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Chronic hepatitis B frequently progresses to cirrhosis and
hepatocellular carcinoma. An elevated serum level of hep-
atitis B virus DNA is a major risk factor for cirrhosis and
hepatocellular carcinoma, and there is a dose-response
relationship between the serum hepatitis B virus DNA
level and the risk of these complications. To lower the viral
load to its lowest level is the method of choice to prevent
major liver complications in chronic hepatitis B.
Introduction

More than 350 million people worldwide are chronically
infected with hepatitis B virus (HBV) [1]. This infection
is particularly prevalent in sub-Saharan Africa and the
Asia-Pacific region [1,2]. Chronic HBV infection is a viral
infection that results, if unabated, in organ-specific dis-
ease of the liver. Chronic hepatitis B (CHB) is the resulting
state of liver injury from uncontrolled HBV infection.
CHB frequently progresses to cirrhosis and hepatocellular
carcinoma (HCC). It is the most common risk factor for
the development of cirrhosis, decompensated liver disease,
and HCC in the world [3-5].

There is significant individual variability in the natural
history of chronic HBV infection. Age at infection deter-
mines the probability of chronic infection with HBV. The
probability of becoming chronically infected is 80% to
100% with perinatal infection, 20% to 40% with infec-
tion in early childhood, and 0% to 10% with infection
in adolescence and adult life [6,7]. The course of chronic
infection acquired early in life is classically divided into
three consecutive phases: immune tolerance, immune
clearance, and residual phase [8,9]. The immune toler-
ance phase is characterized by active HBV replication,
high serum levels of hepatitis B surface antigen (HBsAg),
detectable hepatitis B e antigen (HBeAg) and HBV DNA,

and normal serum alanine aminotransferase (ALT) levels.
During the immune clearance phase (usually between ages
15 and 35 years), hepatitis flares may occur as the result of
specific, cellular T-lymphocyte-mediated response against
viral antigens and its downstream apoptotic mechanisms.
This phase subsides with a decline in viral replication, a
marked decrease in serum HBV DNA level, seroconver-
sion of HBeAg to its antibody (anti-HBe), and clinical
remission. Subsequently, patients enter the residual phase,
during which they are HBsAg-seropositive and HBeAg-
seronegative without active liver disease.

In its natural history, CHB frequently progresses to cir-
rhosis and HCC. The incidence of cirrhosis in chronic HBV
carriers reported from tertiary care centers ranges from
2% to 7% annually {10-14]. In contrast, community-based
studies of asymptomatic patients (so-called carriers) report
lower rates. A community-based study of 1506 asymptom-
atic HBV carriers in Taiwan reported an annual rate of
0.7 % [15]. Patients with cirrhosis are estimated to prog-
ress to decompensated cirrhosis at a rate of 3% annually
[16]. The S5-year survival is 84% among patients with
compensated cirrhosis and 14% to 28% in those with
decompensated cirrhosis [16,17]. The risk of HCC among
HBsAg-seropositive patients is fivefold to 98-fold greater
than among HBsAg-seronegative patients, with a popula-
tion-attributable risk percentage ranging from 8% to 94%
[18]. The lifetime risk that a patient with CHB will die from
HCC has been estimated at 20% to 25% {19].

Factors reported to affect CHB disease progression
include seropositivity of HBsAg and HBeAg, elevated
serum level of ALT, age, sex, alcohol intake, cigarette
smoking, aflatoxin exposure, male hormonal factor, famil-
ial tendency, genetic susceptibility, and serum HBV DNA
level. [18,20¢0,2100 220¢], This article reviews published
evidence on the role of markers of viral replication such as
HBeAg and hepatitis B viral load as independent predictors
of cirrhosis and HCC in people with CHB.

HBeAg Seropositivity as a Risk Factor for
Disease Progression

HBeAg is a surrogate biomarker of active HBV replica-
tion. In the Risk Evaluation of Viral Load Elevation and
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Associated Liver Disease/Cancer—-HBV (REVEAL-HBV)
study of 3653 patients with CHB in Taiwan, 523 (92.6%)
of 565 HBeAg-seropositive patients and 453 (14.7%) of
3088 HBeAg-seronegative patients had a serum HBV
DNA level of 100,000 copies/mL or higher [209¢]. There
is a striking age-dependent decrease in seroprevalence of
HBeAg among HBsAg-seropositive patients, from 64.3%
at ages 5 to 9 years to 5.5% at ages 60 to 69 years [23].
Meta-analysis of case-series studies of HBeAg seroprev-
alence showed a decreasing trend from CHB (57.2%)
through cirrhosis (28.7%) to HCC (19.3%), indicat-
ing a significantly confounding effect by age [23]. Only
age-matched case-control studies or cohort studies may
correctly evaluate the importance of HBeAg seropositiv-
ity in the development of cirrhosis and HCC.

Seropositivity of HBeAg has been found to be asso-
ciated with an increased risk of cirrhosis in three cohort
follow-up studies in Taiwan showing relative risks rang-
ing from 1.7 to 3.0 [11,13,15]. Treatment-associated
clearance of HBeAg was associated with a decreased risk
of cirrhosis in a clinical trial of interferon-o therapy in
HBeAg-seropositive patients [24]. In cirrhotic patients,
the presence of HBeAg increases the risk of liver decom-
pensation [25], and data from the Alaskan Natives Study
indicates that frequent re-emergence of HBeAg in serum
was a risk factor for disease progression {26].

Seropositivity of HBeAg has also been documented to
be an important risk factor for HCC in patients chronically
infected by HBV. In a meta-analysis of five age-matched
case-control studies of HBeAg and HCC, the odds ratio
(OR) of developing HCC was 3.65 for study subjects who
were HBeAg-seropositive compared with an HBeAg-
seronegative reference group [23]. In a community-based
cohort study with an average follow-up of 7.8 years, sero-
positivity of HBeAg at entry examination was associated
with an increased risk of HCC: the cumulative incidence
per 100,000 person-years was 324.3 for men seroposi-
tive for HBsAg only and 1169.4 for men seropositive for
both HBsAg and HBeAg [27]. The multivariate-adjusted
relative risk was 6.3 for HBeAg-seropositive subjects
compared with those who were HBeAg-seronegative.
Furthermore, the association between HBeAg seropos-
itivity and HCC risk remained significant in stratification
analyses by age, cigarette smoking, and alcohol use. The
importance of HBeAg seropositivity in the development
of HCC also remained significant in stratification analy-
ses by serum ALT level [28] and cirrhosis status [23]. In
other words, HBeAg seropositivity is an important HCC
risk predictor independent of elevated serum ALT level
and cirrhosis status.

Serum HBV DNA Level as a Risk Factor for
Disease Progression

Highly sensitive testing methods based on polymerase
chain reaction (PCR) have become available for measuring

serum level of HBV DNA. Some methods are qualitative
(positive vs negative) and some are quantitative, with
various detection limits. These newer, more precise ways
of measuring HBV DNA have made it possible to more
closely examine the role of HBV DNA level in CHB dis-
ease progression, This section summarizes some of the
recent studies that have examined this question.

Serum HBV DNA level and cirrhosis

Few studies have examined the association between
serum HBV DNA level and the risk of cirrhosis. As shown
in Table 1, in a hospital-based case-control study of 79
patients with CHB who had cirrhosis-related complica-
tions and 158 patients without complications, matched
for age, sex, and HBeAg status, the HBV DNA level was
significantly higher in patients with cirrhotic complica-
tions (P = 0.02) [29]. Compared with the reference group
of those who had a serum HBV DNA level below 1000
copies/mL, the risk of developing cirrhotic complications
was 3.05 times higher for those who had a serum HBV
DNA level higher than 100,000 copies/mL.

In a community-based prospective cohort study of
mortality and morbidity of chronic liver disease and
HCC in 2763 HBsAg-seropositive residents of Haimen
City, China [30¢], a significant increase in mortality from
chronic liver disease, mostly cirrhosis, was observed across
serum HBV DNA levels measured by real-time PCR (P for
trend < 0.001). As shown in Table 1, the age- and sex-
adjusted relative risk of dying from chronic liver disease
was 1.5 for serum HBV DNA level of 1600 to 99,999 cop-
ies/mL and 15.2 for levels of 100,000 copies/mL or more,
compared with a reference group with an undetectable
level. The odds of severe liver disease also increased with
increasing serum HBV DNA (P for trend < 0.001).

In a population-based prospective cohort study
(REVEAL-HBV) of 3582 untreated HBsAg-seroposi-
tive participants without cirrhosis at recruitment from
seven townships in Taiwan, a dose-response relation-
ship between HBV DNA level and risk of cirrhosis was
observed after a mean follow-up period of 11 years
[21ee] (Table 1). The hazard ratio (HR) for those with
the highest HBV DNA level was 9.8 (95% CI, 6.7-14.4)
after adjustment for age, sex, cigarette smoking, and
alcohol consumption. The biological gradient remained
statistically significant in the stratification analyses.
Furthermore, the dose-response relationship remained
significant in HBeAg-seronegative participants with a
normal ALT level at cohort entry examination.

Serum HBV DNA level and hepatocellular carcinoma:
case-control studies

As shown in Table 2, several case-control studies have
examined the association between serum HBV DNA level
and HCC risk. In a community-based, nested case-control
study of 44 patients with HCC and 86 matched controls
who were HBsAg-seropositive and HBeAg-seronegative,
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there was a significant dose-response relationship (P for
trend = 0.005) between HCC risk and the serum HBV
DNA levels detected by branched-chain DNA assay in
entry samples [27].

In a nested case-control study in Japan of the asso-
ciation between serum HBV DNA level and HCC, 48
patients with HCC and 48 matched controls were selected
from 217 patients diagnosed with cirrhosis between 1976
and 1989 [31]. Continuously or intermittently high serum
HBV DNA levels (> 5000 copies/mL) in the preceding 3
years were observed in all cases of HCC and 26 matched
controls (54%, P < 0.001).

In a nested case-control study carried out in Senegal
and China, the detection of HBV DNA in serum samples
by TagMan PCR assay (Applied Biosystems, Foster City,
CA) was significantly associated with the development
of HCC [32]. In Senegal, 12 (85.7%) of 14 patients with
HCC and 8 (28.6%) of 28 controls were HBV DNA-
positive (OR, 15.6). In China, where only dot blot HBV
DNA-negatives were studied, 40 (72.7%) of 55 patients
with HCC and 31 (56.4%) of 55 matched controls were
HBV DNA-positive (OR, 3.1).

In a hospital-based, nested case-control study in Tai-
wan, 154 patients with HCC and 316 matched controls
were selected after 14 years of follow-up [22e]. Serum
HBV DNA level at entry examination was tested by
real-time PCR-based single tube assay. A dose-response
relationship between serum HBV DNA level and HCC
risk was observed (Table 2).

In another hospital-based, cross-sectional case-control
study from Taiwan, 200 patients with HCC and 160
HBsAg-positive controls were studied [33]. Elevated serum
HBV DNA level (= 100,000 copies/mL) was associated with
an increased risk of HCC (OR, 2.5; 95% CI, 1.1-5.7) after
adjustment for age, sex, HBV genotype, precore A1896
mutant, and basal core promoter T1762/A1764 mutant.

Serum HBV DNA level and hepatocellular carcinoma:
cohort studies

As shown in Table 3, we found and reviewed five cohort
studies on the association between serum HBV DNA level
and risk of HCC. In a small, hospital-based follow-up study
from 1980 to 1999 in Nagasaki, Japan, of 73 patients with
CHB, 21 cases of HCC were diagnosed during the follow-
up period [34]. Elevated HBV DNA level (> 1,000,000
copies/mL) was associated with an increased HCC risk
(HR 3.08; 95% CI, 1.03-9.17) after adjustment for age,
sex, habitual heavy alcohol drinking, elevated ALT level,
interferon therapy, fibrosis stage, and inflammation grade,
using Cox proportional hazard regression analysis.

In another hospital-based follow-up study from 1996 to
2003 in Okayama, Japan, among 91 patients with cirrho-
sis there were 23 cases of HCC over 7 years of follow-up
[35]. Elevated HBV DNA level (> 100,000 copies/mL) was
the only risk predictor of HCC, with an odds ratio of 2.33
(95% CI, 1.14-5.60).

In a retrospective cohort study of 57 patients with
CHB receiving interferon therapy in Tokyo [36], HCC
developed in two (8%) of 25 patients with loss in HBV
DNA (< 5,000 copies/mL) and 11 (34.4%) of 32 patients
without HBV DNA loss (P = 0.026).

In the above-mentioned community-based prospective
cohort study in Haimen City, China, a significant increase
was observed in the age- and sex-adjusted relative risk of
dying from HCC across serum HBV DNA levels measured
by real-time PCR (P for trend < 0.001) (Table 3)[30¢].

In the REVEAL-HBV study of 3653 patients with
untreated CHB, a dose-response relationship between
serum HBV DNA level at entry examination and risk of
HCC (incidence and hazard ratio) was observed after a
mean follow-up period of 11 years after adjustment for
age, sex, habits of cigarette smoking and alcohol con-
sumption, serostatus of HBeAg, serum ALT level, and
cirrhosis status at entry examination [20ee], In stepwise
analyses removing participants with study entry status of
seropositivity of HBeAg, elevated ALT level, and cirrhosis
sequentially, the dose-response relationship (P for trend
< 0.001) between risk of HCC and serum HBV DNA level
at entry examination became increasingly stronger.

The HBV DNA levels in serum samples collected at the
follow-up examination just preceding the diagnosis of HCC
(or at the last follow-up examination for those who had not
developed HCC) were further examined for those who had
a serum HBV DNA level greater than 10,000 copies/mL
at entry examination. Among those who had serum HBV
DNA level at study entry of 10,000 to 99,999 copies/mL, a
statistically significant increase in HCC risk (adjusted HR,
3.5; 95% CI, 1.4-9.2) was observed for a follow-up level
of at least 100,000 copies/mL after adjustment for age,
sex, habits of cigarette smoking and alcohol consumption.
Among those with serum HBV DNA levels at entry exam-
ination of at least 100,000 copies/mL, a significant biologic
gradient of HCC risk by follow-up HBV DNA leve! was
observed (P < 0.01) after adjustment for HBeAg serostatus,
serum ALT level, and cirrhosis at entry examination.

Implications for the Management of CHB

Controlling the health impact of chronic HBV infection
remains an important public health concern. As shown
in Taiwan, a comprehensive, nationwide immunization
program can reduce the incidence of acute HBV infection,
CHB, and HCC among children [37]. The morbidity and
mortality associated with CHB is likely to be reduced in
the future through comprehensive vaccination programs
that include a birth dose [38], but unfortunately not all
countries have adopted universal vaccination policies,
nor have they experienced the kind of success reported
in Taiwan. Additionally, about 50 million new cases of
HBV infection are diagnosed annually [39], and a sig-
nificant number of these patients will become chronically
infected. As vaccination does not prevent the ongoing risk
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of morbidity and mortality in the population currently
infected, the burden of disease from CHB will remain a
public health concern for the foreseeable future.

It is very difficult to totally eradicate HBV in chroni-
cally infected patients because the virus resides in human
hepatocytes. Seroconversion from HBsAg-seropositive to
HBsAg-seronegative is rare: the annual rate ranges from
0.1% to 2.0%, depending on age at infection [40-43].
According to current clinical guidelines for the treatment
of CHB [44-46], the treatment population is generally
defined as those with some evidence of hepatic injury
indicated by either serum ALT levels higher than twice
the upper limit of normal or by biopsy evidence as well as
serum HBV DNA levels above 100,000 copies/mL. The
endpoints of CHB treatment include the loss of HBeAg
with or without seroconversion to anti-HBe, reduction of
serum HBV DNA level (< 100,000 copies/mL), and nor-
malization of ALT. Based on the findings of the studies
reviewed above, however, it appears that these short-term
goals might not prevent or delay the development of HCC
and cirrhosis in patients with CHB.

According to the REVEAL-HBV study [20ee,2]ee]
the lower the serum HBV DNA level, the lower the risk
of developing cirrhosis and HCC. A serum HBV DNA
level of 10,000 to 99,999 copies/mL was associated with
a significantly increased risk of cirrhosis (HR 2.5; 95%
CI, 1.6-3.8) and HCC (HR, 2.3; 95% CI, 1.1-4.9), com-
pared with undetectable serum HBV DNA level (< 300
copies/mL). Furthermore, the biologic gradient of cirrho-
sis and HCC risk across the serum HBV DNA levels was
even more striking among chronic HBV carriers who were
HBeAg-seropositive with normal serum ALT level. Without
lowering the serum HBV DNA level, neither seroconversion
of HBeAg nor normalization of ALT may be adequate to
protect a patient with CHB from cirrhosis and HCC.

Lowering the serum HBV DNA level is beneficial, but
it remains to be determined whether a “safe” level of HBV
DNA exists. As shown on Table 4, when the serum sam-
ples of the subjects from the REVEAL-HBV study were
re-analyzed using a more sensitive real-time PCR method,
the hazard ratio of developing HCC increased sharply
with increased levels of HBV DNA after adjustment for
gender, age, cigarette smoking, and alcohol consump-
tion (Unpublished data). These findings suggest that even
relatively low levels of serum HBV DNA (< 10,000 cop-
ies/mL) increase risk when compared with very low levels
of serum HBV DNA (< 100 copies/mL). It would appear
therefore that maximal and durable suppression of viral
replication should be the goal in managing CHB patients.

Conclusions

From this review, it is evident that HBeAg seropositiv-
ity as a surrogate biomarker of active HBV replication is
associated with an increased risk of cirrhosis. However,
elevated serum level of HBV DNA is a major risk factor

Table 4. Serum HBV DNA level and risk of
hepatocellular carcinoma*

HBV DNA level, copies/mlL

Hazard ratio (95% CI)

< 100 (reference group) 1.0
100-999 1.2 (0.3-4.4)
1000-9999 3.2 (1.5=7.1)
10,000-99,999 4.2 (2.0-9.0)
100,000-999,999 11.1 (5.3-23.2)
= 1,000,000 16.5 (8.2-33.1)

*Unpublished data from REVEAL-HBV study [20ee,2]ee],
analyzed using real-time polymerase chain reaction method.
HBV—hepatitis B virus.

for cirrhosis and HCC independent of HBeAg seroposi-
tivity, elevated serum ALT level, and cirrhosis status.
The dose-response relationship between the serum HBV
DNA level and the risk of cirrhosis and HCC has been
observed in both case-control and cohort studies. From
the REVEAL-HBV study, the most comprehensive study
of this subject to date, lower serum HBV DNA levels at
entry and at follow-up examinations translate to a lower
risk of liver complications. The biologic gradient was even
more striking among chronic HBV carriers who were
HBeAg-seronegative without elevated ALT level and cir-
rhosis at entry examination. Decreasing the viral load to
its lowest level through antiviral therapy without resulting
in drug resistance seems to be the method of choice to
prevent major liver complications in patients with chronic
HBV infection.
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