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Executive Summary
Hepatitis B virus (HBV) is a blood-borne and sexually-transmitted virus. Worldwide, approximately 350–400
million people have chronic HBV infection, with prevalence estimates ranging from below 2% in low-endemicity
countries, to greater than 8% in high-endemicity countries. In Australia, between 0.5 and 2.0% of the
population are chronically infected, approximately half of whom are immigrants born in high-endemicity
countries.
The majority of people with chronic HBV infection, defined as HBV infection lasting 6 months or more, have
inactive disease. Around one-fifth to one-quarter has active disease, i.e., chronic hepatitis B. These individuals
are particularly at risk of developing life-threatening complications including cirrhosis and liver cancer. Most of
the burden of disease and the associated economic costs are associated with these serious sequelae. Around
seven thousand disability adjusted life years (DALYs) are lost each year due to hepatitis B in Australia, most of
which is due to premature death.
There are three main strategies for dealing with HBV infection in a population – screening, vaccination and
treatment. There are currently no screening programs for hepatitis B in Australia. An infant HBV vaccination
and adolescent catch-up program has been in place for over a decade. HBV drug therapy, used to suppress viral
replication and liver disease progression, is currently only received by a small proportion of those eligible for
treatment. In addition, a small number of liver transplants are performed each year in those with advanced
liver disease.
Although Australia has adopted universal hepatitis B vaccination for infants, there are many people already
infected for whom vaccination offers no benefit. This, coupled with immigration patterns, the fact that the
infected pool of individuals is now ageing and that only a small number of people receive HBV drug therapy,
means the long-term sequelae of HBV infection can be expected to become increasingly evident over the
forecast period.
It is surprising, then, that relatively little has been written about the epidemiology and economics of the
disease in Australia. A national strategy involving a coordinated approach to screening, vaccination and
treatment of the disease has never been developed as it has for other infectious diseases (e.g. HIV/AIDS,
hepatitis C). There appears to have been a lack of appreciation of the potential benefits of identifying and
treating those infected. This situation is now changing with a draft strategy for hepatitis B currently being
developed by the Ministerial Advisory Committee on Blood Borne Viruses and Sexually Transmitted Infections.
This report provides a comprehensive review of the epidemiology and economics of HBV infection in Australia,
and projects the mortality, morbidity and direct economic costs likely to arise from HBV infection over the next
decade. It also investigates the cost-effectiveness of increasing the number of people who receive drug therapy
for chronic hepatitis B, and considers the economic justification for investing in a National Strategy for
Hepatitis B.

Methods
Markov mathematical simulations are used to model the current and projected burden of chronic HBV
infection in Australia from 2008 to 2017. Three scenarios are considered:


Scenario I is a natural history scenario in which patients receive all medical care excluding drug
therapy to treat chronic HBV infection;



Scenario II reflects current treatment and management practices, where a small proportion of patients
receive drug therapy; and



Scenario III involves a nationally coordinated approach, which increases the proportion of people
infected with HBV being treated.

For each of these scenarios, projections are made on the mortality and morbidity associated with hepatitis B
and the direct health costs, using data largely derived from published sources.

vi

Main Results


Based on the current estimated incidence rate of chronic HBV infection of 55 per 100,000 population,
there will be a substantial increase in the number of people living with chronic HBV infection in
Australia in the next decade. It is estimated that, at the beginning of 2008, there were about 187,000
people living with chronic hepatitis B infection. Under current management and treatment practices
(Scenario II), this will increase to around 276,000 (a 48% increase). Of these 276,000, about 182,000
(66%) will have inactive disease while the remaining 94,000 (34%) will have active disease (i.e. chronic
hepatitis B).



A large increase in the number of cases of liver cancer and deaths attributable to hepatitis B over the
same period is also predicted. At the end of 2008, it is estimated that there were about 500 people
living with HBV-related liver cancer. A more than three-fold increase in this number to 1,600 is
projected by the end of 2017. The number of deaths attributable to hepatitis B each year will increase
from 450 in 2008 to 1,550 in 2017.



The direct cost of management and treatment of HBV infection under current practices is projected to
increase from $171.8 million in 2008 to $307.9 million in 2017 (2008 prices) — an 80% increase. Total
direct costs over the ten years are projected to be $2,377.5 million.



Although several drugs for treating HBV infection (anti-virals and interferon) are currently listed on the
Pharmaceutical Benefits Scheme (PBS), it is estimated that only 13% of people with chronic hepatitis B
receive such therapy to treat their infection. There is considerable scope to increase the uptake of
drug therapy by those who qualify for it.



Under Scenario III — the enhanced management and treatment scenario — the proportion of people
with chronic hepatitis B receiving drug therapy would increase from 13% to 41%. This is projected to
result in:


1,020 people living with HBV-related liver cancer in 2017 compared with 1,600 people in that
year if current management and treatment practices continue;



950 HBV-related deaths in 2017 compared with 1,550 in that year if current management and
treatment practices continue; and



an increase of $498.5 million in the 10-year total direct costs, from $2,377.5 million to
$2,876.0 million.



The incremental cost per life-year saved under Scenario III compared with Scenario II is $29,575
(discounted).



If the maximum willingness-to-pay for a life-year saved is $57,000 then an investment of $365 million
over 10 years, over and above the additional costs of treatment, to achieve the outcomes associated
with Scenario III would be economically justified.

Conclusion
In 2017, there will be three times as many cases of HBV-related liver cancer than in 2008, and a marked
increase in the number of deaths attributable to HBV, under current treatment patterns. Concomitantly,
increasingly heavy demands on liver clinics nationwide can be expected. While the costs of managing and
treating HBV infection can therefore also be expected to increase, this report argues that this investment is
economically justified, given the cost-effectiveness of drug therapy for chronic hepatitis B.
The results presented in this report underscore the importance of the National Hepatitis B Strategy currently
being developed for Australia, and suggest that the development of this Strategy should be regarded as a
matter of priority.
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Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

Overview of hepatitis B1

Hepatitis B virus (HBV) is a blood-borne and sexually-transmitted virus. While acute hepatitis B is not
usually a serious disease, chronic infection can lead to life-threatening complications including
cirrhosis and hepatocellular carcinoma (HCC). Most of the burden of disease of hepatitis B and the
associated economic costs are associated with these serious sequelae.
Worldwide, approximately 350–400 million people have chronic HBV infection (Sorrell et al 2009,
Lavanchy 2005) with prevalence estimates ranging from below 2% in low-endemicity countries, to
greater than 8% in high-endemicity countries. In Australia, between 0.5 and 2.0% of the population
are chronically infected, and approximately half of these are Asian immigrants (O‘Sullivan et al 2004,
Tawk et al 2006).
Acute infection with HBV produces a variety of conditions, ranging from subclinical infection to
fulminant hepatitis. Neonates and children under one year of age infected with HBV rarely develop
acute clinical symptoms, while 30% to 80% of adults recently infected with HBV present with
symptomatic acute hepatitis. Complete recovery occurs in the vast majority of cases, with symptoms
usually disappearing one to three months after onset. Fulminant hepatitis — rapidly progressive acute
hepatitis with signs of liver failure and often resulting in death — is rare.
Chronic HBV infection is defined as at least six months of persistent HBV infection. The risk of those
infected with HBV developing chronic infection varies inversely with age. In more than 95% of
immunocompetent adults, the host‘s immune response to acute HBV infection is vigorous. This
usually results in self-limited hepatitis and is almost always followed by life-long immunity with the
development of natural, protective antibodies. However, for those who acquire the infection as infants
the risk of chronic infection is 80 to 90%, and for those who acquire the infection between the ages of
one and five years the risk is 10 to 25%. Only a small number of those with chronic HBV infection,
less than 2% a year, clear the virus.
Chronic HBV infection is usually asymptomatic. Of those with chronic infection, the vast majority
have inactive disease (i.e. normal liver function and no detectable viral replication). The liver damage
associated with chronic hepatitis B occurs as a result of attempts by the host‘s immune response to
remove the virus from infected liver cells. Those with active disease are particularly at risk of
developing cirrhosis and HCC. The lifetime risk of developing cirrhosis and/or HCC in those with
chronic childhood-acquired HBV infection is between 40% and 50% in men, and around 15% in
women.
1.1 Terminology and the natural history of chronic hepatitis B infection
Chronic HBV infection can be conceptualised as different phases — immunotolerant, immunoactive,
and inactive disease — which are characterised by the extent of viral replication and immune activity
(see Figure 1). These phases vary considerably and are dependent on a complex interaction between
host, viral and environmental factors, particularly the age of acquisition of the infection. These phases
are described in more detail below. The consensus definition and diagnostic criteria for clinical terms
relating to these phases, adopted at the National Institutes of Health (NIH) conferences on
Management of Hepatitis B in 2000 and 2006 and commonly used in the literature (Lok and
McMahon 2007) are summarised in Table 1, and laboratory profiles of each phase are shown in
Table 2.

1

Unless otherwise specified, the background information has been sourced from selected reviews and
overviews, much of the information being common across these publications (Lok et al 2008, Koziel and
Siddiqui 2005, Lok and McMahon 2007, WHO 2002, Fattovich et al 2008a, Sorrell et al 2009).
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Figure 1
The main phases of chronic hepatitis B

Immunotolerant
Phase

Immunoactive
Phase
(CHB)

Inactive disease
Reactivation/flares

Cirrhosis

HCC

Notes: CHB = chronic hepatitis B; HCC = hepatocellular carcinoma.
Source: National Institutes of Health (2008).

Table 1
Glossary of clinical terms used in HBV infection
Chronic hepatitis B
Chronic necroinflammatory disease of the liver caused by persistent infection with hepatitis B virus.
Chronic hepatitis B can be subdivided into HBeAg positive and HBeAg negative chronic hepatitis B.
Inactive HBsAg carrier state
Persistent HBV infection of the liver without significant, ongoing necroinflammatory disease.
Resolved hepatitis B
Previous HBV infection without further virologic, biochemical or histological evidence of active virus
infection or disease.
Acute exacerbation or flare of hepatitis B
Intermittent elevations of aminotransferase activity to more than 10 times the upper limit of normal and
more than twice the baseline value.
Reactivation of hepatitis B
Reappearance of active necroinflammatory disease of the liver in a person known to have the inactive
HBsAg carrier state or resolved hepatitis B.
HBeAg clearance
Loss of HBeAg in a person who was previously HBeAg positive.
HBeAg seroconversion
Loss of HBeAg and detection of anti-HBe in a person who was previously HBeAg positive and anti-HBe
negative.
HBeAg reversion
Reappearance of HBeAg in a person who was previously HBeAg negative, anti-HBe positive
Source: Lok and McMahon (2007)

1.1.1 Immunotolerant phase
In the immunotolerant phase there is active viral replication in the liver but there is little immune
response to the virus and hence little or no liver disease activity. Laboratory tests show the presence of
hepatitis B e-antigen (HBeAg), high serum levels of HBV DNA, normal or minimally elevated alanine
aminotransferase (ALT) and normal liver or minimal fibrosis.
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This phase occurs in almost all children who are infected at birth and usually lasts for 10 to 30 years,
after which time they move into the immunoactive phase. If HBV is acquired in adulthood, the
immunotolerant phase is typically only present during the incubation period of one to four months (i.e.
acute phase of the infection). Liver disease does not appear to progress during the immunotolerant
phase.
Table 2
Laboratory profiles of chronic hepatitis B infection
HBsAg
Immunotolerant
Immunoactive (CHB)

+
+

antiHBs
-

HBeAg
+
+/-

antiHBe
+/-

Inactive disease

+

-

-

+

Reactivation/Flare
Resolved - HBV
clearance

+
-

+

+/-

+/-

HBV DNA

ALT

Very high
↑

Normal or minimal ↑
Persistent or
intermittent ↑
Normal

Low or none
detectable
High
None detectable or
very low

↑
Normal

Note: HBsAg = hepatitis B surface antigen; HBeAg = hepatitis B e antigen; anti-HBs = surface antigen antibodies;
anti-HBe = e-antigen antibodies; HBV = hepatitis B virus; CHB = chronic hepatitis B; + = positive; – = negative;
DNA = deoxyribonucleic acid; ALT = alanine aminotransferase.

1.1.2 Immunoactive phases — chronic hepatitis
For most person-to-person acquired chronic HBV infections, there is initially a robust immune
response to the virus, characterised by liver inflammation, elevated liver enzymes (ALT) levels, high
HBV DNA levels and the presence of HBeAg in the serum.
Seroconversion: While the long-term course of chronic HBV infection varies substantially, most
individuals will seroconvert, i.e., clear HBeAg and generate antibodies (anti-HBe). During this
seroconversion, there are declining but fluctuating levels of serum HBV DNA, moderate-to-high
levels of liver inflammation and liver enzymes, and often rapid liver disease progression. This phase
can be protracted and associated with clinical hepatitis flares.
HBeAg positive chronic hepatitis: While many individuals progress to HBeAg-negative chronic
hepatitis, not all exacerbations lead to HBeAg seroconversion and clearance of HBV DNA. Some
individuals develop recurrent exacerbations with intermittent disappearance of serum HBV DNA
without transient loss of HBeAg. Such repeated episodes of hepatitis increase the risk of developing
cirrhosis and HCC.
HBeAg negative chronic hepatitis: During seroconversion, some individuals develop the pre-core or
basic core promoter variant of the virus that results in HBeAg negative chronic hepatitis. These
individuals continue to have moderate levels of HBV replication and active liver disease but remain
HBeAg negative. Individuals with HBeAg-negative chronic hepatitis have lower HBV DNA levels
than those with HBeAg positive chronic hepatitis.
1.1.3 Inactive disease
The majority of people who have chronic HBV infection will eventually enter the inactive disease
phase as they seroconvert, leading to normalisation of levels of ALT and reduced liver inflammation.
HBV DNA is still present in the blood during the inactive phase, although at lower levels compared
with the immunoactive phase. People who have inactive disease have a substantially lower risk of
developing severe liver disease than those who have active disease.
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Those with inactive disease may eventually lose hepatitis B surface antigen (HBsAg) with the
development of antibodies (anti-HBs), although this occurs in less than 2% per year of those with
adult-acquired infection. About half of these people are still found to have low levels of HBV DNA in
the serum. While HBV seroclearance usually confers excellent long-term prognosis, cirrhosis and
HCC has been reported years after seroclearance in a very small proportion of people.
Reactivation: In some individuals who have inactive disease there is reactivation of HBV, resulting
in active liver disease. Laboratory tests show detectable levels of HBV DNA, ALT elevation, usually
HBeAg negativity, and moderate to severe necroinflammation with variable amounts of fibrosis
evident on liver biopsy. Reactivation increases the risk of serious liver disease.
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Epidemiology of chronic hepatitis B infection in Australia

2.1 Newly-diagnosed cases
In Australia, hepatitis B became a notifiable disease in all states and territories in 1996. Cases are
notified by the diagnosing laboratory, medical practitioner, hospital or a combination of these sources,
through State/Territory health authorities, to the National Notifiable Diseases Surveillance System
(National Centre in HIV Epidemiology and Clinical Research 2008). There are two categories of
notification — ‗newly acquired‘ and ‗unspecified‘.
Hepatitis B infection is classified as newly acquired if evidence is available of acquisition in the 24
months prior to diagnosis. The majority of reported cases of newly acquired hepatitis are the result of
acute illness and, as many people have subclinical infection, there is considerable under-detection of
newly-acquired infections. In 2007, there were 290 reported cases of newly acquired hepatitis B in
Australia, a rate of 1.4 per 100,000 persons (Australian Government Department of Health and Ageing
2008).
Unspecified notifications are assumed to be newly diagnosed chronic HBV cases as they are based on
the presence of HBsAg and the absence of markers for acute hepatitis B (Dore et al 2007). The
notification rates for these cases are shown in Figure 2. There was a total of 6927 cases reported in
2007, an overall rate of 33 per 100,000 persons (36 and 30 per 100,000 in males and females
respectively; overall male:female sex ratio of 1.2:1). Rates were highest in young to mid-age adults,
with over four fifths of the cases reported in people aged between 20 and 54 years (81% males, 83%
females), and peaking in the 25–29 year old age group. Notification rates were generally higher in
males than females in all age groups, the one notable exception being the 25-29 year age group where
female rates were over 30% higher (Australian Government Department of Health and Ageing 2008).
Figure 2
Notification rates for chronic hepatitis B infections reported to the National
Notifiable Diseases Surveillance System in 2007 by age group and sex
90
80
Male

Female

Rate per 100,000

70
60
50
40
30
20
10
0
0-4

5-9

10-14

15-19

20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84

Age group

Data source: National Notifiable Diseases Surveillance System (Australian Government Department of Health and
Ageing 2008)
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It should be noted that these rates do not represent the true number of new cases of chronic HBV as
many cases are undiagnosed and hence unreported. There are no published estimates on completeness
of detection and reporting. In their incidence estimates, Kaldor and colleagues assumed that 60% of
cases are reported (Kaldor et al 1996) and this estimate has been used in subsequent studies.
2.1.1 Trends over time
Newly diagnosed chronic HBV notification rates peaked in 2000 and 2001, at around 41 per 100,000
population per year and declined thereafter (see Figure 3). Rates were fairly constant between 2003
and 2007, at between 30 and 33 notifications per 100,000 population per year (Australian Government
Department of Health and Ageing 2008). Annual rates peaked in the 30–34 year age group between
1996 and 2000, and in the 25–29 year age group between 2002 and 2007 (see Table 3). The pattern of
increasing rates between 1997 and 2001 may not be a true rise in incidence, but could reflect other
factors including a washout of prevalent cases given reporting only began in 1996, and a greater
awareness of hepatitis C in young adults leading to more testing for HBV.
Figure 3
Notification rates for newly diagnosed chronic hepatitis B infections reported
to the National Notifiable Diseases Surveillance System, 1996–2007
45

Rate per 100,000

40
35
30
25
20
15
10
5
0
1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

Year
Data source: National Notifiable Diseases Surveillance System (Australian Government Department of Health and
Ageing (2008)

2.2 Prevalence of chronic hepatitis B infection
Prevalence estimates of chronic HBV infection are best made on the basis of seroprevalence surveys.
However, no large-scale population-level seroprevalence studies have been undertaken in Australia.
Two published opportunistic seroprevalence studies were carried out between 1996 and 2001
(O‘Sullivan et al 2004, Tawk et al 2006). In one study, O‘Sullivan and colleagues tested for HBV
infection in 3,336 stored sera samples that were collected from 45 laboratories around Australia
between July 1996 and May 1999 (O‘Sullivan et al 2004). In the other study, Tawk and colleagues
tested patient sera in 2115 patients scheduled for endoscopy between 1991 and 2001 at a Sydney
hospital (median age 52.3 years) (Tawk et al 2006). Current reported prevalence estimates for
Australia are usually based on those from the O‘Sullivan study. Nevertheless, while these prevalence
estimates are widely cited, they should be interpreted with some caution because the samples (from
both studies) are unlikely to be representative of the general population.
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1996
2.3
3.2
10.1
34.1
46.0
54.2
60.2
55.4
45.0
35.1
23.1
20.7
19.9
13.5
9.6
6.4
5.3
11.4
30.3

1997
2.7
3.8
12.0
40.5
57.5
66.3
74.9
67.9
59.4
40.2
28.7
28.5
20.0
21.0
14.0
8.5
7.0
12.7
37.5

1998
3.0
1.9
7.6
34.1
52.5
58.3
62.7
62.1
54.7
44.4
32.0
24.9
19.7
17.9
13.8
10.9
7.9
10.7
34.2

1999
2.9
1.8
8.1
35.6
60.6
66.5
73.1
61.9
57.9
42.0
32.1
23.8
23.9
17.0
15.2
9.7
6.9
7.1
36.3

2000
2.2
2.1
6.9
36.4
65.0
70.1
80.0
77.0
65.5
52.8
41.6
26.5
26.0
20.8
14.6
13.1
4.3
6.0
40.7

Year
2001
1.2
1.3
5.2
38.6
63.3
76.1
75.3
74.0
74.8
56.2
42.1
31.2
24.4
19.1
15.2
9.6
5.7
6.8
41.1

2002
2.1
3.2
4.5
30.9
56.4
65.4
63.6
63.4
54.2
48.9
35.5
24.6
17.9
16.8
13.2
7.4
6.3
5.4
34.3

2003
1.0
2.0
3.6
24.4
50.3
60.9
57.3
52.9
43.6
42.0
30.0
20.9
16.7
13.3
12.1
9.9
3.8
3.8
29.5

Source: National Notifiable Diseases Surveillance System (Australian Government Department of Health and Ageing (2008)

2004
2.0
2.6
4.9
20.0
47.9
62.7
57.0
51.6
43.2
41.5
28.2
22.1
15.4
14.0
12.5
6.8
5.2
5.0
29.0

2005
2.5
3.4
6.5
23.8
55.1
70.7
59.5
54.6
44.9
39.9
29.2
23.9
16.7
13.5
9.6
6.9
5.2
2.5
31.0

2006
2.7
4.0
6.3
19.6
51.3
73.4
64.8
47.3
41.1
41.2
29.7
23.7
16.3
13.6
8.7
8.6
6.6
1.9
29.8

2007
1.3
3.5
6.9
21.5
51.8
75.7
69.1
56.8
48.6
43.1
34.7
24.3
18.3
13.8
11.2
10.0
10.6
4.3
33.0
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Age
group
0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85+
Total

Butler, Korda, Watson & Watson

Table 3
Notification rates for newly diagnosed chronic hepatitis B infections reported to the
National Notifiable Diseases Surveillance System, by age group, 1996–2007

Butler, Korda, Watson & Watson
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In both the O‘Sullivan and Tawk studies, the prevalence of current HBV infection was based on a
positive HBsAg test.2 In addition, the proportion of the population ever infected (positive core
antibody test, anti-HBc) and the proportion immune either because of prior infection (anti-HBs and
anti-HBc positive) or through vaccination (anti-HBs positive and anti-HBc negative) were estimated.
Overall prevalence estimates are summarised in Table 4.
Table 4
Summary of seroprevalence surveys, 1996 - 2001
anti-HBs
Ever infected
Current
Past
Total
Immune
Through vaccination
Past infection
Total

Test result
anti-HBc

HBsAg

Prevalence estimates
O’Sullivan
Tawk
(1996–1999) (1991–2001)

–
+

+
+
+

+
–

0.5 to 0.8
6.1 to 6.4*
6.9

2.1
9.5
11.6

+
+
+

–
+

–
–

26.4 to 26.7*
6.1 to 6.4*
28.7

20.3
9.7
30.0

Notes: 1. Data reported by O’Sullivan et al (2004) and Tawk et al (2006); 2. * data derived from
reported data. 3. HBsAg = hepatitis B surface antigen; anti-HBs = surface antigen antibodies;
anti-HBc = core antigen antibodies; + = positive, – = negative

In the national laboratory study (O‘Sullivan et al 2004), less than one in ten (6.9%) tested positive for
HBV core antibody, indicating current or past infection with HBV. The probability of being anti-HBc
positive increased with age, from 0.3% in 1–4 year olds to 12.1 % in those aged 50–59 years. The
overall proportion immune to HBV either through vaccination or prior infection was 28.7%. Immunity
was highest in the 1–4 year age group at 37.8%, and between 25% and 31% of the people in the older
age groups were immune.
The overall prevalence of chronic HBV infection in Australia was estimated to be between 0.49% and
0.87%.3 Based on 1998 population data, this represented a total of between 91,500 and 163,500
infections.4 Prevalence varied by age, as shown in Table 5 and Figure 4. Depending on which
estimates were used, prevalence peaked at 0.7% in the 50–59 age group (minimum estimate) or at
1.8% in the 40–49 age group (adjusted estimate).
It is important to note that the overall prevalence estimates from the O‘Sullivan study may be
underestimated as age-group estimates were 0% for several groups. Examining unspecified
notification data alone from the national surveillance system, there have been cases reported in every
age group in every year in 1996 to 1999 (the time period of the O‘Sullivan study), with cases peaking
in the 30–39 year age group, an age group where a prevalence proportion of 0% was reported in the
laboratory seroprevalence survey. Even allowing for under-detection in the surveillance system, the
proportion of the population with a newly-diagnosed chronic HBV infection alone was 0.03–0.04%
between 1996 and 1999, with a rate of 0.06–0.07% in 30–34 year olds (Australian Government
Department of Health and Ageing 2008). This is also the age group that captures a large proportion of
2

3

4

It is possible that some of these cases were acute cases as these tests alone cannot distinguish between acute
and chronic HBV infection.
Because 81 of the samples that tested positive for anti-HBc could not be tested for HBsAg, both minimum
estimates (assumes all missing results were HBsAg negative) and adjusted estimates (missing results
distributed according to the distribution of known HBsAg results) are reported.
In a follow-up study, all available sera from the Northern Territory collected in 1996-1999 were tested for
HBV surface antigen (n = 150) and the overall prevalence was 0.8% (95%CI: 0–1.7%) (Wood et al 2005).
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women of child-bearing age. Using antenatal seroprevalence survey data, O‘Sullivan and colleagues
report that women of child-bearing age (20–39 years) had an estimated chronic HBV infection
prevalence of between 0.56% and 0.80%. This estimate is similar to that of antenatal seroprevalence
data from NSW public health units, collected between 1998 and 2000 and reported by O‘Sullivan et al.
(The proportion of pregnant women with a positive hepatitis B surface antigen (HBsAg) test was 0.76
in 1998, 0.85 in 1999 and 0.84 in 2000 - O‘Sullivan et al 2004).
Table 5
Prevalence of chronic hepatitis B infection, 1–59 year olds, 1996–99
Age group
1–4
5–9
10–14
15–19
20–29
30–39
40–49
50–59
Total

Minimum estimate
0 (0–0.9)
0 (0–0.7)
0.2 (0–1.1)
0.5 (0.06–1.7)
0.5 (0–2.6)
0 (0–2.4)
1.3 (0.2–4.7)
0.7 (0–3.7)
0.5 (0.06–1.0)

Adjusted estimate
0 (0–0.9)
0 (0–0.7)
0.2 (0–1.4)
0.7 (0.2–2.1)
1.9 (0.5–4.8)
0 (0–2.4)
1.8 (0.4–5.7)
1.0 (0–4.8)
0.8 (0.3–1.4)

Notes: Minimum estimates assume all missing results (n=81) were HBsAg negative
and adjusted estimates distributes missing results according to the distribution of
known HBsAg results.
Source: O’Sullivan et al (2004).

Figure 4
Prevalence of hepatitis B infection in national laboratory seroprevalence
survey 1996–1999, by age group, 1–59 year olds
2
1.8
1.6

Percentage

1.4
1.2
1
0.8
0.6
0.4
0.2
0
1-4

5-9

10-14

15-19

20-29

30-39

40-49

50-59

Miminum estimate

1-4

5-9

10-14

15-19

20-29

30-39

40-49

50-59

Adjusted estimate

Notes: Minimum estimates assume all missing results were HBsAg negative and adjusted estimates distributes missing
results according to the distribution of known HBsAg results.
Source: O’Sullivan et al (2004).

Note that in a later study where comparable methodology was used to estimate prevalence in 2002
(Gidding et al 2007), the overall prevalence was 0.7%–0.8%, similar to the upper limit of the earlier
study. However, this study only used just over one thousand samples, yielding only seven samples that
were HBsAg positive. In addition, like the earlier survey, a zero prevalence was found in the 30–39
age group (as well as the 10–14 age group).
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Compared with the national laboratory studies, prevalence estimates were higher in the Sydney
endoscopy study conducted by Tawk et al (2006). This is not surprising given the nature of the
samples collected. Over one in ten (11.6%) had ever been infected, while 2.1% were currently
infected. Almost a third of the sample (30%) was immune — 9.5% because of past infection and
20.3% because of vaccination. Of those who were currently infected, 31% were viraemic (HBV-DNA
positive). Men were more likely to have HBV infection (3.4%) than women (0.9%), with proportions
varying from 1.4% in those aged 61 years and older to 2.9% in 40–60 year olds (see Table 6).
Table 6
Number and proportion of people
with hepatitis B infection in endoscopy
seroprevalence survey 1991—2001,
by age group
Age group

No.

< 25
25–39
40–60
> 60
Total

99
411
942
663
2115

No.
HBsAg+
2
7
27
9
45

%
HBsAg+
2.0
1.7
2.9
1.4
2.1

Note: HBsAg+ = hepatitis B surface antigen positive.
Source: Tawk et al (2006).

In addition to their seroprevalence survey, O‘Sullivan and colleagues also used a pooled risk-group
method to estimate the overall prevalence of HBV infection in Australia. Because HBV prevalence
data were available on selected high-risk and low-risk groups, they combined these estimates
proportionally to calculate an overall estimate for the Australian population. Data on HBV estimates in
high risk groups — injecting drug users, homosexual men, indigenous Australians and people born in
high-prevalence countries — were obtained from previously published studies and NSW antenatal
HBV screening databases (1996 to 2000). The prevalence of HBV in the remainder of the population
(low risk group) was estimated using prevalence data on first-time blood donors. Based on risk-group
HBV prevalence and population size estimates in 2000, the number of HBV infected people was
estimated to be 88,000, representing an overall prevalence proportion 0.47%. This is consistent with
the lower unadjusted estimate in their seroprevalence study.
2.3 Incidence and prevalence of HBV-related liver disease and mortality
2.3.1 Cirrhosis
The incidence and prevalence of cirrhosis is difficult to obtain because cirrhosis is often clinically
silent and liver biopsy is required to establish the diagnosis (Lim and Kim 2008). No reliable data
were found regarding the incidence or prevalence of cirrhosis in people with CHB in the Australian
community.
2.3.2 Hepatocellular carcinoma
Chronic hepatitis B is a major risk factor for hepatocellular carcinoma, which arises almost
exclusively in patients with cirrhosis. In a project linking HCC with HBV notifications in Australia
using cancer registry and notifiable disease databases between 1990 and 2002, 16% of HCC could be
linked to a HBV notifications (Amin et al 2007). The risk of HCC in those with HBV-notified
infection was 31 times higher than those with no known HBV infection (Amin et al 2006a).
While there are no published estimates of the prevalence of HCC in Australia, the linked project
reported an incidence of HCC in those with a notified HBV infection of 65 per 100,000 person years,
104 per 100,000 in males and 21 per 100,000 in females (Amin et al 2006a). The rate peaked in 2002,
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at 69 per 100,000 person years (Amin et al 2007). However, these risk estimates pertain to risk from
date of diagnosis and hence are likely to overestimate the risk of cancer from time of HBV infection
(Amin et al 2006a). Age-specific rates were not reported but the median age of HCC at diagnosis for
those with HBV was 58 years, peaking in 40–49 year olds and 55–59 year olds. Median age differed
by region of birth, being 57 years for those born in Asia, and 66 and 63 years for those born in
Australia and Europe, respectively (Amin et al 2007).
Overall median time to death from HCC diagnosis was 12 months, but was 15 months in those with a
linked HBV infection. The mortality rate following HCC diagnosis for those with linked HBV
infection was 0.4 per person year. Over the study period (1990–2002) there was no improvement in
survival rates in those with HBV-linked infection (Amin et al 2007).
Incidence of HCC and mortality rates from HCC are increasing in Australia (Amin et al 2007; Law et
al 2000). Based on national incidence and mortality data, age-standardised HCC incidence rates rose
between 1983–1985 and 1995–1996 from 0.57 to 0.99 per 100,000 women and from 2.06 to 3.97 per
100,000 men (Law et al 2000). Using linked notification and cancer registry data, another study found
HCC incidence doubled from 1.4 to 2.8 per 100,000 person years between 1990 and 2002, with the
majority of this increase attributed to hepatitis B and hepatitis C. Over the same period, age- and sexstandardised HCC notifications in HBV-infected individuals rose from 8.8 per 100,000 to 69 per
100,000 (Amin et al 2007). In a hospital-based study of HCC in Melbourne, the proportion of HCC
attributable to HBV increased from 13% (n=8) in 1975–83 to 21% (n=22) in 1995–2002, providing
additional support for the notion that the increased incidence and death rates due to HCC in Australia
over the past 20 years likely relates in part to HBV infection (Roberts and Kemp 2007). While
alcoholic cirrhosis is the predominant underlying risk factor for HCC in Australian-born patients,
hepatitis B/C is the main risk factor in overseas-born patients (Roberts and Kemp 2007) and it is very
likely that the rise in HBV-related HCC in part relates to increased immigration of people from HBVendemic regions (Amin et al 2007, Law et al 2000, Roberts and Kemp 2007, Nguyen et al 2008).
2.3.3 Mortality
In a NSW linkage study of HBV notifications linked to death records between 1990 and 2002, the
overall mortality rate for people with HBV infection was 46.1 per 10,000 person years. This was 1.4
times greater than that of the standard population. The rate of liver-related mortality was 11.7 per
10,000 person years, 12.2 times higher than the standard population. Hepatocellular carcinoma was the
single greatest cause of death, with a mortality rate of 6.7 per 10,000 person years (10.6 and 2.3 in
males and females respectively), this rate being 28 times higher than that for the standard population
(Amin et al 2006b). However, as noted before, because date of diagnosis rather than date of infection
was used to estimate risk, mortality rates for those with HBV are likely to be over-estimated. Mortality
rates were low in those below the age of 30–40 years then rose exponentially with increasing age,
reflecting the slow progression of the disease.
2.4 Prevalence of chronic hepatitis B infection and HCC in high-risk subgroups
In Australia, the prevalence of chronic HBV infection and HBV-related HCC is heavily influenced by
migration patterns, in particular the high level of migration from the Asia-Pacific region, which has a
high prevalence of chronic HBV infection (reflecting the fact that most infections in this region are
acquired peri-natally or early in childhood). It is estimated that half of the chronic HBV infection
cases in Australia are among people born in Asian countries (O‘Sullivan et al 2004).5

5

Worldwide, HBV infects over half a billion people. However, the prevalence of HBV varies widely across
countries, ranging from < 2% in low-prevalence regions, which include Australia, the United States, Canada,
Western Europe and New Zealand, to areas of intermediate risk (2–8%) including Japan, central Asia,
Central America and South America, and high-prevalence regions, which include Southeast Asia, China and
sub-Saharan Africa (Menzies and McIntyre 2006).
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Other specific populations most at risk of chronic HBV infection in the community are:
 People born in other high-endemicity countries
 Indigenous people
 Injecting drug users
 Men who have sex with men
2.4.1 People born in high-endemicity countries
In the endoscopy seroprevalence study referred to earlier, 67% of those testing positive for HBsAg
were born overseas (Tawk et al 2006). This may be an over-estimate of the true proportion in the
population, however, as although the overall proportion of overseas-born people in this study was
similar to that of the Australian population, there was an over-representation of Asian-born migrants.
Antenatal screening in Central Sydney Area Health Service (1996–1999) found 0.26% of women born
in Australia and 3.2% of those born overseas tested positive for chronic HBV infection (O‘Sullivan et
al 2004). In women born in South-East Asia the prevalence was 5.4% and for those both in North-East
Asia it was 4.9%. Based on these data, O‘Sullivan and colleagues estimated that 49.5% of the total
cases of chronic HBV infection in Australia in 2000 were among people from South-East and NorthEast Asia alone (O‘Sullivan et al 2004).
Studies in the United Kingdom and United States indicate that the prevalence of HBV infection in
people born overseas is usually similar to the prevalence in their countries of origin. Based on this
premise, one Australian study used country-of-birth prevalence data to estimate that the number of
Australian residents who were born in the Asia-Pacific region who had chronic HBV infection in 2005
was 53,437 (Nguyen et al 2008). Using ABS migrant data to calculate the denominators (ABS 2007),
this represents an overall prevalence of 4.5% for this population (4.9% and 4.1% for South-East and
North-East Asia, respectively).
The epidemiology of HBV-related HCC in Australia reflects the epidemiology of chronic HBV
infection. In a NSW study linking HBV notifications to cancer registry data, the overall risk of HCC
(regardless of underlying cause) was found to be higher in overseas-born than Australian-born people.
This was particularly true for those born in Asia, where the relative rate of HCC was over 6 times
higher than that for Australian-born people. In over two-thirds of the HBV-related HCC cases, Asia
was the region of birth most commonly reported (69%), with 25% from China and 18% from Vietnam.
This compares with just 6% reporting Australia as their country of birth and 13% reporting a European
country (8% elsewhere, 4% missing) (Amin et al 2007).
2.4.2 Aboriginal and Torres Strait Islander people
Hepatitis B in Indigenous populations is usually acquired in early childhood, hence there are relatively
high rates of chronic hepatitis and HCC in this population (Menzies and McIntyre 2006). Although
Aboriginal and Torres Strait Islander people comprise just 2% of the Australian population, it is
estimated that they account for 16% of the total number of chronic hepatitis B cases (O‘Sullivan et al
2004).
Estimates of the prevalence of hepatitis in indigenous populations vary by remoteness. In Central
Sydney antenatal data (1996–1999), the prevalence of hepatitis B (serum positive for HBsAg) was
2.3% in Australian indigenous women compared with 0.2% for Australian non-Indigenous women
(O‘Sullivan et al 2004). A higher prevalence was found in a study of school students (Year 5–7) and
staff in Northern Territory schools. In this population, 28.7% of children had ever been infected —
46.9% of 439 Aborigines, 13.7% of the 556 children from the low prevalence groups (originating from
the United Kingdom, Ireland and northern Europe) and 32.1% of the 109 from higher prevalence
countries (originating from Asia, the Pacific, the Middle East and southern Europe). Current infection
was detected in 8.2% of Aboriginal children, compared with 0.36% in the low prevalence ethnic
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group, and 1.8% in the high prevalence group. Aboriginal children in rural schools had the highest
prevalence of chronic HBV, this being 9.8% (Gardner et al 1992).
Indigenous adolescents are also more likely than non-Indigenous adolescents to have hepatitis B. In a
sample of 709 young offenders (aged 12–19) in custody or serving community orders in NSW
between 2002 and 2005, the prevalence of current infection (HBsAg positive) was 3.4% in the
Indigenous and 1.1% in the non-Indigenous adolescents, while evidence of past/current infection (antiHBc positive) was 9.6% and 5.2% respectively (van der Poorten et al 2008).
With regard to HBV-related mortality, in a recent retrospective audit of in-hospital deaths at Alice
Springs Hospital in the Northern Territory (2002–2005), 60% of deaths in Indigenous people were
associated with an infection (compared with 25% of non-Indigenous deaths); 4.8% of these deaths
were associated with chronic HBV infection, while there were none in the non-Indigenous population
(Einsiedel et al 2008).
2.4.3 Injecting drug users
Although half of all reported newly-acquired cases of hepatitis B occur among injecting drug users,
the prevalence of chronic hepatitis is relatively low. This is because the vast majority of those exposed
as adolescents and adults clear the virus and develop life-long immunity (Dore et al 2007).
In a prospective longitudinal study of injecting drug users, followed between 1990 and 1995, the
incidence of HBV infection was 1.8 per 100,000 person years, which did not change over the period
(Crofts and Aitken 1997).
Prevalence estimates from various studies range from 1.8% to 3.0% (Crofts and Aitken 1997, Maher et
al 2004, Crofts et al 1994). In one study involving 369 injecting drug users in NSW (1999–2002), ten
participants (2.7%) tested HBsAg positive indicating current infection. More than one-quarter (28.0%)
tested anti-HBc positive, indicating previous exposure to HBV. Previous exposure was associated with
country of birth, (Asian countries, 54.0%; other non-English speaking countries, 34.6%; English
speaking countries other than Australia, 21.7%; Australia, 19.8%) and incarceration in the past year
(36.3% vs 23.2%). One-quarter (25.8%) had serological evidence of vaccination immunity (anti-HBs
positive and anti-HBc negative) (Maher et al 2004).
Earlier seroprevalence surveys of injecting drug users reported chronic HBV infection prevalence
estimates of 3.0% in patients attending a Sydney sexual clinic in 1991 (42% ever infected of 153
users) (Anderson et al 1994) and 1.8% in injecting drug users recruited through their social networks
and from community agencies and prisons (47% ever infected of 308 users) (Crofts et al 1994).
2.4.4 Men who have sex with men
Like injecting drug users, men who have sex with men have high exposure to HBV but only a small
proportion develops chronic disease. Of the 351 men who have sex with men attending a Sexual
Health Centre in Sydney in 1991, 3.3% were currently infected with HBV, while 38% had ever been
exposed (Jin et al 2004). The proportion with past exposure was lower in a community-based sample
of 903 HIV-negative homosexual men in Sydney in 2001–02 — 19% had ever been infected with
HBV while 53% had vaccine immunity (Jin et al 2004).
2.5 Future projections
There are no published studies that have made projections of the incidence and prevalence of hepatitis
B and related liver disease in the Australian population. Given that currently around half of those who
are chronically infected were born outside Australia, future trends are likely to be influenced by future
immigration patterns and the impact of vaccination policies in high prevalence countries. A recent
study estimated the prevalence of chronic HBV infection and HBV-related HCC in the sub-group of
Australian residents born in the Asia-Pacific region between 1960 and 2005 and projected HBV-
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related HCC to 2025 (Nguyen et al 2008).6 The estimated number of prevalent cases of hepatitis B
infection in this sub-population increased relatively slowly between 1960 and 1980 from 404 to 6,627
cases, which was followed by a rapid increase until 1995 in which there were estimated to be 40,756
cases. This was followed by a slower increase, between 1995 and 2005, with the number Asia-Pacificborn residents with chronic HBV infection estimated to be 53,437 in 2005. The expanding AsianPacific population with chronic infection was expected to result in an increase in HBV-related HCC in
this subpopulation, from an estimated 140 cases in 2005 to 250 cases by 2025.

6

The number cases of chronic hepatitis B in this sub-population was estimated by applying published chronic
HBV prevalence estimates from these countries to immigration estimates. They included only high prevalence
countries (>2%) and where the immigration rate was at least 100 persons per year for the period 2002-2005.
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Economics of hepatitis B infection in Australia

3.1 Direct costs per patient
The direct costs of managing a patient with hepatitis B include the costs of all medical, hospital and
allied health services together with the cost of other support services such as hospice care. For the
purpose of estimating incidence-based estimates of the cost of managing HBV, i.e. the cost of
managing a patient from first infection until either the patient definitively clears the virus or dies,
annual costs of management of the patient according to that patient‘s disease status are most useful.
Butler et al (2004) have produced such a set of Australian estimates. These are based on a
retrospective chart-based study of 149 patients being treated in gastroenterology/liver clinics in four
large public hospitals in Melbourne, data on the costs of liver transplantation provided by one of those
hospitals, and a sample of 53 liver cancer patients with confirmed diagnoses of hepatitis B or hepatitis
C infection in a palliative care unit in another hospital in Melbourne. The results of this study are
shown in Table 7. While the annual cost of managing a patient with chronic HBV infection without
liver disease is $1,233 (2001 prices), this differs markedly according to whether the patient has
inactive or active disease ($758 cf $1,778). The annual cost of managing patients with liver disease is
modest for compensated cirrhosis but increases dramatically for patients with decompensated cirrhosis
or liver cancer. Liver transplantation is a very expensive procedure and also gives rise to considerable
costs for maintenance therapy in the years following transplantation. The mean cost per case for
institutionalised palliative care (not shown in Table 7) is $6,307 with a mean length of stay of 10.8
days.
Table 7
Annual direct cost of treating a hepatitis B patient by disease state
(Australian dollars)
Butler et al
2004
(2001 prices)

Crowley et al 2000
Original

Chronic hepatitis B
- inactive
- active
Seroconverted
Compensated liver cirrhosis
Decompensated liver cirrhosis
Hepatocellular cancer
Liver transplant (1st year)
Liver transplant (> 1st year)

1,233
758
1,778
1,394
11,961
11,753
144,392
23,160

726

363
2,989
13,647
14,111

Adjusted to
2001 prices
806

403
3,318
15,148
15,663

Notes: 1. The original results in Crowley et al (2000) are based on costs of services in price levels for years from
1996 through 1999 depending upon the service or item. In adjusting these to 2001 prices, Consumer Price Index
numbers from the Australian Bureau of Statistics for June 1998 and June 2001 have been used.
Sources: Butler et al (2004, Table 2), Crowley et al (2000, Table VI), ABS (2009, Tables 1 and 2).

A limitation of the cost estimates from Butler et al (2004), alluded to in an assessment report on HBV
DNA testing by Australia‘s Medical Services Advisory Committee (MSAC 2007, p.92), is that the
chart data on patients included in the study were extracted before the introduction of specific anti-viral
drugs for HBV. The use of these drugs has grown considerably since that study was undertaken,
implying that the cost estimates need to be updated if they are to reflect contemporary medical practice
for managing hepatitis B infection.
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An earlier study of the cost-effectiveness of lamivudine in the management of HBV (Crowley et al
2000) also estimated annual costs of treatment by disease state. These estimates, which were based on
treatment protocols developed by a team of clinical experts, are shown in Table 7. To enable better
comparability with the estimates of Butler et al (2004), the results adjusted to 2001 price levels are
also shown. The annual costs from Crowley et al (2000) are greater than those from Butler et al (2004)
although the gradient of costs across disease states is similar. It is not clear to what extent the lower
treatment costs from the study by Butler et al (2004) reflect true reductions in the cost of managing
HBV since the earlier time period covered by the Crowley study rather than the different approaches
adopted in the two studies (chart-based vs opinion of clinical experts).
3.2 Burden of disease
3.2.1 Indirect costs
The indirect costs of HBV derive from the loss of healthy time to devote to work and leisure including
such losses arising from premature death. Loss of workplace productivity can manifest itself not only
in time off work but also in impaired productivity while at work.
There have been no studies of the indirect costs of HBV in Australia and few studies overseas. Yang et
al (2001), in an economic burden of disease study in South Korea, developed estimates of both direct
and indirect costs with the latter including time and transportation costs, production losses due to
hospitalisation, job loss, reduced work productivity and premature death. Indirect costs were found to
amount to 20.9% of the total societal costs of the disease.7 A subsequent study of the costs of HBV in
South Korea by Yang et al (2004) included direct costs only.
Harbarth et al (2000) estimated the direct and indirect costs for a cohort of 180 infected patients in
Germany. Patients with chronic hepatitis B (n = 122) were followed for six months while acute HBV
patients (n = 58) were followed until seroconversion or termination of medical care. Indirect costs
were based on the number of leave-of-absence days taken due to the disease. Indirect costs amounted
to 12.8% and 23.1% of total (direct plus indirect) costs for chronic and acute patients respectively.
3.2.2 Quality of life
Morbidity and the associated loss in quality of life is an important aspect of the disease burden of
hepatitis B. The Australian Institute of Health and Welfare (AIHW) has published two burden of
disease studies in which the disaggregation of diseases is sufficient to allow the identification of
hepatitis B (Mathers et al 1999, Begg et al 2007). These studies use Disability-Adjusted Life Years
(DALYs) as a metric to quantify the years of life lost due to death and disability caused by a disease
(Murray 1996). The DALY burden for a disease has two components — years of life lost due to
mortality (YLL) and years lost due to disability (YLD). In estimating the YLD component, this metric
requires disability weights for a disease together with durations of illness for the disease. The
disability weights for health states associated with hepatitis B in these studies were taken from an
earlier Dutch study that provided estimates of disability weights based on expert opinion for 53
diseases of public health importance (Stouthard et al 1997). These weights are reproduced in Table 8.
They are calibrated on a 0–1 scale with the value ‗0‘ indicating no burden over a one-year period due
to disability from a disease and ‗1‘ indicating death. Hence, a disability weight of 0.33 equates to four
months of life lost to disability if a person lives for one year in a particular disease state.
There are several salient features of the disability weights used in the Australian Burden of Disease
studies shown in Table 8. First, asymptomatic cases receive a weight of zero. This indicates no
disability, or loss in quality of life, for those individuals who know they are infected with HBV but are
in an asymptomatic phase. While such individuals may well experience some anxiety in this state,
suggesting that a weight of zero is not justified, this needs to be considered in the context of the
clinical significance of movements along the scale of disability weights. Furlong et al (1990, pp.197

The total cost of the disease in this study also included estimates of prevention (vaccination) costs.
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20) have suggested that 0.1 is the minimal clinically important difference in utility weights. If so, then
the anxiety experienced by asymptomatic cases may not register as being clinically significant on the
disability weight scale. Second, as expected, the disability weights increase with the severity of the
health state, with decompensated cirrhosis having a weight comparable with pre-terminal liver cancer
(0.83 cf 0.84). Third, the health state ‗liver cancer‘ has been sub-divided into five component parts
with widely varying disability weights according to the stage of treatment and the prognosis for the
patient.
Table 8
Comparison of disability/utility weights for hepatitis B health states from two studies
Australian Burden of
Disease studies
Disability
Utility
weight
weight
(d)
(= 1 – d)
Cases (asymptomatic cases only)
Acute symptomatic episode
Chronic symptomatic carrier
- treatment with lamivudine
- treatment with interferon-α
- no treatment
Seroconverted
Compensated liver cirrhosis
Decompensated liver cirrhosis
Hepatocellular cancer
- Diagnosis and initial treatment
- After initially curative therapy
- Clinically disease free
- Preterminal phase
- Terminal phase
Liver transplant (1st year)
Liver transplant (> 1st year)

0.00
0.21
0.36

0.79
0.64

0.31
0.84

0.69
0.16

0.43
0.20
0.20
0.83
0.93

0.57
0.80
0.80
0.17
0.07

Levy et al 2008 –
utility weights
Infected
Unrespondinfected
ents
respondents

0.68

Crowley
et al
(2000) –
utility
weights

0.77

0.69
0.35
0.38

0.80
0.35
0.41

0.57
0.67

0.65
0.76

0.611
0.467
0.692
0.783
0.561
0.150
0.118

Notes: 1. Utility weights from Levy et al (2008) are mean values. 2. Full descriptor for ‘Preterminal phase’ is
‘Irradically removed/ disseminated/preterminal’.
Sources: Mathers et al (1999, Annex Table B) for disability weights used in Australian Burden of Disease studies, Levy
et al (2008, Table 3), Crowley et al (2000, Table V).

An alternative metric to DALYs — Quality-Adjusted Life Years (QALYs) — has also been widely
used in economic evaluations of health care programs. This metric requires utility weights which, like
the disability weights, are calibrated on a 0–1 scale together with disease durations. However, there are
two important differences between the weights. First, utility weights are more commonly, but not
always, derived from surveys of patient or general population preferences across disease states rather
than from expert opinion. Second, as the utility weights are meant to index the quality of life, rather
than the disability, associated with living in a particular health state, a value of ‗1‘ is assigned to
perfect health and ‗0‘ to death. The weights on the two scales can be compared by transforming a
disability weight to the corresponding utility weight using the transformation u = (1 – d) where u is the
utility weight and d is the disability weight (see Table 8).
Some results from a recently published study of utility weights for the health states associated with
HBV (Levy et al 2008) are also shown in Table 8. This is a rich study, being based on surveys of 534
patients infected with HBV and 600 uninfected respondents across 11 cities in six
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countries/jurisdictions. Unfortunately, Australia was not one of the countries included in this study.8
Comparing first the utility weights for infected individuals with the corresponding ‗utility weights‘
from the Australian Burden of Disease/Dutch studies, the weights for ‗Chronic symptomatic carrier‘
are similar and for ‗Compensated liver cirrhosis‘ identical. The weights for ‗Decompensated liver
cirrhosis‘, however, are widely divergent (0.16 cf 0.35) with the Dutch weight indicating a much
poorer quality of life in this health state. For ‗Hepatocellular cancer‘, the comparability of the five
Dutch weights with the single weight in the utility study depends upon the duration of each state in the
Dutch study. Comparing the utility weights provided by infected patients with those provided by
uninfected individuals, uninfected respondents gave considerably higher utility weights for the less
severe health states (‗Chronic symptomatic carrier‘, ‗Compensated liver cirrhosis‘) but the same or
similar utility weights for the more severe health states (‗Decompensated liver cirrhosis‘,
‗Hepatocellular cancer‘).
The studies considered so far are all based on health state weights from other countries. In addition to
these, several other overseas studies have elicited utilities for hepatitis-related health states. The
citations for these are given in Levy et al (2008) who provide a brief commentary on them and
compare the results of two of them with their own results.
Only one study using hepatitis B health state utility weights developed in Australia has been identified.
Crowley et al (2000), in their economic evaluation of lamivudine compared with interferon-α in the
treatment of chronic HBV, developed a set of utility weights based on expert opinion using the
Australian Quality of Life (AQoL) instrument. These weights are shown in Table 8. These authors
included a ‗Seroconverted‘ health state in their analysis to allow for the effects of drug therapy on
health outcomes, and disaggregated the chronic carrier state according to the drug therapy received
(including no drug therapy). Where comparable, the utility weights are generally similar to those from
the Dutch study and from Levy et al (2008) for the less severe health states, but they are much lower
for ‗Decompensated cirrhosis‘ and ‗Hepatocellular cancer‘.9
The overall burden of disease attributable to hepatitis in Australia, measured using the DALY metric,
has been estimated in the AIHW burden of disease studies. Figure 5 shows the results for hepatitis
from the most recent of these studies. For both hepatitis B and C, the disease burden from premature
death (YLLs) generates nearly the entire burden of disease (DALYs). This reflects the serious nature
of the long-term sequelae of hepatitis B infection which are expensive to treat and lead to premature
mortality.
3.2.3 Economic burden
A comprehensive assessment of the economic burden of HBV involves estimation of the direct and
indirect costs of the disease for a society. No such estimates have been compiled for Australia. While
the two AIHW burden of disease studies (Mathers et al 1999, Begg et al 2007) quantify the burden in
terms of DALYs, they do not translate that burden into economic costs. Also, two other AIHW reports
that do provide disease-specific estimates of health expenditure do not disaggregate the results
sufficiently to allow estimates of health expenditure on hepatitis to be extracted (AIHW 2005, Goss et
al 2008).

8

9

The six jurisdictions included in the study were the United States, Canada, United Kingdom, Spain (low
endemicity countries), Hong Kong and China (high endemicity countries).
Crowley et al (2002), reporting on another economic evaluation of treatment for HBV in Australia, used the
same utility weights developed for the earlier study. Harris et al (2001) undertook an economic evaluation of
universal infant vaccination against HBV in Australia using a combination vaccine but did not include quality
of life measures in their analysis. Similarly, an earlier economic evaluation of hepatitis B vaccination in
Australia undertaken by the National Health and Medical Research Council (NHMRC Hepatitis B Working
Party 1996) did not use quality of life measures.

Page | 18

Butler, Korda, Watson & Watson

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

Figure 5
Burden of disease from hepatitis, Australia, 2003
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Notes: YLD = years lived with disability; YLL = years of life lost; DALYs = disability-adjusted lifeyears (YLD + YLL). Discounted results (r = 3% per annum). Results for hepatitis A are so small
relative to hepatitis B and C that they may not display on the graph.
Source: Begg et al (2007, Annex Tables 6 and 7)

In their study of the economic burden of HBV in South Korea, Yang et al (2001) found that the total
direct costs of prevention and treatment for this disease amounted to 3.2% of total national health care
expenditure in 1997. They also found that the average direct costs of managing a HBV patient in 1997
($1,219 — US dollars) were nearly three times the average annual per capita health expenditure in that
year ($454). These results suggest that hepatitis B is a relatively costly disease to manage and that it
imposes a disproportionate economic burden on the health care system.
3.3 Economic evaluations
3.3.1 Vaccination
One of the earliest economic evaluations of HBV screening and vaccination in Australia was
undertaken by Thomas (1990). A total of 5,858 public ante-natal patients, classified as ‗high risk or
‗low risk‘, were screened for HBsAg over a two-year period. With universal screening, the cost per
carrier identified was $354. In the high risk group, the cost per carrier identified was $97 and in the
low risk group $2,005. The vaccine cost per HBV infection prevented was $8,720 for universal
vaccination and $2,075 for vaccination of babies born to mothers in the high risk group.10 The cost of
treating HBV cases was estimated to be $217 per infected person per year. The pay-back periods (the
number of years over which the treatment cost savings will offset the cost of screening and
vaccination) were 9.6 years for selective or universal screening with vaccination of babies in the high
risk group only, and 38.1 years for universal screening and vaccination.
A more complete economic evaluation of HBV vaccination in Australia, taking into account life-years
saved and discounting both costs and health outcomes, was undertaken by the NHMRC Hepatitis B
Working Party (1996). Universal infant and pre-adolescent vaccination programs were considered,
compared with a strategy of antenatal screening for hepatitis B surface antigen (HBsAg) followed by
administration of hepatitis B immunoglobulin and hepatitis B vaccine to infants of HBsAg-positive

10

These results rate taken from Table 6 in the paper and differ from the results reported in the Abstract for the
paper.
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mothers. The cost-effectiveness analysis concluded that universal vaccination not only saved lives but
was cost-saving. Following the Working Party‘s recommendation to implement universal hepatitis B
vaccination for both infants and pre-adolescents, an adolescent program commenced in some states
and territories in 1997 while the universal infant program, with the first dose given at birth, began
nationally in 2000 (NHMRC 2008, p.151).
Subsequently, Harris et al (2001) undertook a cost-effectiveness analysis of universal infant
vaccination against HBV using a combination (Hib-HepB) vaccine compared with selective
vaccination of high-risk infants using monovalent hepatitis B vaccine. They found that the incremental
cost per life-year gained was $11,862 with discounting of costs and health outcomes. With no
discounting, universal vaccination was predicted to both save lives and reduce costs (i.e. the program
would be cost-saving).
In providing a global review of economic evaluations of HBV immunisation over the period 19942000, Beutels (2001, p.769) concluded that ―in countries of low endemicity, most cost-effectiveness
evaluations have recommended supplementing selective risk group vaccination with universal
vaccination of either infants or adolescents‖. The results of the Australian analyses accord with this
finding. However, while Australia has had a universal infant vaccination program in place for almost a
decade, the long time-lag between infection with HBV and the development of liver disease in those
who progress to more serious sequelae suggests that the health care system will be confronted with a
demand for treatment from the pool of those already infected for many years yet. Further, not all
countries have implemented universal infant programs (global coverage is around 60% — Zanetti et al
2008) and the majority of cases of chronic HBV in Australia are in people born outside Australia.
There is therefore considerable interest in the economics of treatment for HBV infection and in the
economics of programs designed to bring those already infected into treatment.
3.3.2 Drug treatment
The main aim of HBV drug therapy is to suppress viral replication as this underlies liver injury and
disease progression (Liaw and Chu 2009). Drugs currently used for treating HBV in Australia, and
which are subsidised by the Government through the Pharmaceutical Benefits Scheme (PBS), include
oral antiviral medications (the nucleoside analogues lamivudine, entecavir, telbivudine and tenofovir,11
and the nucleotide analogue adefovir dipivoxil) as well as injected immunomodulating drugs
(interferon-α and pegylated interferon). The aims of drug therapy are: to achieve HBeAg
seroconversion or undetectable viral-DNA levels, or both; to stop or reduce hepatic
necroinflammation; and to prevent the development of hepatic decompensation. The ultimate goals of
treatment are to reduce the risk of developing cirrhosis and HCC, and hence increase life expectancy
(Liaw and Chu 2009). Not all individuals living with chronic HBV infection are candidates for drug
therapy. Those who can potentially benefit are patients with active disease who have sustained raised
ALT or substantial liver disease (Sorrell et al 2009, Liaw and Chu 2009). Liver transplantation is
performed in a small proportion of patients with advanced liver disease or HCC. In the case of HCC,
the demand for transplantation far exceeds the availability of organs and so other less effective
treatments are used instead.
There have been two economic evaluations of lamivudine for the treatment of chronic hepatitis B in
Australia (Crowley et al 2000, Crowley et al 2002). The two evaluations are very similar, using the
same model structure, cost data and utility weights for calculating QALYs. Patients considered
eligible for lamivudine therapy are the same in both papers (90% of patients who are HBeAg-positive
and with elevated ALT ≥ 2 ULN (Upper Limit of Normal)). The papers also compare the same three
scenarios. The first scenario is anti-viral treatment with lamivudine or interferon-α as alternative firstline therapies (scenario A), the second is anti-viral treatment with interferon-α as a first line therapy

11

Although listed on the PBS, no scripts were processed for telbivudine before 2008, and only seven telbivudine
scripts were processed in the first six months of 2009. Tenofovir was listed only recently and no utilisation
data are yet available.
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(B), and the third is no anti-viral treatment (C). The difference between the two evaluations lies in the
seroconversion rates for lamivudine. In the 2000 paper, the period over which continuation of
lamivudine therapy is assumed to confer benefit in terms of the seroconversion rate is three years. In
the 2002 paper, this period is extended to four years (see Table 9). Following these periods, the
seroconversion rate is assumed to return to the spontaneous rate of 9% per year applied to the nontreatment group.
Table 9
Economic evaluations of lamivudine in Australia — annual seroconversion rates (%)
Subsequent
years

Year 1

Year 2

Year 3

Year 4

2000 paper

28.7

18.7

39.6

9.0

9.0

2002 paper
α-interferon

28.7

18.7

39.6

22.9

9.0

28.7

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

Lamivudine

No anti-viral therapy

Sources: Crowley et al (2000, Table IV), Crowley et al (2002, p.157)

Both papers report results for a 1-year model and a long-term (lifetime) model. A comparison of some
of the results from the two evaluations is shown in Table 10. For the 1-year models, the results from
the two papers are expected to be the same as the different assumptions regarding seroconversion rates
only affect the calculations from year 4 onwards. This expectation is borne out in Table 10. For the
long-term models, the higher seroconversion rate for lamivudine in year 4 in the 2002 paper can be
expected to improve its cost-effectiveness compared with either α-interferon only or no anti-viral
therapy. Again this expectation is borne out in Table 10, with the results for lamivudine changing from
showing a small incremental cost per life-year gained and cost per QALY gained to showing
dominance over both scenarios B and C.
Table 10
Economic evaluations of lamivudine in Australia —
comparison of results for incremental analyses($)
2000 paper
A vs B
1-year model
Inc. cost per HBeAg seroconversion
Inc. cost per cirrhosis case avoided*
Long-term model
Inc. cost per life-year gained
Inc. cost per QALY gained

2002 paper

B vs C

A vs C

3,341
5,272

21,622
154,442

8,089
16,003

633
735

2,470
2,527

899
1,024

A vs B

B vs C

A vs C

3,341
5,000

21,622
n.r.

8,089
16,000

A dom
A dom

2,489
2,489

A dom
A dom

Notes: 1. Scenario A - treatment with lamivudine or α-interferon as alternative first-line therapies; Scenario B - treatment
with α-interferon as a first line therapy; Scenario C - no anti-viral treatment. 2. * Results from 2002 paper extrapolated
from graph in original paper and are estimates only. 3. n.r. = not reported. 4. A dom = Scenario A is dominant (both lower
net cost and greater health outcome).
Sources: Crowley et al (2000, Tables VIII, X), Crowley et al (2002, p.160 and Fig.3)

Two problems with anti-viral treatment are the development of drug resistance while on therapy and
relapse or viral reactivation when therapy ceases. In HBeAg-positive patients who have seroconverted,
reactivation now appears likely unless viral clearance is achieved — viral suppression is not sufficient
to achieve a durable response. In HBeAg-negative patients, ―relapse is frequent even when the virus
has been suppressed to undetectable levels for more than a year‖ (Lok 2005, p.2745). In the two
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evaluations of lamivudine therapy by Crowley and colleagues, a reactivation rate of 15% within 12
months of cessation of therapy was assumed. More recent evidence suggests that reactivation
continues to occur well after 12 months from the cessation of therapy (Liaw and Chu 2009, Song et al
2009).
Since the publication of these evaluations, five new anti-viral agents have been listed on the PBS for
treatment of hepatitis B (entecavir, adefovir dipivoxil, telbivudine, tenofovir and pegylated interferon).
Treatment protocols have become progressively more complicated as second and third line crossover
or salvage therapies consequent to failure on first line therapy become options. The PBS allows
lamivudine, pegylated interferon and (subject to the patient being nucleoside analogue naïve)
telbivudine to be used as first line therapies. Adefovir may be used in combination with lamivudine as
first line therapy but adefovir monotherapy is only subsidised for patients who have failed a first line
therapy. Entecavir is subsidised only as a second line therapy for patients who have failed lamivudine
therapy.
Several cost-effectiveness studies of first line and salvage therapies particular to other countries have
appeared (Kanwal et al 2005, Veenstra et al 2007). A systematic review by Sun et al (2007) covers 14
studies in a range of countries, the authors concluding that ―the cost-effectiveness frontiers of
treatment alternatives vary and are influenced by the comparators and socioeconomic conditions of
countries‖ (p.1369). Apart from the two papers by Crowley and colleagues, no published economic
evaluations of anti-viral therapies or interferon for chronic hepatitis B in the Australian setting have
been found.
3.3.3 Integrated screening/vaccination/treatment programs
Although numerous economic evaluations of vaccination and drug treatment in their own right have
been undertaken, little work has been done on the economics of integrated strategies designed to proactively identify those in the population who are infected with hepatitis B and those who are not, to
bring into treatment those who are, and to vaccinate those who are not. The nature of HBV infection is
such that people who are infected can live for many years with no symptoms of illness until serious
long-term sequelae develop. Dore et al (2007) indicate relatively few people who are infected
currently receive treatment. This suggests there may be a large pool of individuals who can potentially
benefit from a systematic approach to screening, vaccinating and treating HBV infection, although the
extent of this ‗undertreatment‘ is not known with any precision.
A recent economic evaluation has analysed several alternative strategies targeting Asian and Pacific
Islander adults in the USA, with an integrated approach being one of these strategies (Hutton et al
2007). Against a status quo of voluntary screening only, the four incremental strategies considered
were:
a) a universal vaccination strategy — all individuals receive 3 doses of vaccine;
b) a screen and treat strategy — individuals are tested for chronic HBV infection with those
testing positive being referred for treatment;
c) a screen, treat and ring vaccinate strategy which is strategy (b) plus screening and vaccination
(if needed) of close contacts of those infected; and
d) a screen, treat and vaccinate strategy applied to all individuals in the target population.
The results show that the main health benefits accrue from screening and subsequent treatment of
HBV-infected individuals. The incremental cost per QALY for strategy (b) compared with the status
quo is $36,088 (all results in US dollars). Strategy (c) has an incremental cost per QALY compared
with strategy (b) of $39,903, suggesting that adding vaccination of close contacts to the screen-andtreat strategy may be cost-effective. However, in adding the broader vaccination program to the
screen-and-treat strategy, strategy (d) has an incremental cost per QALY of around $388,000. The
universal vaccination strategy (strategy (a)) has a cost per QALY of around $630,000 compared with
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the status quo.12 Hence, strategies involving vaccination more broadly in the target population are
unlikely to be considered cost-effective. Ring vaccination is a cost-effective add-on to a screen-andtreat strategy because it targets individuals at above-average risk of acquiring HBV infection due to
their close proximity to one or more individuals already infected.
There has been no economic analysis of such a coordinated/integrated approach to screening,
vaccination and treatment for hepatitis B in Australia. While a National Hepatitis C Strategy was
introduced by the Australian Government in 2000 (Department of Health and Ageing 2005), no such
strategy has been developed for hepatitis B. This lacuna was the subject of a recent paper by Robotin
et al (2008) who argue that ―initiatives to reduce the effects of hepatitis B in at-risk populations
remain few, unsystematic and unfocused‖ (p.364). The economic justification for a National Hepatitis
B Strategy is considered in section 5 of this Report.

12

The last two cost-effectiveness ratios mentioned here are not reported directly in the source publication but
have been calculated from the material provided in the paper.
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Modelling the burden of chronic hepatitis B infection in Australia

The purpose of this section of the Report is to estimate the epidemiological and economic burden of
hepatitis B in Australia over the next 10 years. Estimates of the economic burden include only the
direct costs of managing and treating HBV infection. Broadly, the approach to estimating the
epidemiological and economic burden involves two steps — estimating the number of people infected
with HBV and their disease state each year, and applying the annual cost of treating a person in each
disease state to the number of people in that state. Section 4.1 provides a general discussion of the
approach to modelling used in these analyses. Sections 4.2 and 4.3 then present the input data used in
the models, and the projections of the epidemiological and economic burden of HBV infection in
Australia out to 2017, respectively. Section 4.4 concludes this section.
4.1 The approach to modelling
Markov mathematical simulations are used to model the current and projected burden of chronic HBV
infection in Australia by following, over a decade, a representative cohort of people with HBV
infection.13 The models describe disease prevalence in 2008 and determine the morbidity and mortality
expected to occur during the follow-up period. Incident cases are also included in the models each
year.
Two separate models are developed to reflect the substantial variation in incidence and prevalence of
hepatitis-related liver disease by country of HBV acquisition. Estimates in the high endemicity (HE)
model are based on studies of people born in countries where HBV infection is highly endemic (e.g.
Asian countries) and largely reflect the experience of people who were infected in the perinatal period.
Estimates in the low endemicity (LE) model are primarily based on studies in Europe and North
America, and reflect a mixture of perinatal- and early childhood-acquired infections, and to a lesser
extent, adult-acquired infections. The inclusion of the HE model is particularly important for Australia
as approximately half of those with chronic HBV infection in Australia were born in Asia (O‘Sullivan
et al 2004). In view of this, to generate final national estimates, the results from the HE and LE models
are weighted equally. The net effect on HBV incidence and prevalence of any changes in immigration
patterns and in prevalence in the countries of origin of these immigrants over the 10-year follow-up
period is uncertain, and is assumed to be zero over the life of the model. However, the weighting given
to the HE and LE models is varied in the sensitivity analysis.
In this section of the Report, two scenarios are considered for each model. Scenario I is a natural
history scenario in which patients receive all medical care excluding drug therapy to treat HBV
infection. In Scenario II, patients receive drug therapy and progress to various treatment related health
states (e.g. virologic response, nonresponse, relapse and resistance). This Scenario is based on an
estimate of the current proportion of individuals with chronic HBV being treated in Australia in each
HBV state. In section 5 of the Report, a third scenario is considered involving a nationally coordinated
approach to screening, vaccination and treatment which increases the proportion of people infected
with HBV being treated.
The models use probabilities of progression between the three main stages of chronic HBV infection
— immunotolerant phase, active phase (i.e. chronic hepatitis, CHB) and inactive disease state — and
from inactive disease state and CHB to compensated cirrhosis (CC), decompensated cirrhosis (DCC),
hepatocellular carcinoma (HCC) and liver-related death (+/- liver transplant). The disease states
identified in the models and the transitions between them under Scenario I (the natural history
scenario) are shown in Figure 6. Data used to populate the models are largely derived from published
studies. Annual treatment costs per person in each disease state are based upon estimates of these
published in 2004 and updated to reflect advances in treatment protocols since that time.

13

The Markov models were built using TreeAge 2009 software.
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Figure 6
Markov-state diagram of the natural progression of chronic hepatitis B infection
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Liver-related death

Non-HBV death

Notes: 1. ‘Chronic hepatitis’ state assumes no cirrhosis (CC or DCC) or HCC. HBV = hepatitis B virus; CC = compensated cirrhosis; DCC = decompensated cirrhosis;
HCC = hepatocellular carcinoma. 2. Although not indicated on the diagram, an individual can remain in the same state at the end of a cycle. 3. The dashed line indicating direct
progression from inactive disease to HCC is incorporated in the sensitivity analyses.

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

Page | 25
DCC

Butler, Korda, Watson & Watson

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

4.2 Input data
4.2.1 Epidemiological burden: Scenario I (natural history)
Modelling the epidemiological burden of HBV infection under a natural history scenario requires
estimates of the following:
A. The number of people with chronic HBV infection in 2008 (initial prevalence)
B. The number of new cases of chronic HBV infection in each year from 2009 to 2017 (annual
incidence)
C. The proportion of prevalent cases in 2008 in each HBV state — inactive disease,
immunotolerant phase, CHB without cirrhosis (HBeAg-negative and HBeAg-positive), CHB
with cirrhosis, CHB with decompensated cirrhosis (DCC) and CHB with hepatocellular
carcinoma (HCC) (initial distribution of prevalent cases by disease state)
D. The proportion of new cases of chronic HBV infection in each HBV state (distribution of
incident cases by disease state)
E. The annual transition probabilities for each state, assuming no HBV drug therapy.
Brief summaries of the input data for each of these sets of parameters will be presented here. Further
details, including additional documentation of sources where relevant, are provided in Appendix 1.
A. The number of people with chronic HBV infection in 2008 (initial prevalence)
For this study, estimates of the prevalence of HBV infection in 2008 are based upon the papers by
O‘Sullivan et al (2004) and Tawk et al (2006) with modifications (see Appendix 1 for details). Table
11 shows, by age group, the 2008 Australian population (Australian Bureau of Statistics 2008a), the
upper and lower chronic HBV infection prevalence estimates, and the estimated number of people
with chronic HBV infection. The total number of people living with chronic HBV infection in
Australia in 2008 is estimated to be between 133,224 and 240,286, an overall prevalence of 0.62–
1.12%.
Table 11
Prevalence estimates for chronic HBV infection, Australia 2008
Age
(years)
0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60 plus
Total

Population
1,371,051
1,345,928
1,400,633
1,466,197
1,516,610
1,500,843
1,464,708
1,593,046
1,513,163
1,548,240
1,409,109
1,284,611
3,959,859
21,373,998

Prevalence (%)
lower
upper
0.05
0.05
0.1
0.1
0.2
0.2
0.5
0.7
0.5
1.9
0.5
1.9
0.9
1.9
0.9
1.9
1.3
1.8
1.3
1.8
0.7
1.0
0.7
1.0
0.5
0.7
0.62
1.12

lower
686
1,346
2,801
7,331
7,583
7,504
13,182
14,337
19,671
20,127
9,864
8,992
19,799
133,224

No. of cases
upper
686
1,346
2,801
10,263
28,816
28,516
27,829
30,268
27,237
27,868
14,091
12,846
27,719
240,286

midpoint
686
1,346
2,801
8,797
18,199
18,010
20,506
22,303
23,454
23,998
11,977
10,919
23,759
186,755

Sources: See text and Appendix 1.

For all subsequent estimates of the burden of disease based upon these estimated prevalences, the
midpoint of this lower and upper range — 186,755 (0.87%) — is used.
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B. The number of new cases of chronic HBV infection
Estimates of the annual number of new cases of chronic HBV infection in Australia were based on
notifications of ‗unspecified cases‘ to the National Notifiable Diseases Surveillance System (NNDSS).
In 2007, 6,927 cases of newly-diagnosed chronic HBV infection were reported, an overall rate of 33
per 100,000 persons. After peaking in 2000 and 2001, at around 41 per 100,000 persons per year, rates
declined but then remained fairly steady between 2003 and 2007, at between 30 and 33 notifications
per 100,000 persons per year (Australian Government Department of Health and Ageing 2008).
In this study it is assumed that the annual notification rate of new chronic HBV infections will remain
constant over the next decade, i.e. remain at the 2007 rate of 33 per 100,000 persons. It is also
assumed that only 60% of cases are actually reported, so the notification rate is multiplied by a factor
of 1.67 to adjust for under-detection. Thus the annual incident rate of new chronic HBV infections is
55 per 100,000 persons per year. It is assumed that half of these cases are in people born in countries
of high endemicity (HE model) and half in people born in Australia and other low endemicity
countries (LE model).
Applying the incident rate of 55 cases per 100,000 persons per year to the projected population each
year from 2008 to 2017 gives the projected numbers of incident cases each year shown in Table 12.
Table 12
Projected population and number of incident cases
of chronic HBV infection in Australia, 2008–2017
Year
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Population
21,339,473
21,664,561
21,991,011
22,319,066
22,647,464
22,976,367
23,305,898
23,636,109
23,966,982
24,297,813

Incident cases
11,737
11,916
12,095
12,275
12,456
12,637
12,818
13,000
13,182
13,364

Sources: Population estimates — ABS (2008); Incident
rates — see text and Appendix 1.

C. The proportion of prevalent cases in each HBV state
Figure 6 shows the Markov diagram of chronic HBV states. Those with chronic HBV infection can be
broadly classified into one of three main states — inactive disease, immunotolerant phase, and CHB
(immunoactive state) (Sorrell et al 2009) (for details, see section 1). Those with CHB can be further
categorised as having either HBeAg-negative or HBeAg-positive CHB (not shown in the model), and
can be categorised as having no cirrhosis and no HCC (this state is referred to as ‗chronic hepatitis‘ in
the model), or as having CC, DCC or HCC. An assumption of the Markov model is that an individual
can only be in one state at a particular time. In reality this is true with one exception, viz, that a
chronically-infected individual can have both DCC and HCC. Given the very high mortality rate for
DCC, those with both HCC and DCC are assumed to be captured in the DCC state alone.
The methods for estimating these prevalence proportions for the HE and LE models for each disease
state are described in Appendix 1. The final estimates used in the models are shown in Table 13.
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Table 13
The proportions of people with chronic HBV infection in each HBV state in 2008 (%)
HBV state
Inactive disease
Immunotolerant
HBeAg-positive CHB, without cirrhosis or HCC
HBeAg-negative CHB, without cirrhosis or HCC
Compensated cirrhosis (CC)
Decompensated cirrhosis (DCC)
Hepatocellular carcinoma (HCC)
Total

HE model

LE model

Combined

76.00
6.40
6.36
7.76
3.13
0.10
0.25
100.00

76.00
0.88
6.45
13.02
3.46
0.11
0.10
100.00

76.00
3.64
6.40
10.39
3.29
0.10
0.18
100.00

Notes: HE = high endemicity, LE = low endemicity; Discrepancy between Total and sum of proportions for LE
model is due to rounding.

D. The proportion of new cases of chronic HBV infection in each HBV state
The distribution of new cases of chronic HBV infection across HBV states is unknown. On the
assumption that few new cases would have advanced disease, all new CHB cases have been
apportioned to CHB without cirrhosis or HCC. Otherwise, the same proportions as used for the
prevalent cases were used for the new cases. These proportions are shown in Table 14.
Table 14
The proportions of new cases of chronic HBV infection in each HBV state (%)
HBV state
Inactive disease
Immunotolerant
HBeAg-positive CHB*
HBeAg-negative CHB*
Compensated cirrhosis (CC)
Decompensated cirrhosis (DCC)
Hepatocellular carcinoma (HCC)
Total

HE model

LE model

Combined

76.00
6.40
7.04
10.56
0
0
0
100.00

76.00
0.88
6.94
16.19
0
0
0
100.00

76.00
3.64
7.81
12.55
0
0
0
100.00

Note: * Chronic hepatitis B without cirrhosis or HCC.

E. The annual transition probabilities for each state
The annual transition probabilities for progression from one HBV state to another are largely based on
published incidence data and are shown in Table 15. With few exceptions, incidence data were
sourced from a recent systematic review of the literature on the natural history of HBV infection,
which was based on studies of patients untreated for HBV infection (Fattovich et al 2008a). Further
details on sources and methods are provided in Appendix 1.
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Table 15
Annual transition probabilities for progression
of chronic hepatitis B infection
Annual transition
probability
HE model LE model
0.0760
0.0760
0.0380
0.0380
0.0006
0.0006

Initial State

Transition to

Immunotolerant

Inactive disease
HBeAg-positive CHB
Non-HBV death

Inactive disease

HBsAg clearance
HBeAg-positive CHB
HBeAg-negative CHB
Cirrhosis
Liver death
Non-HBV death

0.0122
0.0040
0.0290
0.0007
0.0003
0.0013

0.0150
0.0040
0.0290
0.0001
0.0003
0.0013

(b)
(c)
(c)
(b)
(b)

Inactive disease
CC
CC
HCC
Liver death
Non-HBV death

0.1870
0.0160
0.0280
0.0060
0.0060
0.0013

0.1870
0.0380
0.0970
0.0030
0.0000
0.0013

(d)
(b)
(b)
(b)
(b)

CC

DCC
HCC
Liver death
Non-HBV death

0.0320
0.0370
0.0290
0.0013

0.0320
0.0220
0.0330
0.0013

(b)
(b)
(b)

DCC

Liver death

0.2649

0.2649

(b)

HCC

Liver death

0.4000

0.4000

(e)

Chronic hepatitis (CHB)
HBeAg-positive CHB
HBeAg-negative CHB
HBeAg-positive/negative

Reference
(a)
(a)

Note: (a) Andreani et al (2007); (b) Fattovich et al (2008a); (c) Chu and Liaw (2007); (d) Fattovich et al
(2008b); (e) Amin et al (2007).

4.2.2 Epidemiological burden: Scenario II (current treatment)
Scenario II, current treatment, differs from the natural history model in that it includes treatment arms
and associated treatment transition probabilities for those on HBV drug therapy. It also accounts for
individuals who have a liver transplant.
Modelling the current treatment scenario requires the inputs used in the natural history model (section
4.2.1) as well as the following:
F. The number of people with chronic HBV infection who are managed, with and without
treatment.
G. The annual transition probabilities for each state, assuming HBV drug therapy.
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H. The annual transition probabilities for liver transplantation and for death following
transplantation.
As with Scenario I, brief summaries of the input data for each of these sets of parameters will be
presented here with further details provided in Appendix 1.
F. The number of people with chronic HBV infection who are managed, with and without
treatment
The model requires estimates of the numbers of people with chronic HBV infection who are treated,
i.e. who receive drug therapy. It also requires estimates of the numbers of people who are managed but
not treated, and the disaggregation of numbers managed with or without treatment by HBV state
(inactive, immunotolerant, etc.).
The estimates presented here have been developed in four stages. First, using data provided by the
Australian Government Department of Health and Ageing on the quantities of drugs dispensed for the
treatment of HBV infection, the number of person-years of treatment provided in 2007–08 is
estimated. The results of this stage are shown in Table 16.
Table 16
Estimated person-years of HBV treatment in the 2007-08 financial year
Public
Adefovir
Entecavir
Lamivudine
Interferon
TOTALS

Private

746
881
1,429

366
626
654

746

366

Total
1,112
1,507
2,083
82
4,784

Percentage
of total
23.3
31.5
43.5
1.7
100.0

Sources: See Appendix 1.

Second, the proportion of people currently managed for chronic HBV infection (i.e. the prevalent
cases) who receive treatment (43%) is used to scale up the estimated numbers treated in Table 16 to
give the number of people managed with or without treatment (11,126). Third, using data together
with assumptions on the distribution of prevalent cases treated and not treated by HBV state, the
numbers of people managed and treated by HBV state are obtained (see Table 17). Fourth, to obtain
estimates of the proportion of incident cases receiving treatment, it is assumed that only HBeAgpositive and HBeAg-negative cases receive treatment, and that the proportions managed and treated
are the same as for prevalent cases (see Table A2 in Appendix 1).
Table 17
Estimates of the number of people with chronic HBV infection who
are managed and treated in Australia, 2008 (prevalent cases)
Managed patients
HBV State
Inactive
IT
CHB (+/-)
CC
DCC
HCC
Totals

Total no.
141,934
6,798
31,353
6,152
190
328
186,755

%
1.88
1.88
20.82
20.82
100.00
100.00
5.96

No.
2,670
128
6,528
1,281
190
328
11,126

%
treated
0
0
57.45
57.45
57.45
57.45
43.00

Treated patients
% of
No.
total
0
0.00
0
0.00
3,750
11.96
736
11.96
109
57.45
188
57.45
4,784
2.56

% of those with active disease treated
Sources: See Appendix 1.
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G. The annual transition probabilities for each state, assuming HBV drug therapy
There is currently no conclusive evidence of the beneficial impact of HBV drug therapy on primary
clinical outcomes, i.e. cirrhosis, HCC and death, because of the long follow-up time required to
investigate them. Consequently, transition probabilities for those on HBV drug therapy are based on
virological, biochemical and serological endpoints, not clinical progression of disease. The
proportionate distribution of person-years on treatment with each drug from Table 16 above are used
as weights to estimate weighted average transition probabilities. Because of a lack of data on drug
therapy in patients with liver disease, we assumed that the transition probabilities of virological
response, relapse and drug resistance for patients with cirrhosis are the same for those without liver
disease. The resulting probabilities are shown in Table 18.
Table 18
Annual transition probabilities for progression of chronic hepatitis B
infection in patients treated with antiviral drugs or interferon
Initial State

Transition to

Annual transition
probability

HBeAg+ CHB

HBeAg seroconversion
Drug resistance

HE model
0.1866
0.1018

LE model
0.1866
0.1018

HBeAg- CHB

HBsAg seroconversion
HBV undetectable
Drug resistance

0.0134
0.7496
0.0986

0.0134
0.7496
0.0986

CC

HBV undetectable
Drug resistance

0.6905
0.0992

0.7084
0.0990

DCC

HBV undetectable
Drug resistance

0.6905
0.0922

0.7084
0.0990

Post-Rx seroconversion

Relapse

0.3500

0.3500

Post-Rx - HBeAg- CHB

HBsAg seroconversion
Relapse

0.0103
0.9000

0.0103
0.9000

Post-Rx CC

Relapse

0.7956

0.8280

Sources: See Appendix 1.

In the model, individuals are assumed to remain on treatment until they either develop a virologic
response (i.e. seroconversion and/or undetectable HBV–DNA) or they develop drug resistance,
although in reality a proportion of patients are likely to discontinue treatment without having
responded to treatment. In addition, although there is some evidence to suggest that annual response
rates vary depending on length of time on treatment (e.g. Gish et al 2007, Marcellin et al 2008), due to
limited long term data we assumed that the annual probability of a treatment response is constant over
time. Individuals who responded to therapy are considered to be in a post-treatment (‗Post-Rx‘) HBV
state, wherein they remain with no further disease progression unless they relapse. Patients with DCC
who responded to therapy are assumed to revert to the CC state. Those in post-treatment states (i.e. no
disease progression) are assumed to have the same mortality rate as the general population. As there is
no clear evidence that mortality is reduced with drug therapy in patients with HCC, individuals in this
state follow the natural history of the disease.
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As the transition probabilities are based on averages across all drugs, no rescue strategy for individuals
developing drug resistance is included in the model. In these cases, and in cases of non-response or
relapse, it is assumed that the disease follows the natural history of progression.
H. The annual transition probabilities for liver transplantation and death following
transplantation
The liver transplant transition probabilities shown in Table 19 are based on the number of transplants
performed in 2007 (National Centre in HIV Epidemiology and Clinical Research 2008). The incidence
of HBV recurrence following liver transplant is very low (<1%) (Gane et al 2007) and was not
included in the model. The annual probability of death following liver transplantation was 13% in the
first year (regardless of underlying cause), while the annual probability of death for subsequent years
was based on 10-year cumulative survival rates, weighted by clinical state (DCC or HCC) (Lynch and
Balderson 2007). The annual transition probabilities were assumed to be the same in both the HE and
LE models.
Table 19
Progression of chronic hepatitis B infection: incident rates and annual
transition probabilities — includes liver transplantation rates
Initial State

Transition to

Ref

Liver transplant

Annual
transition
probability
0.0158

DCC
HCC

Liver transplant

0.0183

(a)

Liver transplant

Death - first year
Death — subsequent years

0.1300
0.0683

(b)
(b)

(a)

Notes: (a) National Centre in HIV Epidemiology and Clinical Research (2008);
(b) Lynch and Balderson (2007).

4.2.3 Economic burden: unit costs of managing patients with chronic HBV infection
Estimates of the direct health care costs of managing hepatitis B in this report are obtained by
multiplying the number of people in each HBV state by the unit cost of managing a person in that
state. In each state, a person can be managed without treatment (giving rise to management costs only)
or with treatment (management and treatment costs), where treatment refers to drug therapy with
antiviral medication or interferon. Management costs include costs for outpatient visits, outpatient
laboratory tests, outpatient imaging, inpatient admissions and inpatient procedures, while treatment
costs include costs for HBV drug therapy and the extra laboratory tests associated with HBV-DNA
monitoring of patients undergoing drug therapy. In addition, the total cost of managing and treating a
liver transplant patient is estimated, and the cost of palliative care for a proportion of patients is
included.
Cost estimates for managing and treating a patient with chronic HBV infection in the current project
are based on a study of the costs of managing a person with HBV infection by Butler et al (2004). The
results of that study are modified here to account for changes in management and treatment practices
that have occurred since the data were recorded for that study (1995–2002) and for inflation. There are
two important management practices that have changed since that study was published that are likely
to affect the cost estimates in this project. First, clear guidelines have since been issued regarding
HBV-DNA testing to monitor patients with chronic hepatitis B infection, with the test added to the
Medicare Benefits Schedule in July 2008. Second, there has been an expansion in the use of antiviral
treatment. Further details on the incorporation of these modifications into the cost estimates developed
by Butler et al (2004) are provided in Appendix 2. The original estimates from that study, together
with the updated estimates incorporating these modifications, are shown in Table 20.
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Table 20
The direct costs of managing patients with chronic HBV infection: average annual cost per patient
(Australian dollars, 2008 prices)

HBV status

OP
visits
182
359
320
773
578

OP
lab tests
365
908
624
998
727

OP
imaging
48
49
231
257
963

OP
Drugs
336
766
443
955
654

IP
0
106
97
11,732
11,536

Total
(A)
931
2,189
1,715
14,714
14,459

HBV drugs
and
DNA tests
(B)
519
1,143
791
1,063
705

Updated HBV testing and
treatment costs
HBV DNA HBV DNA
tests
tests
HBV
– no Rx
– on Rx
drugs
(C)
(D)
(E)
153
n.a.
n.a.
153
612
4,614
153
612
4,614
153
612
4,614
153
612
4,614

Updated total costs
Total
– no Rx
(A-B+C)
565
1,199
1,077
13,804
13,906

Total
– on Rx
(A-B+D+E)
n.a.
6,272
6,150
18,877
18,979
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In the original study by Butler et al (2004), liver transplant costs in the year of transplantation (year 1)
were estimated to be $144,302 and in subsequent years (year 2+) $23,160 per year. For the present
study, these costs are converted to 2008 prices but are otherwise unaltered, giving a cost of $177,631
for year 1 and $28,491 per year for year 2+.
The cost of palliative care for patients with HCC was estimated by Butler et al (2004) to be $6,307
with a mean length of stay of 10.8 days. Converted to 2008 prices, this cost is $7,759. However, that
study did not provide an estimate of the proportion of HCC patients who receive palliative care. In a
retrospective cohort study of cancer patients using linked data from Western Australia, Rosenwax and
McNamara (2006) found that, between 1 July 2000 and 31 December 2002, 68% of cancer patients
received specialist palliative care in the last 12 months of life. This proportion is used in the present
study.
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Results

5.1 Projections — numbers of people with HBV infection
Using the input data detailed in section 4, projections of the number of people with chronic HBV
infection have been obtained from the Markov model. Table 21 shows these projections for the three
Scenarios considered in this Report. It is estimated that, at the beginning of 2008, there were 186,755
people infected with hepatitis B. Under Scenario I (natural history with patients receiving all medical
care excluding drug therapy to treat HBV infection), over the 10 years to the end of 2017, an
additional 125,480 people will be infected giving a total number of people infected with hepatitis B of
312,235. Of these, 7.4% (22,960) will clear the virus, 4.1% (12,902) will die as a result of their
hepatitis B infection, and 1.0% (3,036) will die from other causes. This leaves 273,337 people living
with HBV infection at the end of 2017, i.e. the model forecasts a 46% increase in the number of
people living with HBV infection under this Scenario.
Scenario II reflects current treatment and management practices in Australia where a small proportion
of patients receive drug therapy. As this Scenario does not involve any prevention of HBV infection,
the total number of people infected over the forecast period remains the same at 312,235. However, in
comparison with Scenario I, more people remain in the inactive disease and CHB states, and fewer
progress to CC, DCC or HCC. The number of people living with HBV infection at the end of 2017
increases from 273,337 to 275,770, the number who clear HBV also increases and the number of
HBV-related deaths falls.
Scenario III reflects enhanced treatment and management practices in Australia, where the
enhancement involves more of those infected with HBV receiving treatment. Specifically, the
proportions of patients with CHB or with CC receiving treatment are assumed to increase from
11.96% (the proportion in Scenario II – see Table 17) to 40%, and for patients with DCC or HCC from
57.45% to 80%. As a result, the number of people living with HBV infection increases to 277,612, the
number who clear HBV again increases and the number of HBV deaths again falls.
Two particularly stark results emerge from these projections.

14

15



First, under current treatment practices (Scenario II), the number of cases of HBV-related
liver cancer increases over three-fold. At the end of 2008, it is estimated that there were 486
people with HBV-related HCC. By the end of 2017, this is estimated to increase to 1,595 (see
Figure 7).14 Even with enhanced management and treatment practices (Scenario III), the
number of HCC cases more than doubles to 1,022. This portends a significant increase in
demand for the services of liver clinics.15



Second, under current treatment practices (Scenario II), there will be a total of 9,643 deaths
attributable to HBV over the forecast period. Even with enhanced management and treatment
practices (Scenario III), the total number of deaths attributable to HBV will be 6,272. These
results reflect an underlying upward trend in the annual number of HBV deaths over the 10year period (see Figure 8). During 2008, about 450 deaths are estimated to have been caused
by HBV. In 2017 there will be about 1,550 HBV deaths under current management and
treatment practices, and about 950 HBV deaths with enhanced management and treatment.

However, given that the starting number of HCC cases is likely to be underestimated in this model (refer
Appendix 1, Section C), the increase in cases may be less than this.
Anecdotal evidence from clinical colleagues suggests that liver clinics have already begun to experience
noticeable increases in demands for their services.
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START 2008

END 2017
SCENARIO I

SCENARIO II

SCENARIO III

% of total
HBV
infected

No.
people

% of total
HBV
infected

No.
people

% of total
HBV
infected

No.
people

% of total
HBV
infected

141,934
6,799
11,956
19,396
6,152
190
328

76.0
3.6
6.4
10.4
3.3
0.1
0.2

178,285
4,532
7,319
55,513
23,571
1,987
1,871

57.1
1.5
2.3
17.8
7.5
0.6
0.6

177,133
4,532
8,102
53,305
21,913
978
1,595

56.7
1.5
2.6
17.1
7.0
0.3
0.5

196,295
4,532
10,109
48,903
16,150
483
1,022

62.9
1.5
3.2
15.7
5.2
0.2
0.3

60
199

0.0
0.1

41
145

0.0
0.0

25
94

0.0
0.0

273,337

87.5

275,770

88.3

277,612

88.9

Clear HBV

22,960

7.4

23,743

7.6

25,212

8.1

Deaths – HBV cause
Deaths – non-HBV cause

12,902
3,036

4.1
1.0

9,643
3,078

3.1
1.0

6,272
3,139

2.0
1.0

312,235

100.0

312,235

100.0

312,235

100.0

Inactive
Immunotolerant
HBeAg+
HBeAgCC
DCC
HCC
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Liver transplant – year 1
Liver transplant – year 2+
No. living with HBV infection

Total HBV infected
Population
% population living with HBV

186,755

186,755

100.0

100.0

21,339,473
0.88

24,297,813
1.13

24,297,813
1.13

24,297,813
1.14

Notes: HBeAg+/HBeAg- = hepatitis B e-antigen positive/negative respectively; CC = compensated cirrhosis; DCC = decompensated cirrhosis; HCC = hepatocellular
carcinoma; HBV = hepatitis B virus. Any differences between totals and sums of components are due to rounding.

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

No.
people

Butler, Korda, Watson & Watson

Table 21
Number of people with chronic HBV infection, by HBV state, 2008 and 2017
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Figure 7
Projected numbers of cases of HBV-related liver cancer,
Australia, 2008 to 2017 (end-of-year projections)
Scenario I

Scenario II

Scenario III

2,000
1,600
1,200
800
400
-

Note: Scenario I = natural history; Scenario II = current management and treatment
practices; Scenario III = enhanced management and treatment practices.

Figure 8
Projected annual numbers of deaths caused by HBV infection,
Australia, 2008 to 2017
Scenario I

Scenario II

Scenario III

2,500
2,000

1,500
1,000
500
-

Note: Scenario I = natural history; Scenario II = current management and treatment
practices; Scenario III = enhanced management and treatment practices.

5.2 Projections — costs of management and treatment
The projections of the total direct costs of managing and treating HBV infection in Australia over the
10-year period 2008 to 2017 under each of the three Scenarios are presented in Table 22 and
illustrated in Figure 9. All three scenarios show annuals costs increasing each year, reflecting the
growth in the number of people infected with HBV (see section 5.1). As expected, Scenario III is
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associated with the highest costs of management and treatment. Compared with Scenario II, it adds
$34 million to $64 million to the costs of management and treatment each year or $498.5 million to
the 10-year total.
Table 22
Total costs of managing and treating HBV infection in Australia
under three alternative scenarios, 2008 to 2017
($ million, 2008 prices, undiscounted)
Scenario I

Scenario II

Scenario III

2008

150.2

171.8

205.5

2009

163.5

185.5

226.0

2010

176.8

199.4

241.1

2011

190.1

213.6

258.8

2012

204.3

228.9

277.1

2013

218.2

243.8

295.2

2014

232.8

259.5

314.2

2015

247.6

275.5

333.4

2016

262.6

291.6

352.6

2017

277.7

307.9

372.0

Total

2,123.9

2,377.5

2,876.0

Figure 9
Projected annual total direct costs of managing and treating HBV infection
in Australia under three alternative scenarios, 2008 to 2017
(2008 prices, undiscounted)
Scenario I

Scenario II

Scenario III

400
350

$ million

300
250
200

150
100
50
0

Note: Scenario I = natural history; Scenario II = current management and treatment
practices; Scenario III = enhanced management and treatment practices.

Table 23 shows the disaggregation of the 10-year totals of projected costs by HBV disease state.
Several salient features are evident in these results. First, comparing Scenarios II and III, there is a
sizeable increase in the proportions of total costs accounted for by CHB and CC patients in Scenario
III (59.5% cf 45.6%). Second, the proportion of total costs attributable to patients with DCC and HCC
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patients falls from 12.1% to 6.7%, reflecting the slowing of disease progression in people on
treatment. Third, the total costs of liver transplantation and follow-up management fall across
Scenarios I-III, again reflecting the slowing of disease progression.
With regard to liver transplantation, it must be emphasised that whether or not these costs actually
materialise depends upon the availability of liver transplantation. A limited number of centres in
Australia perform this procedure, and a total of nine liver transplants were carried out in 2008. The
projected numbers of liver transplants demanded, and the associated numbers of patients demanding
follow-up management, are shown in Figure 10. Given the currently limited availability of liver
transplantation in Australia, the prospects of these patients actually receiving liver transplants and
associated follow-up management under current practice (Scenario II) appear to be bleak. However,
enhanced management and treatment (Scenario III) will assist in alleviating this problem in that it
reduces the demand for HBV-related liver transplants over the 10-year period by 35%.
What are the implications of the large projected growth in the number of HBV-related liver cancer
cases for the costs of managing and treating liver cancer? Figure 11 shows these costs on an annual
basis under Scenarios I-III. Compared with Scenario I under which HCC patients receive no drug
therapy, Scenario II has slightly higher costs in the earlier years but virtually the same costs each year
thereafter. While drug therapy delays progression to liver cancer and thereby reduces the number of
HCC cases over the 10-year period (see Figure 7), the increased cost associated with drug therapy
offsets the effect of a smaller number of cases on total costs. However, this is not the case with the
enhanced management and treatment program (Scenario III). While the annual cost is initially higher
than under Scenario I, the cost-reducing effect of delayed progression then clearly dominates the costincreasing effect of additional drug therapy. Although the annual cost of management and treatment of
HCC still increases over the forecast period under Scenario III, the total cost over the period is nearly
30% less than under Scenario II.
Figure 10
Projected numbers of patients demanding liver transplants (LT1) and follow-up
management (LT2) under Scenarios II and III, Australia, 2008 to 2017
SII-LT1

SII-LT2

SIII-LT1

SIII-LT2

160
120

80
40
-

Note: Scenario II = current management and treatment practices; Scenario III =
enhanced management and treatment and practices.
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Scenario I
Total cost

Scenario II

% of total

Total cost

Scenario III

% of total

Total cost

% of total

922.0

43.4

916.9

38.6

904.3

31.4

Immunotolerant

29.8

1.4

29.8

1.3

29.8

1.0

101.5

4.8

94.4

4.0

74.4

2.6

66.0

2.8

241.2

8.4

406.3

17.1

253.6

8.8

HBeAg- CHB on Rx

285.1

12.0

831.7

28.9

CC

130.2

5.5

67.7

2.4

CC on Rx

99.8

4.2

242.8

8.4

DCC

33.6

1.4

8.9

0.3

63.4

2.7

44.9

1.6

68.8

2.9

21.8

0.8

122.4

5.1

114.8

4.0

HBeAg+ CHB
HBeAg+ CHB on Rx
HBeAg- CHB

485.7
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162.2
151.8

22.9
7.6
7.1

DCC on Rx
(b)

HCC

HCC on Rx

188.6

8.9

(b)

Liver transplant - year 1

59.6

2.8

43.3

1.8

28.1

1.0

Liver transplant - year 2+

22.6

1.1

17.3

0.7

12.1

0.4

2,123.9

100.0

2,377.5

100.0

2,876.0

100.0

Total

Note: (a) Any differences between column totals and sums of components are due to rounding; (b) Costs of management and
treatment of HCC include palliative care costs on the assumption that 40% of HCC patients die each year and hence are in their
last 12 months of life, and that 68% of HCC patients receive specialist palliative in their last year of life (see transition probabilities
in Table 15, and section 4.2.3).
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Table 23
Projected 10-year total costs of management and treatment of HBV infection by disease state under
three alternative scenarios, Australia, 2008 to 2017 ($ million, undiscounted, 2008 prices)(a)
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Figure 11
Projected annual costs of management and treatment of HBV-related
liver cancer under three alternative scenarios, Australia, 2008 to 2017
(2008 prices, undiscounted)
Scenario I

Scenario II

Scenario III

40.0

$ million

30.0
20.0
10.0

-

Note: Scenario I = natural history; Scenario II = current management and treatment
practices; Scenario III = enhanced management and treatment practices.

5.3 Cost-effectiveness of enhanced management and treatment
The cost-effectiveness of enhanced management and treatment (Scenario III) is investigated by
calculating the incremental costs and health outcomes for this Scenario in comparison with Scenario II
(current practice). Two health outcome measures are used in this analysis — the number of HBV
deaths averted and the number of life-years gained as a result of those deaths averted. No adjustment is
made for quality of life in these analyses, i.e. QALY and DALY measures are not used. This exclusion
of quality of life measures gives rise to two counteracting influences on the results:


Implicitly, it assumes that the quality-of-life weight that attaches to each life-year saved is 1.0,
i.e. that each additional year of life is lived in perfect health. To the extent that this is not so,
the analysis tends to overstate the magnitude of the health gains from enhanced management
and treatment.



It ignores any gains in quality of life by those who would not otherwise have died but who
nevertheless move into a less severe disease state as a result of drug therapy. This tends to
understate the magnitude of the health gains from enhanced management and treatment.

It seems likely that the magnitude of the first of these influences will be far greater than the second. In
the discussion of quality of life earlier in this Report (see section 3.2.2), it was pointed out that the
burden of disease from premature death generates almost the entire DALY disease burden from HBV
in Australia. Consequently, measurement error in health gains arising out of the exclusion of qualityof-life weights for additional life-years gained from the avoidance of premature death, as per the first
bullet point above, is a potentially serious source of inaccuracy.
The mean age at death in Australia in 2005 for deaths where HBV was listed as either the primary or
other underlying cause of death was 56.2 years (see Appendix 2 for further details). Based on the
Australian Life Tables for the three-year period 2000 to 2002, the life expectancy of a person aged 56
years is 27.0 years so this could be taken as measure of the potential number of life-years gained from
avoiding one HBV death, on average. However, in addition to the quality-of-life issue just discussed,
this measure also assumes that a person whose death from HBV is averted due to drug therapy has a
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life expectancy which is the same as the general population. While there is no evidence on this issue, it
seems unlikely to be the case because of reactivation of HBV in some proportion of people who
respond to drug therapy in the short term.
In recognition of these issues, and in the absence of definitive evidence on them, it is assumed (a) that
the life expectancy of a person whose death from HBV is averted is one-half that of a person of the
same age in the general population, and (b) that the additional years of life lived have a quality-of-life
weight of 0.68 on average. The quality-of-life weight is that for a chronic symptomatic carrier reported
in a recent study by Levy et al (2008) (see section 3.2.2). Taken together, these assumptions imply a
weight of 0.34 (= 0.5 x 0.68) be applied to the life-expectancy estimate of 27.0 years to reflect both
less-than-perfect quality of life, and uncertainty with regard to the life span, of those whose death from
HBV is averted. The number of life-years gained from avoidance of a HBV death in this analysis is
then set at 9.18 years.
The health gains so measured arise only from deaths averted during the period 2008 to 2017. To the
extent that enhanced treatment during this period results in fewer HBV deaths beyond 2017, this
measure is an understatement of the total health gains of the intervention.
The additional cost of enhanced management and treatment is taken as the difference between the 10year cost of management and treatment under Scenarios II and III as reported in Tables 22 and 23. In
this context, it should be noted that the methods employed here to update the unit costs of managing
HBV reported by Butler et al (2004) may result in an overstatement of the incremental cost of
Scenario III. Those methods, elaborated in Appendix 2, adjust only for the costs of HBV drugs and
HBV DNA tests since that study was undertaken. In particular, the methods do not make any
adjustment to inpatient costs between the untreated and treated groups, so any savings in inpatient
costs attributable to drug therapy are not captured.
The results of this cost-effectiveness analysis are summarised in Table 24. The discounted cost per
HBV-related death averted is $154,603 while the discounted cost per life-year saved is $29,575. Both
results appear to fall well within the range for acceptable public investments in Australia. Abelson
(2003) provides a review of values of statistical lives (VOSLs) embodied in public policy decisions
both overseas and in Australia, on the basis of which he suggest that public agencies in Australia adopt
―a VOSL of $2.5 million for avoiding an immediate death of a healthy individual in middle age (about
40 years)‖ and ―a constant VOLY [value of a life-year] of $108,000 which is independent of age‖
(p.S11). George et al (2001) found that drugs submitted for listing on Australia‘s Pharmaceutical
Benefits Scheme (PBS) with a cost per life-year saved up to $42,000 (1998-99 prices) had a high
probability of being listed. The option of enhancing management and treatment of HBV appears to fall
within these limits.
5.4 Sensitivity analyses
5.4.1 Probability of progression from inactive disease to HCC
In the Markov model used in the base case analyses, patients with inactive disease who progress to
hepatocellular carcinoma do so through one of the following routes:
Inactive disease → Compensated cirrhosis → Hepatocellular carcinoma
Inactive disease → Chronic hepatitis B → Compensated cirrhosis → Hepatocellular carcinoma
There is, however, some evidence that a small proportion of such patients progress directly to
hepatocellular carcinoma:
Inactive disease → Hepatocellular carcinoma

Page | 42

Butler, Korda, Watson & Watson

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

Table 24
Cost-effectiveness analysis of Scenario III vs Scenario II
Undiscounted
Health outcomes
Number of HBV-related deaths – Scenario II
Number of HBV-related deaths – Scenario III
Number of HBV-related deaths averted
Number of life-years saved
Costs of management and treatment
10-year cost of management and treatment — Scenario II ($m)
10-year cost of management and treatment — Scenario III ($m)
Incremental cost of Scenario III ($m)

9,643
6,272
3,371
30,947
2,377.5
2,876.0
498.5

Discounted
(r = 5%)

2,547
13,313

393.7

(a)

Incremental cost-effectiveness ratios (ICERs)
Incremental cost per HBV-related death averted ($)
Incremental cost per life-year saved ($)

147,873
16,108

154,603
29,575

Note: (a) Any differences between cost-effectiveness ratios reported here and calculation of these ratios using
numbers in this Table are due to rounding.

In a study of the long-term outcome after spontaneous HBeAg seroconversion in 283 patients in
Taiwan with CHB (a high endemicity setting), 189 patients showed sustained remission and three of
those patients (1.6%) developed HCC over the course of follow-up (Hsu et al 2002, Table 1). In their
recent review of the natural history of CHB, Fattovich et al (2008a) refer to this study and report an
incidence of 0.2 per 100 person years in these 189 patients. Fattovich et al (2008a) also report
evidence of direct progression from two European studies (a low endemicity setting) with an incidence
of 0.02 per 100 person years. However, the 95% confidence intervals from all these studies embrace
zero. For this reason, the possibility of direct progression is not included in the base case analysis in
the current study.
The results of a sensitivity analysis allowing direct progression from inactive disease to HCC, using
the HE and LE incidence rates reported in Fattovich et al (2008a), are shown in Tables 25 and 26.
Table 25 shows the impact of allowing direct progression on the projected numbers of HCC patients in
2017 and the 10-year cumulative number of HBV-related deaths. Under each Scenario, allowing for
direct progression adds around 470 patients to the number of patients with HCC in 2017 and around
1,330 HBV-related deaths to the 10-year cumulative total number of deaths. These are substantial
increases in the HCC caseload and HBV mortality. They reflect the fact that, although the annual
incidence rate of direct progression is small under the HE model and even smaller under the LE
model, the number of people with inactive disease is relatively large (around 196,000 in 2017 – see
Table 21). Consequently even small incidence rates of direct progression generate sizeable absolute
numbers of HCC cases and HBV-related deaths from the inactive disease pool.
Table 26 shows the impact of direct progression on the cost-effectiveness of Scenario III compared
with Scenario II. The impact is trivial, reflecting the absence of any effect of drug therapy on the rate
of direct progression from inactive disease to HCC.
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Table 25
Projected numbers of HCC patients in 2017 and cumulative total HBV-related
deaths allowing for direct progression from inactive disease to
hepatocellular carcinoma under three alternative scenarios
Numbers of HCC patients in 2017
Without direct progression (base case)
With direct progression
Change:
Number of patients
%
Number of HBV-related deaths (10 years)
Without direct progression (base case)
With direct progression
Change:
Number of deaths
%

Scenario I

Scenario II

Scenario III

1,871
2,345

1,595
2,067

1,022
1,487

+474
+25.3%

+472
+29.6%

+465
+45.5%

12,902
14,239

9,643
10,977

6,272
7,594

+1,337
+10.4%

+1,334
+13.8%

+1,322
+21.1%

Table 26
Effect of allowing for direct progression from inactive disease to hepatocellular
carcinoma on cost-effectiveness of Scenario III vs Scenario II
Undiscounted

Number of HBV-related deaths averted
Without direct progression (base case)
With direct progression
Number of life-years saved
Without direct progression (base case)
With direct progression
Incremental cost of Scenario III ($m)
Without direct progression (base case)
With direct progression
Incremental cost-effectiveness ratios (ICERs)(a)
Incremental cost per HBV-related death averted ($)
Incremental cost per life-year saved ($)

Discounted
(r = 5%)

3,371
3,383

2,547
2,555

30,947
31,053

13,313
13,357

498.5
501.2
148,165
16,140

393.7
395.9
154,953
29,642

Note: (a) Any differences between cost-effectiveness ratios reported here and calculation of these ratios using
numbers in this Table are due to rounding.

5.4.2 Weight applied to high endemicity model
In the base case analysis, the HE and LE models are weighted equally in combining the results of the
two models to obtain national estimates. Table 27 shows the effect of weighting the HE model at 0.75
(and the LE model at 0.25) on the numbers of HCC patients in 2017 and the 10-year cumulative total
number of HBV-related deaths. Under Scenario I (natural history with medical care but no drug
therapy), there is virtually no difference in the numbers of HCC patients in 2017 but the number of
HBV-related deaths drops by 460. This represents the complex interplay of the transition probabilities
between HBV disease states, not all of which are higher in the HE model. Once drug treatment is
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admitted, the increased weighting applied to the HE model results in relatively small increases in the
number of HCC patients in 2017 and the number of HBV-related deaths. This reflects the underlying
characteristics of the two models in whch the effect of drug therapy on transition probabilities between
health states is the same in both, but the proportions of people in different HBV states vary across the
two models.
Table 27
Projected numbers of HCC patients in 2017 and cumulative 10-year total
HBV-related deaths if high endemicity model is weighted at
75% under three alternative scenarios
Scenario I

Scenario II

Scenario III

1,871
1,870

1,595
1,610

1,022
1,062

-1
0%

+15
+0.9%

+40
+3.9%

12,902
12,442

9,643
9,633

6,272
6,556

-460
-3.6%

-10
+0.1%

+284
+4.5%

Numbers of HCC patients in 2017
HE model weighted at 50% (base case)
HE model weighted at 75%
Change:
Number of patients
%
Number of HBV-related deaths (10 years)
HE model weighted at 50% (base case)
HE model weighted at 75%
Change:
Number of deaths
%

Table 28 shows the effect of increasing the weight given to the HE model on the cost-effectiveness of
Scenario III compared with Scenario II. Given the results in Table 27, it is not surprising that there is a
modest increase in the cost per death averted and per life-year saved, undiscounted or discounted. This
again reflects the fact that, in the HE model, higher proportions of people are in disease states which
benefit less from treatment, particularly HCC.
Table 28
Effect of increased weight on high endemicity model on
cost-effectiveness of Scenario III vs Scenario II
Undiscounted
Number of HBV-related deaths averted
HE model weighted at 50% (base case)
HE model weighted at 75%
Number of life-years saved
HE model weighted at 50% (base case)
HE model weighted at 75%
Incremental cost of Scenario III ($m)
HE model weighted at 50% (base case)
HE model weighted at 75%
Incremental cost-effectiveness ratios (ICERs)(a)
Incremental cost per HBV-related death averted ($)
Incremental cost per life-year saved ($)

Discounted
(r = 5%)

3,371
3,077

2,547
2,337

30,947
28,249

13,313
12,217

498.5
488.2
158,652
17,282

393.7
384.7
164,625
31,492

Note: (a) Any differences between cost-effectiveness ratios reported here and calculation of these ratios using
numbers in this Table are due to rounding.
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5.4.3 Weight applied to life-years saved
The weight applied to life-years saved in the base case analysis is 0.34, reflecting both less-thanperfect quality of life for HBV deaths averted and uncertainty as to the life expectancy of a person
whose death from HBV is averted. The sensitivity of the cost-effectiveness results to this weight is
investigated by setting the weight at 0.25 and 0.50 (see Table 29). Changes in this weight do not affect
either the number of HBV deaths averted or the cost of management and treatment, and hence do not
affect the cost per HBV death averted. Rather, they influence the cost-effectiveness results through a
change in the number of life-years saved from the HBV deaths averted. Consequently, only the
number of life-years saved and the cost per life-year saved are reported in Table 29.
Table 29
Effect of weight applied to life-years saved on
cost-effectiveness of Scenario III vs Scenario II

Number of life-years saved
Weight = 0.25
Weight = 0.34 (base case)
Weight = 0.50
Incremental cost per life-year saved ($)(a)
Weight = 0.25
Weight = 0.34 (base case)
Weight = 0.50

Undiscounted

Discounted
(r = 5%)

22,755
30,947
45,511

9,789
13,313
19,578

21,907
16,108
10,954

40,221
29,575
20,111

As expected, reducing the weight to 0.25 reduces the number of life-years saved, increasing the cost
per life-year saved to $21,907 (undiscounted) or $40,221 (discounted). Conversely, increasing the
weight to 0.50 increases life-years saved and reduces the cost per life-year saved to $10,954
(undiscounted) or $20,111 (discounted). Importantly, reducing the weight to 0.25 still leaves the
discounted cost per life-year saved within the apparently acceptable range.
5.5 Investment in a National Strategy for Hepatitis B
The analyses involving Scenario III in this report assume that, under that Scenario, the proportion of
people infected with HBV receiving treatment increases (‗treatment‘ in this report meaning a patient is
receiving anti-viral drug therapy or interferon). Specifically, it is assumed that the proportions of
patients with CHB or with CC receiving treatment increase from 11.96% (the proportion in Scenario
II) to 40%, and for patients with DCC or HCC from 57.45% to 80%. However, there has been no
consideration of the means by which these increases in treatment proportions are to be achieved, or the
cost of achieving them. While the additional cost of drug therapy itself is included in the analyses, the
costs of any additional resources needed to detect those infected but not receiving treatment, and to
educate them about the potential benefits of treatment, are not included.
As pointed out earlier in this report (see section 3.3.3), little work has been done on the economics of
integrated strategies designed to pro-actively identify those in the population who are infected with
hepatitis B and those who are not, to bring into treatment those who are, and to vaccinate those who
are not. Australia has developed National Strategies for other infectious diseases (e.g. HIV/AIDS,
hepatitis C).16 These National Strategies ―have the common goal of preventing and reducing the

16

For the period 2005-2008, Australia had four National Strategies dealing with infectious diseases: the
National HIV/AIDS Strategy 2005-2008; the National Sexually Transmissible Infections (STIs) Strategy
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transmission of infectious diseases and improving treatment, care and support for those affected‖
(Australian Government Department of Health and Ageing 2005, p.iii). However, no such strategy has
ever been developed for hepatitis B.
Recently efforts have commenced to develop a new suite of five national strategies, which includes
extensions of the four existing strategies and a new strategy for hepatitis B, for the period 2009–2013.
The Australasian Society for HIV Medicine (ASHM) is coordinating the Strategy development
process, which is overseen by the Ministerial Advisory Committee on Blood Borne Viruses and
Sexually Transmitted Infections. Discussion/Consultation Papers to inform the background
consultation on the development of these national strategies were released in September 2009.17 Since
the release of these papers, Exposure Drafts of the five national strategies have been released for
public comment, including a draft of the hepatitis B strategy (Towards a National Hepatitis B Strategy
2009 – 2013).18
The Exposure Draft of the National Hepatitis B Strategy 2009 – 2013 has seven priority action areas:


Building partnerships and strengthening community action



Preventing hepatitis B infection



Optimising diagnosis and screening



Improving the health of people with chronic hepatitis B



Developing health maintenance, care and support



Developing the workforce



Research and surveillance.

Scenario III in this report relates to the third, fourth and fifth bullet points in this list of priority action
areas, as it does not include any analysis of prevention programs for hepatitis B or of the other priority
action areas. The analyses have suggested that the levels of treatment attained under Scenario III are
cost-effective in comparison with current levels of management and treatment as incorporated in
Scenario II. These analyses, in conjunction with hypothetical values for the willingness-to-pay to save
a life-year, also provide a basis for calculating the minimum economically justified 10-year
investments to secure the treatment levels specified in Scenario III. The logic of these calculations is
as follows: if the incremental cost per life-year saved from an intervention is less than the willingnessto-pay for a life-year saved, then additional investment up to a level equal to the difference between
the two is economically justified if it is needed to support the introduction of the intervention. For
example, if the incremental cost per life-year saved for an intervention is $20,000 and the maximum
willingness-to-pay for a life-year saved is $30,000, then an additional investment of $10,000 per lifeyear saved is justified if needed to bring the intervention to fruition. This approach is relevant in the
current context as it indicates levels of investment that are justified to bring treatment levels up to
those incorporated in Scenario III.
Table 30 shows the minimum economically justified 10-year investments to support a National
Hepatitis B Strategy using this approach. The investment levels are described as minimums because
the calculations only relate to management and treatment of those already infected, i.e. they pertain
only to three of the seven priority action areas listed above in the draft hepatitis B strategy. Additional
investments above the levels shown in Table 30 may well be justified to the extent that activities
addressing the other four priority action areas are also cost-effective.

17
18

2005-2008; the National Hepatitis C Strategy 2005-2008; and the National Aboriginal and Torres Strait
Islander Sexual Health and Blood Borne Virus Strategy 2005-2008.
Available on the ASHM web site: http://www.ashm.org.au/default2.asp?active_page_id=368#
Available on the ASHM web site: http://www.ashm.org.au/default2.asp?active_page_id=350
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The left-hand column in Table 30 shows four results for the incremental cost per life-year saved for
Scenario III compared to Scenario II (discounted) from the base case and sensitivity analyses reported
in sections 5.3 and 5.4 above. The top row shows four hypothetical maximum values for the
willingness-to-pay for a life-year saved: (a) a value of $40,221 which is set equal to the highest cost
per life-year saved in the sensitivity analyses (hence giving a justified investment of zero if the cost
per life-year saved is actually $40,221); (b) a value of $42,000 (1998-1999 prices) which is the
threshold identified in the analysis by George et al (2001) below which many drugs were found to be
listed on the PBS; (c) a value of $57,000 which reflects the value of $42,000 adjusted to 2008 prices
using the Consumer Price Index; and (d) a value of $108,000 which is the value proposed in the
review by Abelson (2003).
Table 30
Minimum economically justified 10-year investments to support a National
Hepatitis B Strategy for various incremental cost-effectiveness ratios
and maximum willingness-to-pay for one life-year saved
Incremental
cost per LYS
(SIII vs SII) ($)

40,221

42,000

57,000

108,000

20,111
29,575
31,492
40,221

393.7
141.7
106.6
0

428.5
165.4
128.4
17.4

722.2
365.1
311.6
164.2

1,720.7
1,044.1
934.7
663.5

Maximum willingness-to-pay for one LYS ($)

Notes: 1. The investments are minimum economically justified investments on the assumption that
the investment results in an increase in the proportions of people infected with HBV who are
treated to those incorporated in Scenario III. 2. Numbers in cells are expressed in millions of dollars.
Shaded row show is based on the cost-effectiveness result from the base case analysis.

Each cell in Table 30 then shows the level of investment that would be justified to support a National
Hepatitis B Strategy (or at least those components of it that relate to management and treatment of
people infected with HBV) in millions of dollars. These totals are obtained by computing the
difference between the cost per life-year saved in the left-hand column and the maximum willingnessto-pay for a life-year saved in the top row, and multiplying this difference by the incremental number
of life-years saved by Scenario III (discounted) that result from the relevant base case/sensitivity
analysis over the 10-year projection period 2008 to 2017. The largest investment justified is shown in
the top right-hand cell (shaded in dark blue) — $1,720.7 million over 10 years or $172.1 million each
year. If the maximum willingness-to-pay for a life-year saved is $57,000 then, with the cost per lifeyear saved in the base case of $29,575, the justified 10-year investment is $365.1 million or $36.5
million each year.
These results suggest there is considerable scope for cost-effective investment in a National Hepatitis
B Strategy in Australia, or at least in those components of such a Strategy aimed at detecting and
treating more people infected with HBV. In interpreting these results, two caveats should be borne in
mind:
i. The minimum investments shown in Table 30 are based on the assumption that the investments
actually achieve the increase in treatment levels incorporated in Scenario III. To the extent this
is not the case, the minimum justified investments would be less than those shown in the Table.
ii. To the extent that investments in the other priority areas in the draft National Strategy are costeffective, the minimum justified investments would be greater than those shown in the Table.
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Conclusion

Infection with hepatitis B virus leads to a range of health outcomes ranging from spontaneous
clearance of the virus without drug therapy through to death from hepatitis-induced liver cancer. This
report provides projections of the epidemiological and economic burden associated with chronic HBV
infection in Australia for the 10-year period 2008 to 2017. Under current treatment practices, it is
estimated that the number of people who have been chronically infected with HBV will increase by
67% from 186,755 at the beginning of 2008 to 312,235 by the end of 2017. Of these 312,235, 4% will
have died — mostly because of their HBV infection — and 8% will clear the virus either
spontaneously or because of drug therapy. The remaining 88%, about 276,000 people, will be living
with HBV infection. About two-thirds of those living with chronic HBV infection will have inactive
disease, but the remaining one third, about 90,000 people, will have active disease.
The most serious sequelae of HBV infection are decompensated cirrhosis of the liver and liver cancer.
The projection model indicates that, under current treatment practices, the numbers of people with
these diseases will increase dramatically. At the end of 2008, the model suggests there were about 500
people living with HBV-related liver cancer. By the end of 2017, this will increase to 1,600. Demand
for the services of liver clinics and for liver transplants can therefore be expected to increase
accordingly. The cost of managing and treating HBV infection will increase from $171.8 million in
2008 to $307.9 million in 2017.
Under current management and treatment practices, many people with HBV infection who could
potentially benefit from treatment do not receive it. The projection models have also estimated the
impact of enhancing management and treatment of HBV infection by bringing more of those infected
into treatment. The enhanced management and treatment scenario is estimated to add from $34 million
to $64 million to health care costs each year, or about $498.5 million in total over the 10-year period.
While the number of HBV-related cases of liver cancer will still increase under this scenario (to about
1,020 cases in 2017), this is significantly less than the 1,600 cases expected to arise under current
management and treatment practices. The incremental cost per HBV-related death averted under this
enhanced management and treatment program is estimated to be $155,000 (discounted), with an
incremental cost per life-year saved of $30,000. These cost-effectiveness ratios are within the range
commonly considered ‗acceptable‘ for public funding.
While the cost-effectiveness of enhancing the management and treatment of hepatitis B appears to be
favourable, the analyses conducted in this report do not include any costs associated with screening
and detecting those infected with HBV who are not currently under treatment. This suggests a role for
a national strategy aimed at supporting the achievement of enhanced management and treatment.
Although Australia has had several National Strategies for preventing, detecting and treating various
infectious diseases, there has never been a national strategy for hepatitis B. This situation is now
changing with a draft strategy for hepatitis B currently being developed by the Ministerial Advisory
Committee on Blood Borne Viruses and Sexually Transmitted Infections.
Based on the cost-per life year saved from enhanced management and treatment and a range of values
of society‘s willingness-to-pay for life years saved, the report provides estimates of minimum
economically justifiable 10-year investments, over and above the additional direct costs of
management and treatment, to bring more infected people into treatment. For example, if the cost per
life-year saved from enhanced management and treatment is $30,000 and the willingness-to-pay for an
additional life-year saved is $57,000, then an additional investment of around $365 million over 10
years in a national strategy to bolster the detection of, and bring into treatment, currently untreated
cases of HBV infection is justified. These estimates are described as minimum economically
justifiable investments in a national strategy because they are based upon the returns from enhanced
treatment only and do not consider cost-effective investments in other activities that would also form
part of a national strategy, such as building partnerships, strengthening prevention programs and
developing the workforce.
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There are many uncertainties regarding the natural history of HBV infection. There is also
considerable uncertainty about the impact of treatment on the course of the disease, especially in the
long term. This necessitates many assumptions in projecting the morbidity and mortality from HBV
infection out to 2017, and in assessing the cost-effectiveness of enhanced management and treatment.
The analyses and results presented in this report reflect these assumptions. Nevertheless, based on the
current state of knowledge and incorporating a considerable degree of scientific conservatism in the
assumptions, these analyses and results provide a guide to expected numbers of people infected with
HBV and the costs of their treatment over the next 10 years. They suggest that a national strategy for
hepatitis B is justifiable, and that an important component of that strategy should be investment in
enhancing management and treatment of those already infected.
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Appendix 1
Input data for epidemiological burden — further details
A. The number of people with chronic HBV infection in 2008 (initial prevalence)
Details regarding HBV prevalence studies in Australia are outlined in section 2. For this study,
estimates of the number of people with chronic HBV infection are based on published age-specific
prevalence estimates by O‘Sullivan et al (2004), with the following modifications:
i. The published estimates report 0% prevalence for the 0–4, 5–9 and 30–39 year age groups. As
the prevalence in these age groups is known not to be zero (based on reported cases to the
NDDS), these estimates were adjusted in this study.
a. For the younger age groups, NDDS data on unspecified (‗chronic‘) cases was used to
determine the ratio of cases in these age groups to the 10–14 age group. These ratios
(0.27 for the 0–4 year olds and 0.51 for the 5–9 year olds) were then applied to the
prevalence estimate of 0.2% for the 10–14 age group in the O‘Sullivan study. This
yielded a prevalence estimate of 0.05% for the 0–4 year olds and of 0.10% for the 5–9
year olds.19
b. For the 30–39 year age group, the prevalence was taken to be 0.9%, which is the
midpoint of the prevalence for the 20–29 (0.5%) and 40–49 (1.3%) year age groups.
ii. Because O‘Sullivan and colleagues did not obtain prevalence estimates for people age over 59
years of age, prevalence estimates for this age group were based on an endoscopy
seroprevalence survey by Tawk et al (2006). Because the Tawk estimates are likely to be
relatively over-estimated as they are based on a clinical population undergoing endoscopy,
relative prevalence was again used, i.e., the prevalence in the older population relative to the
other age groups was calculated and this ratio was applied to the O‘Sullivan data, resulting in a
prevalence in the 60 and over age group of 0.5–0.7%.20,21
B. The number of new cases of chronic HBV infection
Estimates of the annual number of new cases of chronic HBV infection in Australia were based on
notifications of ‗unspecified cases‘ to the National Notifiable Diseases Surveillance System (NNDSS)
(Australian Government Department of Health and Ageing 2008). As explained in section 2.1, these
unspecified cases are assumed to be chronic cases as they are based on the presence of HBsAg and the
absence of markers for acute hepatitis B (Dore et al 2007).
The rates of newly diagnosed chronic HBV infections based on the NNDSS data do not represent the
true number of new cases of chronic HBV infection per year as many cases are undiagnosed and hence
unreported. There are no published estimates on completeness of detection and reporting, but other
studies have assumed a rate of 60% in their incidence estimates (Kaldor et al 1996). To determine
whether or not this might be a reasonable estimate to use, the degree of under-detection was estimated
by assuming that the detection rate was most complete in women of child-bearing age (20-39), and

19

20

21

Although these ratios are based on incidence and not prevalence data, in younger people where duration of
disease is relatively short and the prevalence is low, the prevalence will approximate the incidence, so these
incidence ratios are likely to approximate the prevalence ratios.
This compares with an overall prevalence estimate of 0.52–0.90% if the original prevalence estimates
reported by O‘Sullivan et al (2004) are applied to 2008 population data.
Note that the cumulative number of newly reported chronic (i.e. ‗unspecified‘) cases alone, since mandatory
reporting in 1996, is 85,714, and after adjusting for under-reporting (Northern Territory cases not reported
until 2005 and assuming a completeness of reporting rate of 60% — see section 2.1) is estimated to be
146,121 cases.
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used this to approximate the degree of under-detection in males of the same age group.22 First, the
expected number of male cases in the 20–39 age group was calculated by using the ratio of
male:female notifications for each year from 2006 to 2008, excluding the 20-39 year age group. Next,
these ratios (1.49, 1.46 and 1.46 respectively) were applied to the male notification rates in the 20–39
age group in each year. Finally, the proportion detected in each year was calculated as
notified cases/expected cases.
The proportion detected was found to be 71%, 71% and 64% for 2006, 2007 and 2008 respectively,
the weighted mean proportion for 2006–2008 being 68%. As this proportion is likely to be an overestimate as it assumes a complete reporting rate for females in the 20-39 year age group, previous
estimates on completeness of reporting of 60% appear reasonable and are used in this study.
C. The proportion of prevalent cases in each HBV state
Inactive disease, immunotolerant phase, and chronic hepatitis
Worldwide, the proportion of those chronically infected with HBV with inactive disease (i.e. HBeAgnegative, non-replicating virus and normal ALT levels) is reported to be around 70% (WHO 2002).
This accords with an Australian seroprevalence survey that found that, of those who were currently
infected with HBV, 31% were ‗viraemic‘ (defined as HBV-DNA positive on in-house assay) while
69% were not (Tawk et al 2006). In country-specific studies, the proportion with inactive disease
varied between 76% and 82% (Idris et al 2008, Iloeje et al 2006, Zacharakis et al 2008, Chowdhury et
al 2005). As the true proportion of those with inactive disease among the chronically infected is
unknown for Australia, for this study an intermediate proportion of 76% has been chosen. Thus, it is
assumed that 24% of those with chronic HBV infection have active viral replication.
Among those with active viral replication, a small proportion will be in the immunotolerant phase of
the infection (characterised by high HBV-DNA levels and normal ALT levels). The proportion of
people who are likely to be in this immunotolerant phase is unknown. This phase is predominantly
seen in young Asian-born people who were infected in the perinatal period, with the phase lasting 10–
30 years (Fattovich et al 2008). It is assumed that, among those in the HE model with active viral
replication, all of those under age 30 years are in the immunotolerant phase. Based on these
assumptions, the overall proportion in the immunotolerant phase in 2008 among those in the HE
model is estimated to be 6.40%. The number of people in the LE model in the immunotolerant phase is
likely to be very small as this is largely a feature of people born in high endemicity Asian countries
who have perinatally-acquired infection (Fattovich et al 2008, Andreani et al 2007). For the LE model,
it is assumed that only half of those under age 20 years are immunotolerant, leading to an overall
proportion of those with chronic HBV infection who are immunotolerant in the LE model of 0.88%.
Amongst those with chronic HBV infection then, the remaining 17.60% in the HE model and 23.12%
in the LE model 2 are assumed to be in the immunoactive stage, i.e. have CHB (with or without
advanced liver disease). The overall prevalence of immunotolerance in the chronically infected
population in 2008 is estimated to be 3.64% and the overall prevalence of CHB to be 20.36%.23

22

23

Note that while the overall the M:F ratio in 2008 was 1.14, the ratios for the 20-24, 25-29 and 30–34 age
groups were between 0.8 and 0.9, consistent with the notion that there is relatively higher reporting of female
cases in these age groups.
The immunotolerance prevalence compares with that found in a recently published population-based study of
chronic HBV in Greece, where 2.7% had a serological profile consistent with being in the immunotolerant
phase (HBeAg-positive with normal/near normal ALT and elevated HBV DNA) (Zacharakis et al 2008). The
overall prevalence of active disease among those with chronic HBV infection compares with a recent Spanish
study where it was estimated to be 22% (Idris et al 2008).

Page | 52

Butler, Korda, Watson & Watson

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

HBeAg-positive and HBeAg-negative chronic hepatitis
The proportions of Australians in the community with CHB who are HBeAg-positive and who are
HBeAg-negative are unknown. A worldwide epidemiological review of the literature published in
2002 reported the median prevalence of HBeAg-negative CHB among those with chronic HBV
infection to be 15% for Asian regions, 14% for USA/Europe and 33% for Mediterranean regions
(Funk et al 2002). Notably, these prevalence proportions were based on both general and clinical
populations. The bias inherent in using clinical populations may be a problem particularly when
estimating the proportion with HBeAg-negative CHB among all HBV infected people, rather than just
among those with CHB, as those with inactive disease are less likely to be attending a clinic than those
with CHB. In the review, the estimates of prevalence of HBeAg among only those with active CHB
varied considerably across different countries within regions and across different studies — between
49% (Japan) and 100% (Taiwan) in Asian countries, between 50% (Italy) and 100% (Spain) in
Mediterranean countries and between 22% (France) and 33% (Germany) among other European
countries.
In a study of patients attending a Melbourne-based liver clinic, the reported proportion of HBeAgnegative people amongst those with HBV infection was 37% (Bell et al 2005). As this was a clinical
population with an over-representation of patients with active disease (74%), the reported proportion
of HBeAg-negative people amongst those with HBV infection (37%) is likely to be an underestimate
(as the vast majority of those with inactive disease are HBeAg-negative). However, it may not be
unreasonable to assume that the proportion that are HBeAg-positive among those with active disease
is similar to that found in the community — this proportion was 52%.
Nevertheless, the proportion of those with CHB who are HBeAg-negative has been rising since the
above estimates were published (Manesis 2006). A recent French study of patients with CHB, for
example, found an overall prevalence of HBeAg-negative disease of 72% (75% in untreated and 71%
in treated patients), which is considerably higher than that reported in earlier French studies. The
proportions with HBeAg-negative CHB varied considerably by country of birth but were always
greater than 50% — France 69%, Asia 58%, Eastern Europe 87%, and Southern Europe 78% (Zarski
et al 2006).24
In this Report it is assumed that the proportion of those with CHB (including those with advanced
liver disease) who are HBeAg-negative is 60% for the HE model and 70% for the LE model. The
overall weighted mean proportion is 66%. This is similar to the prevalence proportion used in a recent
study modelling HBV disease burden in Spain where the proportion of CHB patients with HBeAgnegative disease was assumed to be 63% (Idris et al 2008).
The proportions of people with CHB without either cirrhosis or HCC were estimated by subtracting
the proportions with cirrhosis or HCC, as estimated below.
Cirrhosis
The prevalence of cirrhosis in people with HBeAg-positive CHB and in those with HBeAg-negative
CHB was based on prevalence estimates reported for Spain (also a low HBV-prevalence country)
(Idris et al 2008) as no Australian data are available. While the overall prevalence rates of chronic
HBV infection in Australia and Spain differ, it is assumed that the age-specific prevalence of cirrhosis
amongst those with HBeAg-positive and HBeAg-negative CHB would be similar across the countries.
The age-specific prevalence ranged from 0% in those less than 25 years of age to 60% in those aged
60 years or older with HBeAg-negative CHB. To estimate an overall prevalence of cirrhosis, a
24

Notably, although this French study used a clinical population, the proportion of HBeAg-negative CHB for
Southern Europeans compares well with the prevalence of 77% reported in a recently published Greek
population-based study of people with CHB (with this group making up 5.4% of chronically HBV infected
cases, the prevalence of CHB among chronically infected people being 24%) (Zacharakis et al 2008).
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weighted sum of the age-specific prevalence in HBeAg-positive and HBeAg-negative CHB was
calculated (see Table A1).
Table A1
Prevalence estimates for cirrhosis among
those with chronic hepatitis, by age group (%)
Age (years)
0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60 plus
Total

HBeAgnegative
0
0
0
0
0
3
3
10
10
25
25
50
60
21.36

HBeAgpositive
0
0
0
0
0
1
1
3
3
5
5
13
30
7.72

Combined
0
0
0
0
0
2
2
8
8
19
19
38
50
16.68

Note: Totals are weighted sums of age-specific prevalences where the weights
are the numbers of cases of CHB in each group.

There are no published data available on the proportions of patients with cirrhosis who have
compensated versus decompensated disease. However, it is known that the prevalence of DCC is low
due to poor survival, and based on expert opinion, it is estimated that only around 3% of those with
HBV-related cirrhosis have DCC. Thus it is assumed that 97% of the cirrhosis cases are CC and 3%
are DCC in both models. The final estimated proportions of people with chronic HBV who have CC
and DCC, excluding those with HCC (see below), are presented in Table 13 in this Report.
Hepatocellular carcinoma
There are no published prevalence data on HCC in Australia. For this study, the number of prevalent
cases in 2008 is estimated using data on incident cases of liver cancer, published by the Australian
Institute of Health and Welfare (2007), using the following assumptions:
i. based on linked HBV-notification cancer registry data that 76% of liver cancers are HCC, and
of the HCC cases, 16% are linked to HBV infection, 12% of liver cancers are HBV related
(Amin et al 2007);25
ii. as HCC is rare in children and young adults, that there are no HBV-related cases of HCC under
the age of 25 years (Amin et al 2007, Fattovich et al 2008);
iii. the death rate among those with HBV-linked HCC is 0.4 per person per year (Amin et al 2007);
and
iv. as data on incident cases are only available to 2005, the number of cases in 2008 is estimated
assuming a per annum growth rate of 7%. This was the growth rate between 2004 and 2005. It
is also the average growth rate over the previous five years (2000–04) and previous 10 years
(1995–2004).
25

This is likely to be an underestimate, given the under-notification of HBV infection and that the proportion of
HCC that is HBV-related has been increasing over time (Roberts and Kemp 2007).
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The number of prevalent cases of HCC at the start of 2008 was estimated to be 328. Assuming similar
HCC death rates in cases born in high endemicity and low endemicity areas, it was estimated that 72%
of prevalent HBV-related cases were among those from high endemicity areas and 28% were among
those from low endemicity areas. These proportions were applied to the HE and LE models
respectively. The proportions were based on linked NSW HBV-notification and cancer registry data
(1990–2002) which showed that 72% of incident cases of HBV-related HCC where country of birth
was known were among people born in Asia, which is comprised mostly of high endemicity countries
(Amin et al 2007). The final estimated proportions of people with chronic HBV who have HCC are
presented in Table 13 in this Report.
D. The proportion of new cases of chronic HBV infection in each HBV state
No additional material is included in this Appendix for this category.
E. The annual transition probabilities for each state
The annual transition probabilities for progression from one HBV state to another are largely based on
published incidence data. Where cumulative incidence was reported for a period different to the cycle
length in our model (i.e. one year), the following formula was used to calculate the instantaneous rate:
p  1  e rt

where p = the cumulative incidence, r = the instantaneous rate and t = the time period for which the
cumulative incidence was reported. The value of r obtained from this formula was then used to
calculate the transition probability (π) for one year:

  1  e r
Where more than one cumulative incidence was reported for a particular transition, either an average
was taken or transition probabilities were based on the cumulative incidence with the longest followup time.
With few exceptions, the transition probabilities shown in Table 15 are based on incidence rates
sourced from a recent systematic review of the literature on the natural history of HBV infection
(Fattovich et al 2008a). This review was based on studies of patients untreated for HBV infection. In
the systematic review, summary measures were mostly reported separately according to two broad
geographic areas — East Asia and Western countries — which were used for the HE and LE models
respectively. The Eastern regions included in the review were Taiwan, China, Singapore, Korea and
Japan, and the Western regions included North America and Western and South Europe. Where
incident rates were only available for a single region, these rates were used for both regions.
The probabilities of transition from immunotolerant to inactive disease and CHB states were based on
a recent longitudinal study of patients attending a clinic in France (Andreani et al 2007). Loss of
tolerance was 11.4% per year.26 Two-thirds transitioned to inactive disease and one-third to CHB. As
separate incident rates are not reported for these two types of transition, it was assumed the average
time to transition was the same and hence the transitional probability to inactive disease was estimated
to be 7.6%, and to CHB 3.8%, per year.
The probabilities of transition from inactive disease to HBeAg-negative and HBeAg-positive CHB are
based on a long-term follow study of Taiwanese people incidentally identified in the population as
having chronic HBV infection (Chu and Liaw 2007). The annual reactivation of hepatitis B in those

26

Note that the age range in the study was 17–59, with a mean of 29 years. In our population, the estimated
average age of immunotolerance was 22.
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with inactive disease was estimated to be 3.3%, 88% of whom developed HBeAg-negative CHB and
12% HBeAg-positive CHB. Thus the annual probabilities of transition from inactive disease to
HBeAg-negative CHB and HBeAg-positive CHB are estimated to be 2.90% and 0.40% respectively.
The incidence rate for the conversion from HBeAg-positive CHB to inactive disease state is based on
a longitudinal study of untreated Caucasian patients (Fattovich et al 2008b). Ninety-five percent of
people with HBeAg-positive CHB seroconverted within 10 years, with an incidence rate of 18.7 per
100 person years. With HBeAg-negative CHB, spontaneous remission is rare so is not included in the
models.
The mortality rate for HCC was obtained from published Australian linked cancer registry and death
data (Amin et al 2007).
The probability of dying from non-HBV causes was based on the death rate for the average age of the
prevalent cohort at the start of the 10 year period, which was estimated separately for those with
inactive disease (41 years), in the immunotolerant phase (21 years), and with chronic hepatitis (with or
without CC/DCC/HCC, 44 years). Age-and sex-specific death rates (by 5-year age groups) for 2007
published by the Australian Bureau of Statistics (2008b) were used to calculate a sex-weighted death
rate for each group, assuming a male:female ratio of 1:2 (based on newly diagnosed cases) (Australian
Government Department of Health and Ageing 2008).
F. The number of people with chronic HBV infection who are managed, with and without
treatment
Stage 1 — Estimating the total number of person-years of treatment
The number of person-years of treatment in 2008 is calculated on the basis of supply of HBV drugs in
Australia during the 2007–08 financial year (the most recent data available). For the antiviral drugs
(lamivudine, adefovir and entecavir), data from the Highly Specialised Drugs Program, provided by
the Pharmaceutical Evaluation Section of the Australian Government Department of Health and
Ageing, are used.27 These data include HBV drugs dispensed in public hospitals, as well as PBS/RPBS
data, which cover HBV drugs dispensed in private hospitals and community pharmacies. Together,
these sources capture all HBV medications dispensed in Australia.
For interferon, the number of person-years of treatment for HBV infection cannot be estimated from
these data because, unlike the antiviral medications, interferon is not exclusively used in patients with
hepatitis B. It is assumed that 82 people with CHB are treated each year with interferon, based on
expert advice supplied for a report prepared by the Medical Services Advisory Committee (MSAC)
(2007).
For each antiviral drug, information on pack size, number of packs dispensed and recommended daily
dose is used to calculate person-years of treatment for each drug. For interferon, a full year of
treatment for each person is assumed. On the assumption that the person-years of treatment are the
same in the calendar year 2008 as in the financial year 2007–08, it is estimated that there were a total
of 4,784 person-years of treatment in Australia in 2008 (see Table 16).
Stage 2 — Estimating the total number of people managed for chronic HBV
The number of patients who are currently managed for chronic HBV infection in Australia is not
known. To estimate this number, it is assumed that, amongst those who are managed, 43% are
undergoing treatment at any one time. This proportion is based on statistics supplied by the
St Vincent‘s Liver Clinic in Melbourne, for patients seen between 2001 and 2005 (Medical Services
27

Telbivudine and tenofovir are also listed on the PBS but have recorded little or no utilisation to date (see
footnote 11)

Page | 56

Butler, Korda, Watson & Watson

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

Advisory Committee (MSAC) 2007). Assuming 4,784 patients were on treatment at any one time in
2008 (see Stage 1 above), and applying a treatment proportion of 43%, it is estimated that there were
11,126 patients being managed for chronic HBV in 2008.
Stage 3 — Estimating the number of people managed and treated by HBV state (prevalent cases)
In another earlier study using data from the St Vincent‘s Liver Clinic, 76% of the patients in the clinic
had active viral replication and 24% did not (Bell et al 2005). Using these proportions, it is estimated
that there were 2,670 (out of 141,934) people with inactive disease (1.9%) and 8,455 (out of 44,821)
with active disease (18.9%) who were being managed in 2008.
To estimate the proportion managed in each HBV state, it is assumed that:
i. the proportion of those in the immunotolerant state who are managed is the same as the
proportion of those in the inactive state who are managed;
ii. all those with DCC and HCC are managed; and
iii. the proportion of those with CHB being managed is the same as the proportion of those with CC
being managed.
To estimate the proportion treated in each state, it is assumed that:
i. no patients in the inactive or immunotolerant phase are treated; and
ii. the proportion of managed patients being treated is equal across the active CHB states (CHB,
CC, DCC and HCC).
Using these assumptions, it is possible to estimate the proportion and number managed and treated in
each HBV state. The resulting estimates are shown in Table 17. The proportion of individuals with
chronic HBV infection who were managed in 2008 is estimated to be 6% — around 2% of those in the
inactive or immunotolerant state, 20% of CHB and CC cases, and all DCC and HCC cases. Among
those with active disease (CHB, CC, DCC and HCC) who were managed, the estimated proportion
who were being treated at any one time is 57%, equating to around 12% of total CHB and CC cases,
and 57% of DCC and HCC cases (2.6% of all those with chronic HBV infection, and 12.6% of those
with active disease).
Stage 4 — Estimating the number of people managed and treated by HBV state (incident cases)
It is assumed that the proportions of people treated in each HBV state are the same across both HE and
LE models. These proportions are applied to both prevalent and new cases in each model to arrive at
the proportions treated and managed in each state in 2008 (see Table A2).
G. The annual transition probabilities for each state, assuming HBV drug therapy
With a few exceptions, transition probabilities for progression from one HBV state to another for
individuals with chronic hepatitis B on HBV drug therapy are derived from summary data reported in
a recent systematic review of hepatitis B infection (Liaw and Chu 2009).
As the National Institutes of Health Consensus Development Conference Statement on the
Management of Hepatitis B points out, it is important to understand the limitations of existing studies
on treatment outcomes when assessing potential benefits. In particular, there is currently no conclusive
evidence from RCTs of drugs used for treating HBV that have demonstrated a beneficial impact on
any of the primary clinical outcomes, i.e. cirrhosis, hepatocellular carcinoma, and death. This is due to
the fact that these outcomes do not usually occur for many years after infection with HBV, and
therefore require long-term investigation of therapy to demonstrate benefit. As a consequence, most
published reports of HBV drug therapy use changes in short-term virologic, biochemical and
histologic parameters to infer the likelihood of long-term benefit (Sorrell et al 2009, Shamliyan et al
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2009). In addition, virtually all drug-effectiveness studies are based on patients with CHB without
hepatic decompensation or liver cancer.
Table A2
The proportions of people with chronic HBV infection in
each HBV state in 2008, current treatment scenario1
HBV state

HE model

LE model

Combined

Sub-total

0.7600
0.0640
0.0560
0.0683
0.0276
0.0004
0.0011
0.9774

0.7600
0.0088
0.0567
0.1146
0.0304
0.0005
0.0004
0.9714

0.7600
0.0364
0.0564
0.0914
0.0290
0.0004
0.0007
0.9743

Sub-total

0
0
0.0076
0.0093
0.0037
0.0006
0.0015
0.0227

0
0
0.0077
0.0156
0.0041
0.0006
0.0006
0.0286

0
0
0.0077
0.0124
0.0039
0.0006
0.0010
0.0256

1.0000

1.0000

1.0000

Sub-total

0.7600
0.0640
0.0620
0.0930
0.9790

0.7600
0.0088
0.0611
0.1425
0.9724

0.7600
0.0364
0.0616
0.1178
0.9758

Sub-total

0.0084
0.0126
0
0
0
0.0210

0.0083
0.0194
0
0
0
0.0277

0.0084
0.0160
0
0
0
0.0244

1.0000

1.0000

1.0000

Prevalent cases
Not on treatment
Inactive disease
Immunotolerant
HBeAg-positive CHB
HBeAg-negative CHB
Compensated cirrhosis
Decompensated cirrhosis
Hepatocelluar carcinoma
On treatment
Inactive disease
Immunotolerant
HBeAg-positive CHB
HBeAg-negative CHB
Compensated cirrhosis
Decompensated cirrhosis
Hepatocelluar carcinoma
Totals
New cases
Not on treatment
Inactive disease
Immunotolerant
HBeAg-positive CHB
HBeAg-negative CHB
On treatment
HBeAg-positive CHB
HBeAg-negative CHB
Compensated cirrhosis
Decompensated cirrhosis
Hepatocelluar carcinoma
Totals

Note: 1. Any differences between totals and sums of components are due to rounding.
CHB = chronic hepatitis B without cirrhosis or HCC.

The summary data on drug effectiveness, upon which most of the transition probabilities are based, are
shown in Table A3. These include HBV-DNA clearance (defined as undetectable HBV-DNA on
PCR), HBeAg seroconversion and drug resistance. Not shown in the table are HBsAg seroconversion
rates — these are low with the oral antiviral medication (around 1%), but occurs at a rate of 3% per
year during treatment with pegylated interferon with a cumulative incidence of 10% at four years posttreatment (equating to an annual transition probability of 2.6%). Relapse rates following cessation of
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therapy also vary widely, between 20% and 50% (assumed to be 35% for this study) in patients with
HBeAg-positive CHB and 90% for HBeAg-negative CHB (Liaw and Chu 2009).
Table A3
Comparison of the effectiveness of drugs used in
treating patients with chronic hepatitis B
Patient
e-antigen
status
Lamivudine

e+
e-

HBV-DNA
(PCR)
undetectable
at year 1 (%)
40
72

Adefovir

e+
e-

21
61

12
n.a.

20
29

Entecavir

e+
e-

67
90

21
n.a.

1.2
1.2

Pegylated interferon

e+
e-

25
63

32
n.a.

43.83
74.96

18.66
n.a.

Weighted average annual probabilities†
e+
e-

HBeAg
seroconversion
at one year (%)

Drug
resistance
after 5 years

20
n.a.

69
65

–*
–*
10.18
9.86

Notes: 1. n.a = not applicable. 2. * No data for year 5, but 0% resistance after Year 1. 3. † Weighted average is based on the
proportion of people on each drug in Australia in 2007/2008 (see Table 16).
Data source: Liaw and Chu (2009)

Because probabilities of transition between treatment states vary depending on the particular drug
administered, the annual transition probabilities used in the Markov models are based on weighted
averages with the weights being the proportion of people on each of these drugs in 2007/2008 (see
Table 16 for these weights). For drug resistance probabilities, data on drug resistance at five years
were converted to annual probabilities before the weights were applied. Drug resistance data at one
year was used for interferon (0% at one year), as data were not available for later years. Weighted
average probabilities for HBV-DNA clearance, HBeAg seroconversion and drug resistance are shown
in Table A3.
It is assumed that the transition probabilities of virologic response, relapse and drug resistance for
patients with cirrhosis are the same for those without, due to lack of sufficient data on drug therapy
responses in patients with liver disease. However, it is likely that this over-estimates the therapy
response in these patients. Probabilities for transition in these states (CC and DCC) are weighted
averages, with the weights being the proportion of cases in each state that are e-antigen positive and eantigen negative. As these proportions vary in the HE and LE models, transition probabilities for these
states differ across the models.
H. The annual transition probabilities for liver transplantation and death following
transplantation
Liver transplant transition probabilities shown in Table 19 are based on the number of transplants
performed in 2007 (the most recent published data available), using data collected by the Australian
and New Zealand Liver Transplant Registry (National Centre in HIV Epidemiology and Clinical
Research 2008). There were three transplants performed where hepatitis B was the primary cause
(presumably in patients with DCC), and six where the transplant was in patients with HCC and
hepatitis B but no co-infections. Incident rates for 2008 were calculated, assuming the same number of
transplants would occur in 2008 as in 2007. The incidence of HBV recurrence following liver
transplantation is very low (<1%) (Gane et al 2007) and was not included in the model. The annual
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probability of death following liver transplantation was 13% in the first year (this is based on all liver
transplantations, regardless of underlying cause). Probabilities of death in subsequent years were based
on 10 year cumulative survival rates, these being 74% for those where hepatitis B was the primary
cause (DCC patients) and 40% for those where HCC was the primary cause (Lynch and Balderson
2007). A weighted annual transition probability of death was used for death in subsequent years,
assuming one-third (i.e. 3/9) of cases are DCC and the rest HCC. The annual transition probabilities
were assumed to be the same in both the HE and LE models.

Page | 60

Butler, Korda, Watson & Watson

Hepatitis B in Australia: Mortality, Morbidity and Economic Impact

Appendix 2
Input data for economic analyses — further details
Unit costs of managing and treating people with HBV infection
Estimates of the unit costs of managing a person with HBV infection in this report are based on an
earlier Australian study by Butler et al (2004). This is the only study to date which has quantified the
direct costs of managing a patient with chronic HBV infection in Australia. It was a retrospective,
chart-based study of 149 patients with chronic HBV infection attending one of the four
gastroenterology/ liver clinics in Melbourne and Sydney. The resource use of each patient was
recorded over a 12-month period (between 1995 and 2002), and included outpatient visits, outpatient
laboratory tests, outpatient imaging, drugs, inpatient admissions and inpatient procedures, all stratified
by HBV status. In addition, total liver transplantation costs for the first year and for the second year
post-transplant were reported, based on estimates compiled by the finance department of a hospital in
Melbourne that routinely performs liver transplantation.
To accommodate changes in management practices since that study was undertaken, and to account
for inflation, the original cost estimates are modified by:
i. taking the total per patient costs published in Butler et al (2004) for each HBV state and
converting them to 2008 prices [A];
ii. calculating the costs of DNA testing and HBV drug therapy (antivirals and interferon) using the
original study data, converted to 2008 prices [B];
iii. updating the cost per patient of DNA testing for those not on drug therapy [C] and for those on
drug therapy [D], and the cost of HBV drugs per patient, based on a full year of treatment [E]
(see below for methodological details);
iv. estimating new total per-patient costs by subtracting the original DNA testing and drug therapy
costs from the original total cost [A − B]; and:
a. for patients who are managed but not on treatment, adding the revised DNA testing costs
for patients not on treatment [+C];
b. for patients who are on treatment, adding the revised DNA testing costs for patients on
treatment and the revised HBV drug costs [+D+ E].
The cost of DNA testing per managed patient in 2008 is based on the recommendation that patients
not receiving drug therapy have one test per year ($153.10), and that those on drug therapy receive
four tests per year ($612.40), which are the maximum quantities covered under the Medicare Benefits
Schedule.28
The annual cost of treating a patient with antivirals (lamivudine, adefovir and entecavir) or interferon
is based on a full person-year of treatment. The annual cost for each drug is calculated using the pack
cost listed on the PBS, and taking into account pack size and recommended dosage. The average cost
is a weighted average, with the weights being the proportion of person-years of treatment for each
drug out of the total person years of treatment across all drugs (see Table A4).29

28

29

The unit cost of $153.10 is the Schedule fee for one test (Medicare Benefits Schedule, item nos. 69482,
69483). The limits on the numbers of tests funded for those not receiving, and receiving, drug therapy are
specified in Rule 25 under section P19.1 of the pathology services table.
This method of calculating the average cost per patient assumes the same weights for each HBV state, when
in fact these will vary somewhat (for example, although only a small number of people are prescribed
interferon, it is only used in patients with HBeAg+ CHB and raised ALT). However, these variations are
likely to have little impact on overall costs estimates.
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Table A4
Cost of drug therapy per person year of treatment

Adefovir
Entecavir 0.5 mg
Entecavir 1.0 mg
Lamivudine
Interferon
Totals

Annual cost
($)
7,604
4,676
7,604
1,947
16,203

Proportion
on drug
0.2325
0.2303
0.0847
0.4354
0.0171
1.0000

Weighted cost
($)
1,768
1,077
644
848
277
4,614

Note: Lamivudine includes PBS items 6257H (tablet) and 6271C (oral solution) combined. Item 6271C alone
makes up only 0.03% of Lamivudine dispensed.

Cost-effectiveness analysis – health outcomes
The mean age at death from HBV-related causes is derived from unit record mortality data for
Australia held by the National Centre for Epidemiology and Population Health (NCEPH) at ANU
under licence from the Registrars of Births, Deaths and Marriages in the states and territories. Data for
the year 2005 are used and include all 130,714 deaths registered in Australia in that year. There were
104 deaths in that year with HBV coded as the primary (n=90) or underlying (n=14) cause of death.
The mean age at death of these 114 people was 56.2 years.
Life expectancy estimates are taken from the Australian Life Tables compiled by the Australian
Government Actuary for the three-year period 2000 to 2002 (Australian Government Actuary 2004).
This publication reports life expectancy estimates separately for males and females. The life
expectancy for males aged 56 is 25.02 years and for females 29.00 years. Using as weights the
Estimated Resident Population of males and females at June 2001 (9,630,652 males, 9,782,588
females — ABS 2008a), the weighted mean life expectancy for all persons aged 56 is 27.0 years.
The present value of life-years saved (LYS(PV)) for one death averted depends upon the year in which
the death is averted. For example, a death averted in 2015 gives rise to a stream of 27 years of life
saved commencing in 2015, but this must be discounted back to the present (2008). The following
formula is used to calculate the present value of life-years saved from one death averted:

LYS ( PV ) 

27 j

1

 (1  r )

t 0 j

27 j

where j is a time offset reflecting the year in which the death is averted (j = 0 for 2008, j = 1 for 2009,
etc.).
As explained in the body of the Report, using LYS(PV) as measure of life-years saved assumes a
quality-of-life weight of 1.0 applies to each year lived, and also assumes that the person whose HBV
death is averted will then have the same life expectancy as a person of that age in the general
population. To address these assumptions, LYS(PV) is replaced in the cost-effectiveness analysis with
a weighted measure wLYS(PV) (0 < w < 1) with w = 0.34 in the base case analysis.
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