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MORE THAN 350 MILLION

persons in the world are
infected with chronic
hepatitis B virus (HBV).1

It is particularly endemic in Taiwan,
where the infection is usually ac-
quired perinatally or in early child-
hood.2 Individuals with chronic hepa-
titis B infection are at an increased risk
of developing liver cirrhosis, hepatic de-
compensation, and hepatocellular car-
cinoma3; 15% to 40% of these individu-
als will develop these serious sequelae
during their lifetime.3,4 Hepatitis B vi-
rus is not directly cytopathic, and the
development of hepatocellular carci-
noma in individuals with chronic hepa-
titis B is a multistage, multifactorial pro-
cess including the interaction between
host and environmental factors.5 Risk
factors for chronic HBV-related hepa-
tocellular carcinoma include sex, age,
cigarette smoking, alcohol consump-
tion, chemical carcinogens, hormonal
factors, and genetic susceptibility.6

Seropositivity for the hepatitis B
surface antigen (HBsAg) is one of the

most important risk factors for hepa-
tocellular carcinoma.6 The risk of he-
patocellular carcinoma associated with
seropositivity for HBsAg ranges from

5-fold to 98-fold with a population-
attributable risk of 8% to 94%.6 In our
previous study, seropositivity for the
hepatitis B e antigen (HBeAg) was

Author Affiliations: Graduate Institute of Epidemiol-
ogy, College of Public Health (Drs Chen and You,
Mr Yang, and Ms Jen) and Department of Internal
Medicine (Dr Huang), National Taiwan University,
Taipei, Taiwan; Global Epidemiology and Outcomes
Research, Bristol-Myers Squibb Co, Wallingford,
Conn (Drs Su and Iloeje); and Department of

Gastroenterology, Kaohsiung Chang-Gung Memo-
rial Hospital, Kaohsiung, Taiwan (Dr Lu).
Other Members of the REVEAL-HBV Study Group are
listed at the end of this article.
Corresponding Author: Chien-Jen Chen, ScD, National
Taiwan University, Room 1547, No. 1, Jen-Ai Rd Sec.
1, Taipei 10018, Taiwan (cjchen@ha.mc.ntu.edu.tw).

Context Serum hepatitis B virus (HBV) DNA level is a marker of viral replication and
efficacy of antiviral treatment in individuals with chronic hepatitis B.

Objective To evaluate the relationship between serum HBV DNA level and risk of
hepatocellular carcinoma.

Design, Setting, and Participants Prospective cohort study of 3653 participants
(aged 30-65 years), who were seropositive for the hepatitis B surface antigen and se-
ronegative for antibodies against the hepatitis C virus, recruited to a community-
based cancer screening program in Taiwan between 1991 and 1992.

Main Outcome Measure Incidence of hepatocellular carcinoma during follow-up
examination and by data linkage with the national cancer registry and the death cer-
tification systems.

Results There were 164 incident cases of hepatocellular carcinoma and 346 deaths
during a mean follow-up of 11.4 years and 41 779 person-years of follow-up. The inci-
dence of hepatocellular carcinoma increased with serum HBV DNA level at study entry
in a dose-response relationship ranging from 108 per 100 000 person-years for an HBV
DNA level of less than 300 copies/mL to 1152 per 100 000 person-years for an HBV
DNA level of 1 million copies/mL or greater. The corresponding cumulative incidence
rates of hepatocellular carcinoma were 1.3% and 14.9%, respectively. The biological
gradient of hepatocellular carcinoma by serum HBV DNA levels remained significant
(P�.001) after adjustment for sex, age, cigarette smoking, alcohol consumption, serosta-
tus for the hepatitis B e antigen (HBeAg), serum alanine aminotransferase level, and liver
cirrhosis at study entry. The dose-response relationship was most prominent for partici-
pants who were seronegative for HBeAg with normal serum alanine aminotransferase
levels and no liver cirrhosis at study entry. Participants with persistent elevation of serum
HBV DNA level during follow-up had the highest hepatocellular carcinoma risk.

Conclusion Elevated serum HBV DNA level (�10 000 copies/mL) is a strong risk pre-
dictor of hepatocellular carcinoma independent of HBeAg, serum alanine aminotrans-
ferase level, and liver cirrhosis.
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associated with an increased risk for he-
patocellular carcinoma.7 The adjusted
hazard ratio (HR) of developing hepa-
tocellular carcinoma was 9.6 for indi-
viduals seropositive for HBsAg and 60.2
for those seropositive for both HBsAg
and HBeAg compared with those sero-
negative for both HBsAg and HBeAg.
The increased hepatocellular carci-
noma risk in individuals seropositive
for HBeAg remained significant regard-

less of serum level of alanine amino-
transferase (ALT) and status of liver cir-
rhosis.8,9

Highly sensitive testing methods
based on polymerase chain reaction
have become available for measuring
serum level of HBV DNA. In current
clinical practice guidelines,10-13 serum
HBV DNA level is used as a criterion
for antiviral treatment in patients with
chronic hepatitis B. Effective suppres-
sion of serum HBV DNA is a marker of
efficacy for antiviral therapy.14 Its
implementation as the primary surro-
gate end point instead of liver histol-
ogy in assessment of new antiviral
therapies remains to be validated.15

There are no long-term follow-up data
on the relationship between serum
HBV DNA level and risk of liver com-
plications. In a small nested case-
control analysis,7 we reported a signifi-
cant association between serum HBV
DNA level at study entry and hepato-
cellular carcinoma risk among indi-
viduals seronegative for HBeAg. How-
ever, there were only a small number
of hepatocellular carcinoma cases and
controls included in this study. Nei-
ther hepatocellular carcinoma inci-
dence nor change in serum HBV DNA
level over time was studied.

In this population-based, long-term
prospective study, we followed up a
total of 3653 individuals who were se-
ropositive for HBsAg and seronegative
for antibodies against hepatitis C vi-
rus (anti-HCV) at study entry. The goals
of this study were to assess the biologi-
cal gradient of hepatocellular carci-
noma risk by (1) serum HBV DNA lev-
els at study entry and adjusted for other
risk factors including age, sex, ciga-
rette smoking, alcohol consumption, se-
ropositivity for HBeAg, elevated se-
rum ALT level, and presence of liver
cirrhosis at study entry; and (2) per-
sistent elevation of serum HBV DNA
level at both study entry and fol-
low-up examinations.

METHODS
Cohort Recruitment and Follow-up

FIGURE 1 shows the flow of partici-
pants through the Risk Evaluation of

Viral Load Elevation and Associated
Liver Disease/Cancer-Hepatitis B Vi-
rus (REVEAL-HBV) study. A total of
89 293 individuals aged 30 to 65 years,
who were living in 7 townships in Tai-
wan, were invited to participate in the
study. From 1991 to 1992, 23 820 in-
dividuals agreed to participate and pro-
vided written informed consent for in-
terview, health examination, blood
collection for serological and biochemi-
cal assays, and follow-up of health sta-
tus through health examination, medi-
cal record review, and linkage with
national health profiles on the na-
tional cancer registry and death certi-
fication systems. The health examina-
tion at study entry included abdominal
ultrasonography and serological tests
for HBsAg, HBeAg, anti-HCV, and se-
rum levels of ALT and �-fetoprotein.
A total of 4155 participants who were
seropositive for HBsAg and free of he-
patocellular carcinoma at study entry
examination were followed up with ab-
dominal ultrasonography and serologi-
cal tests until June 30, 2004. Serum
samples that had been collected and fro-
zen at study entry were adequate for
HBV DNA testing in 3851 partici-
pants. Among them, 3653 were sero-
negative for anti-HCV and were in-
cluded in this study. This study was
approved by the institutional review
board of the College of Public Health,
National Taiwan University in Taipei.

Interview and Blood Collection

All participants were interviewed in per-
son using a structured questionnaire ad-
ministered by well-trained public health
nurses at recruitment. Information was
collected on sociodemographic char-
acteristics, dietary habits, cigarette
smoking, alcohol consumption, medi-
cal and surgical history, and family his-
tory of hepatocellular carcinoma and
liver cirrhosis. History of menarche,
menopause, pregnancy, delivery, and
use of oral contraceptives and hor-
mone therapy was also collected from
female participants. Using standard ster-
ile techniques, a 10-mL blood sample
was collected at study entry and at fol-
low-up examinations.

Figure 1. Flow of Study Participants in the
REVEAL-HBV Study

3851 Adequate Serum Sample for
HBV DNA Test at Enrollment
2367 Men
1484 Women

89 293 Individuals Invited to
Participate in 1991-1992
47 079 Men
42 214 Women

4155 HBsAg Seropositive
2445 Men
1710 Women

23 820 Enrolled in Study
11 973 Men
11 847 Women

3653 Anti-HCV Seronegative
(164 Newly Diagnosed
Hepatocellular Carcinoma Cases)
2260 Men
1393 Women

65 473 Decided Not to Participate
35 106 Men
30 367 Women

19 665 Excluded (HBsAg
Seronegative)

9528 Men
10 137 Women

304 Excluded (Lacked Adequate
Serum Sample for HBV
DNA Test at Enrollment)

78 Men
226 Women

198 Excluded (107 Men and
91 Women)
195 Anti-HCV Seropositive

3 Lacked Adequate
Serum Sample for
Anti-HCV Test

Anti-HCV indicates antibodies against hepatitis C vi-
rus (HCV); HBsAg, hepatitis B surface antigen; HBV,
hepatitis B virus; REVEAL-HBV, Risk Evaluation of Vi-
ral Load Elevation and Associated Liver Disease/
Cancer-Hepatitis B Virus.
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Laboratory Examinations
Serological testing was performed as fol-
lows: HBsAg and HBeAg by radioimmu-
noassay with commercial kits (Abbott
Laboratories, North Chicago, Ill); anti-
HCVbyenzymeimmunoassayusingsec-
ond-generation commercial kits (Ab-
bott Laboratories); ALT by serum
chemistryautoanalyzer(Model736,Hita-
chi, Tokyo, Japan) using commercial
reagents (Biomérieux, Marcy L’Etoile,
France); and serum HBV DNA was mea-
suredbypolymerasechainreactionusing
the Cobas Amplicor HBV monitor test
kit (Roche Diagnostics, Indianapolis,
Ind), an in vitro nucleic acid amplifica-
tion test forquantifyingHBVDNA. Ithas
a certified lower limit of detection of 300
copies/mL.At this levelofHBVDNA, the
testhasa98.1%positivityrateanda100%
clinical specificity rate. The manufactur-
er’s procedures for sample preparation,
storage,andtestingwerefollowed.Whole
bloodwascollectedwithavacuumblood
collection tube without an anticoagu-
lant, the serum was separated by cen-
trifugation at room temperature and was
stored inasterile tubeat−70°C.Thispro-
cedurewasaccomplishedwithin6hours
of sample collection. Each sample run
for HBV DNA included a replicate of
the negative, low-positive, and high-
positivecontrols, andeachrunwasdeter-
mined to be valid.

To examine the impact of changing
serum HBV DNA level on hepatocel-
lular carcinoma risk, the subset of par-
ticipants with a study entry serum level
of HBV DNA of 10 000 copies/mL or
greater was evaluated. The follow-up se-
rum samples were collected either at the
last follow-up examination or at the fol-
low-up examination preceding the di-
agnosis of hepatocellular carcinoma. Of
the 1619 participants with serum HBV
DNA levels of 10 000 copies/mL or
greater at study entry, 1330 (82%) had
adequate follow-up serum samples for
testing.

Ascertainment of Newly
Developed Hepatocellular
Carcinoma

All study participants were without he-
patocellular carcinoma at study entry.

Newly developed hepatocellular carci-
noma cases were detected by fol-
low-up health examination or by com-
puterized data linkage with the profiles
on the national cancer registry in Tai-
wan from January 1, 1991, through June
30, 2004. To ensure complete ascer-
tainment, we also performed data link-
age with the profiles on the national
death certification system to identify
cases not registered in the cancer reg-
istry system. The ascertainment of
newly developed hepatocellular carci-
noma was complete and accurate.

In total, 164 incident hepatocellu-
lar carcinoma cases occurred during the
follow-up period. Medical record veri-
fication of all hepatocellular carci-
noma diagnoses was based on the fol-
lowing criteria: a histopathological
examination (66 cases); a positive le-
sion detected by at least 2 different im-
aging techniques (abdominal ultraso-
nography, angiogram, or computed
tomography; 87 cases), or by 1 imag-
ing technique and a serum �-fetopro-
tein level of 400 ng/mL or greater (35
cases). Several cases qualified based on
more than 1 criterion.

Statistical Analysis

The person-years of follow-up for each
participant were calculated from the
date of recruitment to the date of the
diagnosis of hepatocellular carci-
noma, the date at death, or the last date
of linked data available from the na-
tional cancer registry (June 30, 2004),
whichever came first. Participants free
of hepatocellular carcinoma at their
death or at the end of follow-up were
censored. Incidence rates of hepatocel-
lular carcinoma were calculated by
dividing the number of incident hepa-
tocellular carcinoma cases by person-
years of follow-up. Cumulative inci-
dence of hepatocellular carcinoma by
follow-up year was derived using the
Nelson-Aalen method.16-18 STATA soft-
ware version 7.0 (STATA Corp, Col-
lege Station, Tex) was used for the
statistical analyses.

The Cox proportional hazards model
was used to analyze the associations be-
tween serum HBV DNA level and hepa-

tocellular carcinoma risk adjusted for
sex, age, HBeAg status, serum ALT level,
liver cirrhosis status, cigarette smok-
ing, and alcohol consumption. The ad-
justed HRs with 95% confidence inter-
vals (CIs) were derived to assess the
magnitude of the association between
various predictors and risk of hepato-
cellular carcinoma. Statistical signifi-
cance levels were determined by 2-tailed
tests (P�.05). The dose-response rela-
tionship between serum HBV DNA level
and risk of hepatocellular carcinoma af-
ter adjustment for other risk factors was
examined for statistical significance with
a test for trend. The biological gradient
of hepatocellular carcinoma risk by se-
rum HBV DNA level was further exam-
ined in stepwise subgroup analyses by
sequentially removing participants se-
ropositive for HBeAg, with an elevated
serum ALT level, and with liver cirrho-
sis at study entry from the analysis.

In the analysis of the risk of hepato-
cellular carcinoma by the change of se-
rum level of HBV DNA during follow-
up, the HBV DNA levels at baseline and
follow-up examinations were com-
bined to categorize study participants.
Adjusted HRs were then derived for
each category. P�.05 was considered
significant.

RESULTS
The basic characteristics of the study
cohort appear in TABLE 1. The major-
ity were male (62%); older than 39 years
(67%); never smoked (66%); never
drank alcohol (87%); had a serum ALT
level of less than 45 U/L (94%); were
seronegative for HBeAg (85%); and did
not have liver cirrhosis (98%). The fre-
quency distribution of serum HBV DNA
level at study entry of 3653 study par-
ticipants appears in TABLE 2. There
were 873 study participants (23.9%)
with an undetectable HBV DNA level
(�300 copies/mL), while 976 partici-
pants (26.7%) had a level of 100 000
copies/mL or greater. Participants se-
ropositive for HBeAg had a signifi-
cantly higher serum level of HBV DNA
than participants who were seronega-
tive for HBeAg (P�.001). Of 565 par-
ticipants seropositive for HBeAg, 523
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(92.6%) had an HBV DNA level of
100 000 copies/mL or greater. Of 3088
participants seronegative for HBeAg,
453 (14.7%) had a HBV DNA level of
100 000 copies/mL or greater.

Incidence Rates

There were 41 779 person-years of fol-
low-up with an average follow-up pe-
riod of 11.4 years (TABLE 3). Through
follow-up health examination and data
linkage with the national cancer regis-

try and national death certification sys-
tems between January 1, 1991, and June
30, 2004, 164 new hepatocellular car-
cinoma cases and 346 deaths were iden-
tified. The incidence rates of hepato-
cellular carcinoma by serum HBV DNA
level as well as other risk factors at study
entry examination appear in Table 3.
The incidence rates per 100 000 person-
years increased from 108.3 for the un-
detectable HBV DNA level (�300 cop-
ies/mL) to 1152.0 for the HBV DNA
level of 1 million copies/mL or greater
in a dose-response relationship. The
biological gradient of hepatocellular car-
cinoma risk by serum level of HBV DNA
at study entry examination was signifi-
cant (P�.001). Compared with partici-
pants having serum HBV DNA levels of
less than 300 copies/mL, the crude HR
was 1.0 (95% CI, 0.5-2.2) for partici-
pants with serum HBV DNA levels of
300 to 9999 copies/mL; 2.7 (95% CI,
1.3-5.6), 10 000-99 999 copies/mL; 8.9
(95% CI, 4.6-17.5), 100 000 to 999 999
copies/mL; and 10.7 (95% CI, 5.7-
20.1), 1 million copies/mL or greater.
Sex, age, cigarette smoking, alcohol
consumption, seropositivity for HBeAg,
elevated serum ALT level, and liver cir-
rhosis at study entry were also signifi-
cantly associated with hepatocellular
carcinoma development and were ad-
justed for in further multiple regres-
sion analyses.

Cumulative Incidence

The cumulative incidence of hepato-
cellular carcinoma during the fol-

low-up period by serum HBV DNA level
at study entry examination appears in
FIGURE 2. There was an increasing trend
of cumulative hepatocellular carci-
noma incidence with increasing se-
rum HBV DNA level at study entry ex-
amination for all participants. The
cumulative hepatocellular carcinoma
incidence was further calculated in the
stepwise analyses in which partici-
pants with seropositivity for HBeAg,
elevated serum ALT level, and liver
cirrhosis were removed sequentially.
There was a dose-response relation-
ship between cumulative hepatocellu-
lar carcinoma incidence and serum HBV
DNA level for a subcohort of partici-
pants who were seronegative for HBeAg,
had a normal ALT level, and did not
have liver cirrhosis, which included
most participants (80%) in this study.

TABLE 4 compares the cumulative he-
patocellular carcinoma incidence at the
end of the 13th year of follow-up de-
rived from the stepwise analyses. Ap-
proximately 15% of all participants with
serum HBV DNA levels of 1 million
copies/mL or greater at study entry de-
veloped hepatocellular carcinoma by
the 13th year of follow-up compared
with 1.3% of participants with unde-
tectable levels of HBV DNA. The bio-
logical gradient of cumulative hepato-
cellular carcinoma incidence by serum
HBV DNA level remained prominent in
all stepwise analyses. Among the 2925
participants seronegative for HBeAg
with a normal ALT level and no liver
cirrhosis, the cumulative hepatocellu-
lar carcinoma incidence was 13.5% for
HBV DNA levels of 1 million cop-
ies/mL or greater and 0.7% for those
with undetectable levels of HBV DNA.

Dose-Response Relationship

Seropositivity for HBeAg, elevated level
of serum ALT, and presence of liver cir-
rhosis at study entry were signifi-
cantly associated with hepatocellular
carcinoma risk (Table 3). After adjust-
ment for sex, age, cigarette smoking,
and alcohol consumption, the HR for
seropositivity for HBeAg was 6.9 (95%
CI, 4.9-9.5; P�.001); elevated level
of serum ALT, 3.8 (95% CI, 2.5-5.7;

Table 1. Baseline Characteristics of the
Study Cohort

No. (%) of
Participants
(N = 3653)*

Sex
Female 1393 (38)
Male 2260 (62)

Age, y
30-39 1216 (33)
40-49 1014 (28)
50-59 1058 (29)
�60 365 (10)

Cigarette smoking†
No 2416 (66)
Yes 1234 (34)

Alcohol consumption‡
No 3195 (87)
Yes 451 (12)

Hepatitis B e antigen
Seronegative 3088 (85)
Seropositive 565 (15)

Level of ALT, U/L
�45 3435 (94)
�45 218 (6)

Liver cirrhosis§
No 3584 (98)
Yes 69 (2)

Abbreviations: ALT, alanine aminotransferase; HBV, hepa-
titis B virus.

*Percentages may not add up to 100 due to rounding.
†Data were not available for 3 participants.
‡Data were not available for 7 participants.
§Diagnosed with ultrasonography within 6 months of co-

hort entry.

Table 2. Serum Level of HBV DNA and HBeAg Serostatus at Study Entry*

HBeAg Serostatus

Total
(N = 3653)

Negative
(n = 3088)

Positive
(n = 565)

Level of HBV DNA, copies/mL
�300 (Undetectable) 865 (28.0) 8 (1.4) 873 (23.9)

300-999 372 (12.1) 0 372 (10.2)

1000-9999 773 (25.0) 16 (2.8) 789 (21.6)

10 000-99 999 625 (20.2) 18 (3.2) 643 (17.6)

100 000-999 999 298 (9.7) 51 (9.0) 349 (9.6)

1 to 9.9 milllion 96 (3.1) 58 (10.3) 154 (4.2)

10 to 99.9 million 42 (1.4) 58 (10.3) 100 (2.7)

�100 million 17 (0.6) 356 (63.0) 373 (10.2)
Abbreviations: HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.
*Values are expressed as number (percentage).
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P�.001); and liver cirrhosis, 14.0 (95%
CI, 9.4-21.0; P�.001).

Level of HBV DNA was signifi-
cantly associated with seropositivity for
HBeAg, elevated serum ALT level, and
liver cirrhosis at study entry. The in-
dependent effects of serum HBV DNA
level on hepatocellular carcinoma de-
velopment after adjustment for other
hepatocellular carcinoma risk factors
also were analyzed. Compared with par-
ticipants having serum HBV DNA lev-
els of less than 300 copies/mL, the ad-
justed HR of developing hepatocellular
carcinoma was 1.1 (95% CI, 0.5-2.3;
P=.86) for participants with serum HBV
DNA levels of 300 to 9999 copies/mL;
2.3 (95% CI, 1.1-4.9; P=.02), 10 000 to
99 999 copies/mL; 6.6 (95% CI, 3.3-
13.1; P�.001), 100 000 to 999 999 cop-

ies/mL; and 6.1 (95% CI, 2.9-12.7;
P�.001), 1 million copies/mL or greater
(TABLE 5). The adjusted HR was 2.6
(95% CI, 1.6-4.2; P�.001) for sero-
positivity for HBeAg; 1.1 (95% CI, 0.7-
1.7; P=.64) for elevated serum ALT
level; and 9.1 (95% CI, 5.9-13.9;
P�.001) for liver cirrhosis. In addi-
tion, male sex, increasing age, and
habitual alcohol consumption were sig-
nificantly associated with the develop-
ment of hepatocellular carcinoma in this
long-term follow-up study.

In the stepwise analyses removing
participants with study entry status of
seropositivity for HBeAg, elevated ALT
level, and liver cirrhosis sequentially, the
dose-response relationship (P�.001 for
trend) between hepatocellular carci-
noma risk and serum HBV DNA level at

study entry became increasingly stron-
ger (Table 5). Among the 2925 partici-
pants seronegative for HBeAg who had
a normal ALT level and no liver cirrho-
sis and compared with participants with
serum HBV DNA levels of less than 300
copies/mL, the adjusted HR for partici-
pants with serum HBV DNA levels of
300 to 9999 copies/mL was 1.4 (95% CI,
0.5-3.8; P = .56); 10 000-99 999 copies/
mL, 4.5 (95% CI, 1.8-11.4; P = .001);
100 000-999 999 copies/mL, 11.3 (95%
CI, 4.5-28.4; P�.001); and 1 million
copies/mL or greater, 17.7 (95% CI, 6.8-
46.3; P�.001).

Multivariable-Adjusted HRs

We further examined the association
between hepatocellular carcinoma risk
and persistently elevated serum HBV

Table 3. Risk Factors for Hepatocellular Carcinoma at Study Entry

No. (%) of
Participants
(N = 3653)

Person-Years
of Follow-up

No. of
Hepatocellular

Carcinoma Cases

Incidence Rate
Per 100 000

Person-Years
Crude HR
(95%CI)*

P
Value

Sex
Female 1393 (38) 16 307 29 178 1.0

Male 2260 (62) 25 472 135 530 3.0 (2.0-4.5) �.001

Age, y
30-39 1216 (33) 14 393 16 111 1.0

40-49 1014 (28) 11 776 47 399 3.6 (2.0-6.4) �.001

50-59 1058 (29) 11 837 67 566 5.1 (3.0-8.9) �.001

�60 365 (10) 3773 34 901 8.3 (4.6-15.0) �.001

Cigarette smoking†
No 2416 (66) 28 037 90 321 1.0

Yes 1234 (34) 13 704 71 518 1.7 (1.2-2.3) �.001

Alcohol consumption‡
No 3195 (87) 36 779 121 329 1.0

Yes 451 (12) 4928 42 852 2.6 (1.8-3.7) �.001

Hepatitis B e antigen
Seronegative 3088 (85) 35 584 94 264 1.0

Seropositive 565 (15) 6195 70 1130 4.3 (3.2-5.9) �.001

Level of ALT, U/L
�45 3435 (94) 39 469 133 337 1.0

�45 218 (6) 2310 31 1342 4.1 (2.8-6.0) �.001

Liver cirrhosis§
No 3584 (98) 41 270 131 317 1.0

Yes 69 (2) 509 33 6482 21.8 (14.9-32.0) �.001

Level of HBV DNA, copies/mL
�300 (Undetectable) 873 (24) 10 154 11 108 1.0

300-9999 1161 (32) 13 518 15 111 1.0 (0.5-2.2) .96

10 000-99 999 643 (18) 7404 22 297 2.7 (1.3-5.6) .006

100 000-999 999 349 (9) 3845 37 962 8.9 (4.6-17.5) �.001

�1 million 627 (17) 6858 79 1152 10.7 (5.7-20.1) �.001
Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; HBV, hepatitis B virus; HR, hazard ratio.
*Cox proportional hazard models were used.
†Data were not available for 3 participants.
‡Data were not available for 7 participants.
§Diagnosed with ultrasonography within 6 months of study entry.
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DNA levels at study entry and fol-
low-up examinations. For partici-
pants who had a serum HBV DNA level
of 10 000 copies/mL or greater at study
entry, we retrieved their serum samples
collected at the follow-up examina-
tion just preceding the hepatocellular
carcinoma diagnoses or at the last fol-
low-up examination for participants
who had not developed hepatocellu-
lar carcinoma. Follow-up serum
samples were inadequate for 289 (18%)
participants with a serum HBV DNA
level of 10 000 copies/mL or greater at

study entry examination. The median
time between the study entry and fol-
low-up serum samples was approxi-
mately 10 years (TABLE 6).

Among those who had serum HBV
DNA levels at study entry of 10 000-
99 999 copies/mL, a statistically signifi-
cant increase in hepatocellular carci-
noma risk (adjusted HR, 3.5; 95% CI,
1.4-9.2; P=.01) was observed for a fol-
low-up level of 100 000 copies/mL or
greater after adjustment for sex, age,
cigarette smoking, and alcohol con-
sumption. Among those with serum

HBV DNA levels at study entry of
100 000 copies/mL or greater, a signifi-
cant biological gradient of hepatocellu-
lar carcinoma risk by follow-up HBV
DNA level was observed (P�.01). The
results remained unchanged after addi-
tional adjustment was performed for
study entry HBeAg serostatus, serum
ALT level, and presence of liver cirrhosis.

Changes in HBV DNA level may be
due to HBeAg seroconversion, treat-
ment effect, or fluctuations in viral HBV
DNA between tests. Because HBeAg
seroconversion is likely to have had the
greatest impact on change in HBV DNA
level in this cohort, this relationship was
explored in additional analyses. Of the
participants seropositive for HBeAg, ap-
proximately 42% were seronegative for
HBeAg according to the last serum
sample available for testing. Of those
who were now seronegative for HBeAg,
the HBV DNA level in a greater pro-
portion (18.5% compared with 1.1% in
the group remaining seropositive for
HBeAg) went from 100 000 copies/mL
or greater to less than 10 000 copies/
mL. Of the group remaining seroposi-
tive for HBeAg, 95.2% (compared with
55.4% in the group now seronegative

Table 4. Cumulative Incidence of Hepatocellular Carcinoma by HBV DNA Level
at Study Entry

Cumulative Incidence
of Hepatocellular

Carcinoma
(N = 3653)*

Seronegative for Hepatitis B e Antigen, %

Only
(n = 3088)

Normal ALT
Level

(n = 2966)

Normal ALT Level
and No Liver

Cirrhosis
(n = 2925)

Level of HBV DNA, copies/mL
�300 (Undetectable) 1.30 1.20 0.98 0.74

300-9999 1.37 1.21 1.25 0.89

10 000-99 999 3.57 3.68 3.42 3.15

100 000-999 999 12.17 9.54 8.55 7.96

�1 million 14.89 17.88 19.51 13.50
Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus.
*At the end of the 13th year of follow-up.

Figure 2. Cumulative Incidence of Hepatocellular Carcinoma by Serum HBV DNA Level at Study Entry
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HBV indicates hepatitis B virus; HCC, hepatocellular carcinoma.
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for HBeAg) had an HBV DNA level re-
maining at 100 000 copies/mL or
greater.

COMMENT
In Taiwan, HBV infection is mostly
acquired perinatally. Many individuals
infected with HBV are seropositive for
HBeAg and have extremely high-level

viremia, normal serum ALT levels,
and minimal liver disease.19,20 These
individuals are considered to be in
their immune-tolerant phase. Some of
them develop chronic hepatitis B with
an elevated serum ALT level later in
life.21

Because treatment for HBV was not
reimbursed by the universal national

health insurance in Taiwan until 2003,
the participants in this study have not
received any antiviral treatment with in-
terferon alfa or nucleoside/nucleotide
analogues. The cohort in this study
therefore represents a natural history
cohort. To ensure that participants re-
ceived treatment that is the standard of
care, individuals with abnormal �-fe-

Table 5. Regression Analysis of Risk Factors Associated With Hepatocellular Carcinoma

All Participants
(N = 3653)

Hepatitis B e Antigen Seronegative

Only
(n = 3088)

Normal ALT Level
(n = 2966)

Normal ALT Level
and No Liver

Cirrhosis (n = 2925)

Multivariable-
Adjusted

HR (95% CI)*
P

Value

Multivariable-
Adjusted

HR (95% CI)*
P

Value

Multivariable-
Adjusted

HR (95% CI)*
P

Value

Multivariable-
Adjusted

HR (95% CI)*
P

Value

Sex
Male 2.1 (1.3-3.3) .001 2.0 (1.1-3.6) .03 1.6 (0.8-2.9) .16 1.5 (0.8-2.9) .24

Age in 1-y increment 1.09 (1.07-1.11) �.001 1.08 (1.06-1.11) �.001 1.09 (1.06-1.12) �.001 1.11 (1.07-1.14) �.001

Cigarette smoking
Yes 1.0 (0.7-1.4) .84 0.9 (0.6-1.4) .69 1.1 (0.7-1.8) .76 1.3 (0.7-2.3) .35

Alcohol consumption
Yes 1.6 (1.1-2.4) .009 1.7 (1.0-2.8) .05 1.8 (1.1-3.1) .03 1.7 (0.9-3.1) .08

Hepatitis B e antigen
Seropositive 2.6 (1.6-4.2) �.001

Level of ALT, U/L
�45 1.1 (0.7-1.7) .64 0.8 (0.4-1.7) .62

Liver cirrhosis†
Yes 9.1 (5.9-13.9) �.001 7.9 (4.5-13.9) �.001 11.7 (6.6-20.6) �.001

Level of HBV DNA, copies/mL‡
�300 (Undetectable) 1.0 �.001§ 1.0 �.001§ 1.0 �.001§ 1.0 �.001§

300-9999 1.1 (0.5-2.3) .86 1.0 (0.5-2.4) .94 1.3 (0.5-3.2) .55 1.4 (0.5-3.8) .56

10 000-99 999 2.3 (1.1-4.9) .02 2.6 (1.2-5.6) .01 2.7 (1.2-6.3) .02 4.5 (1.8-11.4) .001

100 000-999 999 6.6 (3.3-13.1) �.001 6.1 (2.9-12.8) �.001 7.2 (3.2-16.6) �.001 11.3 (4.5-28.4) �.001

�1 million 6.1 (2.9-12.7) �.001 10.6 (4.9-22.8) �.001 14.3 (6.2-32.8) �.001 17.7 (6.8-46.3) �.001
Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; HBV, hepatitis B virus; HR, hazard ratio.
*Cox proportional hazard models were used.
†Diagnosed with ultrasonography within 6 months of study entry.
‡At study entry.
§For trend.

Table 6. Hepatocellular Carcinoma by Serum HBV DNA Levels at Study Entry and at Last Follow-up

Level of HBV DNA, copies/mL No. of
Participants
(N = 3653)*

No. of
Hepatocellular

Carcinoma Cases

Median Time
Between the Baseline

and Last Follow-up
Examination, y

Adjusted HR (95% CI)†

At Study Entry At Follow-up

Sex, Age,
Cigarette Smoking,

and Alcohol
Consumption

Plus Seropositivity
for HBeAg,

Liver Cirrhosis,
and ALT Level

�10 000 Not tested 2034 26 1.0 1.0

10 000-99 999 �10 000 256 6 10.7 1.6 (0.7-3.9) 1.3 (0.5-3.1)

10 000-99 999 10 000-99 999 161 1 9.2 0.5 (0.1-3.6) 0.4 (0.1-3.2)

10 000-99 999 �100 000 110 5 9.9 3.5 (1.4-9.2) 2.9 (1.0-9.8)

�100 000 �10 000 146 8 11.1 3.8 (1.7-8.4) 1.9 (0.8-4.4)

�100 000 10 000-99 999 120 10 10.5 7.3 (3.5-15.3) 4.3 (2.0-9.3)

�100 000 �100 000 537 55 9.9 10.1 (6.3-16.2) 5.3 (2.9-9.7)
Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HR, hazard ratio.
*There were 289 participants whose last follow-up serum samples were not available.
†Cox proportional hazard model was used.
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toprotein, ALT, or ultrasound tests were
informed in a letter of the results and
instructed to see their physician for fol-
low-up evaluation. Individuals were free
to discontinue participation at any-
time for any reason. Additionally, all
participants with suspected hepatocel-
lular carcinoma were referred to a medi-
cal center of their choice for further
evaluation. Based on the availability of
reimbursement for HBV therapy in Oc-
tober 2003, individuals meeting the es-
tablished treatment guidelines were re-
ferred to the National Taiwan University
Hospital for evaluation.

There are few other examples of a
population-based cohort with prospec-
tively collected data on the develop-
ment of hepatocellular carcinoma with
detailed information on serostatus for
HBeAg and serum levels of HBV DNA
and ALT. To the best of our knowl-
edge, this study is one of the largest and
longest follow-up studies on the asso-
ciation between hepatocellular carci-
noma risk and serum HBV DNA level
at study entry and follow-up examina-
tions.

Consistent with the findings we pre-
viously reported,7,9 there were signifi-
cant associations between increased he-
patocellular carcinoma risk and
seropositivity for HBeAg, elevation of
serum ALT level, and ultrasonographi-
cally detected liver cirrhosis within 6
months of entry in this study. Hepati-
tis B e antigen is a biomarker for the ac-
tive replication of HBV in chronic hepa-
titis B patients. In this study, using a
highly sensitive testing method based
on polymerase chain reaction with a de-
tection limit of 300 copies/mL for se-
rum HBV DNA level, most partici-
pants with seropositivity for HBeAg
(92.6%) had a highly elevated serum
HBV DNA level of 100 000 copies/mL
or greater. However, most partici-
pants seronegative for HBeAg (72.0%)
still had a detectable serum HBV DNA
level.

A significant biological gradient of
hepatocellular carcinoma risk by se-
rum HBV DNA level from 300 cop-
ies/mL (undetectable) to 1 million cop-
ies/mL or greater was observed in this

study. The hepatocellular carcinoma
risk started to increase significantly at
a serum HBV DNA level of 10 000 cop-
ies/mL, which is lower than the level
(100 000 copies/mL) suggested by cur-
rent clinical practice guidelines for mak-
ing management decisions in the care
of chronic hepatitis B patients.12

In this study, the majority of indi-
viduals with chronic hepatitis B (80%)
were seronegative for HBeAg and had
a normal serum ALT level at study en-
try and did not develop liver cirrhosis
within 6 months of study entry. In this
study, we found that serum level of HBV
DNA was a prominent risk predictor of
hepatocellular carcinoma indepen-
dent of HBeAg status, serum ALT level,
and the presence of liver cirrhosis. We
also observed a significant dose-
response relationship between serum
HBV DNA level and hepatocellular car-
cinoma risk (P�.001). This biological
gradient of hepatocellular carcinoma
risk by serum HBV DNA level re-
mained significant in all stepwise analy-
ses using the Cox proportional haz-
ards models. The consistency of a
dose-response relationship between se-
rum HBV DNA level at study entry and
hepatocellular carcinoma risk during
follow-up suggests the importance of
closer clinical monitoring and even an-
tiviral treatment for those who have an
elevated serum HBV DNA level of
10 000 copies/mL or greater. The de-
velopment of new antiviral agents ca-
pable of effectively lowering serum HBV
DNA level regardless of HBeAg serosta-
tus and serum ALT level may be im-
portant to lower the risk of hepatocel-
lular carcinoma in chronic hepatitis B
patients.

Serum level of HBV DNA is a dy-
namic parameter in patients with
chronic hepatitis B. The importance of
persistently elevated serum HBV DNA
levels has seldom been elucidated. In
this study, we analyzed the serum level
of HBV DNA at last follow-up exami-
nation among those who had a serum
HBV DNA level of 10 000 copies/mL or
greater at study entry examination. For
this analysis we used data from partici-
pants with a baseline HBV DNA level

of less than 10 000 copies/mL as the ref-
erence group and we did not retest their
follow-up serum samples. Making these
participants the reference group serves
to bias the risk of hepatocellular carci-
noma associated with persistent eleva-
tion of HBV DNA toward the null. This
represents a conservative decision be-
cause some of these participants may
have had elevated HBV DNA at fol-
low-up examination. Among those who
had a serum HBV DNA level of 100 000
copies/mL or greater, a significant re-
duction in hepatocellular carcinoma
risk was observed with a decreasing se-
rum HBV DNA level at follow-up ex-
amination in a reverse dose-response re-
lationship (P�.01). Because most
clinical trials of antiviral treatment of
patients with chronic hepatitis B are
limited by their short period of follow-
up, virological, histological, and bio-
chemical markers are used to assess the
efficacy of the therapy.12 It has been ar-
gued that serum HBV DNA level is a
useful tool for comparing the antiviral
potency of different antiviral drugs and
strategies,14 but it is not the primary sur-
rogate for clinical end points such as
liver cirrhosis, liver decompensation,
and hepatocellular carcinoma.15 The
findings of this study provide strong
longitudinal evidence of an increased
hepatocellular carcinoma risk associ-
ated with the persistent elevation of se-
rum HBV DNA level. This suggests that
effective control of HBV replication in-
dicated by the decrease in serum HBV
DNA level following antiviral therapy
can be expected to lower the risk of he-
patocellular carcinoma in the long run.

Important consideration should be
given to the impact of HBV genotype
on the risk of hepatocellular carci-
noma in this population. In Taiwan, the
HBV genotypes B and C are the pre-
dominant genotypes, and genotype C
has been shown to be associated with
higher HBV DNA levels and a greater
risk of hepatocellular carcinoma than
genotype B.22 In unpublished data from
our cohort, among participants with
HBV DNA levels of 100 000 cop-
ies/mL or greater, the frequencies of
genotypes B and C were 79.3% and
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20.7% in participants who were sero-
negative for HBeAg and 41.7% and
58.3% in participants who were sero-
positive for HBeAg, respectively. Also,
the rates of the precore stop codon
(G1896A) mutation were 63.7% for
those who were seronegative for HBeAg
and 7.2% for those who were seroposi-
tive for HBeAg. The complete ascer-
tainment of the different genotypes and
mutation rates in this cohort as well as
their impact on hepatocellular carci-
noma risk is the subject of an ongoing
study.

CONCLUSION
Serum level of HBV DNA may be used
as a major risk predictor for hepatocel-
lular carcinoma, independent of HBeAg
serostatus, serum ALT level, and the
presence of liver cirrhosis. Monitor-
ing the change in serum HBV DNA level
is recommended for the management

of chronic hepatitis B patients. Ran-
domized controlled trials comparing
different therapeutic strategies in pa-
tients with elevated serum HBV DNA
level but a normal ALT level may fur-
ther contribute to the development of
appropriate treatment guidelines in
these patients. These patients, espe-
cially those seronegative for HBeAg, ac-
count for an increasing majority of
chronically infected individuals and are
at an increased risk of future hepato-
cellular carcinoma.
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