhosis
(n = 433)

All HBV
(n = 664)

All HCV
(n = 215)

HBV Cirrhosis
(n = 239)

HCV Cirrhosis
(n = 194)

3 0.68
(0.58-0.78)

0.60
(0.48-0.71)

0.72
(0.56-0.87)

0.55
(0.43-0.68)

0.65
(0.48-0.84)

0.54
(0.42-0.67)

5 0.71
(0.64-0.78)

0.62
(0.53-0.70)

0.76
(0.66-0.86)

0.56
(0.46-0.66)

0.66
(0.54-0.79)

0.56
(0.46-0.66)

10 0.77
(0.71-0.83)

0.60
(0.52-0.69)

0.84
(0.77-0.91)

0.51
(0.38-0.63)

0.69
(0.59-0.80)

0.51
(0.38-0.63)

Values are AUROC (95% CI) at the specified time point.

TABLE 3A.  P REDICTORS OF HCC AMONG PATIENTS WITH CHRONIC HEPATITIS B

Variable

Univariate
Multivariate
(n = 692)

HR (95% CI) P Value HR (95% CI) P Value

Male sex 1.31 (0.67-2.58) 0.428 1.94 (0.93-4.02) 0.077

Age* 1.42 (1.25-1.62) <0.001 1.34 (1.12-1.61) 0.002

Cirrhosis 24.01 (7.45-77.4) <0.001 16.19 (3.78-69.32) <0.001

Antiviral therapy 4.57 (1.93-10.84) 0.001 1.30 (0.49-3.45) 0.603
M2BPGi (COI) 1.16 (1.11-1.21) <0.001 1.11 (1.05-1.18) <0.001

*5-year increments.

TABLE 3B.  P REDICTORS OF HCC AMONG PATIENTS WITH CHRONIC HEPATITIS C

Variable

Univariate
Multivariate
(n = 218)

HR (95% CI) P Value HR (95% CI) P Value

Male sex 1.20 (0.63-2.27) 0.576 1.29 (0.67-2.48) 0.447

Age* 1.17 (0.98-1.41) 0.089 1.19 (0.98-1.45) 0.078

Cirrhosis† - - - -

Antiviral therapy 0.63 (0.33-1.20) 0.158 0.53 (0.27-1.04) 0.067
M2BPGi (COI) 0.96 (0.88-1.05) 0.409 0.96 (0.87-1.07) 0.492

*5-year increments.
†Omitted due to complete correlation with HCC.
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Because M2BPGi was an independent predictor 
of HCC among patients with HBV but not patients 
with HCV, we postulated that there might be an 
interaction between M2BPGi and the underlying 
liver disease (HBV or HCV) independent of the 
prevalence of cirrhosis in each group. A multivariate 
model, including an interaction term for underlying 
liver disease and M2BPGi, found that the interaction 
was significant (HR, 1.15; 95% confidence interval 
[CI], 1.04-1.28; P = 0.009), even after controlling for 
cirrhosis (Table 4).

Discussion
This is the first study to evaluate M2BPGi as a 

predictor of HCC in non-Asian patients and patients 
outside of East Asia. Among patients with HBV, we 
found that M2BPGi was a more informative bio-
marker than AFP and was an independent predic-
tor of HCC, even after accounting for cirrhosis. This 
recapitulates the findings of other studies and extends 
those findings to include a sample of Asian patients 
living outside East Asia. However, we did not find that 
M2BPGi was a useful predictor of HCC in our HCV 
cohort. This differs from what has been reported from 
exclusively East Asian populations.

This discrepancy could be related to a number of 
factors. First, our HCV cohort differed significantly 
from previously tested populations. More than one 
third of our cohort was non-Asian, and approximately 
half were living in the United States. All other studies 

to date looking at M2BPGi as an HCC biomarker 
in patients with HCV have been conducted in Japan. 
It is possible that genetic or environmental differ-
ences may lead to alternative glycosylation patterns of 
M2BP, which the current assay does not detect. The 
current assay uses the lectin Wisteria floribunda agglu-
tinin, which was chosen as the best candidate out of 
a screen looking for M2BP lectins that correlated 
with liver fibrosis stage in 125 Japanese patients with 
HCV.(3) It is possible that alternative lectins could 
improve the test’s performance in non-Japanese HCV 
populations. For HBV, M2BPGi has been successfully 
used in Korean and Chinese populations in addition 
to Japanese populations, demonstrating that the test 
is robust to some changes in patient population.(9,10)

Another consideration is M2BPGi’s close asso-
ciation with fibrosis and cirrhosis. As noted above, 
M2BPGi was originally identified in a screen for a 
fibrosis marker not an HCC marker. However, cirrho-
sis is a powerful risk factor for HCC regardless of liver 
disease etiology. Thus, there is a risk of cirrhosis con-
founding analyses of M2BPGi as an HCC biomarker. 
We observed that M2BPGi was less effective when 
applied to patient populations with a higher burden 
of cirrhosis or fibrosis. This may have played a role in 
our results as cirrhosis was present in the vast majority 
(87.6%) of our HCV cohort and all HCV–HCC cases 
in the cohort were in patients who had cirrhosis at 
baseline. In comparison, in their study of 707 Japanese 
patients with HCV, Yamasaki et al.(8) observed F4 
fibrosis at baseline in only 17% of patients. Similarly, 
Sasaki et al.(16) observed F4 fibrosis at baseline in only 
10.1% of their patients. Whereas Yamasaki et al. and 
Sasaki et al. were able to use M2BPGi to stratify for 
HCC risk within each fibrosis stage, including F4, 
we found that neither M2BPGi nor AFP had much 
predictive power in our HCV cohort. It may be that 
cirrhosis was relatively prevalent and severe in our 
cohort, thus limiting the predictive power of both 
AFP and M2BPGi.

There may also be systematic differences in the 
prevalence of cirrhosis between Eastern and Western 
populations with chronic liver disease who pres-
ent for medical attention.(17) The HCC BRIDGE 
study, which examined the clinical characteristics 
of patients diagnosed with HCC in Asia, Europe, 
and North America, found that approximately 90% 
of Japanese and Taiwanese patients with HCC were 
Child-Pugh A compared to approximately 70% of 

TABLE 4. MULTIVARIATE MODEL FOR 
PREDICTORS OF HCC AT 10 YEARS AMONG ALL 

PATIENTS, INCLUDING AN INTERACTION TERM 
FOR UNDERLYING LIVER DISEASE AND M2BPGI

Variable

n = 921

HR (95% CI) P Value

Male sex 1.49 (0.93-2.39) 0.100

Age* 1.25 (1.09-1.42) 0.001

Asian 2.24 (0.87-5.78) 0.095

HBV versus HCV 0.49 (0.25-0.95) 0.036

M2BPGi (COI) 0.96 (0.88-1.06) 0.420

HBV × M2BPGi† 1.15 (1.04-1.28) 0.009
Cirrhosis 19.21 (4.60-80.28) <0.001

*5-year increments.
†Interaction between etiology and M2BPGi.
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North American or European patients.(18) Japan 
has implemented nationwide screening and surveil-
lance programs for HCV and HCC, which have 
led to declining rates of HCC incidence and mor-
tality.(19,20) Screening efforts in the United States 
may not be as consistent, resulting in patients with 
more advanced cirrhosis by the time they connect 
with the medical system.(21-23) Indeed, prior studies 
have reported a cirrhosis prevalence of 85% to 90% 
among patients with HCV–HCC in the United 
States.(24-26)

Additional considerations are alcohol consumption 
patterns and ethnic differences in disease progression. 
Comorbid alcoholic liver disease may influence the 
prevalence and severity of cirrhosis in these popu-
lations as well as the risk of HCC.(27-29) The 2010 
World Health Organization estimates for annual per 
capita alcohol consumption were 10.4 liters in Japan 
and 13.3 liters in the United States.(30) Ethnic differ-
ences in the risk of cirrhosis and HCC have also been 
reported among patients with HCV in the United 
States, including more severe cirrhosis in non-Asian 
compared to Asian patients.(24,31,32) One study also 
reported a higher risk of HCC among Asian patients 
with HCV and cirrhosis compared to non-Asian 
individuals with HCV and cirrhosis.(31) It is not well 
established whether Asian ethnicity is an independent 
risk factor for HCV–HCC, but it is notable that the 
cohorts of Sasaki et al.(16) and Yamasaki et al.(8) had 
relatively high incidences of HCC (6.8% and 15.6%, 
respectively), despite having relatively low rates of F4 
fibrosis (10% and 17%, respectively). In our HCV 
cohort, 16.3% of patients developed HCC and 87.6% 
of patients had cirrhosis.

This study raises a number of questions for future 
investigations. First, it is increasingly apparent that 
M2BPGi is not solely a marker of liver fibrosis. 
M2BPGi levels are elevated in the setting of non-
specific acute liver injury, and M2BPGi levels decline 
quickly with antiviral treatment for HBV and HCV, 
too quickly to be due to regression of fibrosis.(33-37) 
Bekki et al.(38) demonstrated that hepatic stellate cells 
produce M2BPGi in vitro and that M2BPGi signal-
ing between hepatic stellate cells and Kupffer cells 
may promote a fibrogenic program. More work is 
needed to understand the biology of M2BPGi.

The effect of underlying liver disease on M2BPGi 
performance should also be evaluated in greater 
depth. M2BPGi has been shown to be predictive of 

HCC in East Asian cohorts with HCV, HBV, and 
NAFLD but with different optimal threshold val-
ues in each.(8,9,11) We found that there was a signifi-
cant interaction between underlying liver disease and 
M2BPGi in our cohort, even after taking cirrhosis 
into account. This has implications for the real-world 
application of M2BPGi because health care providers 
serve clinical populations with diverse liver patholo-
gies and individual patients may have more than one 
underlying liver disease.

In particular, the performance of M2BPGi in 
patients with NAFLD should be investigated fur-
ther. NAFLD is a common HCC risk factor. About 
one third of NAFLD–HCC cases develop in patients 
without clinically apparent cirrhosis.(39) There is cur-
rently no reliable way to identify patients with NAFLD 
but without cirrhosis who are at high risk of HCC. 
Because we observed that M2BPGi performed better 
in patient populations with lower burdens of cirrhosis, 
M2BPGi may be a useful marker in this population. 
One retrospective study of 331 Japanese patients with 
biopsy-proven NAFLD found an AUROC of 0.81 
for M2BPGi predicting HCC.(11) However, among 
patients with F2 or less fibrosis, M2BPGi values did 
not discriminate between those who developed HCC 
and those who did not. More studies into this popu-
lation are needed.

The strengths of our study include the multicenter 
design and the inclusion of patient populations in 
which M2BPGi had not previously been studied. The 
use of a blinded central laboratory with experience 
in the conduct of the gold-standard assay is also a 
strength. Furthermore, our statistical analysis is bol-
stered by stratification for cirrhosis to address possible 
confounding.

There are a number of limitations in our study. 
Although we have included a diverse patient popula-
tion, it should be noted that our HBV cohort is still 
predominantly East Asian and from Taiwan. Larger 
studies involving more patients from outside Asia 
are needed to confirm the broader applicability of 
M2BPGi as an HBV–HCC biomarker. As described 
above, our HCV cohort had relatively prevalent and 
severe cirrhosis, which may have limited the pre-
dictive performance of M2BPGi. Although we do 
not have liver biopsy data to precisely stage fibro-
sis, we were able to use the FIB-4 score to stratify 
patients by predicted degree of fibrosis. It will be 
useful to study M2BPGi in larger non-Asian HCV 
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cohorts with a balance of patients with and without 
cirrhosis.

In conclusion, M2BPGi performed better than 
AFP for predicting HCC in our HBV cohort. The 
performance of M2BPGi was limited in our HCV 
cohort, perhaps due to a high burden of cirrhosis 
and fibrosis. Further studies are needed to evaluate 
M2BPGi as an HCC biomarker in broader patient 
populations, including a greater variety of liver dis-
eases, non-Asian patients, and those with high bur-
dens of liver fibrosis.
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