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Executive summary

The procedure

This report considers deoxyribonucleic acid (DNA) tests used as part of the clinical
management of patients with chronic hepatitis B infection. The main techniques applied
currently to assess hepatitis B virus (HBV) DNA are signal amplification by
hybridisation, or branched DNA assays; and target sequence amplification by polymerase
chain reaction assays.

Optimal clinical management requires a precise, sensitive and accurate assay to monitor
response to antiviral therapy over time. The dynamic quantification ranges of available
HBV DNA assays vary considerably but none covers the full range of HBV DNA values
observed in treated and untreated chronic hepatitis B patients. Recently developed
polymerase chain reaction assays are highly sensitive. These new generation assays enable
quantitation of serum HBV DNA in samples with high viral loads without dilution and
associated loss of accuracy.

Medical Services Advisory Committee—role and approach

The Medical Services Advisory Committee (MSAC) was established by the Australian
Government to strengthen the role of evidence in health financing decisions in Australia.
MSAC advises the Minister for Health and Ageing on the evidence relating to the safety,
effectiveness and cost-effectiveness of new and existing medical technologies and
procedures, and under what circumstances public funding should be supported.

A rigorous assessment of evidence is thus the basis of decision making when funding is
sought under Medicare. A team from the Medical Technology Assessment Group
(M-TAG) Pty Ltd, a unit of IMS Health, was engaged to conduct a systematic review of
literature on hepatitis B DNA testing for chronic hepatitis B. An advisory panel with
expertise in this area then evaluated the evidence and provided advice to MSAC.

MSAC'’s assessment of DNA testing for chronic hepatitis B

Clinical need

Hepatitis B is one of the world’s most common infectious diseases. It is estimated that in
Australia between 91,500 and 163,000 (0.49% and 0.87% of the population, respectively)
people are chronically infected with hepatitis B. About half of the infected population are
immigrants from southern or north eastern Asia (O’Sullivan et al 2004). Chronic HBV
infection 1s associated with a 30 per cent risk of hepatic cirrhosis and carries a 5 to 10 per
cent risk of people with the virus developing hepatocellular carcinoma. Estimates
indicate that there are about 1200 deaths in Australia annually that are associated with
chronic HBV and its complications.

Chronic hepatitis B infection is manifested by persistence of the virus and HBV surface
antigen (HBsAg) in serum, production of hepatitis B e (HBeAg) viral antigens and HBV
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DNA in the liver. The presence of HBeAg and HBV DNA is associated with an
increased risk for developing hepatocellular carcinoma.

The primary goal of HBV treatment is to prevent clinical complications of chronic
hepatitis B, including cirrhosis and hepatocellular carcinoma. Recent studies indicate that
this can be achieved by durable suppression of viral replication.

The drug therapies currently reimbursed in Australia for chronic hepatitis B are
lamivudine, entecavir, interferon-a, and adefovir dipivoxil. Lamivudine, entecavir and
interferon-or are available as first line treatments for chronic hepatitis B as Section 100
items on the Pharmaceutical Benefits Scheme (PBS). Adefovir dipivoxil (PBS Section
100, monotherapy or combined with lamivudine) is available only for patients with
lamivudine-resistant HBV. Lamivudine resistance occurs as a consequence of long term
antiviral treatment for most chronic hepatitis B patients. The current Section 100 access
guidelines mandate HBV DNA testing to verify presence of active hepatitis B replication.

Safety

Specimens for HBV DNA testing can be collected simultaneously along with samples for
use in other tests, such as biochemical markers. Because specimens are collected using

standard blood collection methods there are unlikely to be major safety issues relating to
HBV DNA testing.

Effectiveness

Initial assessment of patients prior to antiviral therapy

The research question was:

To what extent is hepatitis B virns (HBV') DINA festing safe, and effective (including diagnostic
performance and the impact of diagnosis on changes in clinical management and changes in clinical
outcomes), and cost-effective in the initial assessment of patients with chronic hepatitis B prior to receiving
antiviral therapy relative to current clinical practice?’

Monitoring of patients not receiving antiviral therapy

The research question was:

To what extent is hepatitis B virns (HB1') DINA festing safe, and effective (including diagnostic
performance and the impact of diagnosis on changes in clinical management and changes in clinical
outcomes), and cost-effective in monitoring patients with hepatitis B who do not require treatment relative
to current clinical practice?’

Monitoring of patients receiving antiviral therapies

The research question was:

To what extent is hepatitis B virns (HBV') DINA festing safe, and effective (including diagnostic
performance and the impact of diagnosis on changes in clinical management and changes in clinical
outcomes), and cost-effective in monitoring of patients with chronic hepatitis B recezving antiviral therapy
relative to current clinical practice?

Hepatitis B virus DNA testing xi



Direct evidence

No studies were identified that had specific objectives of assessing additional benefits
derived from HBV DNA testing on health outcomes compared with current clinical
practice.

Studies by Chan et al (2002) and Lampertico et al (2005) informed assessment of the
value of HBV DNA testing on patient outcomes. These studies compared outcomes
between groups of patients before and after two different antiviral therapies were
available.

HBV DNA testing and HBsAg positive renal transplant patients

Chan et al (2002) reported evidence to support that HBV DNA testing improves
outcomes by reducing mortality risk among HBsAg positive renal transplant patients.
This study considered HBV DNA testing to identify transplant patients whose DNA
levels were likely to escalate. Patients were pre-emptively administered lamivudine, with
ot without elevation of alanine aminotransferase (ALT) levels.

When the pre-emptive strategy of HBV DNA testing with lamivudine therapy was
readily available throughout the post-transplant period, patient survival was similar to
HBsAg negative patients. When unavailable, patient survival declined and the relative
risks of death and liver-related death increased. The study’s design did not facilitate
making associated additional comparative value assessments about benefits provided by
HBV DNA and ALT testing.

HBV DNA testing and monitoring among patients undergoing treatment using
lamivudine

Lampertico et al (2005) assessed outcomes of adefovir dipivoxil therapy among chronic
hepatitis B e-antigen (HBeAg)-negative patients who were lamivudine resistant. Adefovir
dipivoxil was administered either at the time point of genotypic resistance (rising serum
HBYV DNA levels) or phenotypic resistance (elevated ALT levels). Genotypic resistance
can onlt be detected by measuring serum HBV DNA levels. Comparing adefovir
dipivoxil treatment outcomes between genotypic and phenotypic resistance cohorts
enable assessment of the impact of HBV DNA testing on patient outcomes.

Patients in the genotypic resistance cohort had a significantly greater response when
adefovir dipivoxil therapy was co-administered with lamivudine, compared with the
phenotypic resistance cohort patients. Greater response was measured as the proportion
of patients who had a significantly greater response compared with the phenotypic
resistance cohort, as measured by the proportion of patients whose HBV DNA levels
were undetectable after three months of adefovir dipivoxil therapy. Normalisation of
ALT levels was time dependent in the phenotypic resistance cohort. In contrast, ALT
levels were normal throughout the study period in the genotypic patient cohort. Patients
in the genotypic cohort were administered adefovir dipivoxil at first signs of lamivudine
resistance.

Lampertico et al (2005) found that alanine aminotransferase (ALT) testing alone may not
be the most effective means of detecting the initial development of lamivudine
resistance. Including regular HBV DNA testing can improve monitoring of patients
undergoing lamivudine monotherapy. This study provides evidence that HBV DNA
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testing has the potential to alter management of patients undergoing lamivudine therapy
and can result in improvements in short term outcomes.

Linked evidence

Because direct evidence relating to HBV DNA testing on patient outcomes was not
considered applicable to all research questions in this assessment, linked evidence was
required.

Accuracy studies
Initial assessment and monitoring of patients not receiving antiviral therapies

Studies by Chan et al (2003), Lindh et al (2000), Manesis et al (2003), Peng et al (2003),
and Seo et al (2005) enabled accuracy assessment of serum HBV DNA testing to be
made for initial assessment or monitoring of patients not undergoing antiviral therapy.

Manesis et al (2003) and Seo et al (2005) assessed the value of HBV DNA testing to
differentiate inactive HBeAg negative carriers from HBeAg negative active chronic
hepatitis B patients. Manesis et al (2003) reported that serum HBV DNA with a cut point
of 30,000 copies/mL had the best diagnostic performance to differentiate active from
inactive carriers. Analysis of the study design found potential for patient
misclassification. Evidence was also found to suggest that HBV DNA testing contributes
additional diagnostic performance to differentiate these patient groups by
immunoglobulin anti-hepatitis B core (Hbc) complex measurement. Seo et al (2005)
reported that a suitable serum HBV DNA cut point could not be established without
misclassifying patients. Both studies were considered to provide poor quality evidence
because the index test (HBV DNA test) was interpreted with knowledge of the reference
standard.

Lindh et al (2000) and Peng et al (2003) reported HBV DNA test assessments to predict
liver histology and damage. Results reported by Lindh et al (2000) indicated that
increased serum HBV DNA levels were associated with extensive liver damage. This was
true among HBeAg negative patients, but there was no association between serum HBV
DNA levels and liver damage among HBeAg positive patients. Results reported by

Peng et al (2003) provided modest evidence that increased serum HBV DNA level is
associated with increased liver damage among HBeAg negative patients. Both studies
were considered poor quality because the index test was interpreted with knowledge of
the reference standard.

Chan et al (2003) reported that serum HBV DNA levels greater than 10’ copies/mL. at
the time of, or after seroconversion, are predictive of HBeAg reversion. This study
lacked sufficient reference standard reporting and was considered to offer poor quality
evidence.

The accuracy studies considered did not include sufficient data to assess the value of
HBYV DNA testing in addition to other tests, such as alanine aminotransferase, serology,
or liver histology. The additional value of HBV DNA testing was reported by

Manesis et al (2003).
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Monitoring of patients receiving antiviral therapies
Lamivudine

The value of HBV DNA testing among patients treated with lamivudine was assessed by
Buti et al (2001) and Zollner et al (2001). Buti et al (2001) reported using real-time
polymerase chain reaction. Negative HBV DNA test results at month three of therapy
was found to be a sensitive indicator of sustained response. When HBV DNA testing
was positive at month 3, this was a moderately specific indicator of lack of sustained
response. This study was considered poor quality because the index test was also the
reference standard

Zollner et al (2001) reported sequential HBV DNA measurement by real time
polymerase chain reaction during lamivudine therapy. HBV DNA was assessed to
determine its value to predict HBeAg seroconversion and emergence of drug resistance.
Results from this study indicated that HBV DNA tests reporting a value of

<log 2 copies/mL at month 12 of therapy was the optimal time to predict
seroconversion or resistance to lamivudine. Patients with HBV DNA levels above the
detection limit at 12 and 15 months did not have seroconversion (negative predictive
value = 100%), indicating that these patients did not respond to therapy. Evidence
reported by this study was also considered to be poor quality because interpretation of
the index test was not independent from the reference standard.

The additional value of HBV DNA testing was not reported by these studies.

Intetferon

Lindh et al (2001) and van der Eijk et al (20006) assessed the value of HBV DNA testing
to predict treatment response among patients undergoing interferon treatment.

Lindh et al (2001) sought to determine whether pre-treatment HBV DNA levels could
predict sustained virological response among patients treated with interferon who had
undergone earlier priming doses of prednisolone. There was limited value in
differentiating non-sustained responders from sustained responders when a serum HBV
DNA threshold value of <log 8.7 copies/mL was used.

Van der Ejjk et al (2006) evaluated HBV DNA testing by real-time polymerase chain
reaction assay as a response predictor among HBeAg positive chronic hepatitis B
patients who were treated with interferon-oa. Log HBV DNA at baseline >8 and <1.0 log
decrease between baseline and week 12 was better able to predict the proportion of
patients who would not respond to treatment.

The additional value of HBV DNA testing was not reported by these studies.
Both studies were considered poor quality evidence because the index test was part of
the reference standard.

Serum HBV DNA and clinical outcomes

The absence of studies that assessed the accuracy or predictive ability of HBV DNA
testing to predict long term clinical outcomes, such as cirrhosis and hepatocellular
carcinoma, meant that it was considered necessary to provide supporting evidence
indicating the link between HBV DNA levels and clinical outcomes. These studies did
not assess whether the test changed outcomes, but offer supportive evidence that
knowledge of serum HBV DNA levels can assist to determine patients’ prognoses.
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Systematic review

A systematic review by Mommeja-Marin et al (2003) investigated the relationship
between serum HBV DNA levels and clinical outcomes. Although this systematic review
did not show that the (additional) using the test affects outcomes, evidence was provided
that HBV DNA levels can be predictive of outcome and may illustrate treatment
efficacy.

Hepatocellular carcinoma risk

The relationship between serum HBV DNA levels and hepatocellular carcinoma was
investigated by Chen et al (2006), Harris et al (2003) and Okhubo et al (2001). The long
term, population based prospective study by Chen et al (2006) found that increased HBV
DNA levels at baseline indicated an independent risk factor for hepatocellular carcinoma
among both HbeAg negative and positive patients. Patients with elevated serum HBV
DNA levels, who did not have liver cirrhosis, carried increased risk of developing
hepatocellular carcinoma. These analyses involved sampling HBV DNA at a single point.
This approach did not capture potential variations in viral replication over the follow-up
period or relationship to hepatocellular carcinoma. Additional analysis indicated that
persistently elevated serum HBV DNA levels lead to an increased risk of developing
hepatocellular carcinoma.

Okhubo et al (2001) found that serum HBV DNA level measured when hepatocellular
carcinoma was diagnosed was an independent prognostic factor for survival. Lower HBV
DNA levels were associated with increased patient survival.

Stable or unstable serum HBV DNA seroconversion was found to be a prognostic factor
for hepatocellular carcinoma death by Harris et al (2003). Patients who became HBV
DNA negative spontaneously, regardless of whether levels were stable were found to
have an increased risk of hepatocellular carcinoma death. Evidence indicating that low
serum HBV DNA levels at baseline are associated with a reduced risk of hepatocellular
carcinoma death was also presented

Cirrhosis risk

The relationship between serum HBV DNA levels and risk of cirrhosis was explored by
the REVEAL-HBYV study. Iloeje et al (2005) reported that increased baseline serum HBV
DNA levels were found to be associated with a greater cumulative incidence of cirrhosis.
Serum HBV DNA levels were found to be an independent risk factor for cirrhosis.

The study’s methodology required HBV DNA to be sampled at a single point which did
not capture potential variations in viral replication during the follow-up period.

Risk of hepatocellular carcinoma among patients with HBV-related cirrhosis

Ishikawa et al (2001) and Mahmoud et al (2005) investigated the association between
serum HBV DNA levels and development of hepatocellular carcinoma among patients
with HBV-related cirrhosis. Both studies reported that elevated serum HBV DNA was
the strongest prognostic factor for hepatocellular carcinoma among patients with
HBV-related cirrhosis.

Risk of hepatocellular carcinoma recurrence after resection

Kubo et al (2000) and Kubo et al (2003) assessed the value of HBV DNA testing as a
prognostic factor for hepatocellular carcinoma recurrence after resection. These studies
suggest that evidence of high serum HBV DNA levels before resection is a significant
prognostic indicator of recurrent hepatocellular carcinoma.
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Summary of evidence for effectiveness of serum HBV DNA testing

A review was conducted to identify evidence relating to the effectiveness of HBV DNA
testing for chronic hepatitis B patients.

Direct evidence

There was limited evidence that:

HBYV DNA testing in addition to ALT testing alters patient management and
improves short term health outcomes when used to identify drug resistance
among patients undergoing lamivudine therapy

HBYV DNA test monitoring improved health outcomes among HbsAg positive
renal transplant patients. The additional value provided by HBV DNA testing for
these patients could not be measured.

Linked evidence: Accuracy studies

HBYV DNA testing, initial assessment and monitoring of patients not undergoing
antiviral therapy

There was limited evidence that HBV DNA testing used in initial assessment or
monitoring of patients not undergoing antiviral therapy:

HBV DNA testing enabled differentiation between inactive HBeAg negative
carriers and HBeAg negative active chronic hepatitis B patients

increased serum HBV DNA levels were associated with increased liver damage
among HBeAg negative patients

elevated serum HBV DNA levels were predictive of HbeAg reversion.

There was insufficient evidence for the additional value of HBV DNA testing in these
patient groups.

HBYV DNA testing and monitoring among patients undergoing antiviral therapy

There was limited evidence to support that HBV DNA testing used to monitor patients
undergoing antiviral therapies:

HBV DNA testing can predict sustained response to lamivudine therapy

HBV DNA testing can predict HbeAg seroconversion or resistance to
lamivudine

HBYV DNA testing can predict patients who would not respond to lamivudine
therapy

pre-treatment HBV DNA levels can differentiate between sustained and non-
sustained responders among patients treated with interferon-o

HBV DNA testing at baseline and during treatment can predict patients who
would not respond to interferon treatment.

XVi
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There was insufficient evidence for the additional value of HBV DNA testing in these
patient groups.

Linked evidence: Serum HBV DNA testing and clinical outcomes

Evidence concerning the relationship between HBV DNA levels and long term clinical
outcomes is also summarised:

® a systematic review provided evidence that HBV DNA testing can predict
outcomes and illustrate treatment efficacy

e serum HBV DNA levels were shown to be indicative of survival following
hepatocellular carcinoma diagnosis and risk of death from hepatocellular
carcinoma

o clevated serum HBV DNA levels were associated with increased risk and
cumulative incidence of hepatocellular carcinoma

o clevated serum HBV DNA levels were associated with increased risk and
cumulative incidence of cirrhosis

e clevated serum HBV DNA levels were a prognostic factor for hepatocellular
carcinoma among patients with HBV-related cirrhosis

e clevated serum HBV DNA levels were prognostic of recurrence following
surgical resection to treat hepatocellular carcinoma.

Cost-effectiveness

Based on price information for the four different test systems currently available in
Australia (Digene Hybrid Capture II assay, Bayer Versant HBV 3.0 test, Roche COBAS
TagMan HBV test, and Qiagen [Artus] RealArt HBV PCR), each HBV DNA test would
cost Medicare Australia about §130, if listed for reimbursement.

Research questions were formulated to assess economic considerations associated with
use of HBV DNA testing:

1. to conduct initial assessments of patients with chronic hepatitis B infection before
initiating drug treatment

2. to monitor patients not undergoing antiviral treatment, and

3. to monitor patients undergoing antiviral therapy.

Testing of all newly reported HBV infections, assuming patients were tested once, would
create demand for around 6500 tests per year. Based on historic incidence, future
demand is forecast to remain stable at this rate.

The number of chronic hepatitis B patients to be monitored while not undergoing
antiviral drug treatment is expected to be low and stable at about 8200 patients annually.
Each patient would be tested annually to monitor disease course.

Increased HBV DNA testing could be expected if used to monitor patients undergoing
antiviral treatment, including interferon. Numbers of patients treated with lamivudine
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with or without co-administration of adefovit, or those treated with interferon, is
expected to increase over time, generating higher demand for HBV DNA testing.
Patients receiving antiviral treatments are expected to be tested quarterly; people treated
with interferon would be tested three times during a defined 12-month period. The total
number of monitoring tests was calculated to be around 4700 to 5900 tests per year.

Total demand is forecast to be about 20,000 tests annually. The expected cost to
Medicare Australia would be between $2.5 and $2.7 million per year.

Other healthcare funders are also likely to benefit from listing HBV DNA testing on the
Medicare Benefits Schedule because the test can identify patients who would not benefit
from particular drug treatments. Patients who test negative for hepatitis B virus could
discontinue drug treatment, and appropriate early interventions applied when drug
resistance occurs. A detailed assessment of these benefits is not included because current
evidence does not support changing long term outcomes following HBV DNA testing.
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Recommendation

MSAC has considered the safety, effectiveness and cost effectiveness of the use of
hepatitis B assays in the pre-treatment assessment and in the monitoring of patients with
chronic hepatitis B.

MSAC finds there is sufficient evidence of the safety, effectiveness and cost effectiveness
of hepatitis B assay in the pre-treatment and in the monitoring of patients with chronic
hepatitis B.

MSAC recommends that public funding be provided for the use of hepatitis B assay in
patients with chronic hepatitis B.

MSAC further recommends that the number of hepatitis B assays for pre-treatment
assessment or for the monitoring of patients with chronic hepatitis B who are not on
antiviral therapy be restricted to one assay in a twelve month period and for patients on
antiviral therapy the number of assays be restricted to four assays in a twelve month
period.

—The Minister for Health and Ageing accepted this recommendation on 4 June 2007—
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of hepatitis B
DNA diagnostic testing for chronic hepatitis B. MSAC evaluates new and existing health
technologies and procedures for which public funding is sought in terms of their safety,
effectiveness and cost-effectiveness, while taking into account other issues such as access
and equity. MSAC adopts an evidence-based approach to its assessments, based on
reviews of the scientific literature and other information sources, including clinical
expertise.

MSAC’s terms of reference and membership are at Appendix A. MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, oncology, surgery, internal medicine and general practice,
clinical epidemiology, health economics, consumer health and health administration.

This report summarises the assessment of current evidence for hepatitis B DNA testing
for the chronic phase of the disease.
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Background

DNA testing for chronic hepatitis B

The procedure

Deoxyribuonucleic acid IDNA) tests used in the management of hepatitis B viral
infection were assessed for this report. Measurement of hepatitis B virus (HBV) DNA
occurs during routine clinical assessment and monitoring of people with chronic hepatitis
B infections. Serum samples are obtained during clinical assessment which are analysed
for viral serology, alanine aminotransferase (ALT) and HBV DNA levels.

The serum sample is processed for DNA testing. The resulting sample is then assessed
using one of the available HBV DNA diagnostic assay kits. This involves further sample
preparation, DNA amplification and detecting HBV DNA specific to the assay kit.

There are two main techniques to assess HBV DNA—either through signal
amplification (sometimes referred to as hybridisation or branched DNA assays) or target
sequence amplification (polymerase chain reaction [PCR] assays). Target sequence
amplification techniques use primers to target specific HBV DNA sequences. Target
sequences then undergo PCR amplification and direct detection to quanitify HBV DNA.
Signal amplification techniques use target probes (ribonucleic acid [RNA] or
oligonucleotide sequences) which combine with target DNA to form hybrid sequences.
These hybrid sequences are then isolated, amplified and quantitatively assessed, typically
by measuring a chemiluminescent reaction (Chen et al 20006).

Diagnostic assay kits quantify HBV DNA levels present in samples. Assay kits have
different minimum detection levels for HBV DNA (see Table 1). Diagnostic capabilities
may differ between kits, an aspect which was considered in this assessment.

Table 1 Minimum detection levels of HBV DNA diagnostic assay kits
Assay Minimum detection level
Signal amplification assays
Genostix 4t05x105c/mLa
Digene HBV test hybrid capture I (standard) 1.4 x 105 c/mL
Digene HBV test hybrid capture Il (ultra sensitive) 4.7 x 103 ¢/mL
Quantiplex 7 x 105 ¢/mL
Target sequence amplification assays
Microwell plate Amplicor HBV monitor 103 ¢/mL
Cross-linking naxcor polymerase chain reaction 5x 105 ¢/mL
Real time polymerase chain reaction 300 c/mL
Cobas Amplicor HBV monitor 4 x 102 ¢/mL
Polymerase chain reaction beacon molecular detection 100 c/mL
TMA-HPA 5x 108 ¢/mL
Abbreviations: c/mL, copies per millilitre; HBV, hepatitis B virus; TMA-HPA, transcription-mediated amplification and hybridisation protection

assay
aCorrected value 4 to 5 x 108 ¢/mL
Source: Mommeja et al (2003)
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Intended purpose

The viral load, defined as the amount of HBV DNA contained in a serum sample, is
considered to be a measure of viral replication level. These levels can be used to identify

optimal timing for initiation, continuation, altering or termination of antiviral therapy
(Keeffe et al 2004).

The purpose of HBV DNA testing is:

e for initial and ongoing assessment of viral load among patients with chronic
hepatitis B who are not undergoing antiviral drug treatment, and

e for subsequent viral load monitoring among patients with chronic hepatitis B
undergoing antiviral treatment.

Reference standard

Diagnoses made with new tests must be compared with the true status of the relevant
disease to ascertain the test’s accuracy. In practical and ethical terms it is often unfeasible
to determine unequivocal disease status. Proxy measures—such as another diagnostic
test or clinical judgement—may be applied to stand for disease states. The best available
measure of disease is called the reference standard.

In this review, the reference standard to assess and monitor chronic hepatitis B infection
is histologically examined hepatic tissue obtained by biopsy. Other reference standards
regarded as approporiate included clinical outcomes, such as disease progression
(cirrhosis, cancer, death); ALT normalisation; viral load (determined by HBV DNA
testing); durable seroconversion; and quality of life. Histological sampling combined with
clinical outcomes is also regarded as an appropriate reference standard.

Clinical need and burden of disease

The World Health Organization estimates that more than 350 million people globally are
chronically infected with the hepatitis B virus (Kao et al 2002; McMahon 2004). In
Australia, chronic hepatitis B prevalence is between 91,500 and 163,000 (0.49% and
0.87% of the Australian population, respectively). About half of all infected people
migrated from southern or north eastern Asia (O’Sullivan et al 2004).

Chronic hepatitis B infection is associated with a 30 per cent risk of cirrhosis and 5-10
per cent risk of developing hepatocellular carcinoma. About 1200 people in Australia
(Gust 1996), and about a million people worldwide (Kao et al 2002; McMahon 2004), die
from chronic hepatitis B infection and its complications annually. Australia implemented
universal hepatitis B vaccination for all newborns in 2000, but impact on hepatitis B
incidence is unlikely to be evident for at least another 15 years.
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Natural history

About 3-5 per cent of adults exposed to the hepatitis B virus will develop chronic
infection—circulating hepatitis B surface (HBsAg) and hepatitis B e (HBeAg) antigens
will be evident in these people. HBeAg seroconversion, where there is clearance of
HBeAg and development of HBeAg (anti-HBe) antibodies, can occur spontaneously or
result from treatment. Although these people may have circulating HBsAg particles,
levels of HBV DNA are low or undetectable. These people have a reduced risk of
hepatic decompensation and a twofold lower risk of death (McMahon 2004). Up to 30
per cent of infected people may have repeated ALT flares which can lead to progressive
fibrosis (McMahon 2004). Hepatitis B viral infection does not persist among people with
acute disease. People with acute hepatitis B virus initially test positive for HBsAg,
HBeAg, and HBV DNA. These markers disappear over time.

Although HBeAg can be regarded as a hepatitis B virus replication marker, the type of
HBYV genotype (A—H) determines the percentage of people (1-25%) who develop
HBeAg (pre-core) escape mutants during HBeAg seroconversion. The genotype variants
prevent formation of HBeAg but allow for moderate-to-high levels of viral replication.
Genotype variants are indicated by persistently elevated serum ALT levels, absence of
HBeAg, presence of anti-HBe, and moderate to high HBV DNA levels (typically
>10°copies/mL). This form of infection is termed HBeAg-negative chronic hepatitis B.
Chronic hepatitis B can be classified as either of two major forms: HBeAg positive and
HBeAg negative.

Chronic hepatitis B has four phases: replicative/immune tolerant, HBeAg clearance, low
or non-replicative and replicative or re-activating.

The replicative/immune tolerant phase is characterised by high levels of HBV DNA,
HBeAg positivity, minimal liver inflammation, normal liver enzyme levels (generally), and
low risk of progression to liver disease.

HBeAg clearance occurs in the second phase. HBV DNA levels fluctuate and decline
during this stage, HBeAg is lost, and seroconversion (development of anti-HBe
antibodies) occurs. There is a moderate-to-high degree of liver inflammation and liver
enzymes, and liver disease progression is often rapid. This phase can be protracted and
many people remain HBeAg positive for years, if not indefinitely. During seroconversion
some patients develop the pre-core or basic core promoter variant of the virus that
results in HBeAg negative chronic hepatitis B. People whose HBeAg clearance phase is
short often progress to the third phase of low or non-replicative chronic hepatitis B.

The third phase is associated with low to undetectable levels of serum HBV DNA,
persistently normal liver enzymes and negligible liver inflammation, minimal liver damage
and low risk of liver disease.

People in phase three can progress to the fourth phase of chronic hepatitis B—the
replicative or re-activating phase. Features of this phase are that HBV DNA levels
increase, HBeAg is usually negative, serum enzyme levels are elevated and there is
potential for further liver disease progression. Immune suppression, resulting from
steroid therapy or chemotherapy, can contribute to development of replicative disease.
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Spontaneous flares of disease activity during the natural course of chronic hepatitis B
may lead to progressive hepatic fibrosis, cirrhosis and carcinogenesis (Perrillo 2001).
Mortality rates at five years are 16 per cent for those with compensated cirrhosis, where
the liver is damaged but can still function (Realdi et al 1994; Perrillo 2004), and

65-86 per cent (in the absence of liver transplantation) for people with decompensated
cirrhosis, and whose liver function is severely impaired (Perrillo 2004).

The primary goal of treating hepatitis B is to prevent clinical complications of chronic
disease. Recent data indicate that this goal can be achieved by durable suppression of
viral replication. The optimal target level for HBV DNA suppression, associated with
favourable alteration of natural history (if any), has not yet been conclusively identified.
Cohort studies of chronic hepatitis B patients have shown that the risk of progression to
advanced liver disease complications is considerably higher among patients with
replicative disease compared with non-replicative disease (Realdi et al 1994; Villeneuve
1994). Control of serum HBV DNA levels has important clinical implications.

Serum HBV DNA and treatment for chronic hepatitis B

A panel of USA-based hepatologists have developed a treatment algorithm for chronic
hepatitis B that uses serum HBV DNA levels to inform clinical decisions about
treatment initiation (Keeffe et al 2004). Specifically, a serum HBV DNA threshold of
>10"-10° IU/mL was recommended as a candidacy baseline for patients with HBeAg
positive chronic hepatitis B. A lower threshold (=10°-10* IU/ml.) was recommended for
patients with HBeAg negative chronic hepatitis B. A further recommendation addresses
treatment for patients with decompensated cirrhosis.

The treatment algorithm was subsequently revised to include a serum HBV DNA
threshold level for treatment candidacy of 20 000 IU/mL or more for patients with
HBeAg-positive chronic hepatitis B (Keeffe et al 2006). Other modifications to the
catlier treatment algorithm include a serum HBV DNA threshold of 2000 IU/mL for
patients with HBeAg-negative chronic hepatitis B and 200 IU/mL or more for patients
with decompensated cirrhosis (Keeffe et al 2000).

The American Association for the Study of Liver Disease (AASLD) practice guidelines
(Lok 2004) recommend that patients with decompensated cirrhosis patients whose HBV
DNA <10*-10° IU/mL should be referred to a liver transplant unit for assessment and
treatment. These data also recommend that treatment criteria be based on elevated serum
ALT, and/or liver biopsy findings.

Therapies available to treat chronic hepatitis B in Australia are:

1. lamivudine

2. interferon-0, (including 0t-2a and 0-2b, which are also available as investigational
agents for HBV in their pegylated forms)

3. adefovir dipivoxil
4. entecavir.
Lamivudine, interferon-0l and entecavir are available as first line treatments for chronic

hepatitis B as Section 100 items on the PBS. Adefovir dipivoxil (monotherapy or
combined with lamivudine) (also Section 100) is available only for patients with
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lamivudine-resistant HBV. Lamivudine resistance occurs as a consequence of the need
for long term antiviral treatment for most chronic hepatitis B patients (Locarni et al
2004).

HBV DNA testing is an essential criterion to establish patient eligibility for treatment
with lamivudine, interferon-0, adefovir dipivoxil, or entecavir.

Existing procedures

Viral serology

Hepatitis B virus surface antigen (HBsAg and HBeAg) measurement is used in diagnosis
and during routine clinical assessment and monitoring of chronic infection. Confirmation
of serological marker HBsAg in serum taken over six months or more indicates chronic
hepatitis B infection. Active HBV replication is indicated by the presence of the
serological marker HBeAg in serum samples. Absence of this marker does not
necessarily indicate that viral replication is not occurring, even among patients who were
previously HBeAg positive, because some hepatitis B virus variants have mutations that
prevent serological detection of this antigen (Keeffe et al 2004).

Alanine aminotransferase (ALT) levels

Alanine aminotransferase (ALT) enzyme level measurement is used to monitor liver
inflammation and inform routine clinical assessment. ALT levels within the normal range
are generally regarded as predictive of quiescence of inflammatory activity, and above
normal levels indicate active inflammation (Keeffe et al 2004). Elevated ALT levels can
indicate hepatitis B infection, but a number of other conditions can also cause active liver
inflammation.

Liver biopsy

Liver biopsy is used in the clinical assessment of chronic hepatitis B infection. Biopsied
liver tissue is histologically examined to determine the extent of liver disease. It is a
minimally invasive surgical technique using a biopsy needle that involves percutaneous
sampling, with or without CT or ultrasound imaging, of a small portion of the liver
(Zaman et al 2000). Liver biopsy complications may include pain and intrahepatic and/or
subcapsular bleeding. Arteriovenous fistula, haemorrhage, bile peritonitis, bacteraemia,
sepsis, pneumothorax and haemothorax are less common complications. There is a small
risk of mortality associated with liver biopsy (Zaman et al 2000).

Biopsied liver tissue is typically assessed by a pathologist using a histological grading scale
to determine disease extent. The Knodell histology activity index, Scheuer system, Ishak
system, Ishak modified histology activity index and the METAVIR system are common
grading scales. The Knodell histology activity index is shown in Table 2.
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Table 2 Knodell histology activity index

Periportal +/- bridging Intralobular degeneration Portal inflammation Fibrosis
necrosis and focal necrosis
None 0 None 0 None 0 None 0
Mild piecemeal necrosis 1 Mild (acidophilic bodies, 1 Mild (few inflammatory 1 Fibrous portal 1
ballooning degeneration and/or cells in less than a third expansion
scattered foci of hepatocellular of portal tracts)

necrosis in less than a third of
lobules or nodules)

Moderate piecemeal 3 Moderate (involvementofone 3  Moderate (increased 3 Bridging fibrosis 3
necrosis (involves to two-thirds of lobules or incidence of (portal-portal or
<50% of the nodules) inflammatory cells in portal-central
circumference of most one to two-thirds of linkage)

portal tracts) portal tracts)

Marked piecemeal 4 Marked (involvement of more 4 Marked (high density of 4  Cirrhosis 4
necrosis (involves >50% than two-thirds of lobules or inflammatory cells in

of the circumference of nodules) more than two-thirds of

most portal tracts) portal tracts)

Moderate piecemeal 5

necrosis plus bridging

necrosis 2

Marked piecemeal 6

necrosis plus bridging

necrosis 2

Multilobular necrosis 10

a Hepatitis activity index (HAI) score is the combined scores for necrosis, inflammation, and fibrosis
Source: Brunt EM (2000). ‘Grading and staging the histopathological lesions of chronic hepatitis: The Knodell histology activity index and
beyond'. Hepatology 31: 241-246. Reprinted with permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

HBYV DNA testing would be used as an additional test in routine clinical assessment and
monitoring of people with chronic hepatitis B infection. The relative value of HBV DNA
testing to viral serology, ALT enzyme level measurement, and liver biopsy were
considered in this assessment.

Marketing status of the technology

Commercial HBV DNA diagnostic assay kits are available in Australia. They are
exempted from the current regulatory requirements of the Therapeutic Goods Act, 1989.

Current reimbursement arrangement

There is currently no reimbursement arrangement with the Medicare Benefits Scheme
regarding HBV DNA testing.
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Approach to assessment

Research questions and clinical pathways

Initial assessment of patients with chronic hepatitis B before undergoing
antiviral therapy

The PPICO criteria (target population, prior tests, index test, comparator, outcomes)
developed a priori for evaluation of HBV DNA testing in initial assessment of patients
with chronic hepatitis B infection before antiviral therapy is given in Table 3.

Table 3 PPICO criteria for the use of HBV DNA testing in the initial assessment of patients with
chronic hepatitis B before undergoing antiviral therapy

Population Prior tests? Index  Comparator Outcomes
test
Chronic hepatitis B History and physical HBV Current clinical practice, Change in clinical
patients before examination DNA including: HBsAg and HBeAg management
;Jhndergomg antiviral Laboratory test to assess liver testing Egrology, ALT levels and/or liver Change in clinical
erapy disease 10psy outcomes
Tests to rule out other causes of Diagnostic
liver disease accuracy

Tests for co-infection with other
viruses

Consider screening for

hepatocellular carcinoma,

HBsAg / HBeAg / anti-core

serology
Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HBSAG, surface antigen of the hepatitis B virus;
HBeAG, hepatitis B e antigen
aThese tests are not required before HBV DNA testing (advisory panel advice)

The research question for this indication, based on these criteria, was as follows.

To what extent is hepatitis B virus (HBV) DNA testing:

° safe, and

. effective (including diagnostic performance and the impact of diagnosis on
changes in clinical management and changes in clinical outcomes), and

. cost-effective

in the initial assessment of patients with chronic hepatitis B prior to receiving antiviral
therapy relative to current clinical practice?

The clinical pathways' for the initial assessment of patients with chronic hepatitis B
infection before antiviral therapy are shown in Figure 1 and Figure 2. Figure 1 illustrates

! Clinical pathways also illustrate HBV DNA test use for monitoring chronic hepatitis B patients not
receiving antiviral therapy.
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the clinical pathway without availability of HBV DNA testing. Figure 2 shows the clinical
pathway including availability of HBV DNA testing.

Initial assessment and monitoring of HBV infection
» HBsAg/HBeAg serology

A

* ALT levels
Normal ALT TALT
HBeAg positive HBeAg negative HBeAg positive/negative

)

Monitor ALT/ serology 5 Monitor ALT/ serology 6 ‘ Gensideriather ‘ ‘ Liver biopsy ‘
) - causes
yearly until aged 15 then monthly in first year,
annually thereafter then annually thereafter ‘
y
Monitor ALT/ serology | Nozmiar:izgfsy Abnormal
annually disease) biopsy
'
Chronic hepatitis B requiring treatment
(go to Figure 3 and Figure 6)
* ALT
Liver biopsy: evidence of chronic hepatitis
Figure 1 Clinical pathway: Initial assessment of patients with chronic hepatitis B prior to receiving

antiviral therapy and monitoring of chronic hepatitis B patients not undergoing therapy,
HBV DNA testing not available
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Initial assessment and monitoring of HBV infection
» HBsAg/HBeAg serology P

* ALT levels
« HBV DNA test

A
THBV DNA IHBV DNA

l

i A b 4

Normal ALT TALT TALT Normal ALT

Clinical suspicion of

significant liver disease

vy v

) . . Look for other
Monitor ALT/ serology 6 Liver biopsy CHUSES
<«— monthly for first few
years then annually v v
4
. Normal biops Monitor ALT/ serology 5
Monitor AL T =8mlogy (minimalp Y Abnormal yearly until aged 15 ?rz/en
annually disease) biapsy annually thereafter

Chronic hepatitis B requiring treatment
(HBeAg positive: go to Figure 4 and Figure 7)
(HBeAg negative: go to Figure 5)

« ALT
« HBV DNA
Liver biopsy: evidence of chronic hepatitis

Figure 2 Clinical pathway: Initial assessment of patients with chronic hepatitis B before undergoing
antiviral therapy and monitoring of chronic hepatitis B patients not undergoing therapy, with HBV
DNA testing available

aCurrent recommendations for treatment thresholds differ between HBeAg positive patients (105), HBeAg negative patients (104) and inpatients
with cirrhosis or liver decompensation (103)
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Monitoring of patients with chronic hepatitis B not receiving antiviral
therapy

The PPICO criteria (target population, prior tests, index test, comparator, outcomes)
developed « priori for evaluation of HBV DNA testing to monitor chronic hepatitis B
patients who were not undergoing antiviral therapy are presented in Table 4.

Table 4 PPICO criteria for the use of HBV DNA testing in monitoring patients with chronic
hepatitis B not receiving antiviral therapy

Population Prior tests? Index test ~ Comparator Outcomes
Chronic History and physical examination HBV DNA Current clinical practice, Change in clinical
hepatitis B Laboratory test to assess liver disease  €Sting including: HBsAg and management
patients not Y . HBeAg serology and/or ALT 2106 in clinical
undergoing Tests to rule out other causes of liver levels outco?nes
treatment disease o

Tests for co-infection with other viruses Diagnostic

i ) accuracy
Consider screening for hepatocellular

carcinoma, HBsAg / HBeAg / anti-core
serology, HBV DNA testing

Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HBSAG, surface antigen of the hepatitis B virus;
HBeAG, hepatitis B e antigen

aThese tests are not required before HBV DNA testing (advisory panel advice)

The research question for this indication, based on these criteria, was as follows.
To what extent is hepatitis B virus (HBV) DNA testing:

° safe, and

o effective (including diagnostic performance and the impact of diagnosis on
changes in clinical management and changes in clinical outcomes), and

. cost-effective

in the monitoring of patients with hepatitis B not requiring treatment relative to current
clinical practice?

The clinical pathways for monitoring patients with chronic hepatitis B not receiving
therapy are shown in Figure 1 and Figure 2. Figure 1 indicates the clinical pathway

without HBV DNA testing available; Figure 2 displays the clinical pathway with HBV
DNA testing available.
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Monitoring of patients with chronic hepatitis B receiving antiviral therapy

The PPICO criteria (target population, prior tests, index test, comparator, outcomes)
developed 4 priori to evaluate HBV DNA testing to monitor chronic hepatitis B patients
undergoing antiviral therapy are presented in Table 5.

Table 5 PPICO criteria for the use of HBV DNA testing in the monitoring of patients with chronic
hepatitis B receiving antiviral therapy

Population Prior tests @ Index test  Comparator Outcomes
Chronic hepatitis B History and physical examination ~ HBV DNA Current clinical practice, Change in
pat@epts undergoing Laboratory test to assess liver testing including: HBsAg and HBeAg. clinical
antiviral treatment disease serology, ALT levels, and/or liver management
biopsy ;
Tests to rule out other causes of Cl,ha,"gle n
liver disease clinica
outcomes
Tests for co-infection with other Di .
viruses iagnostic
accuracy

Consider screening for
hepatocellular carcinoma, HBsAg /
HBeAg / anti-core serology

HBV DNA testing

Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HBSAG, surface antigen of the hepatitis B virus;
HBeAG, hepatitis B e antigen
aThese tests are not required before HBV DNA testing (advisory panel advice)

The research question for this indication, based on these criteria, was as follows.

To what extent is hepatitis B virus (HBV) DNA testing:
° safe, and

. effective (including diagnostic performance and the impact of diagnosis on
changes in clinical management and changes in clinical outcomes), and

° cost-effective

in monitoring chronic hepatitis B patients who are undergoing antiviral therapy, relative
to current clinical practice?

Clinical pathways for monitoring chronic hepatitis B patients undergoing antiviral
therapy are represented in Figures 3—7. Figure 3 illustrates the clinical pathway omitting
availability of HBV DNA testing. Clinical pathways that include availability of HBV
DNA testing are presented in Figure 4 (HBeAg positive patients), and Figure 5 (HBeAg
negative patients). Clinical pathways for patients undergoing interferon therapy are
represented in Figure 6 (without HBV testing) and Figure 7 (with HBV testing).
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Antiviral therapy

A 4

ALT and HBeAg serology (every 3 months)

Treatment failure/
drug resistance

Y

HBeAg negative
(seroconversion)

4

IALT

A

A

HBeAg negative
(seroconversion)

HBeAg positive

A 4

HBeAg positive

Treat for further 6
months

Continue therapy

for 3-5 years

‘e

4

\ 4

v

therapy

Alternative antiviral

Switch to interferon
(Go to Figure 7)

Switch to non-treatment monitoring
(Go to Figure 1)

Figure 3 Clinical pathway: Monitoring chronic hepatitis B patients undergoing antiviral therapy
without HBV DNA testing available
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Antiviral therapy:

HBeAg positive patients

4

HBV DNA testing (every 3 months)
ALT and HBeAg serology (every 3 months)

\ 4 P
THBV DNA 1HBV DNA
v i
TALT or {ALT TALT LALT
\ 4 \ 4 i L
Treatment failure/ Look for other HBeAg negative HBeAg positive
drug resistance causes (seroconversion)

|
v v , :

HBeAg negative
(seroconversion)

Treat for further 6 Continue therapy
months and then for 3-5 years
check HBV DNA

HBeAg positive

4 L A i V

Alternative antiviral Switch to interferon Switch to non-treatment monitoring
therapy (go to Figure 7) (go to Figure 2)

Figure 4 Clinical pathway: Monitoring HBeAg positive chronic hepatitis B patients undergoing
antiviral therapy with HBV DNA testing available

aHBV DNA testing every three months in the first year after commencing therapy is necessary in HBeAg positive patients with mild liver
disease if ALT returns to normal

Note: In the case of drug resistance, abnormal DNA refers to a minimum increase of 1 log above nadir
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Antiviral therapy:

HBeAg negative
HBV DNA testing (every 3 months)
ALT (every 3 months)
A 4 v
THBV DNA 1HBV DNA

v \ 4 \ 4
TALT or {ALT TALT IALT

v v v

Treatment failure/ Look for other Continue therapy for | |

drug resistance causes 3-5 years

A

A 4

Alternative antiviral
therapy

Figure 5 Clinical pathway: Monitoring HBeAg negative chronic hepatitis B patients undergoing
antiviral therapy with HBV DNA testing available

aCurrent recommendations for treatment thresholds differ HBeAg negative patients (10¢) and in patients with cirrhosis or liver decompensation
(10%)

Notes: The advisory panel indicated that HBeAg negative patients undergo life-long oral antiviral therapy
In the case of drug resistance, abnormal DNA refers to a minimum increase of 1 log above nadir
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HBeAg positive patients
6 months Interferon treatment

ALT (every 2 weeks for first month then monthly) HBeAg
serology (start and end of 6 month period)

\ 4

LALT TALT
HBeAg negative HBeAg positive HBeAg negative
(seroconverted) (seroconverted)
\
v v
Switch antiviral Abnormal Normal
therapy pre-treatment pre-treatment biopsy
(go to Figure 3) biopsy (minimal disease)
4
Switch to non-treatment )
monitoring
(go to Figure 1)

Figure 6 Clinical pathway: Monitoring HBeAg positive chronic hepatitis B patients undergoing

interferon without HBV DNA testing available

Note: Assessment of liver disease was based on first pre-treatment biopsy

16 Hepatitis B virus DNA testing



HBeAg positive patients
6 months Interferon treatment

A4

HBV DNA testing (start and end of 6 month period)
ALT (every 2 weeks for first month then monthly)
HBeAg serology (start and end of 6 month period)

LALT

A
1HBV DNA

LALT TALT

Switch to antiviral therapy
(go to Figure 4)

Abnormal
pre-treatment
biopsy

Normal
pre-treament biopsy
(minimal disease)

HBeAg negative HBeAg positive
(seroconverted)

Look for other
causes

’

Switch antiviral therapy

Switch to non-treatment
monitoring
(go to Figure 2)

(go to Figure 4)

Figure 7 Clinical pathway: Monitoring HBeAg positive chronic hepatitis B patients undergoing
interferon therapy with HBV DNA testing available

aCurrent recommendations for treatment thresholds differ between HBeAg positive patients (10%) and in patients with cirrhosis or liver

decompensation (103)

Note: Assessment of liver disease was based on first pre-treatment biopsy

Hepatitis B virus DNA testing
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Assessment framework

Types of evidence

A systematic review of the medical literature was undertaken to identify relevant studies
that examined the value of HBV DNA testing to assess and monitor patients with
chronic hepatitis B in relation to commencing or continuing antiviral therapy. Direct
evidence regarding the impact of HBV DNA testing on health outcomes was sought.
The literature search was not limited by outcomes or comparators. Indirect evidence
concerning the impact of HBV DNA testing on clinical management and diagnostic
accuracy was assessed where studies offering direct evidence were absent or limited.

Literature review
A search of the medical literature was conducted to identify all relevant studies and

reviews published before April 2006. Primary database searches were conducted as
indicated in Table 6.

Search strategy

Primary databases

Table 6 Electronic databases searched to review HBV DNA testing for chronic hepatitis B literature
Database Period covered/date searched
PreMedline and Medline 1966 to April week 1, 2006
EMBASE 1980 to 2006, week 15
Cochrane Library Issue 2, 2006 (5 May 2006)

The search terms included the following (as determined from the PPICO criteria):
. hepatitis B
. DNA, deoxyribonucleic acid
. hepatitis B virus, HBV, hepatitis B surface antigens
. viral DNA, HBV DNA, hepatitis B virus DNA

. test, assay, nucleic acid amplification techniques, gene amplification, nucleic acid
hybridisation, polymerase chain reaction, versant, amplification, hybrid capture,
Digene, Cobas, Amplicor, Roche PCR

° viral load, viral burden, viral dynamics, viral decline, virology, viral quantification,
virus examination, DNA level, DNA value, DNA quantitation, DNA
concentration, DNA determination.

Complete details of the literature searches performed using primary and secondary
databases are presented in Appendix E. Additional searches were conducted as required
to locate quality of life, epidemiological and economic information.
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Selection criteria

Initial assessment of patients with chronic hepatitis B prior to antiviral therapy

Table 7 Selection criteria: HBV DNA test studies considering initial assessment of chronic hepatitis

B patients before antiviral therapy

Research question: To what extent is HBV DNA testing safe, effective and cost-effective in initial assessment of chronic
hepatitis B patients before undergoing antiviral therapy relative to current clinical practice?

Selection criteria Inclusion
Study design Studies with =10 patients
Population Chronic hepatitis B patient not treated

with antiviral therapy

Prior tests? History and physical examination
Laboratory test to assess liver disease
Tests to rule out other causes of liver
disease
Tests for co-infection with other viruses
Screening for hepatocellular carcinoma,
HBsAg / HBeAg / anti-core serology

Index test HBV DNA test use for assessment and
monitoring of chronic hepatitis B patients
as currently approved by the TGA

Comparator Current clinical practice
Reference standard Liver biopsy / clinical outcomes
Outcomes

Direct evidence studies Effect on health outcomes
Accuracy studies Diagnostic performance
Management studies Effect on clinical management

Exclusion

Non-systematic reviews, letters, opinion
pieces, surveys, non-human or in vitro
studies

Wrong indication
Patients co-infected with HCV, HDV, HIV
and other viruses

Prior HBV DNA testing

Wrong usage
Wrong test

Wrong comparator

Inadequate reference standard
No reference standard

Wrong outcomes
Inadequate data reporting
Case-control studies
Case-referent studies

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus, HIV, human immunodeficiency virus;

TGA, Therapeutic Goods Administration

aThese tests are not required before HBV DNA testing (advisory panel advice)

Hepatitis B virus DNA testing
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Monitoring patients with chronic hepatitis B not receiving antiviral therapy

Table 8

Selection criteria: HBV DNA test studies monitoring chronic hepatitis B patients who were
not undergoing antiviral therapy

Research question: To what extent is HBV DNA testing safe, effective and cost-effective in monitoring patients with active
hepatitis B who are not undergoing treatment relative to current clinical practice?

Selection criteria

Study design

Population

Prior tests?

Index test

Comparator

Reference standard

Outcomes

Direct evidence
studies

Accuracy studies
Management studies

Inclusion
Studies with 210 patients

Chronic hepatitis B patients not treated
with antiviral therapy

History and physical examination
Laboratory test to assess liver disease

Tests to rule out other causes of liver
disease

Tests for co-infection with other viruses

Screening for hepatocellular carcinoma,
HBsAg / HBeAg / anti-core serology
HBV DNA testing

HBV DNA test use for assessment and
monitoring of chronic hepatitis B patients
as currently approved by the TGA

Current clinical practice

Liver biopsy / clinical outcomes

Effect on health outcomes

Diagnostic performance
Effect on clinical management

Exclusion

Non-systematic reviews, letters, opinion
pieces, surveys, non-human or in vitro
studies

Wrong indication
Patients co-infected with HCV, HDV, HIV
and other viruses

No specific exclusion criteria

Wrong usage
Wrong test

Wrong comparator

Inadequate reference standard
No reference standard

Wrong outcomes
Inadequate data reporting
Case-control studies
Case-referent studies

Abbreviations: HBV, hepatitis B virus; TGA, Therapeutic Goods Administration
a These tests are not required before HBV DNA testing (advisory panel advicel)
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Monitoring patients with chronic hepatitis B receiving antiviral therapy

Table 9 Selection criteria: HBV DNA test studies monitoring chronic hepatitis B patients undergoing

antiviral therapy

Research question: To what extent is HBV DNA testing safe, effective and cost-effective in monitoring chronic hepatitis B
patients undergoing antiviral therapy relative to current clinical practice?

Selection criteria
Study design

Population

Prior tests?

Index test

Comparator

Reference standard

Outcomes

Direct evidence
studies

Accuracy studies
Management studies

Inclusion
Studies with 210 patients

Chronic hepatitis B patients undergoing
antiviral therapy

History and physical examination
Laboratory test to assess liver disease
Tests to rule out other causes of liver
disease

Tests for co-infection with other viruses
Screening for hepatocellular carcinoma,
HBsAg / HBeAg / anti-core serology
HBV DNA testing

HBV DNA test use for assessment and
monitoring of chronic hepatitis B patients
as currently approved by the Therapeutic
Goods Administration

Current clinical practice

Liver biopsy / clinical outcomes

Effect on health outcomes

Diagnostic performance
Effect on clinical management

Exclusion

Non-systematic reviews, letters, opinion
pieces, surveys, non-human or in vitro
studies

Wrong indication
Patients co-infected with HCV, HDV, HIV
and other viruses

No specific exclusion criteria

Wrong usage
Wrong test

Wrong comparator

Inadequate reference standard
No reference standard

Wrong outcomes
Inadequate data reporting
Case-control studies
Case-referent studies

Abbreviation: HBV, hepatitis B virus

a These tests are not required before HBV DNA testing (advisory panel advice)

Search results

Results from safety and effectiveness searches and management and health outcomes
searches were pooled. The QUOROM (Quality of Reporting of Meta-analyses) flowchart
(Figure 8) summarises reasons for study exclusions. A total of 2206 non-duplicate
references were identified, of which 176 were reviewed for inclusion, and 21 were
included in the effectiveness review.

Hepatitis B virus DNA testing
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Potentially relevant studies
identified in the literature search

and screened for retrieval Studies excluded with reasons

(n = 2206) (n = 2030):
Reviews/Editorials/opinion piece/
survey/economic articles (213)
Non-humanl/in vitro/pre clinical

T (215)

Wrong patient group (98)

Wrong outcome (1231)

<10 patients (162)

Foreign language (111)*

A

Studies retrieved for more
detailed evaluation (n = 177)

Studies excluded with reasons (n = 156):
Wrong outcome (63)
Wrong usage (5)
No reference standard (5)
Inadequate data separation/reporting

Y (81)
Case-referent (1)
Potentially appropriate studies to Case-control (1)

be included in the systematic
review (n = 21)

A

Studies with usable information
by outcome (n = 21)

Direct evidence (2)

Linked evidence:
Accuracy: primary studies (9)

HBV DNA levels and outcomes:
Systematic review (1)
Primary studies (9)

Figure 8 QUOROM flowchart: Identification and selection of studies from the HBV DNA testing
literature review

Note: Translation and review of these studies was not possible due to time constraints of the assessment process
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It was found that many studies’ data and separation reporting was inadequate for this
review. To attempt to address data reporting deficits, the authors of 53 studies were
contacted to elicit further information to inform assessment of HBV DNA test accuracy.
No suitable data were provided from this process.

Data extraction

A pro forma was applied that included parameters to accommodate data collation of trial
and study population characteristics, tests used and outcomes reported. This follows

procedures for data collection outlined in the Cochrane Reviewers’ Handbook (Higgins et al
2005).

Statistical methods

Methodological considerations

Direct evidence supporting the value of HBV DNA testing relative to current clinical
practice, when used in the relevant patient group, is required to justify reimbursement
under Medicare. This should ideally be in the form of studies reporting effects on
patient-centred health outcomes. Alternatively, evidence of greater diagnostic accuracy
than the comparator(s), along with linked evidence of management change and that
treatment will affect health outcomes is required.

Evidence of an effect on management change is a key component where an additional
diagnostic test is to be used in the clinical pathway. The most appropriate design to
investigate the effects on management change is a pre-test post-test case series study.
Where a pre-test management plan is not reported, study outcomes do not fully
represent patient management change, and outcomes may be biased.

The ideal design for a comparative accuracy study of diagnostic tests permits each test to
be performed in a population with a defined clinical presentation, in a consecutive series.
The study should be an independent, blinded comparison with a valid reference standard
(NHMRC 2005).

To determine the relationship between a risk factor and clinical outcome, a Cox
proportional hazards model can be applied to assess the relative risk. Multivariate-
adjusted analysis allows exclusion of potential confounding factors.

Diagnostic performance

Evaluating accuracy of new diagnostic tests requires comparison of the novel approach
with its comparators and a reference standard. The reference standard is the best
available proxy for the true status of a disease or condition. The new diagnostic test and
its comparators can be compared independently with the reference standard to assess
sensitivity, specificity, accuracy, diagnostic odds ratio and likelihood ratios.

In this setting, sensitivity is defined as the proportion of all patients with a specified
condition whose results are positive, and specificity as the proportion of all patients, who
do not have the specified condition, who test negative. Test accuracy is reflected by the
proportion of patients whom the test correctly identified as positive or negative. A plot
of sensitivity against 1 minus specificity is known as a receiver operating characteristic
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(ROC) curve. The closer the area under the curve (AUC) is to 1.0, the more accurate the
test.

The positive predictive value is the proportion of all patients with positive test results
who have the condition in focus. The negative predictive value is the proportion of all
patients with negative test results who do not have the condition. Both positive and
negative predictive values are prevalence dependent. Caution should be taken when
interpretating these measures. In the context of this assessment, where HBV DNA
testing may be used to predict response to antiviral therapies, the negative predictive
value of the HBV DNA test indicates ability to identify patients who would not respond
to treatment. The negative predictive value of HBV DNA testing, where the test is used
to monitor patients undergoing antiviral drug treatment, is considered highly clinically
relevant (advice from advisory panel).

The diagnostic odds ratio is an expression of the odds of positive test results among
patients with the specified condition, compared with those who do not have the
condition. A diagnostic odds ratio of 100 provides convincing evidence of the test’s
ability to discriminate between presence and absence of the condition.

The likelihood ratio of a positive test is the probability that positive test results would
occur among people who have the condition, opposed to those who do not. The
likelihood ratio of a negative test is the probability that a negative test result would occur
among people who have the condition, opposed to those who do not. A positive ratio of
>10 and a negative ratio <0.1 provide compelling diagnostic evidence. A positive
likelihood ratio of >5 and a negative likelihood ratio of <0.2 provide strong diagnostic
evidence (Medical Services Advisory Committee 2005). Bayes’ theorem indicates that the
post-test odds of a condition are equal to the pre-test odds of the condition multiplied by
the likelihood ratio. The post-test probability of a condition can be determined for any
given pre-test probability using this approach.

Appraisal of the evidence

Appraisals of evidence were conducted at three stages.
Stage 1: Appraisal of the applicability and quality of studies included in the review

Stage 2: Appraisal of the precision, size and clinical importance of the primary
outcomes used to determine the safety and effectiveness of the test

Stage 3: Evidence consolidation for analysis and development of recommendations
about the index test’s net benefit in Australian clinical practice.
Appraisal of the quality and applicability of individual studies

The quality and applicability of included studies was assessed by applying pre-specified
criteria according to the study design (Appendix D).

Ranking the evidence

Studies that evaluated direct impact of the test or treatment on patient outcomes were
ranked according to the study design by applying levels of evidence designated by the
National Health and Medical Research Council NHMRC) (Table 10).
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Table 10 NHMRC levels of evidence for effectiveness

Level of evidence
I

I

-1

-2

-3

v

Study design
Evidence obtained from a systematic review of level Il studies
Evidence obtained from properly designed randomised controlled trials

Evidence obtained from well-designed pseudo-randomised controlled trials (alternate allocation or
some other method)

Evidence obtained from comparative studies with concurrent controls: non-randomised experimental
trials, cohort studies, case-control studies, or interrupted time series with a control group

Evidence obtained from comparative studies without concurrent controls: historical control studies,
two or more single-arm studies, or interrupted time series without a parallel control group

Evidence obtained from case series, either post-test or pre-test/post-test outcomes

Source: NHMRC 2005

Diagnostic accuracy studies were ranked according to NHMRC levels of evidence for
diagnoses (Table 11).

Table 11 NHMRC levels of evidence for diagnosis

Level of evidence
|
Il

M1-1

-2

-3
v

Study design
Evidence obtained from a systematic review of level Il studies

Evidence obtained from studies of test accuracy with: an independent blinded comparison with a
valid reference standard, among consecutive patients with a defined clinical presentation

Evidence obtained from studies of test accuracy with: an independent blinded comparison with a
valid reference standard, among non-consecutive patients with a defined clinical presentation

Evidence obtained from studies of test accuracy with: a comparison with reference standard that
does not meet the criteria required for level Il or IlI-1 evidence

Evidence obtained from diagnostic case-control studies
Evidence obtained from studies of diagnostic yield (no reference standard)

Source: NHMRC 2005

Studies were also graded according to pre-specified quality and applicability criteria

(Table 12).
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Table 12 Grading system used to rank included studies

Validity criteria Description Grading system

Appropriate comparison  Did the study evaluate a direct comparison of the C1 direct comparison
index test strategy versus the comparator test CX other comparison
strategy?

Applicable population Did the study evaluate the index test in a population ~ P1 applicable

that is representative of the subject characteristics P2 limited
(age and sex) and clinical setting (disease

prevalence, disease severity, referral filter and P3 different population
sequence of tests) for the clinical indication of
interest?
Quality of study Was the study designed and to avoid bias? Q1 high quality
High quality = no potential for bias based on pre- Q2 medium quality

defined key quality criteria Q3 poor reference standard

Medium quality = some potential for bias in areas lit
other than those pre-specified as key criteria poor qually

. or insufficient information
Poor quality = poor reference standard and/or

potential for bias based on key pre-specified criteria

Ideally, comparative accuracy of diagnostic tests is derived from studies that perform all
tests on all study participants. In this assessment, studies were classified as ‘CX’ (other
comparison) where both tests were not performed for all study participants.

An applicable patient population was considered to reflect the research question for each
indication in review. To be considered applicable, studies must be free from spectrum
bias in patient selection: all consecutive patients with the appropriate clinical presentation
should be included in the analysis. Patient populations applicable to the research question
but with known spectrum bias were considered to offer limited applicability.

Study quality was determined by a number of predefined factors.

Verification bias is a key concept used to determine study quality, and occurs when a
valid reference standard cannot be applied to all study participants. Verification bias is
avoided when only data from participants with valid reference standards are analysed.
The reference standard is defined as the best available proxy for the true status of a
disease or condition. Differential verification bias occurs when different reference
standards are applied to confirm positive and negative index test results. Studies
conducted in consecutive series of participants, without potential for verification bias,
were classified as providing high quality evidence.

A further factor affecting the study quality is selection bias. Studies are subject to
selection bias when patient inclusion is based on receiving the index test or reference
standard. To avoid selection bias, the accuracy of HBV DNA testing should be reported
in a consecutive series of patients who meet the criteria to receive the index test (ie, have
a defined clinical presentation). These criteria should be based on pre-test characteristics
of the patients. The disease status of all patients should be verified by a high quality, valid
reference standard.
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The study should provide sufficient data to reconstruct a 2 X 2 table to check calculation
of diagnostic accuracy outcomes and extract the numbers of true positive, false positive,
true negative and false negative results. It is a requirement of this process that a
diagnostic test be compared with a reference standard. Where long term outcomes are
considered as reference standard this may not be possible due to unavailability of long
term outcome data. In this circumstance, a test can be compared with other recognised
indicators of disease status, although the diagnostic test under assessment may be a more
accurate predictor of long term outcome than other tests.

When a comparator test is also considered to be a reference standard, and a diagnostic
test is potentially superior to the existing comparator reference standard, a valid estimate
of the accuracy of the index test would not be established. In this circumstance, there is a
requirement for direct evidence to support index test effectiveness on patient outcomes

(MSAC 2005).

Expert advice

An advisory panel with expertise in diagnostic virology, including hepatitis, was
established to evaluate the evidence and provide advice to MSAC from a clinical
perspective. In selecting members for advisory panels, MSAC’s practice is to approach
the appropriate medical colleges, specialist societies and associations and consumer
bodies for nominees. Membership of the advisory panel is provided at Appendix B.
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Results of assessment

Is it safe?

Specimens to be used in HBV DNA testing are collected using general procedures for
sampling blood. Collection of samples for HBV DNA testing carries a low safety risk.

However, as HBV DNA testing is not listed on the Medicare Benefits Schedule
laboratories which perform this test do not need to be accredited. This may have
potential implications for patient safety as HBV DNA testing is compulsory for patients
to receive therapies listed on the PBS.

Is it effective?

The strategy used to identify the body of evidence to establish effectiveness of serum
HBV DNA testing is outlined in Figure 9.
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Direct evidence

Literature search results reviewed for
direct evidence of the impact of HBV
DNA testing on chronic hepatitis B
clinical outcomes

A
Evidence limited to specific chronic
hepatitis B populations and not
applicable to all research questions:

Additional linked evidence required

Linked evidence Body of evidence

for the value of serum HBV DNA
testing among chronic hepatitis B
patients

Literature search results reviewed for >
studies assessing the diagnostic
performance of HBV DNA testing

A

Evidence limited to short-term
outcomes:

Additional linked evidence required

Y

Linked evidence

Literature search results reviewed for
studies investigating the relationship
between serum HBV DNA and (long
term) chronic hepatitis B clinical
outcomes

Figure 9 Strategy to identify evidence supporting effectiveness of serum HBV DNA testing
Abbreviation: HBV DNA, hepatitis B virus deoxyribonucleic acid
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Direct evidence

Summary of direct evidence

HBYV DNA testing and the monitoring of patients with chronic hepatits B not
receiving antiviral therapy

Chan et al (2002) published evidence indicating that HBV DNA testing improves outcomes by
reducing mortality risk among HBsAg positive renal transplant patients. HBV DNA testing was
used to identify transplant patients with increasing DNA levels. Lamivudine was administered
pre-emptively, regardless of alanine aminotransferase (ALT) levels.

Patient survival was similar to HBsAg negative patients when the pre-emptive strategy of HBV
DNA testing and lamivudine therapy was readily available throughout the post-transplant period.
When this strategy was unavailable to all transplant patients, survival declined and the relative
risks of death and liver-related death increased. Compared with HBsAg negative renal transplant
patients, the relative risk of death among transplant patients was 9.7 (95% CI: [4.7, 19.9],
$<0.001); the relative risk of liver-related death was 68.0 (95%CI: [8.7, 533.2], »<0.0001).

Although it was indicated that HBV DNA testing can enhance clinical outcomes, results are not
considered applicable in Australian clinical practice, because HBsAg positive patients were
treated with lamivudine to prevent reactivation of viral replication during immunosuppressive
therapy.

HBYV DNA testing and the monitoring of patients with chronic hepatitis B
receiving antiviral therapy

Lampertico et al (2005) assessed outcomes of adefovir dipivoxil therapy among HBeAg negative
chronic hepatitis B patients who were lamivudine resistant. Adefovir was administered either at
the time point of genotypic resistance (3-6 logio copies/mL, normal ALT) or phenotypic
resistance (>6 logio copies/mL, high ALT). Because detection of genotypic resistance is possible
only by measuring serum HBV DNA levels, compatison of adefovir treatment outcomes
between the genotypic and phenotypic resistance cohorts enabled assessment of HBV DNA
testing on patient outcomes.

When adefovir was co-administered with lamivudine, patients in the genotypic resistance cohort
had significantly greater response compared with the phenotypic resistance cohort: the
proportion of patients with undetectable serum HBV DNA levels at three months of adefovir
therapy was 100 per cent and 46 per cent, respectively (p<0.001). Normalisation of ALT levels
was time dependent in the phenotypic resistance cohort. ALT levels were normal throughout the
study period among the genotypic cohort treated with adefovir at initial lamivudine resistance
onset.

This suggests that ALT testing alone may not be the most effective way of detecting initial
development of lamivudine resistance. Regular HBV DNA testing offers better monitoring of
patients undergoing lamivudine monotherapy, which has potential to alter patient management
and to deliver short term outcome improvements. Adefovir treatment initiation was based on
availability, not ALT levels alone. Patients in the phenotypic tesistant cohort may not be entirely
comparable with those monitored by ALT levels alone.

Direct evidence was considered to be limited because the studies were not randomised controlled
trials and treatment decisions were driven by availability of antiviral therapy rather than HBV
DNA test results.
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Does HBV DNA testing improve health outcomes?

Studies by Chan et al (2002) and Lampertico et al (2005) informed assessment of the
additional value of HBV DNA testing compared with current clinical practice.

Chan et al (2002) assessed impact of HBV DNA testing on health outcomes among
HBsAg positive kidney allograft recipients. Lampertico et al (2005) investigated the
impact of HBV DNA testing in monitoring patients undergoing lamivudine therapy.

No studies were found whose specific objective was to assess additional benefit provided
by HBV DNA testing on health outcomes, compared with current clinical practice, and
none that assessed serum HBV DNA testing on health outcomes when used as a part of
initial patient assessment.

HBV DNA testing and monitoring patients with chronic hepatitis B not receiving
antiviral therapy

Chan et al (2002) investigated HBV DNA testing on HBsAg positive kidney allograft
recipients. HBV DNA testing sought to identify increasing DNA levels among transplant
patients; lamivudine was administered pre-emptively, with or without elevation of ALT
levels. Clinical outcomes were compared with a group of patients who underwent
transplantation before lamivudine therapy became available (January 1996) to assess
HBYV DNA testing. When clinically indicated, patients in the transplant group were
treated with lamivudine when it became available. Study characteristics are presented in
Table 13.
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The survival of HBsAg positive patients was compared among patients who underwent
transplantation before (period I cohort) and after lamivudine became available (period 11
cohort, de novo transplantation) to assess the impact of HBV DNA testing combined with
pre-emptive lamivudine treatment. The results reported by Chan et al (2002) are
presented in Table 14.

Of the 52 patients from the period I cohort, 14 died before January 1996 (73% survival).
Liver complications accounted for the deaths of eight of the 14 patients (57.1%). All 12
of the 15 patients from the period II cohort who were studied in the between-group
comparisons” survived. It was not reported whether the survival difference between
period I and II patients was statistically significant (p value not reported).

Of the 38 patients remaining from the period I cohort, 15 (39.5%) satisfied criteria for
pre-emptive lamivudine treatment (Table 14). Of the 12 patients in the period II cohort,
11 (91.7%) satisfied criteria for pre-emptive lamivudine treatment, indicating a higher
requirement for lamivudine therapy compared with the period I cohort (p = 0.002).

Lamivudine treatment was begun based on HBV DNA levels alone for seven (46.7%)
and five (45.5%) patients from the period I (transplantation before lamivudine
availability) and period II cohorts (lamivudine available at time of transplantation)
respectively (p value not reported). Abnormal alanine aminotransferase (ALT) was also
noted among remaining patients who underwent lamivudine treatment in both cohorts.

The duration of lamivudine treatment was not significantly different between period I
and II patients (p = 0.118). There was no difference in treatment duration before HBV
DNA levels became undetectable or ALT normalised between period I and II patients
(p = 0.643 and p = 0.8406, respectively) (Table 14).

The relative risks of death and liver-related death were also compared between each
period I and period II cohort and with a cohort of HBsAg negative patients who
underwent renal transplantation between 1983 and 2000 (Table 14). Compared with
HBsAg negative renal transplant patients, the relative risk of death in period I patients
was 9.7 (95% CI: [4.7, 19.9], p<0.001); the relative risk of liver-related death was 68.0
(95% CI: [8.7, 533.2], p<<0.0001). Chen et al (2002) reported that survival of the period II
cohortt (de novo transplantation patients) was similar to HBsAg negative patients, but
statistical data were not reported (p value not reported). HBeAg status at the time of
transplantation or at last follow up was not related to patient survival (p = 0.660 and
p = 0.797, respectively); however, it was unclear whether this analysis applied only to
period 11 patients or to all HBsAg positive patients included in this study.

Chen et al (2002) provided some evidence that HBV DNA testing improved outcomes
among HBsAg positive renal transplant patients (recipients). When the pre-emptive
strategy of combined HBV DNA testing and lamivudine therapy was readily available
throughout the post-transplant period (period II cohort), patient survival was similar to
HBsAg negative patients. Conversely, when the pre-emptive strategy was not available to
all transplant patients (period I cohort), survival was reduced and the relative risks of
death and liver-related death increased.

2 Of the 15 patients from the period II cohort, three were late referrals who received lamivudine treatment
as salvage therapy after developing liver decompensation. These three patients wete excluded from
between group comparisons by the study authors

Hepatitis B virus DNA testing 33



HBV DNA test results indicated initiation of lamivudine therapy in almost half of
patients in both cohorts. This suggests that in the absence of HBV DNA testing, a
significant proportion of patients would not receive appropriate therapy if treatment
decisions were based on elevated ALT levels alone. These patients would be treated only
if ALT levels became elevated.

Study quality

A randomised controlled trial comparing outcomes between patient cohorts of those
receiving HBV DNA testing, and another where testing was withheld, would provide the
ideal study setting to determine the impact of HBV DNA testing among HBsAg positive
renal transplant patients. This would be unethical because all patients who could benefit
from lamivudine treatment would not be identified on the basis of ALT levels alone—
HBYV DNA levels can change without corresponding changes in ALT levels. Chan et al
(2002) avoided this ethical dilemma by comparing outcomes before and after lamivudine
availability. This approach may have introduced bias because there was no randomisation
to select patients who did not have HBV DNA testing and pre-emptive lamivudine
therapy. It was not reported whether patient enrolment was consecutive. Outcomes were
compared between renal transplant patients during different time periods. It was possible
that outcome variations between period I and II cohorts occurred because of differences
between patient populations. Renal allograft survival was similar between cohorts,
suggesting that that there were no differences in renal outcomes that impacted on liver-
related outcomes. Data collection from January 1996 was prospective.

There was an indirect comparison of relative risk of death and liver-related death
between period I and II cohorts. Outcomes from both cohorts were compared with
HBsAg negative renal transplant patients between 1983 and 2000. Direct comparison
between cohorts would have provided a more robust analysis that yielded a more
accurate assessment of HBV DNA testing for HBsAg positive renal transplant patients.

The study’s design did not permit direct assessment of additional value provided by HBV
DNA testing over ALT testing. If elevated ALT levels alone were used to inform
lamivudine initiation, almost half of the patients treated with lamivudine in this study
would not have been treated. The consequences of not using HBV DNA testing to
monitor patients were indicated by poor survival among period I cohort patients. It is
unknown whether period I cohort outcomes would have differed had lamivudine therapy
been available at the time of transplantation, and elevated ALT levels only used to inform
treatment initiation.
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Applicability
HBYV DNA testing was carried out every two to four weeks or every four months in the
study by Chan et al (2002)’. Lamivudine treatment was begun if HBV DNA level was:

1. >2.83 X 10° copies/mlL. among patients with normal ALT, or
2.>2.83 x 10" among patients with increasing ALT levels or liver biopsy confirming
hepatitis.

Results reported by Chan et al (2002) were not applicable to Australian current clinical
practice. In Australia, all HBsAg positive renal transplant patients undergo prophylactic
lamivudine treatment regardless of serum HBV DNA levels.

HBV DNA testing and the monitoring of patients with chronic hepatitis B receiving
antiviral therapy

Results reported by Lampertico et al (2005), who applied HBV DNA testing to assess
antiviral treatment response, informed assessment of HBV DNA testing over current
clinical practice (Table 15). Lampertico et al (2005) assessed outcomes of adefovir
dipivoxil therapy among hepatitis B e antigen (HBeAg) negative chronic hepatitis B
patients who were lamivudine resistant. Adefovir was administered either at the time
point of genotypic resistance (HBV DNA level rising) or phenotypic resistance (ALT
level rising). The authors defined genotypic resistance as the presence of moderate HBV
DNA levels (3—6 log,, copies/mL) and persistently normal ALT levels; and phenotypic
resistance as presence of high levels of both HBV DNA (>6 log,, copies/mL) and ALT.
The authors did not define normal ALT level.

All study participants were treated with lamivudine and monitored for signs of drug
resistance from study initiation. Monitoring included bi-monthly quantitative HBV DNA
testing. Study participants who developed lamivudine resistance were assigned to one of
two cohorts. Cohort I included those who developed genotypic resistance to lamivudine
when adefovir was not available and continued on lamivudine monotherapy. Genotypic
resistance had become phenotypic resistance in all patients in this cohort by the time
adefovir was available. Adefovir was available and administered at genotypic resistance to
cohort II patients. Adefovir was added to lamivudine treatment in both cohorts.
Comparison of adefovir treatment outcomes between the genotypic and phenotypic
resistance cohorts informed assessment of HBV DNA testing on patient outcomes.

In the second cohort, exposing lamivudine resistance would only happen by detecting
phenotypic resistance, such as increasing ALT levels. Because decisions to begin adefovir
treatment were based on treatment availability, not ALT level, the phenotypic resistant
cohort in this study may not ne comparable with a group whose ALT levels were
monitored. Table 16 shows adefovir treatment outcomes.

The results presented in Table 16 indicate that detecting genotypic resistance using HBV
DNA testing among HBeAg negative patients undergoing lamivudine monotherapy
improves treatment outcomes. When adefovir was co-administered with lamivudine,

3 Test schedule:

1. Every two to four weeks: a) for the first 12 months after transplantation; b) for four months after pulse
steroid and/or anti-lymphocyte therapy for acute rejection; ¢) when setial HBV DNA levels show
increasing trend; d) during treatment with lamivudine

2. Every four months for clinically stable long term renal allograft recipients receiving low-dose
immunosuppressive medications
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patients in the genotypic resistance cohort had a significantly greater response compared
with the phenotypic resistance cohort: the proportion of patients with undetectable
serum HBV DNA levels at three months was 100 per cent and 46 per cent, respectively
(»<0.001). Serum ALT levels among the genotypic resistance cohort were also normal at
lamivudine resistance onset and remained normal throughout the study period

(24 months of adefovir treatment reported). In contrast, normalisation of ALT levels in
the phenotypic resistance cohort was time-dependent (Table 16). The two-year clearance
rate of serum HBV DNA was higher (100%) among the genotypic resistance cohort
compared with the phenotypic cohort (78%) (p values not reported). There was no
resistance to adefovir treatment (Table 16) reported in either cohort.

Lampertico et al (2005) provided evidence that pre-treatment HBV DNA levels can
predict response to adefovir. Median pre-treatment serum HBV DNA levels for patients
in the genotypic resistance and phenotypic resistance cohorts were 4.5 log,, copies/mL
(range, 3.4-5.9) and 7.3 log,, copies/mL (range, 4.3-9.3) respectively (p<0.001).
Pre-treatment levels of ALT were also significantly different between cohorts. Median
pre-treatment serum ALT levels of patients in the genotypic cohort and phenotypic
cohorts were 38 IU/mL (range, 20-70) and 145 IU/mL (range 42-2870) respectively
(»<0.001). Although the time period between the development of genotypic and
phenotypic resistance was relatively short, results indicated that adefovir treatment at
genotypic resistance had more favourable outcomes because serum HBV DNA levels
were lower than at the time of phenotypic resistance. Hepatitis B outcomes were pootly
reported. It could not be determined if the benefits of detecting lamivudine resistance at
the genotypic stage translated to longer term benefits in relation to cirrhosis and
hepatocellular carcinoma.

Results reported by Lampertico et al (2005) indicated that adefovir therapy was more
effective among lamivudine resistant patients when administered at the time of genotypic
resistance (Table 16). By inference, this provided evidence that regular HBV DNA
testing for patients undergoing lamivudine monotherapy improves health outcomes.
The study also showed that adefovir therapy was less effective when administered at the
time of phenotypic resistance. This can be inferred to suggest that lamivudine-treated
patients who do not undergo regular HBV DNA testing could potentially have less
favourable outcomes. These results suggested that ALT testing alone may not be the
most effective means of detecting initial development of lamivudine resistance.

Adding regular HBV DNA testing offers improvement for monitoring patients
undergoing lamivudine monotherapy with potential for short term outcome
improvements.
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Study quality

The phenotypic resistance cohort described by Lampertico et al (2005) is comparable
with a group of patients monitored without HBV DNA testing. HBV DNA testing was
available and genotypic resistance was detected, but adefovir was not made available until
phenotypic resistance developed. Decisions to provide adefovir therapy was determined
by test availability, not test results, to assess development of phenotypic resistance.

It appears possible that serum ALT levels among this cohort may not be comparable
with patients undergoing treatment using adefovir in response to rising ALT levels alone.
If detection of phenotypic resistance, such as by serum ALT levels, was considered to be
the comparator to HBV DNA testing, there was no blinding between cohorts.

The serum ALT levels among the phenotypic cohort participants were not interpreted
independently of HBV DNA levels—increased HBV DNA levels would have alerted
treating clinicians to which patients” ALT was likely to change. These considerations
make the phenotypic cohort less comparable with a cohort of patients undergoing
lamivudine therapy who were not monitored using HBV DNA testing. It could not be
determined whether reported outcomes for the phenotypic resistance cohort in this study
provided a conservative estimate of outcomes where HBV DNA testing was unavailable.

There was potential for bias in this study which was not designed with the objective of
determining whether HBV DNA testing improves health outcomes among patients
undergoing lamivudine monotherapy. Bias may have been introduced because the
cohorts who were treated using adefovir at different stages of lamivudine resistance
(genotypic resistance and phenotypic resistance) were not randomised. It seems that
patient recruitment was non-consecutive, which further enhanced bias potential.
Lampertico et al (2005) applied prospective recruitment—all patients who underwent
lamivudine treatment were not included—only those who developed resistance.

This design or reporting omission did not allow assessment to be made about the impact
of serum HBV DNA testing used to monitor all patients undergoing lamivudine therapy,
irrespective of resistance status. Outcomes for patients who did not develop resistance
were not reported, so comparisons could not be made.

Applicability

The antiviral therapies considered by Lampertico et al (2005) are applicable to Australian
clinical practice. Lamivudine and adefovir are licensed in Australia, but government
funding for adefovir is available only for lamivudine resistant patients. It was not
reported whether pre- or post-treatment liver biopsies were obtained from study
participants. Pre-treatment liver biopsy is required for access to therapies through the
Australian Commonwealth Government Highly Specialised Drug Section 100 scheme for
the treatment of chronic hepatitis B.

The two-monthly regimen of serum HBV DNA testing reported by Lampertico et al
(2005) may reduce the applicability of the results to Australian clinical practice.

HBYV DNA testing for HBeAg negative patients is conducted every three months in
Australian clinical practice. Serum HBV DNA testing every three months is considered
to be the optimal regimen in Australia for patients undergoing lamivudine therapy
(advisory panel).

Lampertico et al (2005) conducted their study in Italy, where people with hepatitis B
virus are more likely to have HBeAg negative disease, which is a progression from
positive status (Bell et al 2005). The study’s HBeAg negative patient population had
extensive fibrosis or cirrhosis. Non-consecutive patient selection may have contributed
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to a bias to introduce higher than expected levels of fibrosis and cirrhosis. The findings
of this study related to HBeAg negative patients with advanced liver disease or cirrhosis.

Linked evidence

Linking evidence requires aggregating test accuracy and impact of the test on patient
management with evidence for treatment effectiveness (MSAC 2005). This approach was
necessary because evidence concerning the direct impact of HBV DNA testing on health
outcomes was limited.

Lampertico et al (2005) provided some evidence supporting that HBV DNA testing use
can lead to improved health outcomes, a linked evidence approach was required because:

1. This study applied to HBeAg negative patients with advanced liver disease or
cirrhosis undergoing antiviral therapy. Evidence was also required to support
effectiveness of HBV DNA testing among HBeAg positive patients, initial
assessments, and monitoring those not undergoing antiviral therapy.

2. The study did not provide evidence that HBV DNA testing provides longer term
clinical improvement outcomes. Evidence is required to indicate that changes in
serum HBV DNA levels correlate with changes in clinical outcomes.

3. The quality of evidence presented was considered inadequate to inform
assessment of HBV DNA testing in the absence of a linked approach.

The study by Chan et al (2002) was considered to provide direct evidence supporting the
impact of HBV DNA testing on patient outcomes, but was limited to HBsAg positive
kidney allograft recipients. This study had limited applicability to HBV DNA testing in
wider clinical practice, and confirmed need for a linked evidence approach. The quality
of evidence presented was considered inadequate to assess HBV DNA testing in the
absence of a linked approach.
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HBV DNA test accuracy: Summary of evidence

HBYV DNA testing and initial assessment and monitoring of patients not
undergoing antiviral therapy

Serum HBV DNA and differentiating inactive carriers from chronic hepatitis B
patients

Manesis et al (2003) and Seo et al (2005) assessed the value of HBV DNA testing to
differentiate inactive HBeAg negative carriers from HBeAg negative active chronic
hepatitis B patients. Manesis et al (2003) reported that serum HBV DNA with a cut point
of 30,000 copies/mL had the best diagnostic performance to differentiate active and
carrier patient status. There was potential for patient misclassification: sensitivity
(identification of patients with active chronic hepatitis B) was 89.6 per cent, meaning that
patients could be misclassified as HBeAg negative carriers. This study also reported
evidence suggesting that HBV DNA testing adds additional diagnostic performance to
differentiation by IgM anti-Hbc complex measurement. In the other study a suitable
serum HBV DNA cut point was hard to determine without misclassifying patients: at
HBYV DNA test thresholds of 4.5 and 5 log copies/mlL, 23 per cent and 18 per cent of
inactive carriers would be misclassified as active chronic hepatitis B patients respectively.
The additional value of HBV DNA testing was not reported in this study. Both studies
were considered poor quality as the HBV DNA test was interpreted with knowledge of
the reference standard.

Serum HBV DNA and liver histology

Lindh et al (2000) found that increased serum HBV DNA levels were associated with
extensive liver damage, especially among HBeAg negative patients. No association was
found between serum HBV DNA levels and liver damage among HBeAg positive
patients. Peng et al (2003) provided modest evidence indicating that higher serum HBV
DNA levels were associated with increased liver damage in HBeAg negative patients.
Both studies were considered to offer poor quality evidence because HBV DNA test
results were interpreted with knowledge of the reference standard. Additional value
provided by HBV DNA testing was not reported by either study.

Serum HBV DNA and sustained HBeAg seroconversion

Chan et al (2003) provided evidence that serum HBV DNA levels of >10° copies/mlL. at
or following seroconversion are predictive of HBeAg reversion. No tests designated as
comparators for this assessment were reported.

HBYV DNA testing and monitoring of patients undergoing antiviral therapy
HBYV DNA testing and predicting response to lamivudine

Buti et al (2001) found that a negative HBV DNA test at month three of therapy was

both moderately sensitive and specific as an indicator of sustained response. This study
was considered to present poor quality evidence because the reference standard was the
clinical outcome of sustained treatment response which was measured by the index test.
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Zollner et al (2001) reported sequential measurement of HBV DNA levels during
lamivudine therapy for the test’s potential value as a predictor of HBeAg seroconversion
and emergence of drug resistance. HBV DNA testing giving a value of <log 2
copies/mL at month 12 of therapy was reported to be the optimal time to predict
seroconversion or resistance to lamivudine. Patients with HBV DNA levels above the
detection limit at 12 and 15 months did not have seroconversion, indicating no response
to therapy. Serum HBV DNA below the detection limit at month 15 of therapy was a
strong predictor that sensitivity to lamivudine was maintained.

HBYV DNA testing and predicting response to interferon treatment

Lindh et al (2001) sought to determine if pre-treatment HBV DNA levels could predict
sustained virological response among interferon-treated patients who had prior
prednisolone (priming). When a serum HBV DNA threshold value of log 8.7 copies/mL
was used, there was limited value in differentiating non-sustained responders from
sustained responders: the PPV of serum HBV DNA level <log 8.7 copies/mL to predict
sustained response was 67 per cent; the NPV of >log 8.7 copies/mL to predict non-
sustained response was 67 per cent; and the sensitivity and specificity of log 8.7
copies/mL to predict sustained response and non-sustained wetre 60 per cent and 75 per
cent, respectively. Study quality was considered to be poor because HBV DNA testing
was also part of the reference standard.

Van der Eijk et al (2006) evaluated HBV DNA testing as a predictor of response among
HBeAg positive chronic hepatitis B patients treated with interferon-c. Log HBV DNA at
baseline >8 and <1.0 log decrease between baseline and week 12 was better able to
predict the proportion of patients who would not respond to treatment: specificity equals
61 per cent. Incomplete specificity meant that misclassification of patients as potential
treatment responders could occur if the criteria of log HBV DNA at baseline >8 and
<1.0 log decrease between baseline and week 12 were used in clinical practice.

None of the studies which were considered to provide evidence for the accuracy of HBV
DNA testing in monitoring treatment response reported data which enabled an
assessment of the value of HBV DNA testing in addition to other tests (eg ALT,
serology, liver histology).

None of the studies considered to provide evidence for the accuracy of HBV DNA
testing reported data which facilitated reconstruction of diagnostic performance values.
These values could not be confirmed
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Is HBV DNA testing accurate?

An ideal study model to determine effectiveness of HBV DNA testing for chronic
hepatitis B diagnosis would include measurement of serum HBV DNA levels among a
prospectively recruited consecutive cohort of patients. These patient data would be
cross-referenced to histological analyses of liver biopsy specimens or chronic hepatitis B
clinical outcomes, such as cirrhosis, hepatocellular carcinoma, seroconversion, or
sustained viral replication suppression. The reference standard, the best available method
of determining true disease status, would be liver biopsy or chronic hepatitis B clinical
outcomes. HBV DNA test results would be compared with the reference standard in an
independent, blinded approach. It would also be necessary cross-reference the
proportional change from baseline HBV DNA levels with liver biopsy results or chronic
hepatitis B clinical outcomes where serum HBV DNA testing was used to monitor
patients regardless of therapy regimen.

To confirm test accuracy data, where reporting was inadequate in studies considered for
inclusion in this assessment, authors of 53 studies were contacted to seek further
information. No additional data were obtained from this activity.

HBV DNA testing and the initial assessment and monitoring of patients not
receiving antiviral therapy

Studies by Chan et al (2003), Lindh et al (2000), Manesis et al (2003), Peng et al (2003),
and Seo et al (2005) informed assessment of the value of serum HBV DNA levels in

initial assessment and monitoring of patients not undergoing antiviral therapy. Study
characteristics are presented in Table 17.
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Serum HBV DNA and sustained HBeAg seroconversion

Chan et al (2003) aimed to identify a serum HBV DNA level to predict sustained disease
remission or HBeAg reversion.

Remission occurred in 65 per cent of patients who were HBeAg positive at study entry
(n = 33), and who subsequently seroconverted. The authors applied receiver operating
characteristic (ROC) curve analysis (see page 23) to assess the value of HBV DNA levels
at seroconversion to predict HBeAg reversion. The reported area under curve (AUC)
(see page 23) for this ROC curve was 0.73 (95% CI: [0.53, 0.93]; p = 0.03). HBeAg
reversion occurred in 28 per cent of a patient group who were HBeAg negative and anti-
HBeAg positive at study entry (n = 40). Using HBV DNA levels at the time of study
entry to predict HBeAg reversion, ROC curve analysis resulted in an AUC of 0.83 (95%
CI: [0.67, 0.98]; p = 0.002). These data suggest that HBV DNA levels may be moderately
accurate to predict HBeAg reversion. Chan et al (2003) did not however report data to
confirm these analyses.

Interval likelihood ratios were also reported for the ability of different serum HBV DNA
levels to predict HBeAg reversion. Analysis results are presented in Table 18.

Table 18 Serum HBV DNA levels and predicting HBeAg reversion

Study Patient group Serum Proportion of patients (%) Interval Study quality
I'II_BV 1%NA Sustained HBeAg I'k:.!“hOOd
(Log10) seroconversion  reversion ratio
Chanetal HBeAg positive at 4 55.0 154 03 P?Q3
< . K .
(2003) study entry, Applicabilty
seroconverted
. Unclear
China
4-5a 40.0 38.5 1.0 Criteria for patient
inclusion not
reported
a
& 50 462 92 Quality: Poor
HBeAg negative Direction unclear
anti-HBeAg positive <4® 65.5 182 03 Potential selection
at study entry bias
4-5b 24.1 182 08 Inadequate
reporting of
reference
>5b 10.3 53.8 5.2 standard

Abbreviations: HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus deoxyribonucleic acid
aSerum HBV DNA levels at time of seroconversion
bSerum HBV DNA levels at time of study entry

The results presented in Table 18 indicate that serum HBV DNA levels of

>10° copies/mL at the time of seroconversion are predictive of HBeAg reversion
(interval likelihood ratio = 9.2). Likewise, serum HBV DNA levels of >10° copies/mlL,
after seroconversion are also predictive of HBeAg reversion (interval likelihood ratio =
5.2). The additional value of HBV DNA testing could not be assessed because there were
no tests considered to be comparators for this assessment reported by this study.

Results reported by Chan et al (2003) should be interpreted with caution. The reported
clinical outcomes were considered to be the reference standard for this assessment.
Chan et al (2003) did not report how sustained seroconversion or HBeAg reversion was
assessed and if clinical outcomes were interpreted blind to HBV DNA levels. It was also
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unclear whether this study was prospective or retrospective. There is potential for
selection bias because patient enrolment was not reported. The applicability of this study
is unclear for the reason that patient inclusion criteria were not reported. This study was
considered poor quality.

According to NHMRC levels of evidence for diagnostic studies (see page 24), the study
by Chan et al (2003) was considered to present level III-2 evidence.

Serum HBV DNA and liver histology

Studies by Lindh et al (2000) and Peng et al (2003) informed assessment of the value of
serum HBV DNA testing to predict liver histology.

Lindh et al (2000) compared levels of serum HBV DNA and ALT with liver histology
activity index (HAI) in treatment regimens for naive chronic hepatitis B patients
attending regular check-ups. They found no association between serum HBV DNA
levels and liver histological activity among HBeAg positive patients. Increasing serum
HBYV DNA level was associated with higher histology activity index inflammation and
histology activity index fibrosis scores ($<<0.0001) among HBeAG negative patients.

The authors reported predictive values of serum HBV DNA and indexed ALT (ALT?)
for minimal and severe inflammation among HBeAg negative patients. The results of this
analysis are presented in Table 19.

Table 19 Value of serum HBV DNA and ALT to predict liver inflammation among HBeAg negative
patients

Study Predictive value Serum HBV DNA cut-off ALTi2 cut-off Study quality
(copies/mL)

104 2x105 107 0.5 1.0 20

Lindh Predicting P1Q2

etal HAlinfl >3 o
(2000) PPV (%) 25 68 100 28 44 67 Applicabilty:
Applicable

Sweden Quality:
Medium

NPV (%) 84 87 81 o7 88 gp  Vald
reference

standard,
blinded to test
results

PPV (%) 14 36 83 14 20 42 Potential for
selection
bias: non-
consecutive
recruitment

Predicting
HAlinfl >6

NPV (%) 97 95 93 100 9% 93

Abbreviations: ALTi, indexed alanine aminotransferase; HAlinfl, histology activity index inflammation score; HBV DNA, hepatitis B virus
deoxyribonucleic acid; NPV, negative predictive value; PPV, positive predictive value
alndexed ALT (ALTi) is ALT divided by upper reference value; 0.8 pkat-' for males and 0.6 pkat- for females
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Data presented in Table 19 show that the positive predictive values for histology activity
index inflammation scores >3 and >0 escalate as serum HBV DNA and ALTI1 cut-offs
were increased. This suggests that increased serum HBV DNA and ALT levels are
predictive of increased liver inflammation among HbeAg negative patients. The negative
predictive values indicate the proportion of patients with histology activity index
inflammation scores =3 and <6 below each cut-off value for serum HBV DNA and
ALTI. There is little variation between these values indicating that liver damage

(as assessed by histology activity index inflammation scores) may not necessarily increase
as serum HBV DNA and ALTi levels increase. Positive predictive value and negative
predictive value relate to different groups of patients—those with histology activity index
inflammation scores >3 or >6 and those with histology activity index inflammation
scores =3 and =6. Positive and negative predictive values are prevalence dependent—
analysis results (Table 19) should be interpreted cautiously—they may not apply to other
chronic hepatitis B populations. Inadequate data reporting meant that the additional
value of HBV DNA testing over other tests could not be determined.

The prospective study by Lindh et al (2000) was considered to be medium quality and
applicable to Australian clinical practice. Liver biopsy was considered to be an
appropriate reference standard for this assessment. Liver biopsy histology activity index
was scored blind to test results. Test results were interpreted with knowledge of the
reference standard to determine the predictive value of HBV DNA testing. Inadequate
data reporting did not permit confirmation of predictive values. There was potential for
selection bias because patient recruitment was non-consecutive.

According to NHMRC levels of evidence for diagnostic tests (see page 24), the study by
Lindh et al (2000) is considered to present level I1I-1 evidence.

Peng et al (2003) studied serum HBV DNA levels that were cross-classified to liver
histology. This study’s objective was to determine the clinical and histological
characteristics of HBeAg negative and positive chronic hepatitis B patients. The study
was not designed to assess the diagnostic performance of HBV DNA testing as an
indicator of chronic hepatitis B. The characteristics of this study are described in

Table 17. Peng et al (2003) did not report data that informed assessment of the additional
value of HBV DNA testing.

The study by Peng et al (2003) considered a population who were prospectively recruited,
non-consecutive cohort of chronic hepatitis B patients 64 per cent of whom were
HBeAg positive and the balance HBeAg negative. Peng et al (2003) reported serum HBV
DNA levels, cross-classified to histological assessment of liver biopsy samples by both
histological activity index inflammatory and histological activity index fibrosis scores.
Cross-classification allowed assessment to be made of the diagnostic performance of
serum HBV DNA testing. In this analysis, when histological activity index inflammatory
or histological activity index fibrosis scores were considered as reference standards,
cut-off scores of 29 and =23, respectively, were considered positive for chronic

hepatitis B.

Positive and negative likelihood ratios were calculated to assess the diagnostic
performance of serum HBV DNA testing. Each range of serum HBV DNA values was
considered the cut point for chronic hepatitis B positive. This analysis assessed the
likelihood of developing chronic hepatitis B among patients who test positive

(or negative) for different serum HBV DNA values. Analysis results are presented in
Table 20.
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There is a trend toward increased negative likelihood ratio values among HBeAg positive
patients when lower serum HBV DNA levels are considered as threshold values for
chronic hepatitis (Table 20). (Negative likelihood ratio values are held to be greater than
positive likelihood ratio values). These results suggest that there is an increased likelihood
of chronic hepatitis B among patients whose serum HBV DNA test results are below
threshold values. Thus, lower levels of serum HBV DNA in HBeAg positive patients
may be associated with increased liver damage.

Conversely, for each serum HBV DNA threshold value in HBeAg negative patients,
positive likelihood ratio is greater than negative likelihood ratio indicating an increased
likelihood of chronic hepatitis B among patients with HBV DNA values above the
threshold. When the threshold is set at an HBV DNA level of 100-200 pg/mL, the
positive and negative likelihood ratios of 4.18 and 0.48 respectively, indicate that this may
be the most appropriate level to indicate presence of chronic hepatitis B. Overall, the
results of this analysis among HBeAg negative patients indicate that higher levels of
serum HBV DNA are associated with increased liver damage.

The study by Peng et al (2003) was considered to offer limited applicability and medium
quality. Applicability was limited because the HBV DNA assay applied and reported was
developed in-house and performance may be dissimilar to assays available in Australia.
No evidence was reported to indicate whether the limits of detection and linearity were
tested against current internationally recognised HBV DNA standards such as
EUROHEDP. Although the study was conducted in China, the patient population was
considered applicable because a recent prospective cohort study of Australian chronic
hepatitis B patients reported that 65 per cent had Asian ethnicity (Bell et al 2005).

Because there was potential for selection bias, quality was considered medium. Patients
were recruited based on a suitable reference standard (liver biopsy specimen not

<1.0 cm). It was significant that liver biopsy slides were read blind. Test results were
interpreted by the authors with knowledge of the reference standard to inform
determination of the predictive value of HBV DNA testing.

In compliance with NHMRC levels of evidence for diagnostic studies (see page 24), the
study by Peng et al (2003) was considered to present level III-1 evidence.
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Serum HBV DNA and differentiating inactive carriers from chronic hepatitis B
patients

In an analysis of patients consecutively examined during routine chronic hepatitis B
monitoring, Manesis et al (2003) investigated the predictive ability of baseline
measurements of serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST), immunoglobulin M (IgM) antibody to hepatitis B core antigen (anti-HBc) and
HBV DNA levels to differentiate hepatitis B e antigen (HBeAg) negative chronic
hepatitis B patients from HBeAg negative inactive carriers. The predictive ability of a
combined IgM anti-HBc and HBV DNA index was also investigated. Analysis results are
presented in Table 21 and Table 22.

The ability of several baseline tests to correctly classify active chronic hepatitis B and
inactive carriers was measured at cut points appropriate for each test. These data
informed determination of positive predictive value, negative predictive value, specificity
and sensitivity to differentiate active chronic hepatitis B from inactive carriers (Table 21
and Table 22). It was considered that Manesis et al (2003) applied HBeAg negative
carrier status (HBeAg negative and persistent normal ALT during follow-up) as the
reference standard for analyses.

Results indicate that serum HBV DNA with a cut point of 30 000 copies/mL has the
best sensitivity (89.6%), specificity (100.0%), positive predictive value (100.0%) and
negative predictive value (81.6%) to discriminate between active chronic hepatitis B and
inactive HBeAg negative patients (Table 21). The combined serum HBV DNA IgM anti-
HBc index had slightly higher sensitivity (95.5%) but lower specificity (91.9%).

Manesis et al (2003) also investigated the diagnostic performance of baseline tests among
a subset of patients with normal baseline ALT/AST levels (Table 22). This analysis
included 25 active chronic hepatitis B patients with normal ALT/AST levels at baseline,
but who subsequently developed abnormal ALT during follow-up. HBV DNA with a cut
point of 30 000 copies/mL had the best diagnostic petrformance to discriminate between
active chronic hepatitis B and inactive HBeAg negative patients in this patient subset.
Compared with serum HBV DNA with a cut point of 30 000 copies/mL, the combined
serum HBV DNA IgM anti-HBc index was more sensitive (92.0% vs 80%) but had
lower specificity (91.9% vs 100.0%).

Results reported by Manesis et al (2003) suggested that a baseline serum HBV DNA
levels with a cut point of 30 000 copies/mL could differentiate HBeAg negative active
chronic hepatitis B patients from HBeAg negative inactive carriers. IgM antiHBc tests
used in addition to HBV DNA testing at this cut point resulted in a modest
improvement in sensitivity and a decrease in specificity. Serum HBV DNA testing at a
cut point of 30 000 copies/mL with or without IgM antiHBc testing is not completely
sensitive, and thus, potential for misclassification of patients as HbeAg inactive carriers.

This study was considered to present poor quality evidence. Although selection bias was
minimised by enrolling patients consecutively, the index test was interpreted with
knowledge of the reference standard, which potentially biased diagnostic performance
results. Reported values of HBV DNA testing diagnostic performance could not be
confirmed. This study was considered applicable to Australian clinical practice.

The regimen of serum HBV DNA testing was considered to be appropriate.

In compliance with the NHMRC levels of evidence for diagnostic studies (see page 24),
the study by Manesis et al (2003) is considered level I1I-2 evidence.
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In a retrospective analysis of patients who underwent routine chronic hepatitis B
monitoring, Seo et al (2005) compared serum HBV DNA levels between HBeAg
negative inactive carriers with HBeAg negative chronic hepatitis B patients. The aim was
to determine the HBV DNA level that could distinguish these groups. Serum HBV
DNA levels used to differentiate inactive carriers from chronic active hepatitis patients
were analysed. HBeAg carrier status (HBeAg negative and active or inactive disease) was
considered to be the reference standard. The results of this analysis were used to
determine the diagnostic performance of HBV DNA levels to differentiate these patient
groups. These results are presented in Table 23.

When serum HBV DNA levels measured at one time point were used, the correct
classification of patients as inactive carriers (sensitivity) increased as the serum HBV
DNA cut point was increased (Table 23). At lower cut points of 4.5 and 5 log
copies/mlL, 23 per cent and 18 per cent respectively of inactive cartiers would be
misclassified as active chronic hepatitis B patients. The correct classification of patients
with active chronic hepatitis B (specificity) was poor at the lower cut points, and was very
low at the highest cut point, <6 (Table 23). Increasing the cut point for serum HBV
DNA means that active chronic hepatitis B patients could be misclassified as inactive
carriers. When serum HBV DNA levels were measured at two time points, the
misclassification of inactive carrier patients at the lower cut points was somewhat
reduced (Table 23). The misclassification of active chronic hepatitis B patients at the
higher cut points was also reduced (Table 23).

These results indicate that differentiation of status between HBeAg negative inactive
carriers and HBeAg negative active chronic hepatitis patients made on the basis of serum
HBV DNA testing alone is not possible, and suggests that results of DNA testing should
be considered with other tests (such as serology, serum ALT levels). It was not possible
to assess the additional value of HBV DNA testing in this study because data regarding
other test results were absent. It is likely that fluctuation in HBV DNA levels in both
active and inactive carriers was responsible for HBV DNA testing’s low ability to
differentiate these patient groups.

This study was considered to present poor quality evidence. There was potential for
selection bias because criteria for patient selection were not reported, and the analysis
was retrospective. HbeAg carrier status (inactive or active, chronic) was considered the
reference standard in this study. Assessment of HBV DNA levels to distinguish inactive
carriers from patients with chronic active disease was not performed independently of
patients’ true carrier status. The values reported for the diagnostic performance of HBV
DNA testing could not be confirmed. This study was considered to be applicable to
Australian clinical practice: the regimen of HBV DNA testing (test and frequency) was
considered appropriate.

According to the NHMRC levels of evidence for diagnostic tests (see page 24), the study
by Seo et al (2005) was considered to present level III-2 evidence.
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HBV DNA testing and monitoring of patients receiving antiviral therapy

Buti et al (2001), Zollner et al (2001), Lindh et al (2001), and van der Eijk et al (2000)
(see Table 24) evaluated the predictive value of HBV DNA testing for patients
undergoing lamivudine (Buti et al and Zollner et al) and interferon (Lindh et al and van
der Eijk et al) therapy.

HBYV DNA testing and predicting response to lamivudine therapy

Buti et al (2001) (see Table 25) investigated the predictive value of HBV DNA testing to
assess response to lamivudine and reported findings about the ability of negative HBV
DNA test results at month three of therapy for early prediction of maintained response
to therapy. The study found that negative HBV DNA test results at month three of
therapy is a moderately sensitive indicator of sustained response (sensitivity = 73%).
Positive HBV DNA test results at month three were found to be a moderately specific
indicator of lack of sustained response (specificity = 88%). Assessment of the additional
value of HBV DNA testing was not possible because the results of serologic markers and
ALT were not reported at month three.

According to NHMRC criteria, this study quality was considered poor and offered
limited applicability. The performance of HBV DNA testing in predicting sustained
treatment response is likely to be biased as sustained treatment response was also
measured by HBV DNA testing: the index test was also the reference standard.
Inadequate data reporting did not allow the diagnostic performance values to be
confirmed. Applicability is considered limited: patient selection criteria were not reported
and outdated HBV DNA tests with poor lower limits of detection were used.

In compliance with NHMRC levels of evidence for diagnostic test studies (see page 24),
the study by Buti et al (2000) is considered level I11-2.
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Table 25 Predictive ability of negative HBV DNA test for maintained therapy response

Study Diagnostic performance measure Study quality
Sensitivity ~ Specificity =~ Accuracy PPV (%)
(%) (%) (%)
Buti 73 88 74 95 P2 Q3
etal
(2000) Applicability: Limited

Patient selection criteria unknown
HBV DNA test outdated, LLD poor
Quality: Poor

Index test is also reference standard

Inadequate data reporting

Abbreviations: NPV, negative predictive value; PPV, positive predictive value

In the study by Zollner et al (2001) the sequential measurement of HBV DNA levels
during lamivudine therapy was assessed for its value in predicting HBeAg seroconversion
and the emergence of drug resistance. In those patients who had detectable HBeAg at
baseline (n = 24), only those patients whose viral load decreased below the detection
limit of serum HBV DNA of <log 2 copies/mL lost HBeAg. The PPV and NPV of
HBV DNA <log 2 copies/mlL for several time points for prediction of HBeAg
seroconversion and development of lamivudine resistance was then determined by
Zollner et al (2001). The results of this analysis are presented in Table 26.
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Table 26 Predictive value of serum HBV DNA below detection limits for various time points

Study Seroconversion Lamivudine resistance? Study
HBV DNA quality
<log 2 b (9 0 d b (9 0 d
copiesimL PPV (%) NPVe(%)  pvalue PPV (%) NPVe(%)  pvalue
at month
Zoliner P1Q3
etal 3 100 76 ns 66 35 ns
(2001) Applicability:
Applicable
6 50 85 ns 82 47 ns Quality: Poor
Index test
9 50 91 ns 82 47 ns and reference
standard not
independently
12 54 100 0.017 83 50 g Interpreted
Inadequate
reporting of
15 54 100 0.017 100 53 0.023 reference
standard

Abbreviations: HBV DNA, hepatitis B virus deoxyribonucleic acid; NPV, negative predictive value; ns, not significant;

PPV, positive predictive value

aContinuously detectable HBeAg and serum HBV DNA copy numbers above the limit of detection

PPV: provided for the probability for the loss of e-antigen and maintenance of lamivudine sensitive HBV with copy numbers below the limit of
detection, respectively

¢NPV: provided for the probability of continuously detectable e antigen and emergence of lamivudine resistance with copy numbers above the
limit of detection respectively. The HBV DNA assay used in this study was Real time PCR (light cycler DNA master SYBER Greenl Roche)
detection limit 102genomes/mL, dynamic range. <10° genomes/mL

dp-values determined to establish whether PPV and NPV values are statistically significant

The results of this analysis suggest that HBV DNA levels below the detection limit (<log
2 copies/mlL) after three months of lamivudine therapy is suggestive of HBeAg
seroconversion. This result was not statistically significant, although a real effect may not
be seen because patient numbers were limited (n = 28). Patients with HBV DNA levels
above the detection limit at 12 and 15 months did not have seroconversion (NPV =
100%), indicating that these patients did not respond to therapy. From the perspective of
a treating clinician this indicates that patients who maintain serum HBV DNA levels
above the detection limit at these time points will not respond to lamivudine therapy

(as assessed by seroconversion). Serum HBV DNA below the detection limit at month
15 of therapy was strongly predictive of maintenance of sensitivity to lamivudine.

The results of the analysis (Table 27) should be interpreted cautiously. PPV and NPV are
prevalence dependent, so these results may not apply to other chronic hepatitis B
populations undergoing antiviral therapy.

Zollner et al (2001) used a ROC curve analysis to determine the optimal time point to
predict loss of HBeAg and emergence of lamivudine resistance. This analysis found that
12 months was optimal time point for predicting seroconversion with a sensitivity of 100
per cent, specificity of 69 per cent, PPV of 54 per cent and NPV of 100 per cent.

Month 12 was also the optimal time point to predict lamivudine resistance, with
sensitivity of 78 per cent, specificity of 59 per cent, PPV of 83 per cent and NPV of 50
per cent. Data were not reported that enabled ROC curve analyses to be confirmed.
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This study is considered poor quality. For this assessment the clinical outcomes of
HBeAg seroconversion and lamivudine resistance were considered to be the reference
standards for HBV DNA testing. However, in order to determine the optimal time point
for prediction of seroconversion and lamivudine resistance serum HBV DNA levels
were not interpreted blind of these clinical outcomes, that is, serum HBV DNA levels
were not used to predict outcome independently of the outcome itself. Definition of the
reference standard (clinical outcome of lamivudine resistance) was not adequately
reported.

This study was considered applicable to Australian clinical practice. HBV DNA test
sensitivity and frequency of testing was considered to be applicable to HBV DNA test
use in Australia.

According to NHMRC levels of evidence for diagnostic studies (see page 24), the study
by Zollner et al (2001) is considered level I111-2.

HBYV DNA testing and predicting response to interferon treatment

Two studies were identified where the serum HBV DNA testing was assessed for
predicting response to interferon treatment (Lindh et al 2001; van der Eijk et al 2000).
The characteristics of these studies are presented in Table 24.

In the study by Lindh et al (2001) the predictive ability of pre-treatment HBV DNA
levels to predict sustained virological response was assessed for patients treated with
interferon and prior prednisolone. Lindh et al (2001) reported the diagnostic
performance of pre-treatment serum HBV DNA of log 8.7 copies/mL. The PPV of
serum HBV DNA level <log 8.7 copies/mL to predict sustained response was 67 per
cent; the NPV of >log 8.7 copies/mL to predict non-sustained response was 67 pet cent.
The sensitivity and specificity of log 8.7 copies/mL to predict sustained response and
non-sustained were 60 per cent and 75 per cent, respectively. These results indicate that
this threshold value of pre-treatment serum HBV DNA has limited predictive value in
differentiating non-sustained responders from sustained responders. It was not possible
to determine the additional value of HBV DNA testing over other tests in predicting
interferon response.

The results reported by Lindh et al (2001) should be interpreted with caution. For this
assessment, the index test (HBV DNA test) was also part of the reference standard
(sustained response). This would bias test performance in favour of the test. Assessment
of whether the HBV DNA test could predict response was not done independently of
the reference standard. The enrolment of patients was not reported, introducing further
potential for selection bias. For these reasons this study is considered poor quality. It was
not possible to recalculate the diagnostic performance values reported in this study. The
applicability of this study to Australian clinical practice may be limited because of
prednisolone priming before interferon treatment.

In compliance with the NHMRC levels of evidence for diagnostic studies (see page 24),
the study by Lindh et al (2001) is considered level I1I-2 evidence.

Van der Ejjk et al (2006) evaluated HBV DNA testing as a predictor of response or non-
response among HBeAg positive chronic hepatitis B patients treated with interferon-cr.
The study compared quantitative measurement of serum HBV DNA with quantitative
measurement of HBeAg. Inadequate data reporting did not enable determination of the
additional value of HBV DNA testing over HBeAg testing. Clinical outcome, defined by

64 Hepatitis B virus DNA testing



sustained response (or non-response) to interferon was considered the reference
standard for this assessment. The characteristics of this study are presented in Table 24.

This study was a retrospective analysis of an RCT by Janssen et al (1999) designed to
establish whether prolonged treatment with interferon—o has increased efficacy. Patients
recruited to this study were HBeAg positive. The objectives of the study by van der Eijk
et al (2006) were to determine whether treatment response could be predicted by
quantitative assessment of serum HBV DNA or HBeAg.

For both serum HBV DNA and HBeAg testing, van der Eijk et al (2006) determined
whether treatment response/non-response could be predicted by the following test
criteria:

1. Baseline serum HBV DNA or HBeAg levels

2. Decrease between baseline and week 8 or 12 levels of serum HBV DNA or
HBeAg

3. The combination of baseline level and decrease between baseline and week 8 or
12 levels of serum HBV DNA or HBeAg

For each test criterion the area under the curve (AUC) was determined from receiver
operating characteristic (ROC) plots—this analysis allows the comparative diagnostic
performance of different tests or test criteria to be assessed (see page 23).

The proportion of sustained responders correctly identified by the test (ie true positives)
was plotted against the proportion of non-responders predicted to be responders by the
test (ie false positives). The authors reported that this was done for each possible
threshold value for test criteria described above. ROC plots could not be reconstructed
using data reported in the study. Results of ROC plot analysis were reported for the
following test criteria.

When testing for baseline values in combination with decrease from baseline to week 12
was compared for HBV DNA and HBeAg, the AUC were 0.87 and 0.76 respectively.
This result is statistically significant (p<<0.05) and provides some evidence that HBV
DNA testing is a more accurate predictor of treatment response than HBeAg testing
among HBeAg positive patients.

ROC plot analysis was also used to investigate whether testing for HBV DNA before
week 12 would be a better predictor of treatment response: ROC curves were plotted for
log HBV DNA at baseline in combination with decrease between baseline and week 8
versus HBV DNA at baseline in combination with decrease between baseline and week
12. For the combination of baseline testing and decrease between baseline and follow-up
tests the AUC were 0.85 for testing at week 8 and 0.86 for week 12 testing. This minor
difference was not statistically different (p = 0.60) (the study authors did not provide any
explanation for the minor difference in AUC value for the predictive value of HBV
DNA at baseline in combination with decrease between baseline and week 12 in this
analysis compared with the value determined in the comparison with HBeAg testing).
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For each test criterion the following measures of diagnostic performance were also
determined:

1. Positive predictive value (PPV): percentage observed sustained responders out of
all predicted by the test to respond

2. Negative predictive value (NPV): percentage observed non-responders of all
predicted by test to be non-responders

3. Sensitivity (true positive rate): percentage sustained responders correctly
predicted by the test

4. Specificity (false positive rate): percentage non-responders correctly predicted by
the test

5. TFalse negative rate: percentage observed sustained responders not predicted by
the test

6. Talse positive rate: percentage observed non-responders predicted to be
sustained responders by the test.

Van der Ejjk et al (2006) reported only results of serum HBV DNA testing (Table 27).
The test criteria presented in Table 27 were selected by the study investigators to
maximise the number of sustained responders correctly predicted by test criteria: ie the
true positive rate (or sensitivity) = 100 per cent. The authors reported that this approach
was used to maximise the predictive value for non-responders: ie to maximise the
negative predictive value (NPV) of the test. The presented NPV values presented in
Table 27 are all (apart from one exception) 100 per cent. It is not clear why the authors
reported the data presented in Table 27 for log HBV DNA at baseline >8 and <1.0 log
decrease between baseline and week 8: the intention was to establish cut-off points with
sensitivity of 100 per cent. It is possible that the reported sensitivity of 93 per cent was
the optimal sensitivity for the range of baseline values and decrease between baseline and
week 8 that were observed in the study.

As measures of diagnostic performance, NPV and PPV generally have poor
transferability between study populations as these measures are prevalence dependent: if
the test criteria used in this study are applied to predict interferon-o responders and
non-responders in another population, differences in patient characteristics could result
in differences in predictive ability.

Of the test criteria chosen by the study investigators to optimise the NPV and sensitivity,
the log HBV DNA at baseline >8 and <1.0 log decrease between baseline and week 12
had a better ability to predict the proportion of patients who would not respond to
treatment (ie highest specificity). Translated to clinical practice this result suggests that
this test criterion has the potential to maximise the correct identification of patients least
likely to benefit from interferon-o treatment. Specificity of this test criterion was 61 per
cent. Due to the absence of complete specificity, there was margin for patient
misclassification: if the criteria of log HBV DNA at baseline >8 and <1.0 log decrease
between baseline and week 12 were used in clinical practice to predict non-responders, it
is possible that patients could be incorrectly classified as potential treatment responders.
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The study by van der Eijk et al (2000) is considered to be of limited applicability and
poor quality. The applicability is limited as HBV DNA testing in Australia is not
conducted as frequently as the study. The quality of this study is poor for reasons related
to HBV DNA test use as part of the reference standard. If definition of a sustained
response according to HBV DNA levels is not itself an accurate measure of final
outcome (eg improvement in liver histology, reduced risk of cirrhosis etc), then using
HBYV DNA levels to predict response to treatment has the potential to overestimate the
predictive ability of the test. Because of the retrospective nature of this analysis, the test
criteria were interpreted with knowledge of a component of the reference standard.
Inadequate data reporting meant that it was not possible to reconstruct the analyses
reported in this study.

In compliance with the NHMRC levels of evidence for diagnostic studies (see page 24),
the study by van der Eijk et al (2000) is considered level III-2 evidence.
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Do serum HBV DNA levels correlate to clinical outcomes?

Evidence that changes in HBV DNA levels correlate with changes in long term clinical
outcomes was considered necessary to inform the linked evidence approach applied in
this assessment. The accuracy studies discussed did not provide adequate evidence that
using the HBV DNA test provides or predicts improvements in long term clinical
outcomes.

The results of the literature search were reviewed again and studies using an appropriate
statistical analysis (page 23) to compare serum HBV DNA levels with outcomes were
retrieved.
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Summary of evidence for the relationship between serum HBV DNA levels and
clinical outcomes

Systematic review

The relationship between serum HBV DNA levels and clinical outcomes was
investigated. Although the impact of test use on clinical outcomes was not investigated,
there is evidence to support that HBV DNA levels can predict outcome and indicate
treatment efficacy. Serum HBV DNA levels (both baseline and change from baseline)
were correlated with liver histology and HBeAg seroconversion.

Serum HBV DNA and hepatocellular carcinoma risk

The REVEAL-HBYV study reported that increased HBV DNA levels at baseline were an
independent risk factor for hepatocellular carcinoma. After adjusting for other
hepatocellular carcinoma risk factors, participants with serum HBV DNA of >1.0x10°
copies/mlL. and 300-9.9% 10’ copies/ml. had hazard ratios of developing hepatocellular
carcinoma of 6.1 (95% CI: [2.9, 12.7]; p<0.01) and 1.1 (95% CI: 0.5, 2.3]; p = 0.86)
respectively. The findings of the REVEAL-HBYV study were the same for HbeAg
negative and positive people, but most participants in this study were HBeAg negative.
Participants with increased serum HBV DNA levels, who did not have cirrhosis, also had
an increased risk of developing hepatocellular carcinoma.

The increased risk of developing hepatocellular carcinoma with increased HBV DNA
levels was evident in this study: increased serum HBV DNA level at study entry was
associated with increased cumulative incidence of hepatocellular carcinoma

Most findings from the REVEAL-HBV study were based on serum HBV DNA
measured at a single time point. Persistently elevated serum HBV DNA levels were also
shown to increase risk of hepatocellular carcinoma: of participants with serum HBV
DNA levels of 10,000 to 99,999 copies/mL at study entry, those with serum HBV DNA
levels of 2100 000 at follow-up, had a statistically significant increase in hepatocellular
carcinoma risk (multivariate-adjusted HR = 3.5; 95% CI: [1.4, 9.2]; p = 0.01). Okhubo

et al (2001) found that when hepatocellular carcinoma was diagnosed, serum HBV DNA

levels were an independent prognostic factor for survival. Patient survival increased
when serum HBV DNA levels were low.

Harris et al (2003) found that spontaneous HBV DNA seroconversion is a prognostic
factor for hepatocellular carcinoma death. Patients who spontaneously became HBV
DNA negative (stable or unstable) increased risk of hepatocellular carcinoma death. Low
serum HBV DNA levels at baseline were associated with a reduced risk of hepatocellular
carcinoma death.

Serum HBV DNA and cirrhosis risk

The REVEAL-HBYV study also investigated the relationship between serum HBV DNA
levels and cirrhosis. Serum HBV DNA levels were shown to be an independent risk
factor for cirrhosis. After adjusting for age, sex, smoking, alcohol consumption, HBeAg
status and ALT level, participants with serum HBV DNA of >1.0x10° had a relative risk
of cirrhosis of 6.5 (95% CI: [4.1, 10.2]; p<0.001). This risk was reflected in cirrhosis
incidence. Increased baseline serum HBV DNA levels were associated with increased
cumulative incidence of cirrhosis.
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Serum HBV DNA and hepatocellular carcinoma prognosis in cirrhotic patients
Ishikawa et al (2001) and Mahmoud et al (2005) examined the association between serum
HBYV DNA levels and hepatocellular carcinoma development among patients with
HBV-related cirrhosis. Elevated serum HBV DNA was the strongest prognostic factor
for development of hepatocellular carcinoma among these patients.

Serum HBV DNA and hepatocellular carcinoma recurrence after curative
resection

Kubo et al (2000) and Kubo et al (2003) assessed the value of HBV DNA testing as a
prognostic factor for hepatocellular carcinoma recurrence after surgical resection. It was
uncertain if patient cohorts overlapped. Results indicated that high serum HBV DNA
levels were significant prognostic indicators of hepatocellular carcinoma recurrence.
These analyses were conducted using serum HBV DNA levels taken at a single
time-point before surgery. It is possible that fluctuations in serum HBV DNA levels
post-hepatocellular carcinoma resection, which may contribute to recurrence, were not
considered.

Serum HBV DNA and liver histology

Yuen et al (2004) found a weak correlation between serum HBV DNA levels and liver
histology in anti-HBeAg positive patients (HBeAg negative). It was suggested that liver
damage severity increases as serum HBV DNA levels escalate. No correlation was found
between serum HBV DNA levels and liver histology among HBeAg positive patients.

Systematic review

A systematic review by Mommeja-Marin et al (2003) investigated the relationship
between serum HBV DNA levels and clinical outcomes. The characteristics of this
systematic review are presented in Table 28, and summarised results are presented in
Table 29.

The change in median serum HBV DNA level from baseline correlated strongly with the
median change in histologic activity index (HAI) from baseline (r= 0.96, p = 10™°) for
treated and untreated patients. This correlation was also present in the subset analyses of
HBeAg positive patients (r= 0.98, p = 6xX10™) and nucleoside analogue treated patients
(r=0.98, p = 0.0003).

The absolute level of serum HBV DNA level and the change in median serum HBV
DNA level from baseline were both weakly correlated with the proportion of patients
with normal ALT levels (see Table 29). Subgroup analyses showed that these correlations
were stronger in studies using nucleotides analogues (Table 29).

The absolute level of HBV DNA and incidence of HBeAg seroconversion was strongly
correlated in studies where patients were treated with nucleotides analogues (» = 0.92,
p = 0.001). There was a moderate correlation between change in HBV DNA level from
baseline and incidence of HBeAg seroconversion (r = 0.72, p = 0.0002). Subgroup
analysis showed that this correlation was slightly better in the cirrhosis group (r = 0.87,
= 5X%107). The absolute level of serum HBV DNA was also correlated with the
incidence of HBeAg seroconversion (r= 0.72, p = 0.02).

Absolute HBV DNA level was weakly correlated for all end point comparisons in the
subgroup of studies where liquid hybridisation assays had the lower limit of detection
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corrected (Table 29). The authors did not report whether a similar subgroup analysis was
performed for studies where PCR HBV DNA assays were used.

The authors reported that the correlation between loss of HBsAg and HBV DNA
change from baseline was not assessable. Analysis correlating absolute HBV DNA levels
and loss of HBsAg found that two of 367 (0.5%) patients with viral loads greater than
1000 copies/mL lost HBsAg, and 25 of 74 (33.8%) patients with viral loads less than
1000 copies/mL (p<0.0001). The authors reported that this analysis relied almost entirely
on interferon trials, and commented that these findings may not be directly applicable to
nucleosides.

The authors also reported a correlation between histologic necroinflammatory index and
baseline HBV DNA levels among untreated patients (» = 0.78, p = 0.0001). The authors
reported that this correlation was primarily influenced by one study of patients with low
viral load levels. A correlation between HAI and serum HBV DNA levels at the end of
treatment was also reported patients (= 0.71, p = 0.003). A weak correlation between
HBV DNA levels and the percentage of patients with normal ALT was reported
(r=10.62, p = 0.0004).

The change in serum HBV DNA level from baseline had a stronger correlation with the
change of HAI score from baseline (= 0.96, p = 10™°) than with either the proportion of
patients with normal ALT levels (»= 0.5, p = 0.006) or the incidence of HBeAg
seroconversion (r = 0.72, p = 0.0002). Findings were similar in the nucleoside analogue
treated subgroup (Table 29). These results could potentially be interpreted as providing
indirect evidence that changes in serum HBV DNA levels are more indicative of changes
in the extent of active liver disease than ALT or HBeAg seroconversion. Comparisons of
this kind should be performed in the same patient population.

This systematic review by Mommeja-Marin et al (2003) provides evidence that serum
HBYV DNA levels (baseline and changes from baseline) correlate to short term outcomes
(eg change in HAI score and incidence of HBeAg seroconversion). Significantly changes
in serum HBV DNA levels correlate with the incidence of HBeAg seroconversion—
which is one of the aims of antiviral therapy. Reported evidence suggests that changes in
serum HBV DNA illustrate treatment efficacy. No evidence was presented to indicate
that improvement in short term outcomes are provided HBV DNA testing itself, or that
short term benefits translate to improvements in long term outcomes. Comparison of the
results of the subgroup analyses should be interpreted with caution as differences in the
strength of correlation could result from the variation in the patient populations of
studies included in this systematic review.

Application of the NHMRC quality criteria (Appendix D) classifies this systematic
review as medium quality: importantly heterogeneity was explored by subgroup analyses;
but no quality assessment was reported for included studies. Validity was reduced as no
subgroup analysis was performed for PCR HBV DNA assays.
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Primary studies

Two studies were identified which assessed the relationship between HBV DNA levels
and long term clinical outcomes (Chen et al 2006; Iloeje et al 2005). These studies
reported different outcomes from the REVEAL-HBYV study (Risk Evaluation of Viral
Load and Associated Liver Disease/Cancer-in Hepatitis B Vitus)—a Taiwanese
population-based, long term prospective study. This population represents a natural
history cohort, as participants did not undergo HBV antiviral treatment. These
treatments were not reimbursed under the universal national health insurance scheme in
Taiwan until 2003. The characteristics of the REVEAL-HBYV study are presented in
Table 30.

Four further studies were identified which assessed the relation between serum HBV
DNA levels and the development of HBV-associated hepatocellular carcinoma

(Harris et al 2003; Ishikawa et al 2001; Mahmood et al 2005 and Okhubo et al 2001).
The characteristics of these studies are presented in Table 30.

Two further studies were identified which assessed the value of HBV DNA testing as a
prognostic factor for recurrence after resection for HBV-associated hepatocellular
carcinoma (Kubo et al 2000; Kubo et al 2003). The characteristics of these studies are
presented in Table 30.

In study by Yuen et al (2004) the relationship between serum HBV DNA levels and liver
histology was investigated. The characteristics of this study are presented in Table 30.

REVEAL-HBY study

The studies by Chen et al (2006) and Iloeje et al (20006) reported the risk of hepatocellular
carcinoma and cirrhosis in relation to serum HBV DNA levels respectively. The
characteristics of the REVEAL-HBYV study are shown in Table 30. Multivariate-adjusted
logistic regression analyses were used to account for other variables which are also

potential prognostic factors for hepatocellular carcinoma and cirrhosis. Results from the
REVEAL-HBYV study are shown in Table 31.

Chen et al (2006) found that increasing baseline serum HBV DNA level is associated
with increased cumulative incidence of hepatocellular carcinoma (see Table 31). Patients
with undetectable serum HBV DNA (<300 copies/mL) had a cumulative incidence of
hepatocellular carcinoma of 1.3 per cent. In contrast patients with serum HBV DNA of
>1.0%10° had a cumulative incidence of 14.9 per cent. Most participants (80%) in this
study were HBeAg negative with normal ALT levels and no liver cirrhosis: these
participants had a cumulative incidence of hepatocellular carcinoma of 13.5 per cent and
0.7 per cent when baseline HBV DNA levels were >1.0x10° and <300 copies/mlL.
respectively.

Similarly, Iloeje et al (2005) reported that increasing baseline serum HBV DNA level is
associated with increased cumulative incidence of cirrhosis (see Table 31). Patients with
undetectable serum HBV DNA (<300 copies/mL) had a cumulative incidence of
cirrhosis of 4.5 per cent. In contrast, patients with serum HBV DNA of 21.0x 10° had a
cumulative incidence of 36.2 per cent.
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Chen et al (2006) reported that increasing serum HBV DNA levels were strongly
associated with an increased (multivariate-adjusted) hazard ratio of developing
hepatocellular carcinoma (see Table 31). After adjusting for other hepatocellular
carcinoma risk factors (age, sex, smoking, alcohol consumption) participants with serum
HBV DNA of >1.0x10° copies/mL and 300-9.9x 10’ copies/mL had hazard ratios of
developing hepatocellular carcinoma of 6.1 (95% CI: [2.9, 12.7]; p<0.01) and 1.1 (95%
CI: [0.5, 2.3]; p = 0.86) respectively. The adjusted hazard ratio for developing
hepatocellular carcinoma for HBeAg positive participants was 2.6 (95% CI: [1.6, 4.2];
$<0.001) and for participants with serum ALT =45 IU/mL was 1.1 (95% CI: [0.7, 1.7];
P =0.64).

Chen et al (2000) also reported an adjusted hazard ratio of developing hepatocellular
carcinoma for participants with liver cirrhosis of 9.1 (95% CI: [5.9, 13.9]; p<0.001). This
indicates that liver cirrhosis at study entry was a significant risk factor for developing
hepatocellular carcinoma. However, when participants with no liver cirrhosis, who were
HBeAg negative, with normal serum ALT were compared with participants with serum
HBV DNA levels of <300 copies/mL the adjusted hazard ratios for serum HBV DNA
levels of 300-9.9% 10’ copies/mL was 1.4 (95% CI: 0.5, 3.8]; p = 0.56); 1.0-9.9x 10"
copies/mL was 4.5 (95% CI: [1.8, 11.4]; p = 0.001); for 1.0-9.9x 10’ copies/mLwas 11.3
(95% CI; [4.5, 28.4]; p<0.001) and for >1.0x10° copies/mlL. was 17.7 (95% CI: [6.8,
46.3]; p<0.001). These data show that in the absence of liver cirrhosis, participants with
serum levels of HBV DNA >10° copies/mL had an increased risk of developing
hepatocellular carcinoma.

Similarly, Iloeje et al (2006) found that the relative risk of cirrhosis (multivariate-adjusted)
was also strongly associated with increasing serum HBV DNA levels (see Table 31).
After adjusting for age, sex, smoking, alcohol consumption, HBeAg status and ALT
level, participants with serum HBV DNA of >1.0x 10° had a relative risk of cirrhosis of
6.5 (95% CI: [4.1, 10.2]; p<0.001). For comparison multivariate-adjusted relative risks of
cirrhosis for participants who were HbeAg positive or had serum ALT =45 IU/mLwere
1.7 (95% CI: 1.2, 2.3]; p<0.01) and 1.5 (95% CI: [1.1, 2.1]; p<0.05) respectively. These
data suggest that baseline serum HBV DNA levels are a stronger predictor of cirrhosis
than either HBeAg status or ALT level.

Chen et al (2006) also examined the impact of changing HBV DNA level on
hepatocellular carcinoma risk in a subset of study participants (n = 1619) who had serum
HBV DNA level of 210 000 copies/mL at study entty. Follow-up serum samples were
taken at the last follow-up examination or at the follow-up examination preceding the
diagnosis of hepatocellular carcinoma. The results of this analysis are presented in Table

32.

Of the patticipants who had serum HBV DNA levels of 10 000 to 99 999 copies/mL at
study entry, those with serum HBV DNA levels of 2100 000 at follow-up, had a
statistically significant increase in hepatocellular carcinoma risk (multivariate-adjusted HR
= 3.5; 95% CI: [1.4, 9.2]; p = 0.01) (Table 32). Of the participants who had serum HBV
DNA levels of 2100 000 copies/mL at study entry, there was a statistically significant
increase in hepatocellular carcinoma risk with follow-up HBV DNA levels (»p < 0.01).
This trend was not changed after additional adjustment for study entry HBeAg
seropositivity, serum ALT level and presence of liver cirrhosis (Table 32). These results
suggest persistently elevated serum HBV DNA levels lead to an increased risk of
hepatocellular carcinoma.
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The REVEAL-HBYV study results reported by Chen et al (2006) and Iloeje et al (20006)
provide evidence that serum HBV DNA levels are predictive of long term outcomes—
increasing serum HBV DNA levels were associated with increased risk of cirrhosis and
hepatocellular carcinoma. Chen et al (20006) also provide evidence that hepatocellular
carcinoma risk increases with persistent elevation of HBV DNA. Although the
REVEAL-HBYV study does not provide evidence that serum HBV DNA testing itself
impacts on long term outcomes, there is evidence that serum HBV DNA levels are a
better predictor of long term outcomes than HBeAg seropositivity or serum ALT.
Comparison with serum ALT levels is limited in the use of a single cut point for analysis
of risks. To facilitate comparison with serum HBV DNA levels, reporting relative risks
and hazard ratios for different ranges of ALT levels, rather than a single cut point, would
have been more informative.

Chronic hepatitis B is a dynamic disorder with periods of intense viral replication
interspersed with periods of relative quiescence. The REVEAL-HBYV study is somewhat
limited in that serum HBV DNA and other markers were not measured at regular time
points throughout follow-up—although serum samples were obtained every six to 12
months during the study. Although Chen et al (2000) reported follow-up HBV DNA
levels for a subset of participants, a more thorough analysis of HBV DNA levels
throughout the entire follow-up period would have provided more information regarding
the duration and extent of viral replication and its relation to hepatocellular carcinoma
and cirrhosis risk.

The REVEAL-HBV DNA study was a population-based, long term prospective study,
with follow-up considered long enough for outcomes to occur. There is potential for
selection bias in this study as 73 per cent of individuals invited to take part chose not to
participate. Recruitment was non-consecutive and included participants who may not
reflect the true spectrum of chronic hepatitis B in the wider population. Only patients
who had serum samples for HBV DNA analysis frozen at enrolment were included. This
is likely to have resulted in minimal selection bias because 93 per cent of all HBsAg
positive patients had serum samples for HBV analysis. Although this study was carried
out in Taiwan, the patient population is considered applicable to Australian clinical
practice: in a recent prospective cohort study of Australian chronic hepatitis B patients,
65 per cent had Asian ethnicity (Bell et al 2005). The HBV DNA test used in this study is
applicable to Australian clinical practice.

The REVEAL-HBYV included population represents a natural history cohort. Participants
did not undergo HBV antiviral treatment because there was no reimbursement in Taiwan
during the study period. This may reduce the applicability of the results to current clinical
practice in Australia because suitable antiviral therapy would be available when clinically
indicated.
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Table 32

Risk of hepatocellular carcinoma by serum HBV DNA levels at study entry and last follow-up

Study Level of serum HBV DNA Hazard ratio (95% Cl) adjusted for: Study quality/
(copies/mL) comment
At study entry At follow-up? Sex, age, HBeAg positive,
cigarette liver cirrhosis,
smoking and ALT level
alcohol
consumption
Chen etal (2006) <10 000 Not tested 1.0 1.0 Prospective
REVEAL-HBV 100001099999 <10 000 16(0.7-3.9) 1.3(05-3.1) Potential for
study group selection bias:
- 100001099999 10000099999  0.5(0.1-3.6 04(0.1-3.2 Majority of invited
Taiwan ( ) ( ) individuals did not
100001099999 2100 000 35(14-9.2) 2.9(1.0-9.8) participate
Non-consecutive
=100 000 <10 000 3.8(1.7-8.4) 1.9 (0.8-4.4) enrolment
>100 000 100001099999 7.3 (3.5-15.3) 43(2.0-9.3) Population
considered
2100 000 2100 000 100(63-162)  53(29-9.7) applicable to

Australian clinical
practice

Abbreviations: ALT, alanine aminotransferase; Cl, confidence intervals; HBeAg, hepatitis B e-antigen; HBV DNA, hepatitis B virus
deoxyribonucleic acid; REVEAL-HBV, Risk Evaluation of Viral Load and Associated Liver Disease/Cancer-in Hepatitis B Virus
aMedian time between study entry and follow-up serum samples was about 10 years

Factors associated with the prognosis of HBV-associated hepatocellular

carcihoma

Harris et al (2003) and Okhubo et al (2002) examined the relationship between serum
HBYV DNA levels and hepatocellular carcinoma development. Ishikawa et al (2001) and
Mahmoud et al (2005) investigated hepatocellular carcinoma occurrence in HBV-related
cirrhotic patients and serum HBV DNA levels. Kubo et al (2000) and Kubo et al (2003)
investigated the relationship between serum HBV DNA levels and recurrence after
resection of HBV-related hepatocellular carcinoma.

Harris et al (2003) examined the relationship between serum HBV DNA levels and
hepatocellular carcinoma in a prospective study of a non-consecutive group of patients
(n = 114) selected from the a-fetoprotein intervention arm of an eatly detection
screening. In this study the relationship between the clearance of high titre viremia and
subsequent risk of hepatocellular carcinoma was investigated.

Serum samples for HBV DNA analysis were collected between 1992 and 1997.
Hepatocellular carcinoma mortality was followed until 2000. During follow-up 54
patients (47.4%) spontaneously converted to HBV DNA negative (defined as one or
more subsequent samples HBV DNA negative by dot blot hybridisation). Of these
patients 27 (50%) were HBV DNA negative for at least two consecutive observations six
months apart, without relapse—these patients were considered to have undergone stable
high-titre HBV DNA conversion. The remainder of the patients who spontaneously
seroconverted reverted to HBV DNA positive.

Using Cox proportional hazards model the relative risk of hepatocellular carcinoma
death (controlled for age and sex) for stable HBV DNA seroconversion was 2.2 (95%
CI: [0.9, 5.3]) and for unstable HBV DNA seroconversion was 1.6 (95% CI: [1.1, 7.4]).
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It was unclear from this study whether this relative risk was determined compared
withrisk of hepatocellular carcinoma death of patients who did not seroconvert; but, it is
likely that this was the analysis undertaken. The relative risk of hepatocellular carcinoma
death associated with any HBV DNA seroconversion (stable or unstable) was not
significantly changed (RR: 2.8, 95% CI: [1.1, 7.4]) when other possible hepatocellular
carcinoma risk factors (family history of hepatocellular carcinoma, acute hepatitis history,
alcohol consumption, cigarette smoking) were accounted for. These data suggest that
HBYV DNA seroconversion (stable or unstable) is a prognostic factor for hepatocellular
carcinoma death. Cumulative hepatocellular carcinoma-free survival was reduced when
patients who seroconverted to HBV DNA negative at least once were compared with
those who did not (p = 0.02).

Harris et al (2003) also reported that low HBV DNA load at baseline (<1.8 vitions/mL)
had a relative risk of hepatocellular carcinoma death of 0.51 (95%CI: [0.19, 1.4]),
suggesting that low serum HBV DNA levels are associated with reduced risk of
hepatocellular carcinoma death (but it was not clear what was compared with the relative
risk). The relative risk of hepatocellular carcinoma death for other baseline serum HBV
DNA levels was not reported. Application of a single point measure of HBV DNA at
baseline does not capture the potential impact of fluctuating HBV DNA levels
throughout the follow-up period.

The results of this study have the potential for bias: patient selection was non-
consecutive and patients were selected from an early detection screening study. It was
possible that patients with more severe chronic hepatitis B were included. The treatment
and HBV DNA test are not considered applicable to Australian clinical practice.

In a prospective study Okhubo et al (2002) investigated factors associated with the
prognosis of HBV-associated hepatocellular carcinoma. Patients (n = 74) positive for
HbsAg and negative for anti-HCV were identified from a wider group of patients
diagnosed with hepatocellular carcinoma. To identify factors involved in hepatocellular
carcinoma prognosis univariate analysis was performed on variables present at the time

of hepatocellular carcinoma diagnosis. The results of this analysis are presented in
Table 33.

Serum HBV DNA level <3.7 LGE/mL and serum ALT <30 IU/L at the time of
hepatocellular carcinoma diagnosis were reported to be associated with significantly
longer survival. Clinical stage of hepatocellular carcinoma, the presence of a solitary
tumour, and tumour size <2 cm were all significantly associated with longer survival
(Table 33). Age, gender, alcohol intake, and history of blood transfusion did not appear
to affect the cumulative survival of patients.

To establish independence of prognostic factors, multivariate analysis was carried out by
stepwise logistic regression using the same variables as the univariate analysis. Serum
HBV DNA <3.7 LGE/mL (p = 0.0022) and tumour size <2 cm (p = 0.0106) were
identified as significant prognostic factors for HBV-associated hepatocellular carcinoma.

Because HBeAg positive patients with hepatocellular carcinoma had a poor prognosis
compared withHBeAg negative patients and because all HBeAg positive patients had
HBV DNA levels 23.7 LGE/ml., Okhubo et al (2002) also compared the cumulative
survival after hepatocellular carcinoma diagnosis in HBeAg negative patients. This was
compared in HBeAg negative patients with HBV DNA level 23.7 LGE/mL and those
with levels <3.7 LGE/mL. The cumulative survival curves were different between the
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two groups (p = 0.0057) suggesting that serum HBV DNA levels at the time of
hepatocellular carcinoma diagnosis in HBeAg negative patients have an impact on
survival time.

Results from this study suggest that serum HBV DNA levels at diagnosis of HBV-
associated hepatocellular carcinoma are a prognostic factor for survival, but they should
be interpreted with some caution: Serum HBV DNA was tested by an assay that limits
applicability to Australian clinical practice. It was not reported whether serum HBV
DNA levels were a prognostic factor independent of hepatocellular carcinoma treatment.
These results have potential for bias: the study direction (prospective or retrospective)
was unclear and patient enrolment was not reported.

Table 33 Factors associated with prognosis of HBV-associated hepatocellular carcinoma
Study Patient characteristics Variable Median p-value Study quality/
survival time comment
(years)
Okhubo Males = 74.3% Serum HBV DNA Prospective
etal Female = 25.7%
(2002) <3.7 LGE/mL(n = 15) 58 00002  Did not
Age range = 32-76 years >3.7 LGE/mL(n = 53) 1.2 investigate
Japan Not assessed (n = 6) whether
Cirrhosis = 87.8% Serum ALT hepatocellular
carcinoma
Hepatocellular carcinoma <30 IULL (n = 24) 49 0.0008 treatment
diagnosis: Histopathology n = >30 IUIL (n = 48) 09 impacted on
20 N - ' survival
Ultrasonography, CT and Not assessed (n =2)
hepatic arteriography n = 54 Clinical stage L|m|t'ed )
Hepatocellul . Applicability:
epatocellular carcinoma
. I(n=39 3.2 0.0007
treatment. Il(or i <3 = 33) 09 HBV DNA test
Surgical rlesect|on n=13 Not assessed (n = 2) not applicable to
Non-surgical® treatment n = 43 Australian
No treatment n = 18 Liver tumour clinical practice
Solitary (n = 37) 4.3 00002
Multiple (n = 37) 0.7
Tumour size
<2cm(n=28) 49 0.0008
22cm (n = 46) 1.0

Abbreviations: ALT, alanine aminotransferase; HBV DNA, hepatitis B virus deoxyribonucleic acid; IU, international units; LGE, logarithm of
genome equivalent
aTranscatheter arterial embolisation, and/or percutaneous ethanol injection

Serum HBV DNA and hepatocellular carcinoma prognosis in cirrhotic patients

Two studies were identified where the relationship between serum HBV DNA levels and

hepatocellular carcinoma occurrence in HBV related cirrhotic patients was investigated
(Ishikawa et al 2001 and Mahmoud et al 2005)

Ishikawa et al (2001) examined several predictive factors for hepatocellular carcinoma,
including serum HBV DNA and serum ALT, in a non-consecutive cohort of HbsAg
positive compensated cirrhotic patients (n = 65). At the time of first diagnosis of
cirrhosis, serum samples were taken for later analysis. During the observation period
(mean 75.2 months), 28 patients (43.8%) developed hepatocellular carcinoma.
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The cumulative hepatocellular carcinoma appearance rates were 1.5 per cent, 9.4 per cent
and 18.9 per cent at years 1, 3 and 5, respectively. Univariate analysis identified three
factors which influenced hepatocellular carcinoma: ALT 2100 IU/mL; lactate
dehydrogenase (LDH) 2480 IU/L and serum HBV DNA >3.7 LGE/mL. Multivatiate
analysis indicated that these factors were independent significant risk factors for
hepatocellular carcinoma. The results of this analysis are presented in Table 34.

The data presented in Table 34 suggest that serum HBV DNA 23.7 LGE/mL is the
most prognostic factor for the development of hepatocellular carcinoma in HBsAg
positive compensated cirrhosis patients. Serum ALT levels were also prognostic of
hepatocellular carcinoma development.

This study has potential for bias: patient selection was non-consecutive and the direction
of the study (prospective or retrospective) was unclear. It was possible that included
patients represent a group with more severe chronic hepatitis B. The applicability of the
results to Australian clinical practice may be limited because an older HBV DNA test was
used.

Table 34 Predictive factors for hepatocellular carcinoma in cirrhotic chronic hepatitis B patients
(Ishikawa et al 2001)

Study Variable Relative risk? Study quality/comment
(no of patients) (95% CI)
Ishikawa et al ALT Direction unclear
(2001) 2100 IU/L (14) 4.525 (1.202-17.030) Potential for selection bias: non-
<100 IU/L (51) 1 consecutive patient selection
Reduced applicability to Australian
LDH o " o
clinical practice: less sensitive
2480 IUIL (30) 2.880 (0.881-9.412) HBVDNA test
<480 IU/L (35) 1
HBV DNA
23.7 LGE/mL (46) 7.712 (1.511-39.365)
<3.7 LGE/mL (19) 1

Abbreviations: ALT, alanine amino transferase; Cl, confidence interval; LDH, lactate dehydrogenase; HBV DNA, hepatitis B virus
deoxyribonucleic acid
a Relative risks calculated using Cox regression analysis

Mahmoud et al (2005) examined the association between serum HBV DNA and
hepatocellular carcinoma occurrence in HBV related cirrhotic patients (n = 91). Of these
patients, 23 (25.3%) developed hepatocellular carcinoma over seven years. Logistic
regression analysis found that serum HBV DNA was the only statistically significant
predictor of hepatocellular carcinoma occurrence (p<0.029). Serum ALT was somewhat
predictive of hepatocellular carcinoma occurrence (p = 0.062). Multivariate analysis
indicated that serum HBV DNA level was the only predictor of hepatocellular carcinoma
occurrence in this study: odds ratio = 2.33 (95% CI: [5.6, 1.1]; p = 0.033).

The results of the study by Mahmoud et al (2005) indicate that serum HBV DNA is the
most significant prognostic factor for hepatocellular carcinoma occurrence among
patients with HBV related cirrhosis. It was unclear from this study whether the analysis
was done on serum HBV DNA levels measured at a single time point at study entry or
whether average serum HBV DNA levels during the follow-up period were used.
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This study has potential for bias: patient selection was not reported and the direction of
the study (prospective or retrospective) was unclear. It was possible that included
patients represent a group with more severe HBV-related cirrhosis. The HBV DNA test
used in this study is considered applicable to Australian clinical practice.

Serum HBV DNA and hepatocellular carcinoma recurrence after curative
resection

In two further studies the relationship between serum HBV DNA level and recurrence
after resection of HBV-related hepatocellular carcinoma was investigated (Kubo et al
2000; Kubo et al 2003). It was unclear from these studies whether the results reported by

Kubo et al (2000) represent patients also included in the more recent study (Kubo et al
2003).

In the study by Kubo et al (2000) recurrence occurred in 19 (47.5%) of the 40 patients
who had resection for hepatocellular carcinoma. Post-resection tumour free survival rate
was significantly lower among patients with a high serum HBV DNA (0.7 mEq/mL)
compared withpatients with lower HBV DNA levels (p = 0.0025). There was no tumour
free survival at three years post-resection among patients with high serum HBV DNA. In
contrast, the tumour free survival rate at nine years post-resection among patients with
low serum HBV DNA was 64 per cent. In a multivariate analysis, a high serum HBV
DNA level (0.7 mEq/mL) was found to be an independent risk factor for
hepatocellular carcinoma recurrence after resection: relative risk= 5.13 (95%CI: [1.57,
16.67]; p = 0.0069). A positive surgical margin was also an independent risk factor for
hepatocellular carcinoma recurrence after resection: relative risk= 2.14 (95%CI: [1.10,

6.80]; p = 0.0296).

In a similar study, Kubo et al (2003) also investigated the relationship between serum
HBYV DNA levels and hepatocellular carcinoma recurrence after resection. In this study
of 52 patients, serum HBV DNA (by TMA-HPA assay) was =3.7 LGE/mL in 38
patients (group 1) and <3.7 LGE/mL in the remaining 14 patients (group 2).
Hepatocellular carcinoma recurrence occurred in 24 (63.2%) of group 1 patients and two
(14.3%) of group 2 patients. Tumour-free survival rate was significantly lower in group 1
patients with high serum HBV DNA levels (=3.7 LGE/mL) in comparison with group 2
patients (p = 0.007). In a multivariate analysis, serum HBV DNA >3.7 LGE/mL was the
most prognostic independent factor for recurrence after hepatocellular carcinoma
resection: relative risk= 6.58 (95% CI: [1.52, 28.57]).

The results of the studies by Kubo et al (2000 & 2003) indicate that high serum HBV
DNA levels are a significant prognostic indicator of hepatocellular carcinoma recurrence
after resection. Analyses reported in these studies were calculated using serum HBV
DNA levels taken before surgery. It appears possible that fluctuations in serum HBV
DNA levels following surgical resection for hepatocellular carcinoma that may contribute
to recurrence were not reported.

The studies by Kubo et al (2000 & 2003) have potential for bias: patient selection was
non-consecutive and the direction of the study (prospective or retrospective) was
unclear. It was possible that included patients represent a group with more severe
chronic hepatitis B. The applicability of this study to Australian clinical practice may be
reduced because a less sensitive HBV DNA test was used.
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Relationship between serum HBV DNA levels and liver histology

The results of the study by Yuen et al (2004) are presented in Table 35 and Table 36.
This study investigated the relationship between serum HBV DNA levels and liver

histology of chronic hepatitis B patients. None of the patients in this study had treatment
for HBV before liver biopsy.

This study included HBeAg positive patients and HBeAg negative patients. HbeAg
positive patients (n = 43) had a significantly younger median age (37.2 years,

range = 18.3-57.6) and a higher median serum HBV DNA level (1.1x10’ copies/mL,
range = 1.9%x10°-2Xx10") compared to HBeAg negative patients (n = 51; age: 45.2 years,
range = 23.0-68.2; HBV DNA: 8.3 10° copies/mlL; range = <200-1.4X 109) (» =10.001
and p<0.001, respectively).

HBYV DNA levels were positively, but weakly (7<0.5), correlated with liver histology
among HBeAg negative patients (Table 35). Serum ALT levels at liver biopsy were also
weakly correlated with liver histology among HBeAg negative patients. There was no
correlation between serum ALT levels during liver biopsy and HAI-F score. Similar
serum ALT levels were reported among HBeAg positive patients (Table 35). Yuen et al
(2004) investigated the association between serial ALT levels before biopsy and liver
histologic scores. Their analysis provided some evidence that patients with ALT levels
persistently lower than 1 X ULN had less severe liver inflammation and fibrosis. The
analysis was limited by low patient numbers in each subgroup.

Table 35 Relationship between serum HBV DNA, ALT levels and liver histology

Study Patient characteristics Variable Correlation® with liver histology Study
Total HAI  HALNI HALF quality/
score score score comment
Yuen et al aHBeAg +ve = 43 (46.9%) Direction
(2004) HBeAg-ve=51(543%) OO 037 Zo31  yeqg3 undlear
hy A o possibly
China aMedian ALT level, HBeAg (p=0008)  (p=0.014)  (p=0.017) prospective
UL=91 (range = 21-602) ~ negative
Potential
aMedian HBV DNA level, ALT selection bias
copies/mL = 1.9 x 107 r=0.31 r=0.35 -only
(range = <200-2.0 x 10'3) HBeAg (p=0.028 (p=0.011) - included
negative patients with
Median age, yr = 43.3 liver biopsies
(range = 20-51)
Blinding
M=74,F=20 between liver
ALT histology and
r=0.40 r=043 test results
HBeAg (p=0.009) (p=0.004) -
positive Patient
population
considered
applicable

Abbreviations: Cl, confidence intervals; F = female; HAI, histologic activity index, HAI-F, histologic activity index fibrosis; HAI, histologic activity
index necroinflammation; HBeAg, hepatitis B e-antigen; HBV DNA, hepatitis B virus deoxyribonucleic acid; M = male

aAt time of liver biopsy.

bCorrelation between different continuous variables with skewed distribution was tested by Spearman’s rank correlation. Two-tailed p value
<0.05 considered statistically significant

For HBeAg negative patients, those with high grade necroinflammation had significantly
higher median HBV DNA levels (1.8x10" copies/mlL, range = 2.9x10°-8.5x10°) in
comparison with patients with low grade necroinflammation (5.4x 10°, range = <200—
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1.4x10% (p = 0.009). Patients with high grade fibrosis also had significantly higher
median HBV DNA levels than patients with low grade fibrosis (1.8x 107, range = 2900—
1.4x10” vs 6.1x10° range <200—6.4X 10" respectively; p = 0.01). The liver histologic
scores for HBeAg negative patients in relation to serum HBV DNA levels are presented
in Table 36.

For HBeAg positive patients there was no correlation between HBV DNA levels and
HAI-NI, HAI-F and total HAI scores (p = 0.91, 0.88 and 0.93 respectively). No
difference was found in median HBV DNA levels between patients with high-grade
necro-inflammation (HAI-NI 27) and patients with low-grade necro-inflammation
(HAI-NI <7) (p = 1.0). There was also no difference in median HBV DNA levels
between patients with high grade fibrosis (HAI-F =3) and patients with low grade
fibrosis (HAI-F <3) (p = 0.39).

Table 36 Relation between serum HBV DNA levels and liver histology scores in HBeAg negative

patients
Study Liver histology Serum HBV DNA levels (copies/mL) Study quality/
and score <105 <106 <107 comment
country
Yuen Necro- Direction unclear
etal inflammation
(2004) . Potential selection

. Median score 2 (0-5) 3(0-10) 2(0-18) pms—only .

China  (range) included patients

with liver biopsies
No of patients with

0, 0, 0,
score < 3 6 (85.7%) 9 (81.8%) 15 (57.7%) Blinding between
liver histology and
Fibrosis test results
Median score Patient population
(range) 0(0-4) 0 (0-4) 1(0-4) considered
applicable

No of patients with
score =0 6 (85.7%) 7 (63.6%) 11 (42.3%)

Median total HAI
score (range)
Abbreviations: HAI, histology activity index; HBV DNA, hepatitis B virus deoxyribonucleic acid

2(0-9) 3(0-14) 45 (0-22)

The cohort study by Yuen et al (2004) was of unclear direction and had potential for
selection bias, as it only included patients who underwent liver biopsies. The reasons for
these patients having liver biopsies were not reported. It could not be determined
whether the included population was representative of patients with more severe chronic
hepatitis B. The potential for selection bias should be considered.

This study found a weak correlation between serum HBV DNA levels and liver histology
in HBeAg negative patients. There was also evidence suggesting that liver damage is
more severe in HBeAg negative patients with increased levels of serum HBV DNA. No
correlation was found between serum HBV DNA levels and liver histology in HBeAg
positive patients. It was possible that the relationship between serum HBV DNA levels
and liver damage was nonlinear, investigation would have been informative. It seems
possible that the correlation was weak because serum HBV DNA levels are more
sensitive indicators of viral replication than liver histology scores.
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In this study serum HBV DNA levels were measured at one point (two weeks before
liver biopsy) were compared with liver histology. To clearly establish the relation between
liver histology and serum HBV DNA levels serial measurements of HBV DNA levels
before biopsy are required. This would enable an assessment of the impact of sustained
(low to high) or fluctuating levels of serum HBV DNA on liver histology. This study
design was unethical because patients with high levels of viral replication were candidates
for antiviral therapy. It is impractical to measure serum HBV DNA levels over a
meaningful time scale before liver biopsy.
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Does HBV DNA testing improve patient management?

To illustrate that changes in clinical decisions can be attributed to information provided
by a diagnostic test, evidence is required to show that test information results in
decisions which can involve stopping, starting or modifying treatment (MSAC 2005).
For example, pre and post-test management studies can be used to provide this type of

evidence (MSAC 2005).

No studies were identified which correspond to the study designs recommended in the
MSAC guidelines. The study by Lampertico et al (2005) (see page 36) was considered to
support that HBV DNA testing can alter management of patients undergoing lamivudine
monotherapy. These changes may not be possible in the absence of HBV DNA testing.
If ALT testing was the only method to detect lamivudine resistance, all patients identified
by HBV DNA testing as genotypically resistant could potentially experience adefovir
therapy delays, which may lead to suboptimal outcomes. Evidence was not identified to
support that HBV DNA testing impacts change in patient management results for long
term chronic hepatitis B clinical outcomes.

Does treatment result in improved health outcomes?

Licensed therapies in Australia for chronic hepatitis B include interferon-o, pegylated
interferon, lamivudine, entecavir and adefovir dipivoxil. Government funding for
adefovir is only available in cases where lamivudine-resistance has developed. Pre-
treatment liver biopsy is required for access to therapies through the Australian
Commonwealth Government Highly Specialised Drug Schedule 100 scheme for
treatment of chronic hepatitis. HBV DNA testing is an essential part of the criteria to
establish patient eligibility for treatment with interferon-cr, lamivudine, entecavir or
adefovir dipivoxil.

The PBS listing of these treatments indicates that the effectiveness of these therapies has
been recognised. Evidence supporting treatment effectiveness for chronic hepatitis B was
considered unnecessary for this assessment.

Appendix G presents examples of studies that illustrate treatment effectiveness of
antiviral therapies.
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What are the economic considerations?

Summary of economic considerations

Three research questions focusing on the the economic implications when HBV DNA
testing is used were considered: 1. in the initial assessment of chronic hepatitis B patients
before antiviral therapy; 2. for monitoring patients not undergoing antiviral therapy; and
3. to monitor patients undergoing antiviral therapy.

If HBV DNA testing is listed under the MBS scheme, each HBV DNA test is expected
to cost Medicare Australia $130. This estimate was based on cost information for four
HBV DNA test systems currently available in Australia (Digene Hybrid Capture II assay,
Bayer Versant HBV 3.0 test, Roche COBAS TagMan HBYV test, and Qiagen (Artus)
RealArt HBV PCR).

One HBV DNA test for each newly reported (incident) chronic hepatitis B infection in
Australia is expected to result in a demand of about 6500 tests per year. Based on
previous incidence data, the number of tests is not expected to change significantly in
subsequent years.

There are about 8200 patients with chronic hepatitis B in Australia not undergoing
antiviral therapy who are monitored by one HBV DNA test annually. This number is
expected to be stable in subsequent years.

HBV DNA test use is expected to increase when used to monitor patients undergoing
antiviral therapy. The number of patients treated with lamivudine and/or adefovir or
interferon is expected to increase during subsequent years. This is expected to result in
increased demand for HBV DNA testing. Consistent with current clinical practice in
Australia, patients’ recieving antiviral therapies such as lamivudine or adefovir are
expected to be tested four times per year; patients undergoing interferon treatment are
tested three times throughout a 12-month treatment period. The total number of HBV
DNA tests required to monitor patients undergoing these antiviral therapies is estimated
to be about 4700 to 5900 tests per year.

In total, about 20,000 HBV DNA tests per year are required. The expected cost to
Medicare Australia is about $2.5 to $2.7 million per year.

The HBV DNA test is considered to have important potential impacts on patient
management: 1. it can identify those patients least likely to benefit from antiviral therapy;
2. it can identify patients who do not require continuing antiviral therapy, so treatment
can be terminated when HBV DNA tests become negative; and 3. enables earlier
detection of resistance to antiviral therapy, facilitating change in patient management
with the aim of avoiding disease progression or chronic hepatitis B complications. These
impacts of HBV DNA testing are likely to result in benefits for other healthcare funders
if HBV DNA testing is listed under the MBS scheme. A detailed assessment of the
potential economic benefits of HBV DNA testing on long term chronic hepatitis B
outcomes is not preseneted here: current evidence for impacts on long term outcomes
following HBV DNA testing is not considered adequate for a reliable estimation of
economic benefits.
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The results of a recent study by Butler et al (2004), summarised in Table 37, reports the
estimated average annual direct cost of managing a patient with chronic hepatitis B
(chronic hepatitis B) in Australia. The study was performed as a retrospective chart
analysis of 149 patients with varying stages of chronic hepatitis B, which were treated
between 1995 and 2002 at four public teaching hospitals in NSW and Victoria. Costs for
palliative care for chronic hepatitis B and hepatocellular carcinoma are based on
observations in a palliative care unit. Cost components included were outpatient visits,
outpatient pathology, outpatient imaging, drug treatment, inpatient admissions, and
inpatient procedures. Indirect costs reflecting the value of lost production, and other
costs such as time and travel for patients and carers, were not included. Differences in
costs were tested to identify influencing factors such as age, gender, marital status,
country of birth and duration of follow-up. They were not found to contribute to
differences in costs.

Table 37 Direct cost of chronic hepatitis B in Australia

Costs per patient (AUD)"

Chronic hepatitis B subgroup Mean * SD Median Range 95% ClI
(sample size)
Non-cirrhotic chronic hepatitis B 1233 456 120-6295 939, 1544
(n=80)

Active disease (n = 38) 1778 884 125-6295 1212, 2374

Inactive disease (n = 42) 758 373 120-3247 519, 1045
Compensated cirrhosis (n = 20) 1394 1031 119-3176 975, 1797
Decompensated cirrhosis (n = 21) 11,961 5599 120-47,698 6993, 18,503
Liver transplantation (year 1) 144,392 + 110,000 61,000-617,000

115,374

Liver transplantation (year 2+) 23,160 £ 19,289 17,500 6700-54,700
Hepatocellular carcinoma 11,753 7024 60-56,994 7385, 17,159
(n=27)
Palliative care 6307 4848, 8187

Source: Butler JR, Pianko S, Korda RJ, Nguyen S, Gow PJ, Roberts SK, Strasser SI, Sievert W (2004). ‘The direct cost of managing patients
with chronic hepatitis B infection in Australia’. J Clin Gastroenterol. 38: S187-S192. Reproduced with permission of Lippincott, Williams and
Wilkins

Abbreviations: SD, standard deviation; AUD, Australian dollar

1Costs estimated for 2001

As shown in this study, the costs of managing chronic hepatitis B patients vary
significantly between the early and advanced disease stages, showing markedly higher
treatment costs for all advanced stages of chronic hepatitis B. These costs are valid
before the introduction of specific anti-HBV therapies and an increasing usage of these
services.

No other economic assessment of HBV DNA testing in Australia was identified.

Test costs

Major capital equipment

Capital costs are those required to purchase major medical facilities and equipment
required to perform the service under evaluation. For this assessment, ‘capital
expenditure’ refers to the outlay required to purchase the automated test systems used
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for HBV DNA testing, such as luminometer, PC, monitor and software for automatic
reading, and other associated equipment. Capital costs are typically investments made at a
single point in time (often at outset); whereas running costs occur throughout the
equipment’s life cycle.

Capital costs for equipment and buildings are subject to depreciation, reflecting that their
value decreases over time (because of technological and material wear). Depreciation can
be calculated using one of three approaches— linear, progressive or degressive.
Opportunity costs also contribute to overall capital costs. They represent costs of
resource options that are no longer available, leading to selecting next-best and
(frequently) less cost-effective options. To calculate the current value of an investment,
all costs and benefits were discounted to their current values. Discounting is a method to
adjust costs and benefits occurring at different points in time to their present values. The
underlying principle for discounting is that costs and benefits arising in the future have a
lower value than they would if they arose today.

In general, Medicare does not cover laboratory systems and their maintenance costs.
Laboratories fund equipment purchases. Equipment may be provided as part of a reagent
rental agreement. Some laboratories establish agreements with diagnostic technology
manufacturers to purchase their product. Hardware costs are included in the price for the
reagent.

The Applicant provided information that three of the four test systems available in
Australia are available via reagent rental. For the fourth test system, Qiagen (Artus)
RealArt HBV PCR, the reagent is available in different sets specifically tailored to
different instruments. No major equipment costs were considered for the total test cost
estimate.

Major equipment costs were calculated to indicate pathology lab expenditure needed for
purchase of equipment to process HBV DNA samples (Appendix H).

Other equipment costs

The HBV DNA test cost for consumables and professional time was quoted at $70 to
$110 per test in the application.

Test costs were re-calculated based on price information provided by the Applicant.
Table 38 provides the results of this calculation. The costs for each of the available four
test systems are shown separately, considering the number of necessary batch controls,
maximum batch size, and assuming a true batch size of 20 tests. Labour costs were
calculated based on an average time of four hours for a mid-range scientist plus one
minute of a virologist per test for the interpretation of test results. Average equipment
costs per HBV DNA test were then calculated assuming an equal market share for each
of the available test systems and including a 17 per cent margin for pathology
laboratoties.

According to this calculation, the average test costs are $130 per HBV DNA test.
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An assessment was made about how much the average costs per HBV DNA test depend on
the number of tests per batch. The number of tests per batch was varied and the costs per
test re-calculated in order to perform the assessment.
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Figure 10  Average equipment costs per HBV DNA test, by number of tests per batch

The average equipment costs per HBV DNA test, soon reaches a steady state and does
not significantly decrease if the number of tests per batch increases (Figure 10). This
effect occurs because the maximum batch size for some of the test systems is restricted.
For test systems with no restriction on the maximum batch size (Digene Hybrid Capture
IT Assay, Bayer Versant HBV 3.0), the costs per test would decrease further if the
number of samples per batch increases.

Patient management costs

The following three research questions were defined for this assessment:

e Initial assessment and monitoring of chronic hepatitis B patients before or not
undergoing antiviral therapy

e Monitoring chronic hepatitis B patients not undergoing antiviral treatment

e Monitoring chronic hepatitis B patients undergoing antiviral treatment.

Clinical pathways addressing these research questions were developed from Advisory
Panel consultation.
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Initial assessment and monitoring of chronic hepatitis B patients before or not
undergoing antiviral therapy

According to the patient management flowcharts shown in Approach to assessment
(see Figure 1 and Figure 2); the test would be added to the initial assessment of patients
as DNA measurements are useful in assessing the extent of disease in the liver. The
additional costs are $130.09 per patient (one test during initial assessment) should the
HBV DNA test be listed under the MBS.

The HBV DNA test confirms the presence and course of HBV infections to inform
treatment decisions. The test detects active disease in HBeAg negative and ALT normal
patients and optimising treatment timing. In a sample of Australian patients described by
Bell et al (2005), 47 per cent of all HBeAg negative patients did not exhibit elevated ALT
levels at referral. HBeAg negative patients represent half of all patients with active viral
replication.

The monitoring of chronic hepatitis B patients not on antiviral therapy would be
increased if there were significant levels of viral replication associated as this places
patients at a higher risk of developing complications or needing treatment. Patients with
high viral load are more likely to have underlying disease that may be detected on biopsy
and lead to treatment. At least one HBV DNA test would be performed to detect
increasing DNA levels and determine treatment for all patients not undergoing drug
treatment and presenting with elevated ALT levels. The test would add $130.09 to the
general non-drug management costs.

Monitoring chronic hepatitis B patients undergoing antiviral therapy

Lamivudine and/or adefovir treatment

Patient management flowcharts for the treatment with lamivudine and/or adefovir
(see Approach to assessment, Figure 3, Figure 4, and Figure 5) were translated into a
decision tree as shown in Appendix I.

The HBV DNA test would be performed every three months together with the routinely
performed ALT and HBeAg serology. It allows distinction among;:

1. Patients presenting with normal ALT and low levels of HBV DNA (the HBV
infection is well controlled and patients will continue antiviral treatment for a
certain period (depending on HBeAg serology results) before switching to non-
drug treatment monitoring)

2. Patients presenting elevated ALT levels, but who are HBeAg negative and show
low levels of HBV DNA (the increased ALT levels are likely to be caused not by
an HBV infection but other conditions, so patients could be taken off inadequate
treatment

3. Patients presenting with normal ALT, HBeAg positive or negative, but increasing
levels of HBV DNA. (Lamivudine monotherapy does not control disease due to
either primary or secondary treatment failure’. Patients would stop lamivudine
treatment and switch to either adefovir (if HBeAg negative) or interferon (if
HBeAg positive and not contraindications).

* Secondary treatment failure = drug resistance
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The proportion of patients inadequately treated with antivirals cannot be quantified.

A comprehensive model for the course of HBV infection was beyond the scope of this
assessment. The clinical flowcharts (see Approach to assessment) illustrate that it was not
possible to identify patients being treated inadequately with ALT/HBeAg serology only.
Lamivudine treatment could not be terminated before two follow-up measurements
showing normal ALT and negative HBeAg serology were acquired.

Inadequately treated patients are exposed to unnecessary drug treatment and associated
side effects. Both the treatment of side effects and the drug treatment are expenditures
that could be avoided by identifying patients whose treatment protocols are
inappropriate and making necessary amendments. Annual drug treatment costs with
lamivudine reach $1558 per patient’, with adefovir monotherapy $7604°.

HBV DNA testing also allows detection of drug resistance among patients adequately
treated with either lamivudine or adefovir. At present, drug resistance against lamivudine
is more frequently reported compared to resistance rates against adefovir which are
reported to be low (Locarnini et al 2004). A future increase in resistance to adefovir also
seems to be possible. HBV DNA testing would not necessarily detect more cases of drug
resistance but it could allow detecting (genotypic) resistance to antiviral treatment earlier
than with ALT/HBsAg serology (which only can measure phenotypic resistance). The
median time between genotypic and phenotypic resistance is reported to be four months
(Hadziyannis et al 2000). Early diagnosis of drug resistance is important for patients to
avoid severe liver damage from disease progression resulting from viral breakthrough.
For example, severe exacerbations among patients with cirrhosis may result in organ
failure; graft loss and death can occur in liver transplant patients (Locarnini et al 2004). It
is not possible to quantify the benefit of earlier detection and improved long term health
outcomes based on currently available evidence. Since the alternative antiviral drugs
(adefovir, interferon 2a, interferon 2b) are more expensive than lamivudine, earlier
switching to these drugs increases overall medication costs per patient. In the longer
term, avoiding advanced stages of HBV infection, such as cirrhosis or hepatocellular

carcinoma, would provide an economic benefit as they are shown to be more expensive
(Butler et al 2004).

The additional (incremental) costs for monitoring in three month intervals would be
$520.36 per patient, and a year of antiviral treatment (four times $130.09 per test).

Intetferon

Patient management flowcharts for the treatment with interferon are presented in the
Approach to assessment (see Figure 6 and Figure 7).

Where Interferon treatment is considered in HBsAg positive patients as first line
treatment in patients with low HBV DNA and high ALT or as second line treatment
after primary drug failure of lamivudine, about a third of all patients would be eligible for
interferon treatment. The Advisory Panel indicated that in practice about 20 per cent of
these patients are treated.

5 PBS item number 6257H: 28*100 mg = $119.50, recommended dosage = 100 mg per day
¢ PBS item number 6450L: 30*¥10 mg = $625.00, recommended dosage = 10 mg per day
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An antiviral immune response with interferon can be reached in 20 to 30 per cent of
patients treated with interferon-or 2a, and in about 40 per cent of patients treated with
interferon-or 2b (within six months after treatment end), respectively (eMIMS 20006).
According to the Advisory Panel, interferon treatment would be provided for a total
duration of 12 months. Treatment would not be stopped where after six months of
treatment, DNA levels are not found to be lowered. This indicates that the HBV DNA
test allows continuous disease monitoring, but that treatment decisions would require
review after 12 months at the earliest.

HBV DNA testing was considered to be performed at the beginning and the end of a six
month treatment cycle and after 12 months of treatment. This would cost $390.27 per
patient in addition to routine ALT and HBeAg monitoring.

Financial implications of a positive recommendation

The number of expected HBV DNA tests needed to be first estimated to calculate the
financial implication of a positive recommendation. The financial implications of listing
HBYV DNA testing under the MBS are shown separately for Medicare Australia and other
health funders.

Initial testing

HBYV incident infections data from the National Notifiable Diseases Surveillance System
were used to estimate uptake of HBV DNA testing for the initial assessment. In 2004,
the national notification rate for confirmed incident cases was 1.4 per 100,000" and 1.2
per 100,000 in 2005, showing a declining tendency in recent years. (Yohannes et al 2000)
Unspecified cases were reported at a rate of 29.1 per 100,000° (in 2004) also showing a
declining tendency. In total in 2004, new HBV infections were reported at a rate of 30.5
per 100,000.

Based on demographic data, the Australian population size is expected to grow
continuously during coming years (Australian Bureau of Statistics 2006). Considering a
declining prevalence, but a growing population with continuous immigration from high-
risk areas, it was assumed that the number of incident cases would remain stable at the
current level of 6475 cases in 2006 (data for 2006 projected based on reported estimates
17 October 2000) (see Figure 11). These cases are considered to require a single initial
HBV DNA test.

7 Incident hepatitis B notifications: confirmed incident cases of HBV infection.
8 Unspecified hepatitis B notifications: newly reported HBV infections that do not meet the confirmation
criteria for incident HBV notifications.
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Figure 11 Forecast incident HBV cases, 2007-2010

Reference: Based on National Notifiable Diseases Surveillance System projected figures for 2006, forecast for 2007-2009

Monitoring chronic hepatitis B patients undergoing antiviral therapy

The number of patients undergoing antiviral drug treatment was assessed using Medicare
statistics (Medicare Australia, 20006). The total PBS and RPBS benefits for lamivudine
(PBS items 6257H, 6271C) and adefovir (6450L); interferon-o 2a (6210W, 6211X,
6212Y, 6213B) and interferon-or 2b (6246R, 6253D, 6218G, 6219H, 6254E, 6255F)
were applied and converted into number of packs. Assuming ongoing treatment for the
duration of one year, the number of packs was then translated into patient numbers by
considering pack size and recommended dosage. In the case of interferon, this approach
provides an overestimation of patients treated for chronic hepatitis B, as both interferon-
o 2a and 2b are registered for the treatment of other conditions, such as chronic hepatitis
and non-Hodgkin’s lymphoma.’

The calculated patient numbers for lamivudine and/or adefovir are shown in Figure 12,
for interferon in Figure 13.

9 Also registered for: Hairy cell leukaemia; AIDS-related Kaposi’s sarcoma; cutaneous T cell lymphoma;
chronic hepatitis C; chronic myelogenous leukaemia (CML); excessive thrombocytosis associated with
CML and other myeloproliferative disorders in patients >18 years; multiple myeloma, non-Hodgkin’s
lymphoma; advanced renal cell carcinoma, malignant melanoma.
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Figure12  Forecast of patients treated with antivirals

It was assumed that patient numbers would follow past patterns—a linear rather than a
damped trend—for antiviral treatment. It was calculated that about 957 patients would
be treated using either lamivudine and/or adefovir in 2006 under the PBS or RPBS.
Patient numbers are forecast to increase to 1107 (2007), 1265 (2008), and 1423 (2009).
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Figure 13  Forecast of patients treated with interferon-o 2a or 2b

In relation to interferon treatment, it is assumed that patient numbers will not follow past
patterns—showing an exponential declining trend. This assumption is based on the
recent changes in interferon listing and indications. The utilisation is rather expected to
increase over time, as patients have been waited for pegylated interferon to become
available for chronic hepatitis B treatment under the PBS scheme. Since 1 December
2006, Pegintron (Pegasys®) is available as monotherapy for chronic hepatitis B (6439,
6449K). It was previously restricted to the treatment of chronic HCV only. PBS uptake
data were not available to inform calculation of expected numbers of patients receiving
interferon treatment, including pegylated interferon. Because alternate estimation is not
possible, the number of patients was considered to be stable at the current level of about
82 patients a year (advice from the advisory panel).

Monitoring chronic hepatitis B patients not undergoing antiviral treatment

Based on HBV patients attending St Vincent’s Hospital Melbourne, and drug treatment
surveillance data from the Highly Specialised Drugs (HSD) Program presented by the
National Centre in HIV Epidemiology and Clinical Research (Yohannes et al 2000), the
number of patients in Australia attending liver clinics and who are not treated using drug
therapy was calculated and tabulated (Table 39). This is considered as the number of
patients who would not undergo antiviral treatment, but require regular monitoring.

The calculation assumes that patients undergo drug treatment at the same frequency as
provided by St. Vincent’s Hospital Melbourne.

According to the application, testing is recommended for patients undergoing non-drug
treatment should ALT levels become elevated. It was assumed that monitoring of HBV
DNA is performed once a year in all 8142 patients.
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Table 39 Estimated number of chronic hepatitis B patients not undergoing antiviral treatment that
requires monitoring

Item Data Source
HBV patients presenting to St. Vincent'sHospital Melbourne 2001-2005 850 Advisory Panel
B HBV patients treated with antiviral drugs and interferon by St Vincent's .
Hospital Melbourne 2001-2005 365 Advisory Panel
C  Probability of undergoing drug-treatment! 43% C=B/A
D HBV patients in Australia undergoing drug treatment auspiced by the HSD 6129 National Centre in HIV
program 20052 Epidemiology and
Clinical Research
2006
Estimated number of HBV patients in Australia attending liver clinics 14,253 E=D/C
F  Estimated number of HBV patients in Australia attending liver clinics and not 8124 F=E-D

who are not being treated using drug therapy (requiring monitoring)

Abbreviation: ALT, serum alanine aminotransferase
1 As provided in St. Vincent's Hospital Melbourne liver clinic, assumed to be representative for other liver clinics as well
2 Including lamivudine and adefovir, based on the number of prescriptions at the end of 2005, considering ongoing drug treatment

Medicare Australia

The aggregated financial impact of funding the HBV DNA test for Medicare Australia is
shown in Table 40. Since Medicare Australia would meet the costs of the pathology test,
the financial impact calculation is based on the estimated number of provided services
and the cost of test equipment.

Table 40 Aggregated financial impact of HBV DNA test funding to Medicare Australia

Year 1 Year 2 Year 3 Reference
Initial testing
A Number of incident cases 6475 6475 6475 Figure 11
Numb.er pf HBV DNA tests per 6475 6475 6475 One test during
year (initial assessments) initial assessment
Monitoring antiviral treatment
Number of patients on antiviral .
¢ treatment under PBS and RPBS 107 1265 1423 Figure 12
D Numbgr of HBV DNA tests/year 4498 5060 5692 Foijr t%sts ayear
for patients on antiviral treatment D=C*4
Number of patients receiving
E interferon treatment under PBS 82 82 82 Figure 13
and RPBS
Three tests during
Numbgr of HBV .D.NAltests/year 12 months
F  for patients receiving interferon 246 246 246 treatment
treatment
F=E*3
Monitoring patients not on antiviral treatment
Number of patients presenting to Table 39
G liver clinics and not on drug 8214 8214 8214
treatment One test per year
Totals
H  Total number of HBV DNA tests 19,364 19,995 20,627 H=B+D+F+G
| Cost per HBV DNA test $130.09 $130.09 $130.09 Table 38
J Annual costs HBV DNA test $2,519,063 $2,601,149 $2,683,366 J=H*I

Current costs are not shown because HBV DNA testing would be provided as an additional test and would not replace any other test
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Assuming that the HBV DNA test would reach an uptake rate of 100 per cent and is
funded as a pathology test, the financial impact for Medicare Australia would be in the
range of $2.65 to $2.7 million per year.

Other healthcare funders

The funding for the HBV DNA test would come from the hospital laboratory funding.
The aggregated financial impact of HBV DNA testing is shown in Appendix J.

The PBS budget would also be negatively affected as patients identified with drug
resistance to lamivudine would either switch to adefovir or interferon; both treatments
are associated with markedly higher treatment costs per patient and year. The impact
cannot be further quantified since the number of patients switching drug treatments
cannot be estimated. On the other hand, the PBS budget could be positively affected as
patients inadequately treated for HBV could stop drug treatment. Annual drug treatment
costs with lamivudine reach $1558 per patient (PBS item number 6257H: 28*¥100 mg =
$119.50, recommended dosage = 100 mg per day), with adefovir monotherapy $7604
(PBS item number 6450 L: 30¥10 mg = $625.00, recommended dosage = 10 mg per
day). By improving the management of chronic hepatitis B patients, such as by detecting
drug resistance earlier, disease progression might be positively influenced and
complications avoided. Hospital budgets would also be affected by listing the HBV test.
These influences could not be evaluated because current evidence supporting a link
between HBV DNA testing and long term outcomes is limited.
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Conclusions

Effectiveness

Previously, measures of serum ALT and liver histology were considered suitable
indicators of hepatitis B disease activity. Patients with chronic hepatitis B may have other
reasons for elevated ALT and changes in liver histology, such as non-alcoholic fatty liver
disease, or concurrent viral infections (hepatitis C). The serological marker HBeAg was
previously considered to indicate active HBV replication, but some variants of the
hepatitis B virus have a mutation that prevents serological detection of HBeAg. Thus,
absence of HBeAg does not necessarily indicate that HBV replication has not occurred.
This is so among patients who were previously HBeAg positive, because this mutation
can develop during immune clearance of HBeAg. Differentiation of inactive HBeAg
negative carriers from HBeAg negative active chronic hepatitis B patients is necessary to
determine patients who require antiviral therapy.

Measurements of serum HBV DNA levels, as well as biochemical, serological and
histological evaluations, have become widely considered as necessary to determine
appropriate management for chronic hepatitis B patients. This is particularly true with
respect to the introduction of and monitoring of antiviral therapy. It is important to
monitor virological response during antiviral therapy because patients who may become,
or are currently resistant to therapy, can be identified. Monitoring also identifies patients
whose response to therapy is not optimal. Monitoring is an essential aspect of patient
management to identify those who require other antiviral therapy options and to
pinpoint patients least likely to benefit from therapy.

The intention of HBV DNA testing is to measure underlying hepatitis B virus
replication, rather than its effects on markers, such as elevated liver enzymes. Because
drug treatment outcomes are considered to be associated with pre-treatment HBV DNA
levels, the test also allows clinicians to select the most appropriate drug treatment for
patients. In addition, for HBeAg negative patients with non-elevated ALT levels, testing
positive for HBV DNA provides access to some of the drugs listed on the PBS for the
treatment of chronic HBV infection (adefovir, entecavir).

The aims of the current assessment were to determine the additional value of serum
HBYV DNA testing in: the initial assessment of patients before antiviral therapy;
monitoring patients not undergoing antiviral therapy; and monitoring patients
undergoing antiviral therapy. The aims were to assess the clinical effectiveness
(diagnostic performance and the impact of diagnosis on changes in clinical management
and changes in clinical outcomes) and cost-effectiveness of serum HBV DNA testing.

Because samples for HBV DNA testing can occur when blood is collected for other tests
(eg ALT), it was considered unlikely that there will be any major safety issues for the
patient with respect to the HBV DNA test itself—specimens are collected for the test
using standard blood collection methods.

Direct evidence

Direct evidence for the impact of serum HBV DNA testing on chronic hepatitis B
clinical outcomes was sought. Two studies were identified which allowed an assessment
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of the impact of serum HBV DNA testing on chronic hepatitis B clinical outcomes. One
study provided evidence that short term patient outcomes (virological response and ALT
normalisation) are improved when HBV DNA testing is used in addition to ALT testing
to alter the management of lamivudine resistant HbeAg negative patients. Long term
follow-up of these patients is required to determine whether these short term benefits
translate to long term improvements in chronic hepatitis B clinical outcomes.

In another study, the combined strategy of HBV DNA testing and lamivudine therapy
improved health outcomes (patient survival; liver-related death) in HBsAg positive renal
transplant patients. Results presented in this study did not allow an assessment of the
additional value of HBV DNA testing. This study is considered not applicable to clinical
practice in Australia, where all HBsAg positive patients are treated pre-emptively with
lamivudine to prevent viral reactivation, irrespective of serum HBV DNA levels.

The direct evidence identified in both studies was considered limited: primarily because
the studies were not randomised controlled trials and treatment decisions were driven by
the availability of antiviral therapy, rather than the results of HBV DNA testing alone.
Despite limitations in designs, results from both studies indicate that serum HBV DNA
testing has potential to improve health outcomes among chronic hepatitis B patients.

Linked evidence: Accuracy studies

Although direct evidence for the impact of HBV DNA testing on chronic hepatitis B
outcomes was identified in the literature review, a linked evidence approach was deemed
necessary. This was primarily because the direct evidence was limited to specific chronic
hepatitis B patient populations (HBsAg positive renal transplant patients, and HbeAg
negative patients undergoing lamivudine therapy) and did not adequately address all the
aims of this assessment. Assessment of HBV DNA testing in the absence of a linked
evidence approach was considered inadequate because of direct evidence limitations.

HBYV DNA testing and initial assessment and monitoring of patients not
undergoing antiviral therapy

Five studies were identified which provided evidence indicating the accuracy of serum
HBV DNA testing in initial assessment and monitoring of patients not undergoing
antiviral therapy.

Two studies provided evidence that HBV DNA testing enables the differentiation of
inactive HBeAg negative carriers from HBeAg negative patients with active chronic
hepatitis B (eg elevated serum ALT). One of these studies provided evidence that HBV
DNA testing adds additional diagnostic performance to the differentiation of these
patients by serological testing (IgM anti-HBc complex measurement). Patient
classification was based on serum HBV DNA levels alone, introducing potential for
misclassification. Further research is necessary to establish additional value provided by
HBYV DNA testing to differentiate patient groups.

Two studies provide evidence that elevated serum HBV DNA levels are associated with
increased liver damage. This was true of HBeAg negative patients, but not HBeAg
positive patients. Although increased levels of serum HBV DNA are indicative of
increased viral replication, which is considered to be associated with increased liver
damage, Patients in the immune tolerant phase of chronic hepatitis B infection are
characterised by high HBV DNA, HBeAg positivity, and low levels of liver
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inflammation. This may explain the findings of these studies, where the association
between serum HBV DNA levels and liver damage in HbeAg positive patients was not a
straightforward linear relationship.

One further study assessed the role of HBV DNA testing in predicting HBeAg reversion
among patients who had seroconverted (become HBeAg negative). This study provided
evidence that serum HBV DNA levels of >10° copies/mlL at the time of seroconversion
are predictive of reversion.

These studies show that HBV DNA testing has potential value in: differentiating HBeAg
negative inactive patients from HBeAg negative patients with active disease; identifying
patients likely to revert to HBeAg positive after prior seroconversion; and is indicative of
liver damage in HBeAg negative patients.

HBYV DNA testing and monitoring of patients undergoing antiviral therapy

Four studies were identified which were considered to provide evidence for the value of
HBYV DNA testing in monitoring patients undergoing antiviral therapy.

Two studies provided evidence of the possible value of HBV DNA testing in monitoring
patients undergoing lamivudine therapy. One study indicated that HBV DNA testing at
month 3 of therapy has potential in predicting those patients who will or will not have
sustained response to lamivudine therapy. Another study provided further evidence that
HBV DNA testing can identify patients who will not respond to lamivudine therapy.
This study also indicated that HBV DNA testing can also predict HBeAg seroconversion
or resistance to lamivudine.

Lindh et al (2001) and van der Eijk et al (2006) provided evidence supporting the
potential value of HBV DNA testing for monitoring patients undergoing interferon
therapy. Lindh et al (2001) indicated that pre-treatment serum HBV DNA levels could
differentiate patients who would have a sustained response to interferon from those
patients who would not. Van der Eijk et al (2006) provided evidence supporting that
combining serum HBV DNA level measurement when treatment is begun, and during
treatment, had potential to identify patients who would not respond to interferon
treatment.

Results from studies that considered treatment with lamivudine or interferon indicated
that a significant role for serum HBV DNA testing may be to identify patients who
would not respond to therapy. This may help to design more effective therapy regimens
for these patients with potential to offer clinical and economic benefits.

Evidence from the linked approach was considered limited because results of HBV
DNA testing were interpreted with knowledge of the reference standard (chronic
hepatitis B clinical outcomes or liver histology). This has the potential to introduce bias,
resulting in over-estimated accuracy of HBV DNA testing. The limitations of these
studies are considered to arise because they are effectively studies researching the
potential use of HBV DNA testing, but don’t reflect how it is actually used in clinical
practice, where it is used in addition to other tests. Indeed, all but one of these studies
failed to provide evidence which allowed an assessment of the value of serum HBV
DNA testing in addition to ALT, serology or liver histology. They were not considered
to be accurate representations of HBV DNA test use in clinical practice. Despite these
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considerations, the studies were considered to provide supportive, but limited, evidence
of the potential value of serum HBV DNA testing in clinical practice.

Linked evidence: Serum HBV DNA levels and chronic hepatitis B clinical
outcomes

The evidence from the accuracy studies was considered limited because impact of HBV
DNA testing on long term clinical outcomes was not shown. Because these outcomes
(cirrhosis, liver cancer) are long term, and widespread HBV DNA testing (combined with
therapies requiring assessment of HBV DNA levels) is relatively recent, evidence may
not become available for several years. The absence of this evidence required
supplementation by studies that examined relationships between serum HBV DNA
levels and long term outcomes. Although these studies did not directly assess the ability
of HBV DNA testing to change outcomes, evidence was provided that HBV DNA levels
can indicate long term outcomes.

Studies that reported serum HBV DNA levels and chronic hepatitis B outcomes were
generally limited by reporting measurement of serum HBV DNA levels at one time
point. This may not fully capture the dynamic nature of viral replication because periods
of intense viral replication can be interspersed with phases of relative quiescence. The
impact of fluctuating or sustained increased levels of serum HBV DNA was not
assessed. Data from these studies suggest that HBV DNA level measurement at a single
time point has potential to fulfil an important prognostic role.

One systematic review was identified which provided evidence that HBV DNA levels are
predictive of outcome, illustrates treatment efficacy. Significantly, serum HBV DNA
levels (baseline and change from baseline) were correlated with liver histology and
HBeAg seroconversion. This indicates that serum HBV DNA levels are potentially
important indicators of liver damage and predictors of HbeAg seroconversion.

In along term population-based study (REVEAL-HBYV study) increased levels of serum
HBV DNA were found to be associated with an increased cumulative incidence of both
cirthosis and hepatocellular carcinoma. Significantly, serum HBV DNA was found to be
an independent risk factor for both cirrhosis and hepatocellular carcinoma. The results
from the REVEAL HBV study were true for HbeAg positive and negative participants,
but most participants in this study were HbeAg negative. Additional analysis from the
REVEAL-HBYV study found that persistently elevated levels of serum HBV DNA
increase the risk of hepatocellular carcinoma. This was the only example of an analysis
which examined serum HBV DNA at more than one time point. Two other studies
reported that serum HBV DNA levels were the strongest prognostic factor for
hepatocellular carcinoma among patients with HBV-related cirrhosis.

Results from another study indicated that patient survival is increased when serum HBV
DNA are low at diagnosis of hepatocellular carcinoma. Two studies provided evidence
that increased levels of serum HBV DNA is the most significant prognostic factor for
recurrence after hepatocellular carcinoma resection. One study reported that patients
who had spontaneous HBV DNA seroconversion (sustained or not sustained) had an
increased risk of hepatocellular carcinoma death. Lower levels of serum HBV DNA were
also found to be associated with a reduced risk of hepatocellular carcinoma death.

Considered together, the data presented in these studies indicate that serum HBV DNA
measurement, even at one time point, is an important prognostic factor of long term
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chronic hepatitis B clinical outcomes. Further research is required to establish if changes
in patient management in response to serum HBV DNA testing result in improved long
term outcomes.

Cost-effectiveness

Listing the HBV DNA test on the MBS, would increase the costs of initial assessment of
patients presenting with HBV (one test), as well as for the monitoring of patients on
drug- or non-drug treatment (three or four test for patients on antivirals or interferon;

one test per year for patients not on drug treatment). Each test would cost Medicare
Australia about $130.

The overall budget impact is estimated to be at $2.5 million in the first year and is
expected to increase slightly over time, reaching $2.7 million in the third year after listing.
This increase is caused by an expected increase of patients to be monitored while on drug
treatment. The presented calculations were based on conservative estimates of future
interferon treatment uptake and there was potential for underestimation.

The HBV DNA test is also beneficial in detecting the development of drug resistance
earlier than it would be possible with serological testing only. An earlier switch to other
drug treatment options would result in costs incurred to the PBS eatlier than without
HBV DNA testing, which might have an increasing effect on annual PBS budget in the
first year after funding the HBV DNA test under the MBS. On the other hand, the PBS
could be positively affected as patients inadequately treated for HBV infection (tested
negative for HBV DNA) could be taken off unnecessary drug treatment. In case HBV
DNA testing picks up more patients with drug resistance, there would be an overall
increase in the PBS budget.

Improvements in the detection of drug resistance can be expected to contribute to
improved management of chronic hepatitis B patients, considering that disease
progression might be influenced positively and complications could be avoided.
Considering the advanced stages of chronic hepatitis B infection are shown to be more
expensive to treat, avoiding disease progression or complications could potentially create
substantial savings for Medicare Australia as well as other healthcare funders.
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Recommendation

MSAC has considered the safety, effectiveness and cost effectiveness of the use of
hepatitis B assays in the pre-treatment assessment and in the monitoring of patients with
chronic hepatitis B.

MSAC finds there is sufficient evidence of the safety, effectiveness and cost effectiveness
of hepatitis B assay in the pre-treatment and in the monitoring of patients with chronic
hepatitis B.

MSAC recommends that public funding be provided for the use of hepatitis B assay in
patients with chronic hepatitis B.

MSAC further recommends that the number of hepatitis B assays for pre-treatment
assessment or for the monitoring of patients with chronic hepatitis B who are not on
antiviral therapy be restricted to one assay in a twelve month period and for patients on
antiviral therapy the number of assays be restricted to four assays in a twelve month

period.

—The Minister for Health and Ageing accepted this recommendation on 4 June 2007—
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Appendix A MSAC terms of reference and
membership

MSAC’s terms of reference are to:

. advise the Minister for Health and Ageing on the strength of evidence pertaining
to new and emerging medical technologies and procedures in relation to their
safety, effectiveness and cost-effectiveness and under what circumstances public
funding should be supported;

o advise the Minister for Health and Ageing on which new medical technologies
and procedures should be funded on an interim basis to allow data to be
assembled to determine their safety, effectiveness and cost-effectiveness;

° advise the Minister for Health and Ageing on references related either to new
and/or existing medical technologies and procedures; and

o undertake health technology assessment work referred by the Australian Health
Ministers” Advisory Council (AHMAC) and report its findings to AHMAC.

The membership of MSAC comprises a mix of clinical expertise covering pathology,
nuclear medicine, surgery, specialist medicine and general practice, plus clinical
epidemiology and clinical trials, health economics, consumers, and health administration
and planning:

Member
Dr Stephen Blamey (Chair)

Expertise or Affiliation

general surgery

Associate Professor John Atherton
Professor Syd Bell

Associate Professor Michael Cleary
Dr Paul Craft

Dr Kwun Fong

Ms Catherine Farrell

Dr David Gillespie
Dr Debra Graves
Professor Jane Hall

Professor John Horvath

Associate Professor Terri Jackson
Professor Brendon Kearney
Professor Frederick Khafagi

Dr Ray Kirk

Dr John McEwen

cardiology

pathology

emergency medicine

clinical epidemiology and oncology
thoracic medicine

Acting Assistant Secretary,
Department of Health and Ageing

gastroenterology
medical administrator

health economics

Chief Medical Officer,
Department of Health and Ageing

health economics

health administration and planning
nuclear medicine

health research

Senior Health Advisor,
Department of Health and Ageing
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Associate Professor Donald Perry-Keene
Dr Ewa Piejko

Mrs Sheila Rimmer

Professor Ken Thomson

Dr Douglas Travis

Dr Mary Turner

Dr David Wood

endoctinology

general practice
consumer health issues
radiology

urology

Australian Health Ministers’ Advisory Council
representative

orthopaedic sugery
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Appendix B Advisory panel

Advisory panel for MSAC application 1096
Hepatitis B DNA testing for chronic hepatitis B

Professor Syd Bell (Chair)

Area Director of Microbiology

South East Sydney Area Health Service
NSW

Professor Peter Angus

Medical Director

Liver Transplant Unit

Austin and Repatriation Medical Centre
Heidelberg, Victoria

Mr Martyn Goddard
Australian Hepatitis Council nominee
Hobart, Tasmania

Dr Debra Graves
Chief Executive Officer

Royal College of Pathologists of Australasia
Surry Hills, NSW

Dr Geoff Higgins
Chief Pathologist
Infectious Diseases Laboratories

Institute of Medical and Veterinary Science
Adelaide, South Australia

Ms Sharyn McGregor

Director

Hepatitis C Section

Department of Health and Ageing

Dr Janney Wale
Consumer representative
Claremont, Western Australia

Dr Katrina Watson
Gastroenterologist
St Vincent’s Hospital
Melbourne, Victoria

Chair and MSAC
member

Co-opted member

Co-opted member

MSAC member

Co-opted member

Hepatitis C
Section
Department of
Health and Ageing

Consumers’
Health Forum of

Australia nominee

Co-opted member
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Evaluators for MSAC application 1096

Dr John Gillespie
BSc (Hons) PhD

Ms Antje Smala
BAgEng (Hons) BEng (Hons)

Dr Nathan Walters
BSc (Hons) PhD

Dr Liesl Birinyi-Strachan
BSc (Hons) PhD

M-TAG Pty Ltd
A unit of IMS Health

M-TAG Pty Ltd
A unit of IMS Health

M-TAG Pty Ltd
A unit of IMS Health

M-TAG Pty Ltd
A unit of IMS Health
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Appendix C Studies included in the review

Table 41 presents characteristics and results extracted from studies that assessed the
additional value of HBV DNA testing compared with current clinical practice.

Table 42 presents characteristics and results extracted from studies that assessed the
value of serum HBV DNA levels in the initial assessment and monitoring of patients not
undergoing antiviral therapy.

Table 43 presents characteristics and results extracted from studies that assessed the
predictive value of HBV DNA testing of patients undergoing antiviral therapy.

The systematic review presented in Table 44 investigated the relationship between serum
HBYV DNA levels and clinical outcomes.

Table 45 presents the characteristics and results extracted from primary studies that
evaluated the relationship between HBV DNA levels and clinical outcomes.

114 Hepatitis B virus DNA testing



(g¢—G abuel

‘221 aS) 9'G) I pousd
(6g—1 obuel

'S’} AS) §'¥) | pousd
:uoljesijeusiou

17V [un (s)aam)
uoijeJnp juawieal]

@bl =U)

sjuswyeau} suipnaiwe| sAnduwe
-a.1d yym syuaned ‘(9 = u)
uswioads Asdoiq Jen/ 1 TV
[ew.ouqe WM YN AGH
PSJeAS|d 10} Pajerul Juswlesl)

(G = U) YNQ AgH pajensje uo
pajeniul jJuswieal] || polad

UN S8} Jaynng
(y1-¢ (Gl = U) (uawyeay)
umouyun sanoeld abuel ‘0'y AS) 791 poudd  ojuswieal) auipnaiwe| aaduwe BUIPNAIUE|
[ealujo ueljesisny (01-¢ -o1d yyim sjuaiped (g = u) 10} UOLIB)LIO
0} uawifal abuel ‘L'z asS) 9 | pouad uswioads Asdoiq Jani/L v f10yeBijqo
Bunss) YN 'VNQ ASH [ewouge yum yYNG AgH Jou—Ajuo sjuaned
AgGH Jo Aiigqeoyddy  ajqejoajepun [un (sYaam)  PojeAs|d 10} pajeliul JusLujesl) Bunuasuoa)
”b nmo__aa/.\ uoljeinp juswjeal | xm = 5 VYNQd AgH pajeAajs 10} >wao_g osessIp USWIoIUe
Iliqeol \N /| PoLiad pajeniul Juswieal] :| polad Jon| ‘g dey-nue Jonl| pajesuadwooap ‘Asdoiq uo sISoyuId Emzm " me__ocz
s CLOORIM | Ueuools g ST Bl oo s o S
OAN9aSU0d (19 %S56) JONI|/ LTV [BWLIOUGE UM (N SiEeD) -jue/byegH SO0 3 shedsy-jue :suolsnjox3y ,mwm _co:oo__om
-UoU 8|qISs0d yjeap pajelal oA JO Y (w/seldod ,0) X £8'Z<) 17V ojeiedwon iAol [eyp=u) o edeo,
—— ANl oty S1PA®I VNG AGH pelensie - I sqpgpue 0002 O 6861) Houod angeBou Bysay 1op SoREs0Nd
Jou uoosjes Jualjed (6'61 'L'y) L'61 Poliad 1o (wysaldod ¢} X £8'Z<) 0l XQE Jo | a%%_a&w% q (61 =) sjusned ueidsues onou op enisod : >o%mw.%m%r
‘Apris poyo) W(1D %G6) Uresp Jo ¥y S[oA8| YNA AGH pajeAs|s - fAnisuag ‘Aesse KwenB-A BysaH :(000Z 03 9661) HoYod || pouad APMIS HO4OD
selq %S If pousd 41 unBaq | 8anyded puaky ‘asejeydsoyd (zG = u) syusned jueidsues annisod Bulud
UOROS|S B|qIsSOd %001 | POld ‘6ylEMAING (Aep/Buw 00}) eutpnawe ] suabiq :3sa) xapu| aulexe ‘1 Ty BysaH (5661 03 £861) Hoyod | poriad (z00z) Ueyd
ubisap Apmg
soljsLIajorIRYD Aiyunoy
Ayjenb Apnyg s)nsay juawyeal] }s9] §)S9} Jay)0 (N) uonejndog (1eak) Apmg
sawo9yno juaied uo Huiysay YNQ AGH 1O anjeA [euonippe ay} buissasse salpn)s Jo s)insal pue salsuvjorIRY) Ly a1qel

115

Hepatitis B virus DNA testing



AL8LYH ANY 19EZNH ‘suoienw psjejel-iiaojepe pey Apnis sl o pua auj e YNQ AGH Wniss 9|qejosap iim sjusied 0 J0 BUON w

“Jpeu (UonIPPE JIA0JOP.) JusLIBal)-Uuo Yim pasedwod YNG AGH Wnias jo punogal Boj | uey) Jayealb yum (%) sjuaned |

SUjUOW ¢ Jaye YNQ AGH WNios 8qejosiapun yum (%) sjusied

Hoyo9 juessisal oidAjouayd sy} Joj syjuow | Je pue Joyod juessisal oidAjoush sy} Joj syyuow

¢ Je unfiaq sem Juswiea) JIA0}BPE Jey) pue Apns siyj ul Ajjos.1109 papodal usaq jou sey Adelay) o) uolippe Jinojape Jo Buiwi ayy Jey) pajoadsns s| )l aoue)sisal oldAjouayd a10jaq paluspl S| soue)sisal oldAjoush asnedaq |
(Apmys Aq papodal jou) sjeas| 1 Ty ybiy pue (quyseidod (160] 9<) YNA AGH 10 S|9As] ybiy se paulep aouejsisal didAjousayd |

sjuaned juejdsue jeus. anjebau BysgH yim pasedwod sysU aAlelaY y

9661 Alenuer Jaje SaSNED paje|al JOAI-UOU WOy PaIp (SUIPNAILUE| Yiim pajeal) Jou) syusned Jayjo om] 9661 Alenuer aiojeq polad sy} 0} Sajel [BAIAINS 10} an[eA sy} sjusned |, pouad 104 6

Adeayy auipnaiwel Jo aAjoadsalll ‘sjuaned aniebau BysgH pue oy Yoes Usamiaq Jejilis Sem [eAIANS JelBojle (eusy

suosledwod dnoiB-usamaq woly papnjoxa alam syusied asay] uonesuadwodsp Jaal Jo Juswdojarap ay) Jaye Adesay) abeAles Se suIpNAILIE| PAAIBOAI OUM S|eliajal aje| a1am ¢ ‘syualied || polad G| 8y} JO »

Juawyeal} sulpnAiwe| aAndws-aid o} BLBYLID By} paysiies G|, ‘sjualed g Buiuiewal sy} JO "966) AJesenuer a10j9q paip | ‘Syusned | pouad ZG au} JO »

(8110 = d) Ajloaoadsau sjualied || polad pue | polad Joj SUIUOW €€} —/+ 9'ZE PUB SYIUOW || —/+ £'9¢ Sem Adeuayy suipnalwe]

JO uojjein( "uolejue|dsuey Jaye (g}, 03 | abuel) syjuow 2z —/+ |/ PaHE)S Juswieal} sulpnAlwe :sjusijed || pousd ‘uonejue|dsuel) Jaye (g1 | 0} G| abues) syuow /g —/+ |/ PaME)S Juswieal} suipnajwe :sjualied | pouad o
suonesipaw aAIssaiddnsounuul asop-mo| uo sjusidioas yelbojje jeusal wia) Buoj sjqess Ajleatuld ul syuow ¢ A1aa7 (g) -auipnalwe| yjim yuswieal} buunp (p) ‘pualy

Buiseaour moys sjans] YN AGH [BHaS uaym (0) ‘uonosfas aynae Joj Adelay; ayhooydwAl-ue Jo/pue piossys asind Jaje syuow ¢ 4o} (q) :uo uonejuejdsuel) Jaye Syjuow | 1sJi ay} Joj (e) sym f 03 z A1oa3 (1) :9|npayas bunsa] q
0002-£861 Usamiaq abueyo jou pip syuaned jue|dsue.) [eusl Joj BLSILO 90uejdaddy e

uoneInap pIepuUB)s ‘S SH dAllejal ‘Hy ‘padodal jou ‘YN ‘pIoe dlsjonuoquAxoap sniia g siieday ‘YNQ AGH ‘9SEJajSUBIOUIWE SulUBle ‘| TV :SUORBIABIGQY

sojoeud [eoluo
uejessny ui Bunse)

VYNQ AgH Juenbai h h 0/-02
ss9) :Ajjiqe &M abuel ‘gg uelpsw ‘(qw/N|) sjeAs| LTy wnies
“peonpay JInojepy-aid ‘6'G-'¢ 8Buel ‘G uelpaw
‘(qwy/se1doa 0160)) sjaAs] YNQ AGH wnias
Ainojapy-aid :(pajss) /| J0) %6 g edhiouss

188} YNQ AgH
Jo Apuapuadapul (8¢ = u) Hoyod doue)sisal aldAjouss
pajaidiayul %0 0U®9 0£8¢-¢y

Jou 159} Jojesedwo)

JusWyINIo8l
SAINJ8SU0D-UON

1940 0UBYH :wOIUB)SISAI
JIAOJpe JO JasuQ

%001 0us9 %8/
ousld YN AGH wnias

uoneniul
aulpnAlwe) Jaye (abelane)
SYIUOW | poppe JIAojepy

:Hoyo9 asue)sisal sidAjouas

(4N siieyop

Jayun} ‘sainpasoid
Aiojeloqe| piepue;s)
17V :103esedwod

abuel ‘Gy| ueipaw ‘(qw/nI) SI9A8] LV Winias
JIN0JopY-ald ‘€'6—¢ ' 8buel ‘g/ uelpaw
‘(qwy/se1doa 0160]) sjaAs] YNQ AGH wnias
Jinojepy-aud '(payss) 6€ 40) %26 Q odAjouss

(YN @AnNo3sU02)

pasiwopuel 0 9)el dgueIed|d Jeak g Syjuow (9% = u) Joyo9 jueysisas a1dAjousayd
10U BJaM B0UE)SISal _ uoneniu! z Kione pakesse SISOYLID 0 g Juawiolus jusied
SUIPNAIWE| Qooo»_ 0UdY ‘%¢ch auipnAlWe| Jaye (sbelane) VYNO AGH Wniog seday ouoIY 90ue)sIsal suipnAie] Buidojanap sjusied anpedsolg
10 sabeys SuyluoW g 905 Sypuoul SUYUOW €€ PSPPE JINOJSDY y)/551d09 0160] £°¢ 10 JUBLUSSaSSE fdesayy uosapalUl o} BLIBYLD £00Z-1661

9 '%/€ SYuoW g ousy4  :Hoyod juejsisal aidKjouayd .
JusJayip Je Jinojepe Joqwysaidod 000z [B2IUD 8y} }edW Jou pIp JO 0} BAISUOSaIUN "SISOUMID :Apnys poyon)
Buisn pajeayy  1UONESIEULIOU LTy WINISS Adesayjouow auipnajwe| o} 10 Y| AyAnisuss 10 [e0160]0}SIH Jo siyieday o1uo1yo Jo sisoubelp [eaiulo p

alom oym sjuaned %001} 0U99 pappe (Ajeso) Buwi | nojepe  “iakeg ‘(YNQQ) 0°€ ‘ByogH o [eaibojosiy yum ‘sialued BysgH ‘sieah gLz e
'selq Joj [enusjod {99y ousyd yasuodsay ‘(Aep/Bw Q1) BuUIPNAlWET  JUBSIS :JS8) XapU| -jue ‘ByyeqH ‘syjuow z| snoinaud Buunp aanebsu-ByyegH  (G00z) 0oedwe
ubisap Apnig
solsLiajorIRYD Knunoy
fyjenb Apmg s)|nsay juswieal ] 1891 S§)$9} 13Y10 (N) uonejndod (1eah) Apmig

Hepatitis B virus DNA testing

116



Jusw)INIO8l
9ANOASU0D-UOU
'Selq UoNos|es
10} [euajod
s)|nsal

18} 0} papul|q
‘pepuejs
a0uaJajal plleA

wnipapy Ayend

%€6 (0°2) LTV ‘%6 (0'1) LTV ‘%001 (5°0) LTV ‘%E6 (TWy/seidod ,04)
VNG AGH wnues ‘%66 (Tuwyseidod ¢04 X Z) YNG AGH wniss
'%.6 (Twy/seidod ,01) YNG AGH wniaS (AN) 9< JUllYH J0 uoloipaid

%2y (02) LTV %02 (0°'L) LTV %t (G°0) LTV ‘%E8 (Twy/seidoa ,01)
VNG AGH wnies 9%9¢ (w/seidod ;04 X Z) YN AGH wniss
%P (Juyseldoo ,01) YNG AGH wniaS :(Add) 9< JullvH j0 uondipaid

%28 (0°7) 11TV ‘%88 (0'L) LTV %26 (G°0) LTV ‘%18 (Twy/seidoo ,01)
VNG AGH wnJss ‘%8 (Juwy/seidod ¢04 X Z) YNd AGH wnies

81098 SIS0IqY

xapul Ajaioe [eaibojoisiy
pue 8109s Alojewiweyul
xapul AjiAnoe [eaibojoisiy
(poujew [japouy) [vH Buisn
Burioas [eaibojoisiy papuiq
‘(peviodai Jou sjiejap) Asdolq
JOAIT :pJepue)S 99UdIjY
(sisAjeue Joy pasn 11Ty

‘,1 TV pexapu] ‘papiodal Jou
s|ieap) 1 v -iojesedwo)

(s1eak

ot 9be ueaw) $z| = u :aAnebau ByagH
‘(sseak g obe uesw) 9¢ = u :aaysod
ByogH (99-9| abuel) #¢ = abe uesy\

(496 ‘INGOL) 091 = u

(a1059q
sieaf g jualyeal} uoapayul snolnaid
pey syuaned z) papnjoxa sjusied

Juswiolus
Juaned 8ANNJ8sSU0D
-Uou ‘aAljoadsold

. (Asdoiq P8jo8juIod AQH 10 ADH :Pepnjox3

oigeoyddy %8 (/501000 ,01) NG AgH nioS (AdN) €< JUIIVH JO UOBOIPRI o1 16 oy je painsely) ou o amﬂ%wmo_
Anqeonddy %29 (0°2) LTV “%by (0'V) LTV %82 (5°0) LTV %001 (Tuy/seidod ,04)  Jwysaidod ,0} 0} 0} = dBuel  papiodaijou  (asessip jo sublis [eolulfo Jo aAjoadsaLl)

VNG AGH wnies ‘%89 (Twy/seidod (0L X Z) YNG AGH wnies uooalap ‘(8yooy) Joyuouw Anua Apnis Jed aye) 0} payaul dn-yoayo Jejnbau uspams

70 ld  ‘%Se (Twy/seldod ,01) YNG AGH wniog :(Add) €< JUllVH Jo uonaipaid AGH Jodldwy :3sa) Xapu|  8.0jeq SisaL Bulpuene sjusied g siedsy ojuoiyn (0002) ypun
pJepuels (26 47 %8'€S (£9-2¢ abuel) gy = abe uepsw ‘¢ 4
dousigyel (Jwy/saidoa 0tbof G<) YNG AGH Wnias ‘(g'Q ones pooyiaMl|) %z 8l ‘8 IN ‘}1— = u :uoisianal ByegH ‘(9
Jo Buodal (u/saidoa 0+60] G—) VNG AGH Winias ‘(g°0 ¥7) %z'8) (Twy/saidod -1z 8bue) | = abe ueipaw ‘4 7} ‘W
ajenbapeu|  oifo; ) YNG AgH Winues :(syuaned jo uonuodoad) uoisianal ByagH Z) ‘6¢ = U :anyefau ByagH jusisisied

Selq uoos|es %€"0} (Twy/seidod 0:60] G<) YNG AGH winies %\ g (Tuw/saidod
leRusiod 0460] G—5) YNG AGH WLINJOS ‘%G9 (Tuy/se1dod 0+Boj p>) yNG 5 (0 = uknua zwaw b onyisod
Jeajoun AgH wniag :(sjuaijed jo uoiiodoid) uoisIonu02013s pauleysng (pepodal jou YogH-liue ‘oAljebau byagH ¢
uoRoRIa qfnus Apnys Je anebau byyegH (z) siiejap) anyisod byegH o} (89-¢| ebuel) g¢ 8B UBIPBW
£ ) ) uoisanal Jo (anisod ByyagH - AR 6 .
lood -Ajjenp (2’6 97) %z 9y (Jw/serdod . 42 'W L} ‘g) = U uoisionsl ByegH:(6¢
0 g -jue ‘annebau byagH) 5\ of B Cip

0L60J G<) YN AGH wniss ‘(0| ojes pooyloNl)) %SG 8¢ (Jw/seidod UOISIBAU0D0I8S PAUIEISNS Z\ abuel) gz obe uepsw ‘4 6 ‘W

pajodal 0HBo| G—p) YNG AGH winiss ‘(g°0 ¥71) %t'S) (Tu/seidoo 0:60] >) ' ‘paepuejs 0usiajey -0z = 1 HOISIoNIon0ies patisns 2 ropun

Jou :o_mm_o:_ VNG AGH wnieg :(syuaied jo uoiiodoud) uoisianas ByagH . ) ez o) juaped sesjoun

jusned Joj . (o) e w/s81a02 401 0} ;01 €¢ = U) LV [ewou yyim syjuolu papodal

el Jeajpun %0'S (Tuy/s81do9 0+60] <) <2.Q >.mI wniss 9600t (TU/s91000 _ o g, Aianisuss ‘(pis AgH 9 }Se9| 1B 10} UOISISAU0D0ISS PaUIRISNS Jou :Apmys Hoyon)
Aqeayddy 0tboy mmi VNG AGH winies :90°GS (Juy/seidod 046oj y>) YNG ‘qadhiojusb gaHOYNT  peModaijou sy ‘Aiua Apnis je aasod ByagH |

AgH wnias :(syuaized jo uoniodoid) uoiSIaAU020I9S pauleisng 0} pesipiepuels Uejybe)) Kaua Apnis BUIy)

€0 Id eAlua Apnis je aaisod ByagH (1) HDd awineay :3sa) Xapu|  a10joq S1sa]  :Sjusled aaleu jJuswieal) Jo sdnoib om) (€002) ueyn

ubisap Apnig

solsLIajoRIRYD Knunog

Kyenb Apnyg s)|nsay 1891 S)$9} Jolid (N) uonejndogd (1eak) Apnyg

Adesay [esiaue BuloBiapun
jou sjuanjed Buowe Buliojyuow pue Juswissasse [eiul ul Bunsa) YN AGH WnJas Jo anjeA aAiRdIpaid ay) Bungenjeax :synsai pue sansiLisjorieyd Apnig v dlgel

117

Hepatitis B virus DNA testing



%6°16

dS 1%0°26 US 1%9'96 AdN ‘%128 Add ‘%026 UONEDISSE( J081100)
:1G SA G (U) SioLLIRD dAjdRUI ‘7 SA €7 (U) g Shieday duoiyd 1Sy

B 17V [ewou ‘(aaneBau sa ;aanisod) xapul agH-jue W] YNa AGH
%000} dS !%0'89 US ‘%988 AdN %000} Add %806

UOIBDLISSEID 1991100 ‘79 SA O (U) SsaLIed aAorUl ‘g SA /| (U) g Siieday
Juoyo 118V 8 LIV [ewuou ‘(quysaidod 000 001> SA <) YNA AGH
%0001 dS ‘%089 US ‘%988 AdN %000} Add ‘%806

UOIBILISSE|D 1981107 ‘29 SA () (U) SsaLIed 8AoRUI G SA OZ (U) g Sieday
ouoyo 1SV %3 LTV [ewliou ‘(Jwysaidod 000 0€> SA <) YNA AGH

juswjoius
9AIND8SU0D %916 dS %09 US '%8°€8 AdN ‘%, €L Add 21008 Yeys|
‘Jeajoun 19,9'1 8 UONBIISSE|D 081107 /G SA G (L) SIalLed aNjoBUI 1| | SA Y| (u) 0} Buip102e
uonoalip :selq & Siedsy auoyo 11V '8 LV [ewaou (0002 0> SA <) 9gH-hue B obeys
UOKO3|SS 10} %6°1L6 dS ‘%G'G6 US ‘%G"06 AdN %2 96 Add ‘%P 76 UOHEDHISSE|0 dn-mojjoj Bupnp ~ PUE dpeud
lepuajod awos 108109 {/G SA G () siaLLed anpoeul |9 SA Gz (u) g speday |y jewou jusysisiod pey  [B9IBOjOISIY dn-moj|o} Buunp
pJiepuejs oluoiyo :(anyebau sa ;aAnisod) xapul 9gH-ue WB| NG AGH Jl SIBLIRD BAljoBUI dAEDaU 104 poI03S pL TV [BUWIOU JUB)SISIad pey ji Silled
soussalal %0001 dS “%€°/8 US ‘%5'82 AdN ‘%0001 _ By/agH se paljissep wo_m_mm“n anljoeul aAebau ByyagH se palisse|
jo m%m_n\_so:v_ Add ‘%€’ L6 UONBOISSEID 108110 29 SA () (U) SJ8LBD SARUl /| 8| mwzm%M%_co_so UM 1 o suedey a1
UiM pajaidisul SA u) g sinedsy ouoayo :(Jwysaidod SAS S|qliediuod ABojolsIY JaA| ® :
158) Xapu| 111 {6) @ sapedey ol ) cE_V oo.vv AN <_.,_n_ A&H pue paseasoul AJAROE [Ty I Resse Lum ejqneduiod ABojojsiy JoAl| pue
. %0°00} dS %968 US ‘%918 AdN g sieday o1uolyd enpebau -ounwiwi paseasoul AJiARoe » 17V Ji g siieday
100d ‘AEND  o,0°001 Add ‘%626 UONBOLISSED 1081107 ‘79 SA () (U) SI81LIBD BAljoRUI - E\mm.t e um_.%_mwm_o swizus Aq 21UoIYD aAebau ByyagH se payisse|D
sonesd oo ‘Y1 SA 0z (u) g siedsy ouoiyo (uysaidod 000 0€> sA <) VNG AGH ‘smejs Joweo Byagy  ADOI0IS AH
’ cm__mz.%< %616 dS 1%9°// US ‘%G'G9 :pJepuejs aoualayay ‘NOH ‘AQH (961 =)
0 ajqeoydde AdN ‘%¥'G6 Add %) 78 UONEDNISSE|D J0810D {/G SA G (U) Siliied (1oshjeue fesse T ——
. aAjoeUl {0€ SA 101 (U) g sieday ojuoyo (000Z°0> SA <) 2gH-Bue NB| :
P8ISPISUOD ) A )9 T Ojne wn.jo3ds J04qy) -ounww| 10/pUE 9SEBSIP JoA]| pajesuaduIoosp Juswolus
1s9) <_U_ME\MM_QL US :%9'6G AdN %00} Add %9°8. co;moc_mwm_oo\woo%__owm_.Nﬁw%m %MMH_&MNUAWH%%%MMM__ wkaue i syepe pue peroolu weted seepun
/o */o H/o I o R : _ £q bye -00 \IH Jo ‘ :papn|ox _
a|qeoiddy (u) ssa11RD BAORUI ‘7Y SA 26 (U) g Sheday aiuoiyd ((NTN > SA <) 1SV agH-iue |\6| :1ojesedwior -_E%m«omn AH 40 ASH "AGH -PSpnix3 ) %ﬂmm_t mmw.”w
Aqeoyddy %001 S '%€"18 Twyseidod o0y 8H Anus Apms 81048 Stpuow 9 <
US ‘%1 °€L AdN %00} Add ‘% L8 UONEILISSED 1081100 'Z9 SAQ = QT ‘(8Y90Y) JOUOWN AGH -ljue ‘sgH anjebau ByegH pue BysgH ‘sjuied 999919
€0 Id  (u) siouied enjoeul 'z SA 60 () g spedey duoiyd (NN >SA <) LTY  Joolidwy 240d 3se) xapul  -jue ‘BysgH g sieday ajuoiyd sagebiau ByegH (£002) siseuel
ubisap Apnig
solys|iajoeIeyd Knuno
Kyjenb Apmg s)|nsay 1891 §)$9} Jolid (N) uonejndod (1eak) Apmg

Hepatitis B virus DNA testing

118



Selq Uonos|es
[enuS)0d

panodal Jou =47 ‘YN +¥47 (Tw/6dp00s <)

VNG AGH wnies Z0'L =41 '00°0 +¥41 (Tw/6dp00L—008) YNG

AgH wnisg 16°0 =41 19"} +¥47 (Tw/6do0s-002) YNG AGH Wwnies
'09°0 —41 1T +71 (Tw/Bd00z-004) YNG AGH winieg :£1°0 =41 69’}
+47 (Tw/BdpoL-02) YNG AGH wnisS '500°0 =47 00"} +¥47 (Tw/bdoz>)
YNd AGH wnisS qi}IvH 0} tw._mnEoo wo:mE._otwa o_umocam_n_

papodal Jou —y7 ‘YN +47 (Tw/6dp00 L <)

VNG AGH wnios 90" =41 ‘920 +¥41 (Tw/6dp00L-00S) YNG

AGH wnues '86°0 =41 ‘12 L +¥471 (TW/Bdp0s—00z) YNG AGH winies
'8°0 =41 8Ly +¥41 (TW/bdp0z—00L) VNG AGH Wnues 10°0 =41 ‘GL'Z
+47 (Tw/BdpoL-02) YNG AGH wnisS '500°0 =471 00"} +¥47 (Tw/bdoz>)
YNd NGH wniaS JullyH 0} _ow‘_mQEoo wo:mE._oth o_uwo:mm_n_
sjusijed aaebau bByagH 'z

LO'L =41 °2L°0 +¥47 (Tw/6dp0os <)

VNG AGH wnies :20°) =41 ‘610 +41 (Tw/6dp00L—00S) YNG

AGH wnies ‘L' =¥1 220 +41 (Tw/6dp0s—002) YNG AGH winies
'98°Z ~41‘6€°0 +¥1 (TWw/bd00z—00L) YNG AGH Wnies '€8'¢ —41 ‘0.0
+47 (TW/B6dp0L-02) YNG AGH wnuas s00°0 41 ‘00" +¥47 (Tw/bdoz>)
YNd AGH wnisS qi}|YH 0} to._mQEoo co:mE._oth o_«mocmm_n_

(e100s sis01q1}) qUIVH

© (81005 Aiojewwepul)
JuliyH (poyrew

[lepouyy) [vH Buisn Bunioos
[eaiBojoisiH “Ajpullq pes:
SOPI|S "UINd1}dI pUe UIS0d
‘ullAxojewsay YyIm pauiels
pue pappaqu uiyeled
‘paxy ullew.oy suswioads
‘(ww 06-02 X 991)
sa|paau JnoaIng :Asdoiq

PaJ|0US JOU WO ('L>
susuwioads Asdoiq JeAll Yim sjusied

(496 ‘W L19)

() eervee
SA £9/¢ L :dnoib aaebau ByagH

‘sA aAiosd ByyagH :onel Japuss

(100°0>0)

(s1eak ¢°G) —/+/°z€) dnoib annebau
ByogH s (sieah ¢°g -/+1°2g) dnoib
anysod ByagH ‘%6°GE = anebau
ByagH ‘%1 9 = aamsod ByagH

(Juawiouua paseq
-JS8} SAINASUOD

wnipspy Ayend €0} —41°68°0 +471 (Tw/6d000} <) I8N ‘plepue)s douaiajey (e, = u) -Uou) JuswioIus

VNG AGH wnis 0} | ~41Ly'0 +41 (1W/6d0004-008) VNG quy/6d 000« pue 0001-008 papnjoxe sjualjed aseasip Jonl Joyjo o Hudhed eAjosdsold

>wwmw mm:osuc_ >mI E\.:@m —~©_‘ IN_l_ .VNO +m|_ ﬂdE\@QOQ@I@QNV ‘\ZQ >MI Eﬁ:@m ,OO@IOON .OONIOO_‘ hOO—‘ Uwﬁomh—c_noo w:.__> ﬁ_ 10 O .m “< w_w:mn_w_l_ OOOlemmr

pajwI] 98¢ &W Qi\.o +d1 (Tw/bdooz—004) <2n>mt :_\E.mm 8y &M Qmﬁo -0z ‘0Z> :sabuel anneyjuenb "saseasip buisiwoidwosounwwi ON :Apig Hoyo)
Aupqeoyddy  +dT (Jw/bdoos~0c) YN AGH Wnies 5000 ~d1 00°} +d1 (Jw/bdoz>) -Iwag ‘Aesse asnoy-ul ‘Apmys a10jaq ow 9= powad Buunp

YNG AGH wnisg :jullvH 0} pasedwiod sdueuLiopad apsoubeiq ‘paseq-uonesipugAy sgH-nue Adesay) anissaiddnsounwwi [eJinjue BUIuD

o sjuaned aaisod ByegH °| 10[9-10Q :3$9) Xapu| BysgH ou ‘eAnebau sgH-nue ‘aaisod bysgH (£00z) Buad

ubisap Apnig

solsLiajorIRYD Aiunoy

Kyjenb Apmg s)|nsay 1891 §)$9} Jolid (N) uonejndod (1eak) Apmg

119

Hepatitis B virus DNA testing



(¢} = u) syuaned anyoe aaiebau ByagH ‘(0 = u) sjualed aaoeul aAlebau ByagH 'SUUOW Z —/+ 7 SBM SJUSWAINSEAW g USaM}a] SWl} UBSJ |
(9z = u) syuaned aanoe annebau ByagH ‘(zz = u) sjuaned aanoeur aaebau ByagH -(Buoyuow juaied) dn-mojjof Jo pus auy) Je paINSes|y y
pajenaled aq 0} -y [nybulueaw e mojje 0} () 0} paysnipe usaq Sey siy} ‘Q = oAebau anu) Joj anjeA sy} USYA 6
Jui/s81dod 50} x € = Jw/bd |,
aneBau paiapIsuod sased JaYio Iy "00Z 0< 9gH-ue |\B] Joqwy/saidod 000 0F < YNO AGH WnJas = dANSOd »
Ja)ealay) Syluow xis A1ons pue sieah om} Jsiiy 10} SyjuoW
9.y} A1ane pa)se) | TV :SYIUOW g JSES)| Je 10} PAMO||0} | TV [BULIOU UM SJusijed "aoim) Jses| Je | Ty paseasoul ji Asdoiq Jal| yum “uoneuiwssiap | v Ajyjuow Ag pamojjo} (NN <) uljaseq je S[oAs| | Ty [BWIOUqe Ujim Sjusijed p
(sojewsay 4o} L—jexrl 9 0 pue sajew Joy |—exr g0 ‘AYN) anjeA sduasayel Jaddn Aq papIAp 1TV = 11TV »
Anua Apnis Jo awi Je sjaAd] YNA AGH WnIas q
UOISISAUOI0.3S JO SUI} JE S[9Ad] YNO AGH WIS e
[ewou o Juwi Jaddn ‘NN “Aooads ‘dg ‘Auamisuas ‘ug ‘onsusioeseyd Bunesado Jaaedal ‘90Y [eL)
Pa]|0}u02 Pasiwopuel ‘| Oy ‘anjeA aAnalpaid aasod ‘Add ‘papodal Jou ‘YN ‘enjea aajoipaid aalebau ‘AN :oles pooyliayil ‘YT ‘sniia Aousioyspounwil uewny ‘AJH ‘SnJIA e)ap siireday ‘AQH ‘sniia O sieday ‘AQH ‘uablue
s snuiA g siijeday ‘ByysgH ‘uabiue a snui g sieday ‘ByagH ‘pioe o1gonuoguUAxoap sniiA g siiyeday ‘YN AGH (2409s Sisoiqly xapul AjAioe [ealBojojsiy ‘quyH 8100s Alojewwelyul xapul AAjoe [eafojolsiy ‘JulyH xapul
Aunnoe [eaibojoisiy ‘|yH ‘shneday [eaia uo uonoe papaduod ueadoing ‘d3HONN3T ‘g shieday ouoiyd ‘g sieday 21uolyo ‘eselsjsueljouiwe sjenedse ‘| Sy ‘1 Paxapul ‘1Y ‘9SelajSUBLOUILE BUIUBe ‘| Ty :SUONBIARIGQY

‘sisAjeue
aA)joadsosal uor
; eAsie 17 Jusiiuisiul
umountun uo juajsisiad pue anjebau
m__mEM ByogH J enijoe enjebou syjuow ¢—| A1ons
co._%_o_mw%omm_umw by/ogH se pauisse|d YN 89S pue (syjuow /G- abuel) syjuow
Selq _m_%w&_on_ 9%2°G¢ dS %00} US Sjuiod swip om[ ‘%) ds 17V [ewlou pue oA BwINSEaW G'LG ueaw Joj dn pamoj|o} syusied
mc_E.___m on ‘94001 US gJuiod swn suQ :(Jwysaidoo Boj 95) yNa AGH wnieg  ~ m<om_mw MMNQMM\MKWMM_M 1V (6 = 1) (1OpEAGpe (YN m>=8mwcooﬁw
Ipul . . . ! ‘ £ = I JuswloJud Juale
1004 “A1EN _ %l N.m dS %00} US Spuiod uup om %ge dS ‘snjeys Jalied ByogH M%ﬁ,ﬁﬂmv_ 1V JuspiwJaul Jo Jusysisiad) aARoadsosey
d Heno %16 US yuiod e suo :(Jwysaidod Boj g'g>) YNG AGH wnses :plepue)s aouaiajey owfzuo q shieday ojuosyo annebau byegH )
— %bLL dS ‘%06 US Suiod auy om %gy ds ~wseidoo Byoah . %%Nt. %w%o_
Aiqeayddy ‘9,28 US yuiod awi suQ :(quysaidos 6o| 6>) YNG AGH wniag L0} 0} ¢0}, = 8Bues uonoslep  -fue ‘Byaqy (zz = u) (sjena] 17y |ewlou Ajusisisiad . u
%L 48 ‘%08 US sjuiod auup om] ‘9406 ds ‘(0y00y) J0NUOI AGH 'sgy M) Siauied anjoeul anebau ByagH ueder
€0 Id %L US yuiod swp eug :(quyseidod Boj g'p>) YN AGH wnisg  Jooljdwy 240d 3se) xapul  -jue BysgH : sjusjied g siyeday 1oy (5002) 023
ubisap Apnig
solsLiajorIRYD Knunoy
Kyjenb Apmg s)|nsay 1891 §)$9} Jolid (N) uonejndod (1eak) Apmg

Hepatitis B virus DNA testing

120



pJepuels
OINEYETEY
10 Wed 1s3) xapu|

lood Auenp

BUa}LI0 983U} [N} J0U PIp OYM Sjuaijed

oM sJapuodsa) Uop Juswyesl) uosapsiul-aid

Unm pasedwod peoj [eJia U uoionpa Bo| G°| 1ses) Je
Upm dn-mojo} Je Juysaldod 401> [9A9] YNA AGH Se
paulep asuodsal paujejsnS pJepueys asualaley

(payodal jou siiejop 1sa 1) NN O} uoieres

ul (LSY ou Ji) 17V J0 1SV onjeA aselajsueljouiwe
paxapu| ‘Aesseounwiwi swAzus Jo Aesseounwwi
opel Aq ByyagH-nue ‘ByyogH :10jesedwon

(syoam || Joy oam aouy il ] uayy
‘uojonpul Yaam | Joj H (| 1e uosapau))

(uosapayul aI040q

Js81 syoOM Z Uim ‘p/By/Bw GZ°0 Je yoam
| uay} ‘p/Bx/Bwi G0 Je yeem | usuy

“ p/By/Bw 90 18 Buojosiupald sm Z)

uswibau (uonessa _ d ) 0661
158} YN AGH uoJapalul Jaye sAep 40z uesw) dn-mojjo} uo V5 = U sojositpaid foye tole mwmﬂmwwmwﬂmw
ajqeayddy %9 NN PUBIUewWIEas jo pus je ‘UoJapB)UIl 810j8Q ‘JUBW)ES.) Jip = U UoIaalul Aq pamojjo} 0Ga08ld _ » .Q
AUIqRolddy %9 Add ‘%G S ‘900 US :esuodsal auojosiupaid alojoq uaye) sa|dwes wnieg xo c%m@w uledg
Ade.ay) pauresns Joj (Juysaidos ;g Juysaidoa ,0} 0} ¢0} = aBuel uoioa}ep :susped 8ouel4 Hewus(
€0 2d Boj) NG AGH jo flige aAnoipaid Jeaul| ‘(8yooy) Jojuow AgH 100i|duly :3s8} xapu| N g sieday ouoiyd aanisod ByegH (1002) ypun
Bunuoda.
ejep ajenbapeu)
plepuels
SOINEYETEY
OS|E S1358} Xapu| 0UBIRA[D [ENJUI Ja)E (401 ' G2) G1 = oA+ ByagH ‘(N ¥9€
Jlood :Aend aoueleaddeal 10 YNQ AgH wnuss Jo sousjsisiad —6¥ 9buel “J/n ¢¢ | uesw) | Ty Wnieg
asuodsal-uop ‘(1eak |5) pousad Adesay JnoyBnoay) (s1eaf 79~z obuel) | 9y = obe uesy
Jood VNG AGH WnJas |qejosjepun se paulep asuodsal
a71 ‘perepino JuBWL}LaI) PaUIEJUIE)y |PIEPUB)S 3UBIB)SY ‘auljaseq Je solsiivjoRIRYD (payioda,
1581 YNG AgH 10U BAINJ8SU0D)
(udoseiq) (Ge =N) JuswjoJud
umouyun Lo Aesseounwwiolpel Aq pajosjop agH-iue pue Juened enjoedsold
uono9|es Jusiled ByagH ‘(o swAzsny-10qqy) bysgH :10jesedwo? (4N Steip) (spuow 4z—z1 poodal
pajyw wy/saidoo abuel) Jeak | < Aep/Bui Q| suipnAlweT Jou :Apnjs Hoyoy)
“Aiqeayddy %56 Add ‘%¥. 99V ‘%88 dS ‘%g.  dwousb ¢0} X | "xoidde = g7 ‘Aesse YOd swi-esl sjusped q
ug :asuodsai Adelay) paureyulew ¢ yjuow 0L X 0°2 = @171 (Uoay) ‘xeidiuenp) Aesse ¢ ul Asdoiq Jon)| sjuaned ureds
€0 ¢d 10} YNQ AGH j0 Aiqe aAndpaid ¥NQQ jusosaujwnjiwsyd Ajus Apnjs :3s8) xapu| Juslujessy-ald g siiyeday ojuoyd aaisod YN AGH (1002) tng
ubisap Apnig
solsua)aRIRYD Anuno
Ayjenb Apnyg s)nsay 3s9] §)$9} Jolid (N) uonejndogd (1eak) Apnyg
Adeltayy jesiaue Bujobispun sjusijed Buowe Bunsa) YNG AGH Wnias Jo anjeA aAoipald ayj Buijenjeas :synsal pue saisiajoeleyd Apnyg ey 9|qe]

121

Hepatitis B virus DNA testing



£20°0 enjea d
‘%€G AdN ‘%00} Add Sypuow G4 ‘SN

pJepuels ‘ .
doualajel m:_nﬂ> d Mwﬁ%v&w_ %e8 >n_m_ Steiou
10 Buniodes ¢l -SN h I \Kﬁ>n_z \omwh>n_n_
ﬁmsmwvmc_ Stjuow 6 ‘SN anjea d e&u NdN "%c8
Add styjuour 9 ‘SN enjea d ‘%S¢ AdN
pajaidienl 94,99 \dd SYIUOW ¢ “,__mco”_ﬁw_wo 1 ByyogH 9|qe1osjep AS|nonijuod pue jiwij uonoslep , (%98) ¥z = oAisod
>_E8cm%vc_ auIpnAjLE| Joj (T \mw_moo anoge YNQ AGH wnuas A|gissod ‘Jes|o Jou uoniuyaq ByegH (69'2-Lt'¢ = obues) Tw/ L9
Jou E%cma_ Z bol >) yNa .>m_._.ho anjea ¢>_uo_ven_ ‘8ouesisal UpNALET :4ogqy ‘wskxe) ByogH = Peo| (241 YNG ASH Do) ueeiy
souBIBy] .. nue ‘ByagH U0IS/aALI02049S pIBPUB)S 30UBIRJY :auljaseq je sapstvjoRIRY) jusuljolus
ue 1s8) Xspu LL00 3nen d %001 AdN b5 Add (1oqqy ‘wsAxe) y|3 Aq |l — DgH-ue ‘Bys e
PUBISSIXODUL  ginuow g1 £710°0 @NeA d ‘%00) AdN } Qw,q <m_m_ G1le — J8H-Hue DySaH (69-1} = oBuel) sieaf gy = abe uesy Juswioius
1004:AJEND %¥S Add Syiuow 4 ‘SN anfen d ‘%6 e ‘ByagH nue ‘ByagH ‘BysgH -ojeledwod (6:4 ‘67 W (87 = u) (stpuow L¢—g  Iuaned ajoadsold
AdN ‘%08 Add Sypuow 6 ‘SN anjea d syuow ¢ A1oAs painsesw abue.) syiuow | = uone.np Uelpajy papiodal
8|qeyiddy ‘%58 AdN ‘%0S Add Syiuow 9 ‘SN VYNQ AGH “(Pejeiqi[ea piepuels d3Hd0¥N3) Aepy 00|, duipnAILIE] Jou :Apnis Joyon
Aupqeayddy  anjead ‘%97 AdN ‘%001 Add Syiuow “Jw/sawousb 40| ebuel ojweuAp “Jw/sewousb
€ 1y6UOISIaAU020.3S 10} (Tw/saldod 201 Nwi| uonoslep (8yooy [usal9) YIGAS YN Ajus anebau ADH ‘sjusied Ruewse
€O 1d ¢ 60ol>) VNG AGH Jo anjeAa aAaIpald  Ja)sew YNQ 491042 Jybl)) YOd dwiy [eay 3sd) xapu]  Apnjs 810j8q IS8 g shieday ojuoIyd SAIBU Jusw)eal | (L002) Jaujj07
G 818l dd ‘0 818l N4 1%9¥ dS ‘s%00} 949 JOUI0 ‘%78
US ‘%8€ Add %00} AdN :p8 YoM ‘ ‘ ‘ e £
1e (aseatoap Bo| G'1> B < duljaseq a-%z} 3 .Nx,mA m .Ax,l@v< %%%%vc w.o
prepupys  Ad @stiodsal juauneait jo uojaipaid £°8 :(uetpaw) (quysaidoo Boj) YN AGH
douaisjal 0 8¥eJ dd ‘2 918l N4 %09 dS ‘s%¢E6 %91 :SISOYLID (%G JaLI0 ‘%9 UelSY
jo Jed os|e 1sd) US “%EY Add ‘%96 AdN :p8 d9am ‘%08 ueiseane) Aous ‘9¢ 4146 W
Xopul ‘sisAjeue Je (aseasdap 6oj o' > B 8< auljaseq ‘(0/-91 abuel) ¢ :(ueipaw) aby
aAoadsoney Je YNQ AgH 6o7) Bunsa) ¥NQ AGH (surjaseq je ¢¢| = N) sonsuajorIRYD
Joog Ayenp  Ka esuodsal juauneal) jo uonaipaid seyfooxna| pajiodal J0u 2| 0
9jel d4 ‘0 93l N4 %9¥ dS ‘a¢
Ty
cm__m.bw:,q Je (asea108p Bo| 67> B 6< BUIj8SEq [Ny 10U PIP oyMm sjualed s1em Siopuodsal UON 7S ulqojBowsey sa|dwies wnues jusiolyns pue uswifes A0 dso 10
Woyjueleyp 12 NG AGH 60]) Bunsey yna AgH 20N BT8O0 <0} > YND AGH Ul esealosp e ym - JO SISNSI KBS Kpnys Jo uons|dwo *(juswioius Apnis _ d
fousnboy  Aq esuodses jusuiess) jo uoopatg (WM I3d £2°0>) Dy8H Jo S0 Se pauyap 1izg ‘NH10‘ADH  @10jaq poiad yuow g Buunp) sjeday 800819 *Afey| ‘ueds
BunSel VNG AgH : s09M Je asuodsal paulejsng ‘pepues asualsaey  AJH-ue ‘Asdoiq oluoiyo Jo souBpIAG Asdoiq JeAl  ‘Boueld ewus(
; 6 81eJ dd ‘0 8181 N4 %19 dS 4%001 (n0gay) 0z 0 & ‘Braan Joresedus Jon|| 11TV 1SV '(Anua Apmys 810jq SyjUOW ¢ Ul X ¢) ‘wopBury pspun
PONWIT  US ‘%% Add %00} AdN Z} YoM H04qY) 0°Z 98H WASXY DvegH -lojeledliod ‘(KBojopoyjows  uoeA8|d 1Ty J0 1Sy ‘(KBojopoyjews “wnibjag “Auewisg)
‘Ayygeoyddy  ye (aseassap Boj 07> B 8< suljaseq (aspaepuess uonesipugAy) uonesipugAy) samsod YNQ AgH pue 'spuepayieN
Je YNa AgH bo7) bunss) yNa AGH ¥YNQ AGH d3HOYN3 0} Buipiodoe pajelqied VYNQ AGH anisod ByyagH ‘syjuow 9z aamsod
e d Aq asuodsai Juswijealy jo uoiopaid ‘ueybe] ) Aesse yod awij-jeay :3s8} xapuj ‘ByogH BysaH BysqH ‘sieak g/-g| pabe :sjusied (900213 49p uBA
ubisap Apnig
solsua)aRIRYD Knunoy
fyenb Apnyg s)insay 3891 S)$9} Jolid (N) uonejndod (1eak) Apmg

Hepatitis B virus DNA testing

122



"pa1081ap s|aAd| 1 v Buisl yim (sioyine Apnis Ag pauap Jou) AgH JUelsISal yjoq Ji panuiuodsip juswiesi] |

AjoAoadsai ‘uonasyep Jo Jiwi| 8y} aroge siaquinu Adod yjim soue)sisal suipnAlwe| jo sousbiawa pue usbljue-a s|qejosjap Ajsnonunuod Jo Ayjigeqoud ay) 4oy papinoid AdN u

Alanoadsal ‘uonosiap Jo Jwi| 8y) mojaq siaquinu Adod yim AGH SAISUSS SUIPNAILUE| JO dUBUSJUIBW PuE UaBRUE-8 Jo SSO| au} 40} Ajjiqeqoud sy} Joj papiroid Add 6

159} 8y} Aq payolpald ARoa1i09 sispuodsal-uou jo uoipodold

19} a1 Aq pajoipaid Aoa1109 siapuodsal pauleisns Jo uoodold s

sJapuodsal-uou s)oIpaid 18} a1 dAleBau 1s8), UBSL 0} POOJSISPUN S| YDIYM 1SS} [EULIOU]E, SB BLIS}ID }S8) 858U} paulyap Sioyine Apnig p

£681-8281 :(2)0z) AbBojoiajuacisses (1,00z) |8 1 407 :g shieday o1uoiyo uo doysxiom HIN Aq papuaiuwodal asuodsal 9160jouIA Jo uopiuye( o

€1-89:(1) L€ 101qOIOIN UliD  (6661) [ 10 UBWIBBH g

£v2-8¢2 :(1)o¢ ABojojedar (6661) [ 10 UBSSUEl e

Ayoyoads ‘dg AuAnisuas ‘US ‘el paj0uod pasiliopue) ‘| Oy ‘anjea aAnaIpaid aAnsod ‘Add ‘uonoeas uieyd asesswA|od “4Od ‘ueayiubis jou ‘SN ‘panodal jou ‘YN enjea aanolpald aAnebau ‘AdN ‘uonosiep

JO JwiI| Jomo] ‘@717 ‘shuiA Aousioyapounwiwi uewny ‘AlH ‘SnJIA eyjep sieday ‘AQH ‘snuin O siijeday ‘AQH ‘usbiue s snuia g siieday ‘BysgH ‘usbiue 8 sniia g sieday ‘ByagH ‘pioe dlsjonuoquAxosp sniia g siieday ‘YyNa AGH
‘xapul Ayiaioe [eaibojolsiy ‘|wH ‘easod asie} ‘44 ‘aAlebau as|e) ‘N4 ‘Siyeday [eJiA uo uojoe papsouod ueadoing ‘d3HOYNT ‘oselsjsueljoulwe sjepedse ‘| Sy AoBINage 0y {aselajSsUeljoule auluele ‘] Ty :SUOHBIASIGQY

123

Hepatitis B virus DNA testing



Jwy/sa1dod ¢} X € = Jw/Bd | :UoISIBAUO) q
@ xipuaddy ui paquosap eusjud Ayjenb ayy buiAidde Aq pasieidde mainal o1ewa)SAS e
auop jou ‘gN :e|qedl|dde Jou ‘yN ‘uoo8}ep JO Jwl| Jamo| ‘g7 ‘pIoe dleanuoquAxoap snula g siieday ‘YNQ AGH ‘usbnue o spieday ‘ByegH ‘eselajsuesjoulwe suluely ‘1 Ty :SUCHBIABIGQY

VN PajoaL09 gO7 Aesse uonesipligAy pinbry N dnoibgns pajeas; uoispsiul 600 = d

‘10 dnoubgns pajeas) anbojeue apisosjany 500000 = d ‘280 dnoibgns sisoyLid) ‘YN dnoibgns
anijebau byyagH ‘YN dnoubgns aasod byyagH ‘2000°0 = d ‘22 0 Je/oAQ :UOISISAUOI0IIS
ByagH jo aauapioul ul abueyd ueipaw pue YNG AGH U29M}aq UOIJR[21I00 JO JUdIOI}309)
VN paj0a.109 07 Aesse uonesipuqAy pinbig ‘N dnosbgns pajesi

uouapBlul ‘€000 = d ‘9/°0 dnoubgns pajeas; anbojeue apisoajany ‘aN dnoibgns sisoyLi) ‘AN
dnoubqns anjebau byyagH ‘aN dnoubagns saisod byagH :90°0 = d ‘G0 J/e4eAQ 11V [ewlou ypm
sjuanjed jo uoipodoud uj abueys ueipaw pue YNG AGH US3M}aq UOIIR[3LI0D JO JUBIDI}B09

VN P8jo8.Li0o g0 Aesse uopesiplgAy pinbr ‘aN

uone[noes
anjea d Aq palojdxa
aoueoliubis eansnels

‘Jl} BJEP }S8Q BUILLIB)EP
0} paJedwod suoissalbal
Jeaul| pue [ejuauodxe

(9z=u)

"uoodBjuI-09 9 siieday
Joj/pue AJH ‘saipnis
uonejue|dsuel} JaAljsod
‘BLI9JLID UoIsSn|ax3

‘papnjoul

os|e sjuaned onoydo
pue usJpjiyd ul salpms
“(s1qeondde y ‘ogaoeld

shesse yNa dnoibgns pajeal; uoiauajul ‘000 = d ‘96°0 dnoubans pajes.; snbojeue apisosjony ‘aN dnosbgns ”wﬁw_o_wﬂmmm“m_ﬂmm_m“%o Buipnjour) Adesay jo pus
1 %%:ﬂm._wﬂ sisoy.9) ‘aN dnoibgns anjebau biyagH ‘s-01 X 9 = d ‘g6°0 dnaubgns anpsod byegH ‘401 = d pa) Hnsed lojpue Jejs je papodal
Jou Siskjeue 96°0 /24640 2102 |yH ul abueya uelpaw pue YN AGH U8aM}aq UOIJE[31I02 JO JUBIIIR0D siskjeue dnoBgns SPEO] [eJIA "co_wmo_%v
dnoiBgng €0 = d ‘550 papoaiiod gO7 Aesse uogesipugAy pinbr7 ‘N fq pelojdxe ajem  “Ounwui-uou sjusjed
dnoubqns pajeas; uoiauaiul £L,00°0 = d ‘z6°0 dnosbgns pajesu) anbojeue apisosjony ‘gN dnoibgns fyisusBolajay Jo $80IN0g psjosjul “A__mo_cofo
:RIpieA sisoyn) YN dnoubgns aaebau byyagH WN dnoibgns aapisod ByyagH ‘20070 = d ‘2.0 J1esen0 GZ< JJuswiolus
wnipajy :uoisIaAu00I8s ByagH Jo aouapioul pue YNQ AGH Usam)aq UOLR[8.I09 JO JUBIOHIB0D  uayepspun Jou Sem Ajjenb _ Juaned eAndadsold
6000=0d90 Apnis Jo Juswssasse uy .cm_wwcmv_w cmﬁm%m_wm
salpns pajoa.I0d 07 Aesse uonesipLgAy pinbi ‘2070 = d ‘650 dnoibgns pajess; uoiauaul L00°0 = »mhm_w%: payioda
pspnpul - d ‘zg°0 dnaibgns pajes.) anbojeue apisosjony ‘€000 = d ‘g'0 dnasbans sisoyuI) ‘500 > d ‘120 saipnjs »A >mo_om._s % “kBojoias
10} papiodel dnoibgns aayebau BiyagH ‘8000 = d ‘99'0 dnoubgns ansod ByegH ‘000 = d ‘790 fleseng  IBNPIAIPUL IO} PSSLIELILINS R _.._.$ Suiod-pus
JUSWSSASSE ;) 1y [ewsou yym sjuaned jo uoipodoid pue YNG AGH U39M)I3Q UOIJE|S.I0D JO Jualolysoy  OU SINSSY "PasLEWINS 18U10 DBI0adS ‘SIoAs
Ayienb oN . ) ) sofsusjoeleyd Apnis awog to pait -SIONS| asuodsal
10°0 = d ‘290 pajos.i0a g0 Aesse uopesipugAy pinbi7 :80'0 = d ‘690 VNG AGH papodal 5 nosn pue
sosk dnoubqns pajess) uoiauaiul ‘9000 = d ‘920 dnosbgns pajesi) anbojeue apisosjony ‘gN dnosbgns ‘ysijbu3 ur paysiignd
|eue 7 e e fade qTw/seidod i uoissaiddns
dnosbans . m\.moct\o. m 0=d‘99 o dnoubgns anijebeu byyagH ‘100 = d ‘120 dnoubgns aasod bysgH 0} PoLIaAU0D alemTw/Bd ‘BLI9JLIO UOoISN|ou| 10 9A3] PeO|
>Q _uwv_O_me MOO O = Q _‘N O\\mgm\,o 21028 _<_|_ _Q:_h _UCN <ZQ >m_-_ CQ&E&&Q CO_«Q_wtoo h.O uCO_U_twOO se _umtoamh w_umo_ _mh_> <Zﬁ_ >m_|_ _N.__> C@@EOQ
Aysusboisioy 200°0 = d ‘G9°0 pajoa.Li0d gO7 Aesse uonesipugAy pinbr ‘YN pue ‘AGH ‘g shijeday diysuonejal
dnoubgns pajeasy uoiauajul ‘YN dnoibgns pajeal) anbojeue apisosjony ‘AN dnoibgns sIsoyun SIOMaINS) :sws} yoteas bBuimoj|oy ay} (£002)
:Kyienb $000°0 = d ‘G6°0 dnoibgns anebau byyagH ‘G0'0 = d 19°0 dnoibgns aapisod ByagH {10000 (popuilq) siesedas a8y} yIm Z00Z-966| WO ajebiiseul uuep
wnipaj\ =d ‘g (0 J/eJonQ :9109S |\fH Buljaseq pue YN AGH U2aMm}aq UOIJR[a1I09 JO JUBIII309) om} Aq uonoeusqe ejeq yoJeas sem auljpajy 0] -elswwop
(sa1pnys papnjou)
eLIBJUD
JUBIWOY uoIsn|oxajuoisn|ou] MalAal
Ayjenb Apnyg s)nsay ABojopoyjaly AbBajesys yaleag anndalqo anewa)shg
SAWO09)N0 [BIIUI|9 pue S[aAd] YNA AGH wnias usamiaq diysuonejal ayj bunenjeas mainal 213ewa)sAs e Jo s} nsal pue salysLIajorIey) ¥ 91qel

Hepatitis B virus DNA testing

124



sonoeud

[BD1UID UBIRASNY

0} 8|qeoldde
palapisuod uonejndod

JuswijoJus
BAIJNOBSU0D-UON

ajedioed

Jou pip s|enpiAipul
payAul jo Ayofeyy
‘selq

UOI}09|8s 10} [eljusl0d

9A1108ds0.d

a1fisayl| (666 66000 0} Ul ‘666 66-000 0} dUlESE]) YNO AGH
wnisg (1°¢~50) £'| pajsnipe abewep Jony (6'¢~2'0) 9'} pasnipe
alfisall (000 04> feul ‘666 66000 0} 8ulBSEq) YNT AGH W8S
'0°} pajsnipe abewep Jany ‘o). paisnipe aifisayl (000 04 > suleseq)
VNG AGH wnies ‘(1D %G6) ewourdies Jejn|jasojeday 0 ¥H
(G00>d'L'z-1'L) §') = Gy =2 LTV “(souaisyal) 0'L = Gb> (1) LTV

(Loo>d‘ez-z'1) L' = an+ ByyagH ‘(souaisjel)

0} = aA— ByaqH :sajqeriea Jayjo Aq (19 %G6) SISOULIID JO oY
(L0'0>d Z0L-L'p)

G'9=(s0} X042 YNO AGH wnues (10°0 > d ‘'6'8=1'€) 9°G = (s04 X
6'6-0°4) YNG AGH wnios ((L00>d '8'¢-9'1) §C=(0 X66-0'})
VNG AgH wnies (4N enfeA d ‘2Z-6'0) ') = (:04 X 6'6-00€) ¥NG
AgGH wnias ‘(s3ustajal) 0L = (00€>) 8jqerosiepun :(wysaidos)
[3A3] YNQ AGH auljased Aq paiijens (19 %§6) SISOULID JO ¥y

%Z9E = (504 X 0°4=) YNA AGH Winiss ‘%G'eZ = (04 X 6'6-0°4)
VNG AGH Wwnies %86 = (;,04 X 6 6-0"L) YNG AGH Wniss ‘%6'G
= (s0} X 6°6-00€) YNG AGH Wwiniss ‘%G = (00€>) 8jqejosjepun

{(Jwysa1doo) [aAs] ¥NQ

AGH duijaseq Aq paijijel)s aouapioul ,SISOYLII dAlje[NWNY

(100°0>d ‘6°EL—6"G) |6 = 2SISOULIID JOAIT
($90=d"L'z-1L) 6L = Gp= LV ‘(souaisjal) 0'L = k> (N1) LTV

(1000>d ‘77—9'1) 9°C = @A+ ByaqH ‘(souaisjel) '} = oA- ByegH
:s9|qelteA Jayjo Aq (19 %G6) ewoulaled Jejn|[@0jeday Jo oH

(L000>d '2'2L-6'2) L'9= (504 X 0'L=) YNO AGH

wniss {(L00°0>d ‘L'EL-€'€) 9°9 = (0L X 6°6-0°L) YNT AGH Wwinies
(200=d'6v-1L) €2 =00 X6'6 —0°L) VNG AGH wnies :(98°0
=d'e7-60) 'L = (0L X 6°6-008) YNG AGH winies '(sousiaja))
0’} = (00€>) 8Iqe1o8iepun :(Jwysaidoa) [oAs] YNA AGH

auljaseq Aq payess (19 %S56) ewourdses sejnjj@aoyeday Jo oyH

%68v) = (504 X 0°4=) YNO AGH Wniss ‘%/1Zl

= (504 X 6°6-0L) VNG AGH Wniss '%/G°¢ = (0L X 66 —0°k) YNT
AGH Wniss %/¢°| = (04 X 6'6-00€) VNG AGH Wwiniss : %0¢"|

= (00€>) 8iqejosjepun (wyseidoo) [aA8T YNQA AGH duljeseq
Kq paijiesys aouapioul ewourdled Jejnjjasojeday aAie|nwng

(uoneuiwexs

dn-mojjo} Buunp syjuow g}-9 A1ans

pue aul[aseq je pajse}) (1IYoeyH ‘9¢/ [opow)
JasAeue-ojne Ansiwayo wnias Aq 1Y
‘(noqqy) Aesseounwwioipel

Aq ndaH-nue ‘(joqqy)‘Aesseounwiwioipelfq
ByegH ‘OvsaH :sisa) 18y30

(uoneuiwexa dn-mojjo} Buunp syuow z-9
fiana pue auljaseq je pasa}) Juw/saidod
00€ JO U0}OBIap JO JiLi| Jomo) ‘(8Yo0Y
Hoo|dwy SYF00) ¥Od 1188} Xapu|

%28 dn-mojjo

Butnp syiesp %/ = NI §¥= LTV
‘(4N ebueJ) qw/ssidod ¢0} = ¥NQ
AGH UBIPSI 1%Z'G) = oA+ ByaqH
“%¢| = SIejuLp [oyodpy

‘%19 = So|e|\ ‘Gf = abe ueipspy
‘(YN obuel) sieak || = dn-moj|o}
UBIpS|N :Z8S€ = N HOyoo [euly
‘(Juawjoius

40 OW g UIYHIM SISOULII0 Upim
pasoubelp gg—sasnes oieday
-uou—AJjua JOY092 JO OW 9 UIYHIM
syjeap g) sishjeue woJj papnjoxa
1L 4ayny e :(9002) [e 3@ afaoy|

%86 = SISOULID
JONII ON ‘%9 = NI 6= LTV

%G1 = 9+ ByaaH 1%/ =
|0yoo[e YUBIp J9ASN %/9 = Sieak
65< 9By (%29 = Sae|y ‘sieak
¥'11 = dn-mojj0} abeIOAY e£GIE =
N Hoyoo [eul} :(9002) e 3@ usyd

(1s8) ADQH-hue Joj ajdwes
ajenbape payoe| ¢ ‘annisodoias
ADH-BuY G61) papnjoxe g6

VNQ J0} pajse} Jusw|olud
1e uszoj sejdwes wniss

Pey 1.G8¢ 8sau} Jo oA+ BysgH
aJoM GG|7—Pa||0Iud 0Z8'EC
:a)ediviied 0} payiaul sdiysumoy /
ul (seak G9—0g) sjuspIsal £62'68

(paseq uone|ndod)
JuswloIud

juaned aAlNoasU0d
-uou ‘anoadsold

¢661
-166. :Apnjs poyo)
uemie]

(9002)

e 10 8le0]| B

(9002) [e 18 UBYD
Aq pauodal

s)insaJ) dnoib

Apmis AGH-TVAAIY

yuawwos/Ayenb
Apmg

sjnsay

solse)oRIRY)
)sal

(N) uonendod

ubisap Apmg
Aiyunoy
(1eak) Apmg

SBLWO9JNO [IIUID PUR S[9A3] YNO AGH Wnias usamjaq diysuonejal ayj Buijen|eAs saipnjs Jo s}nsal pue salsLdjoRIRY)

Gy alqeL

125

Hepatitis B virus DNA testing



188 YNAAGH
aAl)Isuss ssa| :a0noeid
[BOIUIO UBI[RASNY O}

SISOYIID JO sisoubelp s} jo awi
1e uaye) sejdwes wnias ‘(lyonoueweA) 1y
qy |[999s19n31 Aq ogH-lue ‘Aesseounwiwi

fugesndde paonpay awAzus Aq ‘ByysgH-ue ‘Byeay (emnossuod
(toqeureq) Aesseounwui -UoU) JusW|0IUD
uonoajes Juaned awAzua Aq ByysqH :sysa) JaYpO (59 = u) jusned Jesjoun
BAIINDBSU0D-UOU :Selq SISOYLIId dN :Apnis Loyo)
uoioa|es 10} [efuslod (Goe'6E-11G°1) 2L (TW/ADT L'€<) YNAAGH 4o sisouBeip Jsuiy jo swi} Je usye) sejdwes SISOy
(¢1y'6-188'0) 088 (/N1 08<) SIoAs] HAT (0€0°L1-20T' L) GeG'y wnJes ‘(YN siiejop) Aesse uonosjoid [eliA-uou Lyim sjualed papnjoxe ueder
lesjoun uopoalld (N1 004<) stersl 17v (19 %G6) ewouroled Jenjjaoejday o sy uonesipugAy pue iy L :3s8) xapuj ‘'sjusijed ojoyIo oA+ BysqH (1002) emesiiys|
pajepno
188} YNA AGH
2onoeld
[EOIUIO UBIRsISNY
0} 9|qeoijdde
10U JuBwWleal | (Apms Buiuaaios uonasap Aues
Ue JO Wik uonusaisul uisjoldols;
fpms Buiusaios woyy (7' '61°0) 150 (19 %S6)TW/suoUIA g|> Jo peo] YNA AGH -D WoJ} pa}oajas sjoalgns)
pejoajes sjused :seiq yym sjyuanyed Buowe yjeap ewouioled Jejnjjaaoyeday jo Yy Jusw|olus

win.}08ds 1o} [enusiod

(#7211 82 (19 %G6) uoiSIaAu0d018S AGH YIM
sjuanjed ul yjeap ewourdies Jejnjeaojeday Jo Yy ,palsnipy

Kesseounwuwi swAzus Aq 44y :S3S8} 18410

(FLL=U)

jusied aANoasSU0d
-uou ‘eAoadso.d

uonoa|es jusned Nt e Anus Apnys 1e aay-ewioUIDIRD 0007
9AIN28SU02-UOU :Selq (72119 Qv m.A_o %S6) UOISIAU02013S YNQ >m__._aw3£m== (¢, qw/sa1doo =) ui/suouia Jejnji@aojeday ¢ sishjeue -z661 :Apns Hoyon
UOI}09|8s 10} [enuslod Uim Sjusfjed buowe Y3esp Bliouldied Jenj|30jeday o ¥y 01 X € = ywil Ananisuss ‘(swasAs [ealpaw 10} 9|qejieAe sajdwes wnias

(€6 '6°0) 2'2 (19 %G6) uoisiaauod0Ias YNA AGH 3[qe)s n4) weyshs soshleue bubewr-oiq g siow Jo ¢ yym ‘(uoiesipLgAY Joiq euld
o>_6wawo‘_n_ yiim wu:w_uma Buowe yjeap ewouidied ._m__.___wooamaw: JO MY U@EE@:U _cozmw_v_‘ﬁ\f 10[q 10 -3s®} Xapuj HOE oA+ YNA AgH ‘ON+ m<wQI Amoomv SllJeH
(1'6-62) £'G pajsnlpe abewep Jany ‘(z'91
-€'9) 0°01 paisnlpe Aisa}i| (000 004 < feuY ‘000 004 < uljeseq)
VNG AGH wnses '(g'6-0'2) €'v peisnipe ebewep sony ‘(g'Gl
-G'¢) €2 peysnipe aiAisall| (666 66-000 04 eulf ‘000 004 < duloseq)
VNG AGH wniss ‘(7'7-8'0) 6'1 peisnipe abewep Jonl| ‘(y8-L"})
8'¢ paisnipe aAisajl| (000 04> feul ‘000 004 < oulfeseq) YNG AGH
wnisg (8'6-0'}) 6°Z pajsnipe abewep Jony ‘(z'6-1'1) G'¢ pasnipe
alAisayll (000 004 < eUl ‘666 66-000 04 dulfeseq) YNG AGH
wnisg {(z'¢~1°0) 0 parsnipe abewep Janl| (9°¢-1°0) G'0 peisnipe
ubisap Apnig
JuawwogAyjenb soljsliajoeieyd Aiunoy
fpmg sjinsoy 1S9 (N) uotyeindod (+eaf) Apmg

Hepatitis B virus DNA testing

126



(juosapisjul Buisn
pajea; a1am sjyuaned €z {16 = U)

WoJj papnjoxe alem sisoubelp
BWOUI0Ie Jen|joojeday

sooeud 10 8UUI} 8] 1B UONRIN0SSe
[EDIUID UBljenSNY (96 °11) €22 (19 %S6) 19A3] VNG BwouloJed Jejn|jeoojeday juswijoius
0} 3jqeo)idde AgGH wnJas Aq 93U84IN390 BWOU|IIED ._m_s__mwoum%: 040 (4N Si1213p 152) Ly a|qissod yym sjusned Jusned Jesjoun
159} YN AGH (10gqy) Aesse usquosounUILI POYUI o111 usLIsOUSWLIOD ApMIS
Z290°0 = d :39U31IN990 BWIOUIDIED Jejn|ja20jeday -awAzus Aq ByagH-iue ‘ByegH !(iin4) e AnEBou 1 dou-nue ‘aAnIsod " £€00¢
AN 1USWI0JUB pUE Jo1paid 0 S[aAd] | TV JO SisAjeue uoissaibial a13si6o] >mwmm>o§EE_ mE>NF._m Emommc_E:__Em;o m<we._ e %88:9_5 d b\.ucm -9661 ‘Apnjs Joyod
1BS[OUN UOROBJIP :SBIq 620°0 = d :99UB1IN90 BWOUIDILD Jejn|ja20}eday q BysgH-hue ‘BysaH :s1se} Joul0 fsdoiq Jonil Aq sisoyLId pajejel ueder
uonoayes |enualod 101paid 0} sjans] YNA AgGH 1o sisAjeue uoissaibal o1ysiho (ayooy) Jopuoypy Jooydwy :3s83 xapuj AGH Yim pasoubelp sjusied (5002) poowiye
(Kisbuns
210J8q Paule)qo 158} 1o} sajdwes wnieg)
Al 53 <z.o N\8H (di09 syuabeay [euoneussyu))
suss $S8| :pajiul|
Aienusiod sonoeid » h &m%wo::EE_ awAzus Aq BysgH (snpNnoasuod
[OIUID UBIjenSnY (1682 °25'1) ByagH | v¥SIN3 Ad AOH-BuY :sisa} Jayi0 -UoU) JuaW|oJud
0 Aiqeoddy wm% m_o %G6) S19A3] YNA AgH (Tw/391 N.Eo_;m_; T (KieBins ai0jaq paulEIo (26 = U) Juaned Jeapun
sjuaied Buowe aouaLINdal BWOUIdIED Jejn|jaoo)eday Jo ¥y 1591 10} S9/dWeS Wniag) (u/saidoo 002
Juswoiud (rg=U)z€9 <04 X 2)Twyb3uw 2°0 | uonoejep "Bwouloed Jejnijeocleday  _gae +Apns poyon
BANOBSUOD-UOU  SA(Z = U) %¢e ) :(Twy3T 2°€2) YNA AGH wnuas ybiy sjusned {(xsjdnuenp) Aesse yNQ payouelg 10} U0IJ08Sal JBAI| (@AIRIND
‘Jeajoun uoijoalIp :Seiq Jo uoiodoud sA (W/39T 2'¢>) YNA AGH WNIas MO Ypm w397 2°g- /'€ = ebuel Ayasuss pey oym ‘ADH-I1ue 1o} aAleBau ueder
uonoses [enusiod  sjuaned jo uonodoid ul ausINa) BWOUIDIED Jejnjj@dojeday  :(sonsouBelp 1BBnYD) YdH-VINL 359} Xapu] ‘syuaned sanisod YN AGH (£002) ogny|
158) YNQ AGH (08'9 ‘0L'4) 12 (19 %S6) sutbrew [eaiBins aanisod yjom
SAISUBS $S8| :paL| sjuaijed Fuowe 3ua.IN9aJ BWOUIDIE Jejn|j990jeday JO yY (A1eBuns
fenuaiod sopoeid LIS (op aabems Puogetin) feseeounus i
[BOUID UBIBASNY - 6+}) 61°G (1) %G6) SI2A9] YNA AGH (Twjb3w £°02) yBry yum (5 Aq BrsAn Brsan -uou) juawjoiud
0} Aynqeiiddy sjuaijed Fuowe 39ua.IN9aJ BWIOUIDIE Jejn|j990jeday JO yY o 210 14 OVEHHGUE PUE OySEH (or=u) Jusped Jesjun
. : ByagH-ue ‘ByegH “40d Ad YN AOH 066
JUBLW0IU . %9 :sieak aulL Jaie sienal NG AGH (Tw/bzw wnJes 'ySI13 Ag AQH-UY :s)s8} JayiQ ‘BUIOUIOIED JBINIBO0IEIBY s, A0S LOUOS
9AINOBSU0D-UOU £'0>) mof yym sjuayjed Buowre sjes jenAINs 221 Jnowin) (A8Bins aiojeq 10} UOI)08SB. JBNI| (BARIND d
‘Jesjoun uoijoalIp :seiq 9,0 :sleak 9aly) Joye s|oAs] YNA AgH (Tw/b3w paule)qo Js8} 1o} sejduies wniag) (xajdwy pey oym ‘ADH-Iiue 1o} aAeBau ueder
uonos|es enusiod £'02) ub1y ypm sjuayed Buowe ajel [BAIAINS 93y INOWIN| uoay)) Aesse YNQ payouelg :3sa} xapu| ‘syuaned sanisod YNQ AGH (0002) oany
ubisap Apnig
JuswwosyAygenb safsuejoRIRY) f1unog
fpmg sjinsoy 1S9 (N) uotyeindod (+eaf) Apmg

127

Hepatitis B virus DNA testing



2onoeld

[BD1UIO UBIRASNY
0} 9|qeoijdde

Jou 131 YNA AGH

‘Rigeoyddy pajwi

[BAIAINS UO pajoedul

(s1souBeip ewouro.es Jejnjjeaojeday

J0 awi} Je uaye} adwes wniag)

N spoylew Aesse |y

(sansoubeiq oyuQ)

fesse

JusgJosgeounuuwi payull-ewAzus ‘AQH
-nuy ‘(Jogeureq) syy Aesseounwiwi-oipes

gl = Ujuswieas} ON
£ = U Juswieal) y[eolbins-uoN
€| = U uopoasal [ealbing
Juswiyeal)

ewouloJes Jejnjjasojeday

¥ = u AydeiBousye

aneday pue |9 ‘AydesBouosenn
0Z = u ABojoyiedoysiH :sisoubelp
ewoujaJed Jejnjjaoojeday

%8°/8 = SISoyllD ‘sieak 9/

—z¢ = obuel aby 9%,/ °GZ = 9jeWwa4
‘%€ 7L = S9lep

:solsueloRIRYD JUBled

6661 100 Jo pus

Jo yjeap 1e papua pue sisoubeip
euioulJed Jejnjjeaoieday

10 awi} e uefiaq uoneAIssqo

sjusied oA+

juswieal) BWOUIDIed ADH-ue ‘an— ByysgH :papnjox3 juswijolus

Jejnjjpaojeday slqejene >__m_.omoEEowm>g poAesse ByaqH (Aiieawo Jo AjjeaiBojoyjedossiy Juaned Jespun

Jsylsym (800070 = d) 0L SA 6P (WD Z < SA WO >) 821S Jnown (200070 = d) -jue pue ‘DyyagH ‘DysgH :sjsa} 1aY)0 BLIOUIDJED Jejnjjeoojeday 8661

8jebijsaAul Jou pi 170 SA €'y (aydiinw sa Asejjos) anowiny Jear7 (200070 = d) 60 SA  (SisouBelp ewouioles Jejnjjsoojeday Jo swi UM payyuap! sjused 0y WY _ege) :Apnis HOYo?)
Z°€ (1140 1 sA 1) ebejgs [eajuyd (8000°0 = d) 6°0 SA 6% (/N1 06<SA  Je UsHe) sdwes Wnieg)TW/IOT '€ = | Pajos|as) aA— ADH-IIUB PUe oA+ q

Jeajoun uondalIp :SeIq N/ 0€>) SjaAe) LTy winies {(2000°0 =d) Z'L SA§'G (TW/FDT €< UORoalap ‘YN Sifelsp ‘poyiew uofeoyidue  BysgH ‘ewouoses Jejnjjeoojeday ueder

uonosjes Joj [ejuelod  SA TW/39T L '€>) YNA AGH wnuas :(sieek) swiy [eAiuns ueipsy pajelpaw-uonduosuel | 3s8) Xapu]  Pajeloosse-A\gH Yim (/) sjushed (z00Z)ognuo

ubisap Apnig

JuswwonyAyenb soislIajoRIRY) £nunoy

fpmg sjinsoy 1S9 (N) uotyeindod (+eaf) Apmg

Hepatitis B virus DNA testing

128



A|1eaibojoysiy pawuod aul| uonoasuel) [ewhyouased ayy Buole s||99 Jnowny Jo USSQY “JNown} JUSPIAS A||E21d0IS0.I0BW [|B JO UOISSaI 8)3|dW0d SB paulap UOIJIasal SAleIND y

sisAeue uoissaibal x09) Aq paje|nojed SySU dANE[OY 6

Bunjows apa.tebio ‘uondwnsuod [oyodje ‘A10jsiy siiieday anoe ‘ewouldled Jejnjjeaojeday Jo Aiojsiy Ajiwe) se yons s10joe} Joj pajsnipe Sem ysl dAle[el 8Y]

(19n8] 17V ‘sisoyuo Jan| ‘aaisod ByagH) abewep Janl pue (uondwnsuod [oyodje | Bupjows ajjalebio ‘abie ‘xas) ajAisa)l| 10} pajsnipe siom solel pJezey ay] »

Bunsa} VNG AGH 0} papullg punosesn “dn-moj|oj Je suyjuow g —9 A1ans pawiopad os|e spunosesyn ‘punosesn Bujuaaios

auljaseq pey sjuaied |y -8zis o1ua|ds ‘azis [9ssan poojq anedayelul ‘anyxa) [ewAyouaied Janl ‘eoueseadde aoeuns JaAl woly walsAs Bulods aaljejuenb e yym ‘punosesn sl [eal uopnjosal ybiy Aq pasoubelp sisoyul) p
Anus Apnys Jo syjuow g uiyum AydesBouosenn yym pasoubelq -

sisfjeue uoissaibal psezey [euopodoid 09 Aq paulLLIB}ep YSI SARE|S) PUE Ofjes pJezey pajsnipe-ajeLeAln| q

BWOUIVIED Jejn|j900jeday Jo sisoubelp ay) Buipadaid uojeujwexs dn-moj|o} 8y} Je Jo uoneujwexs dn-moj|o} 1se| U} Je uaye) siemsa|dwes wniss

dn-mojjo4 “Anua Apnis 1equwysaidod 000 01 = 4O [9A9] YN AGH Wnias pey oym (619} = u) sjuedionied asay) J0 19sqNns e Ul 3Sl BWIOUIDIED Jejnjjaooieday uo [aAs] YN AGH Buibueyd jo 1oedwi ay) pauiwexa (900z) [e 18 usyde
Aesse pajeipaw uonduosuel} ‘YL HSu SAle[al ‘Y PIoe AI[onuoql ‘YNY ‘SNIIA g SiyedsH ul-1adue)/aseasiq JoAl pejeloossy pue

peoT [elIA Jo uonenead ysty 8yl ‘AGH-TvIATY ‘uonoeal uieyd asesswAjod “Yod ‘papodal Jou ‘YN ‘ejew ‘| ‘usjeainbs swousb jo wuyebo| ‘397 ‘eseusboipAysp s)ejoe| ‘HQT ‘SHUN [BUOKEUISUL ‘() ‘Olel PIEZEH “YH ‘SNIIA
@ shieday ‘AQH ‘sniia 9 sieday ‘AQH “‘pIoe o19jonuoquAXoap sniIA g sieday ‘YN AgH ‘uabiue aoepns g siieday ‘BysgH ‘uabljue-a g sieday ‘ByegH ‘uolewiweyuiooau xapul AjAnoe 2160[0)siy ‘IN-|VH :SIS0iqy Xapul
Aunnoe 2160j01s1Y ‘4-1vH Xapul Ayianoe 2160j0is1y ‘|H ‘8jews) ‘4 ‘Aesseounuuwl payul| SWAZUS ‘yS| 73 ‘[AISIUI 8OUBPLUOI ‘D ‘g Shijeday d1uoIyd ‘gH? ‘9SeIajSUBLOUILE BUIUER ‘] T ‘SIS8) UIs}0ido}a)-b ‘d4Y :SUOHeIA3Iqay

9|qeoldde paJapisuod

(%E2h) L1 = U (Juyseidoo ,04>) YNO AGH

winies (%9°¢€9) £ = U (Tuy/seidoo o04>) YNG AGH winiss :(%,'G8)
9 = U (Jw/saidod ¢04>) YNG AGH Wniss :( = 81093s sisoiqy

yum sjuaijed jo uoipodoid YNQ AGH WnJas udsamlaq uoije|ay

(#-0)
L (Twy/saidod ,04>) YNG AGH winies (—0) 0 (Twy/seidod o01>) YNG

AGH wniss (7-0) 0 (Twy/seidod 04>) YNG AGH wnseg :(abued)
9109S S|S0.qI} UBIPAW pue YNQ AGH WnJas uaamjaq uoledy

(%L L8) G} = U (Tuy/seidod ,04>) YNG AGH winies

(%8°18) 6 = U (Tuy/seidod 404 >) YNG AGH winies 1(%/'G8) 9 = u
(Twysaidod ¢01>) YNG AGH wnies :€ > 8109s Alojewiwejjuiosdau
yum sjuaned jo uonpiodoid YNQ AGH WIS usamjaq uoinedy

0c=4'vL=IN
‘(16-0z = @buel) ¢'cy = IA ‘obe

Uelpa ‘(¢ 01 X 0°Z-002> = o6uey)
401 X 6} = Jwyseldod ‘|ars| YNA
AGH Ueipapw (209~ = 8buey)

L6 = 1/N ‘[ers| LTV ueIpsiu
(%€ ¥G) LG = 9A- ByegHw

uonejndod jusned (81-0) Z (Jwysaidoa ,04>) YNG AGH wnuss ((01—0) € ope —ons B
(Tuy/sa1dod g04 >) YNG AGH winiss :(G-0) T (Tuy/seldod 0 >) (%6'91) €9 = o+ OogH
synsal VNG AgH wnias (aBuel) 2109s Aiojewweyuiossau  SHNS31 1S3} YNA AgH Pue Aisiwayoolq Janl (v6=u)
159} pue ABojojsiy uelpaw pue YNQ AGH WnJas usamjaq uone|dy 0} puilq passasse ABojoISIH “(1861) e 10 “sieday paonpul Brip pue

Jani| usamyeq Buipulg

(#00°0 = d) £#°0 84008 |N-/¥H (6000 = d) OF'0 84098 |VH [EJOL

:KBojoisiy JaA1] yum (aamisod ByaqH) s[aAd] 17V JO wUOlIR[a1I0)

[lepouy] Jo euayd Aq papelb ABojoisiy Jonr]
YN sjielep iss} 17V
(jogay)

sisoyio Aseljiq Arewnd ‘asessip
S,uos|Ip ‘siijeday aunwwione

saisdoiq ) ‘aseasIp JaAl| 91|0yodle juswijolus

1N yim siuaned . . . A 110°0=0d) >mmmmoc:EE_ mE\mNcm m_o_.tmao_o_E Aq q 10 9 sieday Bugpnjou Juaned Jeapun

papnjoul Ajuo — seig €0 84008 IN-IVH ‘(8200 = d) €0 4008 [YH [ejoL :ABojoystly  ByagH -ue ‘ByagH ‘BysgH 'sise} Jayi0 $OSBBSIP JON| JUB}LIOOUOD €002

UoI}09|8s [enusiod 48M] yiim (aayisod ByyagH-BUY) S|oAs] LTV J0 wUole|a110) (Asdoiq Jani| a10}eq Syeem g uaye) sejdwes Uim sjuaned pspnjoxe ¢ syjuou -100Z :ApMis HOyoD
(£10°0 = d) £¢'0 24008 F-[¥H ‘(#0°0 = d) wnJas Ul poyss} YNG AgH) Tu/seldod 92 an+ BysqH 'Adessyy [eainpue

anpoadsoud Ajqissod 170 84098 N-IVH (80070 = d) 2§70 84098 [yH JejoL :KBojoysiy 002 = Uonoajep Jo Jwi Jamoj ‘(8yo0y) 158} ou ‘Asdoiq Jonl| BuioBiapun Uy

‘Jesjoun uoinoalig Janl] yum (angisod ByagH-nuy) YNG AgGH Jo wuonealios J0JUOP AgH ‘10o1dwy Seqo?) :3s8} Xapu| sjusned g siiedsy oluoiyo (¥002) usni

ubisap Apnig

JuswwogyKyjenb soljsiLiajorIRy) fnunoy

fpmg sjinsoy 1S9 (N) uotyeindod (+eaf) Apmg

129

Hepatitis B virus DNA testing



jueoiyubis A|leonsiels paiapisuod Go'p> anjeA d pajie} OM] "UOIJe|a.i0d yuel S,uewieads Aq pajse) Sem UORNGLISIP PAMBYS UM S8|qelieA SNONURUOD USaM}a] UOHBISLIO0D) u
Asdoiq Jani| Jo BWI 1Y w

popew YL 8y} A w397 8'G 0} spuodsariod (Jw Jad jusjeanbaljiw /°0) Aesse YNQ payoueiq sy} Jo Jiwi| uolosiep ay Jey) pspodal (200z) [e 18 0gnUYO |

uonoa(ul jouey}d snoauenaiad Jo/pue ‘UoKeSIOqLIS [BLIBME JBJOYIBISUB]

pajodai Jou g-uosapsjul Jo -uoiapsiul Buinigdal suoiodoid :s)aam 1 10} ABp/NIA 9 Je g-Uoiapajul JO D-UCIBS}UI| JBY}S PaAIadal Sjudlied |

WYNQ AGH Winias Jo u/saidod 50} X G 0} 0}, X G 0} Jusjeanbae si aBuel iy} Jey) papiodal (£007) [e 10 0anY

Hepatitis B virus DNA testing

130



Appendix D Quality criteria

Study design

Quality checklist

Systematic
review

Was the research question specified?

Was the search strategy documented and adequate?

Were the inclusion and exclusion criteria specified, appropriate and applied in an unbiased way?
Was a quality assessment of included studies undertaken?

Were the methods of the study appraisal reproducible?

Were the characteristics and results of the individual studies summarised?

Were the methods for pooling the data appropriate?

Were sources of heterogeneity explored?

Was a summary of the main results and precision estimates reported?

Studies evaluating effectiveness of an intervention on health outcomes

Randomised
controlled trial

Were the inclusion and exclusion criteria specified?
Was the assignment to the treatment groups really random?
Was the treatment allocation concealed from those responsible for recruiting subjects?

Was there sufficient description about the distribution of prognostic factors for the treatment and control
groups?

Were the groups comparable at baseline for these factors?
Were outcome assessors blinded to the treatment allocation?
Were the care providers blinded?

Were the subjects blinded?

Were all randomised participants included in the analysis?

Was a point estimates and measure of variability reported for the primary outcome?

Cohort study

Were subjects selected prospectively or retrospectively?
Was the intervention reliably ascertained?

Was there sufficient description about how the subjects were selected for the new intervention and
comparison groups?

Was there sufficient description about the distribution of prognostic factors for the new intervention and
comparison groups? Were the groups comparable for these factors?

Did the study adequately control for potential confounding factors in the design or analysis?
Was the measurement of outcomes unbiased (ie blinded to

treatment group and comparable across groups)?

Was follow-up long enough for outcomes to occur?

What proportion of the cohort was followed-up and were there exclusions from the analysis?

Were drop-out rates and reasons for drop-out similar across intervention and unexposed groups?

Case-control
study

Was there sufficient description about how subjects were defined and selected for the case and control
groups?

Was the disease state of the cases reliably assessed and validated?
Were the controls randomly selected from the source of population of the cases?

Was there sufficient description about the distribution of prognostic factors for the case and control
groups? Were the groups comparable for these factors?

Did the study adequately control for potential confounding factors in the design or analysis?
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Was the new intervention and other exposures assessed in the same way for cases and controls and
kept blinded to case/control status?

How was the response rate defined?
Were the non-response rates and reasons for non-response the same in both groups?
Was an appropriate statistical analysis used?

If matching was used, is it possible that cases and controls were matched on factors related to the
intervention that would compromise the analysis because of over-matching?

Case series Was the study based on a representative sample selected from a relevant population?
Were the criteria for inclusion and exclusion explicit?
Did all subjects enter the survey at a similar point in their disease progression?
Was follow-up long enough for important events to occur?
Were the techniques used adequately described?
Were outcomes assessed using objective criteria or was blinding used?

If comparisons of sub-series were made, was there sufficient description of the series and the
distribution of prognostic factors?

Study of Was the patient spectrum representative of those who would undergo the test in practice?
diagnostic

Were selection criteria clearly described?
accuracy

Is the reference standard likely to correctly classify the target condition?

Is the time period between reference standard and index test short enough to be reasonably sure that
the target condition did not change between the two tests?

Did the whole sample or a random selection of the sample receive verification using a reference
standard of diagnosis?

Did patients receive the same reference standard regardless of the index test result?

Was the reference standard independent of the index test (i.e. the index test did not form part of the
reference standard)?

Was the execution of the index test described in sufficient detail to permit replication of the test?

Was the execution of the reference standard described in sufficient detail to permit its replication?
Were the index test results interpreted without knowledge of the results of the reference standard?
Were the reference standard results interpreted without knowledge of the results of the index test?

Were the same clinical data available when test results were interpreted as would be available when
the test is used in practice?

Were uninterpretable/ intermediate test results reported?

Were withdrawals from the study explained?
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Appendix E

Literature search strategies

Table 46 PreMedline and Medline search for HBV DNA testing, 1966 to April Week 1 2006

Search history References retrieved
1 exp hepatitis b/ 31281
2 hepatitis b.ti,ab. 34703
3 or/1-2 45243
4 dna, viral/ 60324
5 (dna or deoxyribonucleic acid).ti,ab. 484140
6 or/4-5 504997
7 3and6 8143
8 hepatitis b virus/ 11728
9 hepatitis b surface antigens/ 12831
10 (hepatitis b virus or hbv).ti,ab. 21810
11 or/8-10 31040
12 7 and 11 7566
13 dna, viral/an,bl 21699
14 (hbv dna or HBV DNA or hbv deoxyribonucleic acid).ti,ab. 3739
15 (hepatitis b virus dna or hepatitis b virus deoxyribonucleic acid).ti,ab. 1091
16 or/14-15 4309
17 16 and (test$ or assay$).ti,ab. 1509
18 exp nucleic acid amplification techniques/ or gene amplification/ 204572
19 nucleic acid hybridisation/ 44353
20 polymerase chain reaction/ 138175
21 20 and exp reagent kits, diagnostic/ 690
22 20 and polymerase chain reaction/mt 29441
23 (versant or amplification).ti,ab. 49574
24 (hybrid capture or digene).ti,ab. 543
25 cobas.ti,ab. 822
26 roche pcr.ti,ab. 21
27 or/13,17-19,21-26 277696
28 12 and 27 4213
29 viral load/ 7811
30 (viral adj (burden or load or dynamics or decline)).ti,ab. 6395
31 virolog$.ti,ab. 12307
32 or/29-31 21752
33 28 and 32 453
34 28 and comparative study/ 531
35 or/33-34 899
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Table 47

EMBASE search for HBV DNA testing, 1980 to 2006 Week 15

Search history References retrieved
1 exp hepatitis b/ 21336
2 hepatitis b.ti,ab. 28437
3 or/1-2 34684
4 virus dna/ 20854
5 (dna or deoxyribonucleic acid).ti,ab. 389398
6 or/4-5 394343
7 3and 6 7146
8 hepatitis b virus/ 16625
9 (hepatitis b virus or hbv).ti,ab. 18830
10 or/8-9 24029
1 7and 10 6428
12 virus dnalec 8744
13 exp endogenous compound/ 3217
14 (hbv dna or HBV DNA or hbv deoxyribonucleic acid).ti,ab. 3373
15 (hepatitis b virus dna or hepatitis b virus deoxyribonucleic acid).ti,ab. 1033
16 or/14-15 3949
17 16 and (test$ or assay$).ti,ab. 1398
18 exp assay/ 295483
19 exp gene amplification/ 196233
20 branched dna signal amplification assay/ 52
21 cobas amplicor monitor test/ 1
22 cobas amplicor hepatitis b virus monitor test/ 1
23 digene hybrid capture test/ 1
24 (versant or amplification).ti,ab,dv. 44123
25 (hybrid capture or digene).ti,ab,dv. 584
26 (cobas or amplicor).ti,ab,dv. 1866
27 roche pcr.ti,ab,dv. 20
28 or/12-13,17-27 497118
29 11 and 28 3371
30 exp virus examination/ 45861
31 dna determination/ 28154
32 (viral adj (burden or load or dynamics or decline or quantification)).ti,ab. 6168
33 virolog$.ti,ab. 9729
34 (dna adj (level$ or value$ or quantitation or concentration$)).i,ab. 4348
35 or/30-34 84103
36 29 and 35 1387
134 Hepatitis B virus DNA testing



Table 48

Cochrane Library search for HBV DNA testing (Issue 2, 5 May 2006)

Search history References retrieved
1 MeSH descriptor Hepatitis B explode all trees in MeSH products 1102
2 "hepatitis b" in All Fields in all products 2719
3 (#1 OR #2) 2719
4 MeSH descriptor DNA, Viral explode all trees in MeSH productsl 467
5 dna or "deoxyribonucleic acid" in All Fields in all products 2892
6 (#4 OR #5 2892
7 (#3 AND #6) 570
8 MeSH descriptor Hepatitis B virus explode all trees in MeSH products 365
9 MeSH descriptor Hepatitis B Surface Antigens explode all trees in MeSH products 395
10 "hepatitis b virus" or hbv in All Fields in all products 1229
1 (#8 OR #9 OR #10) 1389
12 (#7 AND #11) 502
13 "hbv dna" or "HBV DNA" or "hbv deoxyribonucleic acid" in All Fields in all products 422
14 "hepatitis b virus dna" or "hepatitis b virus deoxyribonucleic acid" in All Fields in all 74
products
15 (#13 OR #14) 471
16 test* or assay* in All Fields in all products 100406
17 (#15 AND #16) 180
18 versant or amplification in All Fields in all products 405
19 "hybrid capture" or digene in All Fields in all products 50
20 cobas or amplicor or "roche per” in All Fields in all products 104
21 viral near (burden, load, dynamics, decline, quantification) in All Fields in all products 1075
22 dna near (level*, value*, quantification, concentration®) in All Fields in all products 31
23 virolog* or compar* in All Fields in all products 244191
24 MeSH descriptor Viral Load explode all trees in MeSH products 593
25 comparative study in All Fields in all products 118940
26 (#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25)1 244672
27 (#12 AND #26) 423
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Secondary databases

Searches of the following secondary databases/sites were also petformed:
. Agencia de Evaluaciéon de Tecnologfas Sanitarias, Espafia (Spain)

° Agence d’Evaluation des Technologies et des Modes d’Intervention en Santé
(AETMIS) (Quebec, Canada)

. Agence Nationale d’Accreditation et d’Evaluation en Santé (France)

. Agency for Healthcare Research and Quality (USA)

] Alberta Heritage Foundation for Medical Research (Canada)

. Austrian Institute of Technology Assessment

. British Columbia Office of Health Technology Assessment (Canada)

° Blue Cross Blue Shield Association Technology Evaluation Center (USA)

. Canadian Agency for Drugs and Technologies in Health (CADTH) [formerly
Coordinating Office for Health Technology Assessment (CCOHTA)]

. Catalan Agency for Health Technology Assessment (CAHTA)

° Centre for Health Program Evaluation (Monash University, Australia), Monash
University Evidence Centre Reports (Australia)

. Centers for Medicare and Medicaid Services (USA)

. Centre for Reviews and Dissemination (University of York, UK)

. Current Controlled Trials metaRegister and ISRTCN register

. Danish Centre for Evaluation and Health Technology Assessment (DACEHTA)
. Department of Health Publications (UK)

. ECRI (formerly Emergency Care Research Institute) (USA)

. Finnish Office for Health Technology Assessment (FinOHTA)

. German Institute for Medical Documentation and Information (DIMDI)
. Harvard Centre for Risk Analysis: Program on the Economic Evaluation of
Health Technology (USA)

° Health Council of the Netherlands

. Health Economics Research Group (Brunel University, UK)
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. Health Information Research Unit (HIRU) internal database (McMaster
University, Canada)

. Health Technology Advisory Committee (Minnesota Department of Health,
USA)
. Health Technology Assessment International Conference Proceedings

. Health Technology Board for Scotland (UK)

. Institute for Clinical Evaluative Sciences (Canada)

° Institute for Medical Technology Assessment Erasmus MC (Netherlands)

. International Network of Agencies for Health Technology Assessment
(INAHTA)(Sweden)

. International Society of Technology Assessment in Health Care (Montreal,
Canada)

. Israel Centre for Technological Assessment of Health Care Services

. Medion Database (Netherlands)

. Monash University Evidence Centre Reports (Australia)

. National Guidelines Clearinghouse (USA)

. National Health and Medical Research Council Australia publication list

. National Health Service Health Technology Assessment Programme (UK)

. National Information Center on Health Services Research and Health Care
Technology (HSTAT database) (USA), National Library of Medicine Health
Services/Technology Assessment Text (HSTAT) (USA)

. New Zealand Health Technology Assessment

. Scottish Intercollegiate Guidelines Network (SIGN) (Scotland)

. Swedish Council on Technology Assessment in Health Care (SBU)

. Swiss Centre for Technology Assessment (TA-SWISS)

. Swiss Network for Health Technology Assessment (SNHTA)

Hepatitis B virus DNA testing 137



Appendix F List of studies excluded after
retrieval

Excluded: Wrong outcomes
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Appendix G Examples of treatment
studies

Treatment effectiveness of Lamivudine has been illustrated in studies by Dienstag et al
1999 and Liaw et al 2004. Patients were given Lamivudine for 52 weeks (Dienstag et al
1999) or were planned to undergo lamivudine treatment for a maximum of five years

(Liaw et al 2004). The characteristics and outcomes of these studies are presented in
Table 49.

The study by Diensteg at el (1999) included HBeAg positive patients with liver biopsy
confirmation of chronic hepatitis B. In this prospective double-blind RCT, 52 weeks of
lamivudine treatment resulted in an improvement in HAI score in a significantly greater
proportion of lamivudine patients than placebo patients (52% and 23% respectively,
$»<0.001). Histological deterioration occurred in a significantly greater proportion of the
placebo group compared with the lamivudine group (24% and 11% respectively,
$<0.001). Significantly different favourable outcomes in terms if necroinflammatory
activity and fibrosis were also found in the lamivudine group compared with the placebo
group (see Table 49). Lamivudine treatment resulted in a significantly greater cumulative
proportion of patients with sustained suppression of serum HBV DNA levels
throughout the 52 week treatment period (44% for lamivudine and 16% for placebo
$<0.001). Suppression of HBV DNA levels was paralleled with HBeAg seroconversion:
by week 52, 17 per cent of the lamivudine group had seroconverted compared with 6 per
cent of the placebo group (<<0.04). Serum ALT levels returned to normal in a
significantly greater proportion of patients in the lamivudine group than in the placebo
group (41% and 7% respectively, p<0.001). To illustrate that the favourable outcomes
reported for the lamivudine group did not result from differences in baseline variables,
odds ratios for the likelihood of histologic response and HBeAg seroconversion were
calculated after adjusting for several variables (see Table 49). The odds ratios remained
significantly different after adjustment.

The study by Diensteg et al (1999) indicates that 52 weeks of lamivudine therapy results
in improved health outcomes for HBeAg positive chronic hepatitis B patients.

The study by Liaw et al (2004) included patients who were HBeAg negative or positive
and had histologically confirmed cirrhosis or advanced liver disease (see Table 49). Liaw
et al (2004) planned to give patients lamivudine (100 mg daily) up to a maximum of five
years. Treatment was stopped for patients who reached a clinically confirmed endpoint
(disease progression) or had HBeAg seroconversion during the double-blind phase.
Patients who reached an endpoint were offered open label lamivudine for one year and
patients who had seroconversion were offered further lamivudine therapy if they
suffered serologic relapse. If the trial was terminated according to predefined criteria
patients were offered open label treatment for one year. Overall, the median duration of
treatment was 32.4 months (range 0—42 months): at study termination 71 per cent of
patients underwent medication for at least 30 months.

Opverall disease progression was less in the lamivudine group compared withthe placebo
group: 7.8 per cent versus 17.7 per cent; with a hazard ratio of 0.45 (95% CI: [0.28, 0.73])
(»<0.001). This finding was paralleled by changes in Child-Pugh score: an increase was
reported in 3.4 per cent of the lamivudine group versus 7.4 per cent of the placebo group
and the hazard ratio for the lamivudine group was 0.45 (95% CI: [0.22, 0.90]) (p<0.02).
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Similarly, a smaller proportion of patients in the lamivudine group developed
hepatocellular carcinoma compared withthe placebo group: 3.9 per cent versus 7.4 per
cent respectively; hazard ratio = 0.49 (95% CI: [0.25, 0.99]) (p<0.047).

Covariate modelling of time to disease progression was used to investigate factors other
than treatment that significantly affected outcome: the incidence of disease progression
in relation to several baseline variables was investigated. Liaw et al (2004) found that
baseline serum HBV DNA levels (see Table 49) were not significant factors that affected
outcome. The investigators did not report if baseline HBV DNA levels would make a
difference depending on whether a patient is HBeAg positive or negative. Although
serum samples were taken for HBV DNA level measurements throughout the study
(Liaw et al 2004) the authors did not report these data. It was not possible to determine
whether the degree of change from baseline HBV DNA levels is correlated with time to
disease progression and so forth.

The results of this study indicate that lamivudine therapy can produce favourable
outcomes in chronic hepatitis B and advanced liver disease patients who are either
HBeAg negative or positive.
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