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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
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Institutes of Health (NIH) Office of Medical Applications of Research. The reports and
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Structured Abstract

Objectives: Synthesize evidence of the natural history of chronic hepatitis B (CHB) and effects
and harms of antiviral drugs on clinical, virological, histological, and biochemical outcomes.

Data Sources: MEDLINE®, electronic databases, and manual searches of systematic reviews.

Review Methods: We included original observational studies to assess natural history and
randomized controlled trials (RCTs) of adults with CHB published in English to assess treatment
effects and harms if they reported mortality, incidence of hepato-cellular carcinoma (HCC),
cirrhosis or failure, HBeAg or HBsAg, viral load (HBV DNA), alanine aminotransferase (ALT)
levels, histological necroinflammatory and fibrosis scores, and adverse events after interferon
alfa-2b, pegylated interferon alfa 2-a, lamivudine, adefovir, entecavir, tenovir or telbivudine. We
excluded pregnant women, transplant patients, and individuals undergoing cancer chemotherapy.
We calculated relative risk or absolute risk differences at end of treatment and post-treatment.

Results: Observational studies (41 publications) suggested that male gender, coinfection with
hepatitis C, D, or HIV, increased HBV DNA, and cirrhosis were associated with increased risk
of HCC and death. Drugs did not reduce death, liver failure, or HCC in 16 RCTs not designed to
test long-term clinical outcomes. Evidence from 93 publications of 60 RCTs suggested drug
effects on viral load or replication, liver enzymes, and histology at end of treatment and lasting
from <3 to >6 months off treatment. No one treatment improved all outcomes and there was
limited evidence on comparative effects. Two RCTs suggested interferon alfa-2b increased CHB
resolution versus placebo. Interferon alfa-2b or lamivudine improved off treatment HBV DNA
and HBeAg clearance and seroconversion and ALT normalization. Adefovir improved off
treatment ALT normalization and HBV DNA clearance. Pegylated interferon alfa 2-a versus
lamivudine improved off-treatment HBV DNA and HBeAg clearance and seroconversion, ALT
normalization and liver histology. Lamivudine combined with interferon alfa-2b versus
lamivudine improved off treatment HBV DNA clearance and HBeAg seroconversion and
reduced HBV DNA mutations. Pegylated interferon alfa 2-a plus lamivudine improved off
treatment HBV DNA and HBeAg clearance and seroconversion and ALT normalization
compared to lamivudine but not pegylated interferon alfa 2-a monotherapy. Adverse events were
common but generally mild and did not result in increased treatment discontinuation. Longer
hepatitis duration, male gender, baseline viral load and genotype, HBeAg, and histological status
may modify treatment effect on intermediate outcomes. Adefovir and pegylated interferon alfa 2-
a with lamivudine improved off treatment viral clearance in HBeAg negative patients. There was
insufficient evidence to determine if biochemical, viral, or histological measures are valid
surrogates of treatment effect on mortality, liver failure, or cancer.

Conclusion: Adults with CHB have an increased risk of death, hepatic decompensation, and
HCC. Mono or combined drug therapy improves selected virological, biochemical, and
histological markers with no consistent effects on all examined outcomes. Patient and disease
characteristics may modify treatment-induced intermediate outcomes. Evidence was insufficient
to assess treatment effect on clinical outcomes, predict individualized patient response, or
determine if intermediate measures are reliable surrogates. Future research should assess long-
term drug effects on clinical outcomes and among patient subpopulations.
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Executive Summary

Introduction

Hepatitis B is a highly prevalent disease with 350 million chronic cases worldwide' and more
than 4,000 incident cases in the United States in 2006.%> An estimated 2,000 to 4,000 deaths per
year are related to Chronic Hepatitis B (CHB) liver diseases.*” The natural history of CHB is
variable but generally indolent for many years to decades. Only 5 percent of acutely infected
immunocompetent adults develop CHB. Demographic, clinical, and hepatitis B disease factors
are believed associated with the development of CHB and poorer prognosis among those who
develop CHB.

Treatment goals include prevention of cirrhosis, hepatocellular cancer, and liver failure.
Suppressing replication of hepatitis B virus (HBV) is believed a key process to achieving this
goal.® Hepatitis B treatments include nucleos(t)ide analogues that suppress viral replication and
interferons, naturally occurring cytokines with antiviral and immunomodulatory properties.”® Six
agents used as monotherapy or in combination have been approved, as of June 2008, for use in
the United States (standard interferon alfa-2b, peginterferon alfa-2a, lamivudine, telbivudine,
adefovir, and entecavir). A seventh, tenovir, was approved in August 2008. Two basic
therapeutic approaches exist. A defined self-limited course (e.g., 4-12 months) followed by
monitoring off treatment is generally used with interferon-based therapy. Long-term continuous
suppressive therapy is used for other direct antiviral agents. Researchers have proposed clinical
outcomes and biochemical, virologic, and histologic measures to determine an individual’s risk
for disel%sl% progression, identify candidates for treatment, and assess treatment effectiveness and
harms.

Demographic and virologic diversity within HBV infected populations and within individuals
over extended periods of time, including different genotypes of HBV and developing viral
mutations, make it difficult to predict individualized outcomes from population-based studies
and in patients with antiviral drug resistance.'' Furthermore, much of the literature provides
incomplete detail to characterize risk factors for progression.

The Minnesota Evidence-based Practice Center (EPC) conducted a systematic review to
address the following questions for a National Institutes of Health (NIH) Consensus Conference
related to Management of Chronic Hepatitis B in Adults.

Key Questions

Consensus conference question 1. What is the natural history of Hepatitis B?

EPC question 1. What is the evidence that the following population characteristics or clinical
features associated with hepatitis B are predictive of hepatocellular carcinoma, liver failure,
cirrhosis, liver-related death, and all-cause mortality?

Consensus conference question 2. What are the benefits and risks of the current
therapeutic options for hepatitis B with defined or continuous courses of treatment?

EPC question 2a. What is the efficacy (or effectiveness) of interferon therapy, oral therapy,
and various combinations in treating hepatitis B with defined or continuous courses of
treatment?



EPC question 2b. What are the known harms of interferon therapy, oral therapy, and various
combinations in treating hepatitis B with defined or continuous courses of treatment?

Surrogate outcomes of interest. Alanine aminotransferase (ALT) and/or aspartate
aminotransferase (AST) levels, HBV viral load, change in Hepatitis B e antigen (HBeAg) status,
hepatitis B surface antigen (HBsAg) conversion, liver biopsy findings (necroinflammatory
activity or stage of fibrosis), and drug resistance.

Clinical outcomes of interest include hepatocellular carcinoma, liver failure, cirrhosis, liver-
related death, all-cause mortality.

Consensus conference question 3. Which persons with hepatitis B should be treated?

EPC question 3a. Are there differences in efficacy/effectiveness of treatments for treatment
naive versus drug-resistant patients, chronic HBeAg-positive versus HBeAg-negative patients, or
for other subpopulations (as defined previously)?

EPC question 3b. Is there evidence that specific subpopulations do not require treatment for
hepatitis B (i.e., that the surrogate and/or clinical outcomes are equivalent or superior when not
exposed to treatment?)

Consensus conference question 4. What measures are appropriate to monitor therapy
and assess outcomes?

EPC question 4. What is the evidence that changes in surrogate endpoints in response to
treatment are reliable predictors of long-term resolution or slowed progression of disease?
Patient Population: Adults (> 18 years of age), including elderly and members of racial/ethnic
minority populations.

Methods

We searched MEDLINE®, the Cochrane library,'> Medwatch,'® United Kingdom Current
Problems in Pharmacovigilance,'* and the European Public Assessment Report' to find original
studies of adults with CHB published in English that reported clinical and intermediary
outcomes'® for observational studies and randomized controlled trials (RCTs) of antiviral drug
therapies approved by the Food and Drug Administration (FDA) for CHB."

For question 1, we included studies if they reported clinical outcomes, had at least 1 year of
followup between the measurement of predictive factors, had at least one of the outcomes of
interest, and reported results for a CHB only population. All studies meeting these criteria were
included if the study reported results from a U.S. population. Only studies of at least 1,000
participants outside of the United States were included. For questions 2-4, RCTs of drugs
approved by the FDA for CHB'” were eligible. We included pegylated interferon alfa-2b that has
been intensively examined in patients with CHB'® but not yet approved in the United States. We
included observational studies of more than 50 treated adults with more than 1 year followup that
examined surrogate predictors of clinical outcomes for question 4. We prioritized clinical
outcomes and criteria of complete and sustained response for intermediate virological,
biochemical, and histological outcomes.

We excluded studies evaluating children and adolescents, pregnant women, adults with
hepatocellular carcinoma, patients undergoing transplantation or treatment for malignancies, and
trials of reverse transcriptase inhibitor that included fewer than 50 patients or examined
treatments for less than 24 weeks. We assessed level and confidence (low, medium, or high) of
evidence using a subset of the U.S. Preventive Services Task Force criteria.



We determined low levels of evidence and confidence when data were from small RCTs,
from RCTs or observational studies with serious flaws in design/analysis, and from post hoc
subgroup analysis; moderate levels when large multinational RCTs or observational studies or
several RCTs reported consistent associations or effect of the same drugs; and high levels from
multiple high quality RCTs or observational studies in applicable patients reporting consistent
sustained (off therapy at least 6 months) effects. We synthesized the results calculating relative
risk and absolute risk difference (ARD) at 95 percent confidence levels and used meta-analyses
to assess the consistency of the association between treatments and outcomes with random
effects models.” '

Results

EPC Question 1. What is the evidence that the following population
characteristics or clinical features associated with hepatitis B are
predictive of hepatocellular carcinoma, liver failure, cirrhosis, liver-
related death, and all-cause mortality?

Forty-one articles met inclusion criteria,”” including 14 publications representing eight
unique populations within the United States.

Chronic carriers of HBsAg had substantially higher rates of hepatocellular carcinoma,
cirrhosis, and death than people who have never been chronically HBsAg-positive.?' 24303 %
The annual incidence of hepatocellular carcinoma (HCC) was only 0.1 percent in asymptomatic
HBsAg individuals, 1 percent in patients with CHB, but increased to 3-10 percent in patients
with cirrhosis.®’ Patients with CHB developed cirrhosis at a rate of 2 percent per year. Reports
have shown large differences in clinical event rates across diagnostic groups such as inactive
HBsAg carriers, CHB without cirrhosis, and CHB with cirrhosis. A U.S. cohort study followed
400 HBsAg patients (70 percent born in Asia) for over 7 years.*” Among 110 inactive carriers,
none developed HCC or died of a liver-related disease, and only one died of any cause. Among
patients with CHB but no cirrhosis, 6 percent developed HCC and died from it, while another 2
percent died from nonliver related causes. Among those with CHB and cirrhosis, 16 percent were
diagnosed with HCC and 42 percent died during followup (all from liver-related causes).

Increased age was generally associated with small to moderately increased clinical outcomes;
however, the evidence was inconclusive regarding whether the association between age and
clinical outcomes is explained by duration of infection, age of infection, comorbidities in older
individuals, and other factors that might be different between older and younger patients.
Likewise, there was inconclusive evidence that geographic location or race/ethnicity contribute
meaningfully for the prediction of clinical outcomes. There was high confidence that males have
greater than twofold increased rates of clinical outcomes compared to women. A positive family
history of HCC was associated with an increased risk of HCC, but the extent this was
independent of age of infection and duration of disease is unclear. Estimates regarding
coinfection and clinical outcomes could only be made with low confidence due to the paucity or
inconsistency of the data; coinfection with either human immunodeficiency virus (HIV) or
hepatitis delta virus (HDV) appeared associated with strongly increased liver-related mortality,
and coinfection with hepatitis C virus (HCV) appeared associated with moderately increased
HCC risk. Cirrhosis is a strong predictor of HCC and death. There was little to no evidence



regarding the impact of nonalcoholic liver disease or alcohol consumption on future development
of cirrhosis, HCC, or death.

Increased HBV deoxyribonucleic acid (DNA) viral load was strongly associated with
increased HCC and liver-related mortality after accounting for baseline cirrhosis, HBeAg status,
and ALT levels. There was no evidence regarding whether reduction in HBV DNA viral load
was associated with better outcomes. HBV genotypes may be associated with differing risk of
clinical outcomes. HBsAg loss was associated with a reduction in risk of cirrhosis, but data were
sparse. There was no evidence as to whether HBsAg loss was associated with other improved
outcomes. HBeAg-positive status was associated with poorer outcomes independent of other
disease factors. Reversion or multiple switches in HBeAg status was associated with increased
HCC; however, the mechanism of this is unclear. Basal core promoter mutations (T1762/A1764)
and the precore (PC) mutation (A1896) were associated with increased HCC and basal core
promoter mutations may be associated with small increases in liver-related death rates. ALT was
modestly associated with associated with increased risk of HCC and cirrhosis after accounting
for baseline cirrhosis, HBeAg status and HBV viral load.

Questions 2 and 3

Ninety-three articles represented 60 unique randomized trials of interferon alfa-2b,°' ™
peginterferon alfa-2a,”**” peginterferon alfa-2b,”*'* adefovir,'™!'*'*? entecavir, 2
lamivudine,®679326-119:127-142 1 telbivudine. ' 2*1#"1* Treatment duration averaged 44+22
weeks and followup post-treatment 98+158. Most enrollees were Asian (64 percent) or white (30
percent) ethnicity/race,5! 6366:69 81.83.84.86.87.90

Sixteen articles reporting on mortality, HCC, hepatic decompensation, or cirrhosis were not
of sufficient size or duration to adequately assess the effect of treatments on these
outcomes,’*-82:83-86.90.9196,106.111.121.122.124-126.132.141 \ 16t studies reported on serologic, virologic, or
histologic outcomes with marked variation in patients enrolled, dose or duration of interventions
and comparators, time to evaluate outcomes at the end of or at followup off therapies, and
definitions of outcomes. When treatment effects were noted, they were rarely reassessed or
reported in similar patient populations, and/or drug combinations, doses, or durations. No study
assessed outcomes according to the multiple patient and disease characteristics frequently used to
determine treatment strategies (e.g., according to HBeAg plus HBV DNA plus ALT plus
cirrhosis status). There was a low level of evidence from individual studies or inconsistent results
from several studies for most outcomes.

Question 2a. What is the efficacy (or effectiveness) of interferon
therapy, oral therapy, and various combinations in treating hepatitis B
with defined or continuous courses of treatment?

Clinical outcomes.

Mortality. Antiviral medications did not reduce mortality versus placebo, other antiviral
medications, or in combination with corticosteroids, regardless of baseline HBeAg or cirrhosis
status in 14 RCTs that were not designed to test long-term clinical outcomes.”**>¢-20-6:106.111.121,
122,124-126,132

Cirrhosis. A small trial failed to demonstrate that interferon alfa-2b prevented cirrhosis in
HBeAg-positive patients.* Another small RCT found no significant difference in histologically

4



confirmed cirrhosis after interferon alfa-2b alone or with simultaneous prednisone.** No data
were available from RCTs for other antiviral drugs or longer followup.

Hepatic decompensation was not prevented by lamivudine compared to placebo'*" or
entecavir compared to lamivudine'**'? in three underpowered trials.'?*'2*4!

Hepatocellular carcinoma was not prevented in four studies with inadequate size and
duration.®*"'""132 I one RCT, analysis that adjusted for country, sex, baseline ALT level,
Child-Pugh score, and Ishak fibrosis score and excluded five individuals who developed HCC
within the first year of the study found a borderline significant effect of lamivudine.'** This study
noted a nonsignificant increase in all cause mortality.

Intermediate outcomes. Evidence suggested drug effects on viral load or replication, liver
enzymes, and histology at end-of-treatment and lasting from at least <3 to >6 months off
treatment. No one treatment improved all examined outcomes and few assessed complete
response or sustained outcomes (i.e., at >6 months off treatment).

HBV DNA clearance was assessed using assays with different sensitivities to detect HBV
DNA. Adefovir'®"'*"*!"* and lamivudine 2712 131133136.39 41 creased HBV DNA clearance at
end of treatment versus placebo. Entecavir increased clearance versus lamivudine'?! 12212126
with inconsistent effect size. Lamivudine was less effective than adefovir in lamivudine-resistant
patients'"® and less effective than telbivudine in HBeAg-positive patients.'?” Limited evidence
suggested that HBV DNA clearance was maintained at followup off therapy ranging from 18-24
weeks after interferon alfa-2b,69’87 lamivudine," or adefovir administration.

HBeAg loss was assessed in 35 trials, ©1:620466.67.69.72.75.80.83.86-88.92.94.96.98.99.102.106.109, 1 12,1 1317,
19,120,122-125.127.136.140.143.144 R A o clearance off treatment was demonstrated for interferon alfa-
2b.54847 L amivudine for 52 weeks versus placebo increased HBeAg loss at 16 weeks off
therapy.””'* HBeAg loss at 24 weeks post treatment was greater after peginterferon alfa-2a
versus lamivudine.”*”°

HBeAg seroconversion was assessed in 36 studies, '*-670+00-68.75.80.83.88.91.94.96.99.106.109.111-
13,7, 119,120,122-127,133,136,140.141.143-145 [ o i) Jine®467 127136140041 o1 o qofovir increased HBeAg
seroconversion versus placebo.''>'"? Interferon alfa-2b°*™ increased post-treatment
seroconversion. Lamivudine monotherapy failed to sustain seroconversion.®”*® Interferon alfa-
2b plus lamivudine demonstrated inconsistent effects on seroconversion at 6-28 weeks of
followup®®” with significant benefit in a pooled analysis from four RCTs using individual
patient data.®* Telbivudine versus adefovir'*® or peginterferon alfa-2a versus lamivudine
increased post treatment HBeAg seroconversion.” Peginterferon alfa-2a plus lamivudine
increased HBeAg seroconversion versus lamivudine alone but not versus peginterferon alfa-2a
alone.”

HBsAg clearance. Nine studies compared active drugs with placebo or no
treatment.'“"7*¥#1 Only one RCT of HBeAg-positive patients found a significant increase in
HBsAg loss after interferon alfa-2b.* Steroid pretreatment followed by interferon alfa-2b versus
no antiviral drugs increased HBsAg loss at the end of treatments.”*** Active treatments
compared to each other did not demonstrate differences post-treatment HBsAg loss or combined

- 61,63,66,67.69.71,73,74,76,80,82-85,87-
outcomes that included loss HBsAg clearance.” """ 77 /5 % /208,
91,98,99,109,111,119,122,126,136,139

ALT normalization was greater after adefovir versus placebo.'®!"® Lamivudine increased

rates of ALT normalization versus placebo at 24 weeks off treatment in HBeAg-negative
patients."” Interferon Alfa-2b at doses 35 million units (MU)/week compared to no antiviral
treatment increased rates of ALT normalization at 8-24 weeks of followup.** *” Sustained ALT



normalization at 24 weeks off treatment was greater after peginterferon alfa-2a compared to
lamivudine’*® and after combined therapy of peginterferon alfa-2a with lamivudine compared to
lamivudine alone.”>

Histological improvement off treatment in necroinflammatory scores was reported in only
one RCT” after peginterferon alfa-2a compared to lamivudine in HBeAg-negative patients.”

Combined virologic and biochemical outcomes. Low to moderate evidence suggested that
some examined drugs or their combinations improved combined virologic and biochemical
outcomes immediately after’>$!849L122126.127.139 4 4 1ot treatment,61737581.8285.87,89.91,106.122.125.139

Question 2b. What are the known harms of interferon therapy, oral
therapy, and various combinations in treating hepatitis B with defined
or continuous courses of treatment?

Nucleos(t)ide analogues were well tolerated during the duration studied with safety profiles
and withdrawal comparable to placebo. Adverse events were usually mild, including fatigue,
headache, abdominal pain, nausea, and diarrhea. Pegylated interferon therapy, alone or combined
with lamivudine, was not as well tolerated as lamivudine monotherapy. Subjects treated with
combined or monotherapy were more likely to withdraw from a study or require dose
modification due to an adverse event compared to lamivudine. Adverse events associated with
pegylated interferon include flu-like illness, hair loss, anorexia, and less commonly depression.
Pegylated interferon and conventional interferon therapy had comparable safety profiles.

Similar incidences of Grade 3 or 4 laboratory abnormalities were observed for adefovir and
placebo with the exception of increases in ALT and AST levels. Subjects with or at risk of
impaired renal function may develop nephrotoxicity with adefovir. Twenty-five percent of
lamivudine subjects had an ALT level at least three times the baseline level compared to 8
percent of placebo subjects during the post-treatment period. One trial noted greater incidences
in Grade 1-4 creatine kinase (CK) elevations with telbivudine compared to lamivudine. Higher
frequencies of Grade 3-4 elevations in ALT and AST occurred with lamivudine compared to
telbivudine. ALT flares occurred in 24 percent and 9 percent of the lamivudine and entecavir
groups, respectively. Laboratory abnormalities were higher in the peginterferon alfa-2a
monotherapy and combined therapy groups compared to lamivudine. Overall, dose modification,
due mainly to laboratory abnormalities, was required for 46 and 47 percent of peginterferon
mono and combined therapy recipients, respectively. Neutropenia and thrombocytopenia were
cited as the most common abnormalities.

Question 3a. Are there differences in efficacy/effectiveness of
treatments for treatment naive versus drug-resistant patients, HBeAg-
positive versus HBeAg-negative patients, or for other subpopulations
(as defined previously)?

Potential modifiers of treatment effectiveness and harm include patient, disease, viral,
biochemical and therapeutic factors. Fifteen studies examined treatment effects among patient
subpopulations immediately®!¢47>:93105:107.124.127.130.132.133.135.140.141.143 5y 4 at followup off active
drugs (n=23 studies),0!"057273.7584.8590.93.96.97.99,100,102,104,106,108,109.114.126 \y, RCTs directly

compared patients with eAg+ versus eAg-, treatment naive versus prior treated, or drug resistant



with baseline cirrhosis versus no-cirrhosis. Results from studies enrolling relatively pure
populations indicate that there is inconsistent data that baseline treatment status, eAg status, or
cirrhosis influence histological, virological, or biochemical end points.

Younger patient age was associated with enhanced HBV DNA clearance and ALT
normalization in patients treated with pegylated interferon versus lamivudine.”*'?’

Baseline body weight was not associated with HBV DNA clearance and ALT
normalization.”

Disease progression or treatment induced sustained ALT normalization and HBV DNA
clearance did not vary by gender (five studies, three antiviral agents used as
monotherapy), /22105132141

Patients with longer duration of hepatitis responded to therapy 2.5 times less frequently
compared to those with shorter duration of the disease. Sustained virologic response at 48 weeks
off therapy (HBeAg and HBV DNA loss) to interferon alfa-2b combined with lamivudine was
greater in those with an estimated duration of hepatitis of 10 years or less after adjustment for
patient gender and age.®’

Treatment induced followup histology, HBeAg loss or DNA clearance and ALT
normalization did not clearly vary by baseline histology severity.63’64’97’127 HBeAg loss was
higher per unit increase in baseline histological activity index (HAI) score.** Lamivudine
improved histology compared to placebo among patients with moderate or severe hepatitis but
failed in those with mild hepatitis.'** Interferon alfa-2b increased post-treatment HBeAg loss
compared to placebo among patients with pretreatment HAI score 5-9 but not in patients with
pretreatment HAI score 0-4 or >10.** Interferon alfa-2b combined with lamivudine compared to
placebo increased post-treatment HBeAg clearance in patients with pretreatment HAI score 5-9
with no significant effects in those with pretreatment HAI score 0-4 or >10.%* Off treatment
virologic response to interferon alfa-2b plus lamivudine increased in those with a baseline
inflammation score of seven or more, independent of gender and age.”’ Presence of steatosis did
not modify the effect of peginterferon alfa-2a combined with lamivudine on post-treatment
response defined as HBV DNA disappearance and ALT normalization in both HBeAg-positive
and negative patients.”’ Adjusted rates of post-treatment response were greater per increase in
baseline Knodell HAL"”

It was difficult to draw conclusions on the effect of viral load on outcomes off therapy due to
varying assays and cut offs of baseline DNA. There were inconsistent effects with no dose-
response relationship observed. Compared to placebo, lamivudine reduced disease progression
regardless of baseline viral load. Compared to lamivudine, peginterferon plus lamivudine was
more effective for combined end points regardless of baseline viral load. No studies reported
subgroups with very low viral load. Treatment induced HBeAg loss, ALT normalization, or
histology improvement varied with baseline viral load. At followup post treatment, interferon
alfa-2b increased loss of HBV DNA and HBeAg among patients with baseline HBV DNA 2-99
pg/ml but failed among those with higher baseline HBV DNA.* There was not a significant
HBV DNA unit dose-response versus no treatment.®' Interferon alfa-2b increased off treatment
rates of HBeAg loss among patients with baseline HBV DNA <10pg/ml but not in those with
higher viral loads.®’ Interferon alfa-2b with steroid pretreatment increased post-treatment
treatment rates of HBV and HBeAg loss among patients with baseline HBV DNA 2-99 pg/ml
but failed in those with HBV DNA >100 pg/ml.** Combined administration of interferon alfa-2b
with lamivudine resulted in greater off treatment HBV DNA clearance and HBeAg
seroconversion in patients with baseline HBV DNA >10" copies/mL.” Peginterferon alfa 2-a



provided greater sustained response compared to lamivudine in patients with baseline HBV DNA
range in the 25-75 percentile’”*® with random differences at other percentiles.

Low quality evidence indicates that treatment effects may vary by baseline HBeAg
status.'**"#*!* Lamivudine versus placebo decreased overall disease progression among HBeAg-
positive'** but failed in HBeAg-negative patients."** Telbivudine versus lamivudine improved
outcomes among HBeAg-positive with random differences in HBeAg-negative patients.'*'*
Patients who were HBeAg-negative at baseline experienced improvement in biochemical,
virological, and histological outcomes after adefovir therapy and pegylated interferon alfa 2-a
monotherapy or combination with lamivudine.'®-"!7+76:7-819L93.95 O A defoyir!®!10 and
pegylated interferon alfa 2-a with lamivudine’® improved off-treatment viral clearance in
HBeAg-negative patients.

Treatment induced ALT normalization and HBV DNA clearance or HBeAg seroconversion
varied by HBV DNA genotype. There was better response among patients with genotype B and
C at the end of treatments’ and at followup off therapies.®>*>%%%100:108109 patients with
genotype A had lower adjusted odds of response compared to patients with genotype C.”* Off
treatment response to the same treatments also differed with greater adjusted odds of success
among patients with genotype B versus D and with genotype C versus D.”

Baseline ALT levels. Treatment induced HBeAg clearance and seroconversion, HBeAg loss
or virologic clearance varied by baseline ALT levels with inconsistent evidence of better
response among patients with elevated baseline ALT (ten studies; three medications used as
mono or combination therapy).

HBeAg seroconversion after peginterferon alfa-2a alone or in combination with lamivudine
was higher versus lamivudine alone among patients naive to lamivudine,”® with no significant
differences among patients previously treated with lamivudine. Five RCTs enrolled lamivudine
resistant patients.''&!'*12412141 A defovir plus lamivudine versus lamivudine increased ALT
normalization and HBV DNA clearance but not HBeAg clearance or seroconversion in
lamivudine-resistant patients''’ without improvement in outcomes compared to adefovir
monotherapy.''” Entecavir increased HBV DNA and HBeAg clearance and normalization of
ALT in lamivudine-refractory HBeAg-positive patients compared to lamivudine'*>'** and
improved necroinflammatory Knodell scores and Ishak fibrosis scores in lamivudine resistant
patients.'? Patients who failed previous interferon therapy did not benefit from adding
lamivudine.”

Question 3b. Is there evidence that specific subpopulations do not
require treatment for hepatitis B (i.e., that the surrogate and/or clinical
outcomes are equivalent or superior when not exposed to treatment?)

Studies did not demonstrate improvement in clinical outcomes. However, RCTs were not
adequately designed to accurately assess clinical outcomes. Evidence in key question 1
demonstrates that the clinical course of CHB is asymptomatic and indolent in most adults.
Therefore, the majority would be unlikely to benefit from treatment for many years. Treatment to
reduce viral transmissibility is of potential immediate and long-term public health benefit.
Patient, disease, and comorbidity factors are of limited value in assessing prognosis in order to
make treatment decisions in an individual patient. A key exception is the presence of cirrhosis
where there was high confidence that this led to a large increased risk of poor clinical outcomes.



Therefore, clinicians may decide to initiate therapy in these individuals because of a poor natural
history.

Specific subpopulations would not require treatment if their clinical outcomes (and possibly
validly defined surrogate measures) were equivalent or superior to similar populations not
receiving treatment or if harms of therapy outweighed benefits. The effects of eligible drugs on
asymptomatic carriers have not been published in RCTs. Monotherapy with interferon alfa-2b or
lamivudine and a combination of interferon alfa-2b with steroids failed to sustain virologic
response in patients with CHB. Individuals who failed previous interferon alfa-2b therapy did not
benefit after combined interferon and lamivudine treatment. Patients with HBeAg did not
experience greater off treatment HBeAg seroconversion after interferon alfa-2b combined with
lamivudine. Interferon alfa-2b did not improve histology or increase rates of resolved hepatitis.**
848991 Interferon alfa-2b combined with lamivudine compared to placebo failed to increase
HBeAg clearance or sustained HBeAg seroconversion in patients treated with lamivudine® and
in nonresponders to the previous interferon therapy.®” Lamivudine compared to placebo failed to
sustain HBeAg seroconversion in interferon nonresponders®” and in treatment naive patients.'*®
Lamivudine did not sustain HBsAg loss, HBV DNA clearance, or ALT normalization.®”!3¢1%

We assessed whether certain patient or hepatitis characteristics were associated with risk of
serious adverse events or noncompliance that might lead to a decision not to initiate treatment.
Few data were available. Several adverse effects were specific for patients with different HBeAg
baseline status. Only HBeAg-negative patients experienced dose modification due to neutropenia
or thrombocytopenia.” Combined therapy did not prevent worsening of fibrosis scores in
HBeAg-negative patients.” In HBeAg-positive patients depression, diarrhea, dizziness, nausea,
pruritus, rash, or rigors were more common after combined therapy with lamivudine compared to
lamivudine alone.”® YMDD mutations were more common in HBeAg-positive patients after
combined therapy compared to peginterferon alfa-2a alone.” Pyrexia was more prevalent after
peginterferon alfa-2a compared to lamivudine.””® Only HBeAg-positive at baseline patients
experienced >1 serious adverse event,’® while only HBeAg-negative patients needed dose
modification due to neutropenia or thrombocytopenia.”” The rates of YMDD mutations were
lower after interferon compared to lamivudine in patients with HBeAg-positive CHB.”

Question 4: What is the evidence that changes in surrogate endpoints
In response to treatment are reliable predictors of long-term
resolution or slowed progression of disease?

Studies were not adequately designed to assess the effectiveness of treatments on clinical
outcomes, a necessary prerequisite for determining surrogates. Treatments did not improve all-
cause mortality, liver-related death, hepatic carcinoma, or hepatic decompensation. We found
even fewer studies that assessed the association of baseline ‘surrogates’ with clinical outcomes.
We did not find any RCTs that evaluated whether change in a clinical outcome was explained by
a treatment related change in a potential surrogate. We found associations of intermediate
markers with clinical outcomes and advise caution against calling them surrogates. Four included
studies were either long-term followup of prior RCTs, with randomization no longer preserved,
or cohort studies of once-treated patients, where surrogate markers were assessed in relation to
long-term clinical outcomes. There was lack of uniformity in surrogate and endpoint
measurement, timing of measurement, definitions, and measurement of effect controlling for
relevant effect. We have low confidence whether any of the listed biochemical, histologic, or
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virologic measures are adequate surrogate markers. Patients who are positive for HBsAg are
considered to be capable of transmitting hepatitis B virus to uninfected individuals. Clearance of
HBsAg, HBV DNA, or HBeAg seroconversion could be considered an appropriate clinical
outcome from the perspective of transmission prevention and public health rather than or in
addition to possibly being a surrogate for clinical outcomes in infected patients.

There is limited information on the association of potential surrogates of ALT normalization,
detectable HBV DNA, worsening histology, and change in HBeAg on the composite endpoint of
decompensation, cirrhosis and HCC, and all-cause mortality among patients treated with
peginterferon alpha-2a plus lamivudine, interferon alpha-2a or 2b, or lamivudine. Among
HBeAg-positive patients treated with interferon alpha-2a or 2b, a 2-point increase in HAI score
at the end of treatment may be a potential surrogate for liver complications. Among HBeAg-
positive patients treated with lamivudine alone or in combination with peginterferon interferon
alpha-2a, HBeAg seroconversion may be an incomplete surrogate for decompensation. There are
no available data that assess HBsAg seroconversion among treated patients on clinical outcomes.
There are no data that assess drug resistance among treated patients or following treatment with
adefovir or telbuvidine on clinical outcomes.

Discussion

Predicting CHB natural history and accurately evaluating the effectiveness of treatments is
difficult, in part due to the long-term and heterogeneous nature of the disease. There is little high
quality information with which to make accurate prognostic and treatment decisions. Limited
evidence from observational studies suggested that increased age and duration of infection, male
gender, coinfection with HIV, HCV, or HDV, increased HBV DNA viral load, and cirrhosis
were associated with increased risk of death and cancer. RCTs were not designed to detect
effects of drugs on clinical outcomes. Only one trial reported significant protective effect. The
beneficial effect of lamivudine on HCC occurred only after secondary adjusted analyses and
exclusion of five individuals who developed hepatocellular cancer within the first year of the
study.'** This study also reported a nonsignificant increase in all-cause mortality with
lamivudine. Treatment goals proposed by present guidelines include intermediate outcomes
(HBV DNA and HBeAg loss, ALT normalization, improvement in histology) with very limited
evidence that such measures are associated with significant prevention of liver failure or cancer.
Ongoing clinical trials registered in www.clinicatrials.gov defined intermediate measures as
primary outcomes with no expected increase in the rates of resolved hepatitis or prevention of
cirrhosis, liver failure, or HCC. Low to moderate levels of evidence suggested that improvements
off treatment (<3 months to >6 months) in intermediate outcomes occurred after mid-duration
treatment. The majority of treatments demonstrated marginal or random effects for off treatment
HBsAg seroconversion combined with other criteria of complete response or resolved hepatitis
B. Consistent pooled risk reductions from multiple studies were observed for the following:
interferon alfa-2b (HBeAg loss and HBV DNA loss); adefovir (ALT normalization and HBV
DNA loss); and lamivudine (HBeAg seroconversion, HBV DNA loss, improved
necroinflammatory scores, ALT normalization). Biological markers to monitor the effects of
drug therapies have not been evaluated in RCTs.

Very limited low level evidence was available for patient subpopulations. Few large working
groups conducted appropriate analyses controlling for possible confounding factors, however,
consistency in the effects was not possible to estimate considering large variability in patient
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characteristics, examined treatments, and different definitions of the outcomes. Published
evidence of different treatment effects in aged, males, and patients with longer duration of
hepatitis, large viral load, and viral genotype B should generate hypotheses for future research
rather that result in valid individualized predictions of treatment benefits.

Deciding which patients should not receive treatment is difficult and necessarily made
between patient and health care provider. Evidence does not indicate that therapies improve
clinical outcomes but does not exclude potential effect. Furthermore, there was very limited
evidence indicating which patients should or should not be treated. No RCTs evaluated
treatments among carriers without chronic hepatitis. Limited evidence suggested small treatment
benefits in HBeAg-negative patients with the same probability of harms independent of baseline
HBeAg status. Patients with active CHB experienced off treatment benefits on selected
intermediate outcomes after interferon alfa-2b, adefovir, lamivudine, or pegylated interferon
alfa-2a. Absolute rates were low and indirect comparisons of absolute rates not valid.

Nucleos(t)ide analogues adefovir and lamivudine were well tolerated and adverse events
were generally mild during the duration studied. Safety profiles were comparable to placebo,
with the exception of significant increases in ALT and AST levels due to adevovir and increased
resistance and mutation with lamivudine. Subjects with or at risk of impaired renal function may
develop nephrotoxicity with chronic administration of adefovir. Pegylated interferon, alone or
combined with lamivudine, was not as well tolerated as lamivudine monotherapy. A flu-like
illness is commonly associated with peginterferon alfa-2a treatment. Pegylated interferon and
conventional interferon therapy had comparable safety profiles. Dose modification was common.

Gaps in Evidence and
Recommendations for Future Research

The greatest knowledge gap derives from the lack of large, long-term randomized trials
demonstrating that interventions with antiviral agents improve all-cause mortality, liver-related
mortality, hepatocellular carcinoma, and/or hepatic decompensation. Additional valid clinical
outcomes could include quality of life and hospitalizations. Randomized trials did not reliably
demonstrate long-term reduction in infectivity. Accurate assessments of effectiveness or
decisions on whom to treat are not possible. Because individuals with baseline cirrhosis are at
greatest risk for poor outcomes, they stand the most to benefit from effective therapies.
Assessment of baseline and followup patient, biochemical, virological, and histological measures
can then be utilized to determine if they are valid surrogates of treatment effectiveness in the
studied patients. If randomized trials are judged not feasible, then accurate collection of valid
epidemiologic data in clinical settings or in registry studies might be useful.

Patient characteristics and clinical markers are predictive of chronic HBV-related clinical
outcomes. What remains to be addressed is the extent to which these predictors represent
clinically useful therapeutic targets or disease surrogates. Observational studies that report
longitudinal measurements of these predictors and collect outcome data could better identify
whether change in predictor status leads to change in outcomes. There was little evidence
regarding the predictive ability of liver histology besides cirrhosis. The evidence for patients
with HBV infection acquired later in life is weak and involves extrapolation from studies in
people with perinatally acquired infection. Biological markers to monitor the effects of drug
therapies have not been evaluated in RCTs, though several genetic or immunological markers to
predict virological have begun to show promise.
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Recent clinical guidelines classify patients into diagnostic groups based on HBeAg status,
serum HBV DNA, ALT/AST levels, and biopsy results. Future studies should measure these
factors and analyze data controlling or stratifying for these variables. Future studies would
benefit from creating cohorts within existing diagnostic groups: inactive carrier, chronic hepatitis
HBeAg-positive, chronic hepatitis HBeAg-negative, and chronic hepatitis with cirrhosis, and
presenting key findings separately for these groups. Research is needed to identify valid
surrogates and to demonstrate the effect of a treatment agent on the surrogate as well as clinical
endpoints. Standardized assessment and determination of clinically meaningful changes, such as
adopting a uniform scoring system for liver biopsies and deciding on a definition of what
constitutes clinically meaningful change, are required. Standardized laboratory assays, methods
to quantify intermediate markers of interest, and thresholds of abnormality are also required.
Times to assess outcomes should be standardized by investigators.

Conclusion

Adults with CHB infection are at increased risk for poorer health outcomes, though the
absolute risk generally is small and requires many years to manifest. Presence of cirrhosis is the
greatest risk factor leading to poor clinical outcomes. Interferons, reverse transcriptase inhibitors,
and their combinations maintained short to mid-duration off-treatment improvements in selected
intermediate outcomes but have not been demonstrated to improve clinical outcomes, to resolve
hepatitis B infection, or sustain intermediate benefits over many years. Baseline patient and
disease characteristics may modify response to treatments. Most drugs are relatively well
tolerated, with few and generally mild adverse effects. Validated surrogate measures to assess
treatment effectiveness do not exist. Long-term randomized controlled trials are needed to assess
effects of antiviral agents on clinical outcomes and among patient subpopulation.
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Chapter 1. Introduction
Overview

Hepatitis B is a highly prevalent disease with 350 million chronic cases worldwide.' Despite
immunization efforts, 6,212 incident cases of hepatitis B were diagnosed in the United States in
2004 and 4,713 cases in 2006.> An estimated 2,000 to 4,000 deaths per year are related to CHB
liver diseases,” including liver cirrhosis and hepatocellular carcinoma.’ The natural history of
hepatitis B is variable but generally indolent for many years to decades. Up to two-thirds of
adults infected with hepatitis B virus do not experience symptoms, and approximately 5 percent
of acutely infected immunocompetent adults develop CHB. Demographic, clinical, and hepatitis
B disease factors are believed to be associated with the development of CHB (CHB), poor
prognosis among those who develop CHB, and response to therapy. These include the mode and
timing of infection, gender, race/ethnicity, geographic location, comorbid conditions, including
alcohol use and coinfections with hepatitis C and human immunodeficiency virus (HIV), as well
as biochemical, virological, and histological intermediate measures of hepatitis B activity.

Hepatitis B treatments include nucleos(t)ide analogues categorized as L-nucleosides
(lamivudine, emtricitabine, telbuvidine, and clevudine), acyclic phosphonates (adefovir and
tenofovir), and cyclopentanes (entecavir). Additionally, interferons (standard interferon and
peginterferon) are available. Seven antiviral agents have been approved for use in the United
States (standard interferon, peginterferon, lamivudine, telbivudine, adefovir, entecavir, and
tenofovir) and several others are under investigation. Antiviral drugs are used either as
monotherapy or in combination. Two basic therapy approaches exist. A defined self-limited
course (e.g., 4-12 months) followed by monitoring off treatment is generally used for interferon-
based therapy. Long-term continuous suppressive therapy is used for other direct antiviral agents.
The rationale for these different approaches is to maximize long-term loss of HBsAg, HBeAg,
and HBV DNA while minimizing treatment related harms, including the development of
antiviral resistance. The latter is marked by appearance of circulating hepatitis B virus with
reduced sensitivity to the particular antiviral agent. Clinically this is manifested by biochemical
increases in previously normalized ALT levels.

The course of CHB is typically silent and associated with few signs or symptoms of disease
for many years. Therefore, the major goals of therapy have been long-term prevention of
progression, development of cirrhosis, and hepatocellular carcinoma rather than immediate
improvement in symptoms. Because development of clinical outcomes often does not occur for
years to decades after diagnosis, most studies of therapies have used short-term intermediate
biochemical, virological, and histological responses to assess treatment effectiveness.
Additionally, investigators and clinicians have described these intermediate laboratory responses
as surrogate measures of treatment effectiveness and substituted these measures for clinical
outcome effectiveness evaluations. The primary advantage of the use of these intermediate
markers is their ability to evaluate drugs more quickly and in smaller trials than would be
required for the demonstration of a reduction in the risk of major clinical events.

The Clinical Research Workshop in the Liver Disease Research Branch, National Institute of
Diabetes and Digestive and Kidney Diseases,’ the American Association for the Study of Liver
Diseases,' the Canadian Association for the Study of the Liver, and the Association of Medical
Microbiology and Infectious Disease have proposed biochemical, virologic, and histologic
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measures to determine an individual’s risk for disease progression, identify candidates for
treatment, and assess treatment effectiveness and harms. There is uncertainty regarding which
strategy leads to improved early treatment effectiveness, development of viral resistance while
on therapy, sustained off treatment effectiveness (>6 months), harms, costs, and whether
treatment outcomes are influenced by patient, disease, or comorbidity factors.

Assessment of these endpoints has been categorized as initial response (measured at 6-12
months on therapy), maintained (longer term on-treatment), and sustained (at least 6 months off
treatment). Frequently recommended and utilized intermediate measures have included a
decrease in serum ALT levels to normal ranges, resolution of CHB based on HBsAg loss and
seroconversion to antiHBsAg, liver biopsy, a decrease in serum HBV DNA to undetected levels,
HBeAg loss, or seroconversion to antiHBeAg. All of these proposed endpoints have problems
with measurement, standardization, and definitions of normality. For example, not all patients
have elevated ALT levels, and there is no widely accepted definition of normal. Liver biopsies
are invasive, potentially harmful, difficult to conduct repeatedly, and sample only a small portion
of the liver. Complete virological responses are often poorly achieved or relatively short lived.
Development of virological resistance and breakthrough requires frequent determinations of
HBYV DNA levels. Resistance may be genotypic based on detection of HBV mutations that may
not be clinically significant. Of greatest importance is the lack of evidence that any intermediate
outcomes serve as a true surrogate measure of treatment effectiveness for clinical outcomes.
While these measures may be correlated with health outcomes in prospective reports, such a
correlation does not prove surrogacy. A surrogate endpoint of a clinical trial is a laboratory
measurement or a physical sign used as a substitute for a clinically meaningful endpoint that
measures directly how a patient feels, functions, or survives. Changes induced by a therapy on a
surrogate endpoint are expected to reflect changes in a clinically meaningful endpoint. For an
intermediate outcome to serve as a valid surrogate endpoint, it is required that the effect of the
intervention on the surrogate endpoint predicts the effect on the clinical outcome. Valid surrogate
endpoints must correlate with the true clinical outcome and fully capture the net effect of
treatment on the clinical outcome. Reasons for failure of intermediate measures to serve as
surrogates include: the surrogate may not be on the causal pathway of the disease process; of
several causal pathways of disease, the intervention affects only the pathway mediated through
the surrogate; the surrogate is not in the pathway of the intervention’s effect or is insensitive to
its effect; or the intervention has mechanisms of action independent of the disease process.

Examples of intermediary measures known to correlate with clinical outcomes and later
demonstrated not to be surrogates of treatment include: use of CD4 cell counts to assess whether
antiviral therapies improve survival among individuals with human immunodeficiency virus,
pharmacologic suppression of ventricular arrhythmias to reduce cardiovascular-related mortality,
assessment of improvement in exercise tolerance, and ejection fraction to evaluate impact of
pharmacologic interventions on survival in patients with congestive heart failure and bone
mineral density improvements due to fluoride to assess fracture risk. While surrogate endpoints
can be useful in phase 2 trials for identifying whether a new intervention is biologically active,
they are rarely, if ever, adequate substitutes for definitive clinical outcomes in phase 3 trials. We
focused our primary assessment of treatment effects on clinical outcomes, including: overall and
disease specific mortality and hepatocellular carcinoma. We also included cirrhosis, though
many individuals with cirrhosis are asymptomatic and only detected based on study or clinically
desired biopsy. Therefore, while cirrhosis is a known poor prognostic indicator, it may be better
described as an intermediate, and not a clinical outcome.
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Chronic carriers of HBsAg have substantially higher rates of hepatocellular carcinoma,
cirrhosis, and death than people who are not HBsAg-positive. Infection with Hepatitis B virus
(HBV) can be transferred through multiple different pathways (Figure 1). Combining this
individual variation with the demographic diversity within HBV-infected populations makes it
difficult to predict individualized outcomes from population-based studies. Furthermore, much of
the literature provides incomplete detail to characterize risk factors for progression. This holds
true when evaluating observational studies to determine the long-term prognosis of CHB or
when assessing outcomes from randomized treatment trials where treatment duration and
followup off treatment are often limited in duration (months) yet outcomes due to CHB may
require decades to manifest.

Figure 1. Classic phases in chronic Hepatitis B infection (HBeAg-positive)
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Transmission Transmission
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Previous reviews analyzed efficacy of particular pharmacological agents for chronic HBV
infection.'**!'*” The aim of this report is to systematically analyze evidence of the natural history
of CHB as well as treatments for adults to provide evidence for a National Institutes of Health
(NIH) Consensus Conference related to Management of Chronic Hepatitis B in Adults. We
emphasize treatments most relevant to clinical practice in the United States. We addressed the
following NIH Consensus Conference and Agency for Healthcare Research and Quality (AHRQ)
Evidence-based Practice Center (EPC) report questions. We developed an analytic framework
(Figure 2) that presents these questions in a graphical format along with the key linkages
required to assess CHB natural history as well as the effectiveness and harms of treatments.
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Figure 2. Hepatitis B analytic framework
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Key Questions

Consensus conference question 1. Which persons with hepatitis B should be treated?

EPC question 1. What is the evidence that the following population characteristics or clinical
features associated with hepatitis B are predictive of hepatocellular carcinoma, liver failure,
cirrhosis, liver-related death, and all-cause mortality?

Consensus conference question 2. What are the benefits and risks of the current therapeutic
options for hepatitis B with defined or continuous courses of treatment?

EPC question 2a. What is the efficacy (or effectiveness) of interferon therapy, oral therapy,
and various combinations in treating hepatitis B with defined or continuous courses of treatment?

EPC question 2b. What are the known harms of interferon therapy, oral therapy, and various
combinations in treating hepatitis B with defined or continuous courses of treatment?

Surrogate outcomes of interest. Alanine aminotransferase (ALT) and/or aspartate
aminotransferase (AST) levels, HBV viral load, change in hepatitis B e antigen (HBeAg) status,
HBsAg conversion, liver biopsy findings (necroinflammatory activity or stage of fibrosis), and
drug resistance.

Clinical outcomes of interest: hepatocellular carcinoma, liver failure, cirrhosis, liver-related
death, all-cause mortality.

Consensus conference question 3. Which persons with hepatitis B should be treated?

EPC question 3a. Are there differences in efficacy/effectiveness of treatments for treatment
naive vs. drug-resistant patients, HBeAg-positive vs. HBeAg-negative patients, or for other
subpopulations (as defined previously)?

EPC question 3b. Is there evidence that specific subpopulations do not require treatment for
hepatitis B (i.e., that the surrogate and/or clinical outcomes are equivalent or superior when not
exposed to treatment?)

Consensus conference question 4. What measures are appropriate to monitor therapy and
assess outcomes?

EPC question 4. What is the evidence that changes in surrogate endpoints in response to
treatment are reliable predictors of long-term resolution or slowed progression of disease?
Patient Population: Adults (>18 years of age), including elderly and members of racial/ethnic
minority populations.
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Chapter 2. Methods

Literature Search and Eligibility Criteria

We searched MEDLINE® via PubMed®, the Cochrane library,*? Medwatch,™ and United
Kingdom Current Problems in Pharmacovigilance.* We used the European Public Assessment
Report™ to find original epidemiologic studies of adults with CHB published in English that
reported mortality, incidence of hepatocellular carcinoma (HCC), or liver failure, prevalence and
incidence of cirrhosis, HBeAg or HBsAQ presence or seroconversion, viral load of hepatic virus
B deoxyribonucleotide acid (HBV DNA), ALT levels, histological necroinflammatory and
fibrosis scores,™ and adverse events after antiviral drugs approved by the Food and Drug
Administration (FDA) for CHB, including interferon alfa-2b, pegylated interferon alfa-2a,
lamivudine, adefovir, entecavir, tenofovir, and telbivudine.!” The search strategies for the four
research questions are described in Appendix A*. Excluded references are shown in Appendix B.
All work was conducted under the guidance of a Technical Expert Panel (TEP), whose members
are identified in Appendix C.

Eligibility

Three investigators independently decided on the eligibility of the studies according to
recommendations from the Cochrane manual for systematic reviews.'*® The algorithm to define
eligibility of the studies was developed for each research question (Appendix D). We reviewed
abstracts to exclude secondary data analysis, reviews, letters, comments, case reports, and
clinical trials of healthy populations to prevent hepatitis B. We confirmed eligible target
populations of adults with chronic hepatitis B. The full texts of the original epidemiologic studies
published in English after 1989 were examined to include studies with adult patients diagnosed
with CHB. Eligible outcomes were defined as overall and liver-specific mortality, incidence of
hepatocellular carcinoma (HCC) or liver failure, prevalence and incidence of cirrhosis, surrogate
measures of HBeAg or HBsAgQ presence or seroconversion, viral load of hepatic virus B
deoxyribonucleotide acid (HBV DNA), aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels, and histological necroinflammatory and fibrosis scores™
(operational definitions in Appendix D).

For question 1, we included studies if they: (1) were original research articles; (2) reported at
least one of the following: hepatocellular carcinoma, liver failure, cirrhosis, liver-related death,
and all-cause mortality; (3) had at least 1 year of either prospective or retrospective followup
between the measurement of predictive factors and at least one of the outcomes of interest; or (4)
reported results for a hepatitis B only population. Since the focus of this report is to provide
evidence most relevant for a U.S. population, all studies meeting the previous criteria were
included if the study reported results from a U.S. population. Only large studies (at least 1,000
participants) of populations outside of the United States were included. For questions 2-4

* Appendixes and evidence tables cited in this report are provided electronically at
http://www.ahrg.gov/downloads/pub/evidence/ pdf/hepb/hepb.pdf
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randomized controlled clinical trials (RCTSs) of the drugs approved by the FDA for CHB,
including interferon alfa-2b, pegylated interferon alfa-2a, lamivudine, adefovir, entecavir,
tenofovir, and telbivudine®” were eligible for questions 2, 3, and 4. We included publications
from the multinational HBV 99-01 Study Group of pegylated interferon alfa-2b that has been
intensively examined in patients with CHB but not yet approved in the United States.'®
Observational studies of more than 50 treated adults with more than 1 year followup that
examined surrogate predictors of clinical outcomes were eligible for question 4.

Exclusion criteria included the following:

e Studies with target population as children and adolescents, healthy adults, adults with
HCC, HIV, undergoing transplantation or chemotherapy, pregnant women, CHB
populations mixed with other hepatitis patients (e.g., hepatitis C, CHB carriers, pregnant
women with CHB, or individuals undergoing chemotherapy, if results were not
separately provided for designated eligible cohort of CHB adults).

e Interventions of drugs not approved in the United States as of June 2008.

e Studies that reported not eligible outcomes including intra-hepatic concentrations of HBV
DNA, acute pharmacokinetics measures, cardiovascular markers, or visual evoked
potentials.

e Studies that evaluated cost effectiveness of different treatment options.

e Case series with small numbers of cases and no control comparison.

e Clinical trials of reverse transcriptase inhibitor that included less than 50 patients or
examined active treatments for less than 24 weeks. Trials evaluating interferon for at least
12 weeks were eligible.

e Secondary data analysis with multiple reporting of the same outcomes.

e Data from randomized clinical trials that were reported ignoring randomization.

Quality Assessment and Rating the Body of Evidence

We analyzed study quality using the following criteria: subject selection, length and loss of
followup, adjustment for confounding factors in observational studies and intention to treat
principle in clinical trials, masking the treatment status, randomization scheme and adequacy,
allocation concealment, and justification of sample sizes in RCTs.'*® The level of evidence for all
studies was estimated using a subset of the U.S. Preventive Services Task Force criteria.

For all questions, evidence tables were developed identifying the purpose of the study,
sample, design, independent and dependent variables, and findings (Appendix E). Baseline data
were compared in different studies to test differences in the target population and unusual
patterns in the data.’****! Standard deviations, regression coefficients, and 95 percent confidence
intervals (CI) were calculated from reported event rates, means, standard errors, and sample
size.™®>> The protocol for the meta-analyses was created according to recommendations for
meta-analysis of randomized controlled trials.’*****> We assessed the level of evidence based on
GRADE Working Group criteria.™®®**" We determined low level of evidence and confidence
when data were from small RCTs or observational studies or from RCTs/observational studies
with serious flaws in design/analysis and from post hoc subgroup analysis, moderate level of
evidence, and confidence when a single large multinational study or several small
RCTs/observational studies reported consistent effect of the same drugs or associations with
factors and outcomes, and high level of evidence from multiple high quality studies in applicable
patients reporting consistent sustained effects (post therapy at least 6 months).
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Applicability of the population was estimated by evaluating the selection of the subjects in
observational studies and clinical trials.*® Large observational cohorts based on nationally
representative samples had high applicability. Applicability of the intervention duration was high
for studies with followup 1 year or more and acceptable for studies with followup of 6-12
months.™® We evaluated baseline patient characteristics including age, gender, HBeAg status,
previous treatment, and the presence of cirrhosis for generalizability.

We assumed the presence of publication bias and did not use statistical tests for bias defined
as the tendency to publish positive results and to predict association when all conducted
(published and unpublished) studies are analyzed.'*4°**% \We used several strategies to reduce
bias, including a comprehensive literature search of published and unpublished evidence in
several databases, reference lists of systematic reviews, contacts with experts for additional
references they might provide, and agreement on the eligibility status by several investigators.

Data extraction. Evaluations of the studies and data extraction were performed
independently by five researchers. The data abstraction forms are shown in Appendix F. Errors
in data extractions were assessed by a comparison with the established ranges for each variable
and the data charts with the original articles.**® Any discrepancies were detected and discussed.
We abstracted the number of events among treatment groups to calculate rates, relative risk, odds
ratios, and absolute risk differences (ARD).'*? We abstracted the number randomized to each
treatment group as the denominator to calculate estimates applying intention to treat principle.
Means and standard deviations of continuous variables were abstracted to calculate mean
differences with a 95 percent Cl. We abstracted the time when the outcomes were assessed as
weeks from randomization and the time of followup post treatments. We defined sustained
response as 6 months or more post therapy. We extracted author reported adjustments for patient
age, race, gender, and comorbidities. We prioritized clinical outcomes in the assessment of
treatment benefits and harms. Sustained resolved hepatitis B was considered the next most
relevant outcome.

Data synthesis. For questions 2 and 3 we summarized the results of individual studies in
evidence tables to analyze differences in the outcomes among treatment groups. The definitions
of the outcomes are presented below:

Clinical outcomes (clinical events) included death from all causes, liver related death, HCC
or liver failure, and incidence of cirrhosis.

Intermediate outcomes.

e Complete response (resolved hepatitis B) included HBsAg loss or seroconversion in

combination with undetectable HBV DNA and normal ALT.

e Biochemical outcomes included changes in ALT levels, the rates of ALT normalization,
and flare of hepatitis B as intermittent elevations of aminotransferase activity to more
than ten times the upper limit of normal and more than twice the baseline value.

e Virological outcomes included HBsAg clearance or seroconversion, HBeAg clearance in
a person who was previously HBeAg-positive, HBeAg seroconversion defined as loss of
HBeAg and detection of antiHBeAg in a person who was previously HBeAg-positive and
antiHBeAg-negative, viral load of HBV DNA, and the rates of HBV DNA loss or
reduction.

e Histological outcomes included histological scores of inflammation or fibrosis and the
rates of improvement in necroinflammatory scores without worsening in fibrosis scores.

e Resistance was defined as worsening of histological scores or persistent HBV DNA load,
or rates of genetic mutations.

152
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e Relapse was defined as reappearance of HBV DNA or active necroinflammatory disease
of the liver in a person known to have the inactive HBsAg carrier state or resolved
hepatitis B.

e Harm effects included any adverse effects, serious adverse events, discontinuation of
treatment, or decrease in dose independent of author’s judgments of causality between
drug therapies and events.

For question 3 we synthesized the results from subgroup analyses when the authors reported
outcomes among patients according to age, gender, body mass index (BMlI), baseline ALT, viral
load, HBeAg status, pretreatment history, or histological activity. We synthesized the evidence
of effect measure modification when authors compared the effects of baseline patient
characteristics on the effects of the drug therapies. We compared the effects of the same drugs on
different patient populations across the RCTs that included patients with only positive or
negative HBeAg status.

Pooling criteria included the same operational definitions of outcomes and the same risk
factors or clinical interventions.’® Meta-analysis was used to assess the consistency of the
association between treatments and outcomes with random effects models.*®® We conducted
analyses separately for clinical, biochemical, virological, and histological outcomes and for
relative risk and absolute risk differences. Assumptions underlying meta-analysis included valid
measurements of the outcomes and similarity in study and target populations.

We tested consistency in the results comparing the direction and strength of the association.
Chi squared tests were used to assess heterogeneity.'***® Significant heterogeneity means the
effects of interventions on the outcomes were not consistent in the studies. We explored
heterogeneity with meta-regression and sensitivity analysis and reported the results from random
effects models. We analyzed whether duration of treatments or followup, doses of the drugs,
proportion of the patients with HBeAg-positive baseline status, proportion of the patients with
baseline cirrhosis, or control rates of the outcomes could explain heterogeneity between studies.
Calculations were performed using STATA software at the 95 percent confidence level.*®® We
calculated the number needed to treat and the number of the events attributable to the treatments
per 1,000 treated.*®’
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Chapter 3. Results

Consensus Conference Question 1
What is the Natural History of Hepatitis B?

EPC Question 1. What is the evidence that population characteristics
(age, age at infection, geographic location, race/ethnicity, gender,
positive family history) or clinical features (presence of coinfections,
HBYV viral load, change in HBeAg status, genotype, nonalcoholic, fatty
liver disease, alcohol consumption, AST/ALT level, liver biopsy finding)
associated with hepatitis B are predictive of hepatocellular carcinoma,
liver failure, cirrhosis, liver-related death, and all-cause mortality?

Objectives. We outlined the evidence to which the above mentioned population
characteristics and clinical features predict HCC, liver failure, cirrhosis, liver-related death, and
all-cause mortality in people with hepatitis B.

Description of study characteristics. Our search strategy identified 614 articles from
abstracts or full articles that were obtained to determine study eligibility. Additionally we
included six articles that were found through hand-searching other articles or identified by
members of our TEP. Each article was read by one of three extractors and included for further
review if the article either appeared to meet the inclusion criteria or if inclusion was uncertain. In
cases where inclusion was not obvious, consensus by the other reviewers was used to decide.

A total of 41 articles met inclusion criteria (Appendix E* Figure 1)."*° These articles include
populations from the United States, Argentina, Australia, Canada, China, Europe, Japan, Korea,
and Taiwan.

Studies from the United States are over-represented; although the majority of research has
occurred outside the Unites States, our review includes 14 publications representing eight unique
populations within the United States. Appendix E Table 1 provides the descriptive characteristics
in terms of the country, study design, number of patients, participant characteristics, length of
followup, and outcomes assessed for each of the included studies. Table 1 provides a summary
of the key risk factors and outcomes assessed, a semiquantitative estimate of risk magnitude
(small <2-fold, moderate 2-5-fold, and strong >5-fold increased risk) and a statement regarding
our confidence in the effect (inconclusive, low, medium, high) based on strength of evidence.
Definitions for the ratings of magnitude and confidence are included in Table 1.We believe that
the data available do not allow for more accurate quantitative risk estimates due to multiple
patient and disease characteristics likely to affect prognosis.

Absolute risk of hepatocellular carcinoma, liver failure, cirrhosis, liver-related death, and
all-cause mortality. Chronic carriers of HBsAg have substantially higher rates of HCC, cirrhosis,
and death than people who are not HBsAg-positive.”'******° Figure 1 shows that infection with

* Appendixes and evidence tables cited in this report are provided electronically at
http://www.ahrq.gov/downloads/pub/evidence/ pdf/hepb/hepb.pdf
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HBYV can transition through multiple different pathways. Each pathway has differing degrees of
risk for clinical outcomes. It is difficult to report the results of a population-based study in a way
that captures each individual’s fluctuations in disease severity and risk. This is particularly true
during the longer-term followup for the studies that make up this review (at least 1 year and up to
decades of followup). Therefore, while we briefly describe the absolute rate differences in HCC,
cirrhosis and death among different HBsAg patient groups, the majority of this review will focus
on the relative risk differences due to various patient and clinical characteristics.

Prior reports from Asia have estimated that the annual incidence of HCC is only 0.1 percent
in asymptomatic HBsAg individuals, 1 percent in patients with CHB, but increases to 3-10
percent in patients with cirrhosis.®’ In this same report, patients with CHB developed cirrhosis at
a rate of 2 percent per year.

Reports from the United States have also shown similarly large differences in clinical event
rates across diagnostic groups such as inactive HBsAg carriers, CHB without cirrhosis and CHB
with cirrhosis. In a large U.S. cohort study of 400 chronic HBsAg patients (70 percent born in
Asia and 24 percent born in North America), followed for over 7 years, results were reported by
strata of inactive HBsAg carriers, CHB without cirrhosis, and CHB with cirrhosis (Figure 3).*
Among the 110 inactive carriers with an average age of 41 (standard deviation [SD]+16) years
(who had no symptoms or signs of chronic liver disease, normal liver tests, and normal platelet
counts) none developed HCC or died of a liver-related disease and only one died of any cause.
Among the 151 patients with CHB but no cirrhosis (elevated serum aminotransferase levels and
biopsy determined histologic grades of 1-3 and a stage of 1-3), 6 percent developed HCC and
died from it, while another 2 percent died from nonliver related causes. Among those with CHB
and cirrhosis, nearly 16 percent were diagnosed with HCC, and a total of 42 percent died during
followup (all from liver-related causes).

Figure 3. Survival by hepatitis status, modified from Tong, 2006*
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Population characteristics.

Age and age at infection. Age is a complex variable to assess with respect to its relationship
between HBV infection and risk of clinically important outcomes. For most clinically important
outcomes increased age is related to higher risk of clinical events irrespective of HBV. However,
with regard to age of infection, it is well known that individuals with earlier age of infection are
more susceptible to chronic HBV infections and less likely to experience HBsAg loss. An
example of the effect of age at infection is shown in a convenience study of U.S. military
personnel exposed to a HBV contaminated yellow fever vaccine. Researchers noticed a very low
rate of HCC-related mortality and hypothesized that immunocompetent adults rarely become
carriers or go on to experience serious health consequences after a single exposure to HBV.*’
Therefore, people who get exposed to HBV early in life will likely have worse outcomes than
those exposed later in life. However, for any one individual the likelihood for events such as
HCC, cirrhosis, liver failure, and death increases with age. So, ideally two pieces of information
should be used to calculate risk: current age and age of infection. These two pieces of
information provide estimates for whether or not an individual was exposed early on in life, the
duration of chronic exposure, and increased risk of events due to older age. Unfortunately, we
were unable to find studies that clearly identified the age of participants exposure, and few
reported any information on duration of exposure. So the results we provide below with respect
to the relationship between age and clinical outcomes should be interpreted with the knowledge
that these results are confounded by age of exposure and duration of exposure effects that were
unmeasured or just unreported.

One additional factor that might be confounding age-related associations is that selection into
a study might be different depending on the age of the participant. A large study of HCC cases in
Hong Kong found that younger cases (<40 years of age) were more likely to present with more
pain, hepatomegaly, and more advanced stage with frequent pulmonary metastasis than older
HCC cases (>40 years of age).*” While the survival rate (6.6 versus 8.3 months, p=0.77) was
similar for younger versus older HCC cases, this study makes clear that assessing differences in
death rate by age should take severity of disease at diagnosis into account.

Overall, age does appear to be associated with poorer outcomes. In studies that have
controlled for other potential confounders such as disease severity, age is often found to increase
the risk of poor outcomes. Among a U.S. case control study of HCC in HBsAg-positive
individuals (70 percent born in Asia), each 1 year increase was associated with 5 percent relative
increased odds of HCC (odds ratio [OR], 1.05, 1.02; 1.08).* Similarly, among Alaska Native
people each 1 year increase in age increased the rate of HCC by 4 percent (hazard ratio [HR], 95
percent CI 1.04, 1.0; 1.07).>” Some of the largest and best controlled non-U.S. studies have also
confirmed the finding of age and poor outcomes, particularly for HCC. Even after controlling for
differences in gender, cirrhosis status, HBV genotype, and HBV viral load, a large prospective
study from Hong Kong found that each year of age increased the relative rate of HCC by 8
percent (95 percent CI 5-11 percent).”” The Taiwanese REVEAL Study also found increased
relative rates of HCC per year of age to be 6-11 percent depending on the severity of HBV.” The
relative rates for cirrhosis also increased in the REVEAL study by approximately 3-5 percent per
year of age.”’

In conclusion, increased age of the patient is associated with poorer long-term clinical
outcomes due to CHB. Limited evidence suggested medium confidence of a small effect on HCC
and cirrhosis and low confidence of a moderate effect on mortality outcomes. There is
inconclusive evidence regarding the extent to which this association between age and clinical
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outcomes is explained by duration of infection, age of infection, comorbidities in older
individuals and other factors that tend to be different between older and younger patients.

Gender. Males are much more likely to have chronic HBV than females; and the rate of
clinical outcomes among those with HBV in terms of HCC,2°’22’24’25 30 cirrhosis,29 and
death?*"*14856 are consistently several fold higher in males than in females. Actual magnitudes
of effect ranged from 1.5-7.6 fold higher rates of outcomes in men than in women, with most
studies reporting at least 2-3 fold differences, even after adjusting for many important potential
confounders such as age, severity of liver disease, and other health related factors. Results tended
to be somewhat stronger for HCC than death.

In conclusion, there is high confidence that males on average have increased rates of death
and HCC and medium confidence of an increased rate of cirrhosis. The magnitude of effect is on
average greater than 2-fold in men compared to women for all of these outcomes. It is unclear
what the mechanism is for this substantial effect by gender.

Geographic location, race/ethnicity. HBV infection is endemic in several locations around
the world, including portions of Asia, Africa, and also among Alaska Natives in the United
States. While geographic location is important in terms of exposure to HBV infection, we found
little evidence that would allow us to separate out the effects of geographic location of birth and
race/ethnicity. Geographic regions have different portions of early HBV transmission and
different distributions of HBV genotypes. Further complicating geographic differences in
outcomes related to HBV are the economic and health systems resources available in different
regions.

Among a U.S. case control study of HCC in HBsAg-positive individuals, Asians did not have
a significantly increased rate of HCC compared to non-Asians (OR, 95 percent CI 1.6, 0.6; 4.2).
However, the power to detect clinically meaningful differences was limited and this number was
not adjusted for known differences in age at infection or other key characteristics.*’ Two studies
also reported geographic/ethnic differences in Alaska Native populations.*’

In conclusion, there is high confidence that certain geographic locations are associated with
increased HBV infection. Among people with CHB it is inconclusive that geographic location or
race/ethnicity contribute meaningfully for the prediction of clinical outcomes.

Positive family history. Few studies reported information about the effect of positive family
history and outcomes such as HCC, cirrhosis, and liver-related death. It is nearly impossible to
sort out any independent effect for family history outside of the effects already mentioned based
on age of infection and patient’s geographic location or race/ethnicity.

One study from Haimen City, China, reported 2.3 fold (p <0.001) greater odds of positive
family history of HCC among cases of HCC compared to controls.”** This study did not report
results specific for HBsAg-positive subjects, but it did claim the results were similar between
HBsAg-positive and negative subjects. Another study from Taiwan found that HCC cases were
at 2.8 fold greater odds of having a family history of HCC compared to controls.”* Neither study
was able to adequately control for shared environmental factors between family members, but
both studies do suggest that propensity for HCC might have a heritable component.

In conclusion, a positive family history of HCC is associated with a moderate increased risk
of HCC (low confidence), but the extent this increased risk is independent of age of infection and
duration of disease is unclear.
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Clinical features.

Presence of coinfections: Human immunodeficiency virus (HIV), Hepatitis C virus (HCV),
Hepatitis delta virus (HDV). Coinfection with HIV, HCV or HDV has been found to be
associated with poorer clinical outcomes. However, the number of studies reporting this issue for
any one type of coinfection is small, and associations are not consistent across different types of
coinfection, so there is a low level confidence in the magnitude of these associations.'*="+4*

Among HIV patients in Europe, Argentina, and Israel, HBV coinfection increased all-cause
and liver-related death rates 1.5 and 3.6 times, respectively, above that of HIV infection alone.’’
Thio and colleagues™ found that among the large U.S. Multicenter AIDS Cohort Study (MACS)
of 5,293 men who had sex with men, HIV status dramatically increased the rate of liver-related
mortality in men positive for HBsAg. The liver-related mortality rate was 14.2 per 1,000 person
years, which was approximately ten-fold higher than men with only HBsAg or HIV alone.
However, the MACS study does not provide evidence on the extent to which the dramatically
higher rate of liver-related death is due to more severe hepatitis B disease in the men with
coinfection with HIV.

Among Japanese blood donors positive for HBV, those with coinfection with HCV had a 3-
fold increase in HCC independent of age, sex, and ALT level.* However, a study by Amin and
colleagues from Australia found similar rates of HCC in people with both HBV and HCV
compared to those with HBV alone.”

In a U.S. study of 231 developmentally disabled patients with chronic HBsAg-positive status
living in institutional facilities, 65 patients were also antiHDV-positive."” In multivariable
models, patients positive for antiHDV were nearly 12 times (95 percent CI 1.4; 97.8) more likely
to die of liver-related causes, but all-cause mortality was not significantly increased. The
evidence for this association is weak because there were only eight liver-related deaths and it is
uncertain how generalizable the results from an institution are to other environments.

In conclusion, estimates regarding coinfection and clinical outcomes could only be made
with low confidence due to the paucity or inconsistency of the data. Coinfection with either HIV
or HDV was associated with strongly increased liver-related mortality. Coinfection with HCV
was associated with moderately increased HCC risk.

HBV viral load. Higher HBV viral load has been consistently shown to be associated with
poorer clinical outcomes, particularly when comparing very low or undetectable levels of DNA
to levels above 10° or 10° copies/mL. However, having low or undetectable DNA does not
eliminate the risk of clinical outcomes.* Furthermore, much less well known is the extent to
which reductions in viral load lead to improvements in clinical outcomes.

The evidence for the association between HBV viral load and clinical outcomes was
primarily from several large studies in Taiwan™"">* and China.***> However there were two
articles from the United States that also found increased HCC cases® and increased non-HCC
liver-related death in those with high viral loads.*®

The Taiwan REVEAL Study found that in multivariable models adjusted for age, gender,
smoking, alcohol use, HBeAg status, ALT level, and cirrhosis the risk of HCC began increasing
slightly for people with >10* to <10° copies/mL and the risk of HCC was around 6-fold higher
for people with viral loads above 10° or >10° compared to people with undetectable viral loads.”
This same study reported a similar association between viral load and risk of cirrhosis.”’
Additional reports from this study have also shown a strongly increased rate of liver-related
mortality, that in turn leads to a modest (approximately 2-fold) multivariable adjusted increased
all-cause death rate in those with HBV DNA >10° compared to those with HBV DNA <10°.*®
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There was no significant increase in the nonliver related death rate for those with elevated HBV
DNA level. Another study from Taiwan found a similar HCC association with some increase in
risk beginning above 10* copies/mL and a substantial 7-fold increase in risk above 10°
copies/mL.”*> HCC death and chronic liver disease death have also been reported in a study
from China to follow a similar trend.*

In the REVEAL study the risk for HCC appeared to increase more steeply along the viral
load gradient for groups with lower baseline risk of clinical outcomes.*® For example, among the
subset of people with normal ALT levels, no liver cirrhosis and negative for HBeAg there was a
4.5-fold increased risk at >10* to <10° copies/mL and a greater than 11 fold increased risk above
>10’ copies/mL compared to people with normal ALT levels, no liver cirrhosis, negative for
HBeAg and no detectable HBV DNA. It is likely that this steeper gradient of relative risk is
driven largely by the much lower absolute rate of HCC in the low risk reference group. In a
study from Hong Kong where the “low risk” HBV viral load group was defined more broadly as
having levels <10*° copies/mL and the “high risk” group was define as >10%° copies/mL, only
around a 2-fold increase in rate of HCC was found, after accounting for age, gender, cirrhosis,
and albumin (additional adjustment for HBV genotype did not substantially alter the
association).”* Another study from Taiwan also found that among people positive for HBsAg and
negative for HBeAg, HCC cases were much more likely than controls to have elevated DNA;
howe\;c;:r, the greatest absolute proportion of both cases and controls had undetectable HBV
DNA.

Results from the United States are consistent with the results from Asian countries, showing
an increased rate of HCC and liver-related death across a gradient of HBV viral load.**** In one
U.S. study of 101 HCC cases of HBsAg-positive individuals, increased viral load was strongly
associated with increased likelihood of HCC; however, none of the chronic inactive HBV
controls had viral loads in the “high viral load group” (>10° copies/mL), so the magnitude of
effect due to “high viral load” could not be estimated.*” Another U.S. cohort study from the same
group of researchers found that among 400 chronic HBsAg patients high baseline HBV DNA
viral load significantly increased the odds of nonHCC related liver death by nearly 5-fold (OR,
95 percent CI 4.7, 1.2; 20.4) independent of age and gender.*

In conclusion, increased HBV DNA viral load is strongly associated with increased HCC
(high confidence) and liver-related mortality (high confidence) even after accounting for baseline
cirrhosis, HBeAg status, and ALT levels. However, there was only low confidence of a small to
moderate association with all cause mortality. We also found a strong association between HBV
viral load and cirrhosis (medium confidence). We found no evidence from these large
observational studies regarding whether reduction in HBV DNA viral load is associated with
better outcomes.

HBV genotype. Evidence for the impact of HBV genotypes on clinical outcomes for HBV is
limited. It is clear that the prevalence of different genotypes varies substantially by geographic
location, but more research is needed to determine the extent to which HBV genotype modifies
the natural history of HBV related outcomes. What is available indicates that there likely are
some differences in at least HCC rates according to genotype. Among a U.S. case control study
of HCC in HBsAg-positive individuals, patients with HBV genotype C had 4-fold greater odds
of HCC compared to other genotypes (genotypes A, B, and D). However, this association
remained strong but was not statistically significant after accounting for age, gender, and basal
core and precore mutations (OR 3.3, 95 percent CI 0.9; 12.1).* A large study from Taiwan found
similar associations of 3- 6-fold increased risk of HCC among people with the C genotype only
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compared to people with the B genotype only.””*’ People with both B and C genotypes were at
an intermediate risk.” The results from this study remained statistically significant and only
modestly attenuated following multiple adjustment. In a large study from Hong Kong the HBV C
genotype was associated with only a modest 1.5-fold (95 percent CI 1.2; 2.0) increased rate of
HCC compared to genotype B after accounting for age, gender, cirrhosis, viral DNA load, and
albumin.** Finally, among Alaska Native people the odds of HCC were 4.7 times greater in
patients with the A genotype (95 percent CI 1.4; 16.0) and 11.7 times greater in patients with the
F genotype (95 percent CI 5.4; 25.4) compared to those with the D genotype.**

In conclusion, HBV genotypes may be associated with differing risk of clinical outcomes.
Genotype C moderately increases risk of HCC compared to genotypes A, B, and D (high
confidence), and genotypes A (moderate effect) and F (strong effect) may increase risk compared
to D (low confidence).

HBsAQg loss. Only one study was identified that reported HBsAg loss and clinical outcomes,
and this study had low power to detect meaningful differences in risk.” In a large Taiwanese
study of asymptomatic carriers at baseline followed for an average of 7 years, those with HBsAg
loss had a 40 percent reduction in risk of cirrhosis, but this was not statistically significant (95
percent CI 79 percent reduction ranging to a 64 percent increase in risk of cirrhosis), after
adjusting for age, HBeAg status and AST/ALT levels.”

In conclusion, HBsAg loss may be associated with a reduction in risk of cirrhosis (low
confidence). There is no evidence whether or not HBsAg loss is associated with other clinical
outcomes.

HBeAg status. HBeAg-negative status in a population study tends to be a marker of inactive
carrier status, particularly when ALT levels are normal and HBV viral load is low (Figure 1).
However, HBeAg-negative CHB can also occur (it is indicated by elevated HBV DNA and
ALT). Therefore, it becomes more difficult to interpret the association between HBeAg status
and outcomes without also using ALT and HBV DNA levels to help to classify people into either
inactive carrier status or HBeAg-negative status. Since it is well known that inactive carriers
have lower rates of clinical outcomes than those with either HBeAg-positive or negative chronic
active hepatitis, the most interesting research questions may be to determine the impact of
HBeAg status in people with active hepatitis and the effect of HBeAg reversion on clinical
outcomes. Unfortunately, we found few studies that classified people into groups of chronic
inactive hepatitis and chronic active hepatitis and then looked at the effect of HBeAg within
those groups.

While several studies have reported a consistently higher rate of outcomes among people
who are HBeAg-positive compared to HBeAg-negative,”*>"~*"*? we were unable to assess
the effect of the HBeAg independent of its role as a marker of chronic active versus chronic
inactive hepatitis. One study in Taiwan found the incidence rate for HCC was 3.6 times higher in
HBsAg-positive people who were also HBeAg-positive compared to those who were HBeAg-
negative.’> From the REVEAL study in Taiwan this increased risk of HCC (HR 2.6, 95 percent
CI 1.6; 4.2) and cirrhosis (RR 1.7, 95 percent CI 1.3; 2.9), for HBeAg-positive people persisted
following adjustment for age, gender, HBV viral load, and ALT level.”* A third large
Taiwanese study also reported 2-3-fold increased risk of HCC among people with HBeAg-
negative CHB.”

Among Alaska Natives, reversion to HBeAg positivity or multiple switches in HBeAg status
was associated with increased risk for hepatocellular carcinoma (HR 2.6, 95 percent CI 1.3; 5.4),
after adjustment for potential confounders.’” Another U.S. study by Tong and colleagues that
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classified all patients into “inactive carriers,” “chronic hepatitis,” or “cirrhotic,” found that
patients who were positive for HBeAg at baseline had similar rates of HCC and all cause death
as patients antiHBeAg at baseline.”’

In conclusion, HBeAg-positive status is associated with moderately increased HCC (medium
confidence) and small increases in cirrhosis (medium confidence) independent of other disease
factors such as HBV viral load and ALT level.

Basal core promoter (T1762/A1764) or precore mutation (A1896). Only a few recent studies
have attempted to look at the extent to which basal core promoter (BCP) mutations and precore
(PC) mutations impact clinical outcomes.”*****4%57 This is one area where much of the
information came from U.S. based studies.

Among Alaska Natives there was no significant association between either BCP or PC
mutations and HCC. However, the basal core mutations did vary significantly by HBV
genotype.” Among a U.S. case control study of HCC in HBsAg-positive individuals, the A1896
PC mutation was associated with a nearly 4-fold increase in HCC and the T1762/A1764
mutation was associated with an 11-fold increase in HCC compared to wild types for both of
these factors, independent of age, gender, race, and HBV genotype.*’ In a U.S. cohort study of
400 chronic HBsAg patients the odds of developing HCC were 2.9 times greater (95 percent CI
1.2; 7.6) for those with the BCP mutation and 4.2 times greater (95 percent CI 1.5; 19.6) for
those with the A1896 PC mutation compared to those with wild type basal and PC mutations,
respectively.*” In a large study out of China the HCC death rate was 1.40 (95 percent CI 1.06;
1.85) times greater in those with 1762T/A1764 BCP mutations compared to other HBsAg-
positive subjects.”® Likewise a large study from Taiwan found a 1.92-fold (95 percent CI 1.14;
3.25) increased risk of HCC, independent of HBV genotype, ALT level and HBeAg status.

In conclusion, the BCP mutations (T1762/A1764) and the PC mutation (A1896) are
associated with moderately increased HCC rates and BCP is associated with increased liver-
related death rates (low confidence).

Cirrhosis. Cirrhosis has been shown to be a consistently strong predictor of HCC
development and death in many studies. It has been reported for decades even within the United
States that survival is greatly reduced in patients with cirrhosis compared to patients without
cirrhosis.*’" As early as 1984 Weissberg and colleagues were reporting that the 5-year survival
rate among patients with CHB could range from 97 percent in patient without cirrhosis to 55
percent in patients with chronic active hepatitis and cirrhosis.”’ In a study by Tong and
colleagues, biopsy determined cirrhosis was associated with a 3.6-fold (95 percent CI 1.6; 8.9)
increased odds of developing HCC independent of age, serum albumin, and baseline platelets. In
the same study, the independent association was even stronger for all-cause death and nonHCC
liver-related death (OR 14.2, 95 percent CI 3.4; 111.8 and 7.3, 95 percent CI 1.3; 69.56
respectively).

The findings from U.S. studies are consistent with the large studies from Taiwan and China
which have consistently reported much higher rates of HCC and death in cirrhotic
individuals.**** Rates are often nearly 10-fold greater in people with cirrhosis even after
adjustment for other markers of disease severity such as elevated ALT or HBV viral load. Few
large studies had biopsies in all of their patients and instead relied on ultrasound detected
cirrhosis which still strongly predicted increased rates of clinical outcomes.

In conclusion, cirrhosis is a strong predictor of HCC (high confidence) and liver-related
death (medium confidence).
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Nonalcoholic fatty liver disease. No studies were identified that reported the impact of
nonalcoholic fatty liver disease on clinical outcomes in people with chronic HBV.

Alcohol consumption. Alcohol consumption was not frequently reported as an important
factor in models predicting clinical outcomes from HBV. Studies that did include measures of
alcohol consumption tended to use variables that indicate any consumption or years of
consumption and did not try to isolate people with heavy alcohol consumption. The association
between alcohol consumption and clinical outcomes reported in the identified studies appeared
modest at best with effect sizes around 1.5-fold increased risk of HCC. In a large Taiwanese
study of over 2,000 people, alcohol consumption and duration of alcohol use were only weakly
associated with HCC development. Compared to people who never drank alcohol, those who
drank for over 20 years only had a 1.33-fold increased risk of HCC (95 percent CI 0.75; 2.43)
adjusting for age, family history of HCC, HCV status, baseline liver function, ethnicity, and
education.’’ However, there did appear to be a potential interaction with smoking status such that
those with increased alcohol and smoking use had elevated HCC.> Similarly, size associations
were reported in two other studies of 1.5 and 1.6-fold increased risk of HCC in those who
consumed about two drinks per day in one study™° or reported any alcohol consumption in the
other study.”

While modest consumption of alcohol does not appear to be a strong predictor of clinical
outcomes related to HBV, cirrhosis was a consistently strong predictor of HCC and death. So
while the studies identified did not break out causes of cirrhosis, it might be reasonable to
assume that heavy drinking that leads to liver cirrhosis may be an important factor in clinical
outcomes, even if modest drinking is not.

In conclusion, moderate alcohol consumption in people chronically infected with HBV
appeared to be a weak predictor of increased HCC. There is low confidence in this association.
Little evidence exists regarding the association between heavy alcohol use and clinical outcomes
in people with chronic HBV.

AST and ALT levels. Few studies reported associations between elevated aminotransferase
levels and clinical outcomes. Those that did tended to report increased risk of outcomes. This
increased risk may be in part explained by other factors. Among a large Taiwanese study of
asymptomatic carriers at baseline followed an average of 7 years, those with either elevated AST
or ALT levels had a 3.1-fold (95 percent CI 1.0; 10.0) increased risk of HCC and a 3.7 fold (95
percent CI 2.3; 6.0) increased rate of cirrhosis, independent of age, HBeAg status, and baseline
cirrhosis (for the HCC results).” Another study from Taiwan, also found a similar association
with HCC 2.5-fold (95 percent CI 1.1; 4.3).”” Also from Taiwan, the REVEAL study reported an
unadjusted 4-fold increased risk of HCC with ALT levels >45 U/L, but after adjusting for age,
gender, smoking, alcohol, HBeAg, cirrhosis, and HBV viral load the association was completely
attenuated (HR 1.1, 95 percent CI 0.7; 1.7).23 In the same study, the association between elevated
ALT and cirrhosis remained significant but only modest in strength after multiple adjustment
(HR 1.5, 95 percent CI 1.1; 2.1).%

In conclusion, ALT is moderately associated with increased risk of HCC (high confidence)
and weakly associated with cirrhosis (low confidence). These associations appear to be largely
explained by accounting for baseline cirrhosis, HBeAg status, and HBV viral load (low
confidence).
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Table 1. Factors associated with increased risk of selected outcomes in adults with chronic hepatitis B

Risk Factor All cause Mortality Liver Mortality Hepatocellular Carcinoma Cirrhosis
Increased Age (~10 years) 3 studies®*°"% 1 study*® 6 studieg?22347-49.53 2 studies?®®®
Low confidence Low confidence Medium confidence Medium confidence
Moderate effect Moderate effect Small effect Small effect
Male 4 Studie824,47,48,56 4 studie324‘27‘41’47 8 Studie$20,22—24,30,42,46,49 1 Study29

High confidence
Moderate effect

High confidence
Moderate effect

High confidence
Moderate effect

Medium confidence
Moderate effect

Geographic location and 3 studies3®4849
Asian race/ethnicity, early age Inconclusive
of infection

Family history of 3 studies®3+%

hepatocellular carcinoma

Low confidence
Moderate effect

Nonalcoholic fatty liver
disease

Modest alcohol consumption 5 studies®>2430°0:53 1 study29
(drinkers average ~1 or fewer Low confidence Inconclusive
drinks per day) Small effect
Heavy alcohol consumption
Cirrhosis (present vs. absent 2 studies*’*® 5 studies???%4648.53 N/A
various types of detection) Medium confidence High confidence
Strong effect Strong effect

Genotype C (vs. other [mostly 6 studies®%>%49:55,57.59
A, B, D)) High confidence

Moderate effect
Genotype F (vs. mostly A D) 1 study®

Low confidence

Strong effect
Precore mutation (A1896) 3 studies®*84°

Low confidence

Moderate effect
Basal core promoter mutation 1 study?® 4 studies®>*#49%7
(T1762/A1764) Low confidence Low confidence

Small effect Moderate effect

High HBV DNA load (<104 1 study®’ 3 studies®*%*® 6 studies?2234952:59.168 1 study®

copies mL, >1075)

Low confidence
Small to moderate effect

High confidence
Strong effect

High confidence
Strong effect

Medium confidence
Strong effect

HBsAg loss

1 study®®
Low confidence
Small effect




G¢

Risk Factor All cause Mortality Liver Mortality Hepatocellular Carcinoma Cirrhosis

HBeAg-positive status 8 studies®?748:52:53,55.57.59 2 studies®*®
Medium confidence Medium confidence
Moderate effect Small effect
Coinfection with HCV 2 studies?®*®

Low confidence
Moderate effect

Coinfection with HIV 2 studies'*’ 3 studies'¥"**
Low confidence Low confidence
Small effect Strong effect
Coinfection with HDV 2 studies'®*’ 3 studies'®"**
Inconclusive Low confidence
Strong effect
Elevated ALT level (>45 U/L) 3 studies?°%%7 2 studies?®>?
High confidence Medium confidence
Moderate effect Small effect

Studies with references providing data for each outcome according to risk factor; level of confidence in estimate based on quality, quantity and consistency of
evidence for the estimate of the relative risk magnitude is rated as “Inconclusive” (evidence insufficient to permit estimation of effect), “Low” (further research is
likely to change the estimate), “Medium” (further research may change the estimate), “High” (further research is very unlikely to change the estimate); blank cells
indicate no evidence available or does not apply. Magnitude of relative risk increase (RR) due to each factor for each outcome is estimated according to ranges
from studies as “Small” (RR=1-2), “Moderate” (RR=2-5); and strong (RR=5 or greater)



Consensus Conference Question 2
What are the Benefits and Risks of the Current
Therapeutic Options for Hepatitis B with Defined or
Continuous Courses of Treatment?

EPC Question 2a. What is the efficacy (or effectiveness) of antiviral
therapy in treating adults with chronic hepatitis B?

Characteristics of included studies. Ninety-three articles (Appendix E Figure 1)'%¢!145-169-175
represented 60 unique randomized trials of interferon alfa-2b,*'** peginterferon alfa-2a,”>™’
adefovir,lo’no'lzo peginterferon alfa—2b,98'109 en‘tecavir,lzl'126 lamivudine,64’67’95’96’119’127'142 or
telbivudine.'**'?7'*1** Studies enrolled between 20 and 1,367 patients (Table 2). Males
constituted 78 percent of enrollees. Study duration lasted 69 weeks (range 17-208) with treatment
duration averaging 44+22 weeks, and followup off the treatment 98+158 weeks for studies that
reported outcomes during followup off treatment (Appendix E. Table 2). Nearly all enrollees were
Asian (64 percent) or white (30 percent) ethnicity/race. The estimated mean or median duration of
infection was reported in eight studies and ranged from about 2-6 years. However, the individual
patient duration of infection ranged from 6 months to 20 years,®':-00:6%:81.83.84.86.87.90

Studies enrolled predominately HBeAg-positive individuals. Fifty-four reports included more
than 98 percent of HBeAg-positive patients O -620646567-10.72.73.75.77.78,80.83-88.90.92.94.96.98-109.1 12,113,116,
119120.122.126,127.129-13L134-136. 38 140.195 ployen reports described outcomes in HBeAg-negative
patients. 95:10-ILI92 Other authors reported outcomes without differentiating
between HBeAg-positive and negative patients (Appendix E, Table 2).

In 16 reports investigators reported outcomes for individuals who were naive to antiviral
drugs patients,0%7%7>76.890.94.106-108.115.120.122.126.136.139. S oyen reports enrolled patients independent
of previous treatment status or tested new drugs on patients resistant to previous
treatments.®” 0= 214 Cihogis was assessed at baseline in 32 studies®! ¢+67-73-74.77.80-

83,85,88,91,92,94-96,99,103-105,110,121,122,132,135,136,138,139,142 .
and was noted in 21 percent these enrollees.
94,96,99,104,107,109,114,121,122,124,125,139,143
570,77, > > > > > > > > > Genotype C

10,71,74,76,79,81,91,93,

Authors reported HBV genotype in 13 studies.
was the most common (42 percent).

Sixteen of 93 articles reported mortality, liver related death, hepatocellular carcinoma,
hepatic decompensation, or cirrhosis (Appendix E Table 3).%-8-:86-2091.96.106.107.111.121.122.124-
126132141 The Jargest study enrolled 814 HBeAg-positive patients and lasted 72 weeks.”® Few
events were reported in these studies. None were of sufficient size or duration to adequately
assess the effect of treatments on these outcomes. (Appendix E. Table 4).

Clinical outcomes Only 16 RCT reported on clinical outcomes: (mortality [13];
hepatocellular carcinoma [4]; hepatic decompensation [3]; or cirrhosis [2]). None were of
sufficient size or duration or were designed to assess clinical outcomes. A small number of
clinical events and studies compared different drugs and patients, generally precluding pooling.
Investigators primarily designed studies to examine the effects of antiviral therapies alone or in
combination compared to other antiviral therapies (or placebo) on intermediary biochemical,
virological, or histological outcomes. Most studies assessed these as short-mid-term outcomes
during the course of treatment or at treatment conclusion (typically 1 year or less). Sustained
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efficacy of these intermediary outcomes was reported in the minority of studies and when
reported typically was less than 1 year off treatment. The majority of RCTs that reported clinical
outcomes described zero or a small number of clinical events (Appendix E Table 4). The longest
study duration reporting mortality or cirrhosis (treatment + followup) was less than 3 years and
the longest study assessing mortality was 130 weeks (Table 3, Appendix E Figure 2).

Mortality. Thirteen studies assessed mortality (Table 3).70-83-56.90-96.106.111.121.122.124-126.132 rpy
longest study lasted 130 weeks and enrolled 651 HBeAg-positive patients."** No study reported a
statistically significant improvement in mortality due to any treatment, though few deaths
occurred. Studies were not designed or powered to assess statistically significant differences.
Medications evaluated included lamivudine,'* entecavir,121’122’124'126 interferon alpha 2b,70’86’90
peginterferon alfa-2a,”® peginterferon alfa-2b,'* and adefovir.''' Studies enrolled only HBeAg-
positive’*#3:86:90.96.106.126 . B A o_negative patients;'''?' some reported proportions of patients
with baseline cirrhosis.3*7¢121122125.132 0 multicenter, double-blind RCTs of 651 Chinese
patients (58 percent HBeAg-positive, 61 percent with cirrhosis, median ALT=69.3 U/L, median
HBV DNA=14.9 mEq/mL), failed to demonstrate a statistically significant effect of lamivudine
for 130 weeks versus placebo on liver related death or all-cause mortality (RR=2.47, 95 percent
CI0.12; 51.25).'% Very few deaths occurred (none in the control group) (Table 3).

The largest study was a multi-arm trial that involved 814 HBeAg-positive patients, lasted 72
weeks, and was conducted at 67 sites in Asia, Australia, Europe, and North and South America.
Authors reported no difference in mortality between combination peginterferon alfa-2a combined
with lamivudine compared to either lamivudine or peginterferon alone during 48 weeks of
treatment and 24 weeks of treatment free followup.”® However, very few deaths occurred in any
of the groups (Appendix E Figure 3). Several reports compared entecavir to lamivudine in a total
of 2,476 subjects.'?"'?#12*12¢ One included HBeAg-negative patients only,'?! three enrolled
treatment naive,'>"'**'?® two included lamivudine resistant patients,m’125 and three reported
baseline cirrhosis.'*""'**'?* Treatment duration lasted from 48-96 weeks and reported followup
off therapy was 0-24 weeks. There were no significant differences in mortality at the end of
treatment or after additional followup off treatment in any of the studies or in pooled analysis.
However, only 0.5 percent of participants died (five in the entecavir group and eight in the
lamivudine group), precluding accurate assessment of relative effectiveness of entecavir versus
lamivudine on long-term mortality in these patients.

The remaining studies were small and short term. They assessed use of corticosteroids or
different doses or duration of therapy. None demonstrated a mortality difference between
treatment approaches. One small RCT from Egypt of 40 HBeAg-positive patients (40 percent
with cirrhosis) found no difference in mortality after 16 weeks of interferon alfa-2b compared to
placebo and 48-64 weeks of followup.* Interferon alfa-2b with corticosteroid pretreatment
compared to symptomatic therapy without antiviral drugs failed to reduce mortality in a small
RCT of 20 HBeAg-positive South African patients.”’ Steroid withdrawal and low dose of
interferon alfa-2b for 24 weeks in 56 HBeAg-positive patients did not reduce mortality rates
(ARD -0.11 95 percent CI -0.27; 0.06).*® Two RCTs***° of interferon alfa-2b did not find a dose-
response effect on mortality among HBeAg-positive patients.*®*

Dose or duration of the therapy did not affect mortality. Prolongation of adefovir
administration did not reduce mortality in 125 HBeAg-negative Greek patients.''' Entecavir in
different doses did not decrease mortality in patients with lamivudine resistant hepatitis.'**
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In conclusion, antiviral medications did not reduce mortality versus placebo, compared to
other antiviral medications, or in combination with corticosteroids regardless of HBeAg or
cirrhosis status. Studies reporting mortality evaluated different patient populations and drug
combinations, thus generally precluding pooling. Level of evidence and confidence in effect
estimate is low. Studies assessing mortality had inadequate size and duration to detect significant
differences.

Cirrhosis. Cirrhosis was assessed in two small relatively short-term studies of interferon alfa-
2b (Appendix E Figure 4.) Compared to placebo, interferon alfa-2b at 16 weeks of therapy and at
48-64 weeks of followup did not reduce incident cirrhosis (1/20 versus 2/20; ARD -0.05, 95
percent CI -0.21; 0.11) in 40 HBeAg-positive patients (40 percent with baseline histologically
confirmed cirrhosis).® The study did not have power to detect differences in incident
cirrhosis.'”® The French Multicenter Group examined interferon alfa-2b alone and with
simultaneous prednisone for 24 weeks and reported no significant difference (ARD -0.06, 95
percent CI -0.24; 0.11) in histologically confirmed cirrhosis at the end of therapy and at 24
weeks of followup (3/31 versus 4/25).%

In conclusion, sparse data suggest no effects of interferon alfa-2b alone or in combination
with steroids on short-term incident cirrhosis. The long-term effects of interferon alfa-2b alone or
in combination with steroids on clinical outcomes are unknown. No data were available for other
antiviral drugs. Overall level of evidence and confidence in effect estimate is low.

Hepatic decompensation. Hepatic decompensation was reported in three studies; one
small RCT compared lamivudine to placebo'*' and two assessed outcomes after 52-96 weeks of
entecavir versus lamivudine administration.'**'*® Studies reported very few cases of hepatic
decompensation. Eighty weeks of lamivudine treatment did not affect the development of hepatic
decompensation in 74 Korean patients with lamivudine-resistant mutant CHB (ARD 0.05, 95
percent CI -0.11; 0.22)."*! The Benefits of Entecavir for Hepatitis B Liver Disease (BEHoLD)
study evaluated 715 HBeAg-positive patients of which 8 percent had cirrhosis at baseline.'** An
American study'?® also assessed 709 HBeAg-positive patients, though they did not report the
number of subjects with cirrhosis at baseline. Neither found a difference in hepatic
decompensation between entecavir compared to lamivudine.'**'*® There were only two cases
reported both in the lamivudine group.

In conclusion, there is insufficient evidence regarding the relative effects of entecavir versus
lamivudine in preventing hepatic decompensation over 1-2 years among HBeAg-positive
patients. Effects of other antiviral drugs or in different patient populations are unknown.

Hepatocellular carcinoma was reported in four studies. None demonstrated a statistically
significant difference. Two studies compared placebo to lamivudine'** or interferon alfa-2b.”"
One compared the addition of corticosteroids to interferon alfa-2b versus interferon
monotherapy,®’ and one examined the effects of prolonged adefovir therapy.''! Incidence of
hepatocellular carcinoma did not differ between lamivudine (130 weeks, 17/436) and placebo
(16/215) in a multicenter study of 651 Asian patients (58 percent HBeAg-positive) with
confirmed cirrhosis (61 percent) or advanced fibrosis (ARD -0.04, 95 percent CI -0.07; 0.00).'**
A further analysis that adjusted for country, sex, baseline ALT level, Child-Pugh score, and
Ishak fibrosis score found a borderline significant effect (HR 0.49, 95 percent CI 0.25; 0.99,
p=0.047 borderline significant).'*

Interferon alfa-2b for 96 weeks compared to placebo failed to prevent hepatocellular
carcinoma in 42 HBeAg-negative Italian patients.”!

122,126,141
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The French Multicenter Group did not find protective effects of adding corticosteroids to
interferon alfa-2b compared to interferon alone at the end of 24 weeks of therapy and at 24
weeks of followup in treatment naive HBeAg-positive patients with CHB (ARD -0.02, 95
percent CI -0.28; 0.24).%

In conclusion, study number, design, and duration were inadequate to accurately assess the
impact of treatments on hepatocellular cancer. Limited low level evidence from one
multinational RCT suggested that 130 weeks of lamivudine may reduce the incidence of
hepatocellular carcinoma in Asian adults with hepatitis B and cirrhosis or advanced fibrosis.
Results come from a single trial that noted no significant differences in crude rates and reported a
nonstatistically significant increase in all-cause mortality with lamivudine. Protective effects on
HCC with lamivudine were significant only after adjustment for baseline variables and after
excluding five individuals who developed hepatocellular cancer within the first year of the study.
Interferon alfa-2b monotherapy was not protective in a single small short-term study reporting
very few events (low confidence). Addition of corticosteroids to alfa interferon was not superior
to alfa interferon alone in a single, small short-term study with few events (low confidence).

There are no data evaluating other antiviral agents.

Virological outcomes (Appendix E Tables 4 and 5). HBsAg clearance is one of the diagnostic
criteria proposed to define complete response and resolved hepatitis B (the American Association
for the Study of Liver Diseases).' Other parameters include undetectable HBV DNA, normal ALT,
and presence of antiHBsAg in patients with previous known history of acute or CHB (the
American Association for the Study of Liver Diseases).! HBsAg-positive patients can transmit
infection to others. Therefore, sustained HBsAg clearance after drug administration benefits not
only individual patients but prevents transmission of hepatitis B virus to others. Short-term effects
reported in RCTs among patients “on treatment” might be generalizable to clinical settings if these
treatments could be continued indefinitely. Six studies'**”"%*3349! compared active drugs to
placebo at the end of the treatments, ten studies®¢7*38791130139 eyalyated sustained HBsAg
clearance, and ten studjes®”¢%7!:8499-HLI9122136 o 4 mined sustained comparative effectiveness
between antiviral treatments on sustained HBsAg loss (Appendix E Table 5).

From six studies that compared active drugs with placebo or no treatment, only
one RCT of 169 HBeAg-positive patients found a significant increase in HBsAg loss (ARD 0.12,
95 percent CI 0.02; 0.23) at the end of 24 weeks administration of interferon alfa-2b, SMU/day**
(Appendix E Figure 5). The same study reported a similar significant increase in HBsAg loss
after interferon alfa-2b with corticosteroid (ARD 0.11, 95 percent CI 0.02; 0.21). Pooled analysis
of two RCTs that compared steroid pretreatment followed by interferon alfa-2b to no antiviral
drugs found a significant increase in HBsAg loss at the end of the treatments (pooled ARD 0.11,
95 percent CI 0.02; 0.20).7%

All treatments failed to increase rates of post-treatment HBsAg loss at followup off drug
administration (range 8-48 weeks off drug) (Appendix E Figure 6).01:67838791.136.139

Comparative effectiveness of interferon and reverse transcriptase inhibitors on HBsAg loss at
the end of the drug administration did not differ in any of the ten RCTs that examined the
association. 6760718499 111,119,122,126

Entecavir and lamivudine resulted in similar rates of HBsAg loss and seroconversion.
Combination of interferon alfa-2b with lamivudine did not increase HBsAg loss compared to
lamivudine alone in HBeAg-positive®’ and negative patients.”

Adefovir combined with lamivudine resulted in the same rates of HBsAg loss as adefovir or
lamivudine monotherapy.'"” Longer treatment with adefovir for 240 weeks resulted in worse

10,67,70,83,84,91

122,126
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rates of HBsAg clearance compared to 114 weeks (ARD -0.05, 95 percent CI -0.09; -0.01).'"!
(Appendix E Figure 7).

Comparative effectiveness of interferon and reverse transcriptase inhibitors on HBsAg loss
or seroconversion to antiHBsAg at followup off the drug administration did not differ in any of
the 12 RCTs that examined the association®*-¢¢:7-7476.80.85.88.90.98.99.109 (Appendix E Figure 8).
Duration of followup off treatment ranged from 16-48 weeks; therefore, outcomes at longer
duration off treatment are not known. Four RCTs examined the effects of interferon alfa-2b on
HBsAg loss combined with other criteria of resolved hepatitis B including loss of HBV DNA
and HBeAg and normalization of ALT>*****! (Appendix E Figure 9). Trials included patients
who were HBeAg-positive (N=113),”° HBeAg-negative (N=42),”" or both positive and negative
for HBeAg (N=5 8).%% The proportion of patients with baseline cirrhosis varied from 5 percent82
to 17 percent.”’ Interferon alone and with corticosteroid pretreatment failed to increase rates of
resolution of hepatitis B as assessed by the combined outcomes of HBV DNA, HBeAg, and
HBsAg clearance and normalization of ALT levels.

In conclusion, interferon alfa-2b alone and with steroid pretreatment increased HBsAg loss
by about 10-15 percent at the end of drug administration (moderate level of evidence). However,
sustained effects of interferon alfa-2b on HBsAg loss beyond 48 weeks off treatment have not
been examined. Additionally, interferon alfa-2b failed to increase rates of several criteria of
resolved hepatitis B. The effects of other drugs and their combinations on composite criteria of
resolved hepatitis B including HBsAg loss have not been investigated. Comparative
effectiveness of evaluated active treatments on short-term intermediate outcomes (loss of
HBsAg) was similar at the end of the therapy and at short-mid duration followup off treatment in
the populations studied (moderate evidence).

HBV DNA clearance (Appendix E Tables 4 and 5) is associated with a favorable prognosis,
though little longitudinal data is available in persons with HBV DNA levels."” Undetectable
levels of HBV DNA in combination with HBeAg and HBsAg loss determine resolved hepatitis.
A value of 20,000 IU/mL is an arbitrary threshold defining active hepatitis or inactive HBsAg
carrier state.’

Studies obtained assays with different sensitivity to detect HBV DNA. Viral load was
measured using polymerase chain reaction assay,’#8720-H10-H3 7. 19-123.126.127.129.139.193 po g0
transcription polymerase chain reaction assay,'"”"'** or solution hybridization assay.**
69.7LT2T5.TT8486.136.145 Optained assay methods had different detection limits and units to measure
viral load: <200 copies/mL,""” <300 copies/mL,"'*'2"1#%12¢ <400 copies/mL,’*'**''® <500
copies/mL,""” <1,000 log copies/ml,'™""" <3 log10 copies/mL,'* <1.6pg/mL,"*"'** <25
pg/mL,'* <3 pg/mL,**%" or <6pg/mL.”” We explored heterogeneity in drug effects across the
studies using the assay to measure HBV DNA loss and did not convert units of cut offs.

We reviewed 43 studies that examined HBV DNA clearance after interferon and reverse
transcriptase inhibitors, 0-57:6263.66-69.71,72.75.77,80.85-88.90.92.96,106,107.110-113,117.119-124,126,127,129.131.
133.136.137.139.142.145 Py enty-eight publications included HBeAg-positive,®6%68:69:72.75.77.80.84-
88.90.92,96.102,106.107.112,119,120,126127.129.131.136.140 Bive venorts assessed HBeAg-negative
patients;' %77+ the rest of the studies included patients with chronic active hepatitis B
independent of HBeAg baseline status. Twenty trials examined the effects of interferon alfa-
2b,62:63:65-69.TLILIATS.TT.R0.84-88.90.92 6 trial examined peginterferon alfa-2a,”® eight publications
reported HBV DNA loss after adefovir, %13 171120 five articles!?!'#*!12¢ examined the

. e 57,62,63,67
effects of entecavir on HBV DNA clearance, and 39 analyzed the effects of lamivudine.” """
68,71,72,74,75,77,96,102,106,107,119,121-124,126,127,129,131,133,136,137,139,140,142,143,145
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Effects of drugs on HBV DNA clearance at the end of the treatment. Adefovir administration
for 48-96 weeks increased rates of HBV DNA loss compared to placebo at the end of treatment
in four reports'®"'%!">!3 with a consistent across-the-studies increase in relative risk (pooled RR
20.41, 95 percent CI 6.79; 61.32). The pooled absolute risk difference was significant (pooled
ARD 0.38, 95 percent CI 0.23; 0.53) but there was evidence of statistical heterogeneity between
studies that could not be explained by control rate of HBV DNA clearance, length of treatments,
or baseline HBeAg status (metaregression p value >0.05) (Appendix E Figure 10).

Interferon alfa-2b for 16 weeks compared to no antiviral treatment ® (ARD 0.45, 95 percent
CI 0.22; 0.68) increased HBV DNA loss in HBeAg-positive patients. The same RCT of HBeAg-
positive patients reported a significant increase in HBV DNA loss after 16 weeks of interferon
alfa-2b combined with corticosteroid (ARD 0.25, 95 percent CI 0.04; 0.46).”

Lamivudine for 12-104 weeks compared to placebo or usual care®’'2%131:133:136.139.145
increased HBV DNA clearance with consistent across-the-studies relative risk (pooled RR 3.79,
95 percent CI 2.71; 5.30). The pooled absolute risk difference was significant (pooled ARD 0.48,
95 percent CI 0.31; 0.66), but inconsistent, with evidence of statistical heterogeneity that could
not be explained by length of treatment or control rate of HBV DNA loss (metaregression p
value >0.05). The effects of baseline HBeAg status, assay to measure viral load, or the
proportion of patients with baseline cirrhosis, could not explain variability in the results. A valid
metaregression was not possible because not all studies reported this information.

Interferon alfa-2b combined with lamivudine for 52 weeks compared to placebo®’ increased
the rate of undetectable HBV DNA (<3pg/mL—a measure used to define resolved hepatitis B)
(ARD 0.48, 95 percent CI 0.33; 0.63) with random differences (ARD 0.05, 95 percent CI -0.09;
0.18) in sustained HBV DNA response (no two consecutive detectable HBV DNA on treatment)
in predominantly HBeAg-positive patients (98 percent).

Comparative effects of antiviral drugs of HBV DNA clearance at the end of treatment was
mixed across RCTs (Table 5). Entecavir demonstrated greater HBV DNA clearance compared to
lamivudine;lzl'm’126 however, the effect was not consistent across studies in either multiplicative
scale (pooled RR 1.64, 95 percent CI 1.22; 2.22) or absolute risk differences (0.23, 95 percent CI
0.11; 0.35). Rates in the control group and the dose of entecavir could not explain heterogeneity
across the studies. Pooled analysis suggested that effects in HBV DNA clearance became
significant after more than 1 year of treatment (ARD 0.30, 95 percent CI 0.16; 0.44 at >1 year of
active treatment) with no significant differences at 6 months of active treatment (ARD 0.09, 95
percent CI -0.04; 0.21; metaregression p-value 0.04).

Telbivudine resulted in greater rates of HBV DNA loss compared to adefovir at 24 (ARD
0.28, 95 percent CI 0.12; 0.44) but not 52 weeks of treatment'*” in a multinational study of 135
HBeAg-positive, naive to antiviral drugs patients. Only one drug demonstrated a significant dose
response increase in rates of HBV DNA loss, 100-300 mg of lamivudine resulted in greater viral
clearance compared to 25-100 mg (pooled ARD 0.21, 95 percent CI 0.10; 0.31)."%31371% The
length of treatment was not associated with greater response increase in HBV DNA loss."*!
Larger doses or duration of administration of adefovir did not result in larger viral
clearance.'™'""1*12° Only one RCT of adefovir (Adefovir Dipivoxil 437 Study Group) reported
greater HBV DNA loss after 30 versus 10 mg (ARD 0.18, 95 percent CI 0.08; 0.27)."'? Entecavir
did not show a dose response association with HBV DNA loss in a single 24-week, double-blind,
multicenter, phase II clinical trial.'* Limited evidence suggested that lamivudine was less
effective than adefovir (ARD -0.26, 95 percent CI -0.47; -0.06) in patients with lamivudine-
resistant CHB''? and less effective than telbivudine in HBeAg-positive patients with
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compensated (upper limit of normal for serum ALT was 48 U/L for men and 37 U/L for women)
CHB (ARD -0.30, 95 percent CI -0.55; -0.04).'*’

Combined therapy of adefovir with lamivudine resulted in increased HBV DNA clearance
compared to lamivudine alone'' """ (pooled ARD 0.25, 95 percent CI 0.10; 0.39) but not
compared to adefovir alone.'"” Interferon alfa-2b combined with lamivudine resulted in the same
HBV DNA loss when compared to interferon alfa-2b alone.®* Longer administration of
interferon alfa-2b + lamivudine for 20 weeks did not increase HBV DNA loss compared to
pretreatment with interferon alfa-2b followed by lamivudine.”” Combined interferon alfa-2b with
lamivudine therapy failed to increase viral clearance compared to lamivudine alone (pooled ARD
0.03, 95 percent CI -0.11; 0.17).26367TLAT7T comparative effects of other antiviral drugs was
similar at the end of the treatment (Appendix E Table 5).

Effects of drugs on HBV DNA clearance at followup off treatment (Table 5). Limited
evidence suggests that antiviral drugs and their combinations sustain HBV DNA clearance at
followup off therapy ranging from 18-24 weeks (Appendix E Figure 11). Interferon alfa-2b at 8-
24 weeks of followup increased HBV DNA loss compared to placebo or no antiviral therapy
(pooled ARD 0.44, 95 percent CI 0.27; 0.60);**” however, the effects were attenuated at longer
followup at 48 weeks off the therapy (pooled ARD of three studies 0.28, 95 percent CI -0.04;
0.60)****7 (Appendix E Table 5). Limited evidence from one RCT suggests sustained effects of
lamivudine on HBV DNA loss at 24 weeks of followup after 96 weeks of drug administration
(ARD 0.08, 95 percent CI 0.01; 0.15)."*° One large RCT, reported a significant benefit from
adefovir administration in HBeAg-negative patients that was sustained at 18 weeks off treatment
(ARD 0.59, 95 percent CI 0.46; 0.72).'° Entecavir provided similar HBV DNA loss compared to
lamivudine at 24 weeks of followup.'** Sustained effects of the drugs that demonstrated
significant difference at the end of the treatment have not been investigated or were not
significant (Appendix E Table 5).

In conclusion, lamivudine and adefovir resulted in HBV DNA clearance that was large in
magnitude and maintained for periods up to 24 weeks after the treatment in patients with CHB
(moderate to high evidence). Interferon alfa-2b resulted in off treatment HBV DNA loss for 8-24
weeks, the effect was attenuated at longer followup off the treatment (low evidence). Entecavir
and adefovir were more effective than lamivudine at the end of the treatment (low). However,
sustained differences off the treatments were not significant (entecavir) or have not been
examined in RCTs. HBV DNA clearance was greater after combined therapy of adefovir and
lamivudine compared to lamivudine alone at the end of the treatment (low to moderate). Long-
term sustained effect off therapies has not been examined.

Effects of drugs on HBeAg clearance at the end of treatment (Table 5 and Appendix E Tables
4 and 5). Thirty-five included studies reported HBeAg loss at the end of antiviral drug treatment
in patients with positive baseline HBeAg status,5:016264:66.67.69.7275.80.83.86-88.92.94.96.98.99,102.106.
109-112.113.117.119,120.122-125.127.136.140.183 1 i1sited evidence from one small RCT® suggested that
interferon alfa-2b increased HBeAg loss compared to no antiviral treatments (ARD 0.55, 95
percent CI 0.29; 0.81) Lamivudine for 52 weeks compared to placebo increased HBeAg loss in
three of four RCTs (pooled ARD 0.13, 95 percent CI 0.04; 0.22), but the effect size was not
consistent across the studies.®**""**!*? (Appendix E Figure 12). One short-term RCT of 122
Chinese patients found random changes in HBeAg loss after 12 weeks of drug administration.'
Adefovir for 48-52 weeks compared to placebo resulted in increased rates of HBeAg loss
(pooled ARD 0.11, 95 percent CI 0.06; 0.16)."'*!"* Neither dose''? nor duration of treatment of
adefovir increased HBeAg loss.'"® No differences in HBeAg clearance were reported after three
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doses of entecavir (0.01; 0.1; or 0.5 g) administered for 24 weeks.'*® Longer treatment duration
with interferon alfa-2b did not have any effect on HBeAg loss.®

Comparative effects of monotherapies was significant only for peginterferon alfa-2a when
compared to lamivudine in one large RCT of 814 patients (Peginterferon Alfa-2a HBeAg-
Positive Chronic Hepatitis B Study Group, ARD 0.08, 95 percent CI 0.01; 0.16).”° Adefovir
followed by telbivudine resulted in the same rates of HBeAg loss compared to adefovir alone.'*’
Entecavir did not increase HBeAg loss compared to lamivudine'**'**'** at the end of 24-63
weeks of therapy. Comparative effects of evaluated combined therapies was similar (Appendix E
Table 5). Adefovir combined with lamivudine for 48-52 weeks increased HBeAg loss compared
to lamivudine alone in two RCTs (pooled ARD 0.12, 95 percent CI 0.03; 0.21).''"!"?

Effects of drugs on HBeAg clearance at followup off the treatment (Table 5). Significant
HBeAg clearance at followup off treatments was demonstrated for interferon alfa-2b (pooled RR
2.52, 95 percent CI 1.55; 4.1)548387 (Appendix E Figure 13). An increase in absolute risk of
HBeAg loss was significant (pooled ARD 0.28, 95 percent CI 0.07; 0.50) but not consistent
across RCTs. In patients receiving 52 weeks of lamivudine, HBeAg loss was greater at 16 weeks
off therapy than patients receiving placebo (pooled ARD 0.15, 95 percent CI 0.05; 0.24).5713
HBeAg loss at 24 weeks off treatment was greater after peginterferon alfa-2a compared to
lamivudine therapy in one large RCT (ARD 0.13, 95 percent CI 0.05; 0.20).”° However, this
study did not find a significant difference in HBeAg clearance after combination of peginterferon
alfa-2a with lamivudine when compared to peginterferon alfa-2a alone or lamivudine alone. The
HBeAg loss did not demonstrate a dose response association with peginterferon alfa-2a at
followup.”® Interferon alfa-2b combined with corticosteroid compared to interferon alfa-2b
alone,"**™ interferon alfa-2b combined with lamivudine compared to placebo,(""67 interferon
alfa-2b alone,”** or lamivudine alone®****"">7>did not result in greater off treatment HBeAg
clearance. Interferon alfa-2b and lamivudine provided similar off-treatment HBeAg loss.*>%

Effects of drugs on HBeAg seroconversion at the end of treatment (Table 5). HBeAg
seroconversion was reported in 36 studies, 10-57-62-6466-68.75.80.83.88.91.94.96.99.106.109. 1 11-113,117.179,120,122-
127.133.136.140.141.143.195 At the end of the treatments, lamivudine increased HBeAg seroconversion
with consistent results across the studies (pooled RR 1.69, 95 percent CI 1.05;
2.74)0%071360.190.14L185 (A hendix E Figure 13); however, the effect size was not consistent (i.c.,
significant heterogeneity in effects across studies) in absolute risk scale (pooled ARD 0.05, 95
percent CI 0.01; 0.1, heterogeneity p value <0.05). The rate in the placebo group and duration of
treatments could not explain the heterogeneity in absolute rates. Adefovir for 48-52 weeks
compared to placebo resulted in increased rates of HBeAg seroconversion without dose response
association (ARD 0.05, 95 percent CI 0.01; 0.09)''*'"* (Appendix E Figure 14).

Effects of drugs on HBeAg seroconversion at followup off the treatment (Table 5). Interferon
alfa-2b%** increased rates of HBeAg seroconversion versus placebo at 28-64 weeks of followup
(ARD 0.12, 95 percent CI 0.03; 0.21). Lamivudine monotherapy failed to maintain HBeAg
seroconversion at 16 weeks of followup.®”"*° Interferon alfa-2b combined with lamivudine
demonstrated inconsistent effects on HBeAg seroconversion at 6-28 weeks of followup.**®’
Pooled analysis of individual patient data from four RCTs found a significant increase in HBeAg
seroconversion after combined therapy with interferon alfa-2b and lamivudine. (0.13, 95 percent
CI 0.05; 0.21).%* Interferon alfa-2b combined with lamivudine did not result in better sustained
HBeAg seroconversion compared to interferon alfa-2b alone.®****® Limited evidence from one
RCT of HBeAg-positive untreated patients suggested an increase in HBeAg seroconversion at 56
weeks off therapy (ARD 0.31, 95 percent CI 0.1; 0.63).%® Telbivudine compared to adefovir for
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24-52 weeks increased HBeAg seroconversion in relative terms (RR 6.03, 95 percent CI 2.20;
16.52) but had random differences in absolute rates.'”” Peginterferon alfa-2a increased HBeAg
seroconversion at 24 weeks of followup compared to lamivudine (ARD 0.13, 95 percent CI 0.06;
0.20).”® Peginterferon alfa-2a combined with lamivudine resulted in greater HBeAg
seroconversion compared to lamivudine alone (ARD 0.08, 95 percent CI 0.01; 0.15) but not
peginterferon alfa-2a alone (ARD-0.05, 95 percent CI -0.12; 0.03).”° Combined treatments of
peginterferon alfa-2b with for 60 weeks increased HBeAg seroconversion compared to
lamivudine alone (ARD 0.32, 95 percent CI 0.14; 0.50)."% All other comparisons demonstrated
random differences between compared treatments.

In conclusion, monotherapy with interferon alfa-2b and peginterferon alfa-2a increased off
treatment HBeAg loss and seroconversion compared to placebo (moderate evidence and
confidence). Lamivudine monotherapy increased rates of HBeAg loss at the end of the
treatments and at followup (moderate to high) but did not maintain sustained HBeAg
seroconversion (low). Limited low level evidence suggested that peginterferon alfa-2a increased
HBeAg loss and seroconversion at followup. Combined therapy with lamivudine was more
effective than lamivudine alone (low level of evidence and confidence).

Combined virologic and biochemical outcomes including HBV DNA loss, HBeAg clearance
and seroconversion, and ALT normalization (Appendix E Table 4) were investigated in eight
RCTs at the end of treatment’>*!-8491-122126.127.139 5y 4 iy 13 RCTs at followup off
treatment®!73-7581.8285.8789.91106.122.125.139 1o 4).

Effects of drugs on combined outcomes at the end of treatment. Interferon alfa-2b for 24
weeks with steroid pretreatment compared to no treatment with antiviral drugs increased rates of
HBV DNA and HBeAg clearance (ARD 0.29, 95 percent CI 0.13; 0.46) in one RCT of 169
patients® (Appendix E Figure 15). This study demonstrated an increase in HBV DNA and
HBeAg clearance after 24 weeks of interferon alfa-2b administered at a dose of 35 MU/week
(ARD 0.30, 95 percent CI 0.13; 0.46) but not 7 MU/week (ARD 0.10, 95 percent CI -0.04;
0.24).* HBV DNA and HBeAg loss after interferon alfa-2b (35 MU/week) were larger
compared to 7 MU/week (ARD 0.20, 95 percent CI 0.01; 0.38).** Interferon alfa-2b for 16-96
weeks compared to no antiviral treatment increased rates of HBV DNA loss and normalization of
ALT (pooled ARD 0.36, 95 percent CI 0.20; 0.51) in HBeAg-positive®' and HBeAg-negative
patients.”’ Lamivudine for 96 weeks compared to placebo increased HBV DNA loss and ALT
normalization (ARD 0.46, 95 percent CI 0.32; 0.59) in HBeAg-negative Chinese patients.'*’

Comparative effects of interferon alfa-2b, 35 MU/week with steroid pretreatment on negative
HBV DNA and HBeAg was larger compared to interferon, 7 MU/week alone.* Interferon alfa-
2b combined with lamivudine did not improve HBV DNA and HBeAg clearance and
seroconversion compared to lamivudine alone.”” Entecavir or telbivudine did not improve
combined outcomes at the end of monotherapy or in combination with lamivudine.'*®'?’

Effects of drugs on combined outcomes at followup off treatment. Interferon alfa-2b increased
rates of negative HBV DNA and HBeAg at 24-144 weeks off treatment with consistent results in
relative terms (pooled RR 2.96, 95 percent CI 1.40; 6.25) (Appendix E Figure 13).°":7#791
Significant heterogeneity in absolute risk difference was observed (pooled ARD 0.22, 95 percent
CI0.08; 0.36) and could not be explained by differences across studies in control rate of the
outcome or duration of treatments and followup (Appendix E Figure 16). Interferon alfa-2b
compared to no treatment increased rates of negative HBV DNA, HBeAg loss, and normal ALT
at 40 weeks of followup off treatments (ARD 0.27, 95 percent, 0.10; 0.43).82 Interferon alfa-2b
compared to no treatment increased rates of negative HBV DNA and normalization of ALT
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(pooled ARD 0.28, 95 percent CI 0.14; 0.42).*"*" Interferon alfa-2b combined with lamivudine
compared to lamivudine alone increased HBV DNA and HBeAg clearance and seroconversion
(ARD 0.21, 95 percent CI 0.06; 0.35) in 75 treatment naive patients.”

In conclusion, administration of interferon alfa-2b alone and in combination with lamivudine
resulted in off treatment response in combined biochemical and virological outcomes in patients
with HBeAg-positive CHB that was large in magnitude. Lamivudine alone increased rates of
HBYV and HBeAg loss at the end of the treatments but not at followup. The long-term effects of
adefovir and telbivudine on combined outcomes have not been evaluated in RCTs.

Histological outcomes (Table 5). We analyzed histologic outcomes including changes in
total, fibrosis, or necroinflammatory scores to assess effects of treatments on development of
cirrhosis'""'”* (Appendix E Tables 4 and 5). Liver biopsy is invasive and is associated with
complications including pain, bleeding, infection, and rarely death.'”"'® Histological results
were not available in all subjects of the studies for unknown reasons. We analyzed the results
among all randomized patients applying intention to treat principle.

Histological outcomes at the end of the therapy were reported in 22 publications
91.99.107.110-112.121.122.125.130.135.136.139.195 31y 4 at followup off therapy in five studies (Appendix E.
Table 5).628395.9699

Effects of drugs on histological outcomes at the end of treatment. Adefovir for 48-96 weeks
improved necroinflammatory scores (decrease of at least two points in the Knodell
necroinflammatory scores) compared to placebo (pooled ARD 0.26, 95 percent CI1 0.17; 0.34)
(Appendix E Figure 17).'%""*""* An improvement in fibrosis scores after adefovir administration
was significant (pooled ARD 0.20, 95 percent CI 0.14; 0.26) but did not demonstrate dose
response association.''*!"* Lamivudine administration for 48-96 weeks improved
necroinflammatory scores (decrease of at least two points in necroinflammatory scores) in all
RCTs 136139195 (h00led RR 2.09, 95 percent CI 1.60; 2.74). The effect on absolute risk was
significant (pooled ARD 0.25, 95 percent CI 0.13; 0.38) but inconsistent across the studies
(Appendix E. Table 5)."**"313%!%> Control rate of outcomes, duration of the treatment, a
proportion of HBeAg-positive patients at baseline, and a proportion of untreated patients could
not explain heterogeneity between studies. Entecavir compared to lamivudine improved
necroinflammatory scores (ARD 0.14, 95 percent CI 0.04; 0.24) but without dose response
association.'?""'**'% Interferon alfa-2b combined with lamivudine for 48 weeks improved HAI
scores compared to interferon alone (ARD 0.54, 95 percent CI1 0.2; 0.79) in one RCT of 48
untreated HBeAg-positive Turkish patients.®®

Effects of drugs on histological outcomes at followup off treatment. Histological
improvement in necroinflammatory scores at 24 weeks of followup off treatment (ARD 0.12, 95
percent CI 0.02; 0.22) was reported in only one RCT”” after a 48 week administration of
peginterferon alfa-2a compared to lamivudine in 552 HBeAg-negative patients.”

In conclusion, low-moderate quality evidence suggested improvement in histological scores
at the end of monotherapy with adefovir or lamivudine. Off treatment improvement was reported
only in HBeAg-negative patients after treatment with peginterferon alfa-2a compared to
lamivudine. A higher level of certainty is not possible because reporting is from a relatively
small number of short term, small studies, there is inconsistency in findings, and there are
limitations in using liver biopsy findings to accurately assess overall histological changes due to
treatments. The histological improvement in necroinflammatory scores reported with
peginterferon compared to lamivudine was from only one study and at 24 weeks off therapy.

10,63,67,68,75,77,
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Normalization of ALT at the end of drug administration was reported in 35

L 10,62,66,67,74-76,90,92,95,96,99,107,110-113,117,119-127,131,136,138-141,143,145
publications """ and at followup off
- . 10,61-63,66,68,72,74-76,80,84,87,88,90,94-96,99,102,109,113,126,139 -
treatments in 24 studies'*-0!"0300:68.72.74-76.80.84,57.85.90.94-96.99,102,109,113,126.139 A ppendix E. Tables 4
and 5).

Effects of drugs on ALT normalization at the end of treatment (Table 5). Adefovir for 48-96
weeks increased rates of ALT normalization compared to placebo in all RCTs (pooled RR 2.97,
95 percent CI 2.38; 3.69).10’“0’“2’113 However, the studies reported inconsistent differences in
absolute rates of the outcome; such statistical heterogeneity in absolute risk difference (ARD
0.40, 95 percent CI 0.30; 0.49) could not be explained by the dose of adefovir, control rate,
duration of the treatment, or the proportion of HBeAg-positive patients (Appendix E. Figure 18).
Longer treatment with adefovir was associated with a decreased rate of ALT normalization
(poled ARD -0.06, 95 percent CI -0.12; -0.01) without does response association.'%!!!-113:120

Lamivudine for 12-96 weeks increased ALT normalization with consistent effect size in
relative risk compared to placebo or no antiviral treatment (pooled RR 2.42, 95 percent CI 1.94;
3.01).07 131639 1LIS Heterogeneity in pooled absolute risk (pooled ARD 0.22, 95 percent CI
0.13; 0.31) could not be explained by the length of treatment, control rate, or the proportion of
HBeAg-positive patients. Comparative effectiveness of entecavir on ALT normalization was
greater compared to lamivudine with significant heterogeneity in relative (pooled RR 1.62, 95
percent CI 1.28; 2.06) and absolute risk (pooled ARD 0.22, 95 percent CI 0.11; 0.32).7%121-12¢
Heterogeneity could not be explained by the dose of entecavir, the duration of treatments, or the
proportion of HBeAg-positive patients. The effect of entecavir on absolute risk of ALT
normalization was lower in RCTs with higher rates of outcomes after lamivudine administration
(meta-regression p value=0.005).

Lamivudine was less effective compared to adefovir (ARD -0.42, 95 percent CI -0.67; -
0.18) in 38 American adults with compensated liver disease (Child-Pugh-Turcotte score <7) and
lamivudine-resistant hepatitis B Virus;119 however, lamivudine administration for 48 weeks was
more effective in normalizing ALT compared to peginterferon alfa-2a in HBeAg-positive and
negative patients (the Peginterferon Alfa-2a Chronic Hepatitis B Study Group, pooled RR for
Peginterferon alfa-2a versus lamivudine 0.57, 95 percent CI 0.46;0.70).”° The absolute risk
difference for peginterferon alfa-2a versus lamivudine was larger (ARD -0.36, 95 percent CI -
0.45; -0.26) in HBeAg-negative patients’ than in HBeAg-positive patients (ARD -0.23, 95
percent CI -0.31; -0.15)°® (pooled ARD -0.29, 95 percent CI -0.42; -0.17). The same study
reported that monotherapy with lamivudine resulted in greater ALT normalization compared to
combined treatment (pooled ARD for peginterferon alfa-2a + lamivudine versus lamivudine -
0.20, 95 percent CI -0.29; -0. 10).95’96 In contrast, a combination of lamivudine with adefovir
compared to monotherapy with lamivudine increased the rate of ALT normalization in
lamiv?gi]nlg—resistant patients with compensated CHB (pooled ARD 0.32 95 percent CI 0.13;
0.52)." "

Effects of drugs on ALT normalization at followup off treatment. ALT normalization at
followup off treatments was greater after adefovir administration compared to placebo (pooled
ARD 0.26, 95 percent CI 0.19; 0.33) in HBeAg-negative patients (the Adefovir Dipivoxil 438
Study Group)'” as well as in HBeAg-positive Chinese patients (Appendix E. Figure 19).'"
Lamivudine for 96 weeks compared to placebo increased rates of ALT normalization at 24
weeks of followup off treatment (ARD 0.21, 95 percent CI 0.04; 0.38) in 139 HBeAg-negative
Chinese patients."” Interferon alfa-2b at doses 35 MU/week but not 7 MU/week compared to no
antiviral treatment increased rates of ALT normalization at 8-24 weeks of followup (pooled
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ARD 0.31, 95 percent C1 0.17; 0.44).%* Interferon alfa-2b with steroid pretreatment increased
ALT normalization compared to no antiviral drugs (ARD 0.25, 95 percent CI 0.06; 0.43)** and
random differences compared to interferon alfa-2b alone.*™**™ In contrast with the superior
effectiveness of lamivudine at the end of the treatment, sustained ALT normalization at 24 weeks
of followup was greater after peginterferon alfa-2a compared to lamivudine (pooled ARD 0.13,
95 percent CI 0.07; 0.20)°**° and after combined therapy of peginterferon alfa-2a with
lamivudine compared to lamivudine alone (pooled ARD 0.13, 95 percent CI 0.06; 0.19).

In conclusion, adefovir and lamivudine monotherapy resulted in ALT normalization that was
maintained for up to 24 weeks. Longer term effects are not known. Entecavir and adefovir were
more effective than lamivudine at the end of the treatment, while sustained differences have not
been investigated. Peginterferon alfa-2b alone and combined with lamivudine normalized ALT at
followup off the treatments when compared to lamivudine alone.

Relapse was defined as reappearance or increase in viral load®>’!”7+7%:113:113.121.126.127.131
increase in HBV DNA and ALT levels'" at the end of active treatments or at followup off
therapies®!-'>7> 8848591106122 (A yhendix E. Tables 4 and 5). Lamivudine administration for 60
weeks compared to 48 weeks increased rates of virological relapse in one RCT of 348 HBeAg-
positive Chinese patients.””' Entecavir administration for 52 weeks resulted in lower rates of
viral relapse at 24 weeks of followup off treatments compared to lamivudine (ARD -0.16, 95
percent CI -0.20; -0.12) in 709 HBeAg-positive naive to nucleoside analogue patients
(participants in BEHoLD Study Group).'*

Antiviral resistance (Table 5) was detected by the development of resistant HBV YMDD
mutations (genotypic resistance) at the end of the treatments with reverse transcriptase
inhibitors®¢77476:7%-NOHLISTSLI 9699107 1 at followup off the therapies'*** (Appendix E.
Tables 4 and 5). Lamivudine administration for 52-130 weeks increased the rates of YMDD
mutation compared to placebo by 43 percent (pooled ARD 0.43, 95 percent CI 0.38; 0.48).132
Longer treatments for 60 weeks versus 48 weeks resulted in larger rates of mixed (ARD 0.06, 95
percent CI 0.01; 0.11) and pure YMDD mutation (ARD 0.03, 95 percent CI 0.00; 0.06)."'
Adefovir versus placebo increased rates of emerging amino acid substitutions in the HBV-RT
domain and rates of rt221Y amino acid substitution but not rt134D; rt219A; rt911; rt134N; rt54H;
rt145M substitutions.''”'"” Longer treatments for 240 versus 114 weeks increased rates of
adefovir resistant mutations;''' however, combined therapy with adefovir plus lamivudine
reduced the rates of YMDD compared to monotherapy with lamivudine (ARD -0.33, 95 percent
CI -0.50; -0.17) in 135 patients with CHB and YMDD mutant HBV''"” with random differences in
wild type mutations. Interferon alfa-2b combined with lamivudine reduced rates of mutation
compared to lamivudine alone with significant heterogeneity in relative (pooled RR 0.42, 95
percent CI 0.16; 1.09) and absolute risk (pooled ARD -0.18, 95 percent CI -0.35; -0.01).%%¢7-7476.7
Heterogeneity could not be explained by the dose of interferon alfa-2b, length of treatment, or the
proportion of HBeAg-positive patients at baseline. Lamivudine combined with interferon alfa-2b
did not increase mutation rates compared to placebo in HBeAg-positive patients who had failed
previous interferon therapy.®” Peginterferon alfa-2a with lamivudine compared to peginterferon
alfa-2a alone increased the rate of mutation (ARD 0.03, 95 percent CI 0.01; 0.06) in the patients
participating in the Peginterferon Alfa-2a HBeAg-Positive Chronic Hepatitis B Study Group.”®
The same study reported reduced rates of mutations when peginterferon alfa-2a (ARD -0.25, 95
percent CI -0.31; -0.20) or peginterferon alfa-2a combined with lamivudine (ARD -0.22, 95
percent CI -0.28; -0.16) were compared to lamivudine monotherapy.’°At followup off treatments,
interferon alfa-2b monotherapy (ARD -0.23, 95 percent CI -0.33; -0.14) or combined with
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or
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lamivudine (ARD -0.23, 95 percent CI -0.32; -0.14) resulted in lower rates of mutations compared
to lamivudine alone.®

In conclusion, limited evidence from a single trial suggested that a prolongation of
lamivudine administration increased virological relapse in HBeAg-positive patients. Viral
relapse post treatment was lower after entecavir compared to lamivudine in patients HBeAg-
positive and naive to nucleoside analogue. Lamivudine and adefovir increased the incidence of
resistant HBV YMDD mutations, while combined therapy with interferon resulted in lower rate
of mutation at the end of therapy and at followup. The effect on clinical outcomes including
hepatocellular carcinoma and mortality is not known.

Effects of antiviral drugs on examined nonclinical outcomes at followup off treatments.
Interferon alfa-2b resulted in sustained HBV DNA and HBeAg clearance and seroconversion and
ALT normalization (Figure 4). A combination of interferon alfa-2b with steroid pretreatment or
lamivudine did not maintain sustained HBV DNA and HBeAg loss at followup (Figure 5).

Adefovir administration provided sustained ALT normalization and HBV DNA clearance
without evidence of genotypic resistance (Figure 6). Lamivudine resulted in sustained HBV
DNA and HBeAg clearance and ALT normalization. Entecavir compared to lamivudine reduced
the rates of virological relapse at followup off therapy (Figure 7).

Interferon alfa-2b combined with lamivudine compared to lamivudine sustained HBV DNA
and HBeAg clearance and seroconversion and reduced rates HBV DNA mutations (Figure 8).

Pegylated interferon alfa-2a was more effective compared to lamivudine in HBV DNA and
HBeAg clearance and seroconversion and ALT normalization as well as in improved
necroinflammatory scores (Figure 9). Combined therapy of pegylated interferon alfa-2a with
lamivudine resulted in better sustained HBV DNA and HBeAg clearance and seroconversion and
ALT normalization when compared to lamivudine alone but with random changes when
compared to pegylated interferon alfa-2a alone (Figure 10).

Levels of viral load, biochemical, or histologic outcomes were evaluated in 27 publications
after active and control treatments at the end of the therapy and at followup off therapy (Appendix
E Table 6),10.6368.70.71.75.79.8586.9596,101.105,110,112117.119-122,124,125,127.128.134.145 A dofovir compared to
placebo reduced serum HBV DNA levels by -1.65 log copies/ml (95 percent CI -2.08; -1.22) at 18
weeks of followup in HBeAg-negative patients (Adefovir Dipivoxil 438 Study Group).'”
Telbivudine administration decreased viral load compared to adefovir at 28 weeks of followup
(mean difference -0.84 log10 copies/ml 95 percent CI -1.49; -.19).'** Examined drugs failed to
maintain sustained reduction in ALT level at followup.'®">* Necroinflammatory and fibrosis
scores did not differ at followup off the treatments with interferon alfa-2b followed by steroid
administration compared to interferon alfa-2b alone.*>*

In conclusion, measures of viral load, ALT levels, and histological scores at followup off the
antiviral medications were evaluated in few studies without consistent differences between
compared treatments.
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EPC Question 2b. What are the known harms associated with
treatments of hepatitis B?

Literature search and review strategy. RCTs were identified through an Ovid MEDLINE®
search, using the search terms used to assess efficacy. Additional harms data were obtained from
the FDA website and industry prescribing information. We excluded interferon trials that did not
report type of interferon (2a or 2b) from the adverse events and lab abnormalities
analyses.”>"!*!

To address question 3 regarding particular patient populations that should not be treated, we
describe whether adverse events and withdrawals varied by patient and/or disease characteristics
and whether these seemed to be at high enough frequency or severity to preclude treatment.

Adverse events after nucleotide analogues (Appendix E Tables 4 and 7).

Adefovir monotherapy. Two randomized, double-blind, placebo-controlled trials (N=700),
one enrolling HBeAg-positive’” and one HBeAg-negative chronic hepatitis subjects' ' evaluated
orally administered adefovir, an adenosine nucleotide analogue. Adefovir 10 mg/day was
generally well tolerated, with rates of study withdrawal, adverse events, severe (Grade 3 or 4)
adverse events, and adverse events leading to discontinuation similar to placebo over the 48
week study durations. Approximately 8 percent of both groups did not complete treatment for
any reason. Fewer than 2 percent of all subjects had an adverse event leading to the
discontinuation of study intervention (Table 6). In the trial with HBeAg-negative subjects, none
of the serious adverse events were considered to be treatment-related.''” Most adverse events
were generally mild to moderate in severity, with pharyngitis (23 percent versus 30 percent
placebo) and flu-like syndrome (14 percent versus 19 percent placebo) the most commonly
reported. Pooled analyses of the two RCTs from the prescribing information insert reported the
most common events related to treatment were asthenia and headache, 13 and 9 percent versus
14 and 10 percent for placebo (www.fda.gov/medwatch/safety/2006/Oct Pls/Hepsera_PPI.pdf).
Long-term therapy (49-96 weeks) found adverse event similar in frequency and severity to those
reported through week 48.'° Adverse event rates were comparable between nucleoside analogues
lamivudine,'" telbivudine,'*® and combination adefovir and lamivudine therapy (high level of
evidence).

Lamivudine monotherapy versus placebo. Several placebo-controlled RCTs evaluated the
efficacy and safety of orally administered lamivudine (generally 100 mg/day) over 1 to 2
years."**"**!* Similar to adefovir, lamivudine was generally well tolerated with no adverse
events significantly greater than placebo. Fewer subjects randomized to placebo were likely to
complete treatment compared to lamivudine, 13 percent versus 9 percent (ARD -1 percent, 95
percent CI -7; 4) in two trials'**'* and 18 percent versus 8 percent (ARD -10 percent, 95 percent
CI -21; 1) in one trial enrolling subjects refractory to interferon.®’ These differences were not
statistically significant. The most common events were upper respiratory tract infections or
symptoms, asthenia, abdominal pain, and headache. Overall, adverse events were similar
between lamivudine and placebo in one study that enrolled subjects with advanced liver disease
(histologically confirmed cirrhosis or advance fibrosis) with the exception of a greater incidence
of diarrhea in the placebo group and cough in the lamivudine group over a median duration of
treatment of 32 months.'*” Rate of serious adverse events was slightly higher among the placebo
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group (18 percent) compared to the lamivudine group (12 percent), with an ARD of -5 percent
(95 percent CI -11; 1). There were two deaths during therapy in the lamivudine group, one from
lymphoma and one drowning due to a myocardial infarction (high level of evidence).

Lamivudine monotherapy versus peginterferon-alfa-2a monotherapy. Two RCTs, one with
HBeAg-positive and one HBeAg-negative subjects, compared lamivudine 100 mg/day (n=456)
to subcutaneously administered peginterferon-alfa-2a 180 pug/week monotherapy (n=453).°>%
Subjects were treated for 48 weeks and then followed up for an additional 24 weeks.
Significantly more subjects assigned lamivudine discontinued treatment compared to the subjects
assigned peginterferon-alfa-2a, 16 percent to 10 percent (RR 1.57, 95 percent CI 1.10; 2.22).
However, more subjects treated with peginterferon alfa-2a were more likely to withdraw from a
study due to an adverse event, 5 percent compared to <1 percent.(ARD -5 percent, 95 percent CI
-10; 1). Dose modification due to an adverse event was required for 7 percent of peginterferon
alfa-2a subjects and none of the lamivudine group. Most adverse events were significantly more
frequent with peginterferon alfa-2a therapy. An initial flu-like illness was commonly associated
with peginterferon alfa-2a treatment, noted by pyrexia, fatigue, myalgia, and headache.
Approximately 18 percent of peginterferon alfa-2a subjects reported hair loss compared to 2
percent of lamivudine subjects. Anorexia was reported in 16 percent of peginterferon alfa-2a
subjects. Events attributed solely to peginterferon alfa-2a included rigors and an injection-site
reaction (due to the subcutaneously administration). Depression was reported in 5 percent and 2
percent of peginterferon alfa-2a and lamivudine subjects, respectively, (RR 0.31, 95 percent CI
0.10; 0.93). One subject receiving lamivudine developed hepatic decompensation after cessation
of therapy and died.”® There was one death in the peginterferon-alfa-2a group.” This subject had
developed thrombotic thrombocytopenic purpura (moderate level of evidence).

Lamivudine monotherapy versus combination peginterferon alfa-2a and lamivudine therapy.
Combined peginterferon alfa-2a and lamivudine had a similar adverse event profile as
peginterferon alfa-2a when compared to lamivudine monotherapy in two trials reporting.
More lamivudine subjects did not complete treatment but combination subjects were more likely
to discontinue treatment due to an adverse event. Fifty-three percent of lamivudine subjects
reported any adverse event compared to 88 percent of the combination subjects (ARD -35
percent, 95 percent CI -41; -29). Nearly 11 percent of the combination group required dose
modification due to an adverse event, slightly higher than peginterferon monotherapy. The
higher frequency of flu-like symptoms (pyrexia, fatigue, myalgia, and headache) was also
observed with combination therapy compared to lamivudine as well as significantly greater
incidences of hair loss (22 percent versus 2 percent), anorexia (13 percent versus 2 percent), and
depression (6 percent versus 2 percent). There were three deaths in the combination group during
the treatment period.”® These deaths were reported as accidental and unrelated to the study drug
(low to moderate level of evidence).

Lamivudine monotherapy versus combination peginterferon alfa-2b and lamivudine therapy.
One trial assessed combination peginterferon alfa-2b (1.5 pg/kg of body weight per week up to
100 pg) and lamivudine therapy (n=50) compared to lamivudine monotherapy (n=50) over 52
weeks.'” Combination therapy resulted in higher frequencies of transient flu-like adverse events,
hair loss, and anorexia. Four subjects assigned combination therapy had serious adverse events,
including one case of bipolar disorder requiring antidepressant treatment and one case of a severe
local reaction. Peginterferon treatment was stopped for all cases.

Lamivudine monotherapy versus combination conventional interferon alfa-2b and
lamivudine therapy. Six trials evaluated conventional interferon alfa-2b combined with
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lamivudine. 677727 Adverse event data were provided primarily by three of the

studies.®”®*%” Combined therapy had a similar safety profile to the pegylated formulation, with
high frequencies of pyrexia, headache, fatigue, and myalgia compared to lamivudine
monotherapy. Similar to the pegylated formulation, there were significantly higher incidences
of alopecia (30-40 percent versus <1-10 percent) and anorexia (19-40 percent versus <1-5
percent) compared to lamivudine monotherapy in two RCTs reporting.*>®’ The trial with
subjects refractory to interferon reported a significantly lower incidence of depression in the
monotherapy group compared to combined therapy, 3 percent to 18 percent (ARD -15 percent,
95 percent CI -25; -5)°7 (moderate level of evidence).

Telbivudine monotherapy. The GLOBE study evaluated orally administered L-nucleoside
analog telbivudine 600 mg/day (n=683) against lamivudine 100 mg/day (n=687) in both HBeAg-
positive and negative chronic hepatitis subjects over 52 weeks'*
(www.fda.gov/cder/foi/label/2006/0220111bl.pdf). Compared to lamivudine, significantly fewer
subjects receiving telbivudine withdrew from treatment or were noted to have a serious (Grade 3
or 4) adverse event. Less than 1 percent of subjects in both groups discontinued treatment due to
an adverse event. One case of myopathy presumed to be treatment-related occurred in the
telbivudine group. Comparable to adefovir and lamivudine, telbivudine is generally well
tolerated; most adverse events are typically mild to moderate in severity. Incidences of adverse
events were low in both groups (www.fda.gov/cder/foi/label/2006/0220111bl.pdf). In the trial
versus adefovir, no serious adverse events were reported and no subject withdrew from therapy
due to an adverse event'*® (low level of evidence).

Adverse events after acyclic guanosine derivative.

Entecavir monotherapy. Two RCTs enrolling nucleoside-naive subjects compared entecavir
0.5 mg/day, an acyclic guanosine derivative was to lamivudine 100 mg/day.'*""'** One trial
enrolled HBeAg-positive subjects,'” and the other HBeAg-negative subjects.'?' All subjects in
both trials had not received treatment with a nucleoside analogue. Mean exposure to therapy was
56 to 75 weeks for entecavir and 56 to 75 weeks for lamivudine. Numbers of subjects not
completing treatment, reporting any or serious adverse events were similar between treatments.
More subjects in the lamivudine group were likely to discontinue treatment due to an adverse
event. Rates of individual adverse events were not reported in the trials, but the most frequent
events cited included headache, upper respiratory tract infection, upper abdominal pain,
nasopharyngitis, dyspepsia, fatigue, back pain, arthralgia, diarrhea, insomnia, cough, and nausea.
These events were noted to be mostly mild to moderate. There were four deaths considered
unrelated to study therapy, two in both treatment groups. A slightly higher percentage of subjects
randomized to lamivudine reported any Grade 2 to 4 adverse event through two years, 18 percent
versus 15 percent for entecavir (Bristol Myer package insert). Pooled analysis of two studies
enrolling subjects refractory to lamivudine found rates of any Grade 2 to 4 adverse events were
similar between the entecavir 1 mg dose group and lamivudine group, 22 percent and 23 percent,
respectively (Bristol Myer package insert). Three deaths were reported in one trial enrolling
lamivudine-refractory subjects, none were deemed related to the study medication by the
investigator125 (low to moderate evidence).

Adverse events after interferons.

Pegylated interferon alfa-2a versus lamivudine monotherapy and combination therapy (see
above).

Combination of peginterferon alfa-2a and lamivudine therapy versus peginterferon alfa-2a
monotherapy. Combined peginterferon alfa-2a and lamivudine had a similar safety profile and
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withdrawal rates compared with peginterferon alfa-2a monotherapy.”>”® The most common

treatment-related adverse events in both groups included flu-like symptoms (pyrexia, fatigue,
myalgia, and headache). Depression was reported by 6 percent (n=16) of the monotherapy group
and 5 percent (n=13) of the combination group in one study enrolling HBeAg-positive subjects.
Four subjects died during the study periods, one in the peginterferon alfa-2a group”” and three in
the combined therapy group’® (low to moderate evidence).

Combination of pegylated interferon alfa-2b and lamivudine therapy versus pegylated
interferon monotherapy. One 52 week (26 week followup period) trial enrolling 307 subjects
evaluated combined pegylated interferon alfa-2b 100 ng/week and lamivudine therapy in
comparison to pegylated interferon alfa-2b monotherapy.”” Approximately one-fourth of all
subjects did not complete treatment. Between 7 and 8 percent discontinued treatment due to an
adverse event. Overall, rates of adverse events were comparable between groups and the most
common events were flu-like symptoms. There were 32 serious adverse events reported for both
treatment arms. Seventeen events were likely to be attributed to therapy and included hepatitis
flare (4), depression (3), severe neutropenia (3), and one case each of psychosis, seizures,
pancreatitis, anxiety, dizziness, diarrhea, and syncope. All serious adverse events were reversible
after treatment cessation. A study which followed these subjects an additional 26 weeks
concluded that the most important predictors of dose reduction or study withdrawal were pre-
existing cirrhosis and neutropenia'” (low level of evidence).

Pegylated interferon alfa-2b versus interferon alfa-2. One Chinese trial (N=230) compared
pegylated interferon alfa-2b 1.0 pg/kg/week monotherapy to interferon alfa-2b 3 MU/week
monotherapy.'” Significantly more subjects receiving conventional interferon did not complete
treatment and followup compared to the pegylated interferon group, 17 percent versus 6 percent
(ARD -11 percent, 95 percent CI -19; -3). Seventy-five percent of patients in each group reported
drug-related adverse events, mainly flulike symptoms and fever. Adverse events lead to four
subjects (4 percent) in the conventional interferon group to discontinue treatment.

Conventional interferon alfa-2b and lamivudine. One trial of interferon nonresponders to
interferon compared 24 weeks of combined interferon alfa-2b 10 MU/week and lamivudine
therapy (n=63) versus 52 weeks of placebo (n=56).%” The percentages of subjects not completing
treatment were comparable. There were significantly more flu-like adverse events observed with
interferon therapy in the combined group. A multinational trial comparing combined therapy
(n=76) to interferon monotherapy (n=70) found rates of adverse events were similar between
groups with the exception of headache, which had significantly higher incidence in the combined
group (93 percent to 67 percent, ARD 26 percent, 95 percent CI 14; 39).°> A Turkish study of 49
subjects reported a significantly higher incidence of mouth dryness in the combined therapy
group (76 percent) compared to the interferon monotherapy group (33 percent) (ARD 57 percent,
95 percent CI 33; 81).%%

Interferon alfa-2b. Several RCTs compared different regimens of interferon alfa-2b therapy
to no treatment. The trials reported that treatment was generally well-tolerated, but most subjects
developed transient mild flu-like symptoms. In addition, Chung (N=65) reported anorexia/nausea
in 22 percent of all subjects.®® Janssen noted dose reduction was required in 12 percent of
subjects in the “Prolonged Treatment” group due to depression, fatigue, hair loss, and headache®
(low to moderate evidence).
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Laboratory abnormalities/toxicities after nucleotide analogues. (Appendix E Tables 4
and 8).

Adefovir. In a pooled analysis of two trials, similar incidences of Grade 3 or 4 laboratory
abnormalities were observed for adefovir and placebo with the exception of significant increases
in ALT and AST levels (www.fda.gov/medwatch/safety/2006/Oct_PIs/Hepsera PPIL.pdf). Over
40 percent of placebo subjects had ALT levels more than five times the upper limit of normal
(ULN) in the placebo group compared to 20 percent of the adefovir 10 mg group (RR 0.49, 95
percent CI 0.37; 0.65). AST levels greater than five times the ULN were observed in 23 percent
and 8 percent of the placebo and adefovir subjects, respectively. An increase in serum creatinine
>0.3 mg/dL from the baseline level was observed in 4 percent of adefovir subjects versus 2
percent of placebo subjects with adequate renal function at week 48 of treatment. No subject
developed an increase >0.5 mg/dL at week 48. After extended adefovir treatment of an additional
48 weeks, two subjects had increases in serum creatinine >0.5 mg/dL from baseline, leading to
discontinued treatment in one subject.'® A black box warning from the prescribing information
states subjects with or at risk of impaired renal function may develop nephrotoxicity with chronic
administration of adefovir (www.fda.gov/medwatch/safety/2006/Oct Pls/Hepsera PPL.pdf). An
analysis of renal safety utilizing the study population of the trial by Marcellin® found a greater
occurrence of Grade 1 and 2 hematuria and proteinuria in the adefovir 30 mg group compared to
placebo.'"® In the trial versus telbivudine, one adefovir subject had an elevated serum creatinine
level that returned to normal range after switching to telbivudine after study cessation.'** Grade 3
or 4 neutropenia was reported for one subject in each treatment arm. Each case resolved without
dose reduction or treatment interruption. In one 48 week trial of lamivudine-refractory subjects,
there were seven Grade 3 events (37 percent) compared to two Grade 3 and 4 events (10 percent)
in the combined adefovir/lamivudine group''® (moderate to high evidence).

Lamivudine versus placebo. A one year placebo-controlled trial of 385 Chinese subjects
reported 10 subjects had abnormal liver function tests considered to be of major clinical concern,
five in the lamivudine group (2 percent; four received 100 mg and one 25 mg) versus five in the
placebo group (7 percent) (RR 0.26, 95 percent CI 0.08; 0.86).'** A trial of 143 American
subjects found the frequency of Grade 3 or 4 lab abnormalities similar between lamivudine and
placebo during the course of treatment.'*® However, 25 percent of lamivudine subjects had an
ALT level at least three times the baseline level (Grade 3 or 4 abnormality) compared to eight
percent of placebo subjects during the 16 week post-treatment period (p=0.01). In subjects with
advanced liver disease, 12 percent of subjects receiving lamivudine had elevations in serum ALT
at least three times the level at baseline compared to one-fourth of the subjects receiving placebo
(ARD -13 percent, 95 percent CI -20; -7)"¥ (moderate evidence).

Lamivudine versus peginterferon alfa-2a monotherapy. Comparable to the adverse event
profile, rates of lab abnormalities were significantly higher in the peginterferon alfa-2a
monotherapy group compared to lamivudine. In a pooled analysis of two RCTs (N=901), dose
modification was required for 46 percent of peginterferon alfa-2a recipients versus none of the
lamivudine recipients (ARD -46 percent, 95 percent CI -51; -42.°>% Approximately 37 percent
(95 percent CI 32; 41) of peginterferon alfa-2a subjects required dose medication due to a lab
abnormality (79 percent of all dose modifications), with neutropenia and thrombocytopenia cited
as the most common causes (moderate evidence).
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Lamivudine versus combination peginterferon alfa-2a and lamivudine therapy. Combined
peginterferon alfa-2a and lamivudine had a similar lab abnormality profile as peginterferon alfa-
2a monotherapy in two trials reporting (N=903).”>° No subject assigned lamivudine required
dose modification, while 47 percent of combined therapy subjects need alterations in the therapy
regimen (ARD -47 percent, 95 percent CI -52; -43). Lab abnormalities accounted for 78 percent
of all dose modifications, primarily due to neutropenia, thrombocytopenia and elevated ALT
(moderate evidence).

Lamivudine versus combination peginterferon alfa-2b and lamivudine therapy. One Chinese
trial randomizing 100 subjects assessed combination peginterferon alfa-2b and lamivudine
therapy (n=50) compared to lamivudine monotherapy (n=50) over at least 78 weeks.'"” Dose
reduction was required for five (10 percent) pegylated interferon subjects due to anemia (one
patient), neutropenia (three patients), and/or thrombocytopenia (four patients). One combined
therapy subject had peginterferon withheld for two doses due to a severe hepatic flare-up. No
lamivudine subject required a reduction of dose. There were no significant differences in the
incidence of lab abnormalities between groups (low evidence).

Lamivudine versus combination conventional interferon alfa-2b and lamivudine therapy.
Several trials evaluated conventional interferon alfa-2b combined with lamivudine compared to
lamivudine monotherapy. One Italian trial (N=151) with a study duration of 100 weeks found no
significance in rates of lab abnormalities between groups.® One trial of interferon-refractory
subjects noted similar frequencies of lab abnormalities between groups.®’ Elevated ALT (>2
times the baseline level) was significantly greater in the combined therapy group (n=63) during
primary treatment, 48 percent versus 26 percent for the lamivudine group (n=119) (ARD -22
percent, 95 percent CI -36; -7). Incidence of neutropenia was also significantly greater among
subjects assigned combined therapy, 16 percent versus 1 percent of lamivudine recipients. A
Turkish trial (N=80) reported four cases of neutropenia occurred with combined therapy.”' Two
cases each required temporary and permanent dose modification, respectively.
Thrombocytopenia occurred in 11 cases (28 percent) in the combined therapy group versus three
subjects in the lamivudine group (8 percent) (ARD -20 percent, 95 percent CI -36; -4) (moderate
to high evidence and confidence).

Telbivudine. Significantly greater incidences in creatine kinase (CK) elevations were
associated with telbivudine therapy compared to therapy with lamivudine. Data from the 52
week GLOBE trial showed 68 percent of telbivudine recipients (n=680) had a Grade 1-4 CK
elevation compared to 39 percent of lamivudine subjects (n=687) (ARD 29 percent (95
percent CI 24; 34) product monograph (www.fda.gov/cder/foi/label/2006/02201 11bl.pdf).

Grade 3-4 CK elevations were reported for 7.5 and 3 percent of the telbivudine and
lamivudine subjects, respectively. CK elevations decreased spontaneously to Grade 2 or lower
in two-thirds of the telbivudine recipients and approximately three-fourths of the lamivudine
subjects by the next clinical visit.'*’ In the telbivudine group, two subjects required
discontinuation and three subjects required interruption of treatment due to CK toxicity
product monograph (www.fda.gov/cder/foi/label/2006/02201 11bl.pdf). There were higher
frequencies of Grade 3-4 elevations in ALT and aspartate aminotransferase (AST) in the
lamivudine group compared to the telbivudine group. ALT levels greater than three times the
baseline level occurred in 6 percent of the lamivudine-assigned subjects versus 3 percent of
the telbivudine subjects (RR 0.59, 95 percent CI 0.36; 0.95).'* Analysis of categories of ALT
flares (>2 times the baseline level) after 24 weeks of treatment found ALT flares were more
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likely to occur with lamivudine therapy (5 percent) than telbivudine (1 percent) product
monograph (www.fda.gov/cder/foi/label/2006/02201 11bl.pdf) (low to moderate evidence).

Laboratory abnormalities/toxicities after acyclic guanosine derivative.

Entecavir monotherapy. Elevations in ALT occurred more frequently in the lamivudine
group (n=668) compared to the entecavir group (n=679), particularly during post-
treatment.'*"'** During the 24 week followup period, ALT flares (ALT >2 times the baseline
level and >5 times the ULN) occurred in 24 percent and 9 percent of the lamivudine and
entecavir groups, respectively (absolute risk difference -14 percent, 95 percent CI -21; -6).
Elevations in ALT were also observed more frequently in the lamivudine group compared to
entecavir 1 mg in a pooled analysis of two trials assessing lamivudine-refractory subjects
through 2 years of study duration (N=373) [Patient information sheet, (Bristol Myers Squibb
http://www.fda.gov/medwatch/safety/2007/Baraclude PI jul2407.pdf)]. ALT flares >5 times
the ULN occurred in 24 percent of subjects assigned lamivudine versus 12 percent assigned
entecavir (ARD -12 percent, 95 percent CI -20; -4). AST levels >5 times the ULN were also
significantly greater in the lamivudine group (17 percent) compared to the entecavir group (5
percent) (ARD -12 percent, 95 percent CI -18; -6) (moderate evidence).

Laboratory abnormalities/toxicities after interferons.

Pegylated interferon alfa-2a versus lamivudine monotherapy and combination therapy (see
above).

Combination peginterferon alfa-2a and lamivudine therapy versus peginterferon alfa-2a
monotherapy. Combined peginterferon alfa-2a and lamivudine therapy and peginterferon
alfa-2a monotherapy had similar laboratory abnormality profiles.”>® Over 45 percent of both
groups required dose modification. Nearly 80 percent of dose modifications were due to a lab
abnormality, mainly neutropenia and thrombocytopenia. Elevated ALT levels occurred more
frequently in the monotherapy group, 9 percent versus 4 percent (ARD -5 percent, 95 percent
CI -10; 0)” (low to moderate evidence).

Combination pegylated interferon alfa-2b and lamivudine therapy versus pegylated
interferon monotherapy. No significant differences in dose modifications were reported between
the treatment groups, and nearly 70 percent remained on full-dose treatment at the end of
therapy.” Frequencies of hematologic events, neutropenia (21-26 percent) and thrombocytopenia
(11-13 percent), were also similar in the combined and monotherapy groups (low evidence).

Pegylated interferon alfa-2b versus interferon alfa-2. The trial by Zhao (N=230) reported
four subjects (6 percent) in the conventional interferon group with elevated ALT levels and /or
increased bilirubin levels discontinued treatment.'” No subjects in the pegylated group
discontinued therapy due to a lab abnormality (low evidence).

Conventional interferon alfa-2b and lamivudine. In a trial evaluating subjects refractory to
interferon treatment, frequencies of abnormal ALT or AST, abnormal enzymes and neutropenia
were not significantly different from combined conventional interferon alfa-2b and lamivudine
therapy (n=63) versus placebo (n=56) through the 68 treatments and followup duration.®’ During
the 52 week treatment period, 48 percent of combined therapy subjects had ALT levels at least
two times the baseline level compared to 20 percent of placebo subjects (absolute risk difference
28 percent, 95 percent CI 12; 440. The Schalm trial found hepatic flares (ALT levels at least 500
IU/L and greater than two times the baseline level) were observed more frequently in the
interferon monotherapy group (11 percent; 8/70 subjects) compared to combined therapy (0
percent; 0/75 subjects) during the 24 week treatment period.®* There was no difference in the
incidence of flares during the 40-week post-treatment period (low evidence).
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Interferon alfa-2b. Few of the small studies comparing different regimens of interferon alfa-
2b therapy or to no treatment reported lab abnormalities. Low incidences (up to 6 percent) of

thrombocytopenia and neutropenia were observed in three trials

61,66,81

Table 2. Treatments of hepatitis B: Overview of randomized controlled trials

(low evidence).

Study Characteristic

Percent or Mean

Number of Subjects

Number of Trials

(Range) Reporting

All studies (# subjects) 20-1,367 11,144 59
Weighted mean age 37 (24-58) 7,884 40
Gender, male (%) 78 8,408 /10,721 58
Race, Asian (%) 64 (0-100) 5,097 / 7,954 27
Race, White (%) 30 (0-98) 2,219/7,954
Race, Black (%) 1(0-24) 111/7,954
Race, Other (%) 5 (0-8) 184 /5,380
e Antigen-positive (%) 81 (2-100) 7,453 /9,160 48
e antigen-negative (%) 64 (19-100) 2,828 /4,434 17
Mean ALT level (IU/L) 139 (77-284) 6,917 33
Median ALT level (IU/L) Range 56-170 1,327 7
Study duration (weeks), therapy and 69 (17-208) 10,606 56
followup combined
Treatment naive All subjects 2,388 13
Treatment resistant All subjects 1,241 1
Study withdrawals (%) 7 (0-35) 712/10,199 50
Withdrawals due to adverse events (%) 3 (0-16) 199 /7,697 36
Cirrhosis (%) 21 (5-65) 1,258 /1 6,047 31
Studies 21 biopsy All subjects 8,466 43
HBV genotype

A 13 (0-34) 609 /4,800 11

B 19 (0-32) 913 /4,800

C 42 (15-100) 2,002 /4,800

D 19 (0-46) 906 / 4,800
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Table 3. Effects of drug therapies for chronic hepatitis B on clinical outcomes

reatment _ _ Estimates (95% Cl)
Active Treatments vs. Control Followup Studies/Subjects Dose Rt_es;.)onse Level of Evidence/Comments
Treatment Enrolled Heterogeneity: p Value/
Off Therapy, | Squared, %
Weeks q 70
Liver related death
Lamivudine vs. placebo'> 130/0 1/651 0.00 (-0.01; 0.01) (RD) Low. Sparse data (0 events in both groups)
No effect of LAM on liver related death
Mortality
Lamivudine vs. plac;ebo132 130/0 1/651 0.00 (-0.01; 0.01) (RD) Low. Sparse data (0 events in control group)
No effect of LAM on mortality
Interferon alfa-2b vs. placebo®® 16/48-64 1/40 NS at the end of treatment and Low. Sparse data (small N of events)
after followup No effect of Interferon alfa 2 B on mortality
Adefovir dipivoxil'" 114 vs. 240/0 1/125 0.33 (0.01; 8.10) (RR) Low. Sparse data (0 events at second time point, no
formal control )
Length of adefovir therapy did not affect mortality
Entecavir'** 48/0 1/89 NS among all compared doses Low. Sparse data (small number of events)
No * No dose response effect on mortality
Entecavir vs. lamivudine 2122124126 48.96/0-28 5/2476 NS in all studies Low. Sparse data (small N of events)
-0.003 (-0.008;0.002) (RD) No differences between entecavir vs. lamivudine on
0.7/0% mortality
Interferon alfa 2b+corticosteroid vs. 24/0 1/37 -0.11 (-0.27; 0.06) (RD) Low. Sparse data (0 events in active group)
interferon alfa 2b% No differences of pretreatment with steroid and
interferon alfa-2b vs. interferon alfa-2b on mortality
Interferon alfa 2b+corticosteroid vs. 24/48 1/20 -0.10 (-0.34; 0.14) (RD) Low. Sparse data (0 events in active group)
symptomatic treatment’® No differences of pretreatment with steroid and
interferon alfa-2b on mortality
Interferon alfa 2b%° 24-48/0-24 2/76 NS among all compared doses  Low. Sparse data (0 events in active group)
No * No dose response effect on mortality
Peginterferon alfa-2a+placebo vs. 48/8 1/543 0.00 (-0.01; 0.01) (RD) Low. Sparse data (0 events in both groups)
lamivudine No differences between peginterferon alfa-2a and
lamivudine on mortality
Peginterferon alfa-2a+lamivudine vs.  48/8 1/543 0.01 (0.00; 0.03) (RD) Low. Sparse data (0 events in control group)
lamivudine® No differences between peginterferon alfa-2a
combined with lamivudine vs. lamivudine alone on
mortality
Peginterferon alfa-2a+lamivudine vs.  48/8 1/543 0.01 (0.00; 0.03) (RD) Low. Sparse data (0 events in control group)

peginterferon alfa-2a®

No differences between peginterferon alfa-2a
combined with lamivudine vs. peginterferon alfa-2a
alone on mortality
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Treatment

Estimates (95% CI)

Active Treatments vs. Control E:Ili?)uloun;: Studies/Subjects *Dose R(_es;.)onse Level of Evidence/Comments
Treatment Enrolled Heterogeneity: p Value/
Off Therapy, | Squared, %
Weeks q 7
Peginterferon alfa-2b+lamivudine vs.  50-60/56-64 1/100 0.02 (-0.03; 0.07) (RD) Low. Sparse data (0 events in control group)
amivudine'% No differences between peginterferon alfa-2b
combined with lamivudine vs. lamivudine on
mortality
Incident cirrhosis
Interferon alfa-2b vs. no treatment®  16/48-64 1/40 -0.05 (-0.21; 0.11) (RD) Low. Sparse data (small number of events)
No effect of interferon alfa-2b on cirrhosis
Interferon alfa 2b+corticosteroid vs. 24/24 1/56 -0.06 (-0.24; 0.11) (RD) Low. Sparse data (small number of events)
interferon alfa 2b% No differences of pretreatment with steroid and
interferon alfa-2b on incidence of cirrhosis
Hepatic decompensation
Lamivudine vs. placebo™’ 80/0 1/74 0.05 (-0.11; 0.22) (RD) Low. Sparse data (small number of events)
No effect of lamivudine on liver decompensation
Lamivudine vs. no treatment'’ 80/0 1/74 0.00 (-0.12; 0.12) (RD) Low. Sparse data (small number of events)
No effect of lamivudine on severe liver
decompensation
Peginterferon alfa-2b+lamivudine vs.  52-60/57-72 1/100 0.00 (-0.04; 0.04) (RD) Low. Sparse data (0 events in both groups)
lamivudine'® No differences between combined peginterferon
alfa-2b with lamivudine vs. lamivudine alone on liver
decompensation
Entecavir vs. lamivudine %1% 52-96/0-24 2/709 NS after different treatment Low. Sparse data (0 events in active group)
duration No differences between entecavir vs. lamivudine on
liver decompensation
HCC
Lamivudine vs. placebo'> 130/0 1/651 -0.04 (-0.07; 0.00) (RD) Low. Significant protective effects of active drug
after adjustment for country, sex, baseline Alanine
aminotransferase level, Child-Pugh score, and Ishak
fibrosis score (HR = 0.49, 95% CI 0.25; 0.99)
No effect of lamivudine on HCC
Interferon alfa-2b vs. placebo91 96/0 1/42 0.05 (-0.07; 0.17) (RD) Low. Sparse data (0 events in control group)
No effect of Interferon alfa-2b on HCC
Adefovir dipivoxil"" 114 vs. 240/0 1/250 0.03 (-0.01; 0.07) (RD) Low. Sparse data (small number of events at first
time point, no formal control )
Length of adefovir therapy did not affect HCC
Interferon Alfa 2b+corticosteroid vs. 24/24 1/56 -0.02 (-0.28; 0.24) (RD) Low. No difference on active hepatitis between

interferon alfa 2b%

interferon alfa-2b with pretreatment using
corticosteroid vs. interferon alfa-2b

Bold - significant association at 95% confidence level; RD - absolute risk difference; RR - relative risk
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Table 4. Effects of drug therapies for chronic hepatitis B on combined outcomes

reatment Estimates (95% Cl)
Active Treatments vs. Control F Studies/Subjects *Dose Response .
ollowup o Level of Evidence/Comments
Treatment Enrolled Heterogeneity: p Value/
Off Therapy, | Squared, %
Weeks q 70
Combined outcomes (virological, histological, biochemical) at end of treatment
Interferon alfa 2b+ prednisone vs. 24/0 1/87 0.29 (0.13; 0.46) (RD) Low. Interferon alfa 2b+ prednisone vs. no treatment
no treatment®* increased rates of negative HBV DNA and HBeAg
Interferon alfa-2b vs. no treatment®™  24/0 1/84 0.30 (0.13; 0.46) (RD Low. Interferon alfa-2b vs. no treatment increased
35MU/week) rates of negative HBV DNA and HBeAg after 35 but
0.10 (-0.04; 0.24) (RD not 7 MU/week
7MU/week)
Lamivudine vs. placebo’*® 96/0 1/136 0.46 (0.32; 0.59) (RD) Low. Lamivudine vs. placebo increased rates of
negative HBV DNA, normal ALT
Interferon alfa-2b vs. no 16-96/0 2/92 0.36 (0.20; 0.51) (RD) 0.473/0% Low. Interferon alfa-2b vs. no treatment increased
treatment®"?’ rates of negative HBV DNA and normal ALT
Entecavir vs. lamivudine'® 52-96/0 2/1418 0.03 (-0.01; 0.08) (RD) 0.49/0% Moderate. No differences between entecavir vs.
lamivudine on negative HBV DNA and HBeAg
Interferon alfa-2b +lamivudine vs. 52/0 1/75 0.13 (-0.05; 0.31) (RD) Low. No differences between interferon alfa-2b
lamivudine” +lamivudine vs. lamivudine alone on loss of HBV
DNA+HBeAg seroconversion+HBeAg loss
Lamivudine vs. telbivudine'?’ 52/0 1/63 -0.06 (-0.30; 0.19) (RD) Low. No differences between lamivudine vs.
telbivudine on loss of HBV DNA+HBeAg loss
Peginterferon alfa-2b+lamivudine 60/0 1/100 0.32 (0.14; 0.50) (RD) Low. Peginterferon alfa-2b+lamivudine vs. lamivudine
vs. lamivudine'®’ increased rate of loss of HBY DNA+HBsAg
seroconversion
Telbivudine+lamivudine vs. 52/0 1/60 -0.07 (-0.30; 0.16) (RD) Low. No differences between telbivudine+lamivudine
lamivudine'*’ vs. lamivudine alone on loss of HBV DNA and HBeAg
Telbivudine+lamivudine vs. 52/0 1/85 -0.12 (-0.31; 0.06) (RD) Low. No differences between telbivudine+lamivudine
telbivudine'*’ vs. telbivudine on loss of HBVDNA and HBeAg
Entecavir vs. lamivudine %1% 52-96 2/1418 0.03 (-0.01; 0.08) (RD) 0.49/0% High. No differences between entecavir vs.
lamivudine on negative HBV DNA and HBeAg
Interferon alfa 2b, 5MU/day vs. 24/0 1/82 0.20 (0.01; 0.38) (RD)* Low. Interferon alfa-2b in dose 35MU/week increased
interferon alfa 2b, 1MU/day®* HBV DNA and HBeAg loss compared to 7MU/week
Interferon alfa 2b+lamivudine vs. 52/0 1/75 0.13 (-0.05; 0.31) (RD) Low. No differences between interferon alfa-
Iamivudine,10075 2b+lamivudine vs. lamivudine on loss of HBV
DNA+HBeAg seroconversion+HBeAg loss
Interferon alfa 2b, 5SMU/day+ 24/0 1/85 0.19 (0.01; 0.38) (RD) Low. Interferon alfa 2b, 35MU/week+pretreatment
prednisolone. interferon alfa 2b, with prednisone vs. interferon alfa-2b alone, 7MU/
1MU/day® week increased rate of loss of HBV DNA+HBeAg loss
Lamivudine vs. telbivudine'?’ 52/0 1/63 -0.06 (-0.30; 0.19) (RD) Low. No differences between lamivudine vs.

telbivudine on loss of HBV DNA+HBeAg loss

Peginterferon alfa-2b + lamivudine,  60/0 1/100 0.32 (0.14; 0.50) (RD)

Low. Peginterferon alfa-2b+lamivudine vs. lamivudine
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Treatment

Estimates (95% CI)

Active Treatments vs. Control Duration/ Studies/Subjects *Dose Response .
Followup oo Level of Evidence/Comments
Treatment Enrolled Heterogeneity: p Value/
Off Therapy, | Squared, %
Weeks d '
vs. lamivudine™’ increased rate of loss of HBV DNA+HBsAg
seroconversion

Telbivudine+lamivudine vs. 52/0 1/60 -0.07 (-0.30; 0.16) (RD) Low. No differences between telbivudine +lamivudine
lamivudine*?’ vs. lamivudine on loss of HBV DNA and HBeAg
Telbivudine+lamivudine vs. 52/0 1/85 -0.12 (-0.31; 0.06) (RD) Low. No differences between telbivudine+lamivudine

telbivudine®’

vs. telbivudine on loss of HBV DNA and HBeAg

Combined outcomes (virological, histological, biochemical) end of followup

Interferon alfa 2b+prednisone vs. 24/24 1/76 0.00 (-0.05; 0.05) (RD) Low. Sparse data (0 events). Interferon alfa
no treatment”® 2b+prednisone compared to no treatment did not
increase HBV DNA, HBsAg, and HBeAg loss
Interferon alfa-2b vs. no 16-96/24-144 4/282 0.22 (0.08; 0.36) (RD) Moderate. Interferon alfa-2b vs. no treatment
treatment®* 72879 0.042/63.4% increased rates of negative HBV DNA+HBeAg with
consistent results in multiplicative scale
2.96 (1.40; 6.25) (RR) Control rate or duration of treatment and followup
0.313/16% could not explain statistical heterogeneity in absolute
rate
Lamivudine vs. placebo®* 96/24 1/136 0.07 (-0.08; 0.21) (RD) Low. Lamivudine vs. placebo did not increase loss of
HBV DNA and HBeAg at time of followup
Interferon alfa-2b vs. no 16-96/24-48 2/116 0.03 (-0.03; 0.10) (RD) 1/0% Moderate. Interferon alfa-2b did not increase rate of
treatment®*®° negative HBV DNA, normal ALT, HBsAg and HBeAg
loss
Interferon alfa-2b vs. no treatment®®>  16/40 1/58 0.19 (-0.01; 0.39) (RD) Low. Interferon alfa-2b vs. no treatment did not
increase rates of negative HBV DNA and HBeAg
seroconversion
Interferon alfa-2b vs. no treatment®®  16/40 1/58 0.16 (-0.04; 0.35) (RD) Low. Interferon alfa-2b vs. no treatment did not
increase rates of negative HBV DNA, HBeAg loss
Interferon alfa-2b vs. no treatment®®>  16/40 1/58 0.27 (0.10; 0.43) (RD) Low. Interferon alfa-2b vs. no treatment increased
rated of negative HBV DNA, HBeAg loss and normal
ALT
Interferon alfa-2b vs. no 16-96/40-144 2/92 0.28 (0.14; 0.42) (RD) Low. Sparse data (small number of events)
treatment®>%* 0.968/0% Interferon alfa-2b vs. no treatment increased rates of
negative HBV DNA and normal ALT
Entecavir vs. lamivudine'?>'?® 52-63/76-87 2/995 Random differences in all Moderate. Entecavir, 0.50 or 0.1mg vs. lamivudine did
comparisons not increase rate of HBV DNA and HBeAg loss
Interferon alfa 2b+prednisone vs. 24/48 1/56 -0.17 (-0.42; 0.07) (RD) Low. Interferon alfa-2b+pretreatment with prednisone
interferon alfa 2b">% 24/48 1/79 0.07(-0.10;0.24)(RD) vs. interferon alfa-2b alone did not increase rates of

HBV DNA loss, HBeAg loss and seroconversion
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Treatment

Estimates (95% CI)

Active Treatments vs. Control Duratlon/ Studies/Subjects *Dose Response .
T Followup o Level of Evidence/Comments
reatment Off Therapy Enrolled Heterogeneity: p Value/
’ o,
Weeks I Squared, %
Interferon alfa-2b+lamivudine vs. 52/75 1/75 0.21 (0.06; 0.35) (RD) Low. Interferon alfa 2b+lamivudine vs. lamivudine
lamivudine” alone increased rates of loss of HBVDNA+ HBeAg
seroconversion+HBeAg loss

Peginterferon alfa-2b+lamivudine 60/24 1/100 0.20 (0.05; 0.35) (RD) Low. Peginterferon alfa-2+lamivudine vs. lamivudine
vs. lamivudine'% 60/40 1/100 0.12 (-0.01; 0.25) (RD) alone increased rates of los of HBV DNA+HBeAg loss

60/57 1/100 0.20 (0.05; 0.35) (RD) at two time points of followup
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Table 5. Absolute risk difference in tested nonclinical outcomes after antiviral drugs for chronic hepatitis B in adults

Comparison HBsAg HBeAg HBV DNA Clearance Histology Improved ALT Normal Relapse/Mutation
[RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients]
Adefovir vs. placebo SC: NS [1/120] L Loss: 0.11 (0.06; 0.38 (0.23; 0.53) Fibrosis: 0.20 (0.14; 0.26) 0.40 (0.30; 0.49) [5/1342] NS [2/1055] L
0.16) [2/995]1 M [4/1002] H [2/699] M 2.97 (2.38; 3.69) H NS* [1/140] L
SC: 0.05 (0.01; 0.09) 20.41 (6.79; 61.32) Necroinflammation 0.26 (0.19; 0.33)* [2/600] M
[2/700] H [4/1002] scores: 0.26 (0.17; 0.34)

0.59 (0.46; 0.72)*
[1/120] L

[3/819] H

LAM vs. placebo

Loss: NS [1/175] L
NS* [3/1068] L

Loss:0.13 (0.04;

0.22) [4/1349]1 M

0.15 (0.05; 0.24)*
[2/318] M

SC: 0.05 (0.001;

0.10) [6/1638] H

1.70 (1.05; 2.74)

NS *[2/318] L

0.48 (0.31; 0.66)
[7/1305]

3.79 (2.71; 5.30) H
0.08 (0.00; 0.15)*
[1/136] L

Necroinflammation: 2.09
(1.60; 2.74) M

0.25 (0.13; 0.38) [4/580] M

0.22 (0.13; 0.31) [7/1602]
2.42 (1.94; 3.01) M
0.21 (0.04; 0.38)* [1/136] L

YMDD mutation: 0.43
(0.38; 0.48) [2/826] H

Adefovir + LAM vs.

Loss: NS [1/39] L

Loss: 0.12 (0.03;

0.25 (0.10; 0.39)

0.32 (0.13; 0.52) [2/13] M

YMDD:-0.33 (-0.50; -

LAM 0.21) [2/134]1 M [2/134] L 0.17) [1/95] L
SC: NS [2/134] L Wild type mutation: NS
[1/95] L
Adefovirt LAM vs.  Loss: NS [1/39] L Loss: NS [1/39] L NS:[1/39] L NS [1/39] L

adefovir

SC: NS[1/39] L

Entecavir vs. LAM

Loss: NS [2/1117] M
SC: NS [1/408] L

Loss: NS [3/1112] L
SC: NS [3/1185] M

0.23 (0.11; 0.35)
[4/1636]

1.64 (1.22; 2.22) LIM
NS*1/709] L

Necroinflammation: 0.14
(0.04; 0.24) [3/1633] M
Fibrosis: NS [2/995] M

0.22 (0.11; 0.32) [6/2423]
1.62 (1.28; 2.06) H

NS [0/1347] L
-0.16 (-0.20; -0.12)*
[1/709] L

LAM vs. adefovir

Loss: NS [1/38] L
SC:NS [1/38] L

-0.26 (-0.47; -0.06)
[1/38] L

-0.42 (-0.67; -0.18) [1/38] L

LAM vs. telbivudine Loss: NS [1/63] L -0.30 (-0.55; -0.04) NS [1/85] L NS [1/63] L
SC: NS [1/63] L [1/63] L

Telbivudine vs. Loss: NS[1/135]L  0.28 (0.12; 0.44) NS [1/135] L

adefovir SC: 6.03 (2.20; [1/136] L
16.52) [1/136] L

Telbivudine+LAM Loss: NS[1/60] L NS [1/60] L NS [1/101]L NS [1/60] L

vs. LAM SC: NS [1/60] L

Telbivudine+LAM Loss: NS [1/85] L NS [1/85] L NS [1/101]L NS [1/85] L

vs. telbivudine

SC: NS [1/85] L

Interferon alfa-2b
vs. placebo

Loss: NS [3/166] M
NS* [4/247] L
SC: NS* [2/82] L

Loss: 0.55 (0.29;
0.81) [1/40] L
2.52 (1.55; 4.10)
0.28 (0.07; 0.50)*
[3/351] M

0.45 (0.22; 0.68)
[1/34] L

0.44 (0.27; 0.60)*
[3/168] L

Total scores: NS* [1/40] L
HAI scores:0.24 (0.00;
0.48) [1/72] L

0.31(0.17; 0.44)* [2/131] M

Relapse: NS* [5/378] H
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Table 5. Absolute risk difference in tested nonclinical outcomes after antiviral drugs for chronic hepatitis B in adults (continued)

Comparison HBsAg HBeAg HBV DNA Clearance Histology Improved ALT Normal Relapse/Mutation
[RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients]
SC:NS [1/40] L
0.12 (0.03; 0.21) *
[2/304] M
Interferon alfa- Loss: 0.06 (0.00; Loss: NS [1/118]L  0.48 (0.33; 0.63) HAI scores NS [1/119] L YMDD mutation

2b+lamivudine vs.
placebo

0.13) [1/119] L
NS* [1/119] L

NS* [2/450] M
SC: NS [1/119] L
NS* [2/450] L

[1/119] L
NS* [1/119] L

NS [1/119] L

NS [1/118] L

Interferon alfa-2b+

Loss: 0.11 (0.02;

0.25 (0.04; 0.46)

0.25 (0.06; 0.43)* [1/87] L

Relapse

corticosteroid vs. no 0.20) [2/103] M [1/34] L NS* [1/87] L
treatment NS* [2/121]1 M
Interferon alfa-2b Loss: NS[1/151]L NS [1/76] L Knodell scores: NS [1/151] L YMDD mutation

vs. LAM

NS* [2/625] M
SC: NS[1/151] L
NS* [3/776] M

NS* [1/151] L

NS* [1/151] L

NS* [2/151] L

-0.23 (-0.33; -0.14)*
[1/151] L

Interferon Alfa 2b+
LAM vs. interferon
alfa-2b

Loss: NS [1/144] L
NS* [2/347] M

SC: NS [1/144] L
NS* [3/482] L

NS [1/144] L
NS* [2/278] L

HAI scores

0.54 (0.28; 0.79) [1/48] L
Knodell scores

NS* [1/144] L

NS [1/144] L
NS* [2/192] L

YMDD mutation
NS* [1/144] L

Interferon alfa-2b+
LAM vs. LAM

Loss:
NS [2/262] L
NS* [3/495] L

Loss: NS [3/414] M
NS* [5/1167] M
SC: NS [4/565] H
NS* [3/490] M

NS [7/786] H
NS* [4/365] M

HAI scores

NS [3/327] M
necroinflammation NS
[2/389] L

Knodell scores

NS* [1/157] L

NS [5/626] M
NS* [6/751] M

Relapse: NS [4/326] H
NS* [2/158] L

YMDD mutation:
-0.18 (-0.35; -0.01)
[6/7211 M

0.42 (0.16; 1.09) M
-0.23 (-0.32; -0.14)*
[1/1571L

Interferon alfa-2b+
corticosteroid vs.

Loss: NS [2/125] M
NS* [3/141] L

Loss: NS [2/77] L
NS* [3/122] L

NS [2/77] L
NS* [6/322] H

NS* [3/170] M

Relapse: NS* [2/141] L

IFN alfa-2b SC: NS* [2/85] L
Peginterferon alfa- Loss: 0.08 (0.01; -0.15 (-0.22; Necroinflammation -0.29 (-0.42; -0.17) [2/905]  YMDD mutation
2avs. LAM 0.16) M -0.07) [1/543] M 0.12 (0.02; 0.22) [1/552]* L 0.57 (0.46; 0.70) [2/905]M  -0.25 (-0.31; -0.20)
0.13 (0.05; 0.20)* 0.09 (0.04; 0.14) Fibrosis: NS* [1/552] L 0.13 (0.07; 0.20)* [2/905] H [1/543] L
[1/543] M [1/543]* L HAI: NS [2/1366]* M

SC: NS [1/543] L
0.13 (0.06; 0.20)
[1/814]* M

Peginterferon alfa-
2a+LAM vs. LAM

Loss: NS [1/543] L
0.07 (0.00; 0.15)*
[1/5431 M

SC: NS [1/543] L
0.08 (0.01; 0.15)
*[1/814] L

0.29 (0.21; 0.37)
[1/543] M
0.09 (0.04; 0.13)
[1/543]* L

Total scores:
NS [2/1366]* H

-0.20 (-0.29; -0.10) [2/905] H
0.13 (0.06; 0.19) [2/905]* H

YMDD mutation
-0.22 (-0.28; -0.16)
[1/543] L
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Table 5. Absolute risk difference in tested nonclinical outcomes after antiviral drugs for chronic hepatitis B in adults (continued)

Comparison HBsAg HBeAg HBV DNA Clearance Histology Improved ALT Normal Relapse/Mutation
[RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients] [RCTs/Patients]

Peginterferon alfa- Loss: NS [1/542] L  0.44 (0.36; 0.51) Total scores: NS [1/96]* L NS [1/542] L YMDD mutation: 0.03
2a+LAM vs. NS [1/542]* M [1/542] M NS [1/542]* L (0.01; 0.06) [1/542] L

peginterferon alfa-
2a

SC: NS [1/542] L
NS [1/814]* L

NS[1/542]* L

Peginterferon alfa-
2b vs. interferon
alfa-2b

SC: NS* [1/230]

Loss: 0.10 (0.00;
0.21) [1/230]* L

NS [1/230]* L

Peginterferon alfa-
2b+LAM vs. LAM

Negative HBVDNA+
HBsAg SC

0.32 (0.14; 0.50)
[1/100]

Loss: 0.34 (0.16;
0.52) [1/100]1 M

SC: 0.32 (0.14; 0.50)
[1/100] L

NS: [1/100]* L

NS [1/100] L
NS [1/100]* L

HAI scores
NS: [1/100] L

NS [1/100] L

NS: [1/100]* L
YMDD mutation: NS
[1/100] L

Peginterferon alfa-
2b+LAM vs.
peginterferon alfa-
2b

Loss: NS [1/307]

Loss: 0.12 (0.01;
0.22) [1/3071 M
NS [2/614]* M
SC: NS [1/307]L
NS: [1/307]* L

fibrosis scores: NS
[1/307]* L
necroinflammation scores:
NS [1/307] L

0.14 (0.03; 0.24) [1/307] L

NS [1/307]* L

YMDD mutation: 0.09
(0.04; 0.14) [1/307]1 L

SC = seroconversion; NS = not significant; italic = relative risk; * = outcomes off treatments; LAM = lamivudine
Level of evidence: L = low; M = moderate; H = high



Figure 4. Off treatment effectiveness of monotherapy with interferon compared to no treatment (results from
individual studies and pooled analysis with random effects model)

Outcome (N studies/N enrolled (weeks off treatment)

ARD (95% Cl)
Combined outcomes
HBV DNA loss + normal ALT (2/92(40-144)) * 0.28 (0.14, 0.42)
HBV DNA loss_+ HBeAg SC (1/58(40)) )l * 0.19 (-0.01, 0.39)
HBV DNA _+ HBeAg loss (4/282(24-144)) * 0.22 (0.08, 0.36)
HBV DNA+ HBeAg loss+ normal ALT (1/58(40)) * 0.27 (0.10, 0.43)
Resolved hepatitis
HBV DNA + HbeAg_+ HBsAg loss + normal ALT (2/116(24-48)) * 0.03 (-0.03, 0.10)
HBsAg SC (1/40(48-64)) ] * 0.15 (-0.05, 0.35)
HBsAg SC* (1/42(48)) I 0.10 (-0.05, 0.24)
HBsAg loss (4/247(8-48)) 1 0.00 (-0.01, 0.00)
Biochemical
ALT normalization (2/131(8-24)) * 0.31 (0.17, 0.44)
Virological
HBV DNA loss (3/168(8-24)) —  *0.44(0.27,0.60)
HBeAg SC (2/304(28-64)) * 0.12 (0.03, 0.21)
HBeAg loss (3/351(8-48)) 0.28 (0.06, 0.50)
Clinical
Incident Cirrhosis (1/40(48-64)) * -0.05 (-0.21, 0.11)
Mortality (1/40(48-64)) 1 0.00 (-0.01, 0.00)
Histological
Total HAI scores (1/40(48)) ] * 0.15 (-0.05, 0.35)
Relapse
Virological or biochemical relapse (5/378(20-96)) b 0.00 (-0.01, 0.00)
I I
-0.6 0 0.6
Favors control Favors active

* compared to placebo
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Figure 5. Off treatment effectiveness of combined therapy with interferon compared to placebo (results from
individual studies and pooled analysis with random effects model)

Outcome (N studies/N enrolled (weeks off treatment)

ARD (95% Cl)

Interferon alfa 2b+corticosteroid vs. no treatment
ALT normalization (1/87(24))

0.25 (0.06, 0.43)

HBV DNA loss (2/121(24)) 1 0.00 (0.00, 0.00)
HBV DNA+ HBeAg+ HBsAg loss (1/76(24)) —t 0.00 (-0.05, 0.05)
Mortality (1/20(48)) . -0.10 (-0.34, 0.14)

Virological relapse (1/87(24)) - 0.02 (-0.04, 0.08)

Interferon alfa 2b+lamivudine vs. placebo

HBeAg SC (2/450(16-28)) 0.05 (-0.12, 0.22)
HBeAg loss (2/450(16-28)) ] * 0.09 (-0.04, 0.23)
HBsAg loss (1/119(16)) T 0.05 (-0.01, 0.11)
\ \
-43 0 43
Favors control Favors active
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Figure 6. Off treatment effectiveness of reverse transcriptase inhibitors compared to placebo (results from individual studies and pooled analysis with
random effects model)

Outcome (N studies/N enrolled (weeks off treatment)

ARD (95% Cl)

Adefovir vs. placebo

ALT normalization (2/600(18-40))
HBV DNA loss (1/120(18))

YMDD mutation (1/140(18))

Lamivudine vs. placebo

HBV DNA loss + normal ALT (1/136(24))
ALT normalization (1/136(24))

HBV DNA loss (1/136(24))

HBeAg SC (2/318(16))

HBe Ag loss (2/318(16))

HBs Ag loss (3/1068(16-26))

0.26 (0.19, 0.33)

——*—— 0.59(0.46, 0.72)

0.00 (0.00, 0.00)

0.07 (-0.08, 0.21)
0.21 (0.04, 0.38)
0.08 (0.00, 0.15)
0.00 (0.00, 0.00)
0.15 (0.05, 0.24)

0.00 (0.00, 0.00)

-0.7
Favors control

0.7
Favors active



Figure 7. Off treatment comparative effectiveness of monotherapy with interferon or reverse transcriptase
inhibitors (results from individual studies and pooled analysis with random effects model)

Outcome (N studies/N enrolled (weeks off treatment)

Entecavir vs. lamivudine

HBV DNA + HBeAg loss (2/995(76-87))

HBV DNA loss (1/709(24))

Liver decompensation (1/709(0-24))

Mortality (5/2476(0-28))

Virological relapse (1/709(24)) -

Interferon alfa-2b vs. lamivudine
ALT normalization (2/151(12-40))
HBV DNA loss (1/151(12-40))

HBeAg loss (2/625(28-40))

HBeAg seroconversion (3/776(12-40))

Improved Knodell scores (1/151(28))
YMDD mutation (1/151(28)) *

ARD (95% Cl)

0.00 (0.00, 0.00)
0.01 (-0.02, 0.05)
0.00 (0.00, 0.00)
0.00 (0.00, 0.00)
-0.16 (-0.20, -0.12)

0.00 (0.00, 0.00)
0.00 (0.00, 0.00)
0.00 (0.00, 0.00)
0.00 (0.00, 0.00)
-0.02 (-0.17, 0.14)
-0.23 (-0.33, -0.14)

I
-0.3
Favors control
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0.3
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Figure 8. Off treatment comparative effectiveness of combined with interferon or reverse transcriptase
inhibitors (results from individual studies and pooled analysis with random effects model)

Outcome (N studies/N enrolled (weeks off treatment)

Interferon alfa-2b+lamivudine vs. interferon alfa-2b
ALT normalization (2/192(4-56))

HBV DNA loss (2/278(4-56))

HBeAg SC (3/482(4-56))

HBeAg loss (2/347(28-40))

Improved Knodell scores (1/144(28)) *

YMDD mutation (1/144(28))

Interferon-alfa 2b+lamivudine vs. lamivudine
ALT normalization (6/751(24-96))

HBV DNA +HBeAg loss+ HBeAg SC (1/75(75))
HBV DNA loss (4/365(12-40))

HBeAg (5/1167(16-144))

HBeAg SC (3/490(16-48 ))
HBsAg loss (3/495(16-48))

Improved Knodell scores (1/157(28))
Virological relapse (2/158(24-192))
YMDD mutation (1/157(28)) *

ARD (95% Cl)

0.00 (0.00, 0.00)
0.14 (-0.06, 0.35)
0.00 (0.00, 0.00)
0.00 (0.00, 0.00)
-0.08 (-0.23, 0.07)
0.00 (-0.03, 0.03)

0.03 (-0.03, 0.08)
0.21 (0.06, 0.35)
0.04 (-0.07, 0.14)
0.00 (0.00, 0.00)
-0.00 (-0.15, 0.14)
0.00 (0.00, 0.00)
-0.10 (-0.24, 0.05)
0.00 (0.00, 0.00)
-0.23 (-0.32, -0.14)

\
-0.4
Favors control
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Figure 9. Off treatment comparative effectiveness of monotherapy with pegylated interferon alfa-2a
compared to lamivudine (results from individual studies and pooled analysis)

Outcome (N studies/N enrolled (weeks off treatment)
ARD (95% CI)

Histological

Improved fibrosis scores (1/552(24)) * -0.01 (-0.07, 0.06)

Improved HAI scores (2/1366(24)) ) 0.00 (0.00, 0.00)

Improved necroinflammatory scores (1/552(24)) * 0.12 (0.02, 0.22)

Clinical

Mortality (1/543(8)) T 0.00 (-0.01, 0.01)

Virological

HBV DNA loss (1/543(24)) * 0.09 (0.04, 0.14)

HBeAg SC (1/814(24)) * 0.13 (0.06, 0.20)

HBeAg loss (1/543(24)) * 0.13 (0.05, 0.20)

Biochemical

ALT normalization (2/905(24)) * 0.13 (0.07, 0.20)
\ \

-0.22 0 0.22
Favors control Favors active
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Figure 10. Off treatment comparative effectiveness of combined therapy with pegylated interferon alfa-2a and
lamivudine (results from individual studies and pooled analysis)

Outcome (N studies/N enrolled (weeks off treatment)
ARD (95% CI)

Peginterferon alfa-2a+lamivudine vs. lamivudine

ALT normalization (2/905(24)) Y~ 0.13(0.06,0.19)
HBV DNA loss (1/543(24)) - 0.09 (0.04, 0.13)
HBeAg SC (1/814(24)) * 0.08 (0.01, 0.15)
HBeAg loss (1/543(24)) 0.07 (0.00, 0.15)
Improved total scores (2/1366(24)) 0.00 (0.00, 0.00)
Mortality (1/543(8)) ™ 0.01 (0.00, 0.03)

Peginterferon alfa-2a+lamivudine vs. peginterferon alfa:2a

ALT normalization (1/542(24)) -0.02 (-0.10, 0.06)
HBV DNA loss (1/542(24)) -0.01 (-0.07, 0.05)
HBeAg SC (1/814(24)) * -0.05 (-0.12, 0.03)
HBeAg loss (1/542(24)) * -0.05 (-0.13, 0.03)
Improved total scores (1/96(24)) 0.04 (-0.05, 0.12)
Mortality (1/543(8)) ™ 0.01 (0.00, 0.03)

\ \

-0.2 0 0.2

Favors control Favors active
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Table 6. Subjects withdrawing from treatment and experiencing adverse events from randomized controlled

trials
A. Adefovir monotherapy
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% Cl]
VS. p/acebo%’”o
Subjects not completing 1 26/ 345 13/170 0 0.99 48 weeks
study / treatment (7.5) (7.6) [-5to 5] [0.52 to 1.87]
(10 and 30 mg)
Any adverse event 1 94 /123 45/ 61 3 1.04
(76.4) (73.7) [-11 to 16] [0.87 t01.24]
Severe adverse event 2 24 /294 19/228 0 0.95
(grade Il or 1V) (8.2) (8.3) [-6 to 6] [0.45 to 2.01]
AE leading to 2 4294 1/228 1 2.34
discontinuation of study (1.4) (<1) [-1to 3] [0.37 to 14.75]
drug
vs. lamivudine, subjects with lamivudine resistance’”
Subjects not completing 1 1/20 1/19 0 0.95 48 weeks
study / treatment (5) (5.3) [-14 to 14] [0.06 to 14.13]
Any adverse event 1 18/19 19/19 -5 0.95
(94.7) (100) [-19 to 8] [0.82 to 1.09]
Serious adverse event 1 3/19 1/19 11 3.0
(15.8) (5.3) [-9 to 30] [0.34 to 26.3]
AE leading to 1 0/19 0/19 0 -
discontinuation of study
drug
vs. telbivudine®
Subjects not completing 1 2/45 2/45 0 1.00 52 weeks
study / treatment (4.4) (4.4) [-9to 9] [0.13 t0 7.43]
Any adverse event 1 27144 34 /45 -14 0.81
(61.4) (75.6) [-33 to 5] [0.61 to 1.08]
AE leading to 1 0/44 0/45 0 -
discontinuation of study
drug
B. Lamivudine monotherapy
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]
Vs placebo”s’”g'm
Subjects not 2 33/374 16 /120 -1 0.87 52-104
completing study / (8.8) (13.3) [-7 to 4] [0.51 to 1.49] weeks
treatment
Any adverse event 1 224/ 285 56/73 2 1.02 52 weeks
(78.6) (76.7) [-9 to 13] [0.89 to 1.18]
Serious adverse 2 18 /374 6/120 2 1.24 52-104
event (4.8) (5) [-1to 4] [0.53t02.93] weeks
vs. placebo, subjects refractory interferon therapy67
Subjects not 1 9/119 10/ 56 -10 0.42 68 weeks
completing study / (7.6) (17.9) [-21 to 1] [0.18 to 0.98]
treatment
AE leading to 17119 4/56 -6 0.12
discontinuation of 1 (<1 (7.1) [-13 to 1] [0.01 to 1.03]
study drug
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Number Treatment Control

Absolute Risk

Relative Risk

Adverse Event of n/N n/N Difference Ratio DTJ:It(lzL
Studies (%) (%) [95% CI] [95% CI]
vs. placebo, subjects with advanced liver disease™
Any adverse event 1 335/436 178 /215 -6 0.93 32 months
(76.8) (82.8) [[1210 0] [0.86 to 1.01] (median)
Serious adverse 1 54 /1436 38/215 -5 0.70
event (12.4) (17.7) [-11to 1] [0.48 to 1.03]
vs. placebo, HBV antigen-negative/ HBV DNA-positive (precore mutant) patients"’2
Any adverse event 1 40/ 65 28 /60 15 1.32 26 weeks
(61.5) (46.7) [-2 to 32] [0.95 to 1.84]
vs. pegylated interferon-a-2a monotherapy%’96
Subjects not 2 711456 45 /453 6 1.57 72 weeks
completing treatment / (15.6) (9.9) [1to 10] [1.10 to 2.22]
study
Any adverse event 2 238 /453 395/448 -36 0.59
(52.5) (88.2) [-43 to -29] [0.51 to 0.69]
Serious adverse 2 10 /453 21/448 -2 0.47
event (2.2) 4.7 [-5 to 0] [0.22 to 0.99]
AE leading to 2 2 /453 2117448 -5 0.13
discontinuation of (<1 (4.7) [-10 to 1] [0.20 to 0.90]
study drug
Dose modification due 2 0/453 33/448 -7 0.03
to AE (7.4) [-10 to -5] [0.00 to 0.22]
vs. combined pegylated Interferon-a-2a and Lamivudine®™®
Subjects not 71/456* 49/ 457 5 1.45 72 weeks
completing treatment / (15.6) (10.7) [1to9] [1.03 to 2.03]
study
Any adverse event 2 238 /453 395/450 -35 0.60
(52.5) (87.8) [-41 to -29] [0.52 to 0.68]
Serious adverse 2 10 /453 28 /450 -4 0.36
event (2.2) (6.2) [-7 to -1] [0.18 t0 0.73]
AE leading to 2 2/453 19 /450 -4 0.13
discontinuation of (<1) (4.2) [-6 to -2] [0.03 to 0.47]
study drug
Dose modification due 2 0/453 48 /450 -10 0.02
to AE (10.7) [-15 to -6] [0.00 to 0.15]
C. Telbivudine monotherapy
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]
vs. adefovir (see above)
vs. lamivudine, attributed to study drug (SEBIVO INSERT — 007 GLOBE)'*
Subjects not 1 18 /680 32 /687 -2 0.57 52 weeks
completing treatment / (2.6) (4.7) [-4 to 0] [0.32 to 1.00]
study
Any adverse event NR NR
Serious adverse 1 18 /680 33/687 -2 0.55
event (2.6) (4.8) [-4 to 0] [0.31 to0 0.97]
AE leading to 1 2/680 5/687 0 0.40
discontinuation of (<1) (<1) [-1to 0] [0.08 to 2.08]
study drug
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Number Treatment Control Absolute Risk Relative Risk

Adverse Event of n/N n/N Difference Ratio DTJ:It(lzL
Studies (%) (%) [95% CI] [95% CI]
AE leading to 1 1/680 1/687 0 1.01
discontinuation, myopathy urticaria [0to 0] [0.06 to 16.12
possibly related to
study drug
D. Entecavir monotherapy (acyclic guanosine derivative)
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]
0.5 mg dose vs. lamivudine, nucleoside-naive subjectsm’122
Subjects not 2 37 /688 58 /1675 -3 0.64 E
completing study / (5.4) (8.6) [-8 to 2] [0.33t01.26] 56-75
treatment weeks
Any adverse event 2 552 /679 545 / 668 0 1.00
(80.3) (81.1) [-6 to 6] [0.92t101.08] L
Serious adverse 2 48 /679 54 / 668 -1 0.88 56-65
event (7.1) (8.1) [-4 to 2] [0.60t01.27] weeks
AE leading to 2 71679 18 /668 -2 0.33
discontinuation of (1.0) (2.7) [-3t0 0] [0.06 to 1.86]
study drug
0.5 mg dose vs. lamivudine, nucleoside-naive subjects. Patient information sheet (Bristol Myers Squibb)
Any Grade 2-4 1 102 /679 120 / 668 -3 0.84 Through 2
adverse event (15) (18) [-7 to 1] [0.66 to 1.06]  years
1 mg dose vs. lamivudine in lamivudine-refractory subjects. Patient information sheet (Bristol Myers Squibb)
Any Grade 2-4 2 40/183 44 /190 -1 0.94 Through 2
adverse event (21.9) (23.2) [-10 to 7] [0.87 to 1.14]  years
vs. lamivudine in lamivudine-refractory subjecz‘s1 24125
Subjects not 2 39/283 38 /191 -12 0.54 48 weeks
completing study / (13.9) (19.9) [-30 to 6] [0.36 to 0.81]
treatment (48 weeks)
AE leading to 2 11/277 14 /190 -5 0.43
discontinuation of (4.0) (7.4) [[9 to 1] [0.12 to 1.54]
study drug
Any adverse event 2 2251277 155 /190 0 0.99
(81.2) (81.6) [-12 to 11] [0.87 to 1.14]
Serious adverse 2 221277 14 /190 1 1.18
event (7.9) (7.4) [-4 to 6] [0.62 to 2.27]
E. Pegylated interferon-a-2a monotherapy (See lamivudine)
F. Combination pegylated interferon-a-2a and lamivudine therapy
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]
vs. lamivudine (see above)®™%
vs. pegylated interferon-a-2a monotherapy%’96
Subjects not 2 49/ 457 45 /453 1 1.08 72 weeks
completing treatment / (10.7) (9.9) [-4 to 5] [0.71 to 1.66]
study
Any adverse event 2 395 /450 395/ 448 0 1.00
(87.8) (88.2) [-58 to 4] [0.95 to 1.05]
Serious adverse event 2 28 /450 21/448 2 1.33
(6.2) 4.7) [-1to 4] [0.77 to 2.30]
AE leading to 2 19 /450 21 /448 -1 0.90
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Number Treatment Control Absolute Risk Relative Risk

Adverse Event of n/N n/N Difference Ratio JJ:ZL(ii)n
Studies (%) (%) [95% CI] [95% CI]
discontinuation of (4.2) (4.7) [-6 to 4] [0.33 to 2.48]
study drug
G. Combination pegylated interferon-a-2b and lamivudine therapy (interferon)
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]
vs. pegylated interferon-a-2b monotherapy99
Subjects not 1 38/152 37 /155 1 1.05
completing treatment / (25) (23.9) [-8 to 11] [0.71 to 1.55] 78 weeks
study
Serious adverse 1 32 total, 17 probably related to therapy
event
AE leading to 1 12/152 11/155 1 1.1
discontinuation of (7.9) (7.1) [[5to 7] [0.51 to 2.44]
study drug
I Pegylated interferon-a-2b vs. interferon-a-2b'"®
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]
Subjects not 1 7/115 20/ 115 -11 0.35 72 weeks
completing treatment / (6.1) (17.4) [-19 to -3] [0.15 t0 0.80]
study
AE leading to 1 0/115 4/115 -3 0.1
discontinuation of (3.5) [-7 to Q] [0.01 to 2.04]
study drug
Any adverse event 75% of patients in each treatment group experienced various clinical forms
of drug-related adverse effects.
K. Interferon-a-2b monotherapy (Interferon)
Number Treatment Control  Absolute Risk Relative Risk Trial(s)
Adverse Event of n/N n/N Difference Ratio Duration
Studies (%) (%) [95% CI] [95% CI]

Prolonged (32 weeks) vs. standard (16 weeks) duration®

Dose reduction due to AE 11.5% (7/61) in the prolonged group. Not reported in standard group.

AE leading to discontinuation of 4.9% (3/61) in the prolonged group. Not reported in standard group.
study drug

Phase A — all subjects prior to Dose modification due to AE: 16/162 (10%)
randomization

"TIFN (n=21) vs. no treatment (n=21). Study duration was 104 weeks. 5/21
(23.8%) IFN subjects withdrew from study. Dose in reduction in two subjects.

vs. no treatment

% 6 months (n=19) vs. 12 months (n=19). “Treatment was well tolerated by all subjects who finished the study,
and no dose modification was needed.”

& IFN (n=20) vs. no treatment (n=20). Study duration was 68 weeks. 4 IFN and 5 NC subjects did not complete
study.

82 1FN (n=30) vs. no treatment (n=28). Study duration was 10 months. One subject with a pre-existing depressive
state converted to overt depression and was taken off treatment.

8T IFN (n=25) vs. no treatment (n=25). Study duration was 52 weeks. IFN therapy well tolerated, no serious AE
observed.
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Consensus Conference Question 3
Which Persons With Hepatitis B Should be Treated?

EPC Question 3a. Are there differences in efficacy/effectiveness of
treatments for treatment naive versus drug-resistant patients, HBeAg-
positive versus HBeAg-negative patients, or for other subpopulations
(as defined previously)?

We reviewed 15 studies that examined differences in treatment effects among patient
subpopulations (as noted above) at the end of drug administration®!647%93-105-107.124.130.132.
133,135.140.141143.145 1 4 ¢ followup off active drugs (n=23)01657%73.75:84:85.90.93.96.97.99.100,
102,104,106.108.109.114.126 A 1y, i E Table 9).

Clinical outcomes. Information is very limited because none of the studies reported
mortality, liver related mortality, or hepatocellular carcinoma. Reported subgroup analyses
appear to be exploratory in nature, varied in their definitions of outcomes and predictors and lack
confirmatory findings. The French Multicenter Group® conducted subgroup analysis of incident
cirrhosis after 24 weeks of interferon alfa-2 with steroid administration among patients with
baseline ALT more than three times the upper limit of normal and did not find significant
protective effects of combined therapy compared to interferon monotherapy (RR 0.40, 95 percent
CI 0.04; 4.19). One small Korean trial'*' analyzed odds ratio of hepatic decompensation defined
as an increase in Child-Turcotte-Pugh score of two or more points in patients with lamivudine-
resistant mutants and found that gender, baseline HBeAg-positive status, and elevated ALT or
viral load were not associated with progressive hepatic functional deterioration. However,
patients with baseline platelet count less than versus greater than 65,000/ul experienced hepatic
decompensation less often (RR 0.98, 95 percent CI 0.97; 0.99). Investigators for the Cirrhosis
Asian Lamivudine Multicentre Study Group conducted subgroup analysis of overall disease
progression, defined by hepatic decompensation, hepatocellular carcinoma, spontaneous
bacterial peritonitis, bleeding gastroesophageal varices, or death related to liver disease in males
and females treated with lamivudine or placebo and found significant protective effects of
lamivudine in both genders (RR in males 0.53, 95 percent CI 0.33; 0.84 and in females 0.12, 95
percent CI 0.03; 0.58)."%*

In conclusion, little evidence is available regarding effectiveness of antiviral agents on
clinical outcomes, especially to determine which groups should be treated or whether clinical
outcomes vary according to key patient/disease characteristics. Clinical outcomes in Asian
patients treated with lamivudine compared to placebo did not vary according to gender.

The vast majority of the studies described nonclinical outcomes among patient subgroups
with different baseline liver enzymes, virological, or histological status. Even in these situations,
studies did not provide power calculations and did not analyze baseline similarities in such
subgroups. Analyses were exploratory in nature, lacked justification for subpopulation thresholds
utilized, often were inconsistent in findings or thresholds employed, combined several different
outcomes into a global effectiveness measure, and may have been selectively reported.
Therefore, an accurate assessment and clear/concise summary is difficult (insufficient evidence).
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Age (two studies, two antiviral agents, lamivudine and peginterferon, used as monotherapy).
Limited evidence from two studies suggested that increased patient age was associated with
lower sustained response to pegylated interferon alfa-2a or lamivudine as defined by HBV DNA
clearance and ALT normalization. Younger patients had higher rates of HBV DNA clearance
and ALT normalization (adjusted RR 1.26, 95 percent CI 1.00; 1.50) per 10 year decrease in age
after 48 weeks of treatment and 24 weeks of treatment-free followup with peginterferon alfa-2a
or lamivudine.” Sustained response to pegylated interferon alfa-2a was lower (adjusted RR 0.39,
95 percent CI 0.16; 0.92) among patients above 25 years compared to those below.'"

In conclusion, low levels of evidence suggested that decreased patient age was associated
with enhanced treatment efficacy as measured by HBV DNA clearance and ALT normalization.
No evidence was available for clinical outcomes.

Body weight (one study, Peginterferon Alfa-2a HBeAg-Negative Chronic Hepatitis B Study
Group, two antiviral agents used as monotherapy). Patient body weight was not associated with
sustained HBV DNA loss and ALT normalization after 48 weeks of treatment and 24 weeks of
treatment-free followup with pegylated interferon alfa or lamivudine (adjusted RR 1.03, 95
percent CI 0.81; 1.3 per 10 kg increase in body weight).”

In conclusion, low levels of evidence suggested that baseline body weight is not associated
with treatment efficacy as measured by HBV DNA loss and ALT normalization. No evidence
was available for clinical outcomes.

Duration of hepatitis (one study- Lamivudine Italian Study Group Investigators, two
antiviral agents used as combination therapy). Sustained virologic response at 48 weeks off
therapy (suppression of serum levels of HBeAg and HBV DNA) to interferon alfa-2b combined
with lamivudine was greater in those with an estimated duration of hepatitis of 10 years or less
after adjustment for patient gender and age (adjusted OR 2.55, 95 percent CI 1.26; 19).%

In conclusion, low levels of evidence suggested that patients with longer duration of hepatitis
responded to lamivudine therapy 2.5 times less frequent compared to those with shorter duration
of the disease. No evidence was available for clinical outcomes or other therapies.

Gender (five studies, three antiviral agents, peginterferon, interferon, and lamivudine, used
as monotherapy). Patient gender demonstrated inconsistent associations in five studies that
evaluated this factor.”>**'%3%!*! One study reported that adjusted odds ratios of sustained
combined response (ALT normalization and HBV DNA level <20,000 copies/ml) 24 weeks off
peginterferon alfa-2a or lamivudine therapy was greater among women compared to men (OR
1.93, 95 percent CI 1.1; 3.4).> The association was not significant at year 1 off treatment (OR
males versus females 0.68, 95 percent CI 0.34; 1.37).”* Multivariate adjusted odds ratio of
sustained 24 week off therapy combined response (HBeAg-negative, HBV DNA <5 log 10
copies/mL, and normal ALT level) to peginterferon alfa-2b or interferon alfa-2b was not
significant (OR 0.59, 95 percent CI 0.22; 01.6) in males compared to females.'”

In conclusion, low levels of evidence suggested that disease progression or treatment induced
sustained ALT normalization and HBV DNA clearance did not vary by gender.

Baseline histology (four studies, three antiviral agents, peginterferon, interferon, and
lamivudine, used as mono or combination therapy). Lamivudine administration compared to
placebo reduced overall disease progression, defined as an increase of at least two points in the
Child-Pugh score in patients with baseline Child-Pugh score 5-6 or baseline Ishak fibrosis
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score = 6 but not in those with baseline Child-Pugh score >7 and Ishak fibrosis score <4 or 5'*2

(Appendix E Table 10). Lamivudine compared to placebo increased HBeAg clearance among
patients with baseline HAI scores >5 but failed in those with pretreatment HAI Score 0-4.°*
HBeAg loss was 117 percent higher per unit increase in baseline HAI score (adjusted RR 1.17,
95 percent CI 1.10; 1.24).°* Lamivudine improved histology compared to placebo among
patients with moderate or severe hepatitis (RR 2.30, 95 percent CI 1.39; 3.81) but failed in
those with mild hepatitis.'*

Interferon alfa-2b increased maintained HBeAg loss off treatment compared to placebo
among patients with pretreatment HAI score 5-9 (RR 5.76, 95 percent CI 1.48; 22.42) but failed
in patients with pretreatment HAI score 0-4 or >10.%* The same trial reported that interferon alfa-
2b combined with lamivudine compared to placebo increased sustained HBeAg clearance in the
same subpopulation with pretreatment HAI score 5-9 (RR 5.32, 95 percent CI 1.51; 18.72) with
no effects in those with pretreatment HAI score 0-4 (RR 3.39, 95 percent CI 0.89; 12.87) or >10
(RR 1.79, 95 percent CI 0.89; 3.59).°* Off treatment virologic response to interferon alfa-2b
combined with lamivudine increased in those with a baseline HAI Knodell inflammation score of
seven or more, independent of gender and age (adjusted RR 2.91, 95 percent CI 1.04; 8.22).°
Baseline fibrosis scores were not associated with better sustained response to this treatment.*
Presence of steatosis did not modify the effect of peginterferon alfa-2a combined with
lamivudine on sustained response defined as HBV DNA disappearance and ALT normalization
in both HBeAg-positive and negative patients;’’ however, the adjusted rates of sustained
response were greater per increase in baseline Knodell HAI (adjusted OR 14.97, 95 percent CI
2.43;92.28).”

In conclusion, there was a low level of evidence that treatment induced followup histology,
HBeAg loss or DNA disappearance and ALT normalization varies by baseline histology
severity. There was no evidence for clinical outcomes.

Baseline viral load (cight studies, three antiviral agents, peginterferon, interferon, and
lamivudine, as mono or combination therapy) (Appendix E Tables 9 and 10). Lamivudine was
more effective in patients with higher baseline HBV DNA levels. HBV DNA loss increased
among patients with baseline HBV DNA >1.6pg/ml (RR 6.41, 95 percent CI 3.92; 10.47),"*" and
disease progression (defined as increase of at least two points in the Child-Pugh score) was lower
in patients with baseline HBV DNA >100 meg/ml;"** however, dose response was not significant
(HBeAg loss did not differ per 10-unit increase baseline HBV-DNA level).**

At followup off the treatment, interferon alfa-2b, SMU/day compared to no treatment
increased HBV DNA and HBeAg loss among patients with baseline HBV DNA 2-99 pg/ml (RR
5.24, 95 percent CI 1.22; 22.50) but failed among those with baseline HBV DNA 100-200 pg/ml
or >200 pg/ml** without a significant HBV DNA unit dose response association (RR 1.87, 95
percent CI 0.59; 5.87 per one unit increase in HBV DNA).®! Interferon alfa 2b, 10 MU three
times per week versus no antiviral treatment increased sustained rates of HBeAg loss among
patients with baseline HBV DNA <10pg/ml (RR 3.18, 95 percent CI 1.25; 8.05) but failed in
those with higher viral load HBV DNA >10pg/ml.®' Interferon alfa-2b with steroid pretreatment
increased sustained off treatment rates of HBV and HBeAg loss among patients with baseline
HBYV DNA 2-99 pg/ml (RR 5.38, 95 percent CI 1.26; 22.84) but failed in those with elevated
baseline viral load (HBV DNA >100 pg/ml).* While monotherapy with interferon alfa-2b was
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more effective in patients with lower compared to elevated baseline HBV DNA, combined
administration of interferon alfa-2b with lamivudine resulted in greater sustained HBV DNA loss
and HBeAg seroconversion in patients with elevated baseline HBV DNA >10’ copies/mL."
Peginterferon alfa-2a resulted in greater sustained response compared to lamivudine in patients
with baseline HBV DNA range of 25-75 percentile”>”® with random differences among those
below 25 percent or above the 75th percentile. Sustained combined response was increased by
one log 10 unit (copies/ml) decrease in baseline HBV DNA (adjusted OR 1.28, 95 percent CI
1.10; 1.40).”* Baseline mean viral load (copy/mL) was not associated with sustained response to
the combined therapy with peginterferon alfa-2a plus lamivudine versus lamivudine alone.”’

In conclusion, there was a low level of evidence that treatment induced HBeAg loss, DNA
normalization, or histology varies with baseline viral load. There was no evidence for clinical
outcomes.

Baseline HBeAg status (Appendix E Tables 9 and 10).

Evidence from trials that combined patients with HBeAg-negative and positive baseline
status. Lamivudine at the end of 130 week administration decreased disease progression defined
by hepatic decompensation, hepatocellular carcinoma, spontaneous bacterial peritonitis, bleeding
gastroesophageal varices, or death related to liver disease compared to placebo among patients
HBeAg-positive at baseline (RR 0.30, 95 percent CI 0.16; 0.55)."*? There were no significant
effects among HBeAg-negative patients (RR 0.72, 95 percent CI 0.36; 1.43)."*? Entecavir in a
dose of 1mg/day compared to lamivudine resulted in higher rates of undetectable HBV DNA and
normal ALT level among patients with HBeAg-negative baseline status (RR 18.38, 95 percent
CI 1.18; 285.96) with random differences in HBeAg-positive patients.'** Telbivudine compared
to lamivudine reduced the rates of detectable HBV DNA (RR 0.67, 95 percent CI 0.54; 0.82) and
improved necroinflammatory scores, with no worsening in the Knodell fibrosis score (RR 1.15,
95 percent CI 1.03; 1.27) among patients with HBeAg-positive baseline status with random
differences in HBeAg-negative patients.'* Telbivudine compared to lamivudine for 52 weeks in
Chinese patients with compensated hepatitis B resulted in better outcomes in HBeAg-positive
patients with no difference in small subsample of HBeAg-negative patients. >

Evidence from trials that included exclusively patients with HBeAg-negative status (11
studies; four antiviral agents used as mono or combination therapy). We reviewed the drug effects
reported in the RCTs that enrolled all HBeAg-negative patients, O - +7¢-7819L93.95. 101 4 01 ding
the Peginterferon Alfa-2a HBeAg-Negative Chronic Hepatitis B Study Group”> and the
Adefovir Dipivoxil 438 Study Group'”''*!'! (Table 7). Adefovir improved biochemical,
virological, and histological outcomes in HBeAg-negative patients at the end of drug
administration and at followup off the treatment without development of genetic mutations.
Interferon alfa-2b combined with lamivudine was not more effective compared to lamivudine
alone to improve combined virologcial with biochemical’'or virological’""’*’® outcomes in
HBeAg-negative patients but lowered the rates of relapse defined as reappearance of detectable
serum HBV DNA by polymerase chain reaction (PCR) after an initial virologic response’* and
genetic viral mutations.” Interferon alfa-2b compared to no antiviral treatments increased
sustained HBV DNA clearance and ALT normalization in a large RCT®*' with random differences
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in a small study;”' however, it failed to increase HBsAg loss and did not improve histological
scores.”' Peginterferon alfa-2a compared to lamivudine improved sustained biochemical and
virological outcomes and necroinflammatory scores but failed to improve fibrosis scores.”
Peginterferon alfa-2a combined with lamivudine compared to lamivudine improved sustained
biochemical and virological outcomes with no differences on liver histology.”

In conclusion, low level of evidence suggested that lamivudine monotherapy decreased
disease progression among patients HBeAg-positive at baseline but not in HBeAg-negative
patients. Telbivudine increased viral clearance and improved histology compared to lamivudine
in HBeAg-positive but not in HBeAg-negative patients. Entecavir was more effective compared
to lamivudine in HBeAg-negative patients to increase viral clearance and ALT normalization.
Patients without HBeAg at baseline experienced improvement in biochemical, virological, and
histological outcomes after adefovir therapy and pegylated interferon alfa-2a monotherapy or
combination with lamivudine. There was no evidence for clinical outcomes.

Baseline liver function (ten studies, three medications, peginterferon, interferon, and
lamivudine were used as mono or combination therapy) (Appendix E Tables 9 and 10). The
effects of lamivudine on disease progression defined as hepatocellular carcinoma, spontaneous
bacterial peritonitis, bleeding gastroesophageal varices, or death related to liver disease or liver
decompensation at the end of the treatment did not differ among patients with different baseline
ALT levels (Appendix E Figure 20).>'°13%14! Comparative effectiveness of peginterferon alfa-
2a versus lamivudine on combined response defined as ALT normalization and an HBV DNA
level of <20 000 copies/ml at the end of the treatment was greater per increase by 1 log 10 unit
(IU/1) in baseline ALT levels (Table 8).”> Lamivudine increased HBeAg clearance and
seroconversion among patients with elevated baseline ALT with no effects in those with ALT <2
ULN (Appendix E. Figure 21).%

At 24 weeks of followup off the administration of interferon alfa-2b with corticosteroid
pretreatment, compared to interferon alfa-2b alone, HBV DNA loss was more frequent among
patients with elevated baseline ALT (RR 1.22, 95 percent CI 1.05; 1.42)® (Appendix E Tables 9
and 10). Adjusted odds of sustained virologic response to interferon alfa-2b combined with
lamivudine compared to lamivudine were higher in patients with baseline ALT >150UL (RR
3.12, 95 percent CI 1.43; 6.82).% Sustained HBeAg loss or seroconversion after interferon alfa-
2b combined with lamivudine compared to lamivudine alone was higher among patients with
elevated ALT with nonsignificant differences among those with baseline ALT <1 ULN or 1-2
ULN.* Sustained response to peginterferon alfa-2a combined with lamivudine compared to
lamivudine alone was greater per increase in one unit (U/L) in baseline ALT (RR 10.32, 95
percent CI 9.71; 10.97).”” Sustained HBeAg seroconversion after peginterferon alfa-2a combined
with lamivudine compared to lamivudine alone was greater among patients with baseline ALT
>5 ULN (RR 1.93, 95 percent CI 1.01; 3.69) with random differences among those with baseline
ALT <2 or 2-5 ULN.” However, several studies reported no association between dose response
increase in baseline ALT and sustained response to peginterferon alfa-2a compared to
lamivudine” or peginterferon alfa-2b combined with lamivudine versus lamivudine.'®®

In conclusion, the low level of evidence indicated that treatment induced effects on disease
progression and liver decompensation do not vary by baseline ALT levels. The low level of
evidence indicated that treatment induced HBeAg clearance and seroconversion, HBeAg loss, or
virologic loss vary by baseline liver function with inconsistent across the studies evidence of
better response among patients with elevated baseline ALT.
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Genotype of HBV DNA (eight studies, two antiviral agents, peginterferon and lamivudine
used as mono or combination therapy) (Appendix E Tables 9 and 10). The effects of antiviral
drugs on intermediary outcomes among patients with different HBV DNA genotype have been
evaluated at the end of treatments’ and at followup off the therapies (seven
studies).®>?209%- 100108109 (A pendix E Tables 9 and 10). Adjusted odds ratios of ALT
normalization and reduction of HBV DNA level <20,000 copies/ml after 48 weeks of
peginterferon alfa-2a administration compared to lamivudine were significantly greater among
patients with genotype B versus D (OR 2.31, 95 percent CI 1.30; 4.20) and genotype C versus D
(OR 2.90, 95 percent CI 1.70; 5.00). Patients with genotype A had lower adjusted odds of
response defined as ALT normalization and an HBV DNA level of <20,000 copies/ml compared
to patients with genotype C (OR 0.33, 95 percent CI 0.10; 0.90).” No differences in treatment
effects were found between patients with genotype A versus B, A versus D, or B versus C.”

Off treatment response to the same treatments also differed with greater adjusted odds of
success among patients with genotype B versus D (OR 3.69, 95 percent CI 1.54; 8.79) and with
genotype C versus D (OR 5.46, 95 percent CI 2.46; 12. 10).” Patients with genotype B HBV
DNA experienced sustained clearance of serum HBV DNA after interferon alfa-2b combined
with steroid pretreatment compared to interferon alfa-2b alone more often than those with
genotype C (adjusted OR 1.28, 95 percent CI 1.06; 1.42).°> One RCT reported no significant
differences in sustained HBeAg seroconversion after peginterferon alfa-2a combined with
lamivggﬁne compared to peginterferon alfa-2a or lamivudine alone among all genotypes of HBV
DNA.

In conclusion, the low level of evidence indicated that treatment induced ALT normalization
and HBV DNA clearance or HBeAg seroconversion vary by HBV DNA genotype with better
response among patients with genotype B and C. There was no evidence for clinical outcomes.

Previous treatment status (seven studies, four antiviral agents, peginterferon, interferon,
adefovir, and lamivudine used as mono or combination therapy) (Appendix E Tables 9 and 10).
Off-treatment rates of HBeAg seroconversion after administration of peginterferon alfa-2a plus
lamivudine compared to lamivudine were higher among patients with no previous exposure to
lamivudine (RR 1.52, 95 percent CI 1.08; 2.12)’® with no significant differences among
previously treated patients. Off-treatment HBeAg seroconversion was better after monotherapy
with peginterferon alfa-2a compared to lamivudine in naive to lamivudine patients (RR 1.72, 95
percent CI 1.24; 2.38).”° Random differences were observed in patients previously treated with
lamivudine.”

Five RCTs enrolled lamivudine resistant patients, and one enrolled interferon
resistant patients.”> Adefovir combined with lamivudine for 48 weeks did not result in better
outcomes, including rates of HBV DNA reduction to less than <2,000 copies/ml and ALT
normalization compared to adefovir alone in lamivudine resistant patients.''® Adefovir
combined with lamivudine compared to lamivudine alone resulted in greater rates of ALT
normalization (ARD 0.45, 95 percent CI 0.21; 0.69) and HBV DNA clearance (ARD 0.35, 95
percent CI 0.13; 0.57) in patients with lamivudine-resistant CHB with random differences in
HBeAg clearance or seroconversion;''” however, the same trial reported that combined
treatment did not improve outcomes compared to adefovir alone.'"” Adefovir monotherapy
improved ALT normalization compared to lamivudine alone (ARD after lamivudine versus
adefovir -0.42, 9 percent CI -0.67; -0.18) with random differences in HBeAg clearance and
seroconversion.'"” The BEHoLD Study Group enrolled 182 lamivudine-refractory patients to
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start entecavir administration or continued on lamivudine for 48 weeks.'** Mortality after 48
weeks of therapy and at 28 weeks of followup did not differ among treatment groups.'** The
largest dose of entecavir (1mg/day) increased HBV DNA loss in combination with
normalization of ALT level at 48 weeks of the treatment (ARD 0.67, 95 percent CI 0.41;
0.92).124 Viral clearance (HBV DNA <400 copies/mL) or normalization of ALT levels was
greater after all doses of entecavir compared to lamivudine.'** Entecavir increased the rates of
HBV DNA and HBeAg clearance and normalization of ALT level in lamivudine-refractory,
HBeAg-positive CHB patients compared to lamivudine, the effects were significant after
Img/day (ARD 0.67, 95 percent CI 0.41; 0.92) or 0.5mg/day (ARD 0.40, 95 percent CI 0.14;
0.66)."> The BEHoLD Study Group enrolled HBeAg-positive patients with persistent viremia
or documented YMDD mutations after previous lamivudine therapy that were randomized to
switch to entecavir 1 mg daily or continue lamivudine for a minimum of 52 weeks.'** Entecavir
increased rates of HBV DNA clearance and ALT normalization (ARD 0.50, 95 percent CI 0.42;
0.59), HBV DNA loss (<300 copies/mL by PCR) (ARD 0.18, 95 percent CI 0.11; 0.25), and
HBeAg clearance (ARD 0.06, 95 percent CI 0.01; 0.12)."* Improvement in necroinflammatory
Knodell score (ARD 0.26, 95 percent CI 0.16; 0.37) and Ishak fibrosis scores (ARD 0.17, 95
percent CI 0.07; 0.26) was greater after entecavir therapy.'>> Discontinuation of lamivudine in
74 patients with lamivudine-resistant mutants resulted in the same rates of hepatic
decompensation, ALT normalization, or HBeAg seroconversion compared to continuous
administration of lamivudine.'"" A combination of interferon alfa-2b with lamivudine in 20
patients who failed previous interferon therapy did not improve HBV DNA or HBeAg clearance
and ALT normalization.”

In conclusion, the low to moderate level of evidence indicated that treatment induced HBeAg
seroconversion, ALT normalization, HBV DNA clearance, and improved histology are greater in
patients naive to antiviral medications. Entecavir improved virological and biochemical
outcomes in lamivudine resistant patients without differences in mortality.

YMDD mutation (two studies, one antiviral agent used as monotherapy) (Appendix E
Tables 9 and 10). One study examined the effect of 48 week lamivudine treatment versus
placebo on liver histology in Chinese patients with and without YMDD mutations."** The
authors reported improvement in necroinflammatory but not in fibrosis scores in patients with
and without mutations; however, lamivudine improved the outcome of “worsened histology”
only among patients without YMDD mutation (ARD 0.15, 95 percent CI 0.04; 0.54) (there was
no protective effect in patients with YMDD mutations)."** A study of discontinuing lamivudine
in lamivudine resistant patients reported no association between YMDD mutations and hepatic
decompensation, defined as change in the Child-Turcotte-Pugh score of two or more points after
adjustments for ALT, baseline viral load, sex, YMDD variant, platelet, bilirubin, and albumin. 141

In conclusion, low level of evidence indicated that treatment induced changes in liver
histology are associated with baseline YMDD mutation. There was no evidence that this
mutation was associated with differences in clinical outcomes.

Outcomes across studies with different patient populations. We analyzed the differences
in off treatment outcomes across the studies that included different proportions of patients with
HBeAg-positive status, baseline cirrhosis, and previous antiviral treatments. Clinical outcomes
were not reported. Interferon alfa-2b combined with lamivudine compared to interferon alfa-2b
alone increased HBV DNA clearance in studies that enrolled treatment naive patients with
random differences in the studies of previously treated patients (Appendix E. Figure
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22) 0268012 TAT3848T However, the effects of interferon alfa-2b compared to no treatment or after

combined interferon alfa-2b+lamivudine compared to lamivudine alone on HBV DNA loss did
not show a clear pattern according to patient populations across the studies. Sustained HBeAg
clearance after compared treatments was the same across the studies (Appendix E. Figure 23).*
64.67.80.83.87.88.91.98.99.136 Qyystained HBeAg seroconversion was greater after interferon alfa-2b
combined with lamivudine versus lamivudine monotherapy in one study;®> however, another
study®’ that assessed interferon nonresponders and a European trial of previously untreated
patients reported opposite association with better effects from lamivudine monotherapy therapy.
%7 Sustained ALT normalization after compared treatments was the same across the studies
(Appendix E. Figure 24), 10.6%63.72.74.7684.8795.96.113

Summary. There is no high quality evidence that clinical outcomes of all-cause or disease
specific mortality, hepatocellular carcinoma or hepatic decompensation are improved with
currently approved and investigated therapeutic strategies (i.e., drug, dose, duration, patient
population). Changes in biochemical, virologic, and histologic measures at the end of treatment
or off treatment are frequently used to assess therapeutic effectiveness. However, these measures
have not been demonstrated to be accurate surrogates for determining long-term clinical
outcomes due to treatments. All treatments are associated with harms and immediate
pharmaceutical costs, though most drugs are well tolerated and adverse effects are relatively
mild. Therefore, it is difficult to determine what patients would derive clinical benefit. There is
low evidence that treatment improves HBsAg clearance and measures of hepatitis resolution.
This is beneficial because loss of HBsAg likely eliminates viral transmission to noninfected
individuals and defines resolved hepatitis B. Individuals who are inactive carriers also have
persistence of HBsAg positivity and a very favorable long-term prognosis. Therefore, for these
individuals treatment is unlikely to provide a small benefit beyond risk of transmission.

EPC Question 3b. Is there evidence that specific subpopulations do
not require treatment for hepatitis B (i.e., that the surrogate and/or
clinical outcomes are equivalent or superior when not exposed to
treatment?)

Specific subpopulations would not require treatment if their clinical outcomes (and possibly
validly defined surrogate measures) were equivalent or superior to similar populations not
receiving treatment. Situations could result from: (a) extremely favorable long-term natural
history/prognosis of various forms of hepatitis B (e.g., chronic carrier status); (b) patient
characteristics (e.g., advanced age, comorbidities, poor compliance) that result in short life
expectancy that markedly lowers the individual’s risk of hepatitis B related complications largely
independent of hepatitis B characteristics or reduces treatment effectiveness; (c) ineffective
therapy or disease characteristics that result in resistance to otherwise effective therapies (e.g.,
mutations); or (d) harms of therapy that outweigh benefits. Findings reported for EPC question 1
outline the natural history of CHB reporting on the long-term risks of hepatocellular carcinoma,
cirrhosis, and death according to patient, hepatitis and comorbidity factors.

Here we review the evidence of no treatment benefit on biological, biochemical, or
histological outcomes from antiviral drugs compared to placebo or symptomatic therapy without
antiviral medications. Clinicians, investigators, and patients can use this information to decide in
which specific patient subpopulations treatment regimens have shown lack of effectiveness.
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Interferon alfa-2b compared to no treatment did not increase the sustained rates of resolved
hepatitis including HBV DNA, HBeAg, and HBsAg clearance and ALT normalization in
patients with HBeAg-positive hepatitis.***” Interferon alfa-2b did not improve histology in
HBeAg-negative’' or HBeAg-positive patients.* Two RCTs, including the American Hepatitis
Interventional Therapy Group® and a German study® of HBeAg-positive patients showed no
significant sustained HBV DNA clearance after prednisone withdrawal followed by
administration of interferon alfa-2b compared to no treatment. Interferon alfa-2b with prednisone
priming failed to increase sustained HBV DNA, HBeAg, and HBsAg clearance in Chinese
patients. ”* Interferon alfa-2b combined with lamivudine compared to placebo failed to increase
HBeAg clearance or sustained HBeAg seroconversion in patients who were participating in four
lamivudine-controlled Phase III trials®* and in nonresponders to the previous interferon therapy
(International Lamivudine Investigator Group.)*’ The International Lamivudine Investigator
Group also reported that interferon nonresponders did not experience sustained HBsAg clearance
and improvement in histological scores after combined therapy with interferon alfa-2b and
lamivudine.”’

Lamivudine compared to placebo failed to maintain sustained HBeAg seroconversion in
interferon non responders®’ and in treatment naive patients with CHB."*® Patients with HBeAg-
positive®”"*® and HBeAg-negative'* hepatitis B did not experience sustained HBsAg loss after
lamivudine administration compared to placebo. Patients with HBeAg-negative CHB also did
not have better rates of sustained HBV DNA clearance and ALT normalization after two years of
lamivudine administration.'*’

In conclusion, the low level of evidence suggested that individuals who failed previous
interferon alfa-2b therapy did not benefit after combined interferon and lamivudine treatment.
Patients with HBeAg did not experience sustained HBeAg seroconversion after interferon alfa-
2b combined with lamivudine.

High risk of serious adverse events or noncompliance. We next assessed whether certain
patient or hepatitis characteristics were associated with unacceptably high risk of serious adverse
events or noncompliance. Little data were available to assess this issue.

Adefovir. Administration of adefovir compared to placebo'*! %! 12113:115:116 (o well tolerated
in HBeAg-positive' '>''? and HBeAg-negative patients.'''° Discontinuation of therapy due to
adverse events did not differ between administration of adefovir and placebo in HBeAg-positive
patients.''*'"® The Adefovir Dipivoxil 438 Study Group found no differences in the rates of any
or serious adverse events compared to placebo in HBeAg-negative''® and HBeAg-positive
patients.''? Previously treated patients and those with baseline cirrhosis were not at greater risk
after adefovir therapy compared to placebo. Lamivudine-resistant HBeAg-positive patients
experienced less insomnia and rash (ARD -0.21, 95 percent CI -0.40; -0.02) and increase in ALT
(ARD -0.32, 95 percent CI -0.56; -0.08) after adding adefovir to lamivudine therapy compared to
lamivudine or adefovir alone''” with random differences in other examined adverse effects.
Patients with YMDD mutant tolerated well addition of adefovir to ongoing lamivudine
therapy.'"’

In conclusion, adefovir alone was well tolerated in patients with CHB. Lamivudine resistant
patients experienced less frequent adverse events after combined therapy of adefovir and
lamivudine.

Entecavir. The rates of any or serious adverse effects did not differ after administration of
entecavir compared to lamivudine.'*'"'* Discontinuation rates due to adverse events were less
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after administration of entecavir (ARD -0.02, 95 percent CI -0.04; -0.01) in HBeAg-positive
naive to antiviral drugs patients'>* and in lamivudine-resistant, HBeAg-positive patients (ARD -
0.05, 95 percent CI -0.10; -0.01).'*

In conclusion, entecavir was better tolerated compared to lamivudine in examined patient
populations, though serious adverse effects were similar.

Interferon alfa-2b. The European Concerted Action on Viral Hepatitis (EUROHEP)®!
reported increased rates of dose reduction due to depression, fatigue, hair loss, and headache
after interferon alfa-2b compared to placebo (11 versus 0 percent) in HBeAg-positive patients
with CHB. Patients with HBeAg-negative baseline status discontinued interferon administration
due to adverse effects more often compared to placebo (24 versus 0 percent).”’ Reduction in dose
of interferon alfa-2b due to adverse effects was reported in HBeAg-positive American patients
(34 versus 0 percent after placebo).” Other adverse effects were comparable after administration
of interferon compared to placebo ®':0%825487:89.91

Combined therapy with interferon alfa-2b and lamivudine. The International Lamivudine
Investigator Group included HBeAg-positive patients with CHB who had failed previous
interferon therapy®’ and reported that combined therapy with interferon alfa-2b and lamivudine
compared to placebo increased the rates of malaise/fatigue (95 versus32 percent), fever (95
versus 0 percent), headache (76 versus 23 percent), nausea/vomiting (59 versus 20 percent), hair
loss/alopecia (48 versus 4 percent), muscle pain (46 versus 9 percent), viral respiratory infections
(35 versus 0 percent), feeding problems (30 versus 4 percent), depression (27 versus 4 percent),
decreased white blood cells (WBCs) (25 versus 0 percent), rheumatism (25 versus 4 percent),
diarrhea (21 versus 0 percent), and musculoskeletal pain (16 versus 4 percent).®’

In conclusion, HBeAg-positive patients tolerant to interferon alfa-2b experienced frequent
adverse events after adding of lamivudine to continued interferon alfa-2b.

Monotherapy with interferon alfa-2b compared to lamivudine in treatment naive, HBeAg-
positive, predominantly Caucasian patients increased the rates of malaise and fatigue (100 versus
42 percent), arthralgia (33 versus 5 percent), anorexia (47 versus 5 percent), dizziness (27 versus
10 percent), nausea and vomiting (49 versus 23 percent), fever/chills (61 versus 7 percent), hair
loss and alopecia (30 versus 10 percent), histological relapse (increase in Knodell score by at
least two points) (25 versus 9 percent), headache (67 versus 32 percent), and muscle pain (57
versus 13 percent).®> Adverse effects did not cause discontinuation of interferon alfa-2b more
often than lamivudine.®

Reduction in dose because of severe side effects, ~ virological relapse, or unchanged
HBV DNA load® after interferon alfa-2b following prednisone withdrawal were the same
compared to interferon alfa-2b alone.

Interferon alfa-2b combined with lamivudine compared to interferon alfa-2b alone
increased the rates of dry mouth (ARD 0.57, 95 percent CI 0.33; 0.81) in a Turkish RCT of
HBeAg-positive previously untreated patients® and the rates of headache (ARD 0.26, 95 percent
CI 0.14; 0.39) in predominantly Caucasian patients naive to antiviral drugs.®” Combined
treatments reduced the rates of malaise and fatigue (87 versus 100 percent), arthralgia (12 versus
33 percent), dizziness (12 versus 27 percent), and hepatitis flares (0 versus 11 percent);62
however, the rates of adverse effects were higher after combined therapy when compared to
lamivudine alone.’>¢¢7-71727477.79 patients experienced influenza like symptoms more frequently
(pooled ARD 0.47, 95 percent CI 0.36; 0.58),°*" viral respiratory infection (pooled ARD 0.23,
95 percent CI 0.03; 0.43),62’67 muscle pain (pooled ARD 0.31, 95 percent CI 0.21; 0.41),62’67

80,88 84,85

62,68
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malaise and fatigue (ARD 0.45, 95 percent CI 0.32; 0.58),62 anorexia (ARD 0.35, 95 percent CI
0.23; 0.47),%” nausea and vomiting (ARD 0.21, 95 percent CI 0.07; 0.35),° fever/chills (ARD
0.53, 95 percent CI 0.41; 0.66),% alopecia (ARD 0.30, 95 percent CI 0.173; 0.43),° fever (ARD
0.88, 95 percent CI 0.81; 0.95),°” and decreased WBCs (ARD 0.25, 95 percent CI 0.14; 0.35).”
Discontinuation of combined therapy due to adverse effects did not differ compared to
lamivudine alone across different patient populations.®*®"">7+7>""-7 Chinese patients with
HBeAg-negative CHB experienced serious adverse events, including pyrexia, fatigue, myalgia,
and headache more often after combined therapy compared to lamivudine alone (ARD 0.09, 95
percent CI 0.02; 0.17).7

In conclusion, adverse events requiring dose reduction or discontinuation of medication are
relatively common in patients with CHB treated with interferon alfa-2b alone or in combination
with other antiviral therapies.

Lamivudine compared to placebo®”!30-133136:139.140.142.145 434 ot require discontinuation of
therapy due to adverse effects in HBeAg-positive patients (International Lamivudine Investigator
Group),”” serious adverse events in Asian patients with advanced cirrhosis or fibrosis (Cirrhosis
Asian Lamivudine Multicentre Study Group),'** or any adverse events in HBeAg-positive'**'*
or HBeAg-negative patients (Lamivudine Precore Mutant Study Group).'** Lamivudine
prevented worsening of liver necroinflammatory scores in Asian**'*> and American HBeAg-
positive patients'>® but was not effective in HBeAg-negative Asian patients'* or in patients who
did not respond to previous interferon alfa-2b therapy.®’ Lamivudine compared to telbivudine
resulted in comparable rates of any adverse events in HBeAg-positive patients (Telbivudine
Phase II Investigator Group).'?’ In all examined adverse effects, only the rates of dyspepsia (21
versus 0 percent) were higher after lamivudine administration compared to telbivudine.'?’
Combined therapy with telbivudine and lamivudine compared to telbivudine increased the rates
of depression (5 versus 0 percent) in HBeAg-positive patients, participants in the Telbivudine
Phase II Investigator Group.'?” One large RCT of 1,370 patients with CHB, participants in the
Globe Study Group,'** experienced a reduction in HBV DNA reappearance and the rates of
treatment-emergent resistance mutations after telbivudine compared to lamivudine therapy.

In conclusion, HBeAg-negative Asian patients and patients tolerant to interferon alfa-2b
therapy did not benefit from lamivudine therapy. Telbivudine had comparable safety compared
to lamivudine with lower probability of relapse and resistance.

Peginterferon alfa-2a.The HBeAg-Negative Chronic Hepatitis B Study Group’> and the
Peginterferon alfa-2a HBeAg-Positive Chronic Hepatitis B Study Group’® reported increased
rates of more than one adverse effect in both patient populations (89 versus 56 percent in
HBeAg-positive patients and 86 versus 48 percent in HBeAg-negative patients) and more than
one serious adverse effect (7 versus 3 percent in HBeAg-negative patients and 6 versus 2 percent
in HBeAg-positive patients) as well as discontinuation of therapy for safety reasons (4 versus 1
percent in HBeAg-positive patients and 4 versus 0 percent in HBeAg-negative patients) after
combined peginterferon alfa-2a with lamivudine compared to lamivudine alone.

Adverse event rates varied among patients with different HBeAg baseline status without
statistical significance among them (p value for meta regression >0.05). Combined therapy
increased the rates of alopecia (11 versus 1 percent in HBeAg-negative and 29 versus 2 percent
in HBeAg-positive), arthralgia (15 versus 3 percent in HBeAg-negative and 9 versus 3 percent in
HBeAg-positive), dose modification due to adverse events (8 versus 0 percent in HBeAg-
positive and 13 versus 0 percent in HBeAg-negative) or laboratory abnormalities (35 versus 0
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percent in HBeAg-negative and 38 versus 0 percent in HBeAg-positive).”””° Fatigue was
experienced by 41 percent of HBeAg-negative and 37 percent of HBeAg-positive patients after
combined therapy (versus 14 percent and 18 percent after lamivudine alone in HBeAg-negative
and positive respectively). **® Myalgia was more common after combined therapy in HBeAg-
negative (27 versus 6 percent) and positive (28 versus 3 percent) patients compared to
lamivudine alone. More than half the patients experienced pyrexia after combined therapy (54
versus 4 percent in HBeAg-negative and 55 versus 4 percent in HBeAg-positive).”>”°

However, several adverse effects were specific for patients with different HBeAg baseline
status. Only HBeAg-negative patients experienced dose modification due to neutropenia after
combined therapy with lamivudine and peginterferon alfa-2a (24 versus 0 percent after
lamivudine alone) or thrombocytopenia (12 versus 0 percent after lamivudine alone).”
Combined therapy could not prevent worsening of fibrosis scores from 0 (none) to 18 (severe) in
HBeAg-negative patients only (8 versus 3 percent after lamivudine alone).” In contrast, HBeAg-
positive patients had depression (6 versus 1 percent), diarrhea (10 versus 3 percent), dizziness
(12 versus 4 percent), nausea (10 versus 2 percent), pruritus (10 versus 2 percent), rash (8 versus
4 percent), or rigors (10 versus 0 percent) more common after combined therapy compared to
lamivudine alone.”® Alopecia (29 versus 20 percent) and YMDD mutations (3 versus 0 percent)
were more common in HBeAg-positive patients after combined therapy compared to
peginterferon alfa-2a alone.”

In conclusion, the moderate level of evidence indicates that a large proportion of patients
treated with peginterferon alfa-2a+lamivudine experienced adverse events; the rates varied
among patients with different HBeAg baseline status without statistical significance among
them.

Monotherapy with peginterferon alfa-2a compared to monotherapy with lamivudine
increased the rates of any adverse effects (86 versus 48 percent in HBeAg-negative’ and 89
versus 56 percent in HBeAg-positive’® patients) and dose modification due to adverse effects (7
versus 0 percent in HBeAg-negative’ and 7 versus 0 percent in HBeAg-positive’® patients).
Pyrexia was more prevalent after peginterferon alfa-2a compared to lamivudine in HBeAg-
negative (58 versus 4 percent) and HBeAg-positive (49 versus 4 percent) patients; ’® however,
only patients who were HBeAg-positive at baseline experienced >1 serious adverse event (4
versus 2 percent),”® while only HBeAg-negative patients needed dose modification due to
neutropenia (17 versus 0 percent) or thrombocytopenia (19 versus 0 percent).”” As expected, the
rates of YMDD mutations were lower after interferon compared to lamivudine (0 versus 25
percent) in patients with HBeAg-positive CHB.”®

In conclusion, peginterferon alfa-2a resulted in very high rates of adverse events and
increased the need to modify treatment dose due to adverse events independent of baseline
HBeAg status.

Absolute rates of outcomes by baseline HBeAg status. We summarized the absolute
probability of examined outcomes and frequent adverse events (>10 percent) at the end and at
followup off the active drugs in trials that included predominantly HBeAg-positive (>98 percent)
or HBeAg-negative (>98 percent) patients (Appendix E Table 11). Since none of the treatment
regimes demonstrated consistent positive effects on clinical outcomes or all intermediate
outcomes, treatment decisions must be made based on a balance between absolute rates of
positive intermediate outcomes and harm effects. Some treatments have never been compared to
placebo or to each other in head-to-head RCTs. Indirect comparisons were not possible to
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examine due to differences in comparators in eligible RCTs. However, consumers, clinicians,
and policymakers can analyze the balance between treatment effectiveness and harms for clinical
and economical decisions.

Adefovir. At the end of adefovir administration, 1 percent of HBeAg-negative patients
experienced HBsAg seroconversion, 63 percent had HBV DNA clearance, 36 percent had
improved histology, and 66 percent had normal ALT (Appendix E Table 11). The rates of
mutation were 4 percent. Sustained HBV DNA loss and improved histology were found in 66
and 71 percent HBeAg-negative patients, respectively. Any adverse events were reported in 70
percent of HBeAg-negative patients treated with adefovir. Abdominal pain, flu-like syndrome,
pharyngitis, and asthenia were among the most common adverse events. Virological outcomes in
HBeAg-positive patients were assessed at the end of the treatments only (Appendix E Table 11).
HBYV DNA clearance was demonstrated in 25 percent, HBeAg loss in 17 percent, and HBeAg
seroconversion in 12 percent of the patients. Nine percent had virological relapse measured by
HBV DNA. Sustained ALT normalization was less common in HBeAg-positive patients (39
percent) compared to HBeAg-negative patients (54 percent). Almost all (95 percent) HBeAg-
positive patients experienced some adverse events after adefovir. Asthenia was more common
(29 percent) in HBeAg-positive patients compared to HBeAg-negative (10 percent). More than
10 percent of HBeAg-positive patients experienced elevated ALT and urine glucose levels.

In conclusion, more than half of HBeAg-negative patients had sustained HBV DNA
clearance, ALT normalization, and histological improvement. HBsAg loss occurred in <10
percent. Overall adverse events were frequent; asthenia and flu like syndrome were observed in
approximately 15 percents of HBeAg-negative patients. Sustained outcomes in HBeAg-positive
patients have not been examined, yet at the end of the treatment half of the patients had improved
histology, <25 percent loss HBV DNA, and HBeAg. Adverse events were very common;
asthenia and flu like syndrome were reported more frequent than among HBeAg-negative
patients.

Entecavir (Appendix E Table 11). At the end of the therapy HBsAg loss was observed in 4
percent and HBsAg seroconversion in 2 percent of HBeAg-positive patients, sustained HBsAg
response in HBeAg-negative patients have not been investigated yet. At the end of the
treatments, 15 percent of HBeAg-positive patients experienced HBeAg clearance and 17 percent
seroconversion; sustained response was not available from the published trials. HBV DNA
clearance at the end of the treatment was more common in HBeAg-negative patients; sustained
response was reported in HBeAg-positive patients only and was <10 percent. HBeAg-negative
patients had normal ALT and improved histology more often compared to HBeAg-positive
patients, More than half the patients reported adverse events, the rates were higher among
HBeAg-positive patients; however, elevation of ALT was observed in 10 percent of HBeAg-
positive patients.

In conclusion, sustained response to entecavir therapy was reported in HBeAg-positive
patients and was small. More than half of HBeAg-negative patients had improved histology and
90 percent loss HBV DNA at the end of the treatment. More than half the patients reported
adverse events, but only the rates of elevated ALT in HBeAg-positive patients exceeded 10
percent.

Telbivudine (Appendix E Table 11). Evidence was available only for HBeAg-positive
patients at the end of the therapy. HBeAg loss or seroconversion demonstrated 25 percent, ALT
normalization 82 percent, and HBV DNA clearance 55 percent; 5 percent had virological relapse
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with reappeared HBV DNA. Total adverse events were common; however, only the rates of
influenza exceeded 10 percent.

In conclusion, there is low to moderate level of evidence that telbivudine has been examined
exclusively in HBeAg-positive patients. Sustained response to telbivudine in HBeAg-negative
patients is not known. Half of the treated HBeAg-positive patients lost HBV DNA and a quarter
had HBeAg clearance. Total adverse events were common (70 percent); however, only the rates
of influenza exceeded 10 percent.

Interferon alfa-2b (Appendix E Table 11). Sustained HBsAg loss was uncommon in both
HBeAg-positive and negative patients. Sustained HBeAg loss was 43 percent and sustained
HBeAg seroconversion was 32 percent among those with HBeAg-positive at baseline. Sustained
HBYV DNA clearance was 27 percent Sustained ALT normalization and histological
improvements have not been examined in HBeAg-negative patients; 27 percent of HBeAg-
positive patients had improved histology at followup off the treatment. Virological relapse in
HBeAg-positive and mutation in HBeAg-positive and negative patients were uncommon. More
than 10 percent of HBeAg-negative patients needed dose reduction or discontinued therapy due
to adverse events; however, almost all HBeAg-positive patients had fever or malaise and fatigue
and more than 10 percent reported depressions, anorexia, nausea and vomiting, and other adverse
events.

In conclusion, sustained HBV DNA clearance in known only in HBeAg-positive patients.
One-third of HBeAg-positive patients experienced HBeAg seroconversion and improved
histology. Adverse events were common in HBeAg-positive patients and 24 percent of HBeAg-
negative patients discontinued therapy because of adverse events.

Peginterferon alfa-2a (Appendix E Table 11). Virological outcomes were examined in
HBeAg-positive patients. Fourteen percent had sustained HBV DNA clearance, 32 percent
sustained HBeAg seroconversion, and 37 percent sustained HBeAg loss. Sustained ALT
normalization was more common among HBeAg-negative (58 percent) than HBeAg-positive (36
percent) patients. HBeAg-positive patients experienced sustained histological improvement (38
percent) compared to HBeAg-negative patients (29 percent). More than 80 percent of all patients
experienced adverse events; pyrexia was the most common adverse event (58 percent). Dose
modification was required by 37 percent HBeAg-positive and 46 percent HBeAg-negative
patients.

In conclusion, one-third of the patients experienced sustained histological improvement after
peginterferon alfa-2a therapy, a third of HBeAg-positive patients had sustained HBeAg
clearance, and <15 percent of HBeAg-positive had loss of HBV DNA. Viral clearance in
HBeAg-negative patients has not been reported. Most patients had adverse events. Around 40
percent required dose modification.
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Table 7. Effects of antiviral drugs on HBeAg-negative patients (relative risk from individual RCTs)

Treatments

Clinical or Combined
Outcomes

Biochemical

Virological
(HBV DNA, HBsAg)

Histological Mutation

Adefovir (dose,

NS1O

HBsAg seroconversion-NS'°

Improved histology-NS™® ~ NS™

time) HBV DNA loss- NS
Adefovir vs. 2.45 (1.61; 3.73) HBsAg seroconversion'° Failure'™ NS'0110
placebo 1.79 (1.07; 3.00)*'%""° 1.52 (0.06; 36.46) 0.11 (0.04; 0.27)

loss HBV DNA'" Improvedm’11

63.50 (4.00; 1009.28)
loss HBV DNA "%
8.83 (2.94; 26.52)

Significant improvement
in necroinflammatory or
fibrosis scores with NS
changes in total scores

Interferon alfa
2b+lamivudine vs.
lamivudine

NS71

Flare-NS"""*
Normalization of ALT:
1.29 (0.89; 1.86)"
1.30 (0.46; 3.717)74
1.08(0.82;1.41)™
1.45 (1.02; 2.05)"**

HBV DNA loss-NS'"747
Relapse 0.30 (0.09;0.93)™*
HBsAg loss-NS" 7476

0.03 (0.00;
0.55)

0.18 (0.04;
0.73)"

Interferon alfa 2b
vSs. no treatment

Loss of HBV DNA and
normalization of
ALT®'* 5.50 (1.36;
22.32)

Loss of HBV DNA and
normalization of
ALT®"™* 13(0.78;
217.03)

Relapse — NS®'*
2.00(0.40; 9.95)

Flare 0.27  (0.11; 0.67)""

HBsAg loss — NS '

Improved histology-NS *'
Resistance-NS®"

Peginterferon alfa-
2a+lamivudine vs.
lamivudine

Normalization of ALT
and loss of HBV
DNA%*

2.64 (1.36; 5.11)

Normalization ALT®
0.66 (0.55; 0.79)
Normalization ALT*%
1.34 (1.09; 1.64)

HBV DNA loss®
1.17 (1.06; 1.30)
HBV DNA loss*®®
2.92 (1.57; 5.44)

Failure NS*
Improved histology-NS%

Peginterferon alfa-  Normalization of ALT ~ Normalization ALT* HBV DNA Loss® Failure NS*

2a+placebo vs. and HBV 0.51 (0.41; 0.63) 0.84 (0.73; 0.97) Improved

lamivudine DNA loss*® Normalization ALT**° 2.83 (1.52; 5.29)* necroinflammatory
2.36 (1.20; 4.64) 1.31 (1.07; 1.61) scores***

1.39 (1.06; 1.82)
Improved HAI-NS*®°
Improved fibrosis-NS

* off treatment; NS = not significant
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Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% CI) Comparisons/Comments
Treatment
Baseline ALT
HBV DNA loss Interferon alfa 24/24 1/115 Wai, 2002%° 1.22 (1.05; 1.42) HBV DNA loss was more frequent
2b+corticosteroid vs. interferon among patients with elevated
alfa 2b baseline ALT
HBV DNA and Interferon alfa 24/24 1/43 Perrillo, 1990% 7.82(1.02; 59.88) Loss of HBV DNA and HBeAg was
HBeAg loss 2b+corticosteroid vs. no greater among patients with baseline
treatment ALT <100U/L with random
differences among those with
baseline ALT100-200 and >200U/L
Odds ratio of Interferon alfa 2b+lamivudine 24/48 1/150 Barbaro, 3.12 (1.43; 6.82) Adjusted odds of virologic response
HBeAg and HBV vs. lamivudine 2001° were higher in patients with baseline
DNA loss ALT >150UL
independent of
gender and age
HBeAg loss Interferon alfa 2b+lamivudine 24/28 1/331 Perrillo, 2002%*  2.90 (1.35; 6.27) HBeAg loss was higher among
vs. placebo patients with ALT >2 but <5ULN with
random differences among those with
<1ULN or 1-2ULN
HBeAg Interferon alfa 2b+lamivudine 24/28 1/331 Perrillo, 2002%*  2.70 (1.10; 6.58) HBeAg seroconversion was greater
seroconversion vs. placebo among patients with >2-<5 ULN
3.27 (1.03; 10.39) HBeAg seroconversion was greater
among patients with ALT >5 ULN with
random differences among those with
baseline ALT<1ULN or 1-2ULN
Adjusted for Peginterferon alfa- 9/24 1/140 Cindoruk, 10.32 (9.71; 10.97) Sustained response was greater per
treatment status 2a+lamivudine vs. lamivudine 2007 increase in 1unit (U/L) in baseline
odds ratio of ALT

HBeAg
seroconversion,
HBV DNA loss and
ALT normalization
in HBeAg (+)
patients. In HBeAg
(-) patients: loss of
HBV DNA+ALT
normalization
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
HBeAg Peginterferon alfa- 48/24 1/542 Lau, 2005 1.93 (1.01; 3.69) Response was greater among
seroconversion 2a+lamivudine vs. lamivudine patients with baseline ALT >5ULN,
random differences among those with
baseline ALT <2 or 2-5ULN
HBeAg Peginterferon alfa-2a+placebo  48/24 1/542 Lau, 2005 1.81 (1.07; 3.04) HBeAg seroconversion was greater
seroconversion vs. lamivudine in patients with baseline ALT >2 but
<5ULN. Random differences among
those with baseline ALT <2 or >5ULN
Adjusted odds Peginterferon alfa-2a vs. 48/24 1/1036 Bonino, 2007 Random association
ratios of ALT lamivudine per 1 U/L increase in
normalization and baseline ALT
an HBV DNA loss
Adjusted for Peginterferon alfa- 60/24 1/100 Chan, 2006'®  Random association
treatment 2b+lamivudine vs. lamivudine per 1 U/L increase in
allocation, HBV baseline ALT
genotype and log
HBV DNA odds
ratio of HBeAg loss
Adjusted odds ratio  Peginterferon alfa- 52/26 1/310 Janssen, Random differences
of sustained 2b+lamivudine vs. 2005% among patients with
HBeAg loss peginterferon alfa-2b elevated vs. normal
baseline ALT
Adjusted odds ratio  Peginterferon alfa-2b+vs. 24/24 1/230 Zhao, 2007'%° 1.23 (0.51; 2.92) RR, random differences between
of HBeAg and interferon alfa 2b patients with baseline ALT level >3.4
HBV DNA loss, vs. <3.4 ULN
and normal ALT
level
Baseline histology
HBeAg loss Interferon alfa 2b vs. placebo 24/28 1/264 Perrillo, 2002%*  5.76 (1.48; 22.42) Interferon alfa 2b vs. placebo
increased HBeAg loss among
patients with pretreatment HAI score
5-9 but failed among patients with
pretreatment HAI score 0-4 or >10
HBeAg loss Interferon alfa 2b+lamivudine 24/28 1/331 Perrillo, 2002%*  5.32 (1.51; 18.72) Interferon alfa 2b+lamivudine vs.

vs. placebo

placebo increased HBeAg loss in
patients with pretreatment HAI Score
5-9 but failed among patients with
pretreatment HAI score 0-4 or >10
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
Odds ratio of Interferon alfa 2b+ lamivudine ~ 24/48 1/151 Barbaro, 2.91 (1.04; 8.22) The rate of sustained response after
HBeAg and HBV vs. lamivudine 2001%° interferon alfa 2b+ lamivudine vs.
DNA loss lamivudine was increased by an
independent on increase in baseline inflammation
gender and age scores
2.58 (0.88; 7.60) The rate of sustained response after
interferon alfa 2b+ lamivudine vs.
lamivudine was not increased by an
increase in baseline fibrosis scores
Adjusted for Peginterferon alfa- 9/15 1/160 Cindoruk, Presence of steatosis
treatment status 2a+lamivudine vs. lamivudine 2007’ did not modify the
odds ratio of HBeAg effect of peginterferon
seroconversion, alfa-2a + lamivudine
HBV DNA loss and vs. lamivudine on
ALT normalization sustained response
in HBeAg (+) 14.97 (2.43; 92.28) The adjusted rates of sustained
patients. In HBeAg response were increased per
(-) patients: loss of increase in baseline Knodell HAI
HBV DNA, ALT
normalization
Adjusted relative Peginterferon alfa- 52/78 1/310 Buster, 2007  0.98 (0.17; 5.23) Presence of advanced fibrosis-
risk of HBeAg 2b+lamivudine vs. fibrosis score of 4—-6 (HAI) did not
seroconversion peginterferon alfa-2b change adjusted relative risk of HBV
and HBV DNA loss DAN loss and HBeAg seroconversion
Baseline viral load
HBV DNA loss with  Interferon alfa 2b vs. no 32/20-52 1/118 Janssen, 1.87 (0.59; 5.87) No association between baseline
persistent HBeAg treatment 1999° positive HBV DNA (per 1 unit
increase) and the effects of interferon
alfa 2b vs. no treatment
HBV DNA and Interferon alfa 2b vs. no 24/24 1/169 Perrillo, 1990% 5.24 (1.22; 22.50) interferon alfa 2b, 5MU/day vs. no
HBeAg loss treatment treatment increased rates of HBV

DNA and HBeAg loss among patients
with baseline HBV DNA 2-99pg/ml.
Random differences after interferon
1MU/day and after interferon 1 or 5
MU/day among the patients with
baseline HBV DNA 100-200 pg/ml or
>200 pg/ml
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Outcome

Comparison

Weeks of

Treatments/

Followup
off the
Treatment

N
Studies/ Author
Enrolled

Relative Risk or Odds

Ratios
(95% Cl)

Level of Evidence From Individual
Studies is Low for All
Comparisons/Comments

HBeAg loss

Interferon alfa 2b vs. no
treatment

32/20

1/118 Janssen,
1999%

3.18 (1.25; 8.05)

RR, Interferon Alfa 2b, 10 MU three
times per week vs. no treatments
increased rates of HBeAg loss among
the patients with baseline HBV DNA
<10pg/ml. Random differences
among the patients with baseline
HBV DNA >10pg/ml

HBV DNA and
HBeAg loss

Interferon alfa
2b+corticosteroid vs. no
treatment

24/24

1/169 Perrillo, 1990%

5.38 (1.26; 22.84)

interferon alfa 2b+corticosteroid vs.
no treatment increased rates of HBV
and HBeAg loss among patients with
baseline HBV DNA 2-99pg/ml

8.80 (0.49; 158.66)

interferon alfa 2b+corticosteroid vs.
no treatment did not increase the
rates of HBV DNA and HBeAg loss
among patients with baseline HBV
DNA 100-200 pg/ml

0.98 (0.06; 15.13)

interferon alfa 2b+corticosteroid vs.
no treatment did not increase the
rates of HBV DNA and HBeAg loss
among patients with baseline HBV
DNA >200 pg/ml

HBeAg loss

Interferon alfa
2b+corticosteroid vs. interferon
alfa 2b

24/24

1/183 Wai, 2002%°

1.10 (1.03; 1.17)

Interferon alfa 2b+corticosteroid vs.
interferon alfa 2b increased the rates
of HBeAg loss in patients with low
baseline HBV-DNA level

1.10 (1.01; 1.21)

Interferon alfa 2b+corticosteroid vs.
interferon alfa 2b increased the rates
of HBeAg loss in patients with low
baseline HBV-DNA and elevated
baseline ALT

Odds ratio of
HBeAg and HBV
DNA loss

Interferon alfa 2b+lamivudine
vs. lamivudine

24/48

1/151 Barbaro,
2001°

7.23 (2.71; 19.57)

Odds of sustained suppression of
serum levels of HBeAg and HBV DNA
was significant in those with baseline
viral load of 200 pg/ml or less
independent of gender and age

HBeAg loss

Interferon alfa 2b+lamivudine
vs. lamivudine

52/24

1175 Sarin, 20057

3.89 (1.20; 12.69)

Interferon alfa 2b+lamivudine vs.
lamivudine resulted in increase rates
of HBeAg loss in patients with
baseline HBV DNA >107 copies/mL
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
HBeAg loss and Interferon alfa 2b+lamivudine 52/24 1/75 Sarin, 2005"° 4.87 (1.14; 20.74) Interferon alfa 2b+lamivudine vs.
seroconversion vs. lamivudine lamivudine resulted in increase rates
of HBeAg seroconversion and HBV
DNA loss in patients with baseline
HBV DNA >107 copies/mL
Viral breakthrough  Interferon alfa 2b+lamivudine 176/192 1/83 Jang, 2004 Random association
-reappearance of vs. lamivudine with baseline HBV
serum HBV-DNA DNA levels (1 unit
increase)
Adjusted for Peginterferon alfa- 9/6 1/140 Cindoruk, 1.05 (0.13; 8.14) Baseline mean viral load
treatment status 2a+lamivudine vs. lamivudine 2007’ (copy/mL)was not associated with
odds ratio of HBeAg sustained response to the therapy
seroconversion,
HBV DNA loss and
ALT normalization
in HBeAg (+)
patients. In HBeAg
(-) patients: loss of
HBV DNA, ALT
normalization
Sustained Peginterferon alfa- 48/24 1/76 Bonino, 2007  2.24 (1.31; 3.83) Peginterferon alfa-2a+lamivudine vs.
combined 2a+lamivudine vs. lamivudine lamivudine increased sustained
response: ALT response among patients with baseline
normalization and HBV DNA <6.12 log10 copies/ml
an HBV DNA loss 1.78 (1.11; 2.84) Peginterferon alfa-2a+lamivudine vs.
lamivudine increased sustained
response among patients with baseline
HBV DNA >6.12-8.42 log 10 copies/ml
1.37 (0.67; 2.80) Peginterferon alfa-2a+lamivudine vs.
lamivudine did not increase sustained
response among patients with
baseline HBV DNA >8.42 log 10
copies/ml
HBeAg Peginterferon alfa- 48/24 1/543 Lau, 2005 0.84 (0.47; 1.48) Peginterferon alfa-2a+lamivudine vs.

seroconversion 2a+lamivudine vs. lamivudine

lamivudine did not increase HBeAg

seroconversion among patients with
baseline HBV DNA levels <9.07 (log
copies/ml)

1.91 (1.16; 3.15)

Peginterferon alfa-2a+lamivudine vs.
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Outcome

Weeks of
Treatments/ N
Comparison Followup Studies/ Author
off the Enrolled
Treatment

Relative Risk or Odds
Ratios
(95% CI)

Level of Evidence From Individual
Studies is Low for All
Comparisons/Comments

lamivudine increased HBeAg
seroconversion among patients
baseline HBV DNA levels >9.07—
10.26 (log copies/ml)

2.01 (0.82; 4.90)

Peginterferon alfa-2a+lamivudine vs.
lamivudine did not increase HBeAg
seroconversion among patients with
baseline HBV DNA levels >10.26 (log
copies/ml)

HBeAg
seroconversion

Peginterferon alfa- 48/24 1/542 Lau, 2005%
2a+lamivudine vs.
peginterferon alfa-2a

0.54 (0.32; 0.91)

The rates of HBeAg seroconversion
were lower after peginterferon alfa-
2a+lamivudine vs. peginterferon alfa-
2a among the patients with baseline
HBV DNA levels <9.07 (log copies/ml)

1.03 (0.68; 1.54)

Random differences among patients
with baseline HBV DNA levels >9.07—
10.26 (log copies/ml)

1.27 (0.59; 2.75)

Random differences among patients
with baseline HBV DNA levels>10.26
(log copies/ml)

Sustained
combined
response: ALT
normalization and
an HBV DNA level
of <20,000
copies/ml

Peginterferon alfa-2a+placebo  48/24 1/96 Bonino, 2007
vs. lamivudine

1.27 (0.71; 2.30)

Random differences among patients
with baseline HBV DNA <6.12 log10
copies/ml

3.87 (2.55; 5.88)

Peginterferon alfa-2a+ placebo vs.
lamivudine increased the rates of
sustained response among patients
with baseline HBV DNA >6.12-8.42
log 10 copies/ml

1.80 (0.91; 3.57)

Random differences among patients
with baseline HBV DNA >8.42 log 10
copies/ml

HBeAg
seroconversion

Peginterferon alfa-2a+placebo  48/24 1/543 Lau, 2005
vs. lamivudine

1.55 (0.95; 2.51)

Random differences among patients
with baseline HBV DNA levels <9.07
(log copies/ml)

1.86 (1.13; 3.08)

Peginterferon alfa-2a+placebo vs.
lamivudine increased rates of HBeAg
seroconversion among patients with
baseline HBV DNA levels >9.07—
10.26 (log copies/ml)
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of

Treatments/ N

Relative Risk or Odds

Level of Evidence From Individual

Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
1.58 (0.62; 4.01) Random differences among patients
with baseline HBV DNA levels >10.26
(log copies/ml)
Adjusted odds Peginterferon alfa-2a vs. 48/24 1/1036 Bonino, 2007 1.06 (0.93; 1.21) Baseline HBV DNA (Log10 ) was not
ratios of sustained  lamivudine associated with sustained response
combined to therapy
response: ALT
normalization and
an HBV DNA level
of <20,000
copies/ml
Adjusted for Peginterferon alfa- 60/0 1/100 Chan, 2006'®  0.70 (0.38; 1.30) Baseline HBV DNA (log10) was not
treatment 2b+lamivudine vs. lamivudine associated with sustained response
allocation, hepatitis to therapy
B virus (HBV)
genotype, baseline
ALT odds ratio of
persistent HBeAg
loss
Adjusted for Peginterferon alfa- 60/0 1/100 Chan, 2006'®  0.65 (0.35; 1.20) Baseline HBV DNA (log10) was not
treatment 2b+lamivudine vs. lamivudine associated with sustained response
allocation, HBV to therapy
DNA genotype, IL-
1b-511
polymorphism,
baseline ALT odds
ratio of persistent
HBeAg loss and
had less than 2
occasions with
HBV DNA
<100,000
copies/mL
Adjusted odds ratio  Peginterferon alfa- 52/0 1/307 Janssen, 1.60 (1.30; 1.80) Peginterferon alfa-2b+lamivudine vs.
of sustained 2b+lamivudine vs. 2005% peginterferon alfa-2b increased the

HBeAg loss

peginterferon alfa-2b

rates of HBeAg loss among patients
with low baseline viral load
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment

Multivariate Peginterferon alfa-2b vs. 24/0 1/230 Zhao, 2007'°  0.53 (0.22; 1.28) Random difference among patients
adjusted odds ratio interferon alfa 2b with baseline HBV DNA >8.1 vs. <8.1
of sustained log 10 copies/mL
combined
response: HBeAg-
negative, HBV
DNA <5 log10
copies/mL, and
normal ALT level
Genotype, outcomes at followup off treatment
Adjusted for age, Interferon alfa 24/0 1/115 Wai, 2002%° 1.28 (1.06; 1.42) Patients with HBV genotype B vs. C
gender, baseline 2b+corticosteroid vs. interferon had better sustained response to the
ALT, HBV DNA, alfa 2b therapy
and histology, 1/68 Wai, 2002% 1.47 (1.18; 1.82) Patients with HBV genotype B vs. C
precore G1896A and elevated baseline ALT had better
mutation, core sustained response to the therapy
promoter A1762T,
G1764A, and
treatment with
interferon with and
without prednisone
pretreatment odds
ratios of sustained
HBV DNA loss
Sustained Peginterferon alfa- 48/24 1/126 Bonino, 2007%° 2.09 (1.29; 3.40) - C Peginterferon alfa-2a+lamivudine vs.
combined 2a+lamivudine vs. lamivudine 3.33(1.53;7.27)-D lamivudine increased the rates of
response: ALT sustained response among patients
normalization and with genotype C or genotype D
an HBV DNA level
of <20,000
copies/ml
HBeAg Peginterferon alfa- 48/24 1/543 Lau, 2005 1.34 (0.30; 5.92) Random difference among patients
seroconversion 2a+lamivudine vs. lamivudine with HBV genotype A

1.42 (0.78; 2.58)

Random difference among patients
with HBV genotype B

1.49 (0.96; 2.31)

Random difference among patients
with HBV genotype C

0.67 (0.11; 3.97)

Random difference among patients
with HBV genotype D
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
HBeAg Peginterferon alfa- 48/24 1/542 Lau, 2005™° 0.33 (0.11; 1.02) Random difference among patients
seroconversion 2a+lamivudine vs. with HBV genotype A
peginterferon alfa-2a 1.04 (0.60; 1.80) Random difference among patients
with HBV genotype B
0.86 (0.59; 1.25) Random difference among patients
with HBV genotype C
1.00 (0.14; 7.05) Random difference among patients
with HBV genotype D
Sustained Peginterferon alfa-2a+placebo  48/24 119 Bonino, 2007%°  2.18 (0.27; 17.32) Random differences among patients
combined vs. lamivudine with genotype A
response: ALT 1.14 (0.70; 1.85) Random differences among patients
normalization and with genotype B
an HBV DNA level 2.22 (1.36; 3.63) Peginterferon alfa-2a+placebo vs.
of <20,000 lamivudine increased the rates of
copies/ml sustained response among patients
with genotype C
1.47 (0.59; 3.69) Random differences among patients
with genotype D
HBeAg Peginterferon alfa-2a+placebo  48/24 1/543 Lau, 2005 4.01 (1.15; 14.07) Peginterferon alfa-2a+placebo vs.
seroconversion vs. lamivudine lamivudine increased the rates of e
Ag seroconversion among patients
with HBV genotype A
1.36 (0.74; 2.48) Random differences among patients
with HBV genotype B
1.73 (1.13; 2.65) Peginterferon alfa-2a+placebo vs.
lamivudine increased the rates of e
Ag seroconversion among patients
with HBV genotype C
0.67 (0.11; 3.97) Random differences among patients
with HBV genotype D
Adjusted odds Peginterferon alfa-2a vs. 48/24 1/1036 Bonino, 2007%°  2.58 (0.73; 9.20) Random difference between

ratios of sustained
combined
response: ALT
normalization and
an HBV DNA level
of <20,000
copies/ml

lamivudine

genotypes (A vs. D)

3.69 (1.54; 8.79)

Rates of sustained response were
higher among patients with genotype
Bvs.D

5.46 (2.46; 12.10)

Rates of sustained response were
higher among patients with genotype
Cvs.D
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
Adjusted for Peginterferon alfa- 60/24 1/100 Chan, 2006 10.37 (1.11; 96.96) Rates of response were higher
treatment 2b+lamivudine vs. lamivudine among patients with interleukin (IL)-
allocation, HBV 1b-511 baseline genotype C/T vs.
genotype, baseline C/C
ALT, and log HBV Random differences in patients with genotype C vs. B
DNA odds ratio of Random differences in patients with Haplotype -511/-31 of
persistent HBeAg interleukin (IL)-1b C-T vs. T-C
loss at any time up Random differences in patients with interleukin (IL)-1b-511
to week 76 of post- baseline genotype T/T vs. C/C
treatment Random differences in patients with interleukin (IL)-1b-31
baseline genotype C/T vs. T/T or C/C vs. T/T
Random differences in patients with IL-1 receptor antagonist
genotype IL-1RN 1/2 vs. 1/1
Random differences in patients with interleukin (IL)-1b-511
baseline genotype C/T and T/T vs. C/C
Random differences in patients with interleukin (IL)-1b-31
baseline genotype C/T and C/C vs. T/T
Adjusted relative Peginterferon alfa- 52/26 1/307 Buster, 2007'%°  11.30 (1.38; 92.57) Adjusted rates of sustained response
risk of HBeAg 2b+lamivudine vs. were higher among patients with
seroconversion peginterferon alfa-2b genotype Avs. C
and HBV DNA 4.28 (1.39; 13.21) Adjusted rates of sustained response
<10,000 copies/ml. were higher among patients with
genotype Avs. D
12.13 (1.24; 118.30) Adjusted rates of sustained response
were higher among patients with
genotype B vs. C
4.59 (1.14; 18.43) Adjusted rates of sustained response
were higher among patients with
genotype B vs. D
Adjusted odds ratio  Peginterferon alfa- 52/26 1/307 Janssen, 2.40 (1.30; 4.60) Adjusted rates of sustained response
of sustained 2b+lamivudine vs. 2005% were higher among patients with HBV

HBeAg loss

peginterferon alfa-2b

genotype A vs. D

3.60 (1.40; 8.90) Adjusted rates of sustained response
were higher among patients with HBV

genotype Avs. C

2.20 (0.70; 7.00) Random difference among patients

with HBV genotype B vs. C
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
Multivariate Peginterferon alfa-2b vs. 24/24 0/250 Zhao, 2007'%° 0.19 (0.08; 0.46) RR, response was lower among
adjusted odds ratio interferon alfa 2b patients with genotype C vs. B
of sustained
HBeAg loss, HBV
DNA <5 1og 10
copies/mL, and
normal ALT level
Previous treatment, outcomes at followup off treatment
HBeAg Peginterferon alfa- 48/24 1/543 Lau, 2005 1.52 (1.08; 2.12) Rates of HBeAg seroconversion were
seroconversion 2a+lamivudine vs. lamivudine higher among patients with no
previous exposure to lamivudine
Random differences among those with previous LAM or
Interferon therapy
HBeAg Peginterferon alfa- 48/24 1/542 Lau, 2005 Random differences among all patients with and without
seroconversion 2a+lamivudine vs. previous treatment
peginterferon alfa-2a
HBeAg Peginterferon alfa-2a+placebo 48/24 1/543 Lau, 2005% 1.58 (1.11; 2.23) Peginterferon alfa-2a+placebo vs.

seroconversion

vs. lamivudine

lamivudine increased the rates of
HBeAg seroconversion among
patients with no previous anti-HBV

therapy

1.43 (0.55; 3.71) Random differences among patients
with previous treatment: LAM

1.72 (1.24; 2.38) Peginterferon alfa-2a+placebo vs.

lamivudine increased the rates of
HBeAg seroconversion among
patients with no previous exposure to
lamivudine

3.26 (1.08; 9.88) Peginterferon alfa-2a+placebo vs.
lamivudine increased the rates of
HBeAg seroconversion among
patients with previous treatment: IFN

1.55 (1.12; 2.14) Peginterferon alfa-2a+placebo vs.
lamivudine increased the rates of
HBeAg seroconversion among
patients with no previous exposure to
conventional interferon
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Table 8. Effects of antiviral drugs for chronic hepatitis B on off treatment outcomes in patient subpopulations (continued)

Weeks of
Treatments/ N Relative Risk or Odds Level of Evidence From Individual
Outcome Comparison Followup Studies/ Author Ratios Studies is Low for All
off the Enrolled (95% Cl) Comparisons/Comments
Treatment
HBeAg loss Peginterferon alfa- 52/26 2/307 Janssen, 2.20 (1.10; 4.50) Peginterferon alfa-2b+lamivudine vs.
2b+lamivudine vs. 2005% peginterferon alfa-2b increased the
peginterferon alfa-2b rates of HBeAg loss among patients
without previous interferon therapy
Flink, 2006'%2  0.94 (0.63; 1.40) Random differences among naive to
any treatments patients
1/307 Flink, 2006'% Random differences among patients with previous IFN, LAM,
and combined therapy
HBV DNA loss, Random differences among patients naive to any antiviral

normalization of
ALT

treatment




Consensus Conference Question 4
What Measures are Appropriate to Monitor Therapy and
Assess Outcomes?

EPC Question 4. What is the evidence that changes in surrogate
endpoints in response to treatment are reliable predictors of long-
term resolution or slowed progression of disease?

Surrogate outcomes of interest.
e ALT and/or AST levels
e HBYV viral load
e Change in HBeAg status
e Liver biopsy findings
e Drug resistance

Clinical outcomes of interest.
e Hepatocellular carcinoma (HCC)
Liver failure
Cirrhosis
Liver-related death
All-cause mortality

Results. We reviewed all studies eligible for question 2 or question 3 to identify RCTs that
assessed clinical outcomes in association with monitored changes in viral load or ALT levels.
We conducted an additional literature search to identify original epidemiologic observations of
more than 50 subjects that examined the association between clinical outcome and changes in
biochemical or virological surrogates in patients with active CHB treated with pharmacological
agents approved by the FDA with longer than 1 year of followup (Mesh terms “Biological
Factors,” “Disease Progression,” “Hepatitis B, Chronic/prevention and control,” OR “Hepatitis
B, Chronic/therapy”). From 646 articles retrieved, and one found with a manual search, seven
articles were eligible because they reported the association of change in a putative surrogate of
interest due to treatment with a clinical outcome of interest.'** We assessed results based on
established criteria for determining the validity of surrogate measures: (1) The biological marker
must be correlated with the clinical endpoint and (2) the marker must fully capture the net effect
of the intervention on the clinical-efficacy endpoint. We used the definition of a surrogate
endpoint proposed in a Summary of a National Institutes of Health Workshop: Considerations in
the Evaluation of Surrogate Endpoints in Clinical Trials: “a laboratory measurement or physical
sign used as a substitute for a clinically meaningful endpoint that measures directly how a patient
feels, functions, or survives. A clinical investigator uses epidemiologic, therapeutic,
pathophysiologic, or other scientific evidence to select a surrogate endpoint that is expected to
predict clinical benefit, harm, or lack of benefit or harm. For a biomarker to serve as a surrogate
for the effect of an intervention on a clinical endpoint at the population level, more is required
than just the ability of the marker measured on an individual to predict that individual’s clinical
endpoint. The extent to which a biomarker is appropriate for use as a surrogate endpoint in
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evaluating a new treatment depends on the degree to which the biomarker can reliably predict the
clinical benefit of that therapy, as compared to a standard therapy. Such use generally requires
extrapolation from data generated for different treatments than the one under investigation.
Substituting a surrogate requires that it not only predicts the clinical outcome of interest but also
fully captures all the major effects of the new treatment. Surrogate endpoints might also be used
to advise patients about modifications of treatment after they have reached a surrogate endpoint
but not yet reached the true clinical endpoint.”

Overall summary.

Evidence presented for questions 2 and 3 indicated that no study was designed to assess
the effectiveness of treatment on clinical outcomes, a necessary prerequisite for
determining the validity of surrogates. Among studies that reported clinical outcomes,
treatments did not improve all-cause mortality, liver related death, hepatic carcinoma, or
hepatic decompensation.

In evidence presented for questions 2 and 3, even fewer studies assessed the association
of baseline ‘surrogates’ with clinical outcomes.

We did not find any RCTs that evaluated the association in the change in potential
surrogate due to treatment with a clinical outcome.

We found associations of certain biochemical, virological, and histological measures with
clinical outcomes, and advise caution in calling these measures surrogates.

Out of the seven included studies, the four that met our inclusion criteria were either
long-term followup of prior RCTs, with randomization no longer preserved, or cohort
studies of once-treated patients, where potential surrogate markers were assessed in
relation to long-term clinical outcomes.

We identified a critical shortage of studies evaluating of the association of surrogates (or
change in surrogates) on clinical outcomes. In most studies, the followup was not
adequate, both in terms of duration of followup and assessment of outcome, the endpoint
events were few, and methods were not inadequate. There were several ‘missed
opportunities’ to further assess associations where it appeared that authors could have
been able to report relevant data, but this was not done. Clinical outcomes were combined
into a single category, such as ‘liver complications’ or ‘decompensation’ making
definitions heterogeneous from study to study and not possible to adequately assess.
Regarding surrogates and endpoints, there was lack of uniformity in measurement, timing
of measurement, definitions, and measurement of effect controlling for relevant effect
modifiers, such as treatment.

Regarding treatment, of the four included studies, two studies were in populations that
received interferon versus no treatment or placebo. The effect of treatment was adjusted
for in the multivariable model reporting the relevant putative surrogate measure and
outcome.'”*'” One study evaluated a cohort of interferon treated patients'®* and one
compared lamivudine versus combination of lamivudine and interferon.'” None of these
studies were adequately designed to assess surrogacy.

Taken together, these data preclude us from drawing firm conclusions regarding the
effect of change in surrogate markers and outcomes, and even less so regarding effect
modification by treatment. Therefore, we have low confidence in determining whether
any of these listed biochemical, histologic, or virologic measures are adequate surrogate
markers. As noted previously, patients with of HBV HBsAg are capable of transmitting
the hepatitis B virus to uninfected individuals. Therefore, clearance of HBV HBsAg
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could be considered an appropriate clinical outcome from the perspective of
transmissionprevention and public health, in addition to its possibly being a surrogate for
later clinical outcomes in a given patient infected with hepatitis B.

Summary of findings. Of the seven included studies that addressed the question, one
reported the association of ALT normalization during end of treatment with interferon versus
placebo and hepatic decompensation and death among patients with treatment-naive CHB
(HBeAg-positive and HBeAg-negative, with and without cirrhosis);'” one study reported the
effect of change in HBeAg status at the end of treatment on decompensation among treatment
naive, HBeAg-positive CHB patients receiving lamivudine with or without peginterferon alpha
2b;'% one study reported the association of detectable DNA during treatment on risk of
progression of liver disease among treatment-naive patients with HBeAg-positive CHB treated
with interferon alpha (a or b not specified) versus untreated;'’* and one study reported on the
effect of worsening histology on progression of liver disease and cirrhosis and hepatocellular
carcinoma, respectively, among a cohort of patients with HBeAg-positive CHB treated with
interferon alpha-2a or 2b.'*

In the other three studies, either the surrogate or endpoint reported did not strictly meet the
criteria set forth by the question. For example, one study evaluated worsening
necroinflammatory activity on rate of fibrosis progression but did not assess the impact of
treatment on necroinflammatory activity or fibrosis (furthermore, fibrosis and cirrhosis are
arguably potential surrogate and not clinical outcomes).'”! Two other studies reported outcome
by baseline factors, such as lower fibrosis score at baseline'”” as a predictor of long-term overall
and event-free survival, and staging score at baseline' *as a predictor of liver-related
complications. These studies are discussed briefly in this section as well, to give the reader
perspective on published evidence that implies that these measures are accurate surrogates of
clinical outcomes (Appendix E Table 12).

Individual surrogates and effect on outcomes.

ALT normalization and outcomes. One study reported the association between ALT
normalization due to treatment and decompensation and death.'” This study was a long-term
followup of 302 patients (71 percent were male, average age was 34+15 years) with CHB that
presented to the Liver Clinic in Palermo, Italy, between January 1982 and December 1991.
Patients were eligible if they were HBsAg-positive with ALT at least two times ULN in the past
6 months and active hepatitis with or without cirrhosis on liver biopsy. At baseline, 28.5 percent
were HBeAg-positive. Of the 302 patients that met the eligibility criteria, 109 received treatment
with interferon alpha (presumed to be 2b; dose and duration not reported) and the remaining
were untreated. It is unclear how the decision was made to treat or not treat, but the authors
reported that the treated and untreated patients were ‘fully comparable for all baseline and
clinical features, except ALT levels.” The mean length of followup was 94+37.6 months.
Followup was defined as number of months from liver biopsy to clinical events, death or last
contact. Prior to the first followup visit, 9.6 percent of the patients were lost to followup, yet
included in the analysis. The primary outcome was survival. Authors also reported adjusted
relative risk for death and decompensation. Decompensation was defined as HCC, ascites,
jaundice, encephalopathy, and portal hypertensive bleeding (low level of evidence).

Results.

Decompensation. Multivariate analysis showed that older age, cirrhosis at baseline, and
abnormal ALT during followup were independent predictors of decompensation, controlling for
treatment with interferon. Compared to those without ALT normalization, patients that had
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normal ALT levels during treatment had a 76 percent relative risk reduction of decompensation
[RR 0.24 (0.1; 0.6)] (low level of evidence).

Death. Multivariate analysis showed that older age, cirrhosis at baseline, and abnormal ALT
during followup were independent predictors of death, controlling for treatment with interferon.
Compared to those without ALT normalization, patients that had normal ALT levels during
treatment had a relative risk reduction of 76 percent in their risk of decompensation [RR 0.24
(0.08; 0.7)] (Table 9 and Appendix E Table 13).

In conclusion, the low level of evidence of these findings suggests that ALT normalization
due to treatment with interferon alpha may be a possible surrogate to assess the composite
endpoint of decompensation and death in patients treated with interferon alpha.

Changes in HBV DNA level during/end of treatment and outcomes. There were two studies
that reported the effect of changes in HBV DNA during or at end of treatment and outcome.'”*'™?
The patient populations were distinctly different, as discussed below.

The first study'® was a longitudinal cohort study from Hong Kong on 133 HBeAg-positive
CHB patients treated with interferon alpha-2a (55 percent) or 2b (45 percent) for 24 weeks
between 1989 and 1997 (dose not reported) and followed up for at least 5 years after treatment,
and had undergone two serial liver biopsies, the first within 6 months prior to treatment, and the
second at 24-48 weeks after treatment. HBV DNA was quantified by RT-PCR with a linear
range of 10°-10® copies/ml. Of the 133 patients, 89 (67 percent) fulfilled the study criteria. Of
these, 77 percent were male, median age was 30 years (range 18-53 years), and median followup
was 119.4 months (range 60-238 months). The primary endpoint was ‘liver complications’
defined as HBV-related decompensated liver cirrhosis or HCC. Decompensated cirrhosis was
defined as at least one of the following: ascites, spontaneous bacterial peritonitis,
encephalopathy, and bleeding esophageal varices. Diagnosis of HCC was made histologically or
on imaging studies plus alpha fetoprotein (AFP) of >400ng/ml.

Liver complications. The authors reported an association of HBV DNA >10" copies/ml at 24
weeks after treatment with liver complications, among the 89 included patients. Of the 68
patients with HBV DNA >10" copies/ml at 24 weeks after treatment, 10 (1.7 percent) developed
liver complications, compared to 1 (4.8 percent) out of the 21 patients with HBV DNA <10*
copies/ml. We calculated the unadjusted OR for this association to be 3.08 (95 percent CI 0.44;
22.7, p=0.3).

The second study'"*is a long-term followup of a cohort of 164 consecutive patients with
antiHBeAg-positive CHB that presented to liver clinics in Torina, Italy, between 1986 and 1993.
Of these, 103 patients underwent treatment with interferon alpha-2a (46 patients participated in
two clinical trials and the remaining 57 patients received interferon alpha-2a, 9MU three times
weekly for 4-12 months. Twenty-one patients received more than one course of treatment with
interferon alpha-2a. These patients were compared to 54 untreated patients that had either served
as controls in a prior RCT (n=12) or refused treatment/were not candidates for treatment (n=42).
Patients were followed for a median of 6 years (range 21 months to 12 years).

Serum HBV DNA was measured using a hybridization assay (sensitivity 10pg/ml). Negative
samples underwent PCR amplification. The primary outcome of interest was the cumulative
probability of event-free survival. The authors also reported multivariate analysis of factors
influencing disease progression. Disease progression was defined as progression of fibrosis to
stage 4, occurrence of decompensation (ascites or variceal bleeding), or development of HCC.
HBV DNA was dichotomized as pattern 1 (yes/no) defined as always or frequently >10 pg/ml
before and during treatment.
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Out of the 164 patients, 128 were considered for analysis of factors influencing outcomes,
after excluding 36 patients who did not undergo a second liver biopsy or had decompensated
liver cirrhosis at baseline. Of these, 57 (42 percent) had cirrhosis at end of treatment.

Disease progression. Controlling for age, prior history of HBeAg positivity, and treatment
with interferon, pattern 1 of HBV DNA (always or frequently >10pg/ml) was associated with
increased odds of progression (OR 1.58, 1.12; 2.25) (Table 9 and Appendix E Table 13).

In conclusion, the low levels of evidence among HBeAg-positive CHB patients treated with
interferon alpha-2a or 2b for 24 weeks, with HBV DNA levels >10* copies/ml at end of
treatment, may be a candidate to assess surrogacy for a composite endpoint of liver
complications. Low levels of evidence among inpatients with CHB who are antiHBeAg-positive,
with HBV DNA levels always or frequently higher than 10 pg/ml during treatment with
interferon alpha 2a for 16 to 52 weeks, may serve as a potential surrogate for a composite
endpoint of disease progression.

Worsening histology and outcomes. One study reported that changes in histology at end of
interferon treatment may be associated with liver complications.'™ A longitudinal cohort study
from Hong Kong included 133 HBeAg-positive CHB patients treated with interferon alpha-2a
(55 percent) or 2b (45 percent) for 24 weeks between 1989 and 1997 and followed up for at least
5 years after end of treatment with those who had undergone two serial liver biopsies, the first
within 6 months prior to treatment and the second at 24-48 weeks after treatment. All liver
biopsies were scored by a single pathologist blinded to treatment and outcomes, according to the
modified HAI score (0-18) and Ishak fibrosis score. An increase in modified HAI score of two
points was considered significant. Of the 133 patients, 89 (67 percent) fulfilled study criteria. Of
these, 77 percent were male, median age was 30 years (range 18-53 years) (median followup was
119.4 months; range 60-238 months). The primary endpoint was ‘liver complications’ defined as
HBV-related decompensated liver cirrhosis or HCC. Decompensated cirrhosis was defined as at
least one of the following: ascites, spontaneous bacterial peritonitis, encephalopathy, and
bleeding esophageal varices. Diagnosis of HCC was made histologically or on imaging studies
plus AFP of >400ng/ml.

Eight of the 19 patients with a two point increase in HAI score developed liver complications
versus three of the 70 patients without a two point increase in HAI score at end of treatment(42
percent versus 4 percent). The authors reported adjusted relative risk of liver complications. It is
unclear what the analysis is adjusted for, but after adjustment ‘of other risk factors,’ the relative
risk of liver complications in patients with a two point increase in HAI score was 5.56 (95
percent CI 1.12-27.6) (Table 9 and Appendix E Table 13).

In conclusion, low levels of evidence suggested that among patients with CHB and HBeAg-
positive, a two point increase in HAI score at the end of treatment with interferon alpha-2a or 2b
for 24 weeks may serve as a potential surrogate for liver complications.

Loss of HBeAg at end of treatment and outcomes. One study' reported that seroconversion
in HBeAg status due to treatment with lamivudine alone or lamivudine plus peginterferon is
associated with lower risk of hepatic decompensation. Ninety-six patients had previously
completed an RCT comparing lamivudine plus peginterferon alpha-2b versus lamivudine
monotherapy at a single center in Hong Kong. All patients were treatment-naive CHB, HBeAg-
positive, with HBV DNA of at least 500,000 copies/ml and serum ALT 1.3-5 times ULN. They
received either lamivudine 100 mg orally once daily for 52 weeks (n=48) or lamivudine 100 mg
orally once daily for 52 weeks plus peginterferon alpha-2b at a dose of 1.5 mcg/kg/week for 32
weeks (n=48). After completion of treatment, all patients were followed for at least 52 weeks.
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HBeAg was measured at the end of treatment (52 weeks in both groups) by enzyme-linked
immunoSorbent assay (ELISA). Primary measures of interest were probability of sustained
virological response, factors associated with sustained virological response among those treated
with combination therapy, and HBeAg seroconversion among nonresponders. Decompensation
was defined as elevated serum bilirubin >50 IU/L accompanied with biochemical relapse
(defined as ALT elevation greater than two times ULN).

Of the 96 patients, 95 were included in the final analyses. One patient who had HBeAg
seroconversion prior to commencement of therapy was excluded. The mean ages reported for
combination arm and lamivudine treatment were 32+10 and 35£10 years respectively; and 60
percent and 72 percent of the combination arm and lamivudine treated arm, respectively, were
male. The post-treatment followup was 117+34 weeks for the combination arm and 124+29
weeks for the lamivudine arm.

Decompensation. Thirty (63 percent) patients in the combination arm (out of 48) had HBeAg
seroconversion; of these, one developed decompensated disease, while 18 (37 percent) remained
HBeAg-positive at end of treatment, of which one patient developed decompensated disease. We
calculated unadjusted odds ratio of decompensation associated with seroconversion of HBeAg
among those receiving combination treatment to be 0.6 (95 percent CI 0.03; 9.01) (p-value 0.7).

Thirteen (28 percent) patients in the lamivudine arm (of 47) had HBeAg seroconversion, one
patient developed decompensated disease, and 34 remained HBeAg-positive at end of treatment,
out of which three patients developed decompensated disease. We calculated unadjusted odds
ratio of decompensation associated with seroconversion of HBeAg among those receiving
lamivudine treatment to be 0.87 (95 percent CI 0.09; 7.64, p-value 0.9) (Table 9 and Appendix E
Table 13).

In conclusion, the low level of evidence among patients with CHB who are HBeAg-positive,
seroconversion at 52 weeks of combination therapy with peginterferon interferon alpha-2a +
lamivudine is an incomplete surrogate for the composite endpoint of decompensation. The low
level of evidence among patients with CHB who are HBeAg-positive, seroconversion at 52
weeks of treatment with lamivudine HBeAg seroconversion may be an incomplete surrogate for
composite end point of decompensation.

Summary of evidence.

e There is no evidence to accurately determine whether biochemical, virological, or
histological measures can serve as reliable surrogates to assess the effect of CHB
treatments on clinical outcomes.

e There is limited information on the association of potential surrogates of ALT
normalization, detectable HBV DNA, worsening histology, and change in HBeAg on
composite endpoint of decompensation, cirrhosis and HCC, and all-cause mortality
among patients with CHB treated with peginterferon-2a plus lamivudine, interferon
alpha-2a or 2b or lamivudine.

e ALT normalization may be a candidate to assess as a surrogate for the composite
endpoint of decompensation and death in patients treated with interferon alpha (low
confidence).

e Among HBeAg-positive CHB patients treated with interferon alpha-2a or 2b for 24
weeks, HBV DNA levels >104 copies/ml at end of treatment may be a candidate to
evaluate as an incomplete surrogate for liver complications (low confidence).
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e Among antiHBeAg-positive CHB patients treated with interferon alpha-2a for 16 to 52
weeks, HBV DNA levels always or frequently higher than 10 pg/ml may be a potential
surrogate for disease progression (low confidence).

e Among HBeAg-positive CHB patients treated with interferon alpha-2a or 2b for 24
weeks, a two point increase in the HAI score at end of treatment may be a potential
surrogate for the composite endpoint of liver complications (low confidence).

e Among HBeAg-positive CHB patients treated with a combination of peginterferon
interferon alpha-2a plus lamivudine, HBeAg seroconversion may be a candidate for an
incomplete surrogate for decompensation (low confidence).

e Among HBeAg-positive CHB patients treated with lamivudine, HBeAg seroconversion
may be an incomplete surrogate for decompensation (low confidence).

e There are no data assessing HBsAg seroconversion among treated patients on clinical
outcomes.

e There are no data that assess the effect of drug resistance among treated patients on
clinical outcomes.

e We did not find any published studies evaluating change in surrogates after treatment
with adefovir or telbivudine and effect on clinical outcomes.

Summary of studies evaluating baseline variables as predictors of clinical outcomes and
nonclinical endpoints. Three studies that did not meet the definitions of strictor definitions of
associations or outcomes are listed in question 4. We describe these to show associations of
baseline or other intermediate markers with outcomes.

Effect of baseline variables on clinical outcomes. Two studies evaluated baseline variables as
predictors of long-term outcomes.

Baseline fibrosis score as predictor of liver-related complications.}” A cohort study of 101
patients with HBeAg-positive CHB suggested that baseline fibrosis score was a predictor of liver
related complications in patients treated with interferon. Patients had to have elevated ALT and
staging score of 3 or greater, or ATL >200 IU/L if staging score was <3, in the 12 months prior
to treatment. Patients received treatment with interferon alpha-2b at a dose of 6 MU
intramuscularly three times weekly for 24 months between 1990 and 1997 and were followed for
the next 4.5 years. The average age of the group was 46+0 years, 87 percent were male and the
average followup was 68 months (range 5-136 months). The primary endpoint was biochemical
and virological response. A secondary outcome was liver-related complication-free survival.
Authors used the Cox proportional hazards model to estimate the effect of predictor variables of
nonresponse to treatment and baseline fibrosis on liver-related complications. Nonresponders
were defined as patients showing elevated ALT and/or detectable HBV DNA during treatment.
Liver biopsies at baseline were scored using the Ishak scoring for fibrosis (scored 1-6). Liver-
related complications included any of the following: histological progression to cirrhosis, ascites,
jaundice, hepatic encephalopathy, gastrointestinal bleeding, or HCC.

Results showed that of the 101 patients, 30 (30 percent) had a sustained response to treatment
while 71 (70 percent) were nonresponders. In multivariate analysis, controlling for age and
treatment failure, staging score at baseline was a predictor of liver related complications (HR
1.71, 95 percent CI 1.17; 2.0).

Baseline fibrosis score and cirrhosis as predictors of overall and event-free survival.'”® A
retrospective cohort study compared 201 patients with HBeAg-negative CHB that received
lamivudine therapy between 1997 and 2001 at four liver centers in Greece. Additional eligibility
criteria were elevated ALT, detectable HBV DNA, and histological findings of chronic
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hepatitis.The dose was 100-150 mg orally once daily for the duration of followup (3.8+1.4
years). These patients were compared to two historical controls, one group of 209 patients that
had received treatment with interferon alpha (type of interferon, dose and duration not reported)
and followed for 6+£2.7 years. The second historical control was a group of 195 patients that
remained untreated, with followup of 6.1+3.9 years. Patients were followed until a major event,
such as development of HCC or liver decompensation, orthotopic liver transplantation, or death.
Controlling for age and type of therapy, lower fibrosis scores and absence of cirrhosis at baseline
were independent predictors of survival and event-free survival. Estimates are reported with a
significant p-value, but the actual estimates are not reported (Table 9 and Appendix E Table 14).

In conclusion, baseline fibrosis score may be a predictor of composite outcome of liver-
related complications for patients undergoing treatment with interferon alpha-2b. Baseline
fibrosis and absence of cirrhosis may be predictors of survival and event-free survival in patients
with HBeAg-negative CHB treated with lamivudine, interferon alpha, or untreated. These
findings do not demonstrate that fibrosis or absence of cirrhosis are validated surrogates to
evaluate effect of treatments on clinical outcomes.

Effect of baseline and end of treatment variables on nonclinical outcomes. One study
evaluated the effect of baseline and end of treatment variables on nonclinical outcome of rate of
fibrosis progression.

Effect of histological fibrosis at baseline and worsening necroinflammatory activity during
treatment on rate of fibrosis progression.'”* This was a retrospective study of patients with
HBeAg-negative CHB presenting to liver clinics in Greece between 1993 and 2002. Criteria for
treatment included patients with at least two serial liver biopsies, increased ALT, detectable
HBYV DNA, and histology compatible with chronic hepatitis. One hundred twenty patients were
treated with interferon alpha (2a or 2b not specified) at a dose of 3-5MU three times weekly for
6-12 months. The treated patients were compared with 27 untreated patients, who either refused
treatment or did not meet eligibility criteria for treatment. The average age for interferon alpha
treated and untreated patients was 45+11 and 49+15 years respectively. Eighty-one percent of
treated patients were male, while 89 percent of untreated patients were male. All patients
underwent liver biopsy prior to treatment and at the end of treatment. Liver biopsies were scored
by a single pathologist according to Ishak classification for grade (0-18) and stage (0-6). Patients
with a decrease in necroinflammatory activity at followup liver biopsy >2 points compared to
baseline liver biopsy were considered ‘improved.’ Fibrosis stage of >4 was considered severe or
advanced. The outcome measure was ‘annual rate of fibrosis’ defined as change in fibrosis score
between followup and baseline liver biopsy divided by number of years between the two
biopsies. Controlling for age and interferon treatment, worsening of necroinflammatory activity
(increase of > 2 points on the Ishak grading score) (OR 1.05, 95 percent CI 1.03; 1.08) and
milder fibrosis at baseline (OR 1.05, 95 percent CI 1.0; 1.11) were predictors of worse annual
rate of fibrosis progression (Table 9 and Appendix E Table 14).
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Table 9. Characteristics of included studies

Dose/
Country/ID Pog:;?él:nl Treatment Isnl::?:s;t: ar;rtire:;hn:\::txp Surrogates Outcomes Results Quality Comments
Duration
|ta|y175 CHB/ Interferon 302 Dose NR /24 ALT 1. Decompensation Decompensation Moderate  Not primary
cohort alpha weeks / 94 normalization (HCC, acites, RR 0.24 (0.1;0.6) outcome,
versus months during/end of jaundice, Death RR 0.24 secondary
untreated treatment encephalopathy or  (0.0; 0.7) analysis
portal hypertensive
bleeding)
2. Death
Hong Kong183 HBeAg+ All treated 133, Dose NR / 24 1. HBV DNA at Liver complications  Unadjusted OR Moderate All treated,
CHB/ with reported: weeks/ 5 years end of treatment  (decompensation 3.08 (0.44;22.7) subgroups
cohort Interferon 89 (3104 copies/ml)  or HCC) Adjusted RR 5.56 reported
alpha 2a or 2. 2 point (1.12; 27.6)
2b increase in HAI
score on liver
biopsy
Italy'™ HBeAg+ Interferon 164 9MUTIW/4-  HBV DNA Disease Adjusted OR 1.58 Moderate Selection for
CHB/ alpha 2a 12 months / 6 pattern1 (always  progression: (1.12; 2.25) treatment
cohort versus years or frequently fibrosis stage 4, and
untreated >10pg/ml) occurrence of treatment
decompensation or course and
HCC duration
variable
Hong Kong106 HBeAg+ Lamivudine 95 100-150 po Loss of HBeAg Decompensation For LAM+ Low Incomplete
CHB/ plus QD for LAM, end of treatment  (elevated serum peginterferon-IFN: followup and
cohort peginterferon 1.5mcg/kg/wk bilirubin> 501U/L+ unadjusted OR: reporting,
alpha 2b for peg-IFN / ALT>2 times ULN 0.6 (0.03;9.01) few events
versus 52 weeks for For LAM:
lamivudine LAM, 32 unadjusted OR
weeks for peg- 0.87 (0.09; 7.6)
INF / 52 weeks
Italy'" HBeAg+ All treated 101 6 MU TIW /24  Staging score at  Liver related HR 1.71 (1.17;2.0) Low Baseline
CHB/ with months/68 baseline complications predictor
cohort interferon months (histological rather than
alpha 2b progression, surrogate

ascites, jaundice,
encephalopathy,
gastrointestinal
bleeding or HCC)
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Table 9. Characteristics of included studies (continued)

Dose/
Country/ID Pog:;?:;:nl Treatment ﬁ::?ilzzt: a:Je:;T:pr Surrogates Outcomes Results Quality Comments
Duration

Greece'”® HBeAg- Lamivudine 201 LAM 100-150 Fibrosis score at ~ Survival and event- NR Low Historical
CHB/ versus mg/day for 3.8  baseline, free survival (event controls,
retrospective interferon years, cirrhosis at defined as HCC, effect
cohort alpha Interferon NR/  baseline decompensation or measure not

versus 3-6 years liver reported
untreated transplantation)

Greece'”" HBeAg- Interferon 147 3-5 MU TIW 1. Worsening of  Annual rate of 1. OR 1.05 Low Historical
CHB/ alpha for 6-12 necroinflammatory progression of (1.03;1.08) controls,
cohort versus months activity (>2 point  fibrosis 2. OR 1.05 (1.00- definitions

untreated increase in Ishak 1.11) not clear

grading score)
2. Milder fibrosis
at baseline




Chapter 4. Discussion

This report synthesizes the evidence of the natural history of CHB and the effectiveness and
harms of antiviral drugs on clinical, virological, histological, and biochemical outcomes. The
primary goal in the management of adults with CHB is to initiate effective and safe therapies to
improve health outcomes. CHB is a common and potentially serious health condition with a very
long and complex clinical course. Predicting its natural history and accurately evaluating the
effectiveness of treatments is very difficult, in part due to the long-term and heterogeneous
nature of the disease. The data available are insufficient to provide patients, clinicians,
researchers, and policymakers with high-quality information with which to make accurate
prognostic and treatment decisions. Evidence from 38 observational studies suggested that
increased age and duration of infection, male gender, coinfection with HIV, HCV or HDV,
increased HBV DNA viral load, and cirrhosis were associated with increased risk of death and
cancer, though the absolute risk is generally small. The magnitude and the confidence in the risk
estimates of these variables varied. Cirrhosis was the factor associated with the highest degree of
risk and greatest certainty in effect estimate.

Examined treatments failed to improve clinical outcomes versus placebo or relative to other
interventions (low level of evidence from underpowered RCTs). Low to moderate level of
evidence from 93 publications of RCTs suggested that improvements off treatment (<3 months
to >6months) in biochemical, virological and histological outcomes occurred after mid-duration
treatment: interferon alfa-2b maintained HBV DNA and HBeAg clearance and seroconversion
and ALT normalization; adefovir maintained ALT normalization and HBV DNA clearance
without evidence of genotypic resistance; lamivudine maintained HBV DNA and HBeAg
clearance and ALT normalization; interferon alfa-2b+lamivudine versus lamivudine maintained
HBV DNA and HBeAg clearance and seroconversion and reduced HBV DNA mutations;
pegylated interferon alfa-2a versus lamivudine maintained HBY DNA and HBeAg clearance and
seroconversion and ALT normalization and improved necroinflammatory scores; pegylated
interferon alfa-2a+lamivudine versus lamivudine maintained HBV DNA and HBeAg clearance
and seroconversion and ALT normalization but was not better when compared to pegylated
interferon alfa-2a alone. High level of evidence and confidence indicated that adverse events
were common but generally mild (especially with nucleos[t]ide analogs) and did not result in
increased discontinuation of treatments. Interferons were associated with increased adverse
effects especially flu like syndromes and need for dose modifications due to laboratory
abnormalities. Nucleoside analogs have been shown to result in an increase in viral resistance
and mutations. The impact that these have on clinical outcomes is not known. Low level of
evidence suggested that increased age, longer duration of hepatitis, gender, baseline viral load
and genotype, antigen, and histological status may change the effect of treatments on maintained
intermediate outcomes. Because no studies reported an improvement in clinical outcomes due to
treatments, there is inadequate information to determine if any of the proposed surrogate
measures are reliable for assessing treatment effectiveness in reducing mortality, cirrhosis, or
liver cancer.

Sustained outcomes 6 months off treatment were available for only 24 percent of the tested
hypotheses. Three-quarters, 2,257 of 3,188 analyzed hypotheses, reported the outcomes at the
end of the treatment. The limited evidence of sustained responses or end of treatment response
does not provide sufficient evidence to recommend life-long or very long (years-decades)
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treatment for CHB. Very limited and low quality evidence was available for patient
subpopulations. Few authors reported appropriate interaction models or multivariate adjustment.
We were unable to assess treatment consistency in outcomes due to the large variability in
patient characteristics, examined treatments, and different definitions of the outcomes. For
example, authors examined different outcomes including six positive (HBV DNA loss or
reduction, HBsAg, or HBeAg loss or seroconversion) and two negative (relapse and mutation)
virological outcomes, ALT normalization, and improvement in necroinflammatory and fibrosis
histological scores and their combinations without clear definitions of clinical importance of
expected changes for individual patients and the public’s health. Investigators assessed outcomes
using methods with different sensitivity, cutoffs, and scales. The majority of examined
treatments demonstrated marginal or random effects on the sustained HBsAg seroconversion
combined with other criteria of resolve hepatitis B. Consistent pooled risk reductions from
multiple studies were observed for the following agents: interferon alfa-2b (HBeAg loss and
HBV DNA loss); adefovir (ALT normalization and HBV DNA loss), and lamivudine (HBeAg
seroconversion, HBV DNA loss, improved necroinflammatory scores, and ALT normalization).

Deciding which patients should not receive treatment is difficult and necessarily made
between patient and health care provider. While the literature did not find evidence that any
therapies improved clinical outcomes, it was inadequate to exclude potential benefits. RCTs were
generally small and of short duration. Few clinical events occurred. Evidence indicated that the
magnitude of effect of drug treatments on a combined virological outcome sometimes used to
define disease resolution (HBV DNA and HBeAg clearance and HBeAg seroconversion) was
relatively large (absolute risk differences greater than 20 percent), suggesting potential long-term
benefits in clinical outcomes due to hepatitis B. Another measure of hepatitis resolution was less
favorable. Loss of HBsAg and seroconversion due to treatment was very infrequent and not
consistently observed.

There was little evidence to indicate that a trial of antiviral treatments was harmful or not
indicated. Exceptions could include individuals with a very low long-term risk of death due to
hepatitis B, cirrhosis, or HCC or substantially greater risk of immediate harms. None of the
included treatment RCTs included hepatitis B carriers without active hepatitis. Future research
should examine treatment effects in this population, though their long-term risk of symptomatic
disease progression is low.

Limited evidence suggested small treatment benefits in HBeAg-negative patients, while
probability of harms was the same, independent of baseline HBeAg status. Patients with active
CHB experienced sustained benefits on selected intermediate outcomes after interferon alfa-2b,
adefovir, lamivudine, or pegylated interferon alfa-2a. However, absolute rates were low, and
indirect comparisons of absolute rates not valid unless tested in well-designed direct comparison
RCTs.

Data from RCTs demonstrated that nucleotide analogues adefovir and lamivudine were well
tolerated with safety profiles comparable to placebo. Adverse events were usually mild,
including fatigue, headache, abdominal pain, nausea, and diarrhea. Approximately 8 percent of
both adefovir and placebo subjects did not complete treatment for any reason or reported a
serious adverse event in two RCTs reporting. Approximately 5 percent in both groups reported a
serious adverse event. Pegylated interferon therapy, alone or combined with lamivudine, was not
as well tolerated as lamivudine monotherapy. Subjects treated with combined or monotherapy
were more likely to withdraw from a study or have dose modification due to an adverse events
compared to lamivudine. An initial flu-like illness is commonly associated with peginterferon
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alpha-2a treatment, noted by pyrexia, fatigue, myalgia, and headache. Other adverse events
include hair loss, anorexia, and, less commonly, depression. Pegylated interferon and
conventional interferon therapy had comparable safety profiles. Similar incidences of Grade 3 or
4 laboratory abnormalities were observed for adefovir and placebo with the exception of
significant increases in ALT and AST levels. A black box warning from the prescribing
information states subjects with or at risk of impaired renal function may develop nephrotoxicity
with chronic administration of adefovir. Overall, dose modification was required for 46 and 47
percent of mono and combined therapy recipients, respectively. No subject assigned lamivudine
required dose modification. Approximately 37 percent of peginterferon mono and combined
therapy subjects required dose medication due to a lab abnormality. Neutropenia and
thrombocytopenia were cited as the most common causes.

We found sparse data on whether the biochemical, virological, and histological markers used
by clinicians, researchers, and drug approval agencies are true surrogates to accurately assess
effect of treatment on clinical outcomes. There were no well designed, well executed studies of
sufficient size or duration where patients were randomized to treatment and had complete
followup. The potential surrogates studied were often dichotomized or collapsed into categorical
metrics of variable definitions. The rationale for these analytic decisions was not clear. For
example, ‘change in fibrosis’ may be defined as a two point or four point change in fibrosis.
There was also variability in definition of outcome. Authors pooled multiple clinical endpoints of
varying severity into a combined outcome, such as ‘liver complications,” which made estimating
effect on individual endpoints and comparing them across studies difficult. Additionally, for
some potential surrogates, such as HBsAg seroconversion and formation of viral mutations, we
did not find studies evaluating effect of change on clinical outcomes.

Limitations of the Review

We restricted our review to publications in the English language but conducted additional
searches in Medline® for RCTs of eligible antiviral drugs. We identified ten publications in the
Chinese language, including one study of adefovir, *** two studies of entecavir,**>*#® two studies
of interferon alfa-2b or pegylated interferon alfa-2b,*®"*#8 and five publications of lamivudine'®*
193 \We reviewed the abstracts and concluded that language bias, if present, could not change
overall conclusions about efficacy of the tested antiviral drugs in adults with CHB. Tenovir has
recently been approved by the FDA for treatment of CHB. However, we were unable to find any
published data regarding efficacy and safety in these patients.

We did not review the effects of antiviral drugs that have not been approved by the FDA for
CHB. Several new medications have been tested in the published and ongoing clinical trials,
including emtricitabine, clevudine, pradefovir, valtorcitabine, thymosin alphal, and anti viral
vaccine.™ The drugs did not show significant prevention of liver cancer or decompensation. The
studies of emtricitabine reported improvement in laboratory measures of normalized ALT and
loss of HBV DNA,*** HBeAg seroconversion and improved histology,'® and antiviral
mutations.’® One study addressed the question of which biological markers specific for the
disease can predict better response to emtricitabine. The authors concluded that HBV core-
specific clusters of differentiation (CD) CD4+T-cells were associated with viral clearance with
no changes in HBV-specific CD8+T-cells.!*® Clevudine sustained viral clearance and ALT
normalization 6 months off the treatments in HBeAg-positive®"*% but not in HBeAg-negative
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patients.’® Two drugs, pradefovir and valtorcitabine, are being tested in phase | and 11 clinical
trials. Tenofavir showed promising results in patients coinfected with HBV and HIV.2%%%0*

Ongoing clinical trials do not aim to examine clinical outcomes but rather evaluate safety and
effectiveness of antiviral drugs in specific patient populations. Effects of entecavir are being
tested in Blacks/African Americans and Hispanics with HBV infection (Clinical Trials Database-
number NCT00371150) (Appendix E* Tables 15 and 16). Sustained HBV DNA loss is expected
after combined therapy with entecavir and tenofovir versus adefovir in adults with lamivudine-
resistant HBV infection (NCT00605384). Patients experiencing virologic breakthrough after
lamivudine therapy are being recruited to the RCTs of telbivudine, adefovir, or their
combinations (NCT00376259). Adefovir plus entecavir or adefovir plus lamivudine compared to
entecavir alone is being examined on several criteria of resolved hepatitis B in lamivudine-
resistant adults with HBV infection (NCT00410202). Peginterferon alfa-2a is being tested in
phase IV clinical trial to resolve hepatitis B in HBeAg-positive patients that would experience
sustained loss of HBeAg and HBV DNA, HBsAg loss and seroconversion, and ALT
normalization 6 months off the treatment (NCT00435825). Ongoing trails will not show the
long-term effects of antiviral drugs on all cause and liver related mortality, liver cancer, and
decompensation.

Ongoing (Appendix E Table 15) and completed (Appendix E Table 16) RCTs in patients
with CHB did not aim to examine clinical outcomes but rather intermediate viral, biochemical,
histological measures, and nonspecified safety outcomes. Only one (NCT00096785) RCT was
completed less than a year ago; 10 RCTs (Appendix E Table 16) were completed more than year
ago without identified publications in PubMed. We could not explore the reasons for
nonpublications or pending status of the submitted publications since such information is not
available on either the www.clinicaltrials.gov or the FDA web site. Reporting of outcomes
during trial registration was not consistent with different levels of details (Appendix E Tables 15
and 16). However, variability in definitions of HBV DNA clearance is substantial, as well as the
length of sustained outcomes assessment. Some studies did not provide any information about
examined outcomes. Safety outcomes were not defined; few studies intend to evaluate rates of
discontinuation of drug administration due to adverse events of laboratory toxicity. One study
(NCT00412750) that evaluated the effects of telbivudine and peginterferon alpha-2a mono was
terminated for safety issues with no further details about severity and frequency of adverse
events. The study was designed to evaluate HBV DNA loss. Safety outcomes were not specified
and require larger sample size. We can only assume that the rates of adverse events were
unexpected and substantial to stop the study due to safety issues.

Few ongoing RCTs plan to examine the effects of drugs in patient subpopulations; therefore,
individualized treatment recommendations based on RCTs would not be possible during the next
decade. Few nonrandomized phase IV clinical trials (not shown) aim to investigate the role of
baseline viral load on the effects of peginterferon alfa-2a plus ribavirin (NCT00154869) in
patients with hepatitis B and C or liver function after telbivudine versus adefovir administration
among patients with different viral genotype (NCT00640588). Ongoing observational studies did
not intend to examine clinical outcomes or intermediate laboratory measured in patient
subpopulations; therefore, upcoming publications would not clarify which subgroups may

* Appendixes and evidence tables cited in this report are provided electronically at
http://www.ahrg.gov/downloads/pub/evidence/pdf/hepb/hepb.pdf
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experience the greatest benefit from the treatments. The fact that several registered RCTs were
terminated due to poor recruiting may serve as additional justification for creating a national
registry of the patients with CHB.

Gaps in Evidence and
Recommendations for Future Research

The greatest gap in knowledge in the management of CHB derives from the lack of large,
long-term RCTSs assessing the effect of antiviral agents, alone or in combination, on clinical
outcomes such as all-cause mortality, liver-related mortality, hepatocellular carcinoma, and
hepatic decompensation. Additional valid clinical outcomes could include quality of life and
hospitalizations. Cirrhosis is frequently described as a clinical outcome, but in most cases this is
determined by liver biopsy performed in the absence of clinical symptoms. While predictive of
future clinical events, such as liver-related mortality and all-cause mortality, cirrhosis may be
more appropriately defined as a prognostic and potential surrogate measure. There is a moderate
level of evidence that therapies can improve combined biochemical and virological outcomes
used to define resolved hepatitis. However, randomized trials did not reliably demonstrate
sustained HBsA(g clearance off therapy. Therefore, there is insufficient evidence that any of these
agents can reduce long-term infectivity or that they will improve clinical outcomes. Until
randomized trials demonstrate that antiviral drugs improve clinical outcomes or provide
sustained reduction in hepatitis B virus transmissibility, the accurate assessment of clinical
effectiveness, the validity of putatitve surrogate measures, and decisions on whom to treat
remain unknown.

Studies were not designed to detect significant effects of the drugs on clinical outcomes. Only
one trial reported significant protective effect on clinical outcomes. Lamivudine reduced
hepatocellular carcinoma, but only after post hoc adjusted analyses that excluded five individuals
who developed hepatocellular cancer within the first year of the study.™* Because the incidence
of clinical outcomes is generally low among patients with CHB, randomized trials will require
large sample sizes and long duration to have power to accurately assess clinical effects.
Alternatively, enrollment of patients at high-risk of disease outcomes (e.g., patients with
cirrhosis) would provide an opportunity to more quickly examine the effects of antiviral drugs in
this group. Until such studies are completed, a multinational registry combining individual
patient data may provide sufficient estimations of drug benefits and harms in patient subgroups.

We recommend that future research focus on clinically important outcomes (mortality, HCC,
hepatic decompensation) or sustained criteria of resolved hepatitis B (s and e antigen
seroconversion and loss of HBY DNA). More than 75 percent of 3,188 abstracted hypotheses
from 92 publications resulted in random differences in outcomes. Available studies examined
selected outcomes at the end of the treatments and at different times of followup off the
treatments. Therefore, any positive effects could be at least partly due to statistical chance.
Additionally, selective reporting of outcomes to emphasize positive is a real possibility.

Studies were not designed to test treatment differences on clinical outcomes and resolved
hepatitis in patient subpopulations. Additionally, these studies involved relatively short-term
treatment and followup evaluation off treatment. Many were designed to test treatment efficacy
related to selected intermediate biochemical or virological measures rather than clinical
outcomes. This is of particular concern due to the long natural history of the disease, including
long subclinical phase prior to initiation of any treatment and the long followup required prior to
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development of any clinical events. The reported studies may not reflect current practice that is
initiating longer courses (including indefinite length) of treatment. Further research is needed to
determine whether current treatment strategies will improve long-term clinical outcomes. Studies
should be sufficiently large to assess outcomes in patients with multiple clinical and disease
characteristics currently used by clinicians and guideline groups to make treatment decisions
(e.g., according to eAg and HBV DNA status).

There have been several very large prospective studies on patients with chronic HBV
infection. These studies have shown that various patient characteristics and clinical markers are
predictive of important chronic HBV-related outcomes such as cirrhosis, HCC, and death. What
remains to be addressed is the extent to which these predictors of disease progression represent
clinically useful therapeutic targets or disease surrogates. Observational studies that report
longitudinal measurements of these predictors and collect outcome data could better identify
whether change in predictor status leads to change in outcomes, instead of the currently more
common approach of whether a one-time measurement predicts outcomes. While there was
strong evidence that cirrhosis was associated with significantly poorer clinical outcomes, there
was very little evidence available that provided information on the predictive ability of other
indicators of liver histology. Large studies with baseline histology measurements would help to
fill this gap. The vast majority of research on the natural history of chronic hepatitis, even within
the United States, is comprised primarily of people with perinatally acquired HBV infections.
Therefore the evidence base for patients with HBV infection acquired later in life is much
weaker and basically involves extrapolation other populations. Since recent clinical guidelines
classify patients into diagnostic groups based on HBeAg status, serum HBV DNA, ALT/AST
levels and biopsy results, it is important that future observational studies at a minimum measure
these factors and analyze data controlling or stratifying for these variables. Future studies would
benefit from creating cohorts of people within existing diagnostic groups: inactive carrier,
chronic hepatitis HBeAg-positive, chronic hepatitis HBeAg-negative, and chronic hepatitis with
cirrhosis, and presenting key findings separately for these groups.

Additional research needs include:

e Develop valid surrogates and demonstrate the effect of a treatment agent on the surrogate

as well as the clinical endpoints.

e Clarify candidate surrogate markers. The change in surrogate due to treatment should
predict and explain the change in the outcome.

e Differentiate a surrogate from an outcome. Cirrhosis is frequently described as a clinical
outcome. However, many studies included patients with baseline cirrhosis to predict
difference in future clinical events, such as liver-related mortality and all-cause mortality.
The role of viral mutations and drug resistance during treatment with reverse
transcriptase inhibitors as surrogate or endpoint measures had not been defined yet.

e Develop and standardize definitions of surrogate markers. Adopting a uniform scoring
system for liver biopsies and deciding on a single definition of what constitutes clinically
meaningful change in score, such as ‘fibrosis progression’ (is it a one, two, or four point
change in fibrosis or necroinflammatory activity or both). This requires an international
effort, particularly since different continents seem to use different scoring systems.
Definitions of ALT elevation should be standardized (any abnormal ALT, two times or
four times the upper limit of normal). For HBV DNA, we found the greatest
heterogeneity in assay used limit of detection and definition of what constituted ‘high’
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versus ‘low’ viral load. In the absence of uniform definitions, clinical significance is
often lost, as data are grouped and categorized to achieve a statistical significance.

e Develop, standardize, and disseminate the laboratory assay and methods used to quantify
surrogate markers of interest. In the case of HBV DNA, we need to have a uniform
requirement of real-time PCR with a standard cutoff for upper and lower detection limit.

e Develop standard timing of measurement of intermediary measures to demonstrate a
change. For example, should we measure ALT and HBV DNA at baseline and every 6
months on treatment and after treatment for at least 5 years? What magnitude of change
between which of these values constitutes a ‘change’ that can be predictive of outcome?

e In the absence of hard clinical endpoints, additional valid clinical outcomes could be
considered as endpoints, such as quality of life, cost effectiveness, and hospitalizations.
These may be additional benefits favoring treatment, but it needs to be made clear to the
patient and treating physician for clinical decisionmaking.

Conclusion

Adults with CHB are at increased risk for poorer health outcomes, though the absolute risk
generally is small and requires many years to manifest. Available drugs have not been
demonstrated to improve clinical outcomes or resolve hepatitis B. Presence of cirrhosis is the
greatest risk factor leading to poor clinical outcomes. Interferons, reverse transcriptase inhibitors,
and their combinations provided mid-duration sustained off treatment improvements in selected
intermediate outcomes. Baseline patient and disease characteristics may change the natural
history of the disease and response in intermediate outcomes. Most drugs are relatively well
tolerated with few adverse effects that are generally mild. Reliable surrogate measures to assess
treatment effectiveness do not exist. Long-term RCTs are needed to assess long-term effects of
antiviral agents on clinical outcomes and among patient subpopulations.

119



References and Included Studies

(Note that there is a separate set of references at the end of the evidence tables in Appendix E and reference
numbers differ from those in the text of the report.)

1.

2.

10.

11.

12.

13.

14.

15.

Lok AS, McMahon BJ. Chronic hepatitis B.
Hepatology 2007 Feb; 45(2):507-39.

National Center for Health Statistics (U.S.). Health,
United States, 2006, with chartbook on trends in the
health of Americans. Hyattsville, Md.: Dept. of
Health and Human Services, Centers for Disease
Control and Prevention, National Center for Health
Statistics; 2006.

Wasley A, Grytdal S, Gallagher K. Surveillance for
acute viral hepatitis--United States, 2006. MMWR
Surveill Summ 2008 Mar 21; 57(2):1-24.

Minino AM, Heron MP, Murphy SL, et al. Deaths:
final data for 2004. Natl Vital Stat Rep 2007 Aug 21;
55(19):1-119.

Pungpapong S, Kim WR, Poterucha JJ. Natural
history of hepatitis B virus infection: an update for
clinicians. Mayo Clin Proc 2007 Aug; 82(8):967-75.
Hoofnagle JH, Doo E, Liang TJ, et al. Management
of hepatitis B: summary of a clinical research
workshop. Hepatology 2007 Apr; 45(4):1056-75.
Keeffe EB, Marcellin P. New and emerging
treatment of chronic hepatitis B. Clin Gastroenterol
Hepatol 2007 Mar; 5(3):285-94.

De Clercq E. The discovery of antiviral agents: Ten
different compounds, ten different stories. Med Res
Rev 2008 Apr 25.

Sherman M, Shafran S, Burak K, et al. Management
of chronic hepatitis B: consensus guidelines. Can J
Gastroenterol 2007 Jun; 21 Suppl C:5C-24C.
Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et
al. Long-term therapy with adefovir dipivoxil for
HBeAg-negative chronic hepatitis B. N Engl J Med
2005 Jun 30; 352(26):2673-81.

Ghany M, Liang TJ. Drug targets and molecular
mechanisms of drug resistance in chronic hepatitis B.
Gastroenterology 2007 Apr; 132(4):1574-85.
Cochrane Collaboration. The Cochrane library.
Update Software Ltd. Available at:
http://wwwa3.interscience.wiley.com/cgi-
bin/mrwhome/106568753/HOME

United States. Food and Drug Administration.
MedWatch. MedWatch online voluntary reporting
form (3500). [Rockville, Md.]: Food and Drug
Administration, MedWatch; 2002.

Great Britain. Committee on Safety of Medicines.,
Great Britain. Medicines Control Agency., Great
Britain. Medicines and Healthcare products
Regulatory Agency. Current problems in
pharmacovigilance. [London: The Agency.
European Agency for the Evaluation of Medicinal
Products. European public assessment reports
(EPARS). London: European Agency for the
Evaluation of Medicinal Products; 1995.

121

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Fontaine H, Petitprez K, Roudot-Thoraval F, et al.
Guidelines for the diagnosis of uncomplicated
cirrhosis. Gastroenterol Clin Biol 2007 May;
31(5):504-9.

U.S. Food and Drug Administration (FDA) Center
for Drug Evaluation and Research (CDER): Center
for Drug Evaluation and Research (CDER).
ClinicalTrials.gov; information about federally and
privately supported clinical research in human
volunteers. Bethesda, Md.: U.S. National Library of
Medicine; 2002.

Abiad H, Ramani R, Currie JB, et al. The natural
history of hepatitis D virus infection in Illinois state
facilities for the developmentally disabled. American
Journal of Gastroenterology 2001 Feb; 96(2):534-40.
Amin J, Dore GJ, O'Connell DL, et al. Cancer
incidence in people with hepatitis B or C infection: a
large community-based linkage study. Journal of
Hepatology 2006 Aug; 45(2):197-203.

Beasley RP, Hwang LY, Lin CC, et al.
Hepatocellular carcinoma and hepatitis B virus. A
prospective study of 22 707 men in Taiwan. Lancet
1981 Nov 21; 2(8256):1129-33.

Chan HL, Tse CH, Mo F, et al. High viral load and
hepatitis B virus subgenotype ce are associated with
increased risk of hepatocellular carcinoma. J Clin
Oncol 2008 Jan 10; 26(2):177-82.

Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular
carcinoma across a biological gradient of serum
hepatitis B virus DNA level. JAMA 2006 Jan 4;
295(1):65-73.

Chen G, Lin W, Shen F, et al. Chronic hepatitis B
virus infection and mortality from non-liver causes:
results from the Haimen City cohort study.
International Journal of Epidemiology 2005 Feb;
34(1):132-7.

Chen G, Lin W, Shen F, et al. Past HBV viral load as
predictor of mortality and morbidity from HCC and
chronic liver disease in a prospective study.
American Journal of Gastroenterology 2006 Aug;
101(8):1797-803.

Chen JG, Kuang SY, Egner PA, et al. Acceleration to
death from liver cancer in people with hepatitis B
viral mutations detected in plasma by mass
spectrometry. Cancer Epidemiology, Biomarkers &
Prevention 2007 Jun; 16(6):1213-8.

Crook PD, Jones ME, Hall AJ, et al. Mortality of
hepatitis B surface antigen-positive blood donors in
England and Wales. International Journal of
Epidemiology 2003 Feb; 32(1):118-24.

Evans AA, Chen G, Ross EA, et al. Eight-year
follow-up of the 90,000-person Haimen City cohort:
I. Hepatocellular carcinoma mortality, risk factors,
and gender differences. Cancer Epidemiology,
Biomarkers & Prevention 2002 Apr; 11(4):369-76.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

lloeje UH, Yang HI, Su J, et al. Predicting cirrhosis
risk based on the level of circulating hepatitis B viral
load.[see comment]. Gastroenterology 2006 Mar;
130(3):678-86.

Jee SH, Ohrr H, Sull JW, et al. Cigarette smoking,
alcohol drinking, hepatitis B, and risk for
hepatocellular carcinoma in Korea. Journal of the
National Cancer Institute 2004 Dec 15; 96(24):1851-
6.

Konopnicki D, Mocroft A, de Wit S, et al. Hepatitis
B and HIV: prevalence, AIDS progression, response
to highly active antiretroviral therapy and increased
mortality in the EuroSIDA cohort.[see comment].
AIDS 2005 Mar 24; 19(6):593-601.

Lam CM, Chan AO, Ho P, et al. Different
presentation of hepatitis B-related hepatocellular
carcinoma in a cohort of 1863 young and old patients
- implications for screening. Alimentary
Pharmacology & Therapeutics 2004 Apr 1;
19(7):771-7.

Livingston SE, Simonetti JP, McMahon BJ, et al.
Hepatitis B virus genotypes in Alaska Native people
with hepatocellular carcinoma: preponderance of
genotype F.[see comment]. Journal of Infectious
Diseases 2007 Jan 1; 195(1):5-11.

London WT, Evans AA, McGlynn K, et al. Viral,
host and environmental risk factors for hepatocellular
carcinoma: a prospective study in Haimen City,
China. Intervirology 1995; 38(3-4):155-61.
McMahon BJ, Alberts SR, Wainwright RB, et al.
Hepatitis B-related sequelae. Prospective study in
1400 hepatitis B surface antigen-positive Alaska
native carriers. Archives of Internal Medicine 1990
May; 150(5):1051-4.

McMahon BJ, Bulkow L, Harpster A, et al.
Screening for hepatocellular carcinoma in Alaska
natives infected with chronic hepatitis B: a 16-year
population-based study. Hepatology 2000 Oct; 32(4
Pt 1):842-6.

McMahon BJ, Holck P, Bulkow L, et al. Serologic
and clinical outcomes of 1536 Alaska Natives
chronically infected with hepatitis B virus.[see
comment]. Annals of Internal Medicine 2001 Nov 6;
135(9):759-68.

Mori M, Hara M, Wada |, et al. Prospective study of
hepatitis B and C viral infections, cigarette smoking,
alcohol consumption, and other factors associated
with hepatocellular carcinoma risk in Japan.
American Journal of Epidemiology 2000 Jan 15;
151(2):131-9.

Nomura A, Stemmermann GN, Chyou PH, et al.
Hepatitis B and C virus serologies among Japanese
Americans with hepatocellular carcinoma. Journal of
Infectious Diseases 1996 Jun; 173(6):1474-6.
Norman JE, Beebe GW, Hoofnagle JH, et al.
Mortality follow-up of the 1942 epidemic of hepatitis
B in the U.S. Army. Hepatology 1993 Oct;
18(4):790-7.

122

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Ribes J, Cleries R, Rubio A, et al. Cofactors
associated with liver disease mortality in an HBsSAg-
positive Mediterranean cohort: 20 years of follow-up.
International Journal of Cancer 2006 Aug 1;
119(3):687-94.

Sherman M, Peltekian KM, Lee C. Screening for
hepatocellular carcinoma in chronic carriers of
hepatitis B virus: incidence and prevalence of
hepatocellular carcinoma in a North American urban
population. Hepatology 1995 Aug; 22(2):432-8.
Tanaka H, Tsukuma H, Yamano H, et al. Prospective
study on the risk of hepatocellular carcinoma among
hepatitis C virus-positive blood donors focusing on
demographic factors, alanine aminotransferase level
at donation and interaction with hepatitis B virus.
International Journal of Cancer 2004 Dec 20;
112(6):1075-80.

Thio CL, Seaberg EC, Skolasky R, Jr., et al. HIV-1,
hepatitis B virus, and risk of liver-related mortality in
the Multicenter Cohort Study (MACS). Lancet 2002
Dec 14; 360(9349):1921-6.

Tokudome S, lkeda M, Matsushita K, et al.
Hepatocellular carcinoma among female Japanese
hepatitis B virus carriers. Hepato-Gastroenterology
1987 Dec; 34(6):246-8.

Tong MJ, Blatt LM, Kao VW, et al. Surveillance for
hepatocellular carcinoma in patients with chronic
viral hepatitis in the United States of America.
Journal of Gastroenterology & Hepatology 2001
May; 16(5):553-9.

Tong MJ, Blatt LM, Tyson KB, et al. Death from
liver disease and development of hepatocellular
carcinoma in patients with chronic Hepatitis B virus
infection: a prospective study. Gastroenterology &
Hepatology 2006 Jan; 2(1):41-7.

Tong MJ, Blatt LM, Kao JH, et al. Precore/basal core
promoter mutants and hepatitis B viral DNA levels as
predictors for liver deaths and hepatocellular
carcinoma. World J Gastroenterol 2006 Nov 7;
12(41):6620-6.

Tong MJ, Blatt LM, Kao JH, et al. Basal core
promoter T1762/A1764 and precore A1896 gene
mutations in hepatitis B surface antigen-positive
hepatocellular carcinoma: a comparison with chronic
carriers. Liver Int 2007 Dec; 27(10):1356-63.

Wang LY, You SL, Lu SN, et al. Risk of
hepatocellular carcinoma and habits of alcohol
drinking, betel quid chewing and cigarette smoking:
a cohort of 2416 HBsAg-seropositive and 9421
HBsAg-seronegative male residents in Taiwan.
Cancer Causes & Control 2003 Apr; 14(3):241-50.
Weissberg JI, Andres LL, Smith ClI, et al. Survival in
chronic hepatitis B. An analysis of 379 patients. Ann
Intern Med 1984 Nov; 101(5):613-6.

Yang HI, Lu SN, Liaw YF, et al. Hepatitis B e
antigen and the risk of hepatocellular carcinoma.
New England Journal of Medicine 2002 Jul 18;
347(3):168-74.



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Yu MW, Hsu FC, Sheen IS, et al. Prospective study
of hepatocellular carcinoma and liver cirrhosis in
asymptomatic chronic hepatitis B virus carriers.
American Journal of Epidemiology 1997 Jun 1;
145(11):1039-47.

Yu MW, Yang SY, Chiu YH, etal. A p53 genetic
polymorphism as a modulator of hepatocellular
carcinoma risk in relation to chronic liver disease,
familial tendency, and cigarette smoking in hepatitis
B carriers. Hepatology 1999 Mar; 29(3):697-702.
Yu MW, Yeh SH, Chen PJ, et al. Hepatitis B virus
genotype and DNA level and hepatocellular
carcinoma: a prospective study in men.[see
comment]. Journal of the National Cancer Institute
2005 Feb 16; 97(4):265-72.

Yuen MF, Yuan HJ, Wong DK, et al. Prognostic
determinants for chronic hepatitis B in Asians:
therapeutic implications. Gut 2005 Nov;
54(11):1610-4.

Chou YC, Yu MW, Wu CF, et al. Temporal
relationship between hepatitis B virus enhancer
I1/basal core promoter sequence variation and risk of
hepatocellular carcinoma. Gut 2008 Jan; 57(1):91-7.
lloeje UH, Yang HlI, Jen CL, et al. Risk and
predictors of mortality associated with chronic
hepatitis B infection. Clin Gastroenterol Hepatol
2007 Aug; 5(8):921-31.

Wu CF, Yu MW, Lin CL, et al. Long-term tracking
of hepatitis B viral load and the relationship with risk
for hepatocellular carcinoma in men. Carcinogenesis
2008 Jan; 29(1):106-12.

Chu CM. Natural history of chronic hepatitis B virus
infection in adults with emphasis on the occurrence
of cirrhosis and hepatocellular carcinoma. J
Gastroenterol Hepatol 2000 May; 15 Suppl:E25-30.
Janssen HL, Gerken G, Carreno V, et al. Interferon
alfa for chronic hepatitis B infection: increased
efficacy of prolonged treatment. The European
Concerted Action on Viral Hepatitis (EUROHEP).
Hepatology 1999 Jul; 30(1):238-43.

Schalm SW, Heathcote J, Cianciara J, et al.
Lamivudine and alpha interferon combination
treatment of patients with chronic hepatitis B
infection: a randomised trial. Gut 2000 Apr;
46(4):562-8.

Barbaro G, Zechini F, Pellicelli AM, et al. Long-term
efficacy of interferon alpha-2b and lamivudine in
combination compared to lamivudine monotherapy
in patients with chronic hepatitis B. An Italian
multicenter, randomized trial. J Hepatol 2001 Sep;
35(3):406-11.

Perrillo RP, Lai CL, Liaw YF, et al. Predictors of
HBeAg loss after lamivudine treatment for chronic
hepatitis B. Hepatology 2002 Jul; 36(1):186-94.

Wai CT, Chu CJ, Hussain M, et al. HBV genotype B
is associated with better response to interferon
therapy in HBeAg(+) chronic hepatitis than genotype
C. Hepatology 2002 Dec; 36(6):1425-30.

123

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Chung YH, Song BC, Lee GC, et al.
Individualization of interferon therapy using serum
hepatitis B virus DNA to reduce viral relapse in
patients with chronic hepatitis B: a randomized
controlled trial. Eur J Gastroenterol Hepatol 2003
May; 15(5):489-93.

Schiff ER, Dienstag JL, Karayalcin S, et al.
Lamivudine and 24 weeks of lamivudine/interferon
combination therapy for hepatitis B e antigen-
positive chronic hepatitis B in interferon
nonresponders. J Hepatol 2003 Jun; 38(6):818-26.
Yalcin K, Degertekin H, Yildiz F, et al. Comparison
of 12-month courses of interferon-alpha-2b-
lamivudine combination therapy and interferon-
alpha-2b monotherapy among patients with untreated
chronic hepatitis B. Clin Infect Dis 2003 Jun 15;
36(12):1516-22.

Niederau C, Heintges T, Niederau M, et al.
Prospective randomized controlled trial of sequential
treatment with corticoids and alpha-interferon versus
treatment with interferon alone in patients with
chronic active hepatitis B. Eur J Med 1992 Nov;
1(7):396-402.

Robson SC, Brice E, van Rensburg C, et al. Safety
and efficacy of interferon alpha-2b following
prednisone withdrawal in the treatment of chronic
viral hepatitis B. A case-controlled, randomised
study. S Afr Med J 1992 Nov; 82(5):317-20.
Akarca US, Ersoz G, Gunsar F, et al. Interferon-
lamivudine combination is no better than lamivudine
alone in anti-HBe-positive chronic hepatitis B.
Antivir Ther 2004 Jun; 9(3):325-34.

Jang MK, Chung YH, Choi MH, et al. Combination
of alpha-interferon with lamivudine reduces viral
breakthrough during long-term therapy. J
Gastroenterol Hepatol 2004 Dec; 19(12):1363-8.
Lok AS, Wu PC, Lai CL, et al. A controlled trial of
interferon with or without prednisone priming for
chronic hepatitis B. Gastroenterology 1992 Jun;
102(6):2091-7.

Economou M, Manolakopoulos S, Trikalinos TA, et
al. Interferon-alpha plus lamivudine vs lamivudine
reduces breakthroughs, but does not affect sustained
response in HBeAg negative chronic hepatitis B.
World J Gastroenterol 2005 Oct 7; 11(37):5882-7.
Sarin SK, Kumar M, Kumar R, et al. Higher efficacy
of sequential therapy with interferon-alpha and
lamivudine combination compared to lamivudine
monotherapy in HBeAg positive chronic hepatitis B
patients. Am J Gastroenterol 2005 Nov;
100(11):2463-71.

Shi M, Wang RS, Zhang H, et al. Sequential
treatment with lamivudine and interferon-alpha
monotherapies in hepatitis B e antigen-negative
Chinese patients and its suppression of lamivudine-
resistant mutations. J Antimicrob Chemother 2006
Nov; 58(5):1031-5.

Scotto G, Palumbo E, Fazio V, et al. Efficacy and
tolerability of lamivudine alone versus lamivudine
plus alpha-interferon for treatment of chronic active
hepatitis B in patients with a precore-mutant variant.
Infez Med 2006 Sep; 14(3):145-51.



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Lu HY, Zhuang LW, Yu YY, et al. Intrahepatic HBV
DNA as a predictor of antivirus treatment efficacy in
HBeAg-positive chronic hepatitis B patients. World J
Gastroenterol 2007 May 28; 13(20):2878-82.

Akyuz F, Kaymakoglu S, Demir K, et al. Lamivudine
monotherapy and lamivudine plus interferon alpha
combination therapy in HBeAg negative chronic
hepatitis B not responding to previous interferon
alpha monotherapy. Acta Gastroenterol Belg 2007
Jan-Mar; 70(1):20-4.

Perez V, Tanno H, Villamil F, et al. Recombinant
interferon alfa-2b following prednisone withdrawal
in the treatment of chronic type B hepatitis. J Hepatol
1990; 11 Suppl 1:5113-7.

Hadziyannis S, Bramou T, Makris A, et al. Interferon
alfa-2b treatment of HBeAg negative/serum HBV
DNA positive chronic active hepatitis type B. J
Hepatol 1990; 11 Suppl 1:S133-6.

Muller R, Baumgarten R, Markus R, et al. Treatment
of chronic hepatitis B with interferon alfa-2b. J
Hepatol 1990; 11 Suppl 1:S137-40.

Waked I, Amin M, Abd el Fattah S, et al. Experience
with interferon in chronic hepatitis B in Egypt. J
Chemother 1990 Oct; 2(5):310-8.

Perrillo RP, Schiff ER, Davis GL, etal. A
randomized, controlled trial of interferon alfa-2b
alone and after prednisone withdrawal for the
treatment of chronic hepatitis B. The Hepatitis
Interventional Therapy Group. N Engl J Med 1990
Aug 2; 323(5):295-301.

Zarski JP, Causse X, Cohard M, et al. A randomized,
controlled trial of interferon alfa-2b alone and with
simultaneous prednisone for the treatment of chronic
hepatitis B. French Multicenter Group. J Hepatol
1994 Jun; 20(6):735-41.

Reichen J, Bianchi L, Frei PC, et al. Efficacy of
steroid withdrawal and low-dose interferon treatment
in chronic active hepatitis B. Results of a randomized
multicenter trial. Swiss Association for the Study of
the Liver. J Hepatol 1994 Feb; 20(2):168-74.

Di Bisceglie AM, Fong TL, Fried MW, etal. A
randomized, controlled trial of recombinant alpha-
interferon therapy for chronic hepatitis B. Am J
Gastroenterol 1993 Nov; 88(11):1887-92.

Perez V, Findor J, Tanno H, et al. A controlled trial
of high dose interferon, alone and after prednisone
withdrawal, in the treatment of chronic hepatitis B:
long term follow up. Gut 1993; 34(2 Suppl):S91-4.
Muller R, Baumgarten R, Markus R, et al. Low dose
alpha interferon treatment in chronic hepatitis B virus
infection. Gut 1993; 34(2 Suppl):S97-8.
Lopez-Alcorocho JM, Bartolome J, Cotonat T, et al.
Efficacy of prolonged interferon-alpha treatment in
chronic hepatitis B patients with HBeAb: comparison
between 6 and 12 months of therapy. J Viral Hepat
1997; 4 Suppl 1:27-32.

Lampertico P, Del Ninno E, Manzin A, etal. A
randomized, controlled trial of a 24-month course of
interferon alfa 2b in patients with chronic hepatitis B
who had hepatitis B virus DNA without hepatitis B e
antigen in serum. Hepatology 1997 Dec; 26(6):1621-
5.

124

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Mutimer D, Naoumov N, Honkoop P, et al.
Combination alpha-interferon and lamivudine
therapy for alpha-interferon-resistant chronic
hepatitis B infection: results of a pilot study. J
Hepatol 1998 Jun; 28(6):923-9.

Bonino F, Marcellin P, Lau GK, et al. Predicting
response to peginterferon alpha-2a, lamivudine and
the two combined for HBeAg-negative chronic
hepatitis B. Gut 2007 May; 56(5):699-705.
Cooksley WG, Piratvisuth T, Lee SD, et al.
Peginterferon alpha-2a (40 kDa): an advance in the
treatment of hepatitis B e antigen-positive chronic
hepatitis B. J Viral Hepat 2003 Jul; 10(4):298-305.
Marcellin P, Lau GK, Bonino F, et al. Peginterferon
alfa-2a alone, lamivudine alone, and the two in
combination in patients with HBeAg-negative
chronic hepatitis B. N Engl J Med 2004 Sep 16;
351(12):1206-17.

Lau GK, Piratvisuth T, Luo KX, et al. Peginterferon
Alfa-2a, lamivudine, and the combination for
HBeAg-positive chronic hepatitis B. N Engl J Med
2005 Jun 30; 352(26):2682-95.

Cindoruk M, Karakan T, Unal S. Hepatic steatosis
has no impact on the outcome of treatment in patients
with chronic hepatitis B infection. J Clin
Gastroenterol 2007 May-Jun; 41(5):513-7.

Flink HJ, van Zonneveld M, Hansen BE, et al.
Treatment with Peg-interferon alpha-2b for HBeAg-
positive chronic hepatitis B: HBsAg loss is
associated with HBV genotype. Am J Gastroenterol
2006 Feb; 101(2):297-303.

Janssen HL, van Zonneveld M, Senturk H, et al.
Pegylated interferon alfa-2b alone or in combination
with lamivudine for HBeAg-positive chronic
hepatitis B: a randomised trial. Lancet 2005 Jan 8-14;
365(9454):123-9.

Buster EH, Hansen BE, Buti M, et al. Peginterferon
alpha-2b is safe and effective in HBeAg-positive
chronic hepatitis B patients with advanced fibrosis.
Hepatology 2007 Aug; 46(2):388-94.

ter Borg MJ, van Zonneveld M, Zeuzem S, et al.
Patterns of viral decline during PEG-interferon
alpha-2b therapy in HBeAg-positive chronic hepatitis
B: relation to treatment response. Hepatology 2006
Sep; 44(3):721-7.

Flink HJ, Hansen BE, Heathcote EJ, et al. Successful
treatment with peginterferon alfa-2b of HBeAg-
positive HBV non-responders to standard interferon
or lamivudine. Am J Gastroenterol 2006 Nov;
101(11):2523-9.

van Zonneveld M, Flink HJ, Verhey E, et al. The
safety of pegylated interferon alpha-2b in the
treatment of chronic hepatitis B: predictive factors
for dose reduction and treatment discontinuation.
Aliment Pharmacol Ther 2005 May 1; 21(9):1163-
71.

Flink HJ, Sprengers D, Hansen BE, et al. Flares in
chronic hepatitis B patients induced by the host or
the virus? Relation to treatment response during Peg-
interferon {alpha}-2b therapy. Gut 2005 Nov;
54(11):1604-9.



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

van Zonneveld M, Zondervan PE, Cakaloglu Y, et al.
Peg-interferon improves liver histology in patients
with HBeAg-positive chronic hepatitis B: no
additional benefit of combination with lamivudine.
Liver Int 2006 May; 26(4):399-405.

Chan HL, Hui AY, Wong VW, et al. Long-term
follow-up of peginterferon and lamivudine
combination treatment in HBeAg-positive chronic
hepatitis B. Hepatology 2005 Jun; 41(6):1357-64.
Chan HL, Leung NW, Hui AY, et al. A randomized,
controlled trial of combination therapy for chronic
hepatitis B: comparing pegylated interferon-alpha2b
and lamivudine with lamivudine alone. Ann Intern
Med 2005 Feb 15; 142(4):240-50.

Chan HL, Tse AM, Zhang MD, et al. Genetic
polymorphisms of interleukin-1-beta in association
with sustained response to anti-viral treatment in
chronic hepatitis B in Chinese. Aliment Pharmacol
Ther 2006 Jun 15; 23(12):1703-11.

Zhao H, Kurbanov F, Wan MB, et al. Genotype B
and younger patient age associated with better
response to low-dose therapy: a trial with
pegylated/nonpegylated interferon-alpha-2b for
hepatitis B e antigen-positive patients with chronic
hepatitis B in China. Clin Infect Dis 2007 Feb 15;
44(4):541-8.

Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et
al. Adefovir dipivoxil for the treatment of hepatitis B
e antigen-negative chronic hepatitis B. N Engl J Med
2003 Feb 27; 348(9):800-7.

Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, et
al. Long-term therapy with adefovir dipivoxil for
HBeAg-negative chronic hepatitis B for up to 5
years. Gastroenterology 2006 Dec; 131(6):1743-51.
Marcellin P, Chang TT, Lim SG, et al. Adefovir
dipivoxil for the treatment of hepatitis B e antigen-
positive chronic hepatitis B. N Engl J Med 2003 Feb
27; 348(9):808-16.

Zeng M, Mao Y, Yao G, et al. A double-blind
randomized trial of adefovir dipivoxil in Chinese
subjects with HBeAg-positive chronic hepatitis B.
Hepatology 2006 Jul; 44(1):108-16.

Westland C, Delaney Wt, Yang H, et al. Hepatitis B
virus genotypes and virologic response in 694
patients in phase 111 studies of adefovir dipivoxill.
Gastroenterology 2003 Jul; 125(1):107-16.
Westland CE, Yang H, Delaney WEt, et al. Week 48
resistance surveillance in two phase 3 clinical studies
of adefovir dipivoxil for chronic hepatitis B.
Hepatology 2003 Jul; 38(1):96-103.

Izzedine H, Hulot JS, Launay-Vacher V, et al. Renal
safety of adefovir dipivoxil in patients with chronic
hepatitis B: two double-blind, randomized, placebo-
controlled studies. Kidney Int 2004 Sep; 66(3):1153-
8.

Perrillo R, Hann HW, Mutimer D, et al. Adefovir
dipivoxil added to ongoing lamivudine in chronic
hepatitis B with YMDD mutant hepatitis B virus.
Gastroenterology 2004 Jan; 126(1):81-90.

125

118.

119.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Akyildiz M, Gunsar F, Ersoz G, et al. Adefovir
dipivoxil alone or in combination with lamivudine
for three months in patients with lamivudine resistant
compensated chronic hepatitis B. Dig Dis Sci 2007
Dec; 52(12):3444-7.

Peters MG, Hann Hw H, Martin P, et al. Adefovir
dipivoxil alone or in combination with lamivudine in
patients with lamivudine-resistant chronic hepatitis
B. Gastroenterology 2004 Jan; 126(1):91-101.

Chan HL, Heathcote EJ, Marcellin P, et al. Treatment
of hepatitis B e antigen positive chronic hepatitis
with telbivudine or adefovir: a randomized trial. Ann
Intern Med 2007 Dec 4; 147(11):745-54.

Lai CL, Shouval D, Lok AS, et al. Entecavir versus
lamivudine for patients with HBeAg-negative
chronic hepatitis B. N Engl J Med 2006 Mar 9;
354(10):1011-20.

Chang TT, Gish RG, de Man R, et al. A comparison
of entecavir and lamivudine for HBeAg-positive
chronic hepatitis B. N Engl J Med 2006 Mar 9;
354(10):1001-10.

Lai CL, Rosmawati M, Lao J, et al. Entecavir is
superior to lamivudine in reducing hepatitis B virus
DNA in patients with chronic hepatitis B infection.
Gastroenterology 2002 Dec; 123(6):1831-8.

Chang TT, Gish RG, Hadziyannis SJ, et al. A dose-
ranging study of the efficacy and tolerability of
entecavir in Lamivudine-refractory chronic hepatitis
B patients. Gastroenterology 2005 Oct; 129(4):1198-
2009.

Sherman M, Yurdaydin C, Sollano J, et al. Entecavir
for treatment of lamivudine-refractory, HBeAg-
positive chronic hepatitis B. Gastroenterology 2006
Jun; 130(7):2039-49.

Gish RG, Lok AS, Chang TT, et al. Entecavir
therapy for up to 96 weeks in patients with HBeAg-
positive chronic hepatitis B. Gastroenterology 2007
Nov; 133(5):1437-44.

Lai CL, Leung N, Teo EK, et al. A 1-year trial of
telbivudine, lamivudine, and the combination in
patients with hepatitis B e antigen-positive chronic
hepatitis B. Gastroenterology 2005 Aug; 129(2):528-
36.

Kweon YO, Goodman ZD, Dienstag JL, et al.
Decreasing fibrogenesis: an immunohistochemical
study of paired liver biopsies following lamivudine
therapy for chronic hepatitis B. J Hepatol 2001 Dec;
35(6):749-55.

Ke CZ, Chen 'Y, Gong ZJ, et al. Dynamic changes of
HBYV DNA in serum and peripheral blood
mononuclear cells of chronic hepatitis patients after
lamivudine treatment. World J Gastroenterol 2006
Jul 7; 12(25):4061-3.

Yuen MF, Chow DH, Tsui K, et al. Liver histology
of Asian patients with chronic hepatitis B on
prolonged lamivudine therapy. Aliment Pharmacol
Ther 2005 Apr 1; 21(7):841-9.

Yao GB. Management of hepatitis B in China. J Med
Virol 2000 Jul; 61(3):392-7.



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Liaw YF, Sung JJ, Chow WC, et al. Lamivudine for
patients with chronic hepatitis B and advanced liver
disease. N Engl J Med 2004 Oct 7; 351(15):1521-31.
Liaw YF, Leung NW, Chang TT, et al. Effects of
extended lamivudine therapy in Asian patients with
chronic hepatitis B. Asia Hepatitis Lamivudine Study
Group. Gastroenterology 2000 Jul; 119(1):172-80.
Leung NW, Lai CL, Chang TT, et al. Extended
lamivudine treatment in patients with chronic
hepatitis B enhances hepatitis B e antigen
seroconversion rates: results after 3 years of therapy.
Hepatology 2001 Jun; 33(6):1527-32.

Dienstag JL, Goldin RD, Heathcote EJ, et al.
Histological outcome during long-term lamivudine
therapy. Gastroenterology 2003 Jan; 124(1):105-17.
Dienstag JL, Schiff ER, Wright TL, et al.
Lamivudine as initial treatment for chronic hepatitis
B in the United States. N Engl J Med 1999 Oct 21;
341(17):1256-63.

Honkoop P, de Man RA, Niesters HG, et al.
Quantitative hepatitis B virus DNA assessment by
the limiting-dilution polymerase chain reaction in
chronic hepatitis B patients: evidence of continuing
viral suppression with longer duration and higher
dose of lamivudine therapy. J Viral Hepat 1998 Sep;
5(5):307-12.

Nevens F, Main J, Honkoop P, et al. Lamivudine
therapy for chronic hepatitis B: a six-month
randomized dose-ranging study. Gastroenterology
1997 Oct; 113(4):1258-63.

Chan HL, Wang H, Niu J, et al. Two-year
lamivudine treatment for hepatitis B e antigen-
negative chronic hepatitis B: a double-blind, placebo-
controlled trial. Antivir Ther 2007; 12(3):345-53.
Yao G, Wang B, Cui Z, et al. A randomized double-
blind placebo-controlled study of lamivudine in the
treatment of patients with chronic hepatitis B virus
infection. Chin Med J (Engl) 1999 May; 112(5):387-
91.

Kim YJ, Kim BG, Jung JO, et al. High rates of
progressive hepatic functional deterioration whether
lamivudine therapy is continued or discontinued after
emergence of a lamivudine-resistant mutant: a
prospective randomized controlled study. J
Gastroenterol 2006 Mar; 41(3):240-9.

Tassopoulos NC, Volpes R, Pastore G, et al. Efficacy
of lamivudine in patients with hepatitis B e antigen-
negative/hepatitis B virus DNA-positive (precore
mutant) chronic hepatitis B.Lamivudine Precore
Mutant Study Group. Hepatology 1999 Mar;
29(3):889-96.

Lai CL, Gane E, Liaw YF, et al. Telbivudine versus
lamivudine in patients with chronic hepatitis B. N
Engl J Med 2007 Dec 20; 357(25):2576-88.

Hou J, Yin YK, Xu D, et al. Telbivudine versus
lamivudine in Chinese patients with chronic hepatitis
B: Results at 1 year of a randomized, double-blind
trial. Hepatology 2008 Feb; 47(2):447-54.

Lai CL, Chien RN, Leung NW, et al. A one-year trial
of lamivudine for chronic hepatitis B. Asia Hepatitis
Lamivudine Study Group. N Engl J Med 1998 Jul 9;
339(2):61-8.

126

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Mellerup MT, Krogsgaard K, Mathurin P, et al.
Sequential combination of glucocorticosteroids and
alfa interferon versus alfa interferon alone for
HBeAg-positive chronic hepatitis B. Cochrane
Database Syst Rev 2005; (3):CD000345.

Wu T, Roger H, Xie L, et al. Bicyclol for chronic
hepatitis B. Cochrane Database Syst Rev 2006;
(4):CD004480.

Higgins J, Green S. The Cochrane Collaboration. The
Cochrane handbook for systematic reviews of
interventions. John Wiley & Sons, Ltd. Cochrane
Collaboration. Available at:
http://www.cochrane.org/resources/handbook/handbo
ok.pdf, 2006.

West S, King V, Carey TS, et al. Systems to rate the
strength of scientific evidence. Evid Rep Technol
Assess (Summ) 2002 Mar; (47):1-11.

Al-Marzouki S, Evans S, Marshall T, et al. Are these
data real? Statistical methods for the detection of data
fabrication in clinical trials. BMJ 2005 Jul 30;
331(7511):267-70.

Buyse M, ., George SL, Evans S, et al. The role of
biostatistics in the prevention, detection and
treatment of fraud in clinical trials. Statistics in
Medicine 1999; 18(24):3435-51.

Dawson B, Trapp RG. Basic & Clinical Biostatistics
(LANGE Basic Science). 3rd ed. New York: Lange
Medical Books-McGraw-Hill; 2004.

Kahn HA, Sempos CT. Statistical Methods in
Epidemiology (Monographs in Epidemiology and
Biostatistics). USA: Oxford University Press; 1989.
Moher D, Cook DJ, Eastwood S, et al. Improving the
quality of reports of meta-analyses of randomised
controlled trials: the QUOROM statement. Quality of
Reporting of Meta-analyses. Lancet 1999 Nov 27;
354(9193):1896-900.

Whitehead A. Meta-analysis of controlled clinical
trials. Chichester, New York: John Wiley & Sons;
2002.

Atkins D, Briss PA, Eccles M, et al. Systems for
grading the quality of evidence and the strength of
recommendations II: pilot study of a new system.
BMC Health Serv Res 2005 Mar 23; 5(1):25.

Atkins D, Eccles M, Flottorp S, et al. Systems for
grading the quality of evidence and the strength of
recommendations I: critical appraisal of existing
approaches The GRADE Working Group. BMC
Health Serv Res 2004 Dec 22; 4(1):38.

Aschengrau A, Seage GR. Essentials of
Epidemiology in Public Health. Sudbury, Mass:
Jones and Bartlett; 2003.

Vist GE, Hagen KB, Devereaux PJ, et al. Outcomes
of patients who participate in randomised controlled
trials compared to similar patients receiving similar
interventions who do not participate. Cochrane
Database Syst Rev 2007; (2):MR000009.

Egger M, Smith GD. Bias in location and selection of
studies. BMJ 1998 Jan 3; 316(7124):61-6.

Dickersin K, Min Y. NIH clinical trials and
publication bias. Online J Curr Clin Trials 1993 Apr
28; Doc No 50:[4967 words; 53 paragraphs].



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Thornton A, Lee P. Publication bias in meta-analysis:
its causes and consequences. J Clin Epidemiol 2000
Feb; 53(2):207-16.

DerSimonian R, Laird N. Meta-analysis in clinical
trials. Control Clin Trials 1986 Sep; 7(3):177-88.
Viechtbauer W. Confidence intervals for the amount
of heterogeneity in meta-analysis. Stat Med 2006 Feb
6.

Knapp G, Biggerstaff BJ, Hartung J. Assessing the
amount of heterogeneity in random-effects meta-
analysis. Biom J 2006 Apr; 48(2):271-85.

Egger M, Smith GD, Altman DG. Systematic
Reviews in Health Care. London: NetLibrary, Inc.
BMJ Books; 2001.

Ebrahim S. The use of numbers needed to treat
derived from systematic reviews and meta-analysis.
Caveats and pitfalls. Eval Health Prof 2001 Jun;
24(2):152-64.

Yang HZ, Zhao JA, Dai M, et al. Traditional Chinese
medicine syndromes of chronic hepatitis B with
precore mutant. World J Gastroenterol 2005 Apr 7;
11(13):2004-8.

van der Eijk AA, Niesters HG, Hansen BE, et al.
Quantitative HBV DNA levels as an early predictor
of nonresponse in chronic HBe-antigen positive
hepatitis B patients treated with interferon-alpha. J
Viral Hepat 2006 Feb; 13(2):96-103.
Papatheodoridis GV, Dimou E, Dimakopoulos K, et
al. Outcome of hepatitis B e antigen-negative chronic
hepatitis B on long-term nucleos(t)ide analog therapy
starting with lamivudine. Hepatology 2005 Jul;
42(1):121-9.

Papatheodoridis GV, Petraki K, Cholongitas E, et al.
Impact of interferon-alpha therapy on liver fibrosis
progression in patients with HBeAg-negative chronic
hepatitis B. J Viral Hepat 2005 Mar; 12(2):199-206.
Shindo M, Hamada K, Nishioji K, et al. The
predictive value of liver fibrosis in determining the
effectiveness of interferon and lamivudine therapies
for chronic hepatitis B. J Gastroenterol 2004;
39(3):260-7.

Lampertico P, Del Ninno E, Vigano M, et al. Long-
term suppression of hepatitis B e antigen-negative
chronic hepatitis B by 24-month interferon therapy.
Hepatology 2003 Apr; 37(4):756-63.

Brunetto MR, Oliveri F, Coco B, et al. Outcome of
anti-HBe positive chronic hepatitis B in alpha-
interferon treated and untreated patients: a long term
cohort study. J Hepatol 2002 Feb; 36(2):263-70.

Di Marco V, Lo lacono O, Camma C, et al. The
long-term course of chronic hepatitis B. Hepatology
1999 Jul; 30(1):257-64.

Wong JB, Koff RS, Tine F, et al. Cost-effectiveness
of interferon-alpha 2b treatment for hepatitis B e
antigen-positive chronic hepatitis B. Ann Intern Med
1995 May 1; 122(9):664-75.

Poynard T, Zoulim F, Ratziu V, et al. Longitudinal
assessment of histology surrogate markers
(FibroTest-ActiTest) during lamivudine therapy in
patients with chronic hepatitis B infection. Am J
Gastroenterol 2005 Sep; 100(9):1970-80.

127

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Hui CK, Leung N, Shek WH, et al. Changes in liver
histology as a "surrogate” end point of antiviral
therapy for chronic HBV can predict progression to
liver complications. J Clin Gastroenterol 2008 May-
Jun; 42(5):533-8.

Kim BK, Kim SA, Park YN, et al. Noninvasive
models to predict liver cirrhosis in patients with
chronic hepatitis B. Liver Int 2007 Sep; 27(7):969-
76.

Lefkowitch JH. Liver biopsy assessment in chronic
hepatitis. Arch Med Res 2007 Aug; 38(6):634-43.
Santantonio T, Niro GA, Sinisi E, et al.
Lamivudine/interferon combination therapy in anti-
HBe positive chronic hepatitis B patients: a
controlled pilot study. J Hepatol 2002 Jun;
36(6):799-804.

Fleming TR, DeMets DL. Surrogate end points in
clinical trials: are we being misled? Ann Intern Med
1996 Oct 1; 125(7):605-13.

Hui CK, Leung N, Shek WH, et al. Changes in Liver
Histology as a "Surrogate™ End Point of Antiviral
Therapy for Chronic HBV Can Predict Progression
to Liver Complications. J Clin Gastroenterol 2008
May/June; 42(5):533-8.

Zhao H, Zhang Y X, Chen XY, et al. [A clinical study
of adefovir dipivoxil in treating lamivudine
refractory HBeAg-positive chronic hepatitis B].
Zhonghua Nei Ke Za Zhi 2007 Apr; 46(4):294-7.
Yao GB, Zhu M, Wang YM, et al. [A double-blind,
double-dummy, randomized, controlled study of
entecavir versus lamivudine for treatment of chronic
hepatitis B]. Zhonghua Nei Ke Za Zhi 2006 Nov;
45(11):891-5.

Yao GB, Zhang DF, Wang BE, et al. [A study of the
dosage and efficacy of entecavir for treating hepatitis
B virus]. Zhonghua Gan Zang Bing Za Zhi 2005 Jul;
13(7):484-7.

Zhao H, Si CW, Wei L, et al. [A multicenter,
randomized, open-label study of the safety and
effectiveness of pegylated interferon alpha 2b and
interferon alpha 2b in treating HBeAg positive
chronic hepatitis B patients]. Zhonghua Gan Zang
Bing Za Zhi 2006 May; 14(5):323-6.

Liu G, Hu G, Tan D, et al. [A prospective
investigation on interferon treatment of chronic
hepatitis B]. Hunan Yi Ke Da Xue Xue Bao 1998;
23(4):400-2.

Zhu M, Xu B, Yao GB. [Durability of HBeAg
seroconversion in lamivudine treatment of chronic
hepatitis B patients]. Zhonghua Gan Zang Bing Za
Zhi 2005 Jul; 13(7):534-6.

Song JW, Zhang G, Lin JG, et al. [Clinical study of
lamivudine and interferon combinate administration
to inhibit hepatitis B virus replication]. Zhonghua
Gan Zang Bing Za Zhi 2004 Oct; 12(10):593-6.

Yao GB, Wang BE, Cui ZY, et al. [The long-term
efficacy of lamivudine in chronic hepatitis B: interim
analysis of 3-year's clinical course]. Zhonghua Nei
Ke Za Zhi 2003 Jun; 42(6):382-7.



192.

193.

194.

195.

196.

Ma H, You H, Yin S. [Clinical efficacy of
lamivudine in the treatment of chronic hepatitis B].
Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za
Zhi 2001 Jun; 15(2):147-9.

Yao G, Wang B, Cui Z. [Long-term effect of
lamivudine treatment in chronic hepatitis B virus
infection]. Zhonghua Gan Zang Bing Za Zhi 1999
Jun; 7(2):80-3.

Lim SG, Krastev Z, Ng TM, et al. Randomized,
double-blind study of emtricitabine (FTC) plus
clevudine versus FTC alone in treatment of chronic
hepatitis B. Antimicrob Agents Chemother 2006
May; 50(5):1642-8.

Lim SG, Ng TM, Kung N, et al. A double-blind
placebo-controlled study of emtricitabine in chronic
hepatitis B. Arch Intern Med 2006 Jan 9; 166(1):49-
56.

Gish RG, Trinh H, Leung N, et al. Safety and
antiviral activity of emtricitabine (FTC) for the
treatment of chronic hepatitis B infection: a two-year
study. J Hepatol 2005 Jul; 43(1):60-6.

128

197.

198.

199.

200.

201.

Lee HS, Chung YH, Lee K, et al. A 12-week
clevudine therapy showed potent and durable
antiviral activity in HBeAg-positive chronic hepatitis
B. Hepatology 2006 May; 43(5):982-8.

Yoo BC, Kim JH, Chung YH, et al. Twenty-four-
week clevudine therapy showed potent and sustained
antiviral activity in HBeAg-positive chronic hepatitis
B. Hepatology 2007 May; 45(5):1172-8.

Yoo BC, Kim JH, Kim TH, et al. Clevudine is highly
efficacious in hepatitis B e antigen-negative chronic
hepatitis B with durable off-therapy viral
suppression. Hepatology 2007 Oct; 46(4):1041-8.
Peters MG, Andersen J, Lynch P, et al. Randomized
controlled study of tenofovir and adefovir in chronic
hepatitis B virus and HIV infection: ACTG A5127.
Hepatology 2006 Nov; 44(5):1110-6.

Dore GJ, Cooper DA, Pozniak AL, et al. Efficacy of
tenofovir disoproxil fumarate in antiretroviral
therapy-naive and -experienced patients coinfected
with HIV-1 and hepatitis B virus. J Infect Dis 2004
Apr 1; 189(7):1185-92.



List of Acronyms and Abbreviations

AFP
AHRQ
ALT
ARD
AST
BCP
BEHoLD
BMI
CD
CHB
Cl

CK
DNA
ELISA
EPC
FDA
HAI
HBeAg
HbsAg
HBV
HCC
HCV
HDV
HIV
HR
MACS
MU
NIH
PC
PCR
OR
RCT
RR
RT-PCR
SD
TEP
ULN
WBC

Alpha fetoprotein

Agency for Healthcare Research and Quality
Alanine aminotransferase

Absolute risk difference

Aspartate aminotransferase

Basal core promoter

Benefits of Entecavir for Hepatitis B Liver Disease
Body mass index

Cluster of differentiation

Chronic hepatitis B

Confidence interval

Creatine kinase

Deoxyribonucleic Acid
Enzyme-Linked ImmunoSorbent Assay
Evidence-based practice center

Food and Drug Administration
Histological activity index

Hepatitis B “e” antigen

Hepatitis B surface antigen

Hepatitis B virus

Hepatocellular carcinoma

Hepatitis C virus

Hepatitis delta virus

Human immunodeficiency virus
Hazard ratio

Multicenter AIDS cohort study

Million units

National Institutes of Health

Precore

Polymerase chain reaction

Odds ratio

Randomized controlled trial

Relative risk

Reverse transcriptase - polymerase chain reaction
Standard deviation

Technical expert panel

Upper limit of normal

White blood cells

129



Appendix A. Exact Search Strings

Key Question 1 — literature search string

Database: Ovid MEDLINE(R)

Number of
Medical Subject Heading Terms Retrieved
References
1 Exp Hepatitis B, chronic/ or exp Hepatitis B/ or exp Hepatitis B virus/ 39,405
2 Exp hepatocellular carcinoma 40,097
3 Exp liver failure 12,710
4 Liver cirrhosis.mp. or exp liver cirrhosis 59,664
5 Liver cirrhosis.mp. or exp liver cirrhosis/ 393,300
6 Exp Death/ or death.mp 366,266
7 Exp Survival/ or survival.mp. or exp survival rate 480,039
8 orl2-7 1,076,543
9 Natural history/ or cohort studies/ or prospective studies/ or longitudinal 491,684
studies/ or cohort.mp. or prospective.mp. or longitudinal.mp.
10 1and 8 and 9 621
11 Limit 10 to (humans and English language) 558
Key Questions 2-4 — literature search strings
Number of
Medical Subject Heading Terms Retrieved
References
"Hepatitis B, Chronic"[Mesh] NOT review NOT Case Reports Limits: 1,525
Humans, Journal Article, English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] Limits: Publication Date from 1990/01/01 to 1,778
2007/12/31, Humans, Journal Article, English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] 4,329
"Hepatitis B, Chronic"[Mesh] Limits: Humans, Randomized Controlled 182
Trial, English, All Adult: 19+ years
"Hepatitis B" Limits: Humans, Randomized Controlled Trial, English, All 712
Adult: 19+ years
("Hepatitis B, Chronic/prevention and control"[Mesh] OR "Hepatitis B, 286
Chronic/therapy”[Mesh]) AND "Epidemiologic studies" [Mesh] Limits:
Humans, English, All Adult: 19+ years
("Hepatitis B, Chronic/prevention and control”*[Mesh] OR "Hepatitis B, 855
Chronic/therapy"”[Mesh]) Limits: Humans, English, All Adult: 19+ years




Number of

Medical Subject Heading Terms Retrieved
References

"Hepatitis B, Chronic"[Mesh] Limits: Humans, English, All Adult: 19+ 14
years AND ("Interferons/drug effects"[Mesh] OR
"Interferons/metabolism”[Mesh] OR
"Interferons/pharmacokinetics”[Mesh] OR
"Interferons/pharmacology"[Mesh] OR "Interferons/poisoning"[Mesh] OR
"Interferons/therapeutic use"[Mesh]) Limits: Humans, Controlled Clinical
Trial, English, All Adult: 19+ years
("Interferons/drug effects"[Mesh] OR "Interferons/metabolism“[Mesh] OR 398
"Interferons/pharmacokinetics"[Mesh] OR
"Interferons/pharmacology*[Mesh] OR "Interferons/poisoning”[Mesh] OR
"Interferons/therapeutic use"[Mesh]) Limits: Humans, Controlled Clinical
Trial, English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] Limits: Humans, Controlled Clinical Trial, 35
English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] Limits: Humans, Clinical Trial, Phase 1V, 0
English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] Limits: Humans, Clinical Trial, Phase IlI, 16
English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] Limits: Humans, Clinical Trial, Phase I, 23
Clinical Trial, Phase I1, English, All Adult: 19+ years
"Hepatitis B, Chronic"[Mesh] Limits: Humans, Clinical Trial, Phase I, 10
English, All Adult: 19+ years
"Adefovir "[Substance Name] AND "hepatitis B" Limits: Entrez Date from 1
1990/01/01 to 2007/12/31, Humans, Randomized Controlled Trial,
English, All Adult: 19+ years
"Adefovir "[Substance Name] Limits: Entrez Date from 1990/01/01 to 6
2007/12/31, Humans, Randomized Controlled Trial, English, All Adult:
19+ years
"Entecavir "[Substance Name] AND "hepatitis B" Limits: Entrez Date 5
from 1990/01/01 to 2007/12/31, Humans, Randomized Controlled Trial,
English, All Adult: 19+ years
"Entecavir "[Substance Name] Limits: Entrez Date from 1990/01/01 to 6
2007/12/31, Humans, Randomized Controlled Trial, English, All Adult:
19+ years
"Telbivudine "[Substance Name] AND "hepatitis B" Limits: Entrez Date 4
from 1990/01/01 to 2007/12/31, Humans, Randomized Controlled Trial,
English, All Adult: 19+ years
"Telbivudine "[Substance Name] Limits: Entrez Date from 1990/01/01 to 4
2007/12/31, Humans, Randomized Controlled Trial, English, All Adult:
19+ years
"Interferons”[Mesh] AND "hepatitis B" Limits: Entrez Date from 169

1990/01/01 to 2007/12/31, Humans, Randomized Controlled Trial,
English, All Adult: 19+ years

A-2




Number of

Medical Subject Heading Terms Retrieved
References

"Hepatitis B, Chronic"[Mesh] AND "Effect Modifiers 1
(Epidemiology)"[Mesh] Limits: Humans, English, All Adult: 19+ years
“Hepatitis B, Chronic” AND "Treatment Outcome"[Mesh] AND "Effect 1
Modifiers (Epidemiology)“[Mesh] Limits: Humans, English, All Adult:
19+ years
"Hepatitis B, Chronic"[Mesh] AND "Treatment Outcome”[Mesh] AND 1
"Effect Modifiers (Epidemiology)”[Mesh] Limits: Humans, English, All
Adult: 19+ years
"Epidemiologic studies"[Mesh] AND "Biological Factors"[Mesh] AND 202
("Hepatitis B, Chronic/prevention and control*[Mesh] OR "Hepatitis B,
Chronic/therapy”[Mesh]) Limits: Humans, English, All Adult: 19+ years
"Biological Factors"[Mesh] AND ("Hepatitis B, Chronic/prevention and 576
control"[Mesh] OR "Hepatitis B, Chronic/therapy”[Mesh]) Limits:
Humans, English, All Adult: 19+ years
"Disease Progression“[Mesh] AND ("Hepatitis B, Chronic/prevention and 17
control"[Mesh] OR "Hepatitis B, Chronic/therapy"[Mesh]) Limits:
Humans, English, All Adult: 19+ years
Update January 7, 2008
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al. Different impacts of hepatitis B virus and
hepatitis C virus on the outcome of kidney
transplantation. Transplant Proc 2007
Jun;39(5):1424-8. Not eligible target
population
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GB, Beretta L, Lee SP. Incidence and
predictors of hepatocellular carcinoma in
patients with cirrhosis. Clinical
Gastroenterology & Hepatology 2007
Aug;5(8):938-45. Not eligible target
population
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measurements of serum alpha-fetoprotein and
protein induced by vitamin K absence for
detecting hepatocellular carcinoma. South
Tohoku District Study Group. American
Journal of Gastroenterology 2000
Apr;95(4):1036-40. Not eligible exposure
Iwao T, Toyonaga A, Oho K, Sakai T, Tayama
C, Masumoto H, et al. Portal-hypertensive
gastropathy develops less in patients with
cirrhosis and fundal varices. Journal of
Hepatology 1997 Jun;26(6):1235-41. Not
eligible exposure

Iwao T, Toyonaga A, Oho K, Tayama C,
Masumoto H, Sakai T, et al. Value of Doppler
ultrasound parameters of portal vein and
hepatic artery in the diagnosis of cirrhosis and
portal hypertension. American Journal of
Gastroenterology 1997 Jun;92(6):1012-7. Not
eligible exposure

Izzo F, Cremona F, Delrio P, Leonardi E,
Castello G, Pignata S, et al. Soluble
interleukin-2 receptor levels in hepatocellular
cancer: a more sensitive marker than alfa
fetoprotein. Ann Surg Oncol 1999
Mar;6(2):178-85. Not eligible exposure

I1zzo F, Cremona F, Ruffolo F, Palaia R, Parisi
V, Curley S, et al. Detection of hepatocellular
cancer during screening of 1125 patients with
chronic hepatitis virus infection. J Chemother
1997 Apr;9(2):151-2. Not relevant outcomes
Izzo F, Cremona F, Ruffolo F, Palaia R, Parisi
V, Curley SA, et al. Outcome of 67 patients
with hepatocellular cancer detected during
screening of 1125 patients with chronic
hepatitis. Ann Surg 1998 Apr;227(4):513-8.
Less than 1000 patients and not US study
Jacobs RJ, Meyerhoff AS, Jacobs RJ,
Meyerhoff AS. Cost-effectiveness of hepatitis
AJB vaccine versus hepatitis B vaccine in
public sexually transmitted disease clinics. Sex
Transm Dis 2003 Nov;30(11):859-65. Not
eligible exposure

Jadoul M, Goubau P, Jadoul M, Goubau P. Is
anti-hepatitis B virus (HBV) immunization
successful in elderly hemodialysis (HD)
patients? Clin Nephrol 2002 Oct;58(4):301-4.
Not eligible exposure

Jang JW, Choi JY, Bae SH, Yoon SK, Woo
HY, Chang Ul, et al. The impact of hepatitis B
viral load on recurrence after complete
necrosis in patients with hepatocellular
carcinoma who receive transarterial
chemolipiodolization: implications for viral
suppression to reduce the risk of cancer
recurrence. Cancer 2007 Oct 15;110(8):1760-
7. Not eligible target population
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Jang JW, Lee YC, Kim MS, Lee SY, Bae SH,
Choi JY, et al. A 13-year longitudinal study of
the impact of double mutations in the core
promoter region of hepatitis B virus on
HBeAg seroconversion and disease
progression in patients with genotype C
chronic active hepatitis. Journal of Viral
Hepatitis 2007 Mar;14(3):169-75. Less than
1000 patients and not US study

Jeng JE, Tsai JF, Chuang LY, Ho MS, Lin ZY,
Hsieh MY, et al. Heat shock protein A1B 1267
polymorphism is highly associated with risk
and prognosis of hepatocellular carcinoma: a
case-control study. Medicine 2008
Mar;87(2):87-98. Not eligible exposure

Jung YJ, Kim YJ, Kim LH, Lee SO, Park BL,
Shin HD, et al. Putative association of Fas and
FasL gene polymorphisms with clinical
outcomes of hepatitis B virus infection.
Intervirology 2007;50(5):369-76. Not eligible
exposure

Kaczynski J, Hansson G, Hermodsson S,
Olsson R, Wallerstedt S, Kaczynski J, et al.
Minor role of hepatitis B and C virus infection
in the etiology of hepatocellular carcinoma in
a low-endemic area. Scand J Gastroenterol
1996 Aug;31(8):809-13. Not eligible target
population

Kallinowski B, Benz C, Buchholz L, Stremmel
W, Kallinowski B, Benz C, et al. Accelerated
schedule of hepatitis B vaccination in liver
transplant candidates. Transplant Proc 1998
May;30(3):797-9. Not eligible exposure
Kamihira S, Momita S, lkeda S, Yamada Y,
Sohda H, Atogami S, et al. Cohort study of
hepatotropic virus and human T lymphotropic
virus type-l infections in an area endemic for
adult T cell leukemia. Jpn J Med 1991 Nov-
Dec;30(6):492-7. Not relevant outcomes
Kanematsu M, Semelka RC, Matsuo M,
Kondo H, Enya M, Goshima S, et al.
Gadolinium-enhanced MR imaging of the
liver: optimizing imaging delay for hepatic
arterial and portal venous phases--a
prospective randomized study in patients with
chronic liver damage. Radiology 2002
Nov;225(2):407-15. Not eligible exposure
Kao JH, Chen PJ, Lai MY, Chen DS, Kao JH,
Chen PJ, et al. Hepatitis B genotypes correlate
with clinical outcomes in patients with chronic
hepatitis B. Gastroenterology 2000
Mar;118(3):554-9. Not relevant outcomes

Kao JH, Chen PJ, Lai MY, Chen DS, Kao J-H,
Chen P-J, et al. Basal core promoter mutations
of hepatitis B virus increase the risk of
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carriers. Gastroenterology 2003
Feb;124(2):327-34. Less than 1000 patients
and not US study

Kapoor D, Guptan RC, Wakil SM, Kazim SN,
Kaul R, Agarwal SR, et al. Beneficial effects
of lamivudine in hepatitis B virus-related
decompensated cirrhosis. Journal of
Hepatology 2000 Aug;33(2):308-12. Not
eligible target population

Kato I, Tominaga S, Ikari A, Kato I, Tominaga
S, Ikari A. The risk and predictive factors for
developing liver cancer among patients with
decompensated liver cirrhosis. Jpn J Clin
Oncol 1992 Aug;22(4):278-85. Not eligible
exposure
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L, Tur-Kaspa R. Lamivudine prevents
reactivation of hepatitis B and reduces
mortality in immunosuppressed patients:
systematic review and meta-analysis. Journal
of Viral Hepatitis 2008 Feb;15(2):89-102. Not
eligible target population

Keeffe EB, Keeffe EB. Acute hepatitis A and
B in patients with chronic liver disease:
prevention through vaccination. Am J Med
2005 Oct;118 Suppl 10A:21S-7S. Review
Keeffe EB, Marcellin P, Keeffe EB, Marcellin
P. New and emerging treatment of chronic
hepatitis B. Clinical Gastroenterology &
Hepatology 2007 Mar;5(3):285-94. Review
Kew MC, Kew MC. Hepatitis C virus and
hepatocellular carcinoma. FEMS Microbiol
Rev 1994 Jul;14(3):211-9. Review

Kew MC, Kew MC. Synergistic interaction
between aflatoxin B1 and hepatitis B virus in
hepatocarcinogenesis. Liver International 2003
Dec;23(6):405-9. Review

Khan M, Haq SA, Ahmed N, Matin MA, Khan
M, Haq SA, et al. Etiology and clinical profile
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Bangladesh Med Res Counc Bull 1997
Apr;23(1):16-24. Not relevant outcomes

Kim KH, Lee HR, Min CH, Jeong H, Hong
SH, Lee YS, et al. Prevalence of antibodies to
hepatitis C virus in patients with various types
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Jan;7(1):9-12. Not eligible exposure
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YH, Lee YS, et al. Adefovir dipivoxil alone or
in combination with ongoing lamivudine in
patients with decompensated liver disease and
lamivudine-resistant hepatitis B virus. J
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controlled study. J Gastroenterol 2006
Mar;41(3):240-9. Not eligible target
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BL, Shin HD, et al. IGF2 polymorphisms are
associated with hepatitis B virus clearance and
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Res Commun 2006 Jul 21;346(1):38-44. Not
relevant outcomes
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Not eligible target population
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9. Not relevant outcomes
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Mar;44(3):386-90. Not eligible exposure
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P, et al. Twelve months of lamivudine
treatment for chronic hepatitis B virus
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Not eligible target population
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Serological pattern "anti-HBc alone™:
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significance. World J Gastroenterol 2006 Feb
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not US study
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of hepatic iron overload and association with
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International 2007 Dec;27(10):1394-401. Not
eligible exposure
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804. Not relevant outcomes
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2004 Sep;11(5):427-31. Not eligible target
population
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1000 patients and not US study
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Clinicopathologic features and outcome after
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Not eligible target population
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viruses to estimate their contribution in HCC
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YB, Cho JY, et al. Long-term protection
against hepatitis B in pediatric liver recipients
can be achieved effectively with vaccination
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population
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NH. The clinical significance of persistently
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Journal of Hepatology 2007 Dec;47(6):760-7.
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Lai CL, et al. Etiological spectrum of liver
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term suppression of hepatitis B e antigen-
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interferon therapy. Hepatology 2003
Apr;37(4):756-63. Less than 1000 patients and
not US study
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adefovir combined with lamivudine: a 3-year
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patients. Gastroenterology 2007
Nov;133(5):1445-51. Not relevant outcomes
Lanjewar DN, Rao RJ, Kulkarni SB, Hira SK,
Lanjewar DN, Rao RJ, et al. Hepatic
pathology in AIDS: a pathological study from
Mumbai, India. HIV Medicine 2004
Jul;5(4):253-7. Not eligible exposure
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infection and antiretroviral therapy on hepatitis
B virus (HBV)-specific T cell responses in
patients who have resolved HBV infection. J
Infect Dis 2005 Apr 1;191(7):1169-79. Not
relevant outcomes
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LF, Vargas H, Rakela J, et al. Association
between hepatitis B virus core promoter
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Biochem Biophys Res Commun 1998 Mar
27;244(3):812-4. Not eligible target
population
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cell-mediated immune response after
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1999;16(6):471-7. Not eligible exposure
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alfa in children with chronic hepatitis B. Eur J
Gastroenterol Hepatol 2005 Aug;17(8):843-8.
Not eligible target population

Lee HS, Kim KM, Yoon JH, Lee TR, Suh KS,
Lee KU, et al. Therapeutic efficacy of
transcatheter arterial chemoembolization as
compared with hepatic resection in
hepatocellular carcinoma patients with
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virus-endemic area: a prospective cohort
study. J Clin Oncol 2002 Nov 15;20(22):4459-
65. Not eligible target population

Lee SM, Wong NW, Lee SM, Wong NW.
Survival in hepatitis-B cirrhosis compared to
alcoholic cirrhosis in patients with Child's C
liver disease: a prospective study of
endoscopic sclerotherapy for bleeding
oesophageal varices. Singapore Med J 1994
Feb;35(1):53-6. Less than 1000 patients and
not US study
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Wegener T. Etiology of human liver cancer:
controlled prospective study in liver cirrhosis.
J Toxicol Environ Health 1979 Mar-May;5(2-
3):281-99. Not eligible exposure

Leung TW, Tang AM, Zee B, Lau WY, Lai
PB, Leung KL, et al. Construction of the
Chinese University Prognostic Index for
hepatocellular carcinoma and comparison with
the TNM staging system, the Okuda staging
system, and the Cancer of the Liver Italian
Program staging system: a study based on 926
patients. Cancer 2002 Mar 15;94(6):1760-9.
Not eligible target population
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J, Mayer AD, et al. Improved clinical
outcomes for liver transplant recipients using
cyclosporine monitoring based on 2-hr post-
dose levels (C2). Transplantation 2002 Mar
27;73(6):953-9. Not eligible exposure

Levy MT, Chen JJ, McGuinness PH, Koorey
D, Sheil AG, McCaughan GW, et al. Liver
transplantation for hepatitis C-associated
cirrhosis in a single Australian centre: referral
patterns and transplant outcomes. Journal of
Gastroenterology & Hepatology 1997
Jun;12(6):453-9. Not eligible exposure

Liang R, Lau GK, Kwong YL, Liang R, Lau
GK, Kwong YL. Chemotherapy and bone
marrow transplantation for cancer patients
who are also chronic hepatitis B carriers: a
review of the problem. J Clin Oncol 1999
Jan;17(1):394-8. Review
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pathogenesis of hepatocellular carcinoma in
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the United States. Hepatology 1993
Dec;18(6):1326-33. Not eligible target
population

Liaw YF, Chen JJ, Chen TJ, Liaw YF, Chen
JJ, Chen TJ. Acute exacerbation in patients
with liver cirrhosis: a clinicopathological
study. Liver 1990 Jun;10(3):177-84. Not
eligible target population

Liaw YF, Chen YC, Sheen IS, Chien RN, Yeh
CT, Chu CM, et al. Impact of acute hepatitis C
virus superinfection in patients with chronic
hepatitis B virus infection. Gastroenterology
2004 Apr;126(4):1024-9. Not eligible target
population

Liaw YF, Liaw Y-F. Hepatitis B virus
replication and liver disease progression: the
impact of antiviral therapy. Antiviral Therapy
2006;11(6):669-79. Review

Liaw YF, Lin DY, Chen TJ, Chu CM, Liaw
YF, Lin DY, et al. Natural course after the
development of cirrhosis in patients with
chronic type B hepatitis: a prospective study.
Liver 1989 Aug;9(4):235-41. Less than 1000
patients and not US study

Liaw YF, Sheen IS, Chen TJ, Chu CM, Pao
CC, Liaw YF, et al. Incidence, determinants
and significance of delayed clearance of serum
HBsAg in chronic hepatitis B virus infection: a
prospective study. Hepatology 1991
Apr;13(4):627-31. Not relevant outcomes
Liaw YF, Sung JJ, Chow WC, Farrell G, Lee
CZ, Yuen H, et al. Lamivudine for patients
with chronic hepatitis B and advanced liver
disease. N Engl J Med 2004 Oct
7;351(15):1521-31. Less than 1000 patients
and not US study

Liaw YF, Tai DI, Chen TJ, Chu CM, Huang
MJ, Liaw YF, et al. Alpha-fetoprotein changes
in the course of chronic hepatitis: relation to
bridging hepatic necrosis and hepatocellular
carcinoma. Liver 1986 Jun;6(3):133-7. Less
than 1000 patients and not US study

Liaw YF, Tai DI, Chu CM, Chen TJ, Liaw YF,
Tai DI, et al. The development of cirrhosis in
patients with chronic type B hepatitis: a
prospective study. Hepatology 1988 May-
Jun;8(3):493-6. Less than 1000 patients and
not US study

Liaw YF, Tai DI, Chu CM, Lin DY, Sheen IS,
Chen TJ, et al. Early detection of
hepatocellular carcinoma in patients with
chronic type B hepatitis. A prospective study.
Gastroenterology 1986 Feb;90(2):263-7. Less
than 1000 patients and not US study
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Shafritz D. Persistent hepatitis B virus
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Liver Dis 1986;8:395-415. Review

Liew PL, Lee WJ, Lee YC, Wang HH, Wang
W, Lin YC, et al. Hepatic histopathology of
morbid obesity: concurrence of other forms of
chronic liver disease. Obes Surg 2006
Dec;16(12):1584-93. Not eligible exposure
Lill JS, O'Sullivan T, Bauer LA, Horn JR,
Carithers R, Jr., Strandness DE, et al.
Pharmacokinetics of diclofenac sodium in
chronic active hepatitis and alcoholic cirrhosis.
J Clin Pharmacol 2000 Mar;40(3):250-7. Not
relevant outcomes

Lim LL, Wai CT, Lee YM, Kong HL, Lim R,
Koay E, et al. Prophylactic lamivudine
prevents hepatitis B reactivation in
chemotherapy patients. Alimentary
Pharmacology & Therapeutics 2002
Nov;16(11):1939-44. Not eligible target
population

Lin DY, Sheen IS, Chiu CT, Lin SM, Kuo YC,
Liaw YF, et al. Ultrasonographic changes of
early liver cirrhosis in chronic hepatitis B: a
longitudinal study. J Clin Ultrasound 1993
Jun;21(5):303-8. Not relevant outcomes

Lin DY, Sheen IS, Chu CM, Liaw YF, Lin
DY, Sheen IS, et al. A prospective randomized
trial of colchicine in prevention of liver
cirrhosis in chronic hepatitis B patients.
Alimentary Pharmacology & Therapeutics
1996 Dec;10(6):961-6. Less than 1000 patients
and not US study

Lin SM, Sheen IS, Chien RN, Chu CM, Liaw
YF, Lin SM, et al. Long-term beneficial effect
of interferon therapy in patients with chronic
hepatitis B virus infection. Hepatology 1999
Mar;29(3):971-5. Less than 1000 patients and
not US study

Lin X, Qian GS, Lu PX, Wu L, Wen YM.
Full-length genomic analysis of hepatitis B
virus isolates in a patient progressing from
hepatitis to hepatocellular carcinoma. Journal
of Medical Virology 2001 Jul;64(3):299-304.
Not relevant outcomes

Lin X, Qian GS, Lu PX, Wu L, Wen YM, Lin
X, et al. Full-length genomic analysis of
hepatitis B virus isolates in a patient
progressing from hepatitis to hepatocellular
carcinoma. Journal of Medical Virology 2001
Aug;64(4):299-304. Not relevant outcomes
Lincoln D, Petoumenos K, Dore GJ,
Australian HIVOD, Lincoln D, Petoumenos K,
et al. HIV/HBV and HIV/HCV coinfection,
and outcomes following highly active
antiretroviral therapy. HIV Medicine 2003
Jul;4(3):241-9. Not eligible target population
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Liu CJ, Chen PJ, Shau WY, Kao JH, Lai MY,
Chen DS, et al. Clinical aspects and outcomes
of volunteer blood donors testing positive for
hepatitis-C virus infection in Taiwan: a
prospective study. Liver International 2003
Jun;23(3):148-55. Not eligible exposure
Livingston SE, Simonetti JP, Bulkow LR,
Homan CE, Snowball MM, Cagle HH, et al.
Clearance of hepatitis B e antigen in patients
with chronic hepatitis B and genotypes A, B,
C, D, and F. Gastroenterology 2007
Nov;133(5):1452-7. Not relevant outcomes
Lo KJ, Tong MJ, Chien MC, Tsai YT, Liaw
YF, Yang KC, et al. The natural course of
hepatitis B surface antigen-positive chronic
active hepatitis in Taiwan. J Infect Dis 1982
Aug;146(2):205-10. Less than 1000 patients
and not US study

Lo MK, Lee KF, Chan NN, Leung WY, Ko
GT, Chan WB, et al. Effects of gender,
Helicobacter pylori and hepatitis B virus
serology status on cardiovascular and renal
complications in Chinese type 2 diabetic
patients with overt nephropathy. Diabetes
Obes Metab 2004 May;6(3):223-30. Not
eligible target population

Locasciulli A, Alberti A, de Bock R,
Cordonnier C, Einsele H, Engelhard D, et al.
Impact of liver disease and hepatitis infections
on allogeneic bone marrow transplantation in
Europe: a survey from the European Bone
Marrow Transplantation (EBMT) Group--
Infectious Diseases Working Party. Bone
Marrow Transplant 1994 Nov;14(5):833-7.
Not relevant outcomes

Locasciulli A, Testa M, Valsecchi MG,
Bacigalupo A, Solinas S, Tomas JF, et al. The
role of hepatitis C and B virus infections as
risk factors for severe liver complications
following allogeneic BMT: a prospective
study by the Infectious Disease Working Party
of the European Blood and Marrow
Transplantation Group. Transplantation 1999
Nov 27;68(10):1486-91. Not eligible target
population

Lok AS, Lai CL, Chung HT, Lau JY, Leung
EK, Wong LS, et al. Morbidity and mortality
from chronic hepatitis B virus infection in
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and nonmalignant hepatitis B virus-related
chronic liver diseases. Hepatology 1991
May;13(5):834-7. Not eligible target
population
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the early detection of hepatocellular
carcinoma. Hepatology 1989 Jan;9(1):110-5.
Less than 1000 patients and not US study
Lok AS, Liang RH, Chiu EK, Wong KL, Chan
TK, Todd D, et al. Reactivation of hepatitis B
virus replication in patients receiving cytotoxic
therapy. Report of a prospective study.
Gastroenterology 1991 Jan;100(1):182-8. Not
eligible target population

Lok AS, Lok ASF. Prevention of hepatitis B
virus-related hepatocellular carcinoma.
Gastroenterology 2004 Nov;127(5 Suppl
1):5S303-9. Review

Lok AS, Wong A, Sporton S, Lai CL, Liu V,
Chung HT, et al. Hepatitis D virus
superinfection remains a rare occurrence in
non-drug abusers in Hong Kong. Journal of
Hepatology 1992 Mar;14(2-3):332-4. Not
eligible exposure

Loomba R, Rowley A, Wesley R, Liang TJ,
Hoofnagle JH, Pucino F, et al. Systematic
review: the effect of preventive lamivudine on
hepatitis B reactivation during chemotherapy.
Annals of Internal Medicine 2008 Apr
1,148(7):519-28. Review

Mackenjee MK, Coovadia HM, Mackenjee
MK, Coovadia HM. Chronic liver disease in
black children in Durban, South Africa. Ann
Trop Paediatr 1984 Sep;4(3):165-9. Not
eligible target population

Madayag RM, Johnson LB, Bartlett ST,
Schweitzer EJ, Constantine NT, McCarter RJ,
Jr., et al. Use of renal allografts from donors
positive for hepatitis B core antibody confers
minimal risk for subsequent development of
clinical hepatitis B virus disease.
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