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Chronic HBV infection is an important public health prob-
lem worldwide and in the United States. A treatment algo-
rithm for the management of this disease, published previ-
ously by a panel of U.S. hepatologists, has been revised on
the basis of new developments in the understanding of the
disorder, the availability of more sensitive molecular diag-
nostic tests, and the licensure of new therapies. In addition,
a better understanding of the advantages and disadvantages
of new treatments has led to the development of strategies
for reducing the rate of resistance associated with oral
agents and optimizing treatment outcomes. This updated
algorithm was based primarily on available evidence by
using a systematic review of the literature. Where data were
lacking, the panel relied on clinical experience and consen-
sus expert opinion. The primary aim of antiviral therapy is
durable suppression of serum HBV DNA to low or unde-
tectable levels. Assays can now detect serum HBV DNA at
levels as low as 10 IU/mL and should be used to establish a
baseline level, monitor response to antiviral therapy, and
survey for the development of drug resistance. Interferon
alfa-2b, lamivudine, adefovir, entecavir, peginterferon alfa-
2a, telbivudine, and tenofovir are approved as initial ther-
apy for chronic hepatitis B and have certain advantages and
disadvantages. Although all of these agents can be used in
selected patients, the preferred first-line treatment choices
are entecavir, peginterferon alfa-2a, and tenofovir. Issues
for consideration for therapy include efficacy, safety, rate of
resistance, method of administration, and cost.

Chronic hepatitis B (CHB) remains an important public
health problem and a leading cause of liver-related mor-
bidity and mortality worldwide.! In the United States, an esti-
mated 1.25 million individuals, or 0.4% of the population, are
infected with hepatitis B virus (HBV).2 During the last 2 de-
cades, the influx of foreign-born persons immigrating to the
United States from areas of high endemicity, including Asia, the
Middle East, and Africa, has contributed to an increased pres-
ence of CHB, particularly in urban areas and communities with

a high immigrant population.®* Thus, it is likely that the
incidence of CHB is considerably higher than the estimated
1.25 million. When left untreated, individuals with CHB are at
increased risk for developing cirrhosis, hepatic decompensa-
tion, and hepatocellular carcinoma (HCC). It is estimated that
up to 5000 people die each year in the United States of these
complications of HBV infection.! The cumulative rate of mor-
bidity and mortality from cirrhosis and liver cancer related to
CHB is highest among individuals who acquire HBV infection
as neonates ot in eatly childhood.!

To help guide clinicians in treating patients with CHB, a
panel of U.S. hepatologists published a treatment algorithm in
2004,5 which was subsequently revised in 2006 on the basis of
new developments in the field.® These advances have included a
better understanding of the natural history of CHB and the
availability of more sensitive molecular diagnostic tests. The
number of antiviral agents for the treatment of patients with
CHB has expanded from 5 to 7 with the approval of telbivudine
in 2006 and tenofovir in 2008 by the U.S. Food and Drug
Administration (FDA). In addition, there are now better defined
strategies for optimizing patients’ responses to oral antiviral
therapy.” Emerging data on promising antiviral therapies in late
stages of clinical development, along with the potential likely
demonstration of the safety and efficacy of combination ther-
apy, suggest that there will be future management options in
addition to the agents that are currently used as monotherapy
for the treatment of CHB. Finally, data are accumulating on
special patient populations who pose unique challenges and
special requirements for antiviral therapy.

In light of these advances, the panel met again to reassess
and revise its recommendations. The aim was to build on the
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Table 1. Phases of Chronic HBV Infection
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Phase ALT

Liver histology

HBV DNA HBeAg HBsAg

Immune tolerance
phase

Immune clearance
phase (HBeAg-
positive CHB)

Normal or minimally elevated
or scant fibrosis

Active; liver biopsy
showing chronic
hepatitis

Elevated, usually persistently
or with intermittent
elevations

Minimal activity; absent High levels: serum HBV

Positive; anti-HBe—-  Positive >6 mo

DNA >20,000 IU/mL negative
High levels: serum HBV Positive; anti-HBe—  Positive >6 mo
DNA >20,000 IU/mL negative

(necroinflammatory

score =4)2
Inactive HBsAg
carrier state

Persistently normal

usually minimal
fibrosis

Inactive; liver biopsy
showing variable,

Low or undetectable Positive >6 mo
levels: serum HBV
DNA negative or

<2000 IU/mL

Negative; anti-HBe—
positive

(necroinflammatory

score <4)2

Resolution Normal

Reactivation phase
(HBeAg-negative
CHBY)

Elevated, often fluctuating
levels

Active; liver biopsy

score =4)2

Inactive; scant fibrosis

showing variable
amounts of fibrosis
(necroinflammatory

No detectable serum
HBV DNA (low levels
might be detectable
in the liver)

Moderate, often
fluctuating levels:
serum HBV DNA
>2000 IU/mL

Negative; anti-HBe—
positive

Negative

Negative; anti-HBe— Positive >6 mo

positive

aLiver biopsy optional.

bMost of these patients have precore or core promoter variants. Data from Hoofnagle et al'® and Yim and Lok.1”

existing algorithm, preserving its practical approach and com-
prehensiveness, and update the guidelines for the diagnosis,
treatment, and monitoring of patients with chronic HBV infec-
tion in the United States. The panel used the same methods of
evaluation as for the previous algorithm by reviewing the liter-
ature and current international guidelines.®8-1° A comprehen-
sive, structured literature review was conducted by using the
PubMed computerized bibliographic database for English-lan-
guage articles published between August 1, 2005 and March 28,
2008 that addressed the treatment of CHB. The panel also
reviewed abstracts from the following conferences and included
them in the evidence table: Digestive Disease Week 2006 and
2007, the American Association for the Study of Liver Diseases
Annual Meeting 2006 and 2007, the European Association for
the Study of the Liver Annual Meeting 2007 and 2008, and the
Asian Pacific Association for the Study of Liver Disease 2007 and
2008. Where possible, the panel based their recommendations
solidly on evidence, but where data were lacking, panel members
relied on their own clinical experience and expert opinion.

The goal of the revised algorithm presented here is to pro-
vide physicians with the most current information on the
screening, diagnosis, and treatment of CHB. Specifically, the
algorithm provides answers to several practical questions: (1)
which patients are candidates for antiviral therapy?, (2) what are
the advantages and disadvantages of available treatment op-
tions?, (3) when should therapy be initiated?, (4) when can
therapy be stopped?, (5) what is the role of on-treatment mon-
itoring?, and (6) which strategies should be used to modify
therapy to decrease the risk for antiviral resistance? As a back-
ground to an application of the recommendations, this article
reviews the current understanding of the clinical aspects of
chronic HBV infection and presents updated algorithm recom-
mendations for the management of CHB.

Natural History of Chronic Hepatitis B
Virus Infection

The accurate and early diagnosis of chronic HBV infec-
tion is an important step in patient management. An under-
standing of the natural history of CHB is fundamental to the
evaluation and management of CHB, playing a critical role in
the assessment of patient status and in guiding decisions re-
garding candidacy for treatment and treatment end points. The
natural course of HBV infection is a dynamic interplay of
complex interactions involving the virus, the hepatocyte, and
the host immune response, which, together with the influence
of various external factors, determine disease severity and pro-
gression.!!"15 The natural history of HBV infection can be di-
vided into distinct phases: immune tolerance, immune clear-

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

Acute exacerbation or flare of hepatitis B: intermittent increase of
aminotransferase activity to >10 X ULN and >2 X baseline

Reactivation of hepatitis B: reappearance of active
necroinflammatory disease of the liver in a person known to be in
the inactive HBsAg carrier state or to have 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 to <20,000 IU/mL

HBeAg reversion: reappearance of HBeAg in a person who was
previously HBeAg-negative, anti-HBe—positive

Resolution: loss of HBsAg and no further virologic, biochemical, or
histologic evidence of active virus infection or disease
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ance, inactive carrier of HBsAg, and reactivation.!®!” Each phase
is characterized by distinct patterns of serologic markers, HBV
DNA levels, and changes in serum levels of ALT and AST that
indicate the immunologic and necroinflammatory status of the
patient. The clinical terms and definitions used to characterize
the stages of CHB adopted at the National Institutes of Health
conference on the Management of Hepatitis B are summarized
in Table 1.!8 Other clinical terms relating to HBV infection are
summarized in Table 2.

The clinical course of CHB is variable, and not all patients
will experience every phase of infection. Acquisition of HBV at
birth or in early childhood is associated with a long latency
period of immune tolerance, which might last for 2-3 decades
before immune clearance characterized by HBeAg seroconver-
sion to antibody to HBeAg (anti-HBe), whereas infection later
in life is associated with a very short immune tolerance phase or
none at all.!%? The onset of chronic HBV infection is marked
by the continued presence of HBsAg, high levels of serum HBV
DNA, and the presence of HBeAg in serum. A S-year follow-up
study involving HBsAg-positive individuals in the immune tol-
erance phase found that these patients exhibit minimal histo-
logic changes, and those remaining in the immune tolerance
phase experience no or minimal disease progression.!”?® Tran-
sition to the immune clearance phase is characterized by fluc-
tuating or generally high HBV DNA levels, with frequent hep-
atitis flares or ongoing hepatic necroinflammatory damage that
might lead to variable degrees of fibrosis or cirrhosis. The
immune clearance phase ends when the patient undergoes
HBeAg seroconversion, with loss of HBeAg and development of
anti-HBe. Loss of HBeAg and seroconversion to anti-HBe usu-
ally are preceded by a marked decrease in serum HBV DNA
levels to <20,000 IU/mL, although often still detectable, and
are typically followed by the normalization of ALT levels.?!
Thus, HBeAg seroconversion usually represents a transition
from the immune clearance phase to an inactive carrier state,
although some patients directly transition to the reactivation
phase clinically called HBeAg-negative CHB and associated with
the presence of the precore and/or double basal core promoter
mutant virus.

During the inactive carrier state, there is little evidence of
hepatitis by clinical and laboratory evaluation, and serum HBV
DNA levels are markedly reduced or undetectable.'”-?2* A mi-
nority of patients (annual incidence, 0.1%-0.8% for Asians and
0.4%-2% for whites) will lose HBsAg, which is referred to as
resolution of the carrier state. It is not uncommon for a small
proportion of patients in the inactive carrier state to experience
reversion back to HBeAg positivity or reactivation of disease,
either spontaneously or through immune suppression after
years of inactivity.?>2® This is most likely caused by the presence
of detectable HBV DNA levels in the liver in the form of
covalently closed circular DNA (cccDNA).?” These findings un-
derscore the fact that even HBsAg clearance is not tantamount
to the complete resolution of HBV infection.

In addition, one third or more of inactive carriers experience
a return of high levels of HBV DNA and persistent or intermit-
tent increases in ALT levels, despite the absence of HBeAg.222829
This form of chronic HBV infection, referred to as the reacti-
vation phase or HBeAg-negative CHB, is associated with the
selection of viral mutants that fail to produce HBeAg or have
reduced HBeAg production.?® The most common mutation is a
guanine to adenine substitution at nucleotide 1896 in the

A TREATMENT ALGORITHM FOR CHRONIC HEPATITIS B 1317

precore region. This mutation results in a TAG stop codon at
codon 28 of the precore protein, thereby preventing HBeAg
production, and is termed the precore mutant. A second dual
mutation, the double basal core promoter mutant involving 2
nucleotide substitutions (A1762T and G1764A), leads to the
down-regulation of HBeAg production.®! Alone or in combina-
tion, these mutations account for the majority of HBeAg-neg-
ative CHB. The HBeAg-negative form of CHB has been reported
to occur more frequently in patients with HBV genotypes B, C,
and D compared with genotype A, with genotype D having a
particularly strong association with the precore mutation.’?

Sustained spontaneous remission is uncommon in patients
with HBeAg-negative CHB (incidence, 6%-15%), and the long-
term prognosis is reportedly poorer compared with that for
HBeAg-positive patients, although this might in part reflect a
later stage of HBV infection.? A recent long-term follow-up
study involving 1965 asymptomatic inactive HBsAg carriers
who were followed for 20,298 person-years showed that HBeAg-
negative hepatitis recurred at an annual incidence of 1.5%, with
a cumulative probability of 10% at 5 years, 17% at 10 years, and
approximately 20% after 15 years.>® In this study, spontaneous
HBsAg seroclearance occurred at an annual incidence of up to
1.15%, with a cumulative probability of 8% at 10 years, 25% at 20
years, and 45% at 25 years of follow-up. It is unclear whether
these results can be universally applied to all inactive carriers,
because this was a special group of patients with normal ALT
levels and serum HBV DNA was not routinely tested. Patients
who lose HBsAg have a much better prognosis than do their
HBsAg-persistent counterparts.>* Long-term follow-up of
HBsAg-positive, HBeAg-negative individuals, involving the se-
rial testing of HBV DNA and ALT levels, is recommended to
confirm that the inactive carrier state is maintained.®

Hepatitis B Virus DNA and Disease
Progression

Large, long-term population-based studies of HBsAg-
positive individuals have demonstrated a strong relationship
between the risk of progression to cirrhosis, HCC, or both and
ongoing HBV replication.!?3%-%7 In both natural history and
therapeutic studies, patients with cirrhosis who are seropos-
itive for HBeAg, HBV DNA, or both have an approximately
4-fold higher risk of further disease progression to decom-
pensation, HCC, and death than do patients who are HBeAg
seronegative.!538-40

The relationship between serum HBV DNA levels and risk of
disease progression has been most convincingly demonstrated
in the Risk Evaluation Viral Load Elevation and Associated
Liver Disease (REVEAL) study, a large, prospective cohort study
that assessed the natural history of CHB in 3653 untreated
HBsAg-positive Asian individuals.!? Patients were followed for
an average of 11.4 years, during which 164 study participants
developed HCC. The cumulative incidence of HCC increased
progressively in a direct relationship to HBV DNA levels at
study entry. The multivariable-adjusted relative risk (RR) of
HCC increased from 1.1 at HBV DNA levels of 300 to <10*
copies/mL to 6.1 at HBV DNA levels of >10° copies/mL.1?
However, patients with HBV DNA levels of =10% to <10°
copies/mL also were at a significant risk of HCC (RR, 2.3), and
patients with increasing levels of HBV DNA over time or with
persistently increased levels during follow-up were at the high-
est risk for HCC. In contrast, a lowering of HBV DNA levels
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from the highest levels was linked with a reduction in risk of
HCC, but only when the HBV DNA level decreased to <10*
copies/mL. Reanalysis of the REVEAL study data with more
sensitive real-time polymerase chain reaction (PCR) methods
for quantifying serum HBV levels showed an increasing risk of
HCC up to >10° copies/mL.*!

In a recent subanalysis of the REVEAL cohort, Ileoje et al’®
found that individuals with low levels of HBV DNA (<10*
copies/mL), who are often classified as having “inactive” disease,
are also at an increased risk for HCC development, compared
with uninfected (HBsAg-negative) individuals. This analysis in-
volved 3584 HBsAg-positive and 18,541 HBsAg-negative pa-
tients as controls who were followed for 12 years. Moreover,
during follow-up, individuals with persistently low levels of
HBV DNA (=300 to <10* copies/mL) had an increased risk of
developing HCC, compared with patients whose HBV DNA
levels were persistently undetectable (<300 copies/mL). An-
other analysis of the REVEAL cohort, involving 3582 partici-
pants, found a positive direct relationship between the risk of
cirrhosis and serum HBV DNA levels.?® More than 90% of the
cohort had serum ALT levels <45 U/L; 85% were HBeAg-
negative, and 98% had no sonographic evidence of cirrhosis.
The cumulative incidence of cirrhosis increased from 5% for
patients with a viral load of <300 copies/mL to 36% for pa-
tients with a viral load of =10° copies/mL (P < .001).3® Fur-
thermore, the risk for cirrhosis was independent of HBeAg
status and serum ALT level. These studies provide evidence that
viral replication plays a critical role in the progression of
chronic HBV infection, thus establishing a rationale for antivi-
ral therapy to arrest the progression of liver disease.

Risk Factors for Disease Progression

Viral and host factors have been shown to influence
disease progression to cirrhosis or HCC.!® In large, long-term,
natural history studies of HBsAg-positive individuals, viral and
disease factors that were predictive of HCC included the pres-
ence of HBeAg (hazard ratio [HR], 4.2), HBV DNA levels >10*
copies/mL (HR, 2.7), and HBV DNA levels >10% copies/mL
(HR, 8.9-10.7).12 Host factors included male gender (HR, 3.0),
advanced age (HR, 3.6-8.3), alcohol consumption (HR, 2.6),
and cigarette smoking (HR, 1.7). Other factors that have been
reported to negatively influence the course of HBV-related liver
disease include coinfection with HCV or HDV (usually as the
result of injection drug use or multiple sex partners), human
immunodeficiency virus (HIV) coinfection, conditions associ-
ated with acute or chronic immunosuppression, HBV genotype
(particularly genotype C), the presence of HBV precore and
especially core promoter mutations, and the severity and fre-
quency of ALT elevations.!

Screening and Initial Patient Evaluation

Candidates for Hepatitis B Virus Screening
and Vaccination

During the last 2 years, the guidelines for the screening
and vaccination of individuals with HBV infection have been
revised by the Centers for Disease Control and Prevention
(CDC).4243 All persons in high-risk groups for hepatitis B
should be screened for serum HBsAg (Table 3).4%4243 Testing for
hepatitis B should be performed on any person with risk factors
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Table 3. Groups at High Risk for HBV Infection Who Should
Be Screened for HBV

Individuals born in areas of high and intermediate prevalence rates

for HBV, including immigrants and adopted children

Asia-Pacific region

e Middle East

e European-Mediterranean region, including Greece, Italy, Malta,
Portugal, and Spain

e Indigenous populations of the Arctic region

e South America

e Eastern Europe, including Russia and independent states of
former Soviet Union

e Caribbean region

Other high-risk groups recommended for screening

Household and sexual contacts of HBsAg-positive persons

Persons who have ever injected drugs

Persons with multiple sexual partners or a history of sexually

transmitted disease

Men who have sex with men

Inmates of correctional facilities

Individuals with chronically elevated ALT or AST levels

Individuals coinfected with HCV or HIV

Patients undergoing renal dialysis

Pregnant women

Data from Fattovich et al*® and Mast EE et al.4243

for acquiring HBV infection and in persons with elevated liver
enzymes or evidence of active liver disease without an identified
cause. The administration of hepatitis B vaccine is recom-
mended for individuals in high-risk populations who are
HBsAg-seronegative.*243

Initial Patient Evaluation

Initial evaluation of patients with chronic HBV infec-
tion and the suggested follow-up evaluation of patients with
CHB are indicated in Table 4. The initial evaluation should
include a thorough history and physical examination, with
particular attention to family history of HBV infection and liver
cancer, risk factors for coinfection, and alcohol use. Laboratory
tests should include assessment of liver disease, HBeAg and
anti-HBe, markers of HBV replication, tests for coinfection with
other viruses for individuals at risk, and HBV genotype in select
circumstances, particularly when peginterferon therapy is being
considered. A liver biopsy examination also is recommended for
patients who have intermittent or persistent increases in ALT
levels, but it is not mandatory. Liver biopsy might be particu-
larly useful in patients with elevated serum HBV DNA but
normal ALT levels and age >35-40 years of age (see below).
Screening for HCC should be considered in high-risk individ-
uals, particularly family history of HCC and older age. Patients
also should be counseled on precautions to prevent the trans-
mission of HBV infection, and sexual and household contacts
should be vaccinated. All patients should be discouraged from
heavy alcohol use (there is no proven safe level of alcohol use).
Abstinence from alcohol is recommended for patients with
cirrhosis. All individuals with chronic HBV infection who are
not immune to hepatitis A should be vaccinated according to
CDC recommendations (ie, 2 doses of hepatitis A vaccine, with
an initial injection at baseline and a booster injection at 6-18
months).** A detailed discussion of diagnostic testing for CHB
follows.
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Table 4. Pretreatment Evaluation and Initial Follow-Up

Pretreatment evaluation
History and physical examination
® Risk factors for viral hepatitis
Duration of infection
Route of transmission
Risk factors for HIV coinfection
Alcohol history
Presence of comorbid diseases
Family history of liver cancer
HBV testing of family members
General counseling regarding transmission
Vaccination of at-risk household and sexual contacts
® Family planning
Pretreatment tests
® Serial testing of ALT and HBV DNA level during 6-mo period
® Liver function tests
o Complete blood count with platelets
o Hepatic function panel
o Prothrombin time
® HBeAg and anti-HBe
® HBV genotype
® Tests to rule out other causes of liver disease
o Anti-HCV
o Anti-HDV, if from endemic area
Hepatitis A immunity: anti-HAV
HIV: anti-HIV
Screen for HCC in high-risk patients: AFP and ultrasound
Liver biopsy examination to grade and stage liver disease?
Urinalysis; if abnormal, perform 24-hour urine for creatinine
and protein
Suggested follow-up for patients not considered for treatment
® HBeAg-positive CHB with HBV DNA =20,000 IU/mL and
normal ALT
o ALT every 3-6 mo
o Consider liver biopsy examination and/or treatment when
ALT levels become increased
® HBeAg-negative CHB with HBV DNA =2000 IU/mL and normal
ALT
o ALT every 3—-6 mo
o Consider liver biopsy examination and/or treatment when
ALT levels become increased
® Inactive carrier state
o ALT every 6-12 mo
o If ALT levels become increased, check serum HBV DNA and
exclude other causes of disease

dLiver biopsy is optional for patients meeting treatment criteria but
might be especially helpful in patients with normal ALT levels and age
>35-40Yy.

Serologic Tests

Serologic tests for virologic markers of HBV infection,
including HBsAg and antibodies to the surface antigen (anti-
HBs) and core antigen (anti-HBc), can distinguish acute,
chronic, or past infection, as well as detect individuals who have
been vaccinated. Acute HBV infection can be diagnosed by the
detection of HBsAg and IgM anti-HBc along with the presence
of total (IgG plus IgM) anti-HBc. A pattern indicative of recent
acute infection is isolated total anti-HBc¢, which occurs in the
window between the disappearance of HBsAg and the develop-
ment of anti-HBs. Isolated anti-HBc might also indicate the
presence of occult hepatitis B, and measurement of serum HBV
DNA might be helpful in this setting. Patients with this sero-

A TREATMENT ALGORITHM FOR CHRONIC HEPATITIS B 1319

logic pattern should be followed with repeat testing of HBsAg,
anti-HBc, and anti-HBs in 3-6 months to distinguish these
possibilities.

The persistence of HBsAg 6 months beyond the onset of
acute hepatitis B is adequate for a diagnosis of CHB, although
waiting this time period is not necessary in patients presenting
de novo with detectable HBsAg and clinical and/or epidemio-
logic factors suggestive of chronic HBV infection. Patients with
the chronic form of the disease also have detectable levels of
total anti-HBc but usually not of IgM anti-HBc, which distin-
guishes them from patients with acute hepatitis B.

Resolved HBV infection is characterized by the absence of
HBsAg and the detection of anti-HBs and anti-HBc. Vaccine
recipients are differentiated from patients with resolved infec-
tion by the detection of anti-HBs without anti-HBc. Although
anti-HBs titers after vaccination decline over time, the majority
of successfully vaccinated individuals have anamnestic re-
sponses to single doses of vaccine.*34

Hepatitis B Virus DNA Testing

Serum HBV DNA testing is a direct measure of the level
of viral replication. This quantification is important for char-
acterizing the status of infection and predicting the risk of
cirrhosis and HCC; therefore, it should be obtained for all
persons diagnosed with CHB. The introduction of an IU, which
is equivalent to approximately 5- 6 copies, as the recommended
reporting unit for HBV DNA has facilitated standardized re-
porting and comparison of serum HBV DNA levels in clinical
trials and daily practice.*” Several HBV DNA assays commonly
used for the quantification of serum HBV DNA levels have been
normalized to the international standard.*®

Methods used in the quantification of HBV DNA have
evolved rapidly. Considerable variation exists in the reproduc-
ibility and sensitivity of the different HBV DNA quantification
assays available. The ideal HBV DNA assay should have a linear,
broad dynamic range of quantification allowing the evaluation
of viremia at both the lowest and highest concentrations. Hy-
bridization assays (Digene Hybrid Capture 2 assay; Digene
Corporation, Gaithersburg, MD) demonstrate the reliable
quantification of HBV DNA but are limited by a narrow range
of detection (10%-107 IU/mL). PCR-based assays have increased
the sensitivity, detecting HBV DNA at levels as low as 102
IU/mL; however, quantification is not as reliable at viral levels
>10° JU/mL with many of the earlier PCR-based assays (Cobas
and Amplicor; Roche Diagnostics, Basle, Switzerland). Real-
time PCR-based assays (COBAS TaqMan; Roche Diagnostics
and RealART HBV; Qiagen Inc, Valencia, CA and Abbott Real
Time PCR; Abbott Molecular, Des Plaines, IL) have been intro-
duced that demonstrate both sensitivity and a broad linear
range of quantification (10-10% IU/mL).%

The panel recommends real-time PCR assays as the preferred
test for the initial evaluation of patients and, even more impor-
tantly, for monitoring both treated and untreated patients.
However, clinicians might have little control over the method of
HBV testing, which is often dictated by providers. Therefore,
clinicians should be aware of the sensitivity and dynamic range
of the test used for the quantification of serum HBV DNA
levels. The same test should be specified each time when mon-
itoring HBV DNA levels for a given patient in clinical practice
to ensure consistency.
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Hepatitis B Virus Genotype Testing

HBV genotypes appear to influence the progression of
disease, the risk of HCC, and the response to therapy.50-5%
Preliminary data suggest that HBV genotype might be related to
clinical outcomes. Some studies in Asia suggest that genotype C
is associated more frequently with HBV reactivation, severe liver
disease, and HCC than is genotype B.!35356-58 Genotype B
appears to be associated with seroconversion from HBeAg to
anti-HBe at a younger age than genotype C.5¢5%¢0 It is also
possible that genotype C is responsible for more cases of peri-
natal transmission, given that HBeAg seroconversion occurs
decades later than in other genotypes.® Genotype has not been
shown to consistently influence the outcome of therapy with
oral nucleoside and nucleotide analogs. However, genotype has
been shown to affect response to interferon therapy, in that
genotypes A and B appear to be associated with higher rates of
antiviral response to interferon alfa-2b therapy than are geno-
types D and C.%! In a study evaluating patients treated with
peginterferon alfa-2a with or without lamivudine, HBV geno-
type, in addition to baseline ALT and HBV DNA levels, patient
age, and gender, significantly influenced the attainment of
combined response at 24 weeks after treatment.®* At 1 year after
treatment, HBV genotype was significantly predictive of efficacy
for patients treated with peginterferon alfa-2a with or without
lamivudine.®? In addition, higher rates of HBeAg seroconver-
sion after treatment with peginterferon alfa-2a have been re-
ported in patients with genotype A than in patients with other
genotypes when treated with this drug,5% and higher rates of
HBeAg loss after treatment with peginterferon alfa-2b have
been reported in patients with both genotypes A and B.>°

In light of these data, the panel recommends that genotyp-
ing be performed selectively to help identify patients who might
be at greater risk for disease progression and routinely when
there is consideration of peginterferon therapy to determine the
most appropriate candidates for treatment. An informed dis-
cussion regarding the option of treatment with peginterferon
versus an oral agent is enhanced by knowledge of the likelihood
of response to peginterferon.

Commercial tests for HBV genotyping are now available
through referral laboratories as part of the standard panel of tests
for HBV infection. These tests differ from HBV phenotype tests
conducted in vitro to determine the degree of resistance con-
ferred by various mutations in the viral genome that arise
during therapy (see the section on HBV resistance testing). The
diagnostic tests currently available to determine genotype in-
clude sequencing-based assays, which are the gold standard for
HBV genotyping, and a line probe assay (INNO-LiPA HBV
genotype; Innogenetics NV, Ghent, Belgium).®* Real-time PCR
or multiplex PCR assays can also be used for genotype analysis
if validated against the gold standard.

Other Screening
Fibrosis Screening

After initial serologic testing and HBV DNA quantifi-
cation, it might also helpful to establish the baseline liver
histology before the initiation of therapy and to exclude other
causes of liver disease. Liver biopsy is currently the gold stan-
dard for this assessment, but its use is limited because of its
invasiveness, and it only samples a small portion of the liver; in
addition, it has limited interobserver and intraobserver concor-
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dance. Although significant progress has been made during the
past few years in the development of noninvasive methods for
assessing fibrosis and in the identification of potential serum
markers of fibrosis, the panel does not believe that these meth-
ods have been validated fully; thus, they are not ready for
routine clinical use in CHB, although they might be helpful on
a case-by-case basis.®5-¢

Screening for Hepatocellular Carcinoma

The panel recommends following the standard ap-
proach for HCC screening as outlined in the American Associ-
ation for the Study of Liver Diseases Practice Guideline.”® Stan-
dard tools for HCC screening include alpha-fetoprotein (AFP)
testing and ultrasound. Magnetic resonance imaging and com-
puted tomography, although more expensive, generally are con-
sidered to be more sensitive than ultrasound and might be
preferred by clinicians for some patients (eg, those with cirrho-
sis or obesity, in whom ultrasound has poor sensitivity). Screen-
ing should be performed every 6 months with AFP and ultra-
sound, particularly in patients at high risk of HCC, such as
Asian men older than 40 years of age and Asian women older
than age 50, persons with cirrhosis, Africans older than age 20,
persons with a family history of HCC, and any carrier older
than 40 years of age exhibiting persistent or intermittent ALT
elevations, high HBV DNA levels (>2000 IU/mL), or both.® The
panel also recommends earlier screening (at 30-35 years of age
or even younger) in Asian patients with presumed infection at
the time of birth or in early childhood because of the higher
risk for HCC in this patient population.

Candidates for Therapy

Although there is general agreement on the tests that
should be ordered in the initial evaluation of patients with
chronic HBV infection (Table 4), controversy remains regarding
the identification of candidates for therapy and how to follow
patients who are not initially considered for therapy, particu-
larly HBeAg-positive patients with high HBV DNA levels and
normal ALT levels.

Normal Versus Elevated Alanine
Aminotransferase Levels

The serum ALT level has been commonly used for the
assessment of liver disease and as an important criterion for
defining which patients are candidates for therapy. The rele-
vance of increased ALT levels to the decision to treat is based
on its value in predicting a serologic response to antiviral
therapy.”!-73 However, relying solely on the finding of increased
ALT levels as a prerequisite to treatment candidacy has limita-
tions. There is a lack of correlation between the extent of liver
cell necrosis and the degree of increase in ALT, which means
that ALT alone does not identify patients with necroinflamma-
tory activity or fibrosis.”* ALT activity also might be affected by
other factors such as body mass index, gender, abnormal lipid
and carbohydrate metabolism, fatty liver, and uremia.”*”> Ele-
vations in ALT levels also might occur under various circum-
stances, such as during spontaneous HBeAg loss, in association
with some antiviral therapies, and during infection with other
viruses.”®

Moreover, data from clinical studies have shown that the
true normal values of ALT are significantly lower than the
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previously established limits, which were 40 IU/mL for men and
30 IU/mL for women, and are also significantly lower than the
variously defined upper limit of normal (ULN) values used by
commercial laboratories. Data from cohort studies involving
first-time blood donors and healthy volunteers indicate that the
ULNs for ALT and AST should be decreased to 30 IU/mL for
men and 19 IU/mL for women.”#”> Clinical studies have shown
that HBV-infected individuals with ALT values of <40-45
IU/mL are at risk for significant liver disease!?3¢ and mortality
from liver complications, including ALT levels between 20 and
30 IU/mL.”” Long-term follow-up of 3233 CHB patients from
Hong Kong confirmed a relationship between ALT level and
disease progression.”® Thus, the panel recommends that serum
ALT values of 30 IU/L for men and 19 IU/L for women be used
as the ULN when making decisions regarding the initiation of
therapy.

Patients with high HBV DNA and normal ALT levels gener-
ally have less fibrosis on liver biopsy and poor response to
antiviral therapy. Accordingly, this patient population is gener-
ally not considered for treatment. However, emerging data from
several clinical studies suggest that up to one third of patients
with persistently normal ALT levels have histologic evidence of
significant fibrosis or inflammation on biopsy, particularly pa-
tients 35-40 years of age or older.””-82 A retrospective study
examined the relationship between ALT level and fibrosis in
CHB patients.” This study involved 192 patients who were
stratified by ALT levels into 3 groups: persistently normal ALT,
ALT 1-1.5 X ULN, and ALT >1.5 X ULN. Factors predictive of
fibrosis were increasing age (starting at age 40), higher ALT
level, higher grade of inflammation on biopsy, and HBeAg
positivity. Of the 59 patients with persistently normal ALT
levels, 18% had stage 2 fibrosis, and 34% had grade 2 or 3
inflammation. Overall, 37% of patients with persistently normal
ALT levels had significant fibrosis or inflammation. Subgroup
analysis showed that the majority of patients with fibrosis had
ALT levels in the high-normal range, and that only a minority
who were young and immune tolerant had significant findings
on biopsy.

Similar findings were reported in a second retrospective
cohort study involving 129 patients with active CHB and nor-
mal ALT who underwent liver biopsy.8! Only 62% of the pa-
tients with normal ALT at evaluation had persistently normal
ALT levels on follow-up. Of these, one third had histologic
evidence of significant liver disease (ie, stage 2 fibrosis or grade
2 inflammation plus stage 1 fibrosis or higher). Multivariate
analysis found older age (starting at age 35) and elevated ALT
levels at follow-up to be predictive of significant histology.

These findings indicate that a normal ALT level alone might
not be an adequate indicator of who should be treated. ALT
levels should be considered in conjunction with the level of
serum HBV DNA and the patient’s age. Hence, in HBsAg-
positive patients with HBV DNA levels =20,000 IU/mL and
normal ALT levels, a liver biopsy should be considered, partic-
ularly in patients older than 35-40 years of age, who are less
likely to be in the immune tolerance phase of infection. If
significant disease is found (ie, moderate fibrosis [stage 2] or
greater, significant necroinflammation, or both), treatment
should be considered. Patients with HBV DNA levels =20,000
IU/mL and elevated ALT levels (1-2 X ULN) should definitely
be treated, regardless of whether a liver biopsy is performed.
The panel was split on recommendations for treatment of
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patients with HBV DNA levels =20,000 IU/mL and persistently
normal ALT levels. Some panel members would treat these
patients, whereas the majority thought that there were insuffi-
cient data at this time to support a mandate for treatment in
this patient population, who, if young, are most often in the
immune tolerance phase of chronic HBV infection. It was gen-
erally agreed that such patients should be monitored every 3-6
months, and a liver biopsy should be considered to determine
the extent of liver fibrosis and the need for treatment. If signif-
icant disease is found (ie, moderate fibrosis [stage 2| or greater,
significant necroinflammation, or both), the patient should be
considered for treatment. For young patients (<30 years of age)
with HBV DNA levels =20,000 IU/mL and persistently normal
ALT levels, a liver biopsy was considered to be optional, to be
performed at the discretion of the clinician, because many of
these patients are in the immune tolerance phase of infection.
When a decision to treat HBeAg-positive patients with high
HBV DNA and normal levels is considered, it must be recog-
nized that long-term therapy is likely to be needed as a result of
the low incidence of HBeAg seroconversion after 1 year in such
patients.

Viral Threshold for Treatment

Although mounting data indicate that any level of HBV
DNA >300 copies/mL is associated with an increased risk for
disease progression,'?35 the diagnostic threshold for defining
the presence of CHB and indication for therapy remains set at
20,000 IU/mL (10° copies/mL) for patients with HBeAg-positive
disease and at 2000 IU/mL (10* copies/mL) for patients with
HBeAg-negative disease.?> However, some HBeAg-positive pa-
tients and many HBeAg-negative patients have fluctuating HBV
DNA levels that decrease to <20,000 IU/mL and even <2000
IU/mL.3485 In addition, low levels might not necessarily be an
indicator of the absence of progressive liver disease; 15% of
patients with HCC have HBV DNA levels <103 copies/mL.34
For these reasons, it is often difficult to set a single HBV DNA
level as a cutoff between HBeAg-negative hepatitis and the
inactive carrier state. Serial testing of serum HBV DNA with a
sensitive real-time PCR-based assay is recommended to assist
in making this distinction.®8¢
A lower HBV DNA level (3-5 log;o IU/mL) might be associ-
ated with progressive liver disease, necessitating treatment, es-
pecially in patients who are HBeAg-negative or who are already
cirrhotic.581987 In the panel’s experience, patients can have
advanced liver disease even if they have serum HBV DNA levels
persistently <20,000 IU/mL; thus, the significance of low HBV
DNA levels is uncertain, and the decision to initiate treatment

should be individualized.

Goals of Therapy

The goal of therapy for CHB is to eliminate or signifi-
cantly suppress the replication of HBV and prevent the progres-
sion of liver disease to cirrhosis, with culmination in liver
failure, or HCC, eventually leading to death or transplantation.
Hence, the primary aim of treatment should be to reduce and
maintain serum HBV DNA at the lowest possible levels (ie,
achieve durable HBV DNA suppression). This, in turn, will
promote the other aims of therapy, including histologic im-
provement and ALT normalization. In patients who are HBeAg-
positive before therapy, an additional goal of treatment is loss
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of HBeAg with seroconversion to anti-HBe. The latter is pref-
erable, because attainment of complete HBeAg seroconversion
indicates a high likelihood that the benefit will persist once the
patient is off therapy, enabling the clinician to discontinue
treatment at some point after the seroconversion. Loss of
HBsAg, although highly desirable, is rarely achieved with short-
term antiviral therapy and, hence, is not a realistic goal for
antiviral trials.

Hepatitis B Therapies

Currently, 7 drugs are available for the management of
chronic HBV infection in the United States: interferon alfa-2b,
lamivudine, adefovir, entecavir, peginterferon alfa-2a, telbivu-
dine, and tenofovir. At present, the preferred first-line treatment
choices are entecavir, peginterferon alfa-2a, and tenofovir be-
cause of their superior efficacy, tolerability, and favorable resis-
tance profiles in HBeAg-positive (Table 5) and HBeAg-negative
(Table 6) CHB over comparable drugs in pivotal clinical trials.
Standard interferon alfa-2b has largely been replaced by pegin-
terferon alfa-2a in routine practice.®888 Lamivudine has been
removed from the list of preferred first-line drugs because of its
known high rate of resistance and because of evidence from
pivotal trials showing the superiority of entecavir and telbivu-
dine to lamivudine.®87-92 Tenofovir should replace adefovir as a
first-line drug in previously untreated patients with HBeAg-
positive and HBeAg-negative disease, on the basis of pivotal
phase III studies showing the superiority of tenofovir over
adefovir.?>** In addition, tenofovir has demonstrated potent
antiviral activity against HBV in patients coinfected with HBV
and HIV.*5%° Although telbivudine demonstrates superior effi-
cacy over lamivudine and adefovir in clinical trials, it is associ-
ated with an intermediate rate of resistance compared with
these agents.8%19 Telbivudine might be a potential treatment
option for patients if treatment results in undetectable serum
HBV DNA levels at week 24; this is predictive of a very low rate
of resistance and continued efficacy, indicated by undetectable
virus at week 52.8° Other new antiviral agents and immuno-
modulatory therapies are under investigation but are not yet
available commercially. A brief summary of current data for the
preferred first-line agents and treatment recommendations fol-
lows. It is important to comment that many patients have been
successfully treated with lamivudine and adefovir long-term,
with persistently undetectable serum HBV DNA over many
years. The risk of subsequent antiviral resistance is very low in
these patients, and there is general agreement that they do not
require a change in their therapy. However, treatment-naive
patients who are beginning therapy for the first time should be
treated with entecavir, peginterferon alfa-2a, or tenofovir on the
basis of their superior potency and low rate of antiviral drug
resistance.

Treatment and Management of Chronic
Hepatitis B

Hepatitis B e Antigen—Positive Patients

Peginterferon alfa-2a. The efficacy of peginterferon
alfa-2a has been demonstrated in a large phase III randomized
study that compared peginterferon alfa-2a 180 wg/wk, lamivu-
dine 100 mg/day, and both drugs in combination for 48 weeks
in patients with HBeAg-positive CHB.%® At the end of treat-
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ment, therapy with peginterferon alfa-2a, with or without lami-
vudine, resulted in significantly greater rates of HBeAg serocon-
version, HBV DNA undetectability, and ALT normalization,
compared with treatment with lamivudine alone (Table 5). At
24 weeks after the end of treatment, the HBeAg seroconversion
rate was 32% in the peginterferon alfa-2a arm, compared with
27% in the peginterferon alfa-2a plus lamivudine arm and 19%
in the lamivudine monotherapy arm. Although the combina-
tion of peginterferon alfa-2a and lamivudine resulted in a
greater degree of viral load reduction, the rate of HBeAg sero-
conversion was not different from treatment with peginterferon
alfa-2a monotherapy. Higher rates of HBeAg seroconversion
were observed in patients who were HBV genotype A, had low
baseline HBV DNA concentrations, or had increased baseline
serum ALT levels. These findings suggest that peginterferon
alfa-2a might be a reasonable choice as first-line therapy in
patients with genotype A or B who are young, lack significant
comorbidities, and have HBV DNA levels <10° copies/mL and
ALT levels =2-3 X ULN.!0!

Similar findings have been reported in clinical trials evalu-
ating the efficacy of peginterferon alfa-2b in patients with
CHB 50102103 On the basis of findings from these clinical trials,
peginterferon alfa-2b might be an option for the treatment of
CHB in countries where it is available. Although the efficacy of
peginterferon alfa-2b and peginterferon alfa-2a has not been
compared in prospective randomized clinical studies of CHB,
data from a small retrospective study comparing the efficacy of
agents in 53 HBeAg-positive Chinese patients found a higher
rate of sustained virologic response in patients treated with
peginterferon alfa-2a for 48 weeks (34.5%), compared with pa-
tients treated with peginterferon alfa-2b for 24 weeks.!%4 This
study is limited by small numbers and different treatment
durations with the 2 peginterferons. The side effect profile of
peginterferon alfa is similar to that of standard interferon, with
the most common side effect being influenza-like illness char-
acterized by fever, chills, headache, malaise, and myalgia as well
as psychological side effects. Patients require careful monitor-
ing for the potential development of all of these side effects.

Entecavir. Entecavir is a cyclopentyl guanosine ana-
log that inhibits both the priming and elongation steps of viral
replication. It is a highly potent inhibitor of HBV polymerase.
In vitro, entecavir demonstrates greater antiviral potency than
lamivudine or adefovir and is active against lamivudine-resis-
tant HBV mutants. In a phase III randomized study involving
715 patients with compensated liver disease, entecavir 0.5 mg/
day demonstrated superior benefit to lamivudine 100 mg/day at
48 weeks in nucleoside-naive patients with HBeAg-positive
CHB.? At 48 weeks, the entecavir-treated patients had higher
rates of histologic improvement (72% vs 62%), HBV DNA re-
duction (-6.9 vs -5.4 log;o), HBV DNA undetectability (<300
copies/mL) (67% vs 36%), and ALT normalization (=1 X ULN)
(68% vs 60%) (Table 5).°° Although entecavir is the most potent
licensed oral agent in terms of its effect on serum HBV DNA, in
this study there was no difference in the rate of HBeAg loss or
seroconversion between entecavir and lamivudine after 1 year of
therapy. The safety profile of entecavir during a period of 48
weeks was similar to that observed with lamivudine.

A recent report showed continued efficacy of entecavir after
96 weeks of therapy that was superior to that observed with
lamivudine.!% In the follow-up to the study described above,
709 HBeAg-positive CHB patients were randomized to entecavir



Table 5. Comparison of Currently Approved Treatment Options in Patients With HBeAg-Positive CHB

Interferon Peginterferon alfa-2 Lamivudine
(vs untreated),? (vs lamivudine),? (vs placebo),? Adefovir (vs placebo),?

Parameter? 12-24 wk 48 wk 48-52 wk 48 wk Entecavir, 48 wk Telbivudine, 52 wk Tenofovir, 48 wk
HBV DNA loss® 37% (17%) 25% (40%) 44% (16%) 21% (0%) 67% 60% 76%
HBV DNA log;g Not reported 4.5 logyp (5.8) 5.39 logyo 3.52 logyp (0.55) 6.86 logio 6.45 logso N/A

reduction
HBeAg loss 33% (12%) 30% (22%) at wk 17%-32% 24% (11%), 46% at 96 22% 26% 22%
48, 34% (21%) (6%—11%) wk, 53% at 144 wk
at wk 72
HBeAg 18% 27% (20%) at wk 16%-18% (4%—6%), 12% (6%), 33% at 96 wk, 21% 22% 21%
seroconversion 48, 32% (19%) 50% at 5y 46% at 144 wk
at wk 72
HBsAg loss 11%-25% at 5y in 3% (0%) at wk 72 <1% (0%) 0% (0%) 2% <1% 3%
white patients (HBsAg
seroconversion)
ALT normalization 23% 39% (62%) 41%-75% 48% (16%) 68% 7% 69%
(7%—24%)
Histologic N/A 38% (34%) at wk  49%-56% (23%— 53% (25%) 72% 65% 74%
improvement 72 25%)
Durability of 80%—90% N/A 50%-80% 90% 69% 80% N/A
response
Resistance No No 15%, increasing to N/A 0.20% at1y,0.5% at2y, 5%atly 25%at2y 0
69% at 5y 1.2% at 3y, 1.2% at
4y, 1.2% atby
Defined treatment Yes Yes Unclear Unclear Unclear Unclear Unclear
course
Side effects Many Better than Minimal Minimal Minimal Minimal Minimal
interferon
Adult dosing 5-10 MU tiw for 180 pg/wk for 24— 100 mg qd® (oral); 10 mg qd (oral); 0.5 mg qd (oral); 600 mg qd (oral); 300 mg qd (oral);
regimen 16-24 wk 48 wk (injection) minimum of 48 wk minimum of 48 wk minimum of 48 wk minimum of 48 wk minimum of 48 wk
(injection)
Cost/year ++4+ ++++ + ++ +++ ++ ++

Adapted from Keeffe et al.®
2All data are at 1 y unless otherwise stated.

bControl arm.

cInterferon and lamivudine: hybridization assay with lower limit of detection = 10° copies/mL; adefovir: PCR assay (Roche Amplicor Monitor) with lower limit of detection = 400 copies/mL;

peginterferon alfa-2a: PCR assay (Roche Cobas) undetectable is < 400 copies/mL; entecavir, telbivudine, tenofovir: PCR assay undetectable is <300 copies/mL.

9MU = million units.

eqd = once daily.
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X i 0.5 mg or lamivudine 100 mg once daily.!% At week 52, proto-
E =9 % col-defined virologic responders (HBV.DNA <0.7 mEq/mL, but
2 LR o §E g 5 2 positive for HBeAg) could continue bhgded treatment .for up tg
% i’s’ z Eo'r: >3 g g ks é + 3 96 weeks..At year 2,a greatgr proporgon of entecav1r—treat80
é %Djé 8 than lamivudine-treated patients achleve.d HBV DNA <30
© S E N copies/mL (74% vs 37%) and ALT normalization (794% vs 68%).
® l Similar proportions of entecavir-treated and lamivudme-tr.eat.ed
> ~ '% patients achieved HBeAg seroconversion (11% vs 12%).‘S1gr'11ﬁ—
= % o 2 cantly higher proportions of enteca@r—treated than lamivudine-
& o B 5T @; o4 treated patients achieved cumulative, confirmed HBY DNA
g8 (TO, SEE 3£ % £ ,2 % levels <300 copies/mL (80% vs 39%) and ALT.normahzatlon
E B & e ; 53 gog £ 2 (87% vs 79%) through 96 Wee.ks.losU Cumulanv.e, conﬁ;meg
§ ; 3 € g 3 HBeAg seroconversion occurre-d in 31% of entecavir-treated an :
o © 58 25% of lamivudine-treated patients.The safety profile was com
£ parable in both groups. Long-term resistance Fiata for entecavir
:; ® i @ indicate a low resistance rate (1.2%) in nucleoside-naive palt;:r;gz
E T‘j R E S 2 (HBsAg-positive or -negative) treated for up to 5 years. .
e - o R se s i © g e = % + é £ Higher rates of resistance (51% ats years)w};zﬁ)/se been reported in
‘§ é g v S i: “?:\: SES ; 1 5 % patients with Iamwu‘d.me-resmtant CHB g ]
8 0 - f 2 2=3 E %— g The antiviral activity of enteca\/lr' %s greater than that o
i > 83 £ % E > adefovir in patients with HBeAg-positive CHB who are treat-
s oY 3 : 7] ment-naive.!% Results from the EA.RLY. study, a rgndotmzesl,
§ g open-label study that compared entecavir (0.5 mg) with adefovir
E = ;“ <. E cR (10 mg) in such patients, showe(.i a significantly greater mean
| - § s ® 3% R % § £ reduction in viral load from baseline leveils among the‘entecawr-
213 3 g e §:°31 85 > S8 E 8 ; + 83 treated patients than among the adefov1r—treate§ patlenltosgafter
© g 3| 3 E"f‘f %g‘;: ® 2% £33 * 5 pc_-z 12 weeks of therapy (-6.23 vs -4.42 log; coplgs/mL). . Thfe
-:]2_,) 3 © S 2~e ® é ; 2 g 't. uCS difference in mean HBV DNA change from baseline V;?S ;1%‘?1 -
o 2 ® 8 S E T icantly higher for entecavir as early as day 10, and this iffer-
z Lz ence was maintained through week 96. At Week 48, a hl.gher
2;:0 £ & <% < oo proportion of entecavir-treated than adefovir-treated patients
gl .3 3555 - Ex achieved HBV DNA levels <300 copies/mL (58% vs 19%). Sup-
pa %:o 23 z § cE. 5Es % § 3 pression of HBV DNA levels remained greater for entecavir
£l 23 Eg c’;z E?oo § 3 18) E § E* g % through the extended dosing phase of the study. At .week 96,
% E é §\;, ¥ g §\;, = :\: - 5 £ 5 o 79% of entecavir-treated patients and 50% 9f adefovir-treated
% ; & 8 g & :\f R 8 E 3 E patients achieved HBV DNA levels <300 copies/mL.!1° Rates: of
= 2| o © = l _g’_ ALT normalization (97% vs 85%)hand HBeAg serocolrll(\)/erswn
T 28 24% vs 25%) were similar for both treatment groups.
E R E _« A § E E é ( Telb>ivudine. Telbivudine., an L—fn}cleoside analog of
S| == 3 E e 59 + 3 M thymidine, is a potent and spegﬁc' 1.nh1b1tor of HBV DNA
g| & 2| Cew gi; o g8 =t E o polymerase that preferentially A inhibits HBV second'—strand
8 % EA g ) ?% - . 3 2 T E2 (DNA-dependent) DNA synthes1s..“.1 In phgse I./H stgdles, Fel—
3 '§o g © : < ° = 3“;’ 2 é % g bivudine demonstrated potent an't1V1r.al activity in patle?ltzs with
% & 2 3 & °,o°. = g 2 CHB when clompalred W91t2h1 llir};n;udme.rponottf.lerztlpy;/irOIIorlg ii
° - s phase III trial involving eAg-positive pa ients,
= E e and biochemical responses associated with telbivudine were
g 5 g . § ﬁ superior to those Witll:’)l lamivudine after 1 and 2 years of treat-
g c E £§328 © 3 2 8 3 ment.3%113 A higher proportion of patients treated with telbi-
< S ; = §. E <5 o o g 8 T % s % vudine than treated with lamivudine had undetectable HBV
2l e8| 12538 “2zgi| g B8 DNA by PCR assay (60% vs 40% at 1 year and 56% vs 39% at 2
§ = § § 22 c.§ * 2 g % g % years) and ALT normalization (77% vs 75% at 1 year and 70% vs
g § S’.I g g £z ﬁ 62% at 2 ye.ars) (Table 5). The rate of HBel.%g .llossband HBet/;g
kS = 0 %2 @ & seroconversion at the end of 1 year was similar etwezn . ﬁ
S ° T2 [o treatment groups but was higher among patients treated wit
'§ s = £ L2 E C‘S telbivudine at the end of 2 years (Table S). Telblvud.lne was
3 ® g % § é § :' Y % associated with a Iower rate of reswtanci than waos I?mw?g{.me.
g % o a‘; é 8 é ® c g . % c At 1 and 2 years, resistance ratgs were 5'6 an;ig ib;/a or te 1\/;11—
© sl 82 g S £ © B9 ‘Eﬂ 25 % s 5 dine, respectively, in HBeAg-positive patients.5 Patlentsw o
© & % % 3 g @< b E g g E g3 é :“tj achieved undetectable HBV DNA levels (<300 cop1es/mL) at 24
g 22 2 € 5_3 % £ ° £ 3| &2 § 8 5 weeks had a lower rate of resistance at 1 year than f)hd pat10ent£
s TEF E z& 8353% S12F9E8 who had HBV DNA levels of =4 log;, copies/mL (1% vs 11%).
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The frequency of adverse events was similar for patients receiv-
ing telbivudine and lamivudine, and serious adverse events were
reported in 2.6% of patients receiving telbivudine and 4.8%
receiving lamivudine.® Of note, elevations in creatine kinase
levels more than 7 times the ULN were more common in
patients receiving telbivudine than lamivudine (7.5% vs 3.1%)
but decreased spontaneously during continued drug therapy.
Muscle-related symptoms correlated poorly with elevations in
creatine kinase levels.®?

Analyses of the 1-year and 2-year data from the phase III
study showed that early virologic response at week 24 is pre-
dictive of clinical outcomes.?%113115 Early maximal reduction in
HBV DNA levels at 24 weeks correlated with improved clinical
outcomes at 1 and 2 years, as measured by rates of HBeAg
seroconversion, ALT normalization, HBV DNA undetectability,
and resistance 8113

Telbivudine also has shown superiority over adefovir in
HBeAg-positive CHB patients. Several randomized studies re-
ported rapid and marked reductions in serum HBV DNA levels
at 24 weeks of therapy in patients who had initially been treated
with telbivudine or who had been switched from adefovir to
telbivudine.'® This early viral response was associated with the
highest rates of achieving efficacy outcomes at 1 year (HBeAg
seroconversion, ALT normalization, and undetectable HBV
DNA levels on PCR assay).

Tenofovir. Tenofovir, an acyclic nucleotide analog
with a molecular structure related to that of adefovir, is ap-
proved for the treatment of HIV infection and for HBV infec-
tion and was known before licensure for the treatment of CHB
to have potent activity against HBV.?%7 Data from several small
studies suggest that tenofovir might be more potent than
adefovir in inducing the early and rapid suppression of HBV
DNA in both HBeAg-positive and -negative patients.”®%7-116
Limited clinical data suggest its efficacy in treating lamivudine-
resistant patients.’>7116 In a small study that compared the
antiviral activity of tenofovir with that of adefovir in lamivu-
dine-resistant patients, the tenofovir group achieved potent and
rapid suppression of HBV DNA within weeks of treatment
initiation as compared with a less consistent pattern of sup-
pression in patients treated with adefovir.”” At 48 weeks, sig-
nificantly more patients treated with tenofovir had a reduction
of HBV DNA levels to <10° copies/mL than did patients treated
with adefovir (100% vs 44%). A follow-up study confirmed the
superiority of tenofovir over adefovir in this setting.”®

Preliminary results from a multicenter, randomized, phase
II trial comparing the safety and efficacy of tenofovir and
adefovir in patients with HBeAg-positive CHB have been re-
ported (Table 5).%8 A total of 266 patients were randomized in
a 2:1 ratio to receive tenofovir 300 mg or adefovir 10 mg for 48
weeks. The primary end point of this study was complete
response at week 48, defined as HBV DNA levels of <400
copies/mL and histologic improvement, defined as a =2-point
reduction in Knodell inflammatory score without worsening of
fibrosis. At 48 weeks, 67% of patients in the tenofovir arm
achieved a complete response, compared with 12% of patients in
the adefovir arm (P < .001). A higher proportion of patients in
the tenofovir arm than in the adefovir arm achieved undetect-
able HBV DNA levels at week 48 (<400 copies/mL: 76% vs 13%).
The respective rates for ALT normalization were 69% vs 54%
and for HBeAg seroconversion were 21% vs 18%. A higher
proportion of patients treated with tenofovir had HBsAg loss
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(32% vs 0%) and HBsAg seroconversion (1.3% vs 0%). The
incidence of grade 2-4 adverse events was similar in the teno-
fovir and adefovir arms. No patients taking tenofovir experi-
enced a 0.5-mg increase in serum creatinine levels or creatinine
clearance of <50 mL/min (possible indicators of renal toxicity,
which has been associated with tenofovir in some studies of
patients with HIV infection), compared with 1% of patients
taking adefovir. As with adefovir therapy, new onset or wors-
ening renal impairment might occur, and it is recommended
that baseline calculated creatinine clearance be obtained and
creatinine clearance and serum phosphorus be monitored in
patients at risk during therapy. The incidence of grade 3 or 4
ALT flares 2X the baseline values were greater in the tenofovir
arm than in the adefovir arm (11% vs 4%). All patients taking
tenofovir who did not achieve HBV DNA levels of <400 cop-
ies/mL by week 48 or who experienced viral breakthrough while
receiving treatment underwent genotypic resistance testing. The
clinical benefits of tenofovir with respect to suppression of
serum HBV DNA levels below the level of detection (79%) and
ALT normalization (77%) were maintained through 72 weeks of
treatment.!!” The rate of HBsAg loss and seroconversion in-
creased from 3% to 5% and from 1% to 2%, respectively, at weeks
48 and 64 in patients in the tenofovir arm, whereas no increase
in HBsAg loss was observed among patients in the adefovir arm.
No mutations associated with tenofovir resistance were identi-
fied at weeks 48 or 72.

Hepatitis B e Antigen—Negative Patients

Peginterferon alfa-2a. Forty-eight weeks of therapy
with peginterferon alfa-2a, with or without lamivudine, resulted
in a significantly greater percentage of patients with ALT not-
malization and HBV DNA undetectability (<400 copies/mL) 24
weeks after the end of treatment (Table 6).118 The combination
of peginterferon alfa-2a plus lamivudine appeared to offer no
advantages over treatment with peginterferon alfa-2a alone.
HBsAg seroconversion was reported in 3% of patients treated
with peginterferon alfa-2a, 2% of patients treated with pegin-
terferon alfa-2a plus lamivudine, and no patients treated with
lamivudine alone. The rate of emergence of lamivudine-resis-
tant mutations was reduced markedly in the combination ther-
apy arm. The safety profile of peginterferon alfa-2a was judged
to compare favorably with previous experience with conven-
tional interferon. A recent follow-up study of patients with
HBeAg-negative CHB treated with peginterferon alfa-2a or
lamivudine monotherapy reported significantly higher rates of
ALT normalization, HBV DNA suppression, HBsAg loss, and
HBsAg seroconversion in the peginterferon alfa-2a-treated pa-
tients.!! At 4 years after treatment, virologic response rates in
the peginterferon alfa-2a arms were 24% for both HBV DNA
<4000 IU/mL (20,000 copies/mL) and HBV DNA <2000
IU/mL (10,000 copies/mL) levels. Among patients who received
peginterferon alfa-2a, 17% had HBV DNA levels <400 copies/
mL, compared with 7% of patients who received lamivudine
alone. ALT normalization, defined as ALT levels of =30 U/L,
was reported in 27% of patients who had received peginterferon
alfa-2a, compared with 16% of patients who had received lami-
vudine alone. The rate of HBsAg clearance increased during
follow-up for peginterferon alfa-2a-treated patients, reaching
11% at 4 years.!!® In contrast, only 2% of lamivudine-treated
patients (2/85) experienced HBsAg loss.!V?
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Entecavir. A phase III clinical trial compared the
safety and efficacy of entecavir and lamivudine in patients with
HBeAg-negative compensated liver disease.”> A total of 648
patients were randomized to receive either entecavir 0.5 mg/day
or lamivudine 100 mg/day for 48 weeks. Treatment with ente-
cavir, compared with lamivudine, resulted in a significantly
higher rate of histologic improvement, HBV DNA reduction,
and HBV DNA undetectability (<300 copies/mL) (Table 6).
This high rate of undetectable HBV DNA (90%) shows the
remarkable potency of this agent. ALT normalization was also
observed more frequently with entecavir than with lamivudine
(78% vs 71%), but there was no difference in improvement in
fibrosis compared with lamivudine. The safety profile of ente-
cavir during a period of 48 weeks was similar to that observed
with lamivudine. A low resistance rate (1.2%) has been observed
in nucleoside-naive HBeAg-negative patients treated with ente-
cavir for up to 5 years.197:108

Telbivudine. A phase III trial involving 466 HBeAg-
negative patients showed that virologic response for telbivudine
was superior to that for lamivudine after 1 and 2 years of
treatment.8113 A higher proportion of patients treated with
telbivudine than lamivudine achieved undetectable HBV DNA
levels (88% vs 71% at 1 year and 82% vs 57% at 2 years) (Table 6).
No difference was observed in the proportion of patients with
ALT normalization at 1 year (74% vs 79%), although a higher
proportion of telbivudine-treated patients achieved ALT not-
malization after 2 years of treatment (78% vs 70%). Telbivudine
was associated with a lower rate of resistance than was lamivu-
dine. Resistance data at 1 and 2 years for telbivudine showed
resistance rates of 2.3% and 11.0%, respectively, in HBeAg-
negative patients.3%11% As observed in HBeAg-positive patients,
lower rates of resistance at 1 year were observed in HBeAg-
negative patients who had undetectable HBV DNA levels at
week 24, compared with patients whose HBV DNA levels were
=4 loggcopies/mL (0% vs 30%).8°

Tenofovir. Preliminary data are available from a ran-
domized phase III study comparing tenofovir and adefovir in
patients with HBeAg-negative CHB.?’ The primary end point of
this study was complete response at week 48, defined as HBV
DNA levels <400 copies/mL and histologic improvement (de-
fined as a =2-point reduction in Knodell inflammatory score
without worsening of fibrosis). In this study, 375 patients were
randomized in a 2:1 ratio to receive tenofovir 300 mg (n = 250)
or adefovir 10 mg (n = 125) for 48 weeks. At week 48, a
significantly higher proportion of patients treated with tenofo-
vir achieved the primary end point, compared with patients
treated with adefovir (71% vs 49%) (Table 6). At the end of
treatment, 93% of the patients in the tenofovir group had HBV
DNA levels of <400 copies/mL, compared with 63% of patients
in the adefovir group. The rates of ALT normalization were
similar in both treatment groups (Table 6). No patients treated
with tenofovir had a confirmed 0.5 mg increase in serum cre-
atinine level or creatinine clearance of <50 mL/min. The inci-
dence of ALT flare (>10 X ULN and 2 X baseline) was low and
similar in the 2 treatment groups (1.2% vs 0.8%). The clinical
benefit of tenofovir with respect to the achievement of HBV
DNA levels of <400 copies/mL (98%) and ALT normalization
(79%) was maintained through week 72 with continuous teno-
fovir therapy.!?® The resistance rate was 0% for tenofovir at
weeks 48 and 72.
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Combination Therapy

De novo combination. Current limitations of mono-
therapy with respect to the achievement of sustained response
and clinical end points (ie, HBeAg seroconversion, HBsAg loss)
have sparked interest in the development of combination reg-
imens for CHB to optimize responses and minimize problems
with resistance. Preclinical studies suggest a benefit from the
combination of nucleosides and nucleotides. Enhanced anti-
HBV activity has been observed with the addition of tenofovir
to lamivudine, emtricitabine, telbivudine, or entecavir.!?! In
vitro data indicate that adding tenofovir to nucleoside agents
produces additive to slightly synergistic anti-HBV activity, with-
out any observed cytotoxic effects. Data on the efficacy of de
novo combination therapy is limited, and the results from these
studies vary on the basis of the agents used and the study
design. Initial clinical studies comparing combination antiviral
therapy and monotherapy failed to demonstrate clinical benefit
with regard to traditional clinical end points with combination
therapy. 63112118122

In large randomized phase III studies comparing lamivu-
dine and peginterferon monotherapy and the combination of
peginterferon and lamivudine in HBeAg-positive and -nega-
tive patients, combination therapy was associated with a
more profound decrease in viral load, compared with either
monotherapy.®>!18 However, no significant difference was ob-
served in treatment end points such as viral suppression,
HBeAg seroconversion, and HBsAg clearance between peginter-
feron monotherapy and combination therapy. The study design
of these trials required the discontinuation of lamivudine, like
peginterferon, after 1 year, which is not performed routinely in
practice. More recently, preliminary data from several studies
have illuminated the potential advantages of combination ther-
apy in patients with CHB.!23-126 Preliminary results of a multi-
center, randomized, controlled trial in which HBeAg-negative
CHB patients were treated with peginterferon alfa-2a alone or
in combination with adefovir showed that significantly more
patients in the combination treatment group achieved unde-
tectable HBV DNA levels at 24 weeks than in the group treated
with peginterferon alone (71% vs 41%); in addition, there was a
significant difference in the reduction in mean viral load (-4.3
vs -3.0 logyo).!*® Another study evaluated changes in intrahe-
patic cccDNA levels in patients with HBeAg-positive CHB who
were treated with the combination of peginterferon alfa-2a and
adefovir.1?* This study found that after 48 weeks of therapy, the
combination regimen was associated with marked decreases
from baseline in levels of serum HBV DNA and intrahepatic
cccDNA levels, which, in turn, were significantly correlated with
reduced HBsAg.

Preliminary data from studies evaluating oral combination
therapy have also been reported.1?>126 Sung et al'?® compared
the efficacy of lamivudine monotherapy (n = 57) and lamivu-
dine plus adefovir (n = 54) in patients with HBsAg-positive
CHB. Reductions in HBV DNA levels were comparable between
the 2 treatment arms at week 16 (the primary study end point)
and during the first 52 weeks, but after 104 weeks median HBV
DNA reductions were —3.41 and —5.22 log, respectively. Sim-
ilarly, HBV DNA levels were <200 copies/mL in 41% and 40%,
respectively, of patients in the 2 arms at 52 weeks but 14% and
26% at 104 weeks. The difference in virologic outcome was
associated with a higher rate of viral breakthrough in the
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monotherapy group than in the combination therapy group
(44% vs 19%). In the lamivudine monotherapy group, the
M204V/I mutation was detected in 20% and 43% of patients at
weeks 52 and 104, respectively, compared with 9% and 15% of
patients at the same time points in the combination therapy
group. The N236T mutation was noted in only 1 adefovir
recipient. Notably, the rate of HBeAg seroconversion was iden-
tical, 35%, in each group.

A second study by Hui et al'?® compared adefovir alone (n =
16) with a combination of adefovir plus emtricitabine (n = 14),
a nucleoside analog with activity and a resistance profile similar
to that of lamivudine, in HBeAg-positive patients for 96 weeks.
Despite the small number of patients in the study, a significant
advantage for combination therapy was noted, with median
HBV DNA declines of —3.98 and —5.30 log;y copies/mL for
monotherapy and combination therapy, respectively, at 96
weeks and HBV DNA levels of <300 copies/mL in 37.5% and
78.5% of patients, respectively,. No difference was observed in
the incidence of HBeAg seroconversion. The design of this
small trial makes it difficult to assess the degree to which the
greater suppression of HBV DNA with the combination regi-
men was attributable to a contributory effect of adefovir, or
whether it simply represented the efficacy of the more potent
drug, emtricitabine.

Although these studies demonstrate potent antiviral effects
of de novo combination therapy, they nonetheless fall short of
establishing a definitive role for routine combination therapy in
all patients, particularly when potent monotherapies with ro-
bust long-term resistance profiles are available. In addition,
several issues need to be addressed before considering combi-
nation treatment with nucleosides and nucleotides for CHB.
These include the resistance profiles of the agents, the previous
therapies that the patient has received, the potential for nega-
tive drug-drug interactions among the agents, especially with
long-term use, and cost considerations.!8 Larger clinical trials of
combination therapy with appropriate end points are needed
before the adoption of de novo combination therapy with
currently available anti-HBV agents.

Combination versus switching. Evidence from sev-
eral recent clinical studies suggests that combining lamivudine
with adefovir, compared with sequential monotherapy, is asso-
ciated with an improvement in virologic response and a lower
rate of resistance, particularly in the setting of lamivudine
resistance.!?’-13! In one study among patients who had received
more than 6 months of adefovir therapy, 50% failed to achieve
an initial virologic response to adefovir.!3® The patients who
developed adefovir resistance were more likely to have been
switched from lamivudine to adefovir monotherapy. In a sec-
ond study involving 95 HBeAg-positive patients treated with
adefovir for 48 weeks, the emergence of adefovir resistance was
more common in patients with lamivudine resistance than in
the patients who were treatment-naive.!?” These findings sug-
gest that switching from lamivudine to adefovir is associated
with an increased risk of adefovir resistance, compared with the
addition of adefovir to existing lamivudine therapy.

The addition of adefovir to lamivudine has been shown to be
superior to switching to adefovir monotherapy in HBeAg-neg-
ative patients who have lamivudine resistance.!?”128131.132 Tn one
study evaluating these strategies, both were comparable in
terms of the proportion of patients achieving suppression of
serum HBV DNA to undetectable levels and normalization of
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ALT at 12 months.'?® However, significantly more patients who
had been switched to adefovir experienced virologic and bio-
chemical breakthroughs as a result of adefovir resistance mu-
tations at 15-18 months from treatment initiation (21% for
switched therapy vs 0% for combination; P = .01). In another
study that compared the efficacy of combining adefovir with
lamivudine and switching from lamivudine to adefovir mono-
therapy in 82 patients with HBeAg-negative CHB, the rate of
virologic breakthrough as a result of the emergence of adefovir
resistance mutations was higher among patients who were
switched from lamivudine to adefovir than among patients who
received combination therapy (22% vs 0%).1%2

These findings have been confirmed by recent data demon-
strating excellent suppression with virtually no long-term resis-
tance to adefovir when that drug is added to lamivudine in
patients with lamivudine resistance.!3 In a study involving 145
lamivudine-resistant patients with CHB treated with adefovir
10 mg in addition to lamivudine 100 mg for 42 months (range,
12-74 months), 116 patients (80%) cleared serum HBV DNA, 67
patients (84%) had normalized ALT levels, and 145 patients
(100%) remained free of virologic and clinical breakthroughs,
independent of the degree of HBV suppression. The 1-, 2-, 3-,
and 4-year cumulative rates of de novo rtA181T were 1%, 2%,
4%, and 4%, respectively. None of the cirrhotic patients clinically
decompensated, but 11 (12%) developed HCC.!33

The above findings are in accordance with results of a large
retrospective/prospective cohort study of patients with lamivu-
dine-resistant HBeAg-negative CHB who received either adefo-
vir monotherapy or combination adefovir plus lamivudine.!3!
This study analyzed 588 patients with lamivudine-resistant
CHB at 31 centers in Italy who received add-on therapy with
adefovir 10 mg or were switched from lamivudine 100 mg/day
to adefovir monotherapy. Virologic and biochemical response
rates at 33 months of follow-up were similar between the 2
treatment groups. However, patients who were switched from
lamivudine to adefovir monotherapy had a higher incidence of
virologic breakthrough than did patients who had adefovir
added to lamivudine (24% vs 5%), as well as higher rates of
adefovir resistance (11% vs 0%). The overall 3-year cumulative
probability of virologic breakthrough (30% vs 6%) and adefovir
resistance (16% vs 0%) was higher among patients who were
switched from lamivudine than among patients who received
add-on adefovir therapy. A significantly greater proportion of
patients in the combination therapy group experienced 3-year
overall rates of maintained virologic response (74% vs 59%). The
switch to combination therapy optimally should be made as
soon as possible after lamivudine resistance has been detected.
Adding adefovir to maintenance lamivudine therapy has been
associated with poorer control of viral replication when lami-
vudine resistance is well-established (HBV DNA >6 log;, copies
and elevated ALT levels).!34

The efficacy of switching to entecavir therapy in patients
with CHB and persistently high levels of viral replication after
1 year of adefovir therapy has also been evaluated.'® In this
study, 12 patients with HBV DNA levels >5 log;, copies/mL
after 48 weeks of adefovir were switched to entecavir 1 mg/day
for 24 weeks. Of the 12 patients, 3 had adefovir-resistance
substitutions at baseline, and 6 had a history of lamivudine
resistance. At 24 weeks, the median decrease of HBV DNA (3.8
logyo copies/mL) was suboptimal for the entecavir-switched
patients, none of whom achieved undetectable HBV DNA levels.
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The majority of these patients had HBV DNA levels >3 log,
copies/mL at the end of the 24-week period.

A retrospective study involving 121 patients with CHB eval-
uated the efficacy of switching to tenofovir monotherapy in
nucleoside- and nucleotide-experienced patients with CHB.!3¢
Eligible patients included those with HBV DNA >10° cop-
ies/mL and prior treatment with lamivudine or lamivudine with
consecutive adefovir therapy as a result of lamivudine resis-
tance. Patients with genotypic resistance to adefovir (n = 14)
were excluded. At week 48, 91% and 78% of the patients had
undetectable HBV DNA levels and ALT normalization, respec-
tively. HBeAg seroconversion occurred in 23% of patients after
an average of 9 months. HBsAg loss was observed in 4% of
patients after an average of 13 months.

However, another study of a small cohort of patients with
lamivudine-resistant CHB who were switched to adefovir
monotherapy showed limited efficacy with subsequent tenofo-
vir monotherapy.13” These patients had all developed genotypic
resistance to adefovir after receiving an average of 24 months of
adefovir monotherapy. The patients treated with tenofovir still
had detectable HBV DNA and elevated ALT levels at week 24,
week 48, and the end of observation. In a retrospective analysis
of antiviral response to tenofovir therapy in 127 patients with
prior nucleoside analog experience with lamivudine, adefovir, or
both, patients with genotypic adefovir resistance had a signifi-
cantly slower decrease of HBV DNA levels at month 12 than did
patients without adefovir resistance.!3® Similar findings were
reported in a study investigating virologic response to tenofovir
alone and in combination with emtricitabine in patients with
adefovir-resistant CHB therapy. Combination therapy resulted
in a greater reduction in HBV DNA levels than did tenofovir
monotherapy in patients with virologic breakthrough or a sub-
optimal response to adefovir.!3? All patients who received com-
bination therapy had undetectable HBV DNA levels within
3-12 months, including 2 patients who had adefovir resistance
at baseline. Despite findings indicating that tenofovir has anti-
viral efficacy in patients with genotypic adefovir resistance, the
suppression of HBV DNA replication with tenofovir occurs at a
much slower rate, and the complete suppression of HBV DNA
replication occurs in only a minority of patients. Moreover, the
selection of adefovir resistance mutations is not prevented.
Thus, as observed with entecavir, tenofovir might have less
activity in patients with genotypic resistance to adefovir than in
treatment-naive patients.

No evidence to date supports combining lamivudine with
telbivudine, as might be expected, because these drugs are
cross-resistant. One multicenter randomized study showed sim-
ilar efficacy (reduction in HBV DNA levels, normalization of
ALT levels) between telbivudine alone and telbivudine in com-
bination with lamivudine.!? A long-term concern with this
approach is that cross-resistance for lamivudine and telbivudine
has been demonstrated at codon 204 (rtM2041).14° Moreover,
HBV harboring M204V and L180M mutations is resistant to
telbivudine, even if M204V mutations in isolation do not confer
telbivudine resistance.

Treatment Recommendations
Hepatitis B e Antigen—Positive Patients

The recommendations for the treatment of HBeAg-
positive patients are summarized in Table 7. The panel recom-
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Table 7. Recommendations for Treatment: HBeAg-Positive
CHB

HBV DNA? ALT®

Treatment strategy

<20,000 Normal e No treatment

Monitor every 6-12 mo°

Consider therapy in patients with known

significant histologic disease, even if low-

level replication

Normal o Low rate of HBeAg seroconversion for all

treatments

Younger patients often immune tolerant

Consider liver biopsy examination,

particularly if patient is >35-40 y; treat

if disease; in the absence of biopsy

examination, observe for increase in ALT

levels

If treated, entecavir, tenofovir, or

peginterferon alfa-2a preferred?

Elevated e Entecavir, tenofovir, or peginterferon alfa-
2a preferred?

=20,000

=20,000

aU/mL (1 IU/mL is equivalent to approximately 5-6 copies/mL).
bYLN for serum ALT concentrations for men and women are 30 and 19
IU/L, respectively.

°On initial diagnosis, then every 3 mo for 1 y to ensure stability.
d.amivudine is not considered a reasonable treatment option be-
cause of the high risk of resistance with long-term therapy and its
proven inferiority to entecavir and telbivudine in randomized clinical
trials. Telbivudine is associated with moderate rate of resistance
unless serum HBV DNA levels are undetectable at wk 24. Tenofovir is
superior to adefovir in pivotal randomized controlled trials and should
replace adefovir as initial therapy. Standard interferon alfa-2b has
been replaced by peginterferon alfa-2a in practice.

mends an HBV DNA level of =20,000 IU/mL as a reasonable
threshold for determining candidates for treatment, in combi-
nation with elevated ALT levels. HBeAg-positive patients who
have HBV DNA levels of <20,000 IU/mL are atypical and are
not recommended routinely for treatment because the majority
of these individuals have inactive disease. However, because
these individuals might be at risk for biochemical, histologic,
and clinical progression of disease, they should be monitored
actively by a sensitive HBV DNA assay. On a case-by-case basis,
liver biopsy examination might be performed and therapy con-
sidered when there is histologic evidence of significant liver
disease. Patients who are not treated should initially be moni-
tored every 3 months for 1 year to ensure stability of HBV DNA
and ALT levels. Then, if the levels remain stable, the patient
should be monitored every 6-12 months.

HBeAg-positive patients with a serum HBV DNA level of
=20,000 IU/mL should be considered for treatment, depending
on their ALT levels. However, patients with normal ALT levels
might have significant liver disease, and because viral suppres-
sion is associated with histologic response, biopsy examination
should be considered, particularly in individuals older than
35-40 years of age. Such patients should be treated if disease is
found. Further studies are required to investigate the efficacy of
antiviral therapy in patients with HBV DNA levels of =20,000
IU/mL and normal ALT levels, especially in the younger indi-
viduals, who are typically in the immune tolerance phase of
infection.

For patients with serum HBV DNA levels of =20,000 IU/mL
and elevated ALT levels, entecavir, tenofovir, or peginterferon
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alfa-2a might be considered as first-line options; however, en-
tecavir or tenofovir would be preferred for patients with high
levels of serum HBV DNA and/or normal levels of ALT, given
that response to interferon-based therapy is low in this popu-
lation. Lamivudine is not recommended as a first-line therapy
in HBeAg-positive patients because entecavir and telbivudine
have been shown to be superior to lamivudine in randomized
clinical trials, and lamivudine is associated with high rates of
resistance. Telbivudine is associated with a moderate rate of
resistance, although low rates of resistance and sustained sup-
pression can be achieved with telbivudine if HBV DNA levels are
undetectable by week 24. However, the panel did not include
telbivudine as a preferred agent because of the high rate of
resistance compared with entecavir and tenofovir and lack of
long-term resistance surveillance in telbivudine-treated pa-
tients. A therapeutic change is advisable if there is detectable
HBV DNA at week 24 of telbivudine therapy. In addition, both
telbivudine and tenofovir have been shown to be superior to
adefovir in clinical trials; therefore, adefovir is not recom-
mended as a first-line therapy in HBeAg-positive patients.

Duration of therapy. The panel recommends that
HBeAg-positive patients continue to be treated after HBeAg
seroconversion as long as HBV DNA levels are decreasing and
until the HBV DNA levels are undetectable by PCR. Treatment
then should be continued for an additional 12 months. In
patients who undergo HBeAg seroconversion but who still have
detectable but stable HBV DNA levels, treatment should be
continued for 6 months; seroconversion should be documented
again, and then consideration should be given to stopping
treatment in patients without cirrhosis. Patients who relapse
can be re-treated. HBeAg-positive patients who fail to lose
HBeAg should be treated long-term because the chance of
HBeAg seroconversion increases with time, and there is a high
risk of recurring viremia if therapy is stopped in the absence of
HBeAg seroconversion.

Hepatitis B e Antigen—Negative Patients

The end point of therapy for HBeAg-negative patients
with chronic HBV infection is more difficult to assess than that
for HBeAg-positive patients because HBeAg-negative disease
does not allow for HBeAg seroconversion. Thus, HBY DNA
suppression and ALT normalization are the only practical mea-
sures of response to therapy, and long-term therapy is most
often required to maintain these responses.

Recommendations for the treatment of HBeAg-negative pa-
tients are shown in Table 8. Because HBeAg-negative patients
tend to have lower levels of serum HBV DNA than do HBeAg-
positive patients but still might have active disease, the panel
recommends treating patients who have serum HBV DNA levels
of =2000 IU/mL. Otherwise, the recommendations are similar
to those for HBeAg-positive patients. Entecavir, tenofovir, and
peginterferon alfa-2a can be considered first-line options. Be-
cause long-term treatment is required in most cases (unless
HBsAg seroconversion occurs, which is unlikely), lamivudine is
not recommended because of the high risk for the development
of resistance,'*! and tenofovir is preferred over adefovir because
of evidence of its superiority.”® As in patients with HBeAg-
positive CHB, telbivudine was not recommended as a first-line
option on the basis of the intermediate rate of resistance with
use of this drug.
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Table 8. Recommendations for Treatment: HBeAg-Negative
CHB

HBV DNA? ALT®

Treatment strategy

<2000 Normal e No treatment; majority are inactive HBsAg
carriers
e Monitor every 6-12 mo¢
e Consider therapy in patients with known
significant histologic disease, even if low-
level replication
=2000 Normal e Consider biopsy; treat if disease present.
In the absence of biopsy, observe for rise
in serum ALT levels.
o [f treated, entecavir, tenofovir, or
peginterferon alfa-2a preferred?
=2000 Elevated e Entecavir, tenofovir, or peginterferon alfa-

2 preferred?
Long-term treatment required for oral
agents

4U/mL (1 IU/mL is equivalent to approximately 5-6 copies/mL).
bULN for serum ALT concentrations for men and women are 30 and 19
IU/L, respectively.

°On initial diagnosis, then every 3 mo for 1 y to ensure stability.
d.amivudine is not considered a reasonable treatment option be-
cause of the high risk of resistance with long-term therapy and its
proven inferiority to entecavir and telbivudine in randomized clinical
trials. Telbivudine is associated with moderate rate of resistance
unless serum HBV DNA levels are undetectable at wk 24. Tenofovir is
superior to adefovir in pivotal randomized controlled trials and should
replace adefovir as initial therapy. Standard interferon alfa-2b has
been replaced by peginterferon alfa-2a in practice.

Duration of therapy. HBeAg-negative patients who
are receiving therapy should be monitored every 6 months. The
duration of therapy with peginterferon remains unclear, al-
though longer treatment (12 months) appears to be more
beneficial in terms of sustained virologic response off treatment
than do shorter periods of treatment (4-6 months). Tolerabil-
ity is clearly an issue for patients undergoing interferon-based
therapy, as compared with therapy involving oral agents. Ente-
cavir, tenofovir, and telbivudine need to be given for the long-
term; however, there are currently no long-term data on sus-
tained virologic response available beyond 1 year (tenofovir), 2
years (telbivudine), and 5 years (entecavir). Special monitoring
guidelines might be needed for HBeAg-negative patients to
determine when treatment might safely be stopped. Despite the
prolonged negativity of serum HBV DNA levels, relapse is com-
mon in patients with HBeAg-negative CHB.!1*? Serum HBsAg
concentrations appear to decline rapidly during therapy with
peginterferon but not lamivudine.!*3 The slope of decline for
HBsAg concentration during extended peginterferon therapy
might provide a clue that sustained virologic response is likely
to occur.!** Prolonged therapy with nucleoside and nucleotide
analogs after HBV undetectability is associated with lower rates
of relapse in patients with HBeAg-negative CHB. Increasing
relapse rates as a result of rebound in virema have been reported
after stopping prolonged therapy with either lamivudine!*or
adefovir!®. The probability of clinical and virologic relapse 6,
12, and 18 months after treatment withdrawal were 12% and
30%, 18% and 50%, and 30% and 50%, respectively.!*> In a S-year
follow-up study of adefovir therapy in patients with HBeAg-
negative CHB, approximately 25% of patients had long-term
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HBV DNA negativity after stopping therapy.!*s Future trials are
needed to better understand the optimal duration of therapy in
HBeAg-negative patients.

Monitoring Virologic Response and
Management of Resistance to Oral
Antiviral Therapy

Prolonged antiviral therapy with the oral nucleosides
and nucleotides is associated with the development of antiviral
resistance.!*® The rate of resistance depends on a number of
factors, including pretreatment HBV DNA levels, potency of the
antiviral agent, prior exposure to oral nucleoside or nucleotide
antiviral therapy, duration of treatment, and the degree of
genetic barriers to resistance to the individual drug. The long-
term rates of resistance are highest for lamivudine (65%-70% at
4-5 years),'¥ intermediate for telbivudine (25% in HBeAg-pos-
itive patients and 11% in HBeAg-negative patients at 2 years),!14
lower for adefovir (29% at S years),!*> and lowest for entecavir in
the absence of prior lamivudine resistance (1.2% at S years)1%”
and for tenofovir in treatment-naive patients (0% at 1 year).9%?
Patients with lamivudine resistance have a 51% rate of novel
mutations after 5 years of entecavir therapy.!”” The develop-
ment of resistance is associated with loss of initial response and
HBV DNA rebound, which is followed by biochemical break-
through and eventual reversion of histologic improvement; in
some cases, resistance leads to progressive liver disease associ-
ated with severe exacerbations.?® Thus, when possible, it is most
beneficial to use the most potent nucleosides and nucleotides
that possess the lowest risk of genotypic resistance as initial
therapy for patients with nucleoside-naive disease.

Antiviral Resistance Testing

The detection of antiviral resistance before virologic
and biochemical breakthrough can prevent more serious liver-
related complications and the development of cross-resistance
to other nucleoside or nucleotide analog therapies, which might
limit future treatment options.'#® Standardized nomenclature
and definitions of terms used to define resistance are indicated
in Table 9.1%% Clinically, antiviral resistance manifests as viro-
logic breakthrough, which is defined as a =1 log;o IU/mL

Table 9. Definitions of Terms Relating to Antiviral
Resistance to Nucleoside and Nucleotide Analog
Treatment

Genotypic resistance: detection of viral populations bearing amino
acid substitutions in the reverse transcriptase region of the HBV
genome that have been shown to confer resistance to antiviral
drugs in phenotypic assays during antiviral therapy. These
mutations are usually detected in patients with virologic
breakthrough but can also be present in patients with persistent
viremia and no virologic breakthrough

Virologic breakthrough: increase in serum HBV DNA level by >1
log1o copies/mL above nadir after achieving a virologic response
during continued therapy

Viral rebound: increase in serum HBV DNA level to >20,000 IU/mL
or above pretreatment level after achieving virologic response
during continued therapy

Biochemical breakthrough: increase in ALT level above the ULN
after achieving normalization during continued therapy

Adapted from Lok et al.148
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Table 10. Methods to Detect Resistance

Commercially available
Standard population-based
sequencing
® Less sensitive
® Detects variants present
at 25% of viral
population
® Needed to detect “new”
substitutions not
previously described
Research
Restriction fragment
length polymorphism
analysis
® Detects variants present at 1% of viral population
® Like INNO-LiPA, only detects known mutations

INNO-LiPA

e More sensitive

e Detects variants present at 5%
of viral population

e Detects only known mutations

Allele-specific PCR

increase in serum HBV DNA levels from nadir in 2 consecutive
samples taken 1 month apart in patients who have responded
and been adherent to therapy with antiviral medications.!48
When virologic breakthrough occurs in a patient who has
adhered to antiviral therapy, the presence of mutations directly
associated with drug resistance should be confirmed by using
an in vitro assay. There are 2 types of HBV resistance analyses,
genotypic and phenotypic. Genotypic resistance testing can be
used to monitor treatment responses and diagnose primary and
secondary treatment failures. Genotypic resistance assays iden-
tify the mutations in HBV polymerase that confer resistance by
the direct sequencing of PCR products. Information from ge-
notypic resistance testing can aid in the selection of appropriate
add-on or alternative antiviral therapy. In clinical practice, ge-
notypic resistance testing is recommended when virologic break-
through occurs to confirm the presence of mutations directly
associated with drug resistance to a particular nucleoside or nu-
cleotide analog.!8 In contrast, in vitro phenotypic resistance anal-
yses can be used to confirm, by cell culture-based or enzymatic
assays, that a mutation confers resistance and the level of
susceptibility or resistance conferred by a specific mutation.
Phenotypic assays are typically reserved for research studies.
Baseline genotypic testing for resistance is not recommended
for routine use at this time because of the low sensitivity of the
tests and the low incidence of drug resistance mutations at
baseline as reported in clinical studies, although such testing
might provide useful information regarding the potential for
resistance to specific agents. For instance, in large clinical trials
of entecavir involving nucleoside-naive patients with CHB, the
incidence of drug resistance mutations at baseline was
0.6%.149:150 A 3-year follow-up study of patients with lamivudine
resistance, who were being treated with lamivudine plus adefo-
vir or lamivudine monotherapy, reported a 4% incidence of
adefovir-resistant strains (rtA181V/T) at baseline, which was
not found to influence the antiviral response rates.!?
Methods for resistance testing are shown in Table 10. Direct
sequencing- based assays are the gold standard for genotypic
HBYV resistance testing because all mutations that confer resis-
tance can be detected. Other methods available that identify
resistance mutations by sequence include real-time PCR analy-
sis with specific probes, hybridization methods (line probe
assay), restriction fragment length polymorphism analysis, and
allele-specific PCR analysis.!S152 The most commonly used
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HBV Roadmap Concept

| Assessment of primary non-response at week 12 I

v

Virologic response:
=10 IU/mL or =50 copies/mL
reduction from baseline

v

Primary treatment failure:
<10 IU/mL or <50 copies/mL
reduction from baseline

v v

Compliant: Non-compliant:
add more counsel on
potent drug adherence

¥

1 Assessment of early predictors of efficacy at week 24 |

\

Complete virologic
response:
PCR negative

v v

Inadequate
virologic response:
=2,000 IU/mL (or
=10,000 copies/mL)

Partial virologic response:
=60 to <2,000 IU/mL (or
=300 to <10,000 copies/mL)

v v

Continue therapy
with same drug,
monitor every 6

months

Drug with low
genetic barrier:
add a second drug
with different genetic
mutation profile

Drug with high Drug with suboptimal
genetic barrier: antiviral potency:
monitor every 3 monitor every 3
months, continue months, continue
beyond 48 weeks until 48 weeks

Add more potent
drug, monitor
every 3 months

Figure 1. Algorithm for on-treatment
monitoring of serum HBV DNA levels
during therapy with oral nucleoside or
nucleotide analogs.

methods in clinical practice include direct sequencing and line
probe assays. Direct PCR sequencing allows the identification of
mutations that comprise =20% of the total viral population.
More sensitive assays involving hybridization and real-time PCR
methods can detect emerging viral resistance when the HBV
DNA encoding the resistance mutations comprises 5% of the
total viral population.1#$153 Although more sensitive tests en-
able the early identification of patients who harbor HBV encod-
ing resistance mutations at baseline, before the definition of clin-
ical resistance is met, their use is currently restricted to clinical
research and high-risk populations because of the expense in-
volved and the complicated nature of performing the tests.

On-Treatment Monitoring

Appropriate treatment strategies are needed for drug-re-
sistant patients that will not potentiate the risk for further resis-
tance. Although current guidelines for the management of CHB
stress the goals of therapy and describe the criteria for patient
selection, the indications for initial therapy, and the advantages
and disadvantages of available antiviral agents, they provide little
information regarding on-treatment monitoring. Also lacking are
criteria for determining patient response to treatment and for
modifying the treatment regimen to attain optimal outcomes.

Recently an on-treatment strategy for patients receiving oral
nucleotide therapy has been proposed.” On the basis of this
strategy of on-treatment monitoring, serum HBV DNA levels
should be monitored at 12 weeks to determine primary treat-
ment failure (HBV DNA decline of <1 log;o IU/mL) and at 24
weeks to confirm adequate virologic suppression by antiviral
therapy. At 24 weeks, virologic response should be categorized

y ' ¥

If incomplete
response
at 48 weeks: add a
more potent drug that
is not cross-resistant

If complete
response at
48 weeks, continue
therapy

as complete, partial, or inadequate, according to the following
definitions: complete, HBV DNA level <60 IU/mL; partial, HBV
DNA level 60 to <2000 IU/mL; and inadequate, HBV DNA level
=2000 IU/mL. Monitoring of HBV DNA levels should occur
every 3-6 months to confirm adequate viral suppression and
detect viral breakthrough. Management strategies are then based
on the nature of the virologic response at week 24 (Figure 1).” The
recommendation for all cases of HBV resistance is to use add-on
therapy with a drug in another class, while continuing therapy
with the original drug, or to switch to another drug within that

Table 11. Potential Management of Hepatitis B Antiviral
Drug Resistance

Continue lamivudine and add
adefovir or tenofovir?

Switch to emtricitabine/tenofovir
Continue adefovir and add
lamivudine or telbivudine

Switch to or add entecavir (if no
prior lamivudine resistance)
Switch to emtricitabine/tenofovir
Switch to or add adefovir or
tenofovir

Switch to emtricitabine/tenofovir
Continue telbivudine and add
adefovir or tenofovir?

e Switch to emtricitabine/tenofovir

Lamivudine resistance

Adefovir resistance

Entecavir resistance

Telbivudine resistance

Updated from Lok and McMahon.8
aTenofovir might be preferred over adefovir as the add-on agent.
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Table 12. Recommendations for Treatment: Patients With
Cirrhosis (HBeAg-Positive or HBeAg-Negative)

HBV DNA? Cirrhosis Treatment strategy
<2000 Compensated e Might choose to treat or
observe
e Entecavir or tenofovir
preferred?
=2000 Compensated e Entecavir or tenofovir are

first-line options

Long-term treatment
required, and combination
therapy might be preferred®
Decompensated e Combination with
lamivudine, or possibly
entecavir, plus tenofovir
preferredsd

Long-term treatment
required, and combination
therapy might be preferred®
Wait list for liver
transplantation

Any detectable

4U/mL (1 IU/mL is equivalent to approximately 5-6 copies/mL).
bAlthough there are no data available for peginterferon alfa-2a, it
might be an option in patients with early, well-compensated cirrhosis.
No data are available for telbivudine, whose intermediate risk of
resistance is a liability in patients with cirrhosis.

cCombination therapy with lamivudine, or possibly entecavir, plus
tenofovir has a theoretical advantage of a lower likelihood of the
development of resistance.

dLimited data are available for entecavir, no data are available for
tenofovir, and no data are available for telbivudine, whose intermedi-
ate rate of resistance is a liability in patients with cirrhosis. Peginter-
feron alfa-2a is contraindicated.

same class but one that is more potent. For patients with
lamivudine resistance, adefovir add-on therapy represents a new
paradigm that is highly effective at restoring viral suppression
and preventing the emergence of resistance. Add-on therapy
with tenofovir might represent another, even more attractive,
option for these patients. Patients with genotypic adefovir
resistance should receive combination treatment with teno-
fovir plus lamivudine, telbivudine, entecavir, or emtricitab-
ine.13%137.139 Table 11 lists proposed treatment strategies for
patients who develop antiviral drug resistance 568154

Special Patient Populations
Patients With Cirrhosis

Before the advent of effective antiviral therapy, the
S-year survival rate was 84% for patients with compensated
cirrhosis and 14%-35% for patients with decompensated cirrho-
sis.38155,156 Various clinical parameters such as bilirubin level
and older age were shown to predict survival. In addition,
patients with compensated cirrhosis who lost HBeAg had 97%
survival at S years, compared with 72% in HBeAg-positive pa-
tients; such findings implicated viral replication in adverse
outcomes. 3840157 The recommendations for treating HBeAg-
positive or HBeAg-negative patients with cirrhosis (compen-
sated or decompensated) are shown in Table 12.
The approach to patients with compensated cirrhosis and
with serum HBV DNA levels <2000 IU/mL is to either monitor
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or treat them with entecavir or tenofovir. However, the panel
believes that in the absence of currently available data to guide
this choice, the potential for clinical improvement with treat-
ment outweighs the low risk for drug toxicity and cost consid-
erations in patients with significant, albeit compensated, liver
disease. In patients with HBV DNA levels of =2000 IU/mL,
entecavir and tenofovir are first-line options because of their
known efficacy and good tolerability, with low rates of resis-
tance. The panel believes that although interferon is contrain-
dicated because of the potential for decompensation, including
disease flare induced by interferon, there might be a role for
peginterferon alfa-2a in patients with well-compensated cirrho-
sis. Entecavir and tenofovir are preferred over lamivudine for
long-term treatment because of the high risk for resistance to
lamivudine, which could result in clinical decompensation.
Combination therapy with tenofovir plus lamivudine, or possi-
bly entecavir or tenofovir monotherapy, has the theoretical
benefit of reducing the development of resistance to either or
both of the drugs.

All patients with decompensated cirrhosis, regardless of their
serum HBV DNA level, should be considered for treatment.
Combination therapy with tenofovir and lamivudine, or possi-
bly entecavir or tenofovir monotherapy, is the preferred first-
line option in these patients. The aim in decompensated pa-
tients is to improve their status such that they eventually might
be removed from the transplantation list. Combination therapy
might decrease or delay the incidence of drug resistance; hence,
the combination of tenofovir plus lamivudine, or possibly en-
tecavir or tenofovir, as the first-line treatment option for pa-
tients with decompensated liver function is recommended.
Studies to evaluate the combination of tenofovir plus lamivu-
dine, adefovir plus entecavir, or other combinations in patients
with decompensated cirrhosis are warranted.

Duration of therapy and on-treatment monitor-
ing. The panel believes that therapy in patients with cirrhosis
should be long-term. Although there are no data on the benefit
of continuation of treatment in patients with compensated
cirrhosis after HBeAg seroconversion, data from China show
that patients who undergo HBeAg seroconversion still might
develop HCC or have progression of their liver disease.!*® This
might be caused by persistent low levels of HBV or by events in
oncogenesis that are initiated and propagated despite the sup-
pression of viral replication. In the absence of data on benefit
and given the excellent safety profile of nucleoside and nucle-
otide analogs, therapy should be continued until the patient
becomes HBV DNA-negative and has lost HBsAg. On-treat-
ment monitoring should be performed every 3 months. Moni-
toring of renal function before and during therapy is particu-
larly important in patients who have multiple risk factors for
renal impairment. Adjustments to the dosing frequency of
entecavir, tenofovir, and lamivudine should be made as recom-
mended by the manufacturers.

Human Immunodeficiency Virus—Hepatitis B
Virus Coinfection

Coinfection with HIV is a common result of shared
routes of transmission. In the United States and the European
Union, approximately 10% of all patients who are HIV-positive
are coinfected with HBV.!>® Coinfected individuals are more
likely to develop chronic infection than are individuals with
HBV monoinfection (23% vs 4%). HIV-HBV coinfection is asso-
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ciated with higher HBeAg positivity rates and HBV DNA levels,
longer duration of viremia, lower aminotransferase values,
milder necroinflammation, and more rapid progression to cir-
rhosis compared with HBV monoinfection. Data from large
cohort studies showed that liver-related mortality in HIV-HBV
coinfected patients is 14-fold higher than that in patients with
either virus alone.160:161

The general principles of diagnosis are not different for
HBV-infected persons with or without HIV infection. However,
HIV-HBYV coinfection is often associated with atypical patterns
of serologic markers of HBV infection, which hinder an appro-
priate diagnosis. The presence of occult hepatitis B, defined as
the presence of HBV DNA without circulating HBsAg, might
also complicate the diagnosis and management of HIV-HBV-
coinfected individuals.16%14 Patients should be monitored for
liver disease, particularly when HIV infection is not going to be
treated immediately, because of the increased risk for cirrhosis
and liver-related mortality.!9%165 The impact of HIV on the risk
of HCC is unknown, and thus the current recommendations
for HCC surveillance in patients with CHB should be followed.

The criteria for HBV therapy in persons with concomitant
HIV infection are the same as for patients with HBV monoin-
fection.!66-168 Individuals who have fluctuating, mildly elevated
(1-2 X ULN) ALT levels or normal ALT values, and elevated
HBV DNA levels (>20,000 IU/mL in HBeAg-positive individu-
als and >2000 IU/mL in HBeAg-negative individuals) should
undergo liver biopsy and be considered for treatment if liver
biopsy shows necroinflammation or significant fibrosis. Treat-
ment generally is not recommended for HIV-infected patients
(either HBeAg-positive or HBeAg-negative) if they have persis-
tently normal ALT levels, low HBV DNA levels (a precise cutoft
for “low” is not well-defined, but <2000 IU/mL is reasonable),
and no fibrosis on a liver biopsy specimen.

Management of HBV infection in HIV coinfection is com-
plicated by several factors. Current treatment options for treat-
ing the HBV infection in HIV-coinfected patients include inter-
feron and nucleoside or nucleotide analogs.!®® However, many
of the nucleoside or nucleotide analogs, including lamivudine,
tenofovir, emtricitabine, and entecavir, possess dual activity
against HBV and HIV.1% Of greatest concern is the potential for
the development of resistance, which could compromise the
future management of either virus. The rate of lamivudine
resistance is higher in HIV-HBV coinfected patients, reaching
90% at 4 years.!”® Moreover, prolonged treatment with lamivu-
dine has been shown to be associated with the development of
vaccine mutations to HBV, which might have important public
health implications for transmission of the virus.'”! Thus, the
primary consideration in initiating treatment under conditions
of HIV-HBV coinfection is to determine which virus requires
treatment. The chosen therapy must be designed to avoid the
development of drug-resistant HBV or HIV.

Recommendations for the treatment of HIV-HBV coinfec-
tion have recently been published by the U.S. Department of
Health and Human Services.'”? In HIV-infected patients, if
therapy for either HIV or HBV infection is indicated, initiation
of a fully suppressive antiretroviral regimen that includes teno-
fovir and either lamivudine or emtricitabine is recommended to
prevent the development of antiretroviral drug resistance. The
use of lamivudine, emtricitabine, or tenofovir as the only active
anti-HBV agent should be avoided because of the risk for
resistance. If tenofovir cannot be used, another agent with
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anti-HBV activity should be used in combination with lamivu-
dine or emtricitabine for the management of HBV infection.
Management of HIV should be continued with a combination
regimen to provide maximal suppression. If antiretroviral ther-
apy is not initiated, HBV therapy should include only agents
that have the least potential of selecting HIV resistance muta-
tions.

In instances when HIV treatment is not an option or is not
desirable, peginterferon alfa-2a or alfa-2b, adefovir, and telbi-
vudine are potential options. Telbivudine is not known to be
active against HIV, and one drawback to its use is that resis-
tance might develop rapidly when it is used as monotherapy.!#
Adefovir at a low dose (10 mg) is not active against HIV,
although higher doses of adefovir do demonstrate activity.
Adefovir is also the least potent of these choices. Although
clinical data supporting the use of interferons in the HIV
setting are limited, the advantage of peginterferons is that they
do not select for drug-resistant HIV. Patients who are more
likely to respond to this treatment are those who are young and
immunocompetent and have low HBV DNA levels and high
ALT levels; they must also not be harboring any known drug-
resistant HBV. Individuals with HBeAg-negative CHB do not
typically respond well to peginterferons, so in the setting of HIV
infection these agents are not a first-line choice.

Antiviral agents that inhibit both HIV reverse transcriptase
and HBV DNA polymerase include tenofovir, adefovir at doses
of >10 mg, lamivudine, emtricitabine, and entecavir. Exposure
to these antiviral agents without a fully active HIV regimen
could potentially compromise future HIV care. Accordingly,
these agents should not be used without concomitant HIV
therapy for the treatment of HBV in coinfected patients. Lami-
vudine and emtricitabine should also be avoided as the only
anti-HBV active agent in the initial treatment of HBV infection
in HIV-coinfected patients because of the high incidence of
resistance in this population.71:173

For patients who require treatment for HIV alone or both
HIV and HBV, tenofovir plus emtricitabine (Truvada; Gilead
Sciences, Foster City, CA) is recommended, along with other
classes of antiretroviral agents, to form a potent anti-HIV reg-
imen. The combination of efavirenz 600 mg, emtricitabine 200
mg, and tenofovir 300 mg (coformulated as Atripla; Bristol-
Myers Squibb Company, Princeton, NJ, and Gilead Sciences;
Foster City, CA) is available for the management of HIV infec-
tion and is a reasonable choice in a patient naive to therapy. If
tenofovir cannot be used, an alternative HIV regimen along
with entecavir might be considered. If both viruses need to be
treated but the patient has lamivudine-resistant HBV, the best
option is still to include both tenofovir and emtricitabine or
lamivudine as part of the anti-HIV regimen. The combination is
advocated, because it might reduce the rate of development of
tenofovir-resistant HBV.174

Chemotherapy and Immunosuppressed
Patients

Reactivation of HBV replication, as indicated by in-
creased serum HBV DNA and ALT levels, is a well-recognized
complication in HBV-infected individuals undergoing cancer
chemotherapy or immunosuppression.l’>17¢ Although more
rare, reactivation also might occur in patients with resolved
infection who are HBsAg-negative, anti-HBs-positive, and anti-
HBc-positive. In some cases, hepatitis flares associated with the
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reactivation of HBV are asymptomatic; however, HBV reactiva-
tion might lead to severe, even life-threatening, hepatitis flares
that must be recognized and treated promptly.

Reactivation of HBV infection was studied in 626 patients
with cancer who received cytotoxic chemotherapy during a
12-month period.!”> Before chemotherapy, all of the patients
had inactive HBV infection. Of the 78 patients who were HBsAg-
positive, 34 (44%) developed elevated ALT levels during their
course of chemotherapy, and 15 of those experienced reactiva-
tion of HBV infection. Reactivation was more likely to develop
in patients who were male, of younger age, HBeAg-seropositive,
and diagnosed with lymphoma. A recent study showed an
association between the presence of non-Hodgkin’s lymphoma
and reactivation of HBV infection.!”” The use of prophylactic
lamivudine, as compared with no lamivudine, significantly de-
creased the incidence of HBV reactivation (13% vs 38%; P = .02)
and disruption to chemotherapy (43% vs 4%; P = .02). Reacti-
vation of HBV infection has also been observed in patients
receiving immunomodulatory agents for the treatment of rheu-
matic diseases.!78-180

Current guidelines recommend HBsAg testing for patients at
high risk for HBV infection before the initiation of chemother-
apy or immunosuppressive therapy.® Patients who are anti-
HBc-positive should be monitored closely during and after the
administration of cytotoxic chemotherapy for signs of HBV
reactivation, and patients who are HBeAg-positive should be
treated.!8!

The panel recommends the administration of prophylactic
oral nucleoside or nucleotide antiviral therapy to HBsAg-posi-
tive individuals several weeks before the onset of chemotherapy
or immunosuppressive therapy.®® Prophylactic therapy with
lamivudine reduces the rate of HBV reactivation, the severity of
associated hepatitis flares, and mortality when compared with
historical controls.17>176.182-184 - Antiviral therapy should be
maintained for 6 months after completion of the chemotherapy
or immunosuppressive therapy in patients with HBV DNA
levels of <2000 IU/mL. However, discontinuation of anti-HBV
therapy after 6 months might not be sufficient for patients with
high HBV DNA levels. Reactivation after withdrawal of anti-
HBV therapy has been reported in patients with high baseline
HBV DNA levels. In a study of 46 HBsAg-positive patients with
hematologic malignancies receiving lamivudine prophylaxis be-
fore the initiation of cytotoxic chemotherapy, a higher propor-
tion of the patients with high pre-chemotherapy HBV DNA
levels (=10* copies/mL) than with low pre-chemotherapy HBV
DNA levels (<10* copies/mL) developed HBV reactivation (50%
vs 10%, respectively; P < .001).185 A high pre-chemotherapy
HBV DNA level of =10* copies/mL was the most important risk
factor for HBV reactivation after the withdrawal of preemptive
lamivudine. On the basis of these findings, treatment guidelines
recommend that patients with HBV DNA levels of >2000
IU/mL continue antiviral therapy until HBV DNA is undetect-
able, and ALT levels are normalized.

Evidence supporting the use of prophylactic antiviral ther-
apy for individuals who require long-term immunosuppressive
therapy (ie, renal transplantation recipients) is limited.!® These
patients should be monitored and therapy initiated when signs
of reactivation appear (ie, an increase in HBV DNA or ALT
levels). The use of lamivudine and telbivudine should be
avoided because of the progressive risk of resistance associated
with these agents. In situations in which therapy is to be given
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for >6 months, the use of entecavir or tenofovir might be
advisable. Adefovir is a less suitable choice in the renal trans-
plantation setting because of its risk of nephrotoxicity. Therapy
with interferon or peginterferon should be avoided because of
the associated bone marrow suppression.

A final group of individuals with chronic HBV infection who
warrant consideration of antiviral prophylaxis are HBsAg-pos-
itive patients undergoing therapy with anti-tumor necrosis
factor-alpha agents for treatment of conditions such as rheu-
matoid arthritis or inflammatory bowel disease. These patients
have also experienced reactivation of hepatitis B and should be
considered for prophylaxis with an oral antiviral agent during
therapy with these agents.!8

Pregnancy

Perinatal transmission of HBV is the most common
cause of chronic HBV infection in regions of high HBV ende-
micity, and it remains a serious problem, despite the implemen-
tation of immunization programs.!8” A high proportion (80%-
90%) of infants born to HBsAg/HBeAg-positive mothers
become chronically infected with HBV.!88 With appropriate,
timely immunoprophylaxis, >90% of these perinatal infections
can be prevented.!8-192 HBV-related complications occur more
frequently in pregnant women and are associated with a higher
mortality.!3

Of the currently available oral nucleoside and nucleotide
analogs, only telbivudine and tenofovir are classified as preg-
nancy category B (ie, not teratogenic) for the treatment of CHB.
Lamivudine, entecavir, and adefovir are classified as category C;
therefore, standard category C recommendations should be
followed. All drugs might be continued during pregnancy.
However, there is extensive experience with the safety of lami-
vudine used for treatment of HIV infection during pregnancy.
The use of lamivudine in the last month of pregnancy might
prevent mother-to-infant transmission of HBV in women with
high HBV DNA levels; it might also be an effective and safe
measure to reduce the risk of viral breakthrough in the child
during vaccination.!#19 However, lamivudine might not pre-
vent the perinatal transmission of precore mutant HBV.1%
Because of this experience, lamivudine is the most commonly
used antiviral agent for the treatment of pregnant women with
CHB.

Decisions about initiating or continuing antiviral therapy in
pregnant women should depend on the stage of the mother’s
liver disease and the potential benefit to her versus the small
risk to the fetus. Because treatment mostly concerns young
women who are likely to have only mild liver disease, postpone-
ment of therapy until after pregnancy might be prudent.® How-
ever, data from clinical studies indicate that women with CHB
who have HBV DNA levels >107 copies/mL and elevated ALT
levels, or who already have had an HBsAg-positive child, are
candidates for antiviral therapy because of the increased risk for
transmission to the newborn. For these individuals, antiviral
therapy with lamivudine, telbivudine, or tenofovir during the
third trimester is recommended. Although lamivudine and tel-
bivudine are potential treatment options for women who re-
quire treatment during pregnancy, caution is advised when
using lamivudine for those who require long-term therapy be-
cause of the increased risk for resistance. For women who are
immune tolerant (ie, have high HBV DNA and normal ALT
levels) and wish to become pregnant, a biopsy is recommended.
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Peginterferon can be considered for patients who have signifi-
cant fibrosis on biopsy because of the limited course of therapy.
Women with CHB who become pregnant while receiving anti-
viral therapy might continue treatment or stop therapy and
restart after pregnancy. This poses a small risk to the fetus that
must be weighed against the stage of the mother’s liver disease,
the potential benefit of therapy, and the risk of reactivation of
HBV if the therapy is abruptly discontinued. If possible, it
might be advisable to switch to an antiviral agent with preg-
nancy category B status (telbivudine, tenofovir) or known safety
experience (ie, lamivudine, tenofovir) during pregnancy and
then resume the original treatment regimen after delivery.

Conclusion

For patients with chronic HBV infection, the primary
goal of treatment is to prevent progression of liver disease to
liver failure or HCC and prevent premature death or need for
transplantation. On the basis of clinical and epidemiologic
data, durable HBV DNA suppression is now considered the
primary determinant of treatment outcomes, along with avoid-
ance of resistance. The threshold level of HBV DNA for initia-
tion of therapy remains unchanged at =20,000 IU/mL for
patients with HBeAg-positive CHB. Patients also should have
increased ALT levels (with revised definitions), evidence of hep-
atitis on liver biopsy examination, or both. For viremic patients
who have normal ALT levels, the decision to obtain a liver
biopsy examination and initiate therapy should be individual-
ized. Further studies of this population of HBV-infected pa-
tients are needed because approximately 20%-25% have signif-
icant fibrosis. A lower serum HBV DNA threshold of 2000
IU/mL is sufficient as an indication for treatment for patients
with HBeAg-negative CHB and also for patients with compen-
sated cirrhosis. Patients with decompensated cirrhosis are can-
didates for treatment regardless of their serum HBV DNA
levels. Patients with HBeAg-negative CHB and patients with
cirrhosis require long-term antiviral therapy.

The currently available agents recommended as first-line
treatment are effective in yielding the treatment goals. Inter-
feron, lamivudine, adefovir, peginterferon alfa-2a, entecavir, tel-
bivudine, and tenofovir are approved as initial therapy for CHB.
In choosing a therapy, however, consideration should be given
to the advantages and disadvantages of the 7 therapies. The
issues to consider are efficacy, safety, resistance, and method of
administration. Entecavir, tenofovir, and telbivudine are the
most potent oral agents and have shown superiority to compa-
rable agents in randomized clinical trials. In addition, a rate of
resistance of 1.2% has been shown after 5 years of therapy with
entecavir in treatment-naive patients, and no resistance has
been reported after 1.5 years of therapy with tenofovir in treat-
ment-naive patients. Although moderate rates of resistance
have been observed with telbivudine at 2 years, patients who
achieve undetectable HBV DNA levels by week 24 have low rates
of resistance. However, long-term efficacy and resistance data
are not available beyond 2 years with telbivudine. For patients
initiated on telbivudine, the panel considers it a viable ongoing
choice only if HBV DNA is negative at week 24. Although
interferon and peginterferon alfa-2a have the advantages of a
finite duration of treatment, durable response (in patients who
respond), and lack of resistance, they are expensive, require
administration by injection, and are associated with many side
effects. In current practice, peginterferon alfa-2a has supplanted
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standard interferon. Lamivudine is well-tolerated, with an ex-
cellent safety profile and good efficacy, but its long-term use is
limited by the development of resistance. Therefore, the panel
does not recommend lamivudine for first-line use except in
special circumstances, such as for patients receiving short-term
antiviral prophylaxis during chemotherapy or pregnancy, as
part of an HIV regimen in patients with HIV-HBV coinfection,
or in combination with adefovir or tenofovir in patients with
hepatic decompensation. Similarly, the panel does not recom-
mend adefovir as a first-line drug because it has proved inferior
in antiviral efficacy to tenofovir in large phase III trials reported
recently. Patients requiring therapy for >1 year probably are
best treated with entecavir or tenofovir, which have much lower
rates of resistance. Many patients have been successfully treated
long-term in the past with lamivudine and adefovir, with per-
sistently undetectable serum HBV DNA for many years. The
risk of subsequent antiviral resistance appears to be very low in
these patients, and there is general agreement that these pa-
tients do not require a change in their therapy. However, treat-
ment-naive patients beginning antiviral therapy for the first
time should receive one of the first-line drugs, ie, entecavir,
peginterferon alfa-2a, or tenofovir, on the basis of their superior
potency and low rates of resistance.

Active, on-treatment monitoring of patients receiving oral
therapy has recently been proposed to help clinicians individ-
ualize therapy and modify the treatment plan according to the
patient’s response. Combination therapy might prove to be
more effective than monotherapy in suppressing viral replica-
tion, and it very likely will decrease the incidence of drug
resistance or delay its development. The universal application of
combination therapy to all patients undergoing treatment for
CHB requires a firmer foundation in comparative trials with
potent agents used as monotherapy before it can be adopted
into routine clinical practice. However, limited evidence from
recent trials suggests that oral combination therapy might be
useful in selected situations, including the treatment of pa-
tients with cirrhosis who can least afford the emergence of
resistance or patients who have established resistance to an
anti-HBV drug or experienced suboptimal response to initial
monotherapy at a specified time point (eg, 24 weeks with a drug
with a low genetic barrier to resistance or 1 year with an agent
with a high barrier), and in the setting of HIV-HBV coinfection.
Several large studies are exploring the use of 2 nucleoside or
nucleotide antiviral agents together or the combination of an
oral antiviral agent plus peginterferon in patients with compen-
sated cirrhosis. Combination therapy with oral agents could be
of particular value in patients with decompensated cirrhosis,
but a study comparing combination therapy with adefovir plus
lamivudine against monotherapy in this patient group clearly is
needed. Until more definitive studies are completed, the recom-
mendations in the updated treatment algorithm will allow
clinicians to manage patients with CHB on the basis of the
most current understanding of this disease.
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