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Background & Aims: Chronic hepatitis B is an important
public health problem worldwide and in the United States.
A treatment algorithm for chronic hepatitis B virus (HBV)
infection was developed by a panel of US hepatologists
based on new developments in the understanding of the
virology of HBV, availability of more sensitive molecular
diagnostic testing, and advantages and disadvantages of
currently approved therapies. Methods: This algorithm is
based on available evidence, but where data are lacking,
the panel relied on clinical experience and consensus ex-
pert opinion. Results: Serum HBV DNA can be detected at
levels as low as 100-1000 copies/mL by using molecular
assays and should be determined to establish a baseline
level before treatment, monitor response to antiviral ther-
apy, and survey for the development of drug resistance.
The primary aim of antiviral therapy is durable suppression
of serum HBV DNA to the lowest level possible. The thresh-
old level of HBV DNA for determination of candidacy for
therapy is =105 copies/mL for patients with hepatitis B e
antigen (HBeAg)-positive chronic hepatitis B. A lower
serum HBV DNA threshold is appropriate for patients
with HBeAg-negative chronic hepatitis B and those with
decompensated cirrhosis, and the panel recommends
thresholds of 10* copies/mL and 103 copies/mL, respec-
tively. Conclusions: Interferon alfa-2b, lamivudine, and ad-
efovir dipivoxil are all approved as initial therapy for chronic
hepatitis B and have certain advantages and disadvan-
tages. Issues for consideration include efficacy, safety, in-
cidence of resistance, method of administration, and cost.
Studies are under way to explore the safety and efficacy of
combination therapy, which may prove to be more effec-
tive than monotherapy in suppressing viral replication and
may decrease or delay the incidence of drug resistance.

his hepatitis B virus (HBV) treatment algorithm
was developed by a panel of US hepatologists. The
aim is to develop a practical and comprehensive algo-

rithm for the diagnosis, treatment, and monitoring of
patients with chronic HBV infection in the United
States. The panel analyzed existing data on available
therapies, as well as published guidelines.’»? When pos-
sible, the panel’s recommendations are based solidly on
evidence, but where data are lacking, the panel relied on
their own clinical experience and expert opinion. The
algorithm aims to assist treating physicians in answering
the practical questions of what tests to order and how to
interpret them, which patients to treat, when and how
long to treat, what the available treatment options are,
and how to monitor patients.

Burden of Disease

It is estimated that worldwide, at least 350 mil-
lion people are chronically infected with HBV.> Al-
though the prevalence of HBV infection in the United
States is less than that in many other countries, an
estimated 1.25 million individuals are infected with the
virus.* Despite the availability of hepatitis B vaccine
programs, new infections with HBV remain common.
Approximately 100,000 people in the United States
become acutely infected each year.> Individuals with
chronic hepatitis B are at increased risk for developing
cirrhosis, hepatic decompensation, and hepatocellular
carcinoma (HCC). It is estimated that up to 5000 people

Abbreviations used in this paper: AFP, a-fetoprotein; ALT, alanine
aminotransferase; anti-HBe, antibody to hepatitis B e antigen; anti-
HBs, antibody to hepatitis B surface antigen; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IFN, interferon; PCR, polymerase chain reac-
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Table 1. Definitions and Diagnostic Criteria Used in HBV Infection

Definitions

Diagnostic criteria

Chronic hepatitis B
Chronic necroinflammatory disease of the liver caused by
persistent HBV infection

Chronic hepatitis B can be subdivided into:
HBeAg-positive chronic hepatitis B
HBeAg-negative chronic hepatitis B
Inactive HBsAg carrier state
Persistent HBV infection of the liver without significant
ongoing necroinflammatory disease

Resolved hepatitis B
Previous HBV infection without further virological, biochemical,
or histological evidence of active virus infection or
disease

1. HBsAg positive > 6 mo

2. Serum HBV DNA > 10° copies/mL

3. Persistent or intermittent elevation of ALT/AST levels

4. Liver biopsy showing chronic hepatitis (necroinflammatory
score = 4)@

HBeAg positive, anti-HBe negative
HBeAg negative, anti-HBe positive?

1. HBsAg positive > 6 mo

2. HBeAg negative, anti-HBe positive

3. Serum HBV DNA < 105 copies/mL

4. Persistently normal ALT/AST levels

5. Liver biopsy showing absence of significant hepatitis
(necroinflammatory score < 4)2

1. Previous known history of acute or chronic hepatitis B or the
presence of anti-HBc * anti-HBs

2. HBsAg negative

3. Undetectable serum HBV DNA®

4. Normal ALT levels

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis
B e antigen; anti-HBe, antibody to HBeAg; anti-HBs, antibody to HBsAg; anti-HBc, antibody to hepatitis B core antigen.

aLiver biopsy optional.
bMost of these patients have precore or core promoter variants.
“Very low levels may be detectable by polymerase chain reaction.

Adapted with permission from the American Association for the Study of Liver Diseases.t

die each year in the United States from complications of
HBYV infection, including cirrhosis and HCC.®

Natural History and Terminology

After acute HBV infection, ~3%—5% of adults
and up to 95% of children fail to produce an immune
response adequate to clear the infection®78; in these
persons, chronic HBV infection develops. Clinical terms
used for the stages of chronic HBV infection and criteria
used in their diagnosis, adopted at The National Insti-
tutes of Health Workshop on Management of Hepatitis
B, are listed in Table 1. Other clinical terms relating
to HBV infection are listed in Table 2.

The onset of chronic HBV infection is marked by
the continued presence of hepatitis B surface antigen
(HBsAg), high levels of HBV DNA, and the presence of
hepatitis B e antigen (HBeAg) in serum. In adult-ac-
quired disease, the early phase of infection often is ac-
companied by marked disease activity, with elevated
alanine aminotransferase (ALT) levels, whereas in peri-
natally acquired disease, patients tend to have normal
ALT levels (immune tolerant phase). The activity of
disease can accelerate in the latter group, with increased
ALT levels, but this usually does not occur until adult-
hood. HBeAg seroconversion (defined as loss of HBeAg

and gain of antibody to HBeAg {anti-HBel, occurring
either spontaneously or related to treatment) is most
common in the phases in which ALT levels are elevated.
Loss of HBeAg and seroconversion to anti-HBe usually

Table 2. Definitions of Other Clinical Terms Used in the
Course of HBV Infection

Acute exacerbation or flare of hepatitis B
Intermittent elevations of aminotransferase activity to more than
10 times the upper limit of normal and more than 2 times the
baseline value
Reactivation of hepatitis B
Reappearance of active necroinflammatory disease of the liver
in a person known to have the inactive HBsAg carrier state or
resolved hepatitis B
HBeAg clearance
Loss of HBeAg in a person who was previously HBeAg positive
HBeAg seroconversion
Loss of HBeAg and detection of anti-HBe in a person who was
previously HBeAg positive and anti-HBe negative, associated
with a decrease in serum HBV DNA levels to
< 105 copies/mL
HBeAg reversion
Reappearance of HBeAg in a person who was previously HBeAg
negative and anti-HBe positive

HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg,
hepatitis B e antigen; anti-HBe, antibody to HBeAg.

Adapted with permission from the American Association for the Study
of Liver Diseases.t
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are preceded by a marked decrease in serum HBV DNA
levels to <10° copies/mL!° and typically are followed by
normalization of ALT levels. Thus, HBeAg seroconver-
sion represents a transition from chronic hepatitis B to an
“inactive HBsAg carrier state,” in which there is little
clinical evidence of hepatitis and lower serum HBV
DNA levels. Some patients also lose HBsAg, which is
referred to as “resolution” of HBV infection.

A proportion of patients who undergo HBeAg sero-
conversion experience a return of high HBV DNA levels
and persistent or intermittent ALT level elevations.
These patients have a naturally occurring mutant form of
HBYV that does not produce HBeAg, usually because of
mutation in the precore or core promoter region. This
form of chronic HBV infection is called “HBeAg-nega-
tive chronic hepatitis B.” Hence, chronic hepatitis B can
be divided into 2 major forms: HBeAg positive and
HBeAg negative.

Spontaneous flares of disease activity can occur during
the natural course of chronic hepatitis B,'! and repeated
exacerbations may lead to progressive fibrosis and cirrho-
sis, as well as carcinogenesis. For patients with chronic
hepatitis B, mortality rates at 5 years are 16% for those
with compensated cirrhosis!?!? and 65%—86% for those
with decompensated cirrhosis (in the absence of liver
transplantation).'>4 The presence of HBeAg and HBV
DNA is associated with an increased risk for HCC. A
recent study found that men who are positive for both
HBsAg and HBeAg have a relative risk for progression to
HCC of 60.2 (9.6 for HBsAg alone) compared with those
without HBsAg.'> This study also showed that the like-
lihood of HCC in individuals with detectable serum
HBV DNA by a branched-chain DNA assay (Quanti-
plex; Chiron, Emeryville, CA) is 3.9-fold that of indi-
viduals without detectable HBV DNA, and the risk
increases with increasing HBV DNA levels.!> Because
HBeAg and HBV DNA are both markers of HBV rep-
lication, these findings implicate viral replication in the
outcome of HBV infection and provide a rationale for
antiviral therapy to arrest progression of liver disease.

HBV Mutants

HBYV has a mutation rate ~10 times greater than
that of other DNA viruses, and the reverse transcriptase
lacks a proofreading function that is common to most
other polymerases. Mutations may occur in any of the
HBYV genes; several viral mutants occur naturally or by
selective pressure of antiviral therapy. Four forms of
HBV are relevant in current clinical practice: wild-type
HBYV and 3 commonly occurring mutant viruses; precore
mutants, core promoter mutants, and tyrosine-methio-
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nine-aspartate-aspartate (YMDD) mutants. Other mu-
tants are likely to be identified as newer drugs are used
long term for the treatment of HBV infection (e.g., an
adefovir-resistant mutation [N236T'} recently was iden-
tified in 2 of 124 patients treated for 2 yr).1¢

Precore and Core Promoter Mutants

HBeAg generally is regarded as a marker of HBV
replication, and in the past, patients found to be HBeAg
negative were considered to have nonreplicative HBV
infection. Patients with normal ALT levels were referred
to as “healthy carriers” but are now called “inactive
carriers.” A number of studies were conducted in patients
with elevated ALT levels to investigate other possible
causes of hepatitis. In the early 1980s, an increasing
number of patients in the Mediterranean region were
recognized as HBeAg negative, but had active HBV
replication.'” In 1989, specific mutations were identified
in the HBV genome that prevented HBeAg formation in
an otherwise normally replicating HBV.'® The most
common mutation, a G to A substitution at nucleotide
1896 in the precore region, results in a stop codon,
preventing HBeAg production, and is termed the pre-
core mutant. A second dual mutation, the double basic
core promoter mutant involving 2 nucleotide substitu-
tions (A176,T and Gy7644), leads to downregulation of
HBeAg production.!?

HBeAg-negative chronic hepatitis B is not acquired as
a de novo infection.?° Racther, the precore mutant form
emerges as the predominant species during the course of
typical HBV infection with wild-type virus and is se-
lected during the immune clearance phase (HBeAg se-
roconversion). The development of HBeAg-negative
chronic hepatitis B can occur either close to HBeAg
seroconversion or many years or even decades later.?!
There tend to be 2 main patterns of disease activity.
Approximately 30%—40% of patients experience persis-
tently elevated ALT levels (3—4-fold increase), but 45%—
65% of patients have an erratic pattern of ALT level
elevations, with frequent flares of disease activity.???3
Serum HBV DNA levels also tend to be high, particu-
larly before ALT level elevations.?' Sustained spontane-
ous remission is uncommon in patients with HBeAg-
negative chronic hepatitis B (6%—-15%),?>>> and the
long-term prognosis is poor compared with HBeAg-
positive patients.??

YMDD Mutants

The YMDD mutation is a specific mutation oc-
curring in the tyrosine-methionine-aspartate-aspartate
portion of the HBV P gene associated with the active site
of the DNA polymerase. The mutation is caused by
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selective pressure of L-nucleoside analogue antivirals,
such as lamivudine, emtricitabine, and telbivudine that
result in the production of a viral polymerase with an
altered active site and confers resistance to certain anti-
viral agents. The emergence and clinical relevance of
YMDD mutants are described in more detail in a later
section.

HBV Genotypes

HBV is classified into 8 genotypes (A—H) based
on DNA sequence differences, and their geographic dis-
tribution varies.?#?> Genotype A is found mainly in
North America, northern Europe, India, and Africa; ge-
notypes B and C, in Asia; genotype D, in southern
Europe, the Middle East, and India; genotype E, in West
Africa and South Africa; genotype F, in South America
and Central America; and genotype G, in the United
States and Europe. An additional genotype (H) recently
was identified in persons from Central America and
California,?® but this finding has not been verified.
HBeAg-negative (precore mutant) HBV is most com-
mon in genotypes B, C, and D, which explains why
precore mutant HBV infection is more common in Asia
and southern Europe.

Preliminary data suggest that HBV genotype may be
related to clinical outcome. Some studies in Asia suggest
that genotype C is associated more frequently with severe
liver disease and HCC than is genotype B,20-28 although
other studies contradict the latter finding.?%?% Genotype
B appears to be associated with seroconversion from
HBeAg to anti-HBe at a younger age than genotype
C.2622 Genotype also may affect response to antiviral
therapy because genotypes A and B appear to have
greater rates of antiviral response to interferon (IFN)-alfa
therapy than D and C.3%3! The role of HBV genotype in
outcome of liver disease deserves further study. Testing
for HBV genotype is not yet performed in clinical prac-
tice because the clinical relevance of genotyping remains
controversial and uncertain.

Diagnostic Markers in HBV
Infection

The diagnosis of chronic HBV infection typically
is based on evaluation of serological and virological
markers of HBV infection in serum and biochemical and
histological markers of liver disease.

Serological Markers

HBsAg is the first serological marker to appear
after infection. Its persistence for >6 months indicates
chronic HBV infection. Antibody to HBsAg (anti-HBs)
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implies recovery and/or immunity to HBV. Anti-HBs
also is detectable after immunity conferred by hepatitis B
vaccination. Occasionally, anti-HBs and HBsAg are both
detectable in patients with chronic infection. The pres-
ence of HBeAg indicates active replication of HBV.
However, its absence cannot be assumed to equate to
absent viral replication because HBeAg is not detectable
in patients with HBeAg-negative (precore or core pro-
moter mutant) HBV infection. The presence of anti-HBe
generally indicates HBeAg seroconversion, although it
also is found in patients with HBeAg-negative infection.
HBeAg seroconversion (HBeAg loss and detection of
anti-HBe) generally has been considered the end point
for HBV therapy for HBeAg-positive patients because it
has been associated with a lower risk for disease progres-
sion,?? although not protective against the later devel-
opment of HCC.

Virological Markers

The amount of HBV DNA in serum is a measure
of the level of viral replication. Until recently, serum
HBV DNA testing was performed using nonamplified
hybridization assays. These assays have limited sensitiv-
ity, with a lower limit of quantification of 10°-10°
copies/mL (Table 3). The National Institutes of Health
Workshop on Management of Hepatitis B recommended
that treatment be considered for patients with detectable
HBV DNA by nonamplified assays (i.e., with serum
HBV DNA > 10° copies/mL).> However, some HBeAg-
positive patients and many HBeAg-negative patients
have fluctuating HBV DNA levels that decrease to <10’
copies/mL.33 Furthermore, the threshold HBV DNA
level associated with progressive liver disease is un-
known. In the panel’s experience, patients can have ad-
vanced liver disease even if they have serum HBV DNA
levels persistently < 10> copies/mL; the clinical signif-
icance of low HBV DNA levels is uncertain. As listed in
Table 3, the current target amplification assays, such as
polymerase chain reaction (PCR) assays, have a much
lower limit of detection (as low as 100—1000 copies/mL).
These assays are becoming more widely available and are
preferable in the initial evaluation of patients and, even
more importantly, monitoring of both treated and un-
treated patients.

Biochemical Markers

Elevated serum ALT levels (i.e., greater than the
upper limit of the normal range) are an indicator of
necroinflammatory activity. Hence, a normal ALT level
often is considered predictive of histological quiescence,
and HBV-infected patients with persistently normal
ALT levels generally have milder inflammation seen on
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Table 3. Comparison of HBV DNA Quantification Assays
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Sensitivity?
Volume of Genotype Coefficient of
Assay (manufacturer) sample (pg/mL) (copies/mL) Linearity (copies/mL) independent variation (%)
Branched DNA (Bayer) 10 L 2.1 7 X 10% 7 X 105-5 X 10° A B,C,D,EF 6-15
Hybrid capture (Digene) 30 plL 0.5 1.4 X 10° 2 X 10%-1 x 10° A B, C, D 10-15
1mL 0.02 5 x 103 5 X 103-3 X 1068
Liquid hybridization (Abbott) 100 pL 1.6 4.5 X 10° [8 X 10°]° 5 X 105-1 X 1010 Detects genotype D 12-22
better than A
PCR (Roche) 50 plL 0.001 4 x 102 (A),B,C,D, E 14-44
Amplicor Monitor 4 X 102-1 X 107
Amplicor Cobas 2 X 102-10°
Tagman 2 X 102-1010
Molecular beacons 10-50 pL - <50 50-1 X 10° A-F 5-10

HBV, hepatitis B virus.

a1 pg/mL HBV DNA = 283,000 copies (=3 X 10° viral genome equivalents).

bCorrected limit of detection.

Adapted with permission from the American Association for the Study of Liver Diseases.t

liver biopsy than patients with elevated ALT levels.
Moreover, patients with normal ALT levels tend to have
a poor serological response to antiviral therapy and often
are not considered for treatment. However, some patients
with normal ALT levels and elevated HBV DNA levels
have significant inflammation and fibrosis on biopsy.>4 In
such cases, treatment may be indicated.

Histological Markers

Histological evaluation of liver biopsy specimens
is a more sensitive and accurate indicator of liver disease
than ALT level. It is useful to establish the baseline
status of liver histological characteristics at initial eval-
uation before initiation of therapy and exclude other
causes of liver disease. However, liver biopsy is not
always used as a method of diagnosis and is resisted by
some patients because of its invasive nature.

Patient Evaluation

Table 4 lists tests that should be performed at the
initial evaluation of patients with chronic HBV infection
and the suggested follow-up for patients not considered
for treatment. The initial evaluation should include a
thorough history and physical examination, with partic-
ular attention to family history of HBV infection and
liver cancer, risk factors for coinfection, and alcohol use.
Laboratory tests should include assessment of liver dis-
ease, markers of HBV replication, and tests for coinfec-
tion with other viruses for those at risk. A liver biopsy
also is recommended for patients with intermittent or
persistent elevation in ALT levels, but it is not manda-
tory. Screening for HCC should be considered in high-
risk individuals (discussed next). Patients also should be
counseled on precautions to prevent transmission of

HBYV infection and vaccination of sexual and household
contacts. All patients should be discouraged from heavy
alcohol use, and abstinence from alcohol is recommended
for those with cirrhosis. All individuals with chronic
HBYV infection and not immune to hepatitis A should be
vaccinated according to the Centers for Disease Control
and Prevention recommendations (i.e., 2 doses of hepa-
titis A vaccine, with an initial injection at baseline and
booster injection at 6—18 mo).

Table 4. Evaluation of Patients With Chronic HBV Infection

Initial evaluation
History and physical examination
Laboratory tests to assess liver disease: complete blood cell
count with platelets, hepatic panel, and prothrombin time
Tests for HBV replication: HBeAg/anti-HBe, HBV DNA
Tests to rule out other causes of liver disease: anti-HCV, anti-
HDV
Tests to screen for HCC: AFP and US in high-risk patients
Liver biopsy to grade and stage liver disease: for patients who
meet criteria for chronic hepatitis
Suggested follow-up for patients not considered for treatment
HBeAg-positive chronic hepatitis B with HBY DNA = 105 copies/
mL and normal ALT level
ALT every 3 to 6 mo
Consider liver biopsy and/or treatment when ALT levels
become elevated
Consider screening for HCC in relevant populations
Inactive HBsAg carrier state
ALT every 6-12 mo
If ALT levels become elevated, check serum HBV DNA and
exclude other causes of disease
Consider screening for HCC in relevant populations

HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; anti-HBe, anti-
body to HBeAg; AFP, a-fetoprotein; US, ultrasound; anti-HCV, antibody
to hepatitis C virus; anti-HDV, antibody to hepatitis D virus; HCC,
hepatocellular carcinoma; HBsAg, hepatitis B surface antigen.
Adapted with permission from the American Association for the Study
of Liver Diseases.t
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Screening for HCC

HBYV carriers are at increased risk for the devel-
opment of HCC.?5:3¢ In most patients, HCC generally
begins as an encapsulated single tumor. Doubling time
of the tumor ranges from 2 to 12 months (median, 4
mo).37-38 HCC can be detected early with periodic o-fe-
toprotein (AFP) and ultrasound (US) screening. Periodic
screening studies using AFP and US in HBV-infected
subjects detected small tumors (<5 cm) in 64% and
83% of persons with HCC, respectively.>*4° The com-
bination of AFP and US appears superior to either mo-
dality alone. Data suggest that screening every 6 months
with AFP and US is more effective than annual screening
in detecting HCC, but there appears to be no difference
between screening every 3 or 6 months.3?-44

The standard approach to HCC screening is outlined
in the American Association for the Study of Liver Dis-
eases Practice Guideline! and the European Association
for the Study of the Liver HBV Consensus Guidelines.*>
HCC screening should be considered for HBV carriers at
high risk for HCC (i.e., men > 45 yr, persons with
cirrhosis, and those with a family history of HCC). It is
important to be aware that in patients with hepatitis B,
HCC can occur in the absence of cirrhosis.?>-3¢ Screening
should be every 6 months using AFP and US. Magnetic
resonance imaging and computed tomography, although
more expensive, generally are considered to be more
sensitive than US and may be preferred by clinicians for
some patients (e.g., those with cirrhosis resulting in poor
US sensitivity). Although AFP is less sensitive than US,
it has a high negative predictive value (99%).394¢ Peri-
odic screening for HCC by using AFP should be consid-
ered in low-risk individuals from endemic areas.!

Candidates for Therapy

Although there is general agreement on the tests
that should be ordered in the initial evaluation of pa-
tients with chronic HBV infection (Table 4), there are
some controversial issues on how these are used in de-
termining candidates for therapy.

Normal Versus Elevated ALT Levels

ALT level commonly is used as an assessment of
liver disease and has been important in defining which
patients are candidates for therapy. However, reliance on
elevated ALT levels as a prerequisite to treatment can-
didacy has limitations. The extent of liver cell necrosis
and degree of elevated ALT level do not always correlate,
and ALT measurements may fail to identify patients with
necroinflammatory activity or fibrosis, as seen in hepati-
tis C.7748 In addition, ALT activity may be indepen-
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dently related to body mass index, sex, abnormal lipid
and carbohydrate metabolism, and whether a patient is
receiving dialysis therapy.4® Moreover, ALT level eleva-
tions occur in different circumstances, such as during
spontaneous HBeAg loss, in association with some anti-
viral therapies or with infection with other viruses.'!

ALT level has been an important influence on the
decision to treat because of its value in predicting a
serological response to lamivudine®-5° and IFN.>':>2 The
predictive value of ALT level has been reinforced by the
observation that despite the generally lower response
rates seen in Asian patients, those with elevated ALT
levels respond as well as white patients with equivalent
degrees of ALT level elevation to lamivudine®® and
IFN.>2

Geographic origin and genotype also affect the useful-
ness of ALT level as a determinant for treatment. The
majority of Asian patients have normal ALT levels, but
up to one third have active hepatitis B nonetheless.>? The
non-A genotypes found in Asia and elsewhere are pre-
disposed to HBeAg-negative (precore and core promoter)
mutants with immune-tolerant HBV infection with nor-
mal ALT levels. These patients have the ability to sig-
nificantly replicate HBV in the face of normal ALT levels
and presence of anti-HBe.

The use of ALT levels to define patients with chronic
hepatitis B who are candidates for treatment derives from
the historic experience with IFN therapy and helps define
a cohort more likely to respond to that medication, not
a disease state appropriately in need of effective therapy.
On the basis of the natural history of the disease, a
treatment algorithm should define the patient disease
state that requires treatment and then identify the drug
treatment options. Although it is helpful to know a
patient’s ALT level, a normal ALT level does not always
help determine who should be treated. A patient’s ALT
level needs to be considered in conjunction with his or
her serum HBV DNA level. Hence, in patients with
detectable HBV DNA (=10 copies/mL) and normal
ALT levels, a liver biopsy might be considered; if sig-
nificant disease is found, the patient should be considered
for treatment. Patients with HBV DNA level = 10°
copies/mL and elevated ALT levels generally should be
treated, regardless of whether liver biopsy is performed.

Viral Threshold

Historically, the presence (i.e., levels greater than
the assay limit of detection) or absence (i.e., levels less
than the assay limit) of HBV DNA by hybridization
techniques was a major determinant of treatment candi-
dacy. This was chosen because in most patients who have
undergone HBeAg seroconversion, HBV DNA levels
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decrease to less than the detection limit of unamplified
hybridization assays (<10° copies/mL), ALT level nor-
malizes, and necroinflammation decreases.>3->* However,
patients with chronic hepatitis B have fluctuating HBV
DNA levels that may, at times, decrease to less than that
level. In addition, the threshold HBV DNA level that is
associated with progressive liver disease is unknown. In
the past, undetectable HBV DNA by hybridization tech-
niques has been considered clinically insignificant; how-
ever, HBV DNA levels < 10° copies/mL are associated
with significant intrahepatic HBV DNA and covalently
closed circular DNA levels.>> Furthermore, HBV DNA
has been detected by PCR in the serum and liver of
patients with cirrhosis and HCC who have been found to
have undetectable HBV DNA by hybridization (and
negative HBsAg).5%>7 Target amplification assays, such
as PCR, can detect 100—-1000 copies/mL. Although the
clinical significance of low levels of HBV DNA is un-
clear, patients with <10’ copies/mL may be still at risk
for biochemical, histological, and clinical progression of
disease, although to a lesser extent than those with =10°
copies/mL.

With the advent of new techniques, serum HBV
DNA is evolving as the most useful measurement for the
follow-up of patients with chronic hepatitis B. A review
of 26 prospective studies found significant correlations
between viral load levels or viral load changes and various
accepted markers of disease activity (histological grading
and biochemical and serological response).>® To deter-
mine whether there is a clinically significant threshold
for HBV DNA, Chu et al.?? analyzed sequential samples
(by PCR) from 165 Chinese patients with different stages
of chronic hepatitis B. Serum HBV DNA levels de-
creased by a mean of 3 logy in patients who had spon-
taneous or IFN-related HBeAg loss, but no threshold
HBV DNA level was associated with HBeAg loss. Also,
serum HBV DNA level at the time of HBeAg loss was
not a predictor of the durability of HBeAg loss. HBeAg-
positive patients tended to have greater HBV DNA
levels (10°-108 copies/mL) than HBeAg-negative pa-
tients, but levels as high as 108 copies/mL were detected
in some HBeAg-negative patients. Moreover, approxi-
mately one third of HBeAg-negative patients had HBV
DNA levels persistently >10° copies/mL. Interestingly,
two thirds of HBeAg-negative patients and all inactive
carriers had levels persistently <10’ copies/mL, indicat-
ing that it is not possible to define a single cutoff HBV
DNA value to distinguish inactive carriers from patients
with HBeAg-negative chronic hepatitis B. ALT levels
and liver biopsy results can be used to differentiate
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among these patients, although the latter is not used
routinely.

Optimal management of chronic hepatitis B requires
the use of PCR assays to establish an accurate baseline
HBV DNA level, then continued use of PCR assays
during antiviral therapy to most accurately measure re-
sponse and viral rebound associated with viral resistance.
Use of non-PCR assays may allow significant viral rep-
lication to go undetected, with potentially injurious
clinical consequences in both the pretreatment and on-
treatment settings.

Patient Populations

The majority of chronic HBV infections result
from perinatal transmission in Asia. In these patients,
persistence of HBeAg is lengthier (immune tolerant
phase), ALT levels tend to be normal, and serum HBV
DNA levels may be high.>:%° The majority of patients do
not clear HBeAg or seroconvert until the fourth decade
of infection. Those who remain HBeAg positive can
either remain immune tolerant or subsequently develop
a Western pattern of hepatitis and experience either
persistent or intermittent elevations of ALT levels.0!1-¢3
Even patients who clear HBeAg remain at high risk for
HBeAg-negative hepatitis B, which has serious implica-
tions.

Asians tend to develop complications of chronic hep-
atitis B (e.g., HCC) in their sixth to seventh decade of
infection, often after HBeAg seroconversion.'> Whereas
Asian patients with elevated ALT levels respond to
IFN>2 and lamivudine®® therapy as well as white pa-
tients, most Asian patients have normal ALT levels. IFN
therapy does not seem to result in a permanent clearance
of HBV in Asian patients. A recent study that followed
up a cohort of Chinese patients after treatment with IFN
showed that even after HBeAg seroconversion, 91% of
patients had detectable HBV DNA by PCR.%* Further-
more, these patients still had a high incidence of cirrhosis
and HCC. Conversely, in the white population, IFN
therapy increased the chance of HBeAg clearance, which
was associated with better clinical and survival out-
comes.>?

A second serological pattern of hepatitis is seen in
Africa, Mediterranean countries, and Alaska, where HBV
transmission tends to be from person to person during
childhood.”%> Most HBeAg-positive children have ele-
vated ALT levels, and seroconversion tends to occur in
late childhood or teens. The natural history of this pop-
ulation is between that of the Asian and Western pop-
ulations. The third pattern of hepatitis, seen in individ-
uals in Western developed countries, is different from
that in the Asian population. HBV is acquired during
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Table 5. Comparison of Interferon, Lamivudine, and Adefovir Dipivoxil in HBeAg-Positive Chronic Hepatitis B

Interferon (untreated)

Lamivudine (placebo) Adefovir dipivoxil

Parameter 12-24 wk 52 wk (placebo) 48 wk
Serum HBV DNA loss? (%) 37 (17) 44 (16) 21 (0)
Serum HBV DNA log;o reduction Not available Not available 3.52 log (0.55)
HBeAg loss (%) 33 (12) 32 (11) 24 (11), 44 at 72 wk
HBeAg seroconversion (%) 180 16-18 (4-6), 50 at 5 yr 12 (6), 23 at 72 wk
HBsAg loss (%) 11-25 at 5 yr in white patients Insufficient data Insufficient data
ALT normalization (%) 23b 41-72 (7-24) 48 (16)
Histological improvement (%) Poor data 49-56 (23-25) 53 (25)
Development of resistance (%) No 14-32, increasing to 1.6 at 2 yr
69 at 5 yr
Durability of response after HBeAg 80-90 at 4-8 yr 77 at 37 mo Not available
seroconversion (%)
Defined treatment course Yes Unclear Unclear
Safety Poor Same as placebo Same as placebo
Tolerability Poorly tolerated Well tolerated Well tolerated

Dosing regimen
16 wk (injection)

Cost/mo. ($) 1420

5 MU/d or 10 MU 3 times wk for at least

100 mg once daily
(oral)
260124

10 mg once daily
(oral)
450124

NOTE. All data are at 1 year unless otherwise stated.

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; MU, million units; LLD,

lower limit of detection.

anterferon and lamivudine, hybridization assay (LLD, 10° copies/mL); adefovir, polymerase chain reaction assay (LLD, 400 copies/mL).

bDifference between treated and untreated.

adulthood, and transmission is through sexual exposure,
intravenous drug use, or transfusion. The incidence of
chronicity is lowest in this group at <5%.7 Western
patients with chronic hepatitis B tend to have greater
ALT and HBV DNA levels and respond better overall to
antiviral treatment.

Goals of Therapy

The goal of therapy for chronic hepatitis B is to
eliminate or significantly suppress HBV replication and
prevent the progression of liver disease to cirrhosis with
the potential development of liver failure or HCC.
Hence, the primary aim of treatment should be to reduce
the HBV DNA level and maintain it at the lowest
possible levels (i.e., durable HBV DNA suppression).
This, in turn, will lead to the other aims of therapy, such
as histological improvement and ALT level normaliza-
tion. In patients who are HBeAg positive before therapy,
an additional goal of treatment is loss of HBeAg with
seroconversion to anti-HBe positivity. The latter is pref-
erable because attainment of complete HBeAg serocon-
version indicates that antiviral therapy may be stopped,
and the likelihood is high that the benefit will persist off
therapy. Loss of HBsAg, although highly desirable,
rarely is achieved with short-term antiviral therapy and
hence is not a common goal for antiviral trials.

Approved HBV Therapies

Currently, there are 3 approved treatments for
chronic HBV infection in the United States: IFN alfa-2b,

lamivudine, and adefovir dipivoxil (Table 5). Several new
antiviral agents and immunomodulatory therapies are
under investigation, but are not yet commercially available.

Treatment and Management of
Chronic HBV

HBeAg-Positive Patients

IFN, lamivudine, and adefovir are all approved for
first-line therapy in patients with HBeAg-positive
chronic HBV infection.

Summary of key clinical data. IFN. A meta-
analysis of data from 15 trials showed HBeAg loss and
HBeAg seroconversion in treated patients (Table 5).%¢
Elevated ALT levels and low serum HBV DNA levels are
the best predictors of response to treatment.®” Most
Asian patients with chronic HBV infection have normal
ALT levels, even in the presence of high HBV DNA
levels,>? and respond poorly to IFN therapy.’! In Euro-
pean studies, HBsAg loss has been observed in 5%—-10%
of patients within 1 year of the start of IFN treatment;
among sustained responders, this increases to 11%—25%
by 5 years.32:6869 This has not been observed in Asian
studies.

IFN is administered by subcutaneous injection, and
therapy is associated with many adverse effects, such as
flu-like symptoms, fatigue, anorexia, depression, and leu-
kopenia.”®

Lamivudine. One year of lamivudine therapy re-
sults in histological improvement, HBeAg seroconver-
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sion, suppression of serum HBV DNA, and ALT level
normalization (Table 5).3471.72 If therapy is stopped be-
fore HBeAg seroconversion, viral replication returns;
hence, long-term therapy is required in most patients.
HBeAg seroconversion increases with duration of lami-
vudine treatment from 17% at year 1 to 27%, 40%,
47%, and 50% at years 2, 3, 4, and 5, respectively.3473-76
HBeAg seroconversion rates also increase with increasing
pretreatment ALT levels.%-5° In an analysis of 4 lamivu-
dine trials, HBeAg loss occurred in 56% of patients with
pretreatment ALT levels >5 times the upper limit of
normal.>® Unfortunately, the incidence of YMDD mu-
tant increases with duration of therapy from 14% to 32%
at 1 year to 69% at 5 years.”"77 In patients who develop
lamivudine-resistant HBV, HBV DNA and ALT levels
tend to rebound toward pretreatment levels. More recent
data have shown that some patients experience reversal of
their initial histological improvement.”#78 Furthermore,
in some patients, the development of lamivudine-resis-
tant HBV has been associated with severe ALT level
flares and even rapid decompensation.”® Lamivudine is
well tolerated and has an excellent safety profile.

Adefovir dipivoxil. One year of adefovir therapy
with 10 mg once daily resulted in histological improve-
ment, reduced serum HBV DNA and ALT levels, and
increased rates of HBeAg seroconversion (Table 5).8°
Patients treated beyond 48 weeks appear to derive con-
tinued virological, serological, and clinical benefit. By
week 72, 46% of patients had undetectable serum HBV
DNA by PCR, 75% had ALT level normalization, 44%
had lost HBeAg, and 23% had HBeAg seroconversion.°
The 30-mg dose gave no additional benefit over the
10-mg dose, except for the magnitude of HBV DNA
suppression.

The safety profile of adefovir is similar to that of
placebo. No patient in the 10-mg group had serum
creatinine level increases =0.5 mg/dL, as seen at higher
adefovir doses (8% of patients in the 30-mg group).8°
Beyond 1 year, there is no comparator, but the incidence
of abnormalities in serum creatinine levels was not dif-
ferent from the first year. Increases in serum creatinine
levels in the 30-mg group limit the long-term use of this
dose. Renal toxicity was seen at greater doses of adefovir
in the early drug discovery phase.

In contrast to lamivudine, no adefovir resistance mu-
tation has been observed after 1 year of treatment. Recent
resistance surveillance data have shown the emergence of
adefovir resistance mutation N236T in 1.6% of patients
(2 of 124 patients) at 2 years (across several studies).'¢
Adefovir-resistant HBV with N236T has been shown to
be susceptible to lamivudine.'® A recent case report
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described a patient who developed adefovir resistance.®!
This was associated with a rebound in serum HBV DNA
and ALT levels to near-pretreatment levels. The patient
responded to lamivudine therapy. There are insufficient
data on the impact of adefovir resistance on other clinical
end points.

Combination therapy. Some trials suggest there is
additive benefit of lamivudine-IFN combination ther-
apy,’?%2 but large well-designed studies are needed to
confirm these initial observations. Several large studies
are under way exploring combinations of nucleosides
and/or nucleotides and peginterferon.

Durabiliry of response. HBeAg loss induced by IFN
treatment has been durable in 80%-90% of patients
after 4—8 years of follow-up.83-87 Data on durability of
response after lamivudine treatment are limited. In a
follow-up study of patients who had HBeAg serocon-
verted during lamivudine treatment, seroconversion was
durable in 77% of patients (30 of 39 patients) after a
median follow-up of 37 months (range, 5—46 mo).88
Most clinicians consider HBeAg seroconversion prefera-
ble to HBeAg loss alone, but it still remains uncertain if
the durability of treatment response to lamivudine is
affected by this distinction. Durability of lamivudine-
induced HBeAg seroconversion may be affected by du-
ration of treatment after HBeAg seroconversion. In a
study from Korea, patients who received lamivudine for
at least 4 months after seroconversion had a lower relapse
rate at 2 years (32%) compared with those administered
only up to 2 months’ treatment after seroconversion
(74%).8° These data support the continuation of treat-
ment for at least 4—6 months after HBeAg seroconver-
sion. In a recent study of 61 patients in whom serum
HBeAg and HBV DNA (solution hybridization) had
been persistently negative for at least 24 months of
lamivudine therapy, cumulative reappearance rates of
serum HBV DNA after cessation of lamivudine therapy
were 15%, 21%, and 31% at 6 months, 1 year, and 2
years, respectively.?® Cumulative reappearance rates for se-
rum HBeAg were 11%, 13%, and 16%, respectively,
suggesting that long-term additional administration of
lamivudine might enhance the durability of HBeAg
seroconversion. There are no published data on durability
of response after adefovir treatment.

Predictors of response. A number of clinical, bio-
chemical, and serological factors have been identified as
predictive of a good response to IFN therapy. However,
the best predictors are high pretreatment ALT and low
HBV DNA levels.677091 These parameters also are
associated with a greater rate of spontaneous HBeAg
seroconversion. Recent studies have shown that HBV
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Table 6. Recommendations for Treatment: HBeAg-Positive Patients

HBeAg status HBV DNA? ALT Treatment strategy
Positive <10° Normal No treatment
Monitor every 6-12 moP
Consider therapy in patients with known significant histological disease, even
if low-level replication
Positive =10° Normal Low rate of HBeAg seroconversion for IFN, lamivudine, adefovir
Consider biopsy; treat if disease
If treated, lamivudine or adefovir preferred (more potent HBV suppressive
agents with fewer side effects)
Positive =105 Elevated Adefovir, lamivudine, or IFN are first-line options

If “high” HBV DNA, adefovir or lamivudine preferred

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase; IFN, interferon.

aCopies/mL.
bOn initial diagnosis and every 3 months for 1 year to ensure stability.

genotype may influence IFN response.?%3%31 High pre-
treatment ALT level also is the best predictor of a
response to lamivudine treatment.4->0
Treatment recommendations: HBeAg-positive pa-
tients. Recommendations for treatment of HBeAg-posi-
tive patients are listed in Table 6. The panel recommends
=10’ copies/mL as a reasonable threshold for determining
candidates for treatment in HBeAg-positive patients. Pa-
tients with <10’ copies/mL currently are not recommended
for treatment, but they still may be at risk for biochemical,
histological, and clinical progression of disease and should
be actively monitored by PCR assay. On a case-by-case
basis, liver biopsy may be performed on such patients, and
therapy may be considered when there is histological evi-
dence of significant liver disease. Patients who are not
treated should initially be monitored every 3 months for 1
year to ensure stability, then every 6—12 months.
HBeAg-positive patients with a serum HBV DNA
level = 10> copies/mL should be considered for treat-
ment, depending on their ALT levels. Patients with
normal ALT levels appear to experience viral suppression
similar to that of patients with elevated ALT levels, but
efficacy is low in terms of HBeAg seroconversion. How-
ever, because the former group of patients may have
significant liver disease and viral suppression is associated
with histological response, biopsy should be considered,
and the patient should be treated if disease is found.
Additional studies are required to investigate the efficacy
of antiviral therapy in patients with HBV DNA levels
= 10° copies/mL and normal ALT levels. For patients
with serum HBV DNA levels = 10> copies/mL and
elevated ALT levels, adefovir, lamivudine, or IFN are all
recommended as first-line options; however, adefovir or
lamivudine are preferred for patients with high serum
HBV DNA and/or normal ALT levels because response
to IFN therapy is low. Although serum HBV DNA can
be suppressed effectively with adefovir and lamivudine in

patients with normal ALT levels, which may confer
benefit, HBeAg seroconversion is infrequent.

Duration of therapy and on-treatment monitoring. Pa-
tients should be monitored at least every 6 months while
on therapy with either lamivudine or adefovir and pos-
sibly more frequently on lamivudine therapy to facilitate
early detection of resistance. Taking into account the
available data,% the panel recommends that patients
be treated after HBeAg seroconversion as long as HBV
levels are decreasing until they have undetectable HBV
DNA levels by PCR. Treatment then should be contin-
ued for an additional 6 months. In patients who have
HBeAg seroconversion, but in whom HBV DNA levels
are detectable and stable, treatment should be continued
for 6 months. Seroconversion should be documented
again, then consideration should be given to stopping
treatment (in noncirrhotic patients). Patients who expe-
rience relapse can be retreated. HBeAg-positive patients
who fail to lose HBeAg should be treated indefinitely
because the chance of HBeAg seroconversion increases
with time. Adefovir should be considered for long-term
use in patients who were treated initially with lamivu-
dine because of the lower chance of resistance.

HBeAg-Negative Patients

The end point of therapy for HBeAg-negative
patients with chronic HBV infection is more difficult to
assess than for HBeAg-positive patients because HBeAg
seroconversion cannot be used. Thus, HBV DNA sup-
pression and ALT level normalization are the only prac-
tical measures of response to therapy.

Summary of key clinical data. [FN. IFN treat-
ment of HBeAg-negative patients has resulted in end-
of-treatment responses ranging from 40% to 90%,° but
relapse rates are high at 30%-90%.2° Overall, sustained
virological response rates range from 15%-25%.° Re-
sponses appear to be more durable in patients who un-
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Table 7. Recommendations for Treatment: HBeAg-Negative Patients

HBeAg status HBV DNA? ALT Treatment strategy
Negative <104 Normal No treatment
Monitor every 6-12 mo®?
Consider therapy in patients with known significant histological disease, even if low-level
replication
Negative =104 Normal Low “efficacy” for lamivudine, IFN, adefovir
Consider biopsy; treat if disease
Negative =104 Elevated Adefovir, lamivudine, or IFN are first-line options

Long-term treatment required
Adefovir preferred (low rate of resistance)

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase; IFN, interferon.

aCopies/mL.
bOn initial diagnosis and every 3 months for 1 year to ensure stability.

dergo treatment for >12 months.?? Also, up to 32% of
patients who achieve a sustained virological response go
on to clear HBsAg.?2 IFN-treated patients with a sus-
tained virological response seem to have significantly
better and complication-free survival than nonresponders
or untreated patients.?3-%4

Lamivudine. Overall, approximately two thirds of
patients have a biochemical and virological response after
6—-12 months of lamivudine therapy,?>-°7 with necroin-
flammation improving in a similar proportion. However,
most patients relapse after therapy is stopped, and the
majority relapse after lamivudine resistance develops.?%97
Longer treatment durations can maintain normal ALT
levels and undetectable HBV DNA, but biochemical and
virological breakthroughs occur as a result of the emer-
gence of lamivudine-resistant YMDD mutant HBV. A
study of long-term lamivudine therapy showed that al-
though ALT and HBV DNA level responses were seen in
96% and 68% of patients at 12 months, respectively,
responses then steadily decreased with duration of ther-
apy. Only ~40% of patients maintained normal ALT
levels and undetectable HBV DNA at >30 months.?’
The incidence of lamivudine resistance increases with
time; 19%—27% of patients have YMDD mutant HBV
at 1 year,?>98 increasing to 44% at 2 years®> and 60% at
4 years.?7 The emergence of YMDD mutants in this
population can be associated with clinically significant
hepatitis,®” which significantly limits the role of lami-
vudine in treating HBeAg-negative chronic HBV infection.

Adefovir dipivoxil. One year of therapy with ad-
efovir resulted in histological improvement in 64% of
patients compared with 33% of placebo patients.?? Se-
rum HBV DNA levels were reduced by a median of 3.91
logyo copies/mL compared with 1.35 log;, copies/mL for
placebo, and HBV DNA was <400 copies/mL (by PCR)
in 51% of treated patients and none of the placebo
patients. ALT levels normalized in 72% of treated pa-

tients compared with 29% of placebo patients. Adefovir
was well tolerated and had a safety profile similar to that
of placebo. Significantly, no adefovir-resistant mutations
were observed at up to 48 weeks of therapy. Recent data
show that after 2 years of therapy, 2 of 79 patients in this
study developed an adefovir-resistant mutation (N236T)
that is not cross-resistant to lamivudine.'®

Treatment recommendations: HBeAg-negative
patients. Recommendations for treatment of HBeAg-
negative patients are listed in Table 7. Chu et al.??
showed that approximately half the HBeAg-negative
patients had serum HBV DNA levels persistently <10’
copies/mL on initial testing at the time of presentation.
Because HBeAg-negative patients tend to have lower
serum HBV DNA levels than HBeAg-positive patients,
but may still have disease, the panel recommends treat-
ing patients who have serum HBV DNA levels =104
copies/mL. Otherwise, recommendations are similar to
those for HBeAg-positive patients. Adefovir, lamivu-
dine, and IFN can be considered first-line options. Long-
term treatment is required in most cases (unless HBsAg
seroconversion occurs), and adefovir would be preferred
over lamivudine for long-term treatment because of its
low level of resistance and good tolerability.

Duration of therapy and on-treatment monitoring. Pa-
tients on therapy should be monitored every 6 months.
Duration of therapy for IFN remains unclear, although a
longer treatment duration (12 mo) appears more benefi-
cial in terms of sustained virological response. However,
tolerability clearly is an issue for patients with long
treatment durations. Lamivudine and adefovir need to be
administered long term; however, because long-term
lamivudine therapy is limited by the emergence of
YMDD mutant HBV, adefovir would be preferred. On-
treatment monitoring of serum HBV DNA by PCR
assay and ALT levels should be performed every 6
months.
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Lamivudine-Resistant Patients

Development of resistance is associated with HBV
DNA rebound, followed by ALT level elevation and
eventual reversion of histological improvement and, in
some cases, progressive liver disease associated with se-
vere exacerbations.”37478.79.97 Lamivudine resistance has
been described in all patient groups, including compen-
sated and decompensated patients, transplant recipients,
and human immunodeficiency virus (HIV)-coinfected
patients. In cirrhotic patients, the development of resis-
tance is associated with increased ALT levels, which can
be severe, and a decline in liver synthetic function,
leading to decompensation of liver disease.!?® Predictors
of lamivudine resistance include high pretreatment HBV
DNA levels, non-Asian ethnicity, male sex, and high
body mass index.'°! Resistance can be diagnosed accu-
rately clinically by an increase in serum HBV DNA
levels in a patient on prolonged antiviral therapy who
experienced an initial decrease in viral levels after initi-
ation of therapy. This increase in HBV DNA levels
typically is associated with liver damage (increase in
serum ALT levels). There is a strong correlation between
this clinical diagnosis of resistance and genotypic mark-
ers of polymerase mutations, making direct sequencing
of HBV for resistance unnecessary.

Summary of key clinical data. Adefovir dipivoxil.
Several studies have evaluated the use of adefovir in
lamivudine-resistant HBV. Two studies that included
patients with compensated and decompensated lamivu-
dine-resistant HBV and a study of HBV-HIV—coin-
fected patients are discussed in later sections.

Another study measured the independent contribution
of adefovir monotherapy for patients with compensated
lamivudine-resistant HBV.102  Adefovir monotherapy
and adefovir in combination with continued lamivudine
therapy resulted in similar reductions in serum HBV
DNA levels, in contrast to continued lamivudine ther-
apy, which did not reduce HBV DNA levels. No patients
experienced clinically significanc ALT level elevations
when they were switched from lamivudine to adefovir
monotherapy. Combination therapy was well tolerated.

Treatment recommendations: patients with lamivu-
dine-resistant HBV. Currently, the recommended treat-
ment for lamivudine-resistant HBV is adefovir. Whether
this is administered as monotherapy or in combination
with continued lamivudine therapy depends on the sta-
tus of the patient’s liver disease. Data for compensated
patients showed mild increases in ALT levels in some
patients when switching from lamivudine to adefovir
therapy, but no patient experienced clinically significant
ALT level elevations.!'®? This suggests that switching

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 2, No. 2

patients from lamivudine to adefovir therapy is a safe
strategy. Because the consequences of returning wild-
type HBV are potentially more hazardous in decompen-
sated patients, the addition of adefovir to continued
lamivudine therapy should be considered. Continued
lamivudine therapy also will treat adefovir-resistant mu-
tants if they develop.

Duration of therapy and on-treatment monitoring.
The recommendation for duration of therapy with adefo-
vir and monitoring also depends on the status of the
patient. Generally, compensated HBeAg-positive pa-
tients should be treated until HBeAg seroconversion and
undetectable HBV DNA by PCR assay occur, then for an
additional 6 months. (Refer to other sections for other
patient categories.)

Patients With Cirrhosis (or End-Stage Liver
Disease)

Before the advent of effective antiviral therapy,
5-year survival rates were 84% for compensated cirrhosis
and 14%-35% for decompensated cirrhosis.'>~'4 Various
clinical parameters, such as bilirubin level and older age,
were shown to predict survival. In addition, in compen-
sated cirrhosis, patients who had lost HBeAg had a 97%
survival rate at 5 years compared with 72% in HBeAg-
positive patients, implicating viral replication in adverse
outcomes.'?

Summary of key clinical data. IFN. IFN has
been difficult to use in patients with clinically decom-
pensated cirrhosis. Although patients have shown post-
treatment responses to IFN therapy, with some patients
clearing HBsAg, their disease tends to deteriorate during
therapy, and it may take months for liver chemistry test
results to return to normal after completion of therapy.
In addition, there is a high risk for serious complications,
including serious bacterial infections and exacerbations
of hepatitis.'3> Among decompensated patients, response
appears to be better in those with Child-Turcotte-Pugh
class A (100%) compared with classes B (33%) and C
(0%).19% The occurrence of bacterial infections, even at
low doses, in non—class A cirrhotic patients suggests that
IFN should not be used for these patients.!%* IFN appears
to be safe and effective for patients with compensated
cirrhosis, although there is a risk of hepatic decompen-
sation with prolonged therapy.

Lamivudine. Lamivudine considerably improved
the treatment options for patients with decompensated
cirrhosis. Several studies have shown that lamivudine is
well tolerated and results in clinical improvement in
many patients. In 27 nontransplantation patients treated
for a median of 869 days with lamivudine, there was a
rapid decline in serum HBV DNA levels and normaliza-
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Table 8. Recommendations for Treatment: Compensated Cirrhotic Patients

HBeAg status HBV DNA? Cirrhosis Treatment strategy
Positive or <104 Compensated May choose to treat or observe
negative Adefovir or lamivudine preferred
Positive or =104 Compensated Adefovir or lamivudine are first-line options
negative Long-term treatment required

Adefovir preferred (low rate of resistance)
Combination adefovir plus lamivudine has theoretical advantage because of low
likelihood of resistance to either virus

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.
aCopies/mL.

tion of ALT levels, with some patients
HBeAg.'5 Serum albumin and bilirubin levels also were

clearing

improved. In a similar study by Villeneuve et al.,'0¢
improvement was seen in treated patients beyond ~9
months of therapy. Serum HBV DNA levels decreased,
aspartate aminotransferase and ALT levels normalized,
and there were improvements in albumin level, pro-
thrombin time, and Child-Turcotte-Pugh score. Both
studies also showed that survival was improved compared
with historic controls. However, YMDD mutant HBV
emerges after 6—12 months of therapy, indicated by
increases in HBV DNA and ALT levels.!®> In decom-
pensated cirrhotic patients, YMDD mutant HBV has
been associated with biochemical dysfunction and a re-
duction in efficacy. Some cirrhotic patients cannot toler-
ate the development of YMDD mutant HBV and may
deteriorate very rapidly after YMDD develops.”
Adefovir dipivoxil. A compassionate-use study of
adefovir, 10 mg/d, included patients with chronic hep-
atitis B with either compensated or decompensated cir-
rhosis and clinical evidence of lamivudine resistance who
either were listed for liver transplantation (n = 128) or
were posttransplantion (n = 196).197 By week 48, serum
HBV DNA levels had decreased by ~4 log;, copies/mL
in both pretransplantation and posttransplantation pa-
tients; this reduction was maintained to week 96. HBV
DNA levels were reduced to <400 copies/mL in 34% of
posttransplantation patients and 81% of pretransplanta-
tion patients, and ALT levels normalized in 49% and

76%, respectively. Child-Turcotte-Pugh scores remained
stable or improved in the majority of patients, and 38%
of pretransplantation patients were taken off the liver
transplant list. Survival rates were >80% and >90%
after 1 year of treatment in pretransplantation and post-
transplantation patients, respectively. The safety profile
of adefovir was consistent with the stage of liver disease
and comorbidities of this population. Serum creatinine
level increases =0.5 mg/dL were observed in ~13% of
patients. No adefovir resistance has been reported in the
pretransplantation group or posttransplantation group
after 48 weeks.

Another study of patients with compensated or de-
compensated lamivudine-resistant HBV showed similar
results. The addition of adefovir to lamivudine resulted
in significant reductions in serum HBV DNA levels
(~4-5 log,o copies/mL after 48 weeks of therapy).!0®
Decompensated patients showed significant improvements
in biochemical parameters and hepatic functional status.

Treatment recommendations: patients with cir-
rhosis. Recommendations for treatment for compen-
sated and decompensated HBeAg-positive or HBeAg-
negative cirrhotic patients are listed in Tables 8 and 9.
The treatment strategy for compensated cirrhotic pa-
tients with serum HBV DNA levels <10 copies/mL is
either to monitor the patient or treat with lamivudine or
adefovir. The panel believes that in the absence of cur-
rently available data to guide this choice, the upside
potential for clinical improvement outweighed the

Table 9. Recommendations for Treatment: Decompensated Cirrhotic Patients

HBeAg status HBV DNA2 Cirrhosis Treatment strategy
Positive or <108 or =103 Decompensated Adefovir or lamivudine are first-line options
negative Long-term treatment required

Adefovir preferred (low rate of resistance)
Combination therapy may be preferred because of low likelihood of resistance to
either virus
Waiting list for liver transplantation

HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.
aCopies/mL.
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Table 10. Dosing Recommendations in Patients With or at Risk for Renal Impairment

Creatinine clearance (mL/min)2

=50 20-49

10-19 Hemodialysis patients

Adefovir dipivoxil

10 mg every 24 hr 10 mg every 48 hr

10 mg every 72 hr

10 mg every 7 d posthemodialysis

Creatinine clearance (mL/min)?

=50 30-49

15-29

5-14 <5

Lamivudine
100 mg once daily 100 mg first dose, then

50 mg once daily

100 mg first dose, then
25 mg once daily

35 mg first dose, then
15 mg once daily

35 mg first dose, then
10 mg once daily

NOTE. Creatinine clearance should be established at baseline to select appropriate initial dosing. Patients should be monitored throughout
therapy, and dosing should be adjusted, if required. No additional dosing required after routine (4-hr) hemodialysis treatment.

aCreatinine clearance calculated by Cockcroft-Gault method using lean or ideal body weight.

Data from Hepsera (Gilead Sciences, Foster City, CA) product information and Epivir-HBV (GlaxoSmithKline, Research Triangle Park, NC) product

information.

downside low risk for drug toxicity and cost in patients
with significant liver disease, albeit compensated. In
patients with HBV DNA levels =10% copies/mL, lami-
vudine or adefovir are first-line options because of their
proven efficacy and good tolerability. The panel believes
that IFN is contraindicated in these patients because of
the potential for decompensation with a flare of disease
induced by IFN. Adefovir is preferred over lamivudine
for long-term treatment because of the high risk for
resistance to lamivudine, which could lead to decompen-
sation. Combination therapy with adefovir plus lamivu-
dine has the theoretical benefit of reducing the develop-
ment of resistance to either and/or both viruses by the
concomitant administration of a second antiviral with
activity against the mutant that might emerge as a
consequence of therapy with either drug alone.

All decompensated cirrhotic patients (serum HBV
DNA <10? copies/mL or =10° copies/mL) should be
considered for treatment. Adefovir or lamivudine are
first-line options, although adefovir is preferred for long-
term treatment. Adefovir also is preferred for patients
with Child-Turcotte-Pugh class B or C because they may
not tolerate the development of YMDD mutant HBV.
The aim in decompensated patients is to improve patient
status such that they might even be removed from the
transplant list. Combination therapy is likely to be more
effective than monotherapy in suppressing viral replica-
tion and may decrease or delay the incidence of drug
resistance; hence, consideration should be given to the
combination of adefovir with lamivudine as the first-line
treatment option for patients with decompensated liver
function. A study comparing combination adefovir-lami-
vudine therapy with monotherapy in decompensated cir-
rhotic patients is warranted.

Duration of therapy and on-treatment monitoring.
The panel believes that therapy in cirrhotic patients
should be long term and indefinite. Although there are
no data on the benefit of continuation of treatment in
compensated cirrhotic patients after HBeAg seroconver-
sion, data from China showed that patients who experi-
ence HBeAg seroconversion may still develop HCC or
have progression of their liver disease.!® This may be
caused by persistent low levels of HBV and/or events in
oncogenesis that are initiated and propagated despite the
suppression of viral replication. In the absence of data on
benefit and given the favorable safety profile of nucleo-
side/nucleotide analogues, therapy should be continued
until the patient becomes PCR negative and has lost
HBsAg. On-treatment monitoring should be performed
every 3 months. With lamivudine therapy, monitoring
might be more frequent (every 1-2 mo) so that the
emergence of lamivudine resistance is not missed because
of the potential risk for decompensation.

Monitoring renal function before and during therapy
is particularly important in patients who have multiple
risk factors for renal impairment. Adjustments to the
dosing of adefovir should be made, as listed in Table 10.
Similarly, adjustments to the dosing of lamivudine
should be made, also listed in Table 10.

Patients Coinfected With HIV-HBV and
Hepatitis C Virus—HBV

HIV-HBV-coinfected patients. In the United
States and Europe, ~10% of all HIV-infected patients
are coinfected with HBV.11% Data from the Multicenter
AIDS Cohort Study, which include data before and after
the availability of highly active antiretroviral therapy,
showed that liver-related mortality in HIV-HBV-coin-
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fected patients is 14-fold greater than that for either
virus alone.''’ Approximately 80% of HIV-positive pa-
tients are administered lamivudine (300 mg/d) as part of
their antiretroviral medication.
Summary of key clinical data.
Lamivudine has been shown to be effective and well
tolerated in patients coinfected with HBV and HIV,!12

Lamivudine.

resulting in significant reductions in serum HBV DNA
levels. The rate of emergence of lamivudine-resistant
HBYV is greater in coinfected patients than in those with
HBYV infection alone, reaching 90% at 4 years.!'3

Adefovir dipivoxil. Adefovir, 10 mg/d, has been
effective in HIV-HBV—coinfected patients with lamivu-
dine-resistant HBV, resulting in a 4-log;, decrease in
HBV DNA levels and ALT level normalization by 48
weeks.!4 No adefovir-resistant reverse-transcriptase mu-
tations developed in any of the 11 patients tested. Be-
cause adefovir at the 10-mg dose is not effective against
HIV, it therefore is unlikely to select adefovir- or teno-
fovir-resistant HIV mutants. Serum creatinine level in-
creases =0.5 mg/dL without changes in serum phospho-
rus levels were seen in 2 patients. Both resolved and were
considered unrelated to adefovir.

Tenofovir. Several studies confirmed that tenofovir
is effective against both HIV and HBV. A study by
Cooper et al.'"> showed that tenofovir resulted in 0.6-log
decrease in HIV level and 5-log decrease from baseline
for HBV level. Similarly, another coinfection study
showed a 4-log decrease in HBV DNA level by week 24
and an increase of ~80 CD4 cells.''¢ However, there
have been reports of renal toxicity and hypophos-
phatemia associated with tenofovir therapy.!'7.118

Treatment recommendations. Therapy for HIV-
HBV-coinfected patients needs to be individualized ac-
cording to the status of the patient. Tenofovir and ad-
efovir are equally potent against HBV, but adefovir has
no activity against HIV at the 10-mg dose. If a patient’s
HIV infection is not being treated, the patient should
not be administered tenofovir or lamivudine mono-
therapy. Adefovir, 10 mg monotherapy is an option
because this will treat HBV, but have no activity against
the HIV reverse transcriptase. Tenofovir or lamivudine
monotherapy is not recommended at this stage because of
the risk for HIV resistance. If a patient is being treated
for HIV infection, a highly active antiretroviral therapy
regimen containing tenofovir or tenofovir-lamivudine
combination is an option. For patients who are on a
stable HIV treatment regimen, it may be preferred to
add adefovir, rather than switch to tenofovir, to cover
both viruses.
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Hepatitis C virus-HBV-coinfected patients. In-
jecting drug users often are coinfected with HBV and
hepatitis C virus (HCV).!''? Various studies have shown
that the outcome of combined infection is more severe
than that of infection with either virus alone.!%-120 In
most patients, one infection tends to predominate, and
the other is dormant. In a situation in which HCV
infection is the dominant disease, HCV RNA is detect-
able and HBV DNA is not. The converse is true for
HBV-dominant disease. Many HBV-HCV-coinfected
patients tend to be HBeAg negative and have low HBV
DNA levels, with HCV infection being dominant.

Treatment recommendations. Patients should be
assessed to determine which virus appears to be domi-
nant, then treated accordingly. Hence, patients with
HBV DNA levels = 103 copies/mL and undetectable
HCV RNA should be treated for HBV infection. How-
ever, because most tend to have low HBV DNA levels
and detectable HCV RNA, the panel recommends that
HCV-HBV-coinfected patients be treated for 3 months
with peginterferon and ribavirin in standard doses. If
HBV DNA does not begin to respond or levels increase
on therapy, lamivudine or adefovir can be added. A
recent study showed that patients with HCV-HBV coin-
fection treated for predominant HCV infection re-
sponded as well as patients with chronic HCV infection
alone; only a few patients have activation of HBV infec-
tion during therapy.!?!

Chemotherapy

All patients with chronic HBV infection, as well
as those who are positive for hepatitis B core antibody,
should be given short-term therapy with either lamivu-
dine or adefovir while receiving chemotherapy as pro-
phylaxis against reactivation of HBV. Patients who are
HBsAg negative and anti-HBs positive can reactivate;
hence, the recommendation is to treat all patients with
hepatitis B core antibody. Because this is short-term
therapy, lamivudine resistance is less of a concern.'??

Pregnancy

Lamivudine and adefovir are classified as category
C; therefore, standard category C recommendations
should be followed. Both drugs can be continued during
pregnancy, but the stage of the mother’s liver disease and
potential benefit of treatment must be weighed against
the small risk to the fetus. Because this mostly concerns
young women who are likely to have only mild liver
disease, treatment of the disease could be postponed.
Treatment during the third trimester to prevent trans-
mission to the newborn may be considered. Although
some success has been reported in preventing transmis-
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sion of HBV to the newborn by using lamivudine, other
reports suggested that babies have still been infected
with HBV.!23 Any patient treated with lamivudine or
adefovir should be reported to the respective pregnancy
registry.

Resistance Monitoring

Resistance can be defined clinically (i.e., genotyp-
ing is not required) as “confirmed” by a =1-log;, in-
crease in serum HBV DNA level from the patient’s
lowest on-treatment level occurring on 2 sequential
occasions.

Patients administered lamivudine should be moni-
tored every 3—6 months for resistance. Because of adefo-
vir's significantly lower rate of resistance, adefovir-
treated patients should be monitored every 6 months for
resistance after the first year of therapy.

Conclusion

The goal of therapy for patients with chronic
HBV infection is to prevent the progression of liver
disease to cirrhosis and HCC. Because HBV replication is
implicated in the outcome of chronic HBV infection, the
primary aim of therapy is durable suppression of serum
HBV DNA to the lowest levels possible. The advent of
such molecular diagnostic assays as PCR enables the
accurate monitoring of HBV DNA at levels as low as
100-1000 copies/mL and should be used to establish a
patient’s baseline HBV DNA level before treatment and
monitor response to antiviral therapy or viral rebound
associated with resistance.

The threshold HBV DNA level for determination of
candidates for therapy is = 10° copies/mL for patients
with HBeAg-positive chronic HBV infection. Patients
also should have elevated ALT levels and/or evidence of
hepatitis on liver biopsy. An individualized approach to
liver biopsy and consideration of therapy in viremic
patients with normal ALT levels is warranted, and future
studies of this population of HBV-infected patients are
needed. A lower serum HBV DNA threshold is needed
for patients with HBeAg-negative chronic hepatitis B
and those with decompensated cirrhosis,? and the panel
recommends thresholds = 10% copies/mL and = 103
copies/mL for these patient groups, respectively.

IFN, lamivudine, and adefovir are all approved as
initial therapy for chronic hepatitis B. However, in
choosing a therapy, consideration should be given to the
advantages and disadvantages of the 3 therapies. The
issues to consider are efficacy, safety, resistance, method
of administration, and cost. Although IFN has the ad-
vantage of a finite duration of treatment, durable re-
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sponse (in patients who respond), and lack of resistance,
it is expensive to use, has to be administered by injection,
and has many side effects. Lamivudine is well tolerated,
with an excellent safety profile and good efficacy, but its
long-term use is limited by the development of resis-
tance. Thus, it might be a good choice for patients with
high baseline ALT levels with a = 50% chance of
HBeAg loss with only 1 year of therapy and for patients
receiving short-term antiviral prophylaxis during chemo-
therapy. Patients requiring therapy for longer than 1 year
probably are treated best with adefovir, with its much
lower incidence of resistance. Adefovir has similar effi-
cacy to lamivudine and is well tolerated. It has the
advantage of a delayed and very low rate of resistance
development and therefore is preferred for long-term use.
However, its cost is greater than that of lamivudine.

Several areas require further study. Combination ther-
apy may prove to be more effective than monotherapy in
suppressing viral replication and may decrease or delay
the incidence of drug resistance. Several large studies are
under way exploring the use of 2 nucleoside/nucleotide
antivirals or an antiviral plus peginterferon in compen-
sated patients. Combination therapy with oral agents
could be of particular value in decompensated cirrhosis,
and a study comparing combination adefovir-lamivudine
therapy with monotherapy in this patient group clearly is
needed.
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