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ackground & Aims: Chronic hepatitis B is an important
ublic health problem worldwide and in the United States.
treatment algorithm for chronic hepatitis B virus (HBV)

nfection was developed by a panel of US hepatologists
ased on new developments in the understanding of the
irology of HBV, availability of more sensitive molecular
iagnostic testing, and advantages and disadvantages of
urrently approved therapies. Methods: This algorithm is
ased on available evidence, but where data are lacking,
he panel relied on clinical experience and consensus ex-
ert opinion. Results: Serum HBV DNA can be detected at
evels as low as 100–1000 copies/mL by using molecular
ssays and should be determined to establish a baseline
evel before treatment, monitor response to antiviral ther-
py, and survey for the development of drug resistance.
he primary aim of antiviral therapy is durable suppression
f serum HBV DNA to the lowest level possible. The thresh-
ld level of HBV DNA for determination of candidacy for
herapy is >105 copies/mL for patients with hepatitis B e
ntigen (HBeAg)-positive chronic hepatitis B. A lower
erum HBV DNA threshold is appropriate for patients
ith HBeAg-negative chronic hepatitis B and those with
ecompensated cirrhosis, and the panel recommends
hresholds of 104 copies/mL and 103 copies/mL, respec-
ively. Conclusions: Interferon alfa-2b, lamivudine, and ad-
fovir dipivoxil are all approved as initial therapy for chronic
epatitis B and have certain advantages and disadvan-
ages. Issues for consideration include efficacy, safety, in-
idence of resistance, method of administration, and cost.
tudies are under way to explore the safety and efficacy of
ombination therapy, which may prove to be more effec-
ive than monotherapy in suppressing viral replication and
ay decrease or delay the incidence of drug resistance.

his hepatitis B virus (HBV) treatment algorithm
was developed by a panel of US hepatologists. The

im is to develop a practical and comprehensive algo-
ithm for the diagnosis, treatment, and monitoring of
atients with chronic HBV infection in the United
tates. The panel analyzed existing data on available
herapies, as well as published guidelines.1,2 When pos-
ible, the panel’s recommendations are based solidly on
vidence, but where data are lacking, the panel relied on
heir own clinical experience and expert opinion. The
lgorithm aims to assist treating physicians in answering
he practical questions of what tests to order and how to
nterpret them, which patients to treat, when and how
ong to treat, what the available treatment options are,
nd how to monitor patients.

Burden of Disease
It is estimated that worldwide, at least 350 mil-

ion people are chronically infected with HBV.3 Al-
hough the prevalence of HBV infection in the United
tates is less than that in many other countries, an
stimated 1.25 million individuals are infected with the
irus.4 Despite the availability of hepatitis B vaccine
rograms, new infections with HBV remain common.
pproximately 100,000 people in the United States
ecome acutely infected each year.5 Individuals with
hronic hepatitis B are at increased risk for developing
irrhosis, hepatic decompensation, and hepatocellular
arcinoma (HCC). It is estimated that up to 5000 people

Abbreviations used in this paper: AFP, �-fetoprotein; ALT, alanine
minotransferase; anti-HBe, antibody to hepatitis B e antigen; anti-
Bs, antibody to hepatitis B surface antigen; HBeAg, hepatitis B e
ntigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus;
CC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human

mmunodeficiency virus; IFN, interferon; PCR, polymerase chain reac-
ion; US, ultrasound; YMDD, tyrosine-methionine-aspartate-aspartate.
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ie each year in the United States from complications of
BV infection, including cirrhosis and HCC.6

Natural History and Terminology
After acute HBV infection, �3%–5% of adults

nd up to 95% of children fail to produce an immune
esponse adequate to clear the infection3,7,8; in these
ersons, chronic HBV infection develops. Clinical terms
sed for the stages of chronic HBV infection and criteria
sed in their diagnosis, adopted at The National Insti-
utes of Health Workshop on Management of Hepatitis
,1,9 are listed in Table 1. Other clinical terms relating

o HBV infection are listed in Table 2.
The onset of chronic HBV infection is marked by

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

able 1. Definitions and Diagnostic Criteria Used in HBV Infe

Definitions

hronic 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

nactive HBsAg carrier state
Persistent HBV infection of the liver without significant

ongoing necroinflammatory disease

esolved hepatitis B
Previous HBV infection without further virological, biochemical,

or histological evidence of active virus infection or
disease

LT, alanine aminotransferase; AST, aspartate aminotransferase; HB
e antigen; anti-HBe, antibody to HBeAg; anti-HBs, antibody to HBsA

Liver biopsy optional.
Most of these patients have precore or core promoter variants.
Very low levels may be detectable by polymerase chain reaction.
dapted with permission from the American Association for the Stud
nd gain of antibody to HBeAg [anti-HBe], occurring
ither spontaneously or related to treatment) is most
ommon in the phases in which ALT levels are elevated.
oss of HBeAg and seroconversion to anti-HBe usually

Diagnostic criteria

1. HBsAg positive � 6 mo
2. Serum HBV DNA � 105 copies/mL
3. Persistent or intermittent elevation of ALT/AST levels
4. Liver biopsy showing chronic hepatitis (necroinflammatory

score � 4)a

HBeAg positive, anti-HBe negative
HBeAg negative, anti-HBe positiveb

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)a

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 DNAc

4. Normal ALT levels

patitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis
ti-HBc, antibody to hepatitis B core antigen.

iver Diseases.1

able 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

BV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg,
epatitis B e antigen; anti-HBe, antibody to HBeAg.
dapted with permission from the American Association for the Study
f Liver Diseases.1
ction

V, he
g; an
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re preceded by a marked decrease in serum HBV DNA
evels to �105 copies/mL10 and typically are followed by
ormalization of ALT levels. Thus, HBeAg seroconver-
ion represents a transition from chronic hepatitis B to an
inactive HBsAg carrier state,” in which there is little
linical evidence of hepatitis and lower serum HBV
NA levels. Some patients also lose HBsAg, which is

eferred to as “resolution” of HBV infection.
A proportion of patients who undergo HBeAg sero-

onversion experience a return of high HBV DNA levels
nd persistent or intermittent ALT level elevations.
hese patients have a naturally occurring mutant form of
BV that does not produce HBeAg, usually because of
utation in the precore or core promoter region. This

orm of chronic HBV infection is called “HBeAg-nega-
ive chronic hepatitis B.” Hence, chronic hepatitis B can
e divided into 2 major forms: HBeAg positive and
BeAg negative.
Spontaneous flares of disease activity can occur during

he natural course of chronic hepatitis B,11 and repeated
xacerbations may lead to progressive fibrosis and cirrho-
is, as well as carcinogenesis. For patients with chronic
epatitis B, mortality rates at 5 years are 16% for those
ith compensated cirrhosis12,13 and 65%–86% for those
ith decompensated cirrhosis (in the absence of liver

ransplantation).13,14 The presence of HBeAg and HBV
NA is associated with an increased risk for HCC. A

ecent study found that men who are positive for both
BsAg and HBeAg have a relative risk for progression to
CC of 60.2 (9.6 for HBsAg alone) compared with those
ithout HBsAg.15 This study also showed that the like-

ihood of HCC in individuals with detectable serum
BV DNA by a branched-chain DNA assay (Quanti-

lex; Chiron, Emeryville, CA) is 3.9-fold that of indi-
iduals without detectable HBV DNA, and the risk
ncreases with increasing HBV DNA levels.15 Because
BeAg and HBV DNA are both markers of HBV rep-

ication, these findings implicate viral replication in the
utcome of HBV infection and provide a rationale for
ntiviral therapy to arrest progression of liver disease.

HBV Mutants
HBV has a mutation rate �10 times greater than

hat of other DNA viruses, and the reverse transcriptase
acks a proofreading function that is common to most
ther polymerases. Mutations may occur in any of the
BV genes; several viral mutants occur naturally or by

elective pressure of antiviral therapy. Four forms of
BV are relevant in current clinical practice: wild-type
BV and 3 commonly occurring mutant viruses; precore
utants, core promoter mutants, and tyrosine-methio-
ine-aspartate-aspartate (YMDD) mutants. Other mu-
ants are likely to be identified as newer drugs are used
ong term for the treatment of HBV infection (e.g., an
defovir-resistant mutation [N236T] recently was iden-
ified in 2 of 124 patients treated for 2 yr).16

Precore and Core Promoter Mutants

HBeAg generally is regarded as a marker of HBV
eplication, and in the past, patients found to be HBeAg
egative were considered to have nonreplicative HBV
nfection. Patients with normal ALT levels were referred
o as “healthy carriers” but are now called “inactive
arriers.” A number of studies were conducted in patients
ith elevated ALT levels to investigate other possible

auses of hepatitis. In the early 1980s, an increasing
umber of patients in the Mediterranean region were
ecognized as HBeAg negative, but had active HBV
eplication.17 In 1989, specific mutations were identified
n the HBV genome that prevented HBeAg formation in
n otherwise normally replicating HBV.18 The most
ommon mutation, a G to A substitution at nucleotide
896 in the precore region, results in a stop codon,
reventing HBeAg production, and is termed the pre-
ore mutant. A second dual mutation, the double basic
ore promoter mutant involving 2 nucleotide substitu-
ions (A1762T and G1764A), leads to downregulation of
BeAg production.19

HBeAg-negative chronic hepatitis B is not acquired as
de novo infection.20 Rather, the precore mutant form

merges as the predominant species during the course of
ypical HBV infection with wild-type virus and is se-
ected during the immune clearance phase (HBeAg se-
oconversion). The development of HBeAg-negative
hronic hepatitis B can occur either close to HBeAg
eroconversion or many years or even decades later.21

here tend to be 2 main patterns of disease activity.
pproximately 30%–40% of patients experience persis-

ently elevated ALT levels (3–4-fold increase), but 45%–
5% of patients have an erratic pattern of ALT level
levations, with frequent flares of disease activity.22,23

erum HBV DNA levels also tend to be high, particu-
arly before ALT level elevations.21 Sustained spontane-
us remission is uncommon in patients with HBeAg-
egative chronic hepatitis B (6%–15%),22,23 and the
ong-term prognosis is poor compared with HBeAg-
ositive patients.22

YMDD Mutants

The YMDD mutation is a specific mutation oc-
urring in the tyrosine-methionine-aspartate-aspartate
ortion of the HBV P gene associated with the active site
f the DNA polymerase. The mutation is caused by
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elective pressure of L-nucleoside analogue antivirals,
uch as lamivudine, emtricitabine, and telbivudine that
esult in the production of a viral polymerase with an
ltered active site and confers resistance to certain anti-
iral agents. The emergence and clinical relevance of
MDD mutants are described in more detail in a later

ection.

HBV Genotypes
HBV is classified into 8 genotypes (A–H) based

n DNA sequence differences, and their geographic dis-
ribution varies.24,25 Genotype A is found mainly in
orth America, northern Europe, India, and Africa; ge-

otypes B and C, in Asia; genotype D, in southern
urope, the Middle East, and India; genotype E, in West
frica and South Africa; genotype F, in South America

nd Central America; and genotype G, in the United
tates and Europe. An additional genotype (H) recently
as identified in persons from Central America and
alifornia,24 but this finding has not been verified.
BeAg-negative (precore mutant) HBV is most com-
on in genotypes B, C, and D, which explains why

recore mutant HBV infection is more common in Asia
nd southern Europe.

Preliminary data suggest that HBV genotype may be
elated to clinical outcome. Some studies in Asia suggest
hat genotype C is associated more frequently with severe
iver disease and HCC than is genotype B,26–28 although
ther studies contradict the latter finding.26,28 Genotype

appears to be associated with seroconversion from
BeAg to anti-HBe at a younger age than genotype
.26,29 Genotype also may affect response to antiviral

herapy because genotypes A and B appear to have
reater rates of antiviral response to interferon (IFN)-alfa
herapy than D and C.30,31 The role of HBV genotype in
utcome of liver disease deserves further study. Testing
or HBV genotype is not yet performed in clinical prac-
ice because the clinical relevance of genotyping remains
ontroversial and uncertain.

Diagnostic Markers in HBV
Infection
The diagnosis of chronic HBV infection typically

s based on evaluation of serological and virological
arkers of HBV infection in serum and biochemical and

istological markers of liver disease.

Serological Markers

HBsAg is the first serological marker to appear
fter infection. Its persistence for �6 months indicates
hronic HBV infection. Antibody to HBsAg (anti-HBs)
mplies recovery and/or immunity to HBV. Anti-HBs
lso is detectable after immunity conferred by hepatitis B
accination. Occasionally, anti-HBs and HBsAg are both
etectable in patients with chronic infection. The pres-
nce of HBeAg indicates active replication of HBV.
owever, its absence cannot be assumed to equate to

bsent viral replication because HBeAg is not detectable
n patients with HBeAg-negative (precore or core pro-
oter mutant) HBV infection. The presence of anti-HBe

enerally indicates HBeAg seroconversion, although it
lso is found in patients with HBeAg-negative infection.
BeAg seroconversion (HBeAg loss and detection of

nti-HBe) generally has been considered the end point
or HBV therapy for HBeAg-positive patients because it
as been associated with a lower risk for disease progres-
ion,32 although not protective against the later devel-
pment of HCC.

Virological Markers

The amount of HBV DNA in serum is a measure
f the level of viral replication. Until recently, serum
BV DNA testing was performed using nonamplified

ybridization assays. These assays have limited sensitiv-
ty, with a lower limit of quantification of 105–106

opies/mL (Table 3). The National Institutes of Health
orkshop on Management of Hepatitis B recommended

hat treatment be considered for patients with detectable
BV DNA by nonamplified assays (i.e., with serum
BV DNA � 105 copies/mL).9 However, some HBeAg-

ositive patients and many HBeAg-negative patients
ave fluctuating HBV DNA levels that decrease to �105

opies/mL.33 Furthermore, the threshold HBV DNA
evel associated with progressive liver disease is un-
nown. In the panel’s experience, patients can have ad-
anced liver disease even if they have serum HBV DNA
evels persistently � 105 copies/mL; the clinical signif-
cance of low HBV DNA levels is uncertain. As listed in
able 3, the current target amplification assays, such as
olymerase chain reaction (PCR) assays, have a much
ower limit of detection (as low as 100–1000 copies/mL).
hese assays are becoming more widely available and are
referable in the initial evaluation of patients and, even
ore importantly, monitoring of both treated and un-

reated patients.

Biochemical Markers

Elevated serum ALT levels (i.e., greater than the
pper limit of the normal range) are an indicator of
ecroinflammatory activity. Hence, a normal ALT level
ften is considered predictive of histological quiescence,
nd HBV-infected patients with persistently normal
LT levels generally have milder inflammation seen on
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iver biopsy than patients with elevated ALT levels.
oreover, patients with normal ALT levels tend to have
poor serological response to antiviral therapy and often

re not considered for treatment. However, some patients
ith normal ALT levels and elevated HBV DNA levels
ave significant inflammation and fibrosis on biopsy.34 In
uch cases, treatment may be indicated.

Histological Markers

Histological evaluation of liver biopsy specimens
s a more sensitive and accurate indicator of liver disease
han ALT level. It is useful to establish the baseline
tatus of liver histological characteristics at initial eval-
ation before initiation of therapy and exclude other
auses of liver disease. However, liver biopsy is not
lways used as a method of diagnosis and is resisted by
ome patients because of its invasive nature.

Patient Evaluation
Table 4 lists tests that should be performed at the

nitial evaluation of patients with chronic HBV infection
nd the suggested follow-up for patients not considered
or treatment. The initial evaluation should include a
horough history and physical examination, with partic-
lar attention to family history of HBV infection and
iver cancer, risk factors for coinfection, and alcohol use.
aboratory tests should include assessment of liver dis-
ase, markers of HBV replication, and tests for coinfec-
ion with other viruses for those at risk. A liver biopsy
lso is recommended for patients with intermittent or
ersistent elevation in ALT levels, but it is not manda-
ory. Screening for HCC should be considered in high-
isk individuals (discussed next). Patients also should be
ounseled on precautions to prevent transmission of

able 3. Comparison of HBV DNA Quantification Assays

Assay (manufacturer)
Volume of

sample

Sensitivitya

(pg/mL) (copies/

ranched DNA (Bayer) 10 �L 2.1 7 � 1
ybrid capture (Digene) 30 �L 0.5 1.4 � 1

1 mL 0.02 5 � 1
iquid hybridization (Abbott) 100 �L 1.6 4.5 � 105 [8

CR (Roche) 50 �L 0.001 4 � 1
Amplicor Monitor
Amplicor Cobas
Taqman
olecular beacons 10–50 �L - �50

BV, hepatitis B virus.
1 pg/mL HBV DNA � 283,000 copies (�3 � 105 viral genome equ
Corrected limit of detection.
dapted with permission from the American Association for the Stud
BV infection and vaccination of sexual and household
ontacts. All patients should be discouraged from heavy
lcohol use, and abstinence from alcohol is recommended
or those with cirrhosis. All individuals with chronic
BV infection and not immune to hepatitis A should be

accinated according to the Centers for Disease Control
nd Prevention recommendations (i.e., 2 doses of hepa-
itis A vaccine, with an initial injection at baseline and
ooster injection at 6–18 mo).

Linearity (copies/mL)
Genotype

independent
Coefficient of
variation (%)

7 � 105–5 � 109 A, B, C, D, E, F 6–15
2 � 105–1 � 109 A, B, C, D 10–15
5 � 103–3 � 106

6]b 5 � 105–1 � 1010 Detects genotype D
better than A

12–22

(A), B, C, D, E 14–44
4 � 102–1 � 107

2 � 102–105

2 � 102–1010

50–1 � 109 A–F 5–10

ts).

iver Diseases.1

able 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 HBV 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

BV, hepatitis B virus; HBeAg, hepatitis B e antigen; anti-HBe, anti-
ody to HBeAg; AFP, 	-fetoprotein; US, ultrasound; anti-HCV, antibody
o hepatitis C virus; anti-HDV, antibody to hepatitis D virus; HCC,
epatocellular carcinoma; HBsAg, hepatitis B surface antigen.
dapted with permission from the American Association for the Study
f Liver Diseases.1
mL)
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Screening for HCC

HBV carriers are at increased risk for the devel-
pment of HCC.35,36 In most patients, HCC generally
egins as an encapsulated single tumor. Doubling time
f the tumor ranges from 2 to 12 months (median, 4
o).37,38 HCC can be detected early with periodic 	-fe-

oprotein (AFP) and ultrasound (US) screening. Periodic
creening studies using AFP and US in HBV-infected
ubjects detected small tumors (�5 cm) in 64% and
3% of persons with HCC, respectively.39,40 The com-
ination of AFP and US appears superior to either mo-
ality alone. Data suggest that screening every 6 months
ith AFP and US is more effective than annual screening

n detecting HCC, but there appears to be no difference
etween screening every 3 or 6 months.39–44

The standard approach to HCC screening is outlined
n the American Association for the Study of Liver Dis-
ases Practice Guideline1 and the European Association
or the Study of the Liver HBV Consensus Guidelines.45

CC screening should be considered for HBV carriers at
igh risk for HCC (i.e., men � 45 yr, persons with
irrhosis, and those with a family history of HCC). It is
mportant to be aware that in patients with hepatitis B,
CC can occur in the absence of cirrhosis.35,36 Screening

hould be every 6 months using AFP and US. Magnetic
esonance imaging and computed tomography, although
ore expensive, generally are considered to be more

ensitive than US and may be preferred by clinicians for
ome patients (e.g., those with cirrhosis resulting in poor
S sensitivity). Although AFP is less sensitive than US,

t has a high negative predictive value (99%).39,46 Peri-
dic screening for HCC by using AFP should be consid-
red in low-risk individuals from endemic areas.1

Candidates for Therapy
Although there is general agreement on the tests

hat should be ordered in the initial evaluation of pa-
ients with chronic HBV infection (Table 4), there are
ome controversial issues on how these are used in de-
ermining candidates for therapy.

Normal Versus Elevated ALT Levels

ALT level commonly is used as an assessment of
iver disease and has been important in defining which
atients are candidates for therapy. However, reliance on
levated ALT levels as a prerequisite to treatment can-
idacy has limitations. The extent of liver cell necrosis
nd degree of elevated ALT level do not always correlate,
nd ALT measurements may fail to identify patients with
ecroinflammatory activity or fibrosis, as seen in hepati-
is C.47,48 In addition, ALT activity may be indepen-
ently related to body mass index, sex, abnormal lipid
nd carbohydrate metabolism, and whether a patient is
eceiving dialysis therapy.48 Moreover, ALT level eleva-
ions occur in different circumstances, such as during
pontaneous HBeAg loss, in association with some anti-
iral therapies or with infection with other viruses.11

ALT level has been an important influence on the
ecision to treat because of its value in predicting a
erological response to lamivudine49,50 and IFN.51,52 The
redictive value of ALT level has been reinforced by the
bservation that despite the generally lower response
ates seen in Asian patients, those with elevated ALT
evels respond as well as white patients with equivalent
egrees of ALT level elevation to lamivudine50 and
FN.52

Geographic origin and genotype also affect the useful-
ess of ALT level as a determinant for treatment. The
ajority of Asian patients have normal ALT levels, but

p to one third have active hepatitis B nonetheless.52 The
on-A genotypes found in Asia and elsewhere are pre-
isposed to HBeAg-negative (precore and core promoter)
utants with immune-tolerant HBV infection with nor-
al ALT levels. These patients have the ability to sig-

ificantly replicate HBV in the face of normal ALT levels
nd presence of anti-HBe.

The use of ALT levels to define patients with chronic
epatitis B who are candidates for treatment derives from
he historic experience with IFN therapy and helps define
cohort more likely to respond to that medication, not
disease state appropriately in need of effective therapy.
n the basis of the natural history of the disease, a

reatment algorithm should define the patient disease
tate that requires treatment and then identify the drug
reatment options. Although it is helpful to know a
atient’s ALT level, a normal ALT level does not always
elp determine who should be treated. A patient’s ALT
evel needs to be considered in conjunction with his or
er serum HBV DNA level. Hence, in patients with
etectable HBV DNA (�105 copies/mL) and normal
LT levels, a liver biopsy might be considered; if sig-
ificant disease is found, the patient should be considered
or treatment. Patients with HBV DNA level � 105

opies/mL and elevated ALT levels generally should be
reated, regardless of whether liver biopsy is performed.

Viral Threshold

Historically, the presence (i.e., levels greater than
he assay limit of detection) or absence (i.e., levels less
han the assay limit) of HBV DNA by hybridization
echniques was a major determinant of treatment candi-
acy. This was chosen because in most patients who have
ndergone HBeAg seroconversion, HBV DNA levels
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ecrease to less than the detection limit of unamplified
ybridization assays (�105 copies/mL), ALT level nor-
alizes, and necroinflammation decreases.53,54 However,

atients with chronic hepatitis B have fluctuating HBV
NA levels that may, at times, decrease to less than that

evel. In addition, the threshold HBV DNA level that is
ssociated with progressive liver disease is unknown. In
he past, undetectable HBV DNA by hybridization tech-
iques has been considered clinically insignificant; how-
ver, HBV DNA levels � 105 copies/mL are associated
ith significant intrahepatic HBV DNA and covalently

losed circular DNA levels.55 Furthermore, HBV DNA
as been detected by PCR in the serum and liver of
atients with cirrhosis and HCC who have been found to
ave undetectable HBV DNA by hybridization (and
egative HBsAg).56,57 Target amplification assays, such
s PCR, can detect 100–1000 copies/mL. Although the
linical significance of low levels of HBV DNA is un-
lear, patients with �105 copies/mL may be still at risk
or biochemical, histological, and clinical progression of
isease, although to a lesser extent than those with �105

opies/mL.
With the advent of new techniques, serum HBV

NA is evolving as the most useful measurement for the
ollow-up of patients with chronic hepatitis B. A review
f 26 prospective studies found significant correlations
etween viral load levels or viral load changes and various
ccepted markers of disease activity (histological grading
nd biochemical and serological response).58 To deter-
ine whether there is a clinically significant threshold

or HBV DNA, Chu et al.33 analyzed sequential samples
by PCR) from 165 Chinese patients with different stages
f chronic hepatitis B. Serum HBV DNA levels de-
reased by a mean of 3 log10 in patients who had spon-
aneous or IFN-related HBeAg loss, but no threshold
BV DNA level was associated with HBeAg loss. Also,

erum HBV DNA level at the time of HBeAg loss was
ot a predictor of the durability of HBeAg loss. HBeAg-
ositive patients tended to have greater HBV DNA
evels (105–108 copies/mL) than HBeAg-negative pa-
ients, but levels as high as 108 copies/mL were detected
n some HBeAg-negative patients. Moreover, approxi-
ately one third of HBeAg-negative patients had HBV
NA levels persistently �105 copies/mL. Interestingly,

wo thirds of HBeAg-negative patients and all inactive
arriers had levels persistently �105 copies/mL, indicat-
ng that it is not possible to define a single cutoff HBV
NA value to distinguish inactive carriers from patients
ith HBeAg-negative chronic hepatitis B. ALT levels

nd liver biopsy results can be used to differentiate
mong these patients, although the latter is not used
outinely.

Optimal management of chronic hepatitis B requires
he use of PCR assays to establish an accurate baseline
BV DNA level, then continued use of PCR assays

uring antiviral therapy to most accurately measure re-
ponse and viral rebound associated with viral resistance.
se of non-PCR assays may allow significant viral rep-

ication to go undetected, with potentially injurious
linical consequences in both the pretreatment and on-
reatment settings.

Patient Populations

The majority of chronic HBV infections result
rom perinatal transmission in Asia. In these patients,
ersistence of HBeAg is lengthier (immune tolerant
hase), ALT levels tend to be normal, and serum HBV
NA levels may be high.59,60 The majority of patients do
ot clear HBeAg or seroconvert until the fourth decade
f infection. Those who remain HBeAg positive can
ither remain immune tolerant or subsequently develop

Western pattern of hepatitis and experience either
ersistent or intermittent elevations of ALT levels.61–63

ven patients who clear HBeAg remain at high risk for
BeAg-negative hepatitis B, which has serious implica-

ions.
Asians tend to develop complications of chronic hep-

titis B (e.g., HCC) in their sixth to seventh decade of
nfection, often after HBeAg seroconversion.15 Whereas
sian patients with elevated ALT levels respond to

FN52 and lamivudine50 therapy as well as white pa-
ients, most Asian patients have normal ALT levels. IFN
herapy does not seem to result in a permanent clearance
f HBV in Asian patients. A recent study that followed
p a cohort of Chinese patients after treatment with IFN
howed that even after HBeAg seroconversion, 91% of
atients had detectable HBV DNA by PCR.64 Further-
ore, these patients still had a high incidence of cirrhosis

nd HCC. Conversely, in the white population, IFN
herapy increased the chance of HBeAg clearance, which
as associated with better clinical and survival out-

omes.32

A second serological pattern of hepatitis is seen in
frica, Mediterranean countries, and Alaska, where HBV

ransmission tends to be from person to person during
hildhood.7,65 Most HBeAg-positive children have ele-
ated ALT levels, and seroconversion tends to occur in
ate childhood or teens. The natural history of this pop-
lation is between that of the Asian and Western pop-
lations. The third pattern of hepatitis, seen in individ-
als in Western developed countries, is different from
hat in the Asian population. HBV is acquired during
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dulthood, and transmission is through sexual exposure,
ntravenous drug use, or transfusion. The incidence of
hronicity is lowest in this group at �5%.7 Western
atients with chronic hepatitis B tend to have greater
LT and HBV DNA levels and respond better overall to

ntiviral treatment.

Goals of Therapy
The goal of therapy for chronic hepatitis B is to

liminate or significantly suppress HBV replication and
revent the progression of liver disease to cirrhosis with
he potential development of liver failure or HCC.
ence, the primary aim of treatment should be to reduce

he HBV DNA level and maintain it at the lowest
ossible levels (i.e., durable HBV DNA suppression).
his, in turn, will lead to the other aims of therapy, such
s histological improvement and ALT level normaliza-
ion. In patients who are HBeAg positive before therapy,
n additional goal of treatment is loss of HBeAg with
eroconversion to anti-HBe positivity. The latter is pref-
rable because attainment of complete HBeAg serocon-
ersion indicates that antiviral therapy may be stopped,
nd the likelihood is high that the benefit will persist off
herapy. Loss of HBsAg, although highly desirable,
arely is achieved with short-term antiviral therapy and
ence is not a common goal for antiviral trials.

Approved HBV Therapies
Currently, there are 3 approved treatments for

hronic HBV infection in the United States: IFN alfa-2b,

able 5. Comparison of Interferon, Lamivudine, and Adefovir

Parameter
Interferon (untrea

12–24 wk

erum HBV DNA lossa (%) 37 (17)
erum HBV DNA log10 reduction Not available
BeAg loss (%) 33 (12)
BeAg seroconversion (%) 18b

BsAg loss (%) 11–25 at 5 yr in white patie
LT normalization (%) 23b

istological improvement (%) Poor data
evelopment of resistance (%) No

urability of response after HBeAg
seroconversion (%)

80–90 at 4–8 yr

efined treatment course Yes
afety Poor
olerability Poorly tolerated
osing regimen 5 MU/d or 10 MU 3 times

16 wk (injection)
ost/mo. ($) 1420

OTE. All data are at 1 year unless otherwise stated.
BeAg, hepatitis B e antigen; HBV, hepatitis B virus; HBsAg, hepatitis

ower limit of detection.
Interferon and lamivudine, hybridization assay (LLD, 105 copies/mL
Difference between treated and untreated.
amivudine, and adefovir dipivoxil (Table 5). Several new
ntiviral agents and immunomodulatory therapies are
nder investigation, but are not yet commercially available.

Treatment and Management of
Chronic HBV
HBeAg-Positive Patients

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

Summary of key clinical data. IFN. A meta-
nalysis of data from 15 trials showed HBeAg loss and
BeAg seroconversion in treated patients (Table 5).66

levated ALT levels and low serum HBV DNA levels are
he best predictors of response to treatment.67 Most
sian patients with chronic HBV infection have normal
LT levels, even in the presence of high HBV DNA

evels,52 and respond poorly to IFN therapy.51 In Euro-
ean studies, HBsAg loss has been observed in 5%–10%
f patients within 1 year of the start of IFN treatment;
mong sustained responders, this increases to 11%–25%
y 5 years.32,68,69 This has not been observed in Asian
tudies.

IFN is administered by subcutaneous injection, and
herapy is associated with many adverse effects, such as
u-like symptoms, fatigue, anorexia, depression, and leu-
openia.70

Lamivudine. One year of lamivudine therapy re-
ults in histological improvement, HBeAg seroconver-

voxil in HBeAg-Positive Chronic Hepatitis B

Lamivudine (placebo)
52 wk

Adefovir dipivoxil
(placebo) 48 wk

44 (16) 21 (0)
Not available 3.52 log (0.55)
32 (11) 24 (11), 44 at 72 wk
16–18 (4–6), 50 at 5 yr 12 (6), 23 at 72 wk
Insufficient data Insufficient data
41–72 (7–24) 48 (16)
49–56 (23–25) 53 (25)
14–32, increasing to

69 at 5 yr
1.6 at 2 yr

77 at 37 mo Not available

Unclear Unclear
Same as placebo Same as placebo
Well tolerated Well tolerated

r at least 100 mg once daily
(oral)

10 mg once daily
(oral)

260124 450124

rface antigen; ALT, alanine aminotransferase; MU, million units; LLD,

fovir, polymerase chain reaction assay (LLD, 400 copies/mL).
Dipi

ted)

nts

wk fo

B su

); ade
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ion, suppression of serum HBV DNA, and ALT level
ormalization (Table 5).34,71,72 If therapy is stopped be-
ore HBeAg seroconversion, viral replication returns;
ence, long-term therapy is required in most patients.
BeAg seroconversion increases with duration of lami-

udine treatment from 17% at year 1 to 27%, 40%,
7%, and 50% at years 2, 3, 4, and 5, respectively.34,73–76

BeAg seroconversion rates also increase with increasing
retreatment ALT levels.49,50 In an analysis of 4 lamivu-
ine trials, HBeAg loss occurred in 56% of patients with
retreatment ALT levels �5 times the upper limit of
ormal.50 Unfortunately, the incidence of YMDD mu-
ant increases with duration of therapy from 14% to 32%
t 1 year to 69% at 5 years.71,77 In patients who develop
amivudine-resistant HBV, HBV DNA and ALT levels
end to rebound toward pretreatment levels. More recent
ata have shown that some patients experience reversal of
heir initial histological improvement.74,78 Furthermore,
n some patients, the development of lamivudine-resis-
ant HBV has been associated with severe ALT level
ares and even rapid decompensation.79 Lamivudine is
ell tolerated and has an excellent safety profile.

Adefovir dipivoxil. One year of adefovir therapy
ith 10 mg once daily resulted in histological improve-
ent, reduced serum HBV DNA and ALT levels, and

ncreased rates of HBeAg seroconversion (Table 5).80

atients treated beyond 48 weeks appear to derive con-
inued virological, serological, and clinical benefit. By
eek 72, 46% of patients had undetectable serum HBV
NA by PCR, 75% had ALT level normalization, 44%
ad lost HBeAg, and 23% had HBeAg seroconversion.80

he 30-mg dose gave no additional benefit over the
0-mg dose, except for the magnitude of HBV DNA
uppression.

The safety profile of adefovir is similar to that of
lacebo. No patient in the 10-mg group had serum
reatinine level increases �0.5 mg/dL, as seen at higher
defovir doses (8% of patients in the 30-mg group).80

eyond 1 year, there is no comparator, but the incidence
f abnormalities in serum creatinine levels was not dif-
erent from the first year. Increases in serum creatinine
evels in the 30-mg group limit the long-term use of this
ose. Renal toxicity was seen at greater doses of adefovir
n the early drug discovery phase.

In contrast to lamivudine, no adefovir resistance mu-
ation has been observed after 1 year of treatment. Recent
esistance surveillance data have shown the emergence of
defovir resistance mutation N236T in 1.6% of patients
2 of 124 patients) at 2 years (across several studies).16

defovir-resistant HBV with N236T has been shown to
e susceptible to lamivudine.16 A recent case report
escribed a patient who developed adefovir resistance.81

his was associated with a rebound in serum HBV DNA
nd ALT levels to near-pretreatment levels. The patient
esponded to lamivudine therapy. There are insufficient
ata on the impact of adefovir resistance on other clinical
nd points.

Combination therapy. Some trials suggest there is
dditive benefit of lamivudine-IFN combination ther-
py,72,82 but large well-designed studies are needed to
onfirm these initial observations. Several large studies
re under way exploring combinations of nucleosides
nd/or nucleotides and peginterferon.

Durability of response. HBeAg loss induced by IFN
reatment has been durable in 80%–90% of patients
fter 4–8 years of follow-up.1,83–87 Data on durability of
esponse after lamivudine treatment are limited. In a
ollow-up study of patients who had HBeAg serocon-
erted during lamivudine treatment, seroconversion was
urable in 77% of patients (30 of 39 patients) after a
edian follow-up of 37 months (range, 5–46 mo).88

ost clinicians consider HBeAg seroconversion prefera-
le to HBeAg loss alone, but it still remains uncertain if
he durability of treatment response to lamivudine is
ffected by this distinction. Durability of lamivudine-
nduced HBeAg seroconversion may be affected by du-
ation of treatment after HBeAg seroconversion. In a
tudy from Korea, patients who received lamivudine for
t least 4 months after seroconversion had a lower relapse
ate at 2 years (32%) compared with those administered
nly up to 2 months’ treatment after seroconversion
74%).89 These data support the continuation of treat-

ent for at least 4–6 months after HBeAg seroconver-
ion. In a recent study of 61 patients in whom serum
BeAg and HBV DNA (solution hybridization) had

een persistently negative for at least 24 months of
amivudine therapy, cumulative reappearance rates of
erum HBV DNA after cessation of lamivudine therapy
ere 15%, 21%, and 31% at 6 months, 1 year, and 2
ears, respectively.90 Cumulative reappearance rates for se-
um HBeAg were 11%, 13%, and 16%, respectively,
uggesting that long-term additional administration of
amivudine might enhance the durability of HBeAg
eroconversion. There are no published data on durability
f response after adefovir treatment.

Predictors of response. A number of clinical, bio-
hemical, and serological factors have been identified as
redictive of a good response to IFN therapy. However,
he best predictors are high pretreatment ALT and low
BV DNA levels.67,70,91 These parameters also are

ssociated with a greater rate of spontaneous HBeAg
eroconversion. Recent studies have shown that HBV
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enotype may influence IFN response.26,30,31 High pre-
reatment ALT level also is the best predictor of a
esponse to lamivudine treatment.49,50

Treatment recommendations: HBeAg-positive pa-
ients. Recommendations for treatment of HBeAg-posi-
ive patients are listed in Table 6. The panel recommends
105 copies/mL as a reasonable threshold for determining

andidates for treatment in HBeAg-positive patients. Pa-
ients with �105 copies/mL currently are not recommended
or treatment, but they still may be at risk for biochemical,
istological, and clinical progression of disease and should
e actively monitored by PCR assay. On a case-by-case
asis, liver biopsy may be performed on such patients, and
herapy may be considered when there is histological evi-
ence of significant liver disease. Patients who are not
reated should initially be monitored every 3 months for 1
ear to ensure stability, then every 6–12 months.

HBeAg-positive patients with a serum HBV DNA
evel � 105 copies/mL should be considered for treat-

ent, depending on their ALT levels. Patients with
ormal ALT levels appear to experience viral suppression
imilar to that of patients with elevated ALT levels, but
fficacy is low in terms of HBeAg seroconversion. How-
ver, because the former group of patients may have
ignificant liver disease and viral suppression is associated
ith histological response, biopsy should be considered,

nd the patient should be treated if disease is found.
dditional studies are required to investigate the efficacy
f antiviral therapy in patients with HBV DNA levels

105 copies/mL and normal ALT levels. For patients
ith serum HBV DNA levels � 105 copies/mL and

levated ALT levels, adefovir, lamivudine, or IFN are all
ecommended as first-line options; however, adefovir or
amivudine are preferred for patients with high serum
BV DNA and/or normal ALT levels because response

o IFN therapy is low. Although serum HBV DNA can
e suppressed effectively with adefovir and lamivudine in

able 6. Recommendations for Treatment: HBeAg-Positive Pa

HBeAg status HBV DNAa ALT

ositive �105 Normal No tr
Moni
Cons

i
ositive �105 Normal Low

Cons
If t

a
ositive �105 Elevated Adefo

If “hi

BeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine am
Copies/mL.
On initial diagnosis and every 3 months for 1 year to ensure stabilit
atients with normal ALT levels, which may confer
enefit, HBeAg seroconversion is infrequent.

Duration of therapy and on-treatment monitoring. Pa-
ients should be monitored at least every 6 months while
n therapy with either lamivudine or adefovir and pos-
ibly more frequently on lamivudine therapy to facilitate
arly detection of resistance. Taking into account the
vailable data,89,90 the panel recommends that patients
e treated after HBeAg seroconversion as long as HBV
evels are decreasing until they have undetectable HBV
NA levels by PCR. Treatment then should be contin-
ed for an additional 6 months. In patients who have
BeAg seroconversion, but in whom HBV DNA levels

re detectable and stable, treatment should be continued
or 6 months. Seroconversion should be documented
gain, then consideration should be given to stopping
reatment (in noncirrhotic patients). Patients who expe-
ience relapse can be retreated. HBeAg-positive patients
ho fail to lose HBeAg should be treated indefinitely
ecause the chance of HBeAg seroconversion increases
ith time. Adefovir should be considered for long-term
se in patients who were treated initially with lamivu-
ine because of the lower chance of resistance.

HBeAg-Negative Patients

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

Summary of key clinical data. IFN. IFN treat-
ent of HBeAg-negative patients has resulted in end-

f-treatment responses ranging from 40% to 90%,9 but
elapse rates are high at 30%–90%.20 Overall, sustained
irological response rates range from 15%–25%.9 Re-
ponses appear to be more durable in patients who un-

ts

Treatment strategy

ent
ery 6–12 mob

herapy in patients with known significant histological disease, even
-level replication
f HBeAg seroconversion for IFN, lamivudine, adefovir
iopsy; treat if disease
d, lamivudine or adefovir preferred (more potent HBV suppressive
s with fewer side effects)
amivudine, or IFN are first-line options
BV DNA, adefovir or lamivudine preferred

ansferase; IFN, interferon.
tien

eatm
tor ev
ider t
f low
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reate
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ergo treatment for �12 months.92 Also, up to 32% of
atients who achieve a sustained virological response go
n to clear HBsAg.92 IFN-treated patients with a sus-
ained virological response seem to have significantly
etter and complication-free survival than nonresponders
r untreated patients.93,94

Lamivudine. Overall, approximately two thirds of
atients have a biochemical and virological response after
–12 months of lamivudine therapy,95–97 with necroin-
ammation improving in a similar proportion. However,
ost patients relapse after therapy is stopped, and the
ajority relapse after lamivudine resistance develops.96,97

onger treatment durations can maintain normal ALT
evels and undetectable HBV DNA, but biochemical and
irological breakthroughs occur as a result of the emer-
ence of lamivudine-resistant YMDD mutant HBV. A
tudy of long-term lamivudine therapy showed that al-
hough ALT and HBV DNA level responses were seen in
6% and 68% of patients at 12 months, respectively,
esponses then steadily decreased with duration of ther-
py. Only �40% of patients maintained normal ALT
evels and undetectable HBV DNA at �30 months.97

he incidence of lamivudine resistance increases with
ime; 19%–27% of patients have YMDD mutant HBV
t 1 year,95,98 increasing to 44% at 2 years95 and 60% at
years.21,97 The emergence of YMDD mutants in this

opulation can be associated with clinically significant
epatitis,97 which significantly limits the role of lami-
udine in treating HBeAg-negative chronic HBV infection.

Adefovir dipivoxil. One year of therapy with ad-
fovir resulted in histological improvement in 64% of
atients compared with 33% of placebo patients.99 Se-
um HBV DNA levels were reduced by a median of 3.91
og10 copies/mL compared with 1.35 log10 copies/mL for
lacebo, and HBV DNA was �400 copies/mL (by PCR)
n 51% of treated patients and none of the placebo
atients. ALT levels normalized in 72% of treated pa-

able 7. Recommendations for Treatment: HBeAg-Negative P

HBeAg status HBV DNAa ALT

egative �104 Normal No treatment
Monitor every 6–
Consider therap

replication
egative �104 Normal Low “efficacy” fo

Consider biopsy
egative �104 Elevated Adefovir, lamivu

Long-term treatm
Adefovir prefe

BeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine am
Copies/mL.
On initial diagnosis and every 3 months for 1 year to ensure stabilit
ients compared with 29% of placebo patients. Adefovir
as well tolerated and had a safety profile similar to that
f placebo. Significantly, no adefovir-resistant mutations
ere observed at up to 48 weeks of therapy. Recent data

how that after 2 years of therapy, 2 of 79 patients in this
tudy developed an adefovir-resistant mutation (N236T)
hat is not cross-resistant to lamivudine.16

Treatment recommendations: HBeAg-negative
atients. Recommendations for treatment of HBeAg-
egative patients are listed in Table 7. Chu et al.33

howed that approximately half the HBeAg-negative
atients had serum HBV DNA levels persistently �105

opies/mL on initial testing at the time of presentation.
ecause HBeAg-negative patients tend to have lower

erum HBV DNA levels than HBeAg-positive patients,
ut may still have disease, the panel recommends treat-
ng patients who have serum HBV DNA levels �104

opies/mL. Otherwise, recommendations are similar to
hose for HBeAg-positive patients. Adefovir, lamivu-
ine, and IFN can be considered first-line options. Long-
erm treatment is required in most cases (unless HBsAg
eroconversion occurs), and adefovir would be preferred
ver lamivudine for long-term treatment because of its
ow level of resistance and good tolerability.

Duration of therapy and on-treatment monitoring. Pa-
ients on therapy should be monitored every 6 months.
uration of therapy for IFN remains unclear, although a

onger treatment duration (12 mo) appears more benefi-
ial in terms of sustained virological response. However,
olerability clearly is an issue for patients with long
reatment durations. Lamivudine and adefovir need to be
dministered long term; however, because long-term
amivudine therapy is limited by the emergence of
MDD mutant HBV, adefovir would be preferred. On-

reatment monitoring of serum HBV DNA by PCR
ssay and ALT levels should be performed every 6
onths.

ts

Treatment strategy
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atients with known significant histological disease, even if low-level
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t if disease
or IFN are first-line options
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low rate of resistance)

ansferase; IFN, interferon.
atien

12 m
y in p

r lam
; trea
dine,
ent

rred (

inotr



D
e
s
v
b
s
a
p
t
b
l
o
D
b
r
l
e
a
t
s
t
e
o

S
l
p
d
f

o
l
a
t
D
a
e
w
m

d
m
t
w
t
p
p
t
A

p
s
t
s
l
l
t

T
v
p
t
u
a
p

5
a
c
w
s
s
p
o

b
p
t
c
t
r
I
i
o
a
c
(
l
I
t
c
s

t
c
w
m
f
r

98 KEEFFE ET AL. CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 2, No. 2
Lamivudine-Resistant Patients

Development of resistance is associated with HBV
NA rebound, followed by ALT level elevation and

ventual reversion of histological improvement and, in
ome cases, progressive liver disease associated with se-
ere exacerbations.73,74,78,79,97 Lamivudine resistance has
een described in all patient groups, including compen-
ated and decompensated patients, transplant recipients,
nd human immunodeficiency virus (HIV)-coinfected
atients. In cirrhotic patients, the development of resis-
ance is associated with increased ALT levels, which can
e severe, and a decline in liver synthetic function,
eading to decompensation of liver disease.100 Predictors
f lamivudine resistance include high pretreatment HBV
NA levels, non-Asian ethnicity, male sex, and high
ody mass index.101 Resistance can be diagnosed accu-
ately clinically by an increase in serum HBV DNA
evels in a patient on prolonged antiviral therapy who
xperienced an initial decrease in viral levels after initi-
tion of therapy. This increase in HBV DNA levels
ypically is associated with liver damage (increase in
erum ALT levels). There is a strong correlation between
his clinical diagnosis of resistance and genotypic mark-
rs of polymerase mutations, making direct sequencing
f HBV for resistance unnecessary.

Summary of key clinical data. Adefovir dipivoxil.
everal studies have evaluated the use of adefovir in
amivudine-resistant HBV. Two studies that included
atients with compensated and decompensated lamivu-
ine-resistant HBV and a study of HBV-HIV–coin-
ected patients are discussed in later sections.

Another study measured the independent contribution
f adefovir monotherapy for patients with compensated
amivudine-resistant HBV.102 Adefovir monotherapy
nd adefovir in combination with continued lamivudine
herapy resulted in similar reductions in serum HBV
NA levels, in contrast to continued lamivudine ther-

py, which did not reduce HBV DNA levels. No patients
xperienced clinically significant ALT level elevations
hen they were switched from lamivudine to adefovir
onotherapy. Combination therapy was well tolerated.

Treatment recommendations: patients with lamivu-
ine-resistant HBV. Currently, the recommended treat-
ent for lamivudine-resistant HBV is adefovir. Whether

his is administered as monotherapy or in combination
ith continued lamivudine therapy depends on the sta-

us of the patient’s liver disease. Data for compensated
atients showed mild increases in ALT levels in some
atients when switching from lamivudine to adefovir
herapy, but no patient experienced clinically significant
LT level elevations.102 This suggests that switching
atients from lamivudine to adefovir therapy is a safe
trategy. Because the consequences of returning wild-
ype HBV are potentially more hazardous in decompen-
ated patients, the addition of adefovir to continued
amivudine therapy should be considered. Continued
amivudine therapy also will treat adefovir-resistant mu-
ants if they develop.

Duration of therapy and on-treatment monitoring.
he recommendation for duration of therapy with adefo-
ir and monitoring also depends on the status of the
atient. Generally, compensated HBeAg-positive pa-
ients should be treated until HBeAg seroconversion and
ndetectable HBV DNA by PCR assay occur, then for an
dditional 6 months. (Refer to other sections for other
atient categories.)

Patients With Cirrhosis (or End-Stage Liver
Disease)

Before the advent of effective antiviral therapy,
-year survival rates were 84% for compensated cirrhosis
nd 14%–35% for decompensated cirrhosis.12–14 Various
linical parameters, such as bilirubin level and older age,
ere shown to predict survival. In addition, in compen-

ated cirrhosis, patients who had lost HBeAg had a 97%
urvival rate at 5 years compared with 72% in HBeAg-
ositive patients, implicating viral replication in adverse
utcomes.13

Summary of key clinical data. IFN. IFN has
een difficult to use in patients with clinically decom-
ensated cirrhosis. Although patients have shown post-
reatment responses to IFN therapy, with some patients
learing HBsAg, their disease tends to deteriorate during
herapy, and it may take months for liver chemistry test
esults to return to normal after completion of therapy.
n addition, there is a high risk for serious complications,
ncluding serious bacterial infections and exacerbations
f hepatitis.103 Among decompensated patients, response
ppears to be better in those with Child-Turcotte-Pugh
lass A (100%) compared with classes B (33%) and C
0%).104 The occurrence of bacterial infections, even at
ow doses, in non–class A cirrhotic patients suggests that
FN should not be used for these patients.104 IFN appears
o be safe and effective for patients with compensated
irrhosis, although there is a risk of hepatic decompen-
ation with prolonged therapy.

Lamivudine. Lamivudine considerably improved
he treatment options for patients with decompensated
irrhosis. Several studies have shown that lamivudine is
ell tolerated and results in clinical improvement in
any patients. In 27 nontransplantation patients treated

or a median of 869 days with lamivudine, there was a
apid decline in serum HBV DNA levels and normaliza-
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ion of ALT levels, with some patients clearing
BeAg.105 Serum albumin and bilirubin levels also were

mproved. In a similar study by Villeneuve et al.,106

mprovement was seen in treated patients beyond �9
onths of therapy. Serum HBV DNA levels decreased,

spartate aminotransferase and ALT levels normalized,
nd there were improvements in albumin level, pro-
hrombin time, and Child-Turcotte-Pugh score. Both
tudies also showed that survival was improved compared
ith historic controls. However, YMDD mutant HBV

merges after 6–12 months of therapy, indicated by
ncreases in HBV DNA and ALT levels.105 In decom-
ensated cirrhotic patients, YMDD mutant HBV has
een associated with biochemical dysfunction and a re-
uction in efficacy. Some cirrhotic patients cannot toler-
te the development of YMDD mutant HBV and may
eteriorate very rapidly after YMDD develops.79

Adefovir dipivoxil. A compassionate-use study of
defovir, 10 mg/d, included patients with chronic hep-
titis B with either compensated or decompensated cir-
hosis and clinical evidence of lamivudine resistance who
ither were listed for liver transplantation (n � 128) or
ere posttransplantion (n � 196).107 By week 48, serum
BV DNA levels had decreased by �4 log10 copies/mL

n both pretransplantation and posttransplantation pa-
ients; this reduction was maintained to week 96. HBV
NA levels were reduced to �400 copies/mL in 34% of
osttransplantation patients and 81% of pretransplanta-
ion patients, and ALT levels normalized in 49% and

able 8. Recommendations for Treatment: Compensated Cir

HBeAg status HBV DNAa Cirrhosis

ositive or
negative

�104 Compensated May ch
Adefovi

ositive or
negative

�104 Compensated Adefovi
Long-te

Adefo
Combin

like

BeAg, hepatitis B e antigen; HBV, hepatitis B virus.
Copies/mL.

able 9. Recommendations for Treatment: Decompensated C

HBeAg status HBV DNAa Cirrhosis

ositive or
negative

�103 or �103 Decompensated Adefovir
Long-term

Adefov
Combina

eith
Waiting

BeAg, hepatitis B e antigen; HBV, hepatitis B virus.
Copies/mL.
6%, respectively. Child-Turcotte-Pugh scores remained
table or improved in the majority of patients, and 38%
f pretransplantation patients were taken off the liver
ransplant list. Survival rates were �80% and �90%
fter 1 year of treatment in pretransplantation and post-
ransplantation patients, respectively. The safety profile
f adefovir was consistent with the stage of liver disease
nd comorbidities of this population. Serum creatinine
evel increases �0.5 mg/dL were observed in �13% of
atients. No adefovir resistance has been reported in the
retransplantation group or posttransplantation group
fter 48 weeks.

Another study of patients with compensated or de-
ompensated lamivudine-resistant HBV showed similar
esults. The addition of adefovir to lamivudine resulted
n significant reductions in serum HBV DNA levels
�4–5 log10 copies/mL after 48 weeks of therapy).108

ecompensated patients showed significant improvements
n biochemical parameters and hepatic functional status.

Treatment recommendations: patients with cir-
hosis. Recommendations for treatment for compen-
ated and decompensated HBeAg-positive or HBeAg-
egative cirrhotic patients are listed in Tables 8 and 9.
he treatment strategy for compensated cirrhotic pa-

ients with serum HBV DNA levels �104 copies/mL is
ither to monitor the patient or treat with lamivudine or
defovir. The panel believes that in the absence of cur-
ently available data to guide this choice, the upside
otential for clinical improvement outweighed the

c Patients

Treatment strategy

to treat or observe
mivudine preferred

mivudine are first-line options
atment required

referred (low rate of resistance)
adefovir plus lamivudine has theoretical advantage because of low
d of resistance to either virus

tic Patients

Treatment strategy

mivudine are first-line options
atment required
ferred (low rate of resistance)

therapy may be preferred because of low likelihood of resistance to
us
r liver transplantation
rhoti

oose
r or la

r or la
rm tre
vir p
ation
lihoo
irrho

or la
tre

ir pre
tion
er vir
list fo
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ownside low risk for drug toxicity and cost in patients
ith significant liver disease, albeit compensated. In
atients with HBV DNA levels �104 copies/mL, lami-
udine or adefovir are first-line options because of their
roven efficacy and good tolerability. The panel believes
hat IFN is contraindicated in these patients because of
he potential for decompensation with a flare of disease
nduced by IFN. Adefovir is preferred over lamivudine
or long-term treatment because of the high risk for
esistance to lamivudine, which could lead to decompen-
ation. Combination therapy with adefovir plus lamivu-
ine has the theoretical benefit of reducing the develop-
ent of resistance to either and/or both viruses by the

oncomitant administration of a second antiviral with
ctivity against the mutant that might emerge as a
onsequence of therapy with either drug alone.

All decompensated cirrhotic patients (serum HBV
NA �103 copies/mL or �103 copies/mL) should be

onsidered for treatment. Adefovir or lamivudine are
rst-line options, although adefovir is preferred for long-
erm treatment. Adefovir also is preferred for patients
ith Child-Turcotte-Pugh class B or C because they may
ot tolerate the development of YMDD mutant HBV.
he aim in decompensated patients is to improve patient

tatus such that they might even be removed from the
ransplant list. Combination therapy is likely to be more
ffective than monotherapy in suppressing viral replica-
ion and may decrease or delay the incidence of drug
esistance; hence, consideration should be given to the
ombination of adefovir with lamivudine as the first-line
reatment option for patients with decompensated liver
unction. A study comparing combination adefovir-lami-
udine therapy with monotherapy in decompensated cir-
hotic patients is warranted.

able 10. Dosing Recommendations in Patients With or at R

Creatinine cle

�50 20–49

defovir dipivoxil
10 mg every 24 hr 10 mg every 48 hr

Creatinine cle

�50 30–49 1

amivudine
100 mg once daily 100 mg first dose, then

50 mg once daily
100 mg fi

25 mg o

OTE. Creatinine clearance should be established at baseline to se
herapy, and dosing should be adjusted, if required. No additional do
Creatinine clearance calculated by Cockcroft-Gault method using lea
ata from Hepsera (Gilead Sciences, Foster City, CA) product informa

nformation.
Duration of therapy and on-treatment monitoring.
he panel believes that therapy in cirrhotic patients

hould be long term and indefinite. Although there are
o data on the benefit of continuation of treatment in
ompensated cirrhotic patients after HBeAg seroconver-
ion, data from China showed that patients who experi-
nce HBeAg seroconversion may still develop HCC or
ave progression of their liver disease.109 This may be
aused by persistent low levels of HBV and/or events in
ncogenesis that are initiated and propagated despite the
uppression of viral replication. In the absence of data on
enefit and given the favorable safety profile of nucleo-
ide/nucleotide analogues, therapy should be continued
ntil the patient becomes PCR negative and has lost
BsAg. On-treatment monitoring should be performed

very 3 months. With lamivudine therapy, monitoring
ight be more frequent (every 1–2 mo) so that the

mergence of lamivudine resistance is not missed because
f the potential risk for decompensation.

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

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

HIV-HBV–coinfected patients. In the United
tates and Europe, �10% of all HIV-infected patients
re coinfected with HBV.110 Data from the Multicenter
IDS Cohort Study, which include data before and after

he availability of highly active antiretroviral therapy,
howed that liver-related mortality in HIV-HBV–coin-

or Renal Impairment

e (mL/min)a

10–19 Hemodialysis patients

0 mg every 72 hr 10 mg every 7 d posthemodialysis

e (mL/min)a

5–14 �5

se, then
daily

35 mg first dose, then
15 mg once daily

35 mg first dose, then
10 mg once daily

appropriate initial dosing. Patients should be monitored throughout
required after routine (4-hr) hemodialysis treatment.
ideal body weight.
nd Epivir-HBV (GlaxoSmithKline, Research Triangle Park, NC) product
isk f

aranc

1

aranc

5–29

rst do
nce

lect
sing
n or
tion a
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ected patients is 14-fold greater than that for either
irus alone.111 Approximately 80% of HIV-positive pa-
ients are administered lamivudine (300 mg/d) as part of
heir antiretroviral medication.

Summary of key clinical data. Lamivudine.
amivudine has been shown to be effective and well
olerated in patients coinfected with HBV and HIV,112

esulting in significant reductions in serum HBV DNA
evels. The rate of emergence of lamivudine-resistant
BV is greater in coinfected patients than in those with
BV infection alone, reaching 90% at 4 years.113

Adefovir dipivoxil. Adefovir, 10 mg/d, has been
ffective in HIV-HBV–coinfected patients with lamivu-
ine-resistant HBV, resulting in a 4-log10 decrease in
BV DNA levels and ALT level normalization by 48
eeks.114 No adefovir-resistant reverse-transcriptase mu-

ations developed in any of the 11 patients tested. Be-
ause adefovir at the 10-mg dose is not effective against
IV, it therefore is unlikely to select adefovir- or teno-

ovir-resistant HIV mutants. Serum creatinine level in-
reases �0.5 mg/dL without changes in serum phospho-
us levels were seen in 2 patients. Both resolved and were
onsidered unrelated to adefovir.

Tenofovir. Several studies confirmed that tenofovir
s effective against both HIV and HBV. A study by
ooper et al.115 showed that tenofovir resulted in 0.6-log
ecrease in HIV level and 5-log decrease from baseline
or HBV level. Similarly, another coinfection study
howed a 4-log decrease in HBV DNA level by week 24
nd an increase of �80 CD4 cells.116 However, there
ave been reports of renal toxicity and hypophos-
hatemia associated with tenofovir therapy.117,118

Treatment recommendations. Therapy for HIV-
BV–coinfected patients needs to be individualized ac-

ording to the status of the patient. Tenofovir and ad-
fovir are equally potent against HBV, but adefovir has
o activity against HIV at the 10-mg dose. If a patient’s
IV infection is not being treated, the patient should

ot be administered tenofovir or lamivudine mono-
herapy. Adefovir, 10 mg monotherapy is an option
ecause this will treat HBV, but have no activity against
he HIV reverse transcriptase. Tenofovir or lamivudine
onotherapy is not recommended at this stage because of

he risk for HIV resistance. If a patient is being treated
or HIV infection, a highly active antiretroviral therapy
egimen containing tenofovir or tenofovir-lamivudine
ombination is an option. For patients who are on a
table HIV treatment regimen, it may be preferred to
dd adefovir, rather than switch to tenofovir, to cover
oth viruses.
Hepatitis C virus-HBV–coinfected patients. In-
ecting drug users often are coinfected with HBV and
epatitis C virus (HCV).119 Various studies have shown
hat the outcome of combined infection is more severe
han that of infection with either virus alone.119,120 In
ost patients, one infection tends to predominate, and

he other is dormant. In a situation in which HCV
nfection is the dominant disease, HCV RNA is detect-
ble and HBV DNA is not. The converse is true for
BV-dominant disease. Many HBV-HCV–coinfected

atients tend to be HBeAg negative and have low HBV
NA levels, with HCV infection being dominant.

Treatment recommendations. Patients should be
ssessed to determine which virus appears to be domi-
ant, then treated accordingly. Hence, patients with
BV DNA levels � 103 copies/mL and undetectable
CV RNA should be treated for HBV infection. How-

ver, because most tend to have low HBV DNA levels
nd detectable HCV RNA, the panel recommends that
CV-HBV–coinfected patients be treated for 3 months
ith peginterferon and ribavirin in standard doses. If
BV DNA does not begin to respond or levels increase

n therapy, lamivudine or adefovir can be added. A
ecent study showed that patients with HCV-HBV coin-
ection treated for predominant HCV infection re-
ponded as well as patients with chronic HCV infection
lone; only a few patients have activation of HBV infec-
ion during therapy.121

Chemotherapy

All patients with chronic HBV infection, as well
s those who are positive for hepatitis B core antibody,
hould be given short-term therapy with either lamivu-
ine or adefovir while receiving chemotherapy as pro-
hylaxis against reactivation of HBV. Patients who are
BsAg negative and anti-HBs positive can reactivate;

ence, the recommendation is to treat all patients with
epatitis B core antibody. Because this is short-term
herapy, lamivudine resistance is less of a concern.122

Pregnancy

Lamivudine and adefovir are classified as category
; therefore, standard category C recommendations

hould be followed. Both drugs can be continued during
regnancy, but the stage of the mother’s liver disease and
otential benefit of treatment must be weighed against
he small risk to the fetus. Because this mostly concerns
oung women who are likely to have only mild liver
isease, treatment of the disease could be postponed.
reatment during the third trimester to prevent trans-
ission to the newborn may be considered. Although

ome success has been reported in preventing transmis-
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ion of HBV to the newborn by using lamivudine, other
eports suggested that babies have still been infected
ith HBV.123 Any patient treated with lamivudine or

defovir should be reported to the respective pregnancy
egistry.

Resistance Monitoring
Resistance can be defined clinically (i.e., genotyp-

ng is not required) as “confirmed” by a �1-log10 in-
rease in serum HBV DNA level from the patient’s
owest on-treatment level occurring on 2 sequential
ccasions.

Patients administered lamivudine should be moni-
ored every 3–6 months for resistance. Because of adefo-
ir’s significantly lower rate of resistance, adefovir-
reated patients should be monitored every 6 months for
esistance after the first year of therapy.

Conclusion
The goal of therapy for patients with chronic

BV infection is to prevent the progression of liver
isease to cirrhosis and HCC. Because HBV replication is
mplicated in the outcome of chronic HBV infection, the
rimary aim of therapy is durable suppression of serum
BV DNA to the lowest levels possible. The advent of

uch molecular diagnostic assays as PCR enables the
ccurate monitoring of HBV DNA at levels as low as
00–1000 copies/mL and should be used to establish a
atient’s baseline HBV DNA level before treatment and
onitor response to antiviral therapy or viral rebound

ssociated with resistance.
The threshold HBV DNA level for determination of

andidates for therapy is � 105 copies/mL for patients
ith HBeAg-positive chronic HBV infection. Patients

lso should have elevated ALT levels and/or evidence of
epatitis on liver biopsy. An individualized approach to
iver biopsy and consideration of therapy in viremic
atients with normal ALT levels is warranted, and future
tudies of this population of HBV-infected patients are
eeded. A lower serum HBV DNA threshold is needed
or patients with HBeAg-negative chronic hepatitis B
nd those with decompensated cirrhosis,2 and the panel
ecommends thresholds � 104 copies/mL and � 103

opies/mL for these patient groups, respectively.
IFN, lamivudine, and adefovir are all approved as

nitial therapy for chronic hepatitis B. However, in
hoosing a therapy, consideration should be given to the
dvantages and disadvantages of the 3 therapies. The
ssues to consider are efficacy, safety, resistance, method
f administration, and cost. Although IFN has the ad-
antage of a finite duration of treatment, durable re-
ponse (in patients who respond), and lack of resistance,
t is expensive to use, has to be administered by injection,
nd has many side effects. Lamivudine is well tolerated,
ith an excellent safety profile and good efficacy, but its

ong-term use is limited by the development of resis-
ance. Thus, it might be a good choice for patients with
igh baseline ALT levels with a � 50% chance of
BeAg loss with only 1 year of therapy and for patients

eceiving short-term antiviral prophylaxis during chemo-
herapy. Patients requiring therapy for longer than 1 year
robably are treated best with adefovir, with its much
ower incidence of resistance. Adefovir has similar effi-
acy to lamivudine and is well tolerated. It has the
dvantage of a delayed and very low rate of resistance
evelopment and therefore is preferred for long-term use.
owever, its cost is greater than that of lamivudine.
Several areas require further study. Combination ther-

py may prove to be more effective than monotherapy in
uppressing viral replication and may decrease or delay
he incidence of drug resistance. Several large studies are
nder way exploring the use of 2 nucleoside/nucleotide
ntivirals or an antiviral plus peginterferon in compen-
ated patients. Combination therapy with oral agents
ould be of particular value in decompensated cirrhosis,
nd a study comparing combination adefovir-lamivudine
herapy with monotherapy in this patient group clearly is
eeded.
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