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Little is known about the longitudinal course of hepatitis B virus
(HBV) load and its relationship with the development of hepato-
cellular carcinoma (HCC). We conducted a case–cohort study
nested within a cohort of 2874 HBV surface antigen-positive male
Taiwanese government employees aged 30 years or older. HBV
genotype and DNA levels (i.e. viral load) were tested using poly-
merase chain reaction-based assays on plasma samples from 112
cases and 1031 non-cases. Prediagnostic plasma levels of HBV
DNA were measured in multiple samples collected from each
man (total 7706 samples), taken over periods of up to 16 years
before diagnosis. Baseline viral load influenced HBV genotype-
specific HCC risks and predicted the persistence of high viral load
(‡4.39 log copies/ml) that can cause HCC. Moderate to high
tracking of viral load was observed within 9 years. Hepatitis B e
antigen (P < 0.0001), genotype C HBV infection (P 5 0.0369) and
longitudinal alanine aminotransferase (ALT) elevation (defined as
ALT abnormality in ‡50% of the visits) (P 5 0.0005) were posi-
tively related to longer duration of persistence for high viral load.
After multivariate adjustment, HBV genotype C [odds ratio
(OR) 5 5.97, 95% confidence interval (CI) 5 3.44–10.34], high
viral load detected at ‡50% of the visits (compared with sustained
low viral load: OR 5 5.04, 95% CI 5 2.31–11.00) and longitudi-
nal ALT elevation (compared with sustained normal ALT levels:
OR 5 2.84, 95% CI 5 1.46–5.51) accounted for 43.5, 57.2 and
24.9% of HCCs, respectively. The results suggest that mainte-
nance of viral load <4.39 log copies/ml was associated with sus-
tained normalization of ALT levels and decreased risk of HCC.

Introduction

Hepatitis B is a main cause of chronic hepatitis, cirrhosis and hepa-
tocellular carcinoma (HCC) (1). A high viral load of hepatitis B virus
(HBV) seems crucial for the development of chronic liver disease.
Prospective studies with the use of sensitive techniques for the de-
tection of HBV DNA have demonstrated a dose–response increase in
HCC risk with circulating HBV DNA levels (2,3). Furthermore, re-
ducing HBV DNA levels by means of antiviral therapy was associated
with improvement in histologic and biochemical findings and reduc-
tion in the incidence of advanced liver disease (4–6). It is possible that
prolonged maintenance of high viral load may be more important than
transient increases of viral load in predicting risk of HCC. However,
little is known about the natural history of HBV viral load.

In this study, we described the magnitude of tracking for HBV viral
load by testing consecutive plasma samples collected from a cohort of
hepatitis B surface antigen (HBsAg)-positive men who had been fol-
lowed for up to 16 years. In particular, we assessed the influence of
HBV genotype and hepatitis B e antigen (HBeAg) status, which are
also important viral factors associated with clinical outcomes of HBV
infection (2,6–9), on the change in viral load over time. We also in-
vestigated the relation of long-term patterns of HBV viral load with
longitudinal alanine aminotransferase (ALT) levels and the risk of
incident HCC.

Subjects and methods

Case–cohort study design

This study was conducted among 2874 HBsAg-positive male Taiwanese gov-
ernment employees aged �30 years, who are a subgroup in the cohort study
involving 4841 HBsAg carriers that has been described previously (2). These
male government employees were enrolled during routine free physical exam-
ination between 1989 and 1992. Study participants were invited to return for
annual follow-up examinations such as a-fetoprotein, ultrasonography and
liver biochemistry tests. Serum ALT levels were assayed at baseline and after
August 1994. Information about vital status and cancer occurrence for those
who did not participate in a follow-up examination were obtained through
a data linkage to the national death and cancer registry systems. This study
was approved by the research ethics committee at the College of Public Health,
National Taiwan University. All subjects provided an informed consent.

We excluded subjects who met any of the following criteria: had a history of
antiviral therapy (n586); had only baseline sample (n5149); or missing or
positivity for antibodies against hepatitis C virus (n5229). Therefore, a total of
2410 subjects were deemed eligible for this study. By 2005, we confirmed 112
incident cases of HCC on the basis of histologic findings or an elevated level of
serum a-fetoprotein (�400 ng/ml) combined with at least one positive image
from angiography, sonography and/or computed tomography. Using the case–
cohort approach, a random subcohort of 1084 men (45.0%) was drawn from the
2410 subjects. This random sample included 53 of the 112 cases.

Data collection

Venous samples were taken from fasting subjects at baseline and each follow-
up examination. Samples were aliquoted and frozen at �80�C for subsequent
analysis. Information on sociodemographic characteristics, lifestyle habits and
medical history were also collected during an in-person interview given prior
to each examination as described previously (2).

Laboratory assays

HBsAg was measured by radioimmunoassay (Abbott Laboratories, Chicago,
IL). HBeAg (Roche Diagnostics, Indianapolis, IN) was tested by electroche-
miluminescence immunoassay. Antibodies against hepatitis C virus were
tested by enzyme immunoassay (Abbott Laboratories). After DNA extraction
by the method described (10), plasma HBV DNA levels were analyzed by the
real-time TaqMan polymerase chain reaction (PCR) with an ABI Prism
7900HT sequence detection system (Applied Biosystems, Foster City, CA).
We used the PCR primers and fluorescent probe described by Loeb et al. (11).
To generate copy number standard curves, the plasmid pBR322-HBV with an
insert of a full-length HBV genomic DNA derived from subtype adw HBV
(ATCC #45020D) was purchased from American Type Culture Collection
(Manassas, VA). The pBR322-HBV plasmid was transformed into ECOS
101 competent cells and purified using a QIAprep Spin Miniprep Kit (Qiagen,
Hilden, Germany). The purified DNA concentration was determined with
a spectrophotometer at 260 nm and the corresponding copy number of HBV
was calculated. For each run, serial dilutions, ranging from 102 to 1010 copies/
ml, of the plasmid stock were prepared. TaqMan PCR was performed in a 10 ll
reaction mixture containing 3 ll of DNA template, 5 ll of 2� BD QTaqTM

PCR Buffer, 0.2 ll of 50� BD QTaqTM DNA polymerase (Becton, Dickinson
and Company, Palo Alto, CA), 500 nM each of the primers and 200 nM the
probe. PCR conditions were 95�C for 5 min, and then 50 cycles of 95�C for 15 s
and 60�C for 1 min. Each sample was measured in duplicate and the results
from two independent experiments were averaged. This assay has a detection
limit of 215 copies/ml and a dynamic range up to 1010 copies/ml. The within-run

Abbreviations: ALT, alanine aminotransferase; CI, confidence interval;
HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma; OR, odds ratio; PAR, pop-
ulation attributable risk; PCR, polymerase chain reaction.
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and between-run coefficients of variance were ,5.6% for viral load of �1000
copies/ml.

HBV genotype was determined by a nested PCR. The first-round PCR was
performed in a total volume of 30 ll containing 6 ll of DNA template, 166 nM
each of the primers 5#-TTCACCTCTGCCTAATCATC-3# (HB8F-1824) and
5#-AACAGACCAATTTATGCCTA-3# (HB6R-1803), 83 nM deoxynucleoside
triphosphate each, 3 ll of 10� TEMPase Buffer II and 2.5 U TEMPase Hot
Start DNA polymerase (Ampliqon, Rødovre, Denmark). Reactions were ini-
tially denatured at 94�C for 4 min, and then 34 cycles of 94�C for 40 s, 55�C for
30 s and 72�C for 1.5 min followed by a final extension at 72�C for 10 min. The
second-round PCR was a multiplex PCR based on the method as described
with a different forward primer (5#-CCCCAACAAGGATCACTGGCCA-
GAGGCA-3#) for genotype C amplification (12). The amplification reaction
consisted of an initial denaturation step at 95�C for 4 min followed by 34 cycles
of 95�C for 30 s, 60�C for 30 s and 72�C for 1 min, and then a final extension at
72�C for 10 min. All the forward primers were labeled with fluorescent dyes,
and the derived PCR products were subjected to electrophoresis by an ABI
3130xl genetic analyzer (Applied Biosystems). To verify the genotyping
results, direct DNA sequencing on both strands was also performed (2).

Statistical analyses

All statistical calculations were performed using SAS version 9.1 (SAS In-
stitute, Cary, NC). Plasma HBV DNA levels were log10 transformed. We as-
signed a value of 215 copies/ml, the detection limit of our quantitative assay, to
samples with undetectable HBV DNA. The hazard ratios of incident HCC and
95% confidence intervals (CIs) were computed by means of a weighted pro-
portional hazards regression, accounting for the case–cohort design by the
Barlow method (13). We used the subcohort that was randomly selected from
the entire cohort to estimate the cumulative incidences of HCC. The cumula-
tive incidence of HCC estimated from the disease-specific survival curve was

assessed with the use of the Kaplan–Meier method. Comparison of cumulative
incidence curves between groups was evaluated by the Wilcoxon test.

In longitudinal analysis, we examined the influence of factors on HBV viral
load over the 16-year follow-up and explored the long-term stability of viral
load. First, HBV viral load was treated as a continuous variable. We used linear
mixed models adjusted for age at the time of assay for HBV DNA to analyze
factors associated with change in HBV viral load over time. The covariance
matrix of a first-order autoregressive process was used to account for depen-
dence of measurements across time within subjects. Second, we assessed the
tendency to maintain a high level of viral load over time. Viral load was
dichotomized to a binary variable according to a predetermined cutoff.
A generalized logit model was used to assess the influence of initial viral load
on latter measurements of viral load over time. All models were adjusted for
age at recruitment and the time of follow-up assay. We used an unstructured
covariance matrix to account for dependence of observations across time
within individuals. Based on parameter estimates from the model, we esti-
mated the probability of having high viral load during a given follow-up period
for subjects with initial viral load above or below the predetermined cutoff via
inverse logit function. The estimates of the predicted probability were pro-
duced using the LSMEANS statement in PROC GLIMMIX. Third, we used the
Kaplan–Meier method to compute the time to the first viral load of ,4.39 log
copies/ml, the threshold of viral load associated with increased HCC risk, for
men with initial viral load �4.39 log copies/ml.

Finally, we used logistic regression to calculate the odds ratio (OR) of HCC
associated with the frequency of having viral load �4.39 log copies/ml during
the follow-up after adjusting for age at recruitment, total number of visits,
HBeAg, HBV genotype and longitudinal ALT levels. The frequency of high
viral load or ALT abnormality was categorized as ‘zero’, ‘one’, ‘�2 visits but
,50% of the visits’ and ‘�50% of the visits’ to ensure that subjects with data
on two time points could be counted for analysis. The population attributable

Table I. Characteristics of study subjects and their associations with HCC

Characteristic Group HCC
(n 5 112)

No HCC
(n 5 1031)

Hazard ratio of
HCC (95% CI)

Age at onset (year)
Median 59.2
Range 39.8–78.7

Total no. of samples 627 7079
Median no. of samples per person 6 7

Range 2–11 2–12
Average interval between two

consecutive visits (year)
Median 1.5 1.7
Interquartile range 1.1–1.8 1.5–2.0

At baseline
Age (year), n (%) 30–39 13 (11.6) 371 (36.0) 1.00 (reference)

40–49 40 (35.7) 398 (38.6) 2.83 (1.50–5.34)
50–59 29 (25.9) 161 (15.6) 5.14 (2.63–10.04)
�60 30 (26.8) 101 (9.8) 8.59 (4.38–16.85)

History of cigarette smoking No 69 (61.6) 718 (69.6) 1.00a (reference)
Yes 43 (38.4) 313 (30.4) 1.18 (0.78–1.76)

History of alcohol consumption No 86 (76.8) 818 (79.3) 1.00a (reference)
Yes 26 (23.2) 213 (20.7) 0.99 (0.62–1.57)

ALT (�upper limit of normal) �1 82 (74.6) 959 (93.3) 1.00a (reference)
.1 and �2 24 (21.8) 55 (5.4) 5.75 (3.43–9.65)
.2 4 (3.6) 14 (1.4) 3.42 (1.04–11.29)
Missing 2 3

HBV genotype, n (%) B 47 (42.3) 825 (81.3) 1.00a (reference)
B þ C 6 (5.4) 45 (4.4) 1.73 (0.71–4.22)
C 58 (52.3) 145 (14.3) 5.85 (3.82–8.96)
Untypable 1 16

Quintile levels of HBV
DNAb (log copies/ml), n (%)

,2.83 6 (5.4) 214 (20.8) 1.00a (reference)
2.83–3.56 15 (13.4) 209 (20.3) 1.91 (0.73–4.99)
3.57–4.38 11 (9.8) 211 (20.5) 1.38 (0.49–3.84)
4.39–5.90 20 (17.9) 206 (20.0) 2.60 (1.02–6.61)
�5.91 60 (53.6) 191 (18.5) 9.18 (3.86–21.84)

HBeAg Negative 93 (84.5) 914 (90.9) 1.00a (reference)
Positive 17 (15.5) 92 (9.1) 3.02 (1.67–5.47)
Missing 2 25

aHazard ratios adjusted for age at recruitment (continuous variable).
bPlasma HBV DNA quintiles were based on distribution of the subcohort (n 5 1084).
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risks (PARs) of HCC for varying categories of a HBV-related factor were
calculated using the formula PAR 5 (RR�1)Pc/RR, in which RR is the rela-
tive risk associated with a given category and Pc is the prevalence of that
category in HCC cases. The OR was assumed to approximate the relative risk.
All reported P values are two sided.

Results

Cases and non-cases were followed for a median time of 7.3
(range 5 0.6–15.0) and 13.4 (range 5 2.1–16.0) years, respectively.
Among the 112 cases, 66 (58.9%) were diagnosed with cirrhosis by
ultrasonography during the follow-up, and a total of 54 deaths were
observed. Fifty-two of the 54 deaths were attributable to liver-related
disease, including 47 from HCC and 5 from cirrhosis. The total num-
ber of samples available for testing HBV viral load was 7706
(range 5 2–12 samples per person): 627 for cases and 7079 for
non-cases (Table I). Supplementary Table I (available at Carcinogen-
esis Online) shows no association between missing observations and
baseline viral load.

Baseline characteristics and HCC risk

In case–cohort analysis, the risk of HCC was increased starting at the
fourth quintile of HBV viral load (�4.39 log copies/ml), as compared
with the lowest quintile of viral load. HBeAg positivity, genotype C
HBV infection and elevated ALT activity were also associated with
increased risk for HCC (Table I).

In subcohort analysis, men infected with HBV genotype C had
a higher cumulative incidence of HCC than men with B or B plus
C mixed genotype infection (P , 0.0001). The cumulative incidence
of HCC within 10 years was 14.49% (95% CI 5 9.24–19.74) for
genotype C subjects and 2.14% (95% CI 5 1.19–3.09) for other ge-
notype subjects. The difference in the cumulative HCC incidences
between the two groups was greater if baseline viral load
was �4.39 log copies/ml [e.g. 10-year cumulative incidence:
25.52% (95% CI 5 15.86–35.18) for genotype C versus 3.76%
(95% CI 5 1.76–5.76) for other genotypes] and lesser if baseline viral
load was ,4.39 log copies/ml [e.g. 10-year cumulative incidence:
5.32% (95% CI 5 0.79–9.85) for genotype C versus 1.11% (95%
CI 5 0.23–1.99) for other genotypes] (Figure 1).

Longitudinal course of viral load

Cases had HBV viral load that were higher but decreased more rapidly
with increasing age compared with non-cases (supplementary Figure 1,
available at Carcinogenesis Online). As can be seen in supplementary
Table II (available at Carcinogenesis Online), viral load of study
subjects slowly declined with follow-up time. Using normal mixed
models controlled for age at the time of assay on viral load, factors
positively associated with viral load over the 16-year follow-up period
included HCC status, HBeAg positivity, HBV genotype C, elevated
ALT levels at baseline, longitudinal ALT elevation and initial viral
load (Table II).

Table III shows that tracking for viral load of �4.39 log copies/ml
was better than tracking for viral load in the highest quintile (�5.91
log copies/ml). Within 9-year follow-up, the predicted probabilities of
maintaining viral load of �4.39 log copies/ml among men with initial
viral load �4.39 log copies/ml were between 0.58 and 0.90, whereas
the probabilities of maintaining viral load in the highest quintile
among men with initial viral load in the highest quintile were between
0.34 and 0.86. However, in the same follow-up period, whatever the
cutoffs were set to classify subjects at risk, men with HBeAg positiv-
ity, HBV genotype C or longitudinal ALT elevation appeared to have
higher probability of maintaining high levels of viral load when com-
pared with men with HBeAg negativity, men with other genotype
infection or men without longitudinal ALT elevation. As shown in
supplementary Table III (available at Carcinogenesis Online), the
probability of change from low to high viral load during the follow-
up is relatively low.

Among men with initial viral load �4.39 log copies/ml, the median
time to first viral load of ,4.39 log copies/ml from the initial assay
was 10.0, 4.0, 7.5, 4.5, 8.5 and 4.0 years, respectively, in subgroups
with HBeAg positivity, HBeAg negativity, genotype C, B or mixed
genotype, ALT elevation in �50% of the visits and ALT elevation in
,50% of the visits. HBeAg positivity (P , 0.0001), HBV genotype
C (P 5 0.0369) and longitudinal ALT elevation (P 5 0.0005) were
associated with longer duration of persistence for high viral load
(Figure 2).

Long-term patterns of viral load and HCC risk

In a logistic regression model controlled for age at recruitment, total
number of visits and other potential risk factors, HBV genotype C
(OR 5 5.97, 95% CI 5 3.44–10.34), high viral load (�4.39 log cop-
ies/ml) detected at �50% of the visits (compared with sustained low
viral load: OR 5 5.04, 95% CI 5 2.31–11.00) and longitudinal ALT

Fig. 1. Kaplan–Meier estimates of the cumulative incidences of HCC by
HBV genotype. The analysis was based on the subcohort randomly selected
from the entire cohort.
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elevation (compared with sustained normal ALT levels: OR 5 2.84,
95% CI 5 1.46–5.51) were each significantly associated with in-

creased risk for HCC. HBeAg did not significantly associate with

HCC after adjusting for other HBV-related factors. The PARs for

genotype C HBV infection, high viral load detected in �50% of the

visits and longitudinal ALT elevation were 43.5, 57.2 and 24.9%,

respectively (Table IV).

Discussion

Higher circulating levels of HBV DNA have been associated with
increased risk of HCC in prospective studies. However, previous such
studies were based on single- or two-time-point measurements of viral
load (2,3,14). HBV DNA in blood may change during long-term
follow-up. This change in HBV DNA levels over time is likely to
have resulted in measurement error in these studies.

Table II. Influence of various factors on change in HBV viral load over 16 years of follow-up

Estimated change in HBV
viral load (log copies/ml)

95% CI P value

Model 1
Age at the time of measurement (per 1-year increment) �0.0169 (�0.0240 to �0.0099) ,0.0001
HBV genotype C versus B or B plus C mixed genotype 0.4726 (0.2730 to 0.6722) ,0.0001

Model 2
Age at the time of measurement (per 1-year increment) �0.0204 (�0.0273 to �0.0135) ,0.0001
Cases versus non-cases 1.3706 (1.1044 to 1.6367) ,0.0001

Model 3
Age at the time of measurement (per 1-year increment) �0.0154 (�0.0224 to �0.0084) ,0.0001
With versus without ALT elevation at baseline 0.6741 (0.3943 to 0.9538) ,0.0001

Model 4
Age at the time of measurement (per 1-year increment) �0.0148 (�0.0215 to �0.0081) ,0.0001
With versus without longitudinal ALT elevationa 1.5411 (1.3330 to 1.7492) ,0.0001

Model 5
Age at the time of measurement (per 1-year increment) �0.0119 (�0.0168 to �0.0070) ,0.0001
Initial HBV viral load (per 1�log10 copy/ml increment) 0.6006 (0.5753 to 0.6260) ,0.0001

Model 6
Age at the time of measurement (per 1-year increment) �0.00276 (�0.0090 to 0.0035) 0.3863
HBeAg positivity versus negativity 2.8514 (2.6268 to 3.0760) ,0.0001

aLongitudinal ALT elevation was defined as ALT abnormality in �50% of the visits.

Table III. Predicted probability of maintaining high viral load during the follow-up for subjects with high viral load at baselinea

Years
since
baseline

All subjects HBeAg
positivity

HBeAg
negativity

Genotype
C HBV

B or B þ
C mixed
genotype
of HBV

With
longitudinal
ALT
elevationb

Without
longitudinal
ALT
elevationb

No. of study subjects/no. of samples during given follow-up period
�3 1094/2445 102/233 966/2155 198/439 880/1969 139/312 839/1938
4–6 961/1358 92/132 848/1198 162/241 786/1098 135/198 822/1156
7–9 848/1307 77/117 753/1160 142/221 695/1071 113/178 735/1129
10–12 698/885 54/70 633/800 109/130 580/740 76/97 621/787
�13 481/568 34/38 436/516 75/82 400/479 51/60 430/508

Predicted probability (95% CI) of maintaining HBV viral load �4.39 log copies/ml during the given follow-up period for men with viral load �4.39 log
copies/ml at baseline
�3 0.78 (0.75–0.80) 0.90 (0.87–0.93) 0.75 (0.71–0.78) 0.84 (0.79–0.87) 0.76 (0.73–0.79) 0.85 (0.80–0.89) 0.75 (0.72–0.78)
4–6 0.71 (0.67–0.75) NEc 0.69 (0.64–0.73) 0.80 (0.69–0.88) 0.69 (0.64–0.73) 0.86 (0.80–0.91) 0.66 (0.62–0.71)
7–9 0.63 (0.59–0.67) NEc 0.63 (0.58–0.68) 0.66 (0.57–0.75) 0.63 (0.58–0.67) 0.79 (0.72–0.85) 0.58 (0.53–0.63)
10–12 0.58 (0.52–0.63) NEc 0.60 (0.54–0.66) 0.41 (0.30–0.52) 0.61 (0.55–0.67) 0.73 (0.53–0.86) 0.54 (0.47–0.60)
�13 0.44 (0.27–0.63) NEc 0.44 (0.29–0.59) 0.49 (0.21–0.78) 0.46 (0.28–0.66) NEc 0.41 (0.24–0.61)

Predicted probability (95% CI) of maintaining HBV viral load �5.91 log copies/ml during given follow-up period for men with viral load �5.91 log copies/ml
at baseline
�3 0.64 (0.61–0.67) 0.86 (0.81–0.91) 0.48 (0.43–0.54) 0.78 (0.72–0.82) 0.59 (0.54–0.63) 0.71 (0.62–0.78) 0.61 (0.57–0.65)
4–6 0.52 (0.48–0.56) 0.65 (0.56–0.74) 0.46 (0.39–0.54) 0.68 (0.54–0.80) 0.48 (0.43–0.53) 0.70 (0.60–0.79) 0.47 (0.42–0.51)
7–9 0.41 (0.36–0.45) NEc 0.40 (0.32–0.48) 0.56 (0.41–0.71) 0.36 (0.31–0.41) 0.61 (0.50–0.71) 0.34 (0.30–0.39)
10–12 0.32 (0.27–0.37) NEc 0.32 (0.23–0.42) 0.16 (0.06–0.39) 0.32 (0.26–0.38) 0.44 (0.23–0.67) 0.29 (0.24–0.35)
�13 0.17 (0.01–0.86) NEc 0.00d 0.56 (0.21–0.86) 0.14 (0.00–0.93) NEc 0.15 (0.06–0.33)

aPredicted probability was derived from generalized logit models, with age at recruitment (continuous variable), the time of follow-up examination (continuous
variable) and baseline viral load (categorized according to a predetermined cutoff) as covariates and values (categorized according to a predetermined cutoff) of
viral load measured during given follow-up period as dependent variable. The ORs of having high viral load during the given follow-up period for subjects with
high viral load at baseline relative to those who had low viral load at baseline are shown in supplementary Table IV (available at Carcinogenesis Online).
bLongitudinal ALT elevation was defined as ALT abnormality in �50% of the visits. Twenty-six cases and 91 non-cases were missing on longitudinal ALT levels
because they had less than two measures on ALT.
cNot estimated. Predicted probability was not estimated because baseline viral load was not statistically significantly associated with values of viral load measured
during the given follow-up period.
dPredicted probability is very small and its 95% CI is thus omitted.
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This is the first report on the longitudinal course of HBV viral load
and HCC in asymptomatic HBV carriers. Our assay for HBV DNA
can measure levels to as low as 215 copies/ml. This assay demon-
strated good reproducibility, with the coefficients of variation for both
within- and between-run variability being comparable with those of
previously reported quantitative methods (15,16). One limitation of
our study, which is common to all longitudinal studies, was the in-
termittently missing observations due to non-participation in the

follow-up examinations. However, it does not appear related to the
subjects’ initial HBV viral load. We therefore believe that our results
have a high internal validity.

HBeAg is an indicator of active replication of HBV (2). This study
was restricted to HBsAg carriers aged �30 years, the majority of
whom had lost HBeAg at recruitment. We saw moderate to high
tracking of HBV viral load during 9-year follow-up, as evidenced
by moderate to high probability of maintaining viral load �4.39 log
copies/ml that was associated with increased risk of HCC, even in
HBeAg-negative individuals. In contrast, the probability of change
to �4.39 log copies/ml from lower viral load was relatively low. In
subgroup analysis, we found that the tendency to maintain a high level
of viral load was associated with HBeAg status, HBV genotype and
the longitudinal course of ALT levels.

Eight genotypes of HBV have been identified previously (17). In
Asia where genotypes B and C are most prevalent, genotype C has
been associated with worse response to interferon and more serious
liver disease than genotype B (2,6–9). In our samples, HCC affected
�14% of men infected with HBV genotype C within 10 years but only
2% of men with genotype B or mixed genotype infection. The differ-
ence in the 10-year cumulative HCC incidences between the two
groups was reduced to �4% when baseline viral load was ,4.39
log copies/ml and was enlarged to 22% when baseline viral load
was �4.39 log copies/ml. This observation suggests that interventions
aimed to decrease viral load can substantially reduce the risk of ge-
notype C HBV-related HCC. Genotype C has also been associated
with a higher circulating level of HBV DNA than genotype B (2,8).
However, since previous investigations of HBV genotype and HBV
DNA were cross-sectional studies, the impact of viral genotype on the
longitudinal course of HBV DNA remains unclear.

From longitudinal analysis, we found that HBV genotype C was
associated with higher viral load over the 16-year follow-up compared
with genotype B or mixed genotype infection. In addition, the persis-
tence for viral load of �4.39 log copies/ml was longer, and the prob-
ability of remaining in the highest quintile, which was associated with
a 9-fold higher risk of HCC compared with the bottom quintile, was
higher in men infected with genotype C HBV than in men with other
genotype infection. Therefore, tracking for high viral load that can
cause HCC was stronger in men with genotype C than in those with B
or mixed genotype.

Our HBsAg carrier subjects were enrolled during regular health
examination. Those HBsAg carriers with abnormal ALT at baseline
had only mildly to moderately elevated serum ALT levels, and most of
them had intermittent ALT elevation during the follow-up. Despite
this, we found that men with longitudinal ALT elevation (defined as
ALT abnormality in �50% of the visits) had much higher risk of HCC
than those without. Moreover, we have demonstrated an association
between longitudinal ALT elevation and prolonged duration of per-
sistence of high viral load that can cause HCC. These findings agree
with other investigation demonstrating that upsurge of viral load often
preceded ALT elevation (10). Also, they are compatible with clinical
trial results of effective suppression of HBV replication by antiviral
therapy in association with reduction in necroinflammatory activity
and the subsequent development of HCC (4–6).

Approximately 37% (Table IV) of the cases in this study had nor-
mal ALT at all samples collected before diagnosis. Previous reports
have indicated that a normal ALT level alone was not an accurate
indicator of inactive liver disease (3,9,18). From multivariate logistic
regression analysis with all the HBV-related factors including
HBeAg, our data revealed that HBV genotype C, repeated detection
of high viral load and longitudinal ALT elevation were significant
predictors of the risk of HCC. The three factors are thus equally
important for longitudinal evaluation to select HBV carriers for clin-
ical trial and/or intervention.

The threshold of HBV viral load associated with increased risk of
HCC in this study was 4.39 log copies/ml, similar to the levels sug-
gested by the previous prospective studies (2,3). Although circulating
HBV DNA levels may fluctuate over time, they remain sufficiently
high in most of the time for a long term in some HBV carriers. On the

Fig. 2. Kaplan–Meier curves for the time to the first HBV viral load of
,4.39 log copies/ml in men with viral load �4.39 log copies/ml at baseline.
The time to the first viral load of ,4.39 log copies/ml was defined as the time
from enrollment to the midpoint between the last visits at which subjects had
viral load �4.39 log copies/ml and the first visits at which subjects had viral
load ,4.39 log copies/ml. The median (interquartile range) of the average
time between every two consecutive visits for each subject was 1.63 (1.40–
1.86), 1.71 (1.50–2.00), 1.67 (1.44–2.00), 1.75 (1.57–2.00), 1.63 (1.40–1.86)
and 1.71 (1.50–2.00) years, respectively, in subgroups with HBV genotype C,
B or mixed genotype, ALT elevation in �50% of the visits, ALT elevation in
,50% of the visits, HBeAg positivity and HBeAg negativity.
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other hand, some of these fluctuations may be merely due to variabil-
ity in the sampling or measurement procedure. Therefore, subjects
with viral load �4.39 log copies/ml in �50% of the visits had a
much higher risk for HCC than subjects with such high viral load
in ,50% of the visits, as compared with those who had sustained
low viral load.

According to PAR calculation, we estimate that 57% of the HCCs
occurring among male HBV carriers aged �30 years in high-incidence
areas where perinatal transmission of HBV is common could be at-
tributed to long-term high-titer viral replication. It can be expected
that therapy effective in sustained viral suppression to the levels
of ,10 000 copies/ml would lead to a marked reduction in HCC
incidence. Based on our data, however, �40% (Table I) of the male
HBV carriers aged �30 years who have random viral load of �4.39
log copies/ml would be considered receiving such therapy. The
screening rules for determining HBV viral load after age 30 and
the strategies to prevent HCC in high-risk population remained to be
defined (1).

In conclusion, over a period of 16 years, this longitudinal study has
provided the unique data on the long-term dynamics of HBV viral
load among male HBV carriers aged �30 years in area where HBV
infection is mostly acquired perinatally (1). Only men were included
because incidence of HCC is two to four times higher in men than in
women (19). Since subjects with antiviral therapy were excluded from
the analysis, our results could infer the natural course of chronic HBV
infection. The results suggest that HBV viral load influenced HBV
genotype-specific HCC risks and was fairly stable for up to 9 years.
HBeAg positivity, genotype C HBV infection and longitudinal ALT
elevation were associated with longer duration of persistence of high
HBV viral load that can cause HCC. Although most subjects had
a fluctuating course of circulating HBV DNA levels, maintenance
of a level ,4.39 log copies/ml was associated with sustained normal-
ization of ALT levels and decreased risk of HCC.

Supplementary material

Supplementary Figure 1 and Tables I–IV can be found at http://
carcin.oxfordjournals.org/

Funding

National Research Program for Genomic Medicine (NSC 94-3112-
B-002-017, NSC 95-3112-B-002-001); National Science Council,
Taiwan (NSC 95-2314-B-002-244).

Acknowledgements

Conflict of Interest Statement: None declared.

References

1.Liaw,Y.F. et al. (2005) Asian-Pacific consensus statement on the manage-
ment of chronic hepatitis B: a 2005 update. Liver Int., 25, 472–489.

2.Yu,M.W. et al. (2005) Hepatitis B virus genotype and DNA level and
hepatocellular carcinoma: a prospective study in men. J. Natl Cancer Inst.,
97, 265–272.

3.Chen,C.J. et al. (2006) Risk of hepatocellular carcinoma across a biological
gradient of serum hepatitis B virus DNA level. JAMA, 295, 65–73.

4.Hadziyannis,S.J. et al. (2003) Adefovir dipivoxil for the treatment of
hepatitis B e antigen-negative chronic hepatitis B. N. Engl. J. Med., 348,
800–807.

5.Chang,T.T. et al. (2006) A comparison of entecavir and lamivudine for
HBeAg-positive chronic hepatitis B. N. Engl. J. Med., 354, 1001–1010.

6. Janssen,H.L. et al. (2005) Pegylated interferon alfa-2b alone or in combi-
nation with lamivudine for HBeAg-positive chronic hepatitis B: a random-
ized trial. Lancet, 365, 123–129.

7.Chu,C.M. et al. (2005) Genotype C hepatitis B virus infection is associated
with a higher risk of reactivation of hepatitis B and progression to cirrhosis
than genotype B: a longitudinal study of hepatitis B e antigen-positive
patients with normal aminotransferase levels at baseline. J. Hepatol., 43,
411–417.

8.Lindh,M. et al. (1999) Core promoter mutations and genotypes in relation
to viral replication and liver damage in east Asian hepatitis B virus carriers.
J. Infect. Dis., 179, 775–782.

9.Chan,H.L. et al. (2002) Viral genotype and hepatitis B virus DNA levels are
correlated with histological liver damage in HBeAg-negative chronic hep-
atitis B virus infection. Am. J. Gastroenterol., 97, 406–412.

10.Liu,C.J. et al. (2003) A prospective study characterizing full-length hepa-
titis B virus genomes during acute exacerbation. Gastroenterology, 124,
80–90.

Table IV. ORs and PARs for the main risk factors of HCC

HCC,
n (%)

No HCC,
n (%)

OR of HCC (95% CI) PARb (%)

Age and total no.
of visits adjusted

Fully adjusteda P value

Frequency of having HBV DNA levels �4.39 log copies/ml
Zero 17 (15.2) 374 (36.3) 1.00 (reference) 1.00 (reference)
At one visit 7 (6.3) 127 (12.3) 1.45 (0.58–3.66) 2.16 (0.72–6.49) 0.1723 3.4
At �2 visits but ,50% of the visits 8 (7.1) 122 (11.8) 2.31 (0.93–5.73) 3.19 (1.16–8.77) 0.0246 4.9
At �50% of the visits 80 (71.4) 408 (39.6) 4.45 (2.55–7.78) 5.04 (2.31–11.00) ,0.0001 57.2

HBV genotype
B 47 (42.3) 825 (81.3) 1.00 (reference) 1.00 (reference)
B þ C 6 (5.4) 45 (4.4) 1.52 (0.59–3.92) 1.47 (0.40–5.34) 0.5587 1.7
C 58 (52.3) 145 (14.3) 7.14 (4.56–11.17) 5.97 (3.44–10.34) ,0.0001 43.5
Untypable 1 16

Frequency of ALT elevation
Zero 32 (37.2) 551 (58.6) 1.00 (reference) 1.00 (reference)
At one visit 11 (12.8) 176 (18.7) 1.63 (0.78–3.42) 1.12 (0.51–2.45) 0.7719 1.4
At �2 visits but ,50% of the visits 10 (11.6) 97 (10.3) 3.40 (1.51–7.65) 1.59 (0.64–3.91) 0.3160 4.3
At �50% of the visits 33 (38.4) 116 (12.3) 6.41 (3.63–11.31) 2.84 (1.46–5.51) 0.0021 24.9
Not availablec 26 91

HBeAg
Negative 93 (84.5) 914 (90.9) 1.00 (reference) 1.00 (reference)
Positive 17 (15.5) 92 (9.1) 2.91 (1.57–5.40) 0.89 (0.40–1.94) 0.7616
Not available 2 25

aORs adjusted for age at recruitment (continuous variable), total number of visits (continuous variable) and all other factors listed in the table.
bPARs were calculated using the fully adjusted ORs.
cSubjects who had less than two measures on ALT were excluded from analysis.

Long-term tracking of HBV viral load and HCC

111

http://carcin.oxfordjournals.org
http://carcin.oxfordjournals.org


11.Loeb,K.R. et al. (2000) High-throughput quantitative analysis of hepatitis
B virus DNA in serum using the TaqMan fluorogenic detection system.
Hepatology, 32, 626–629.

12.Kirschberg,O. et al. (2004) A multiplex-PCR to identify hepatitis B virus-
genotypes A-F. J. Clin. Virol., 29, 39–43.

13.Barlow,W.E. (1994) Robust variance estimation for the case-cohort design.
Biometrics, 50, 1064–1072.

14.Chen,G. et al. (2006) Past HBV viral load as predictor of mortality and
morbidity from HCC and chronic liver disease in a prospective study. Am. J.
Gastroenterol., 101, 1797–1803.

15.Laperche,S. et al. (2006) Expertise of laboratories in viral load quantifica-
tion, genotyping, and precore mutant determination for hepatitis B virus in
a multicenter study. J. Clin. Microbiol., 44, 3600–3607.

16.Yeh,S.H. et al. (2004) Quantification and genotyping of hepatitis B virus in
a single reaction by real-time PCR and melting curve analysis. J. Hepatol.,
41, 659–666.

17.Locarnini,S. (2004) Molecular virology of hepatitis B virus. Semin. Liver
Dis., 24 (suppl. 1), 3–10.

18.Lin,C.L. et al. (2007) Hepatitis B viral factors in HBeAg-negative carriers
with persistently normal serum alanine aminotransferase levels. Hepatol-
ogy, 45, 1193–1198.

19.Yu,M.W. et al. (1994) Hepatitis B and C viruses in the development of
hepatocellular carcinoma. Crit. Rev. Oncol. Hematol., 17, 71–91.

Received August 17, 2007; revised October 23, 2007;
accepted November 4, 2007

C.-F.Wu et al.

112


