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Abstract

Metastases in the later stages of hepatocellular carcinoma (HCC) cause the majority of deaths associated with the

disease, making early detection crucial to patient survival. Risk models assessing HCC risk in the general population can
be used for risk stratification for further HCC surveillance, however, none have been validated externally. Methylation of
circulating DNA shows potential for non-invasive diagnosis of HCC. We conducted a prospective case-control study nested
within a community-based cohort. We measured methylation levels in six genes (CDKN2A, RASSF1A, STEAP4, TBX2, VIM
and ZNF154) which were identified in our previous work, using pre-diagnostic plasma DNA from 237 HCC cases and 257
matched controls. We found TBX2 hypermethylation was associated with increased HCC risk, with ORs (95% CI) of 3.2
(1.8-6.0). The associations were mainly among high-risk subjects; among subjects infected with HBV/HCV, the OR (95%

CI) of TBX2 methylation was 5.3 (2.2-12.7). Among subjects with high risk scores, the ORs (95% CIs) were 7.8 (1.5-38.6) for
Wen-HCC model 216, 5.8 (2.2-15.5) for Hung-HCC >15 and 7.5 (2.2-26.0) for Michikawa-HCC >8. Adding TBX2 methylation
improved the accuracy of risk models for a high-risk population, with the area under the curve (AUC) of 76% for Wen-HCC
score with TBX2 methylation compared with 69% with Wen-HCC alone. The AUCs were 63% for Hung-HCC score plus TBX2
methylation, and 53% for Hung-HCC alone, 65% for Michikawa-HCC score plus TBX2 methylation and 58% for Michikawa-
HCC alone. Our findings suggest the potential increase in risk assessment discrimination and accuracy from incorporation

of DNA methylation.

Introduction

Worldwide, hepatocellular carcinoma (HCC) is the fifth most
common cancer in men, the seventh in women and the third
most common cause of death from cancer (1). Although HCC
occurs more frequently in less developed regions of the world
(1), the incidence of HCC in the USA is increasing at an alarming
rate (2,3). Despite great progress in surgical and medical man-
agement of the disease, the overall prognosis of HCC patients

is still unsatisfactory; the 5-year survival rate is ~17% (2,3). It is
estimated that HCC is projected to surpass breast and colorec-
tal cancers to become the third leading cause of cancer-related
death in the USA by 2030 (3). Currently only 46% of HCC cases
are diagnosed at an early stage and most do not receive cura-
tive therapy (3). Surveillance for HCC is recommended in clini-
cal practice in patients who are at increased risk of developing
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Abbreviations
AFP a-fetoprotein
ALT alanine transaminase
anti-HCV antibodies against hepatitis C virus
AST aspartate transaminase
CI confidence interval
HBsAg hepatitis B virus surface antigen
HBV hepatitis B virus
HCC hepatocellular carcinoma
OR odds ratio
ROC receiver operating characteristic

HCC, including those with chronic HBV infection (4,5). HCC sur-
veillance is associated with a 38% reduction in overall mortality
partly contributed by early treatment (6).

Many risk models have been developed to assess HCC risk in
high-risk individuals, in particular, people with chronic hepati-
tis B or C virus (HBV/HCV) infection (7-14). Currently, there are
only three HCC risk models assessing HCC risk in the general
population; Michikawa-HCC score derived from a middle-aged
Japanese population incorporates age, sex, alcohol and coffee
consumption, body mass index (BMI), diabetes and HBV/HCV
infection (15). The Wen-HCC score derived from a private health
screening firm in Taiwan includes information such as age,
sex, alcohol and smoking habit, hepatitis virus infection status
and serum markers [e.g. alanine transaminase (ALT), aspartate
transaminase (AST) and a-fetoprotein (AFP)] (16). Hung-HCC
score used data (e.g. age, sex ALT, history of chronic liver dis-
ease and family history of HCC) from three cohorts involving
12377 Taiwanese adults 20-80 years of age (17). None have been
validated in other studies. Risk prediction models for HCC using
information regarding HBV/HCV infection status and other risk
factors of HCC allow selection of asymptomatic individuals for
priority HCC screening (18).

Blood biomarkers can be used to identify at-risk individu-
als that can be targeted for prevention and early detection of
HCC. AFP is the most widely used marker in clinics (19), however,
its sensitivity is low (20,21). Therefore, the development of new
biomarkers for early HCC detection is important to improve the
overall-survival rate.

We previously compared DNA methylation profiles in HCC
tumor and adjacent non-tumor tissues and found alterations in
DNA methylation frequently occur in HCC (22,23). Analysis of
plasma DNA from cases demonstrated that up to 63% of cases
had detectable hypermethylated DNA suggesting that measure-
ment of DNA methylation in plasma samples is feasible (22).
Emerging studies have examined the role of DNA methylation
in selected candidate genes such as CDKN2A and rad association
domain family 1A (RASSF1A) as potential blood biomarkers for
HCC [reviewed (24)]. Most evidence, however, comes from small
clinical studies that are cross-sectional or retrospective, raising
concerns about temporality. In our pilot study, we measured
DNA methylation in CDKN2A (p16), CDKN2B (p15) and RASSF1A
using serum from 50 HCC patients, mainly HBV-related, who
provided blood samples before cancer diagnosis and 50 controls
without any evidence of HCC (25). We found that compared with
controls, cases had a higher prevalence of hypermethylation in
these genes. A receiver operating characteristic (ROC) curve that
included clinical risk factors such as age, hepatitis B virus sur-
face antigen (HBsAg) status, antibody against hepatitis C virus
(anti-HCV) status and hypermethylation biomarkers gave an
overall predictive accuracy of 89% with sensitivity and specific-
ity 84 and 94%, respectively (25).

In recent years, an increasing number of HCC-related meth-
ylation markers are being discovered through high throughput
genome wide data (22,23,26,27). In this study, we prospectively
compared methylation of six genes (CDKN2A, RASSF1A, VIM,
ZNF154, TBX2 and STEAP4) that we previous found hypermeth-
ylated in HCC tumor compared to adjacent non-tumor tissues
(22,23) and that were reported in other studies showing hyper-
methylated in HCC tumors tissues and blood (27-34) in pre-
diagnostic plasma collected at baseline (n = 237 HCC cases and
257 age, and sex matched controls). In addition, we assessed the
impact of combining data such as DNA methylation in HCC risk
models to illustrate the value of using biomarker information in
risk assessment.

Materials and methods

Study cohort

Subjects are from the community-based Cancer Screening Program
cohort recruited in Taiwan. The cohort characteristics and methods of
screening and follow-up have been described in detail previously (35-39).
Briefly, individuals who were between 30 and 65 years old and lived in
seven townships in Taiwan were recruited between July 1990 and June
1992 with a total of 12,020 males and 11,923 females. Participants were
personally interviewed based on a structured questionnaire regarding
epidemiological information and donated a 20-ml fasting blood sample at
recruitment. Biospecimens were transported on dry ice to a central labo-
ratory at the National Taiwan University and stored at —70°C until trans-
port to Columbia University for analysis. Epidemiological information
included socio-demographic characteristics, habits of alcohol intake and
cigarette smoking, health history including liver cirrhosis and family his-
tory of cancers, including HCC. Habitual cigarette smoking was defined
as having smoked >4 days/week for at least 6 months. Information about
duration and intensity was also obtained. Habitual alcohol intake was
defined as drinking alcohol containing products >4 days/week for at least
6 months.

At enrollment, blood samples were tested in Taiwan for serologi-
cal markers, including ALT, AST and AFP. HBsAg and AFP were tested by
radioimmunoassay (Abbott Laboratories, North Chicago, IL); anti-HCV
was tested by enzyme immunoassay using commercial kits (Abbott
Laboratories). Both ALT and AST levels were determined with a serum
chemistry autoanalyzer (Hitachi Model 736; Hitachi Co., Tokyo, Japan)
using commercial reagents (Biomerieus, Mercy I'Etoile, France). Any par-
ticipants who had an elevated level of ALT (>45 IU/ml), AST (>40 IU/ml)
or AFP (20 ng/ml), was positive for HBsAg or anti-HCV, or had a family
history of HCC or liver cirrhosis among first-degree relatives was referred
for upper abdominal ultrasonography examination. Suspected HCC cases
were referred to teaching medical centers for confirmatory diagnosis by
computerized tomography, digital subtracted angiogram, aspiration cytol-
ogy and pathologic examination. The criteria for HCC diagnosis included
a histopathological examination, a positive lesion detected by at least two
different imaging techniques (abdominal ultrasonography, angiogram or
computed tomography) or by one imaging technique and a serum AFP
level >400 ng/ml.

This study was approved by Columbia University’s Institutional
Review Board as well as the Research Ethics Committee of the College of
Public Health, National Taiwan University. Written informed consent was
obtained from all subjects and strict quality controls and safeguards were
used to protect confidentiality.

Study subjects

Between February 1991 and June 2008, a total of 237 cases were newly
diagnosed with HCC with pre-diagnostic plasma available. Cases were pri-
marily identified through linkage to the national cancer registry and death
certification systems. We randomly selected 257 controls from cohort sub-
jects who were not affected with HCC through the follow-up period by
matching to each case by age (+5 years), gender, residential township and
date of recruitment (+3 months).



DNA extraction and bisulfite treatment

DNAs were extracted from 250 ul plasma using DNeasy Blood & Tissue Kits
(Qiagen, Valencia, CA). Aliquots of DNA (500 ng) were bisulfite-treated with
the EZ DNA methylation-Gold kit (Zymo Research, Orange, CA) to convert
unmethylated cytosines to uracils while leaving methylated cytosines
unmodified. The DNA was resuspended in 20 pl of distilled water and
stored at —20°C until use. The laboratory investigator who performed the
assays was blinded to epidemiologic data.

Pyrosequencing assay

We measured methylation of CDKN2A, VIM, STEAP4 and ZNF154 by pyrose-
quencing. The sequences of primers for COKN2A, STEAP4 and ZNF154 have
been described in detail previously (22). The primers were GAT GGT TTA
GTT GTA AGT TGG TAG TA (FWD), ACC AAA TTA ATT CAA ATC TCA AC—
biotin (REV) and AGT TGG TAG TAT TGA GAA (sequence) for VIM. PCR was
carried out in a 25-ul reaction mix containing 50 ng bisulfite-converted
DNA, 1x PyroMark PCR Master Mix (Qiagen), 1x Coral Load Concentrate
(Qiagen) and 0.2 pM forward and reverse primers, using the following PCR
program: 95°C for 15 min, then 45 cycles of 94°C for 30 s followed by 56°C
for 30 s and 72°C for 30 s, with a final extension at 72°C for 10 min. Each
set of amplifications included bisulfite-converted CpGenome universal
methylated (EMD Millipore, MA), unmethylated (whole-genome amplified
DNA) and non-template controls. Following amplification, the biotinylated
PCR products were purified and made single-stranded to act as a tem-
plate in the pyrosequencing reaction as recommended by the manufac-
ture using the PyroMark Q96 Workstation (Qiagen). Then, 0.3 pmol/ul of
pyrosequencing primer was annealed to the purified single-stranded PCR
product and pyrosequencing was run on a PyroMark Q96 MD instrument
(Qiagen), with subsequent quantitation of methylation levels determined
with the PyroMark CpG 1.0.11 software. Non-CpG cytosine residues were
used as internal controls to verify efficient sodium bisulfite DNA conver-
sion. Percent methylation was calculated by averaging across all CpG sites
interrogated. A plasma DNA sample was considered positive if % methyla-
tion was >5% since lower values are not reliable, except STEAP4 as most of
samples had methylation > 5%.

Real-time PCR

We measured promoter methylation of RASSF1A and TBX2 by PCR. The
sequences of primers are GGA GAG GGT TTG ATA GGT AGA AAT (FWD),
AAA ACC CCA CTC CTC CTT TAT T (REV) for TBX2 and GTG TTA ACG CGT
TGC GTA TC (FWD), AAC CCC GCG AAC TAA AAA CGA (REV) for RASSFIA.
The primers only amplify if the target regions are fully methylated. The
primers for RASSF1A were used for methylation specific PCR assay in our
previous study (25). The primers for TBX2 overlap probe cg21389753 of
the Illumina HumanMethylation 450K where we observed hypermethyl-
ated in HCC tumors in our previous study (23). PCR was carried out in a
25 pl reaction mix containing 50 ng bisulfite-converted DNA, 1x PyroMark
PCR Master Mix (Qiagen), 1x Coral Load Concentrate (Qiagen) and 0.2 pM
forward and reverse primers, using the following PCR program: 95°C for
15 min, then 45 cycles of 94°C for 30 s followed by 56°C for 30 s and 72°C
for 30 s, with a final extension at 72°C for 10 min. Assays were run on an
ABI Prism 7900 Sequence Detection System (Perkin-Elmer, Foster City, CA).
A plasma DNA sample was considered positive if the Ct value <30.

Statistical methods

We used the y? test for categorical variables and Student’s t-test for con-
tinuous variables to assess the difference in selected characteristics
between cases and controls. To estimate associations with HCC risk, we
used conditional logistic regression models stratified on the matching fac-
tors to calculate odds ratios (ORs) and 95% confidence intervals (Cls). We
modeled the associations adjusting for age (years, continuous), and HBsAg
(Yes versus No) in all final models. We calculated Wen-HCC score which
ranges from 0 to 39 for each subject based on model 5 (16). Briefly, model
5 assigns score for each variables; sex (1 for male 1, and 0 for female), age
(0 for ages 20-39, 2 for ages 40-59 and 6 for ages >60), smoking (0 for pack-
years <9.9 and 1 for pack-year >10), alcohol drinking (1 for regular drinker
and O for none or occasional drinker), diabetes (1 for yes, and 0 for no),
AST (0 for <25 IU/1, 4 for 25-39 IU/1, 6 for 40-59 IU/1 and 7 for >60 IU/1), ALT
(1 for 25 IU/L, and 0 for <25 IU/1), AFP (0 for <2.5 ng/ml, 2 for 2.5-4.9 ng/
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ml, 5 for 5.0-9.9 ng/ml and 9 for > 10), HBV (0 for negative and 6 for posi-
tive) and HCV (0 for negative and 5 for positive). We calculated Hung-HCC
score which ranges from 0 to 28 for each subject based on model 4 (17).
The model 4 assigns score for each variables; sex (3 for male 1 and 0 for
female), age (0 for ages 20-39, 3 for ages 4049, 5 for age 50-59 and 7 for
ages >60), ALT (3 for >25 IU/L and 0 for <25 IU/L), smoking (0 for pack-years
<18 and 1 for pack-year >18), prior chronic liver disease (3 for yes and 0 for
no), family history of liver cancer (2 for yes, 0 for no) and HBV or HCV (0
for negative, and 9 for positive). The variables in the Michikawa-HCC score
are (15): age (40-49 years: 0, 50-59 years: 2 and 260 years 3), sex (male: 2
and 0: female), alcohol consumption (never:1, past:0, current <450 g/week
of ethanol:0, and current >450 g/week of ethanol: 2), BMI (225 kg/m? 1, and
<25 kg/m?: 0), diabetes (yes: 1, and no: 0), HBsAg (yes: 4, and no:0) and anti-
HCV (yes: 6, and no: 0). We did not collect information on coffee consump-
tion, so could not include score for coffee consumption. We conducted
logistic regression modeling using PROC LOGISTIC for ROC analysis. All
analyses were performed with SAS software 9.2 (SAS Institute, Cary, NC).
All statistical tests were based on two-tailed probability.

Results

Table 1 shows the distributions of subjects’ characteristics at
baseline between cases and controls. There are no differences in
the distributions of age, BMI and diabetes status nor in habitual
smoking and alcohol consumption. As expected, the percents
positive for HBsAg and/or anti-HCV were higher in cases than in
controls (57.4 versus 43.6% for HBsAg and 29.5 versus 15.2% for
anti-HCV). AFP was higher in cases than controls (6.57 + 8.89 ng/
ml for cases and 3.56 + 5.16 ng/ml for controls). Mean risk scores
were statistically significantly higher in cases than controls (15.6
versus 11.1 for Wen-HCC risk score, 15.3 versus 12.9 for Hung-
HCC risk score and 8.6 versus 7.1 for Michikawa-HCC risk).

The association of DNA methylation markers and HCC risk
are presented in Table 2. In a multivariable logistic model adjust-
ing for age at blood draw, HBsAg and anti-HCV status, the OR
for those positive for TBX2 methylation compared to those with
no methylation was 3.29 (95% CI = 1.80-6.04). In stratified data
analysis, we found the association was mainly among sub-
jects with either HBV or HCV infection; the OR was 5.35 (95%
CI = 2.23-12.79) for positive for TBX2 methylation.

When we divided subjects based on risk scores, we observed
that the effect of TBX2 methylation was mainly among subjects
with high risk: the ORs (95% Cls) were 7.85 (1.59-38.69) for Wen-
HCC score 215, 5.89 (2.23-15.51) for Hung-HCC score >15 and 7.59
(2.21-26.07) for Michikawa-HCC =8 (Table 3). We then examined
the associations of DNA methylation with HCC risk stratified by
the difference in time between blood collection and HCC diag-
nosis (Supplementary Table 1, available at Carcinogenesis Online).
HCC risk decreased with increasing time between sample col-
lection and diagnosis with adjusted ORs (95% CI) of 4.97 (2.03-
12.18), 3.91 (1.11-13.81) and 0.65 (0.15-2.74) for cases diagnosed
with HCC within first year, between 2 and 5 years and more than
6 years after blood collection.

Figure 1 and Supplementary Figure 1, available at
Carcinogenesis Online, show the ROC analysis for Wen-HCC
risk score and TBX2 methylation. Including TBX2 methylation
improved the precision of the risk model, with an area under
the curve (AUC) of 68% for Wen-HCC risk score only improv-
ing to 71% for both Wen-HCC risk score and TBX2 methylation
(Supplementary Figure 1, available at Carcinogenesis Online). We
then focused on individuals with Wen-HCC risk score >15. The
AUC was 76% (95% CI = 70-83%) for Wen-HCC risk score and
TBX2 methylation, compared with 69% for Wen-HCC risk score
alone (Figure 1).

Figure 2 presents the ROC for Hung-HCC risk score and DNA
methylation marker. The AUCs were 66% (95% CI = 61-71%) for
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Table 1. Sociodemographic characteristics of HCC cases and controls

Cases Controls
N =237 N =257 P
Age (mean, SD) years 58.9 (9.2) 57.6 (8.8) 0.11
Sex
Female 77 (32.5) 78 (30.4) 0.61
Male 160 (67.5) 179 (69.7)
HBsAg
Negative 101 (42.6) 145 (56.4) 0.0022
Positive 136 (57.4) 112 (43.6)
Anti-HCV
Negative 167 (70.5) 218 (84.8) 0.0001
Positive 70 (29.5) 39 (15.2)
Smoking status
Never 146 (61.6) 166 (64.6) 0.5
Ever 91 (38.4) 91 (35.4)
Alcohol consumption
Never 193 (81.4) 225 (87.6) 0.17
Ever 43 (18.1) 31(12.1)
Missing 1(0.4) 1(0.4)
BMI (kg/m?)
<25 128 (54.0) 157 (61.1) 0.11
25 109 (46.0) 100 (38.9)
Diabetes
No 224 (94.5) 251 (97.7) 0.07
Yes 13 (5.5) 6(2.3)
AST (mean, SD), IU/1 36.1 (34.7) 28.8 (73.4) 0.16
ALT (mean, SD), IU/1 33.3 (42.4) 27.4 (72.5) 0.28
AFP (mean, SD), ng/ml 6.57 (8.89) 3.56 (5.16) <0.0001
Wen-HCC risk score (mean, SD) 15.6 (7.2) 11.1(5.9) <0.0001
Hung-HCC risk score 15.3 (5.0) 12.9 (5.6) <0.0001
(mean, SD)
Michikawa-HCC risk score (mean, SD) 8.6 (3.1) 7.1(3.1) <0.0001
Table 2. DNA methylation markers and HCC risk overall and by hepatitis virus status
Cases Controls HBV/HCV infected No HBV/HCV
Methylation marker status N =237 N =257 R (95% CI)* R (95% CI)° R (95% CI)°
CDKN2A
Negative 185 (78.7) 203 (79.3) 1.0 1.0 1.0
Positive 50 (21.3) 53 (20.7) 1.12 (0.61-2.07) 0.73 (0.32-1.64) 1.13 (0.34-3.83)
VIM
Negative 205 (86.9) 230 (90.2) 1.0 1.0 1.0
Positive 31 (13.1) 25 (9.8) 1.29 (0.64-2.60) 1.01 (0.42-2.42) 1.81 (0.42-7.80)
ZNF154
Negative 89 (39.7) 111 (43.2) 1.0 1.0 1.0
Positive 135 (60.3) 146 (56.8) 1.14 (0.69-1.88) 1.04 (0.56-1.93) 1.32 (0.39-4.51)
RASSF1A
Negative 216 (91.1) 240 (93.8) 1.0 1.0 1.0
Positive 21(8.9) 16 (6.3) 1.10 (0.45-2.65) 1.81 (0.61-5.42) 0.72 (0.11-4.69)
TBX2
Negative 58 (24.5) 106 (41.3) 1.0 1.0 1.0
Positive 179 (75.5) 151 (58.8) 3.29 (1.80-6.04) 5.35 (2.23-12.79) 2.89 (0.76-11.03)
STEAP4,% 19.9 (13.0) 19.8 (13.1) 1.00 (0.98-1.02) 1.00 (0.98-1.02) 1.00 (0.96-1.05)

2Adjust for age, HBsAg and anti-HCV.

bAdjust for age.

Hung-HCC risk score and TBX2 methylation, compared with
62% for Hung-HCC risk score (Supplementary Figure 2, avail-
able at Carcinogenesis Online). Among individuals with Hung-
HCC risk score 216, the AUC with both Hung-HCC risk score

and TBX2 methylation increased by 10% compared with AUC
with Hung-HCC risk score alone (Figure 2). The AUCs were
67% (95% CI = 63-72%) for Michikawa-HCC risk score and TBX2
methylation, compared with 61% for Michikawa-HCC risk score



(Supplementary Figure 3, available at Carcinogenesis Online). The
corresponding AUC among individuals with Michikawa-HCC
risk score >8 were 65 and 58%, respectively (Figure 3).

Discussion

Hepatocellular carcinoma remains one of the leading causes of
cancer mortality in the world (1). The early detection of cancer
can significantly improve survival (40). However, the early detec-
tion of HCC presents a challenge because of the lack of spe-
cific biomarkers. AFP, the most commonly used biomarker for
patients at risk for HCC, is weakly effective making the develop-
ment of biomarkers that can help assess risk essential. Aberrant
DNA methylation leads to altered gene expression, resulting
in cancerous features (41). Emerging evidence, including ours,
suggests that aberrant DNA methylation can begin very early
in HCC (22,42) and can be detected in body fluids (22,25). In this
study, we found that TBX2, a gene that we previously found
hypermethylated in HCC tumor tissues is highly methylated in
DNA from plasma collected from HCC patients before cancer
diagnosis. Our findings from a prospective study provide addi-
tional evidence suggesting that DNA methylation shows strong
potential for the noninvasive and early diagnosis of HCC.
Circulating cell-free DNA shed from the primary tumor tis-
sue can be retrieved and tested for genetic and epigenetic
alterations (43,44). Analyzing plasma DNA from HCC cases,
we previously reported that 37-63% of cases had detectable

Table 3. TBX2 methylation markers and HCC risk by risk scores

Risk score OR (95% CI)
Wen-HCC score >15 7.85 (1.59-38.69)

<15 1.39 (0.69-3.07)
Hung-HCC score >15 5.89 (2.23-15.51)

<15 1.91 (0.66-5.46)
Michikawa-HCC score >8 7.59 (2.21-26.07)

<8 2.24 (0.77-6.54)
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hypermethylated DNA (>5% methylation) for selected genes
including CDKN2A, STEAP4 and ZNF154 that were hypermethyl-
ated in the corresponding HCC tumor samples (22). In our pre-
vious pilot study, we measured methylation levels in selected
genes (CDKN2A, CDKN2B and RASSF1A) in serum DNA of 50 HCC
patients who provided repeated blood samples before diagnosis
and 50 controls and found methylation markers measured in
blood up to 9 years prior to diagnosis (25). In our stratified analy-
sis, we found the association of TBX2 methylation was mainly
among patients diagnosis HCC within 5 years after blood collec-
tion. This evidence suggests the potential utility of these altera-
tions as surrogate tumor markers.

Practice guidelines from the American Association of the
Study of Liver Diseases and the European Association for the
Study of the Liver have recommended HCC surveillance for
patients at high risk of developing HCC, mainly patients with
HBV/HCV or cirrhosis (45,46). The etiology of HCC is not fully
understood, although chronic infection with HBV/HCV, resulting
in cirrhosis, is the major risk factor (47). Currently, liver biopsy
is considered the gold standard for the diagnosis of cirrhosis,
but it has major limitations (48). HCC risk prediction models
based on major risk factors of HCC can stratify people into dif-
ferent risk categories that can be used to tailor screening deci-
sions and strategies for clinical management of an individual
patient (49). Using information from a prospective case—-control
study nested within a community-based cohort with 16 years of
follow-up, our study observed that these three HCC risk mod-
els for the general population only have modest discrimination
capacity, with AUCs range from 62 to 68%. Integrating biomark-
ers such as genetic and epigenetic factors into risk models have
improved models’ performance in predicting cancer risk (50,51).
Evaluating circulating DNA TBX2 methylation levels, we found
HCC risk was threefold higher among individuals positive for
TBX2 methylation. Our results demonstrate that adding plasma
DNA methylation to risk prediction models improves the dis-
crimination for HCC, in particular among a high risk popu-
lation, with up to a 10% improvement in the AUC in a model
that includes Hung-HCC score and TBX2 methylation and 7%

0.5 0.6 0.7 0.8 0.9 1.0
1 - Specificity
2 - = 3 4

Figure 1. Receiver operating characteristics of Wen-HCC risk score and TBX2 methylation marker among subjects with Wen-HCC risk score >15. Wen-HCC risk score
(model 1: AUC = 69%, 95% CI = 62-76%), TBX2 methylation (model 2: AUC = 66%, 95% CI = 58-74%), TBX2 methylation and HBV/HCV (Model 3: AUC = 68%, 95% CI = 60-76%),
and Wen-HCC risk score, and TBX2 methylation (model 4: AUC = 76%, 95% CI = 70-83%).
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Figure 2. Receiver operating characteristics of Hung-HCC risk score and TBX2 methylation marker among subjects with Hung-HCC risk score >15. Hung-HCC risk score
(AUC = 53%, 95% CI = 47-60%), TBX2 methylation (AUC = 63%, 95% CI = 56-69%), TBX2 methylation and HBV/HCV (AUC = 64%, 95% CI = 57-71%) and Hung-HCC risk score

and TBX2 methylation (AUC = 63%, 95% CI = 56-70%).
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Figure 3. Receiver operating characteristics of Michikawa-HCC risk score and DNA methylation marker among subjects with Michikawa-HCC risk score >8. Michikawa-
HCC risk score (AUC = 58%, 95% CI = 52-65%), DNA methylation (AUC = 61%, 95% CI = 55-68%), TBX2 methylation and HBV/HCV (AUC = 64%, 95% CI = 58-71%) and

Michikawa-HCC risk score, and DNA methylation (AUC = 65%, 95% CI = 58-71%).

for Wen-HCC or Michikawa-HCC models and TBX2 methyla-
tion. Our finding suggests that using epigenetic information
can improve risk prediction models, facilitate risk stratification
and the identification of high risk individuals for cost-effective
screening, surveillance and early detection of HCC.

The selection of the six genes analyzed was based on previ-
ous tumor studies that found more than 20% hypermethylation
in HCC tumor than adjacent non-tumor tissues (34% for CDKN2A,
36% for RASSF1A, 23% for STEAP4, 36% for TBX2, 25% for VIM and
42% for ZNF154) (22,52). However, we found DNA hypermethyla-
tion only for TBX2 in plasma of HCC cases compared to controls.

The tumor studies consisted of either HBV/HCV-related-HCC,
while in the current study about 20% of cases are non-HBV/HCV.
As non-alcoholic fatty liver disease (NAFLD) is a risk factor for
HCC (53), it is important to use markers that can help in the
early detection of all cases whatever the etiology. We observed
that the accuracies of the risk models improved only modestly
with incorporation of only TBX2 methylation data. More studies
are need to determine if a panel of methylation markers related
to all HCC etiologies can achieve a more reasonable sensitivity
with high specificity in HCC detection. Unlike our pilot study,
we did not observe hypermethylation in RASSF1A, CDKN2A (p16)



and CDKN2B (p15). Differences in the distribution of risk factors
in the control populations might partly explain the conflicting
data. A prior study found higher methylation in RASSF1, among
cases using controls with no HBV infection; controls with
HBV also had a higher prevalence of RASSF1A (58%) methyla-
tion (54). In our current study, about 43% of controls are posi-
tive for HBsAg, while 20% of controls were positive for HBsAg
in our prior study (25). In addition, different methodologies
were used in our two studies. In the earlier study methylation
specific PCR with gel analysis for detection of methylation was
used while in the current study pyrosequencing was used for
analysis of CDKN2A methylation and real time PCR for analysis
of RASSF1A methylation. Although we did not include spiked-in
control DNA to check for bisulfite conversion efficiency, a com-
parison of different kits including the EZ DNA methylation-Gold
kit found high conversion efficiency in all tested kits; the con-
version efficiency is 99.7% for EZ DNA methylation-Golden kit
(55). In addition, several genes were analyzed in all DNAs with
pyrosequencing which internally controls for C to T conversion
by analysis of Cs in nonCpG sites as either C or T. All samples
showed complete conversion. It is know that pyrosequencing is
not that sensitive method compared to PCR-based methods; the
detection levels of PCR-based methods is as low as 0.1%, and the
sensitivity limitation for pyrosequencing is about 5% (56-58). As
the tumor cell-free DNA (cfDNA) represents only small fraction
of the total cfDNA (59,60), more studies of quantitative com-
parison of DNA methylation assays for circulating methylation
markers are needed.

Another limitation in our study is we do not have informa-
tion on stage at HCC diagnosis and it is unclear if TBX2 methyla-
tion marker can detect early stage of HCC. The AUC is one of the
most common tools used for evaluating the discrimination abil-
ity of a risk prediction model (61). Compared to the increased
OR in the high-risk groups, we found the diagnostic improve-
ment of adding TBX2 to the ROC curve is only moderate. There
have been concerns about poor sensitivity using the changes
in AUC as AUC only slightly increases with the addition of a
marker with a large OR (50,62-64). Other statistical measure-
ments such as the integrated discrimination improvement and
the continuous net reclassification improvement might better
evaluate newly added markers in risk prediction model (65).

In this study, we used a prospective study design providing
causal evidence for the application of circulating DNA methyla-
tion as a biomarker for early detection of HCC. With the larg-
est sample size to date, we examined the associations of DNA
methylation and HCC among high and low risk populations. In
addition, using epidemiologic data that we collected at baseline,
we were able to estimate HCC risk score based on HCC risk mod-
els and validate risk models in our population.

If replicated in larger studies, these results suggest that
measuring circulating DNA methylation could have a significant
impact on HCC risk assessment. Our finding for the improve-
ment of AUCs in models incorporating circulating DNA bio-
marker, suggests the benefit of interrogating biomarkers in HCC
risk assessment.
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