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Abstract
AIM: To compare program costs of chronic hepatitis 
B (CHB) screening and treatment using Australian and 
other published CHB treatment guidelines.

METHODS: Economic modeling demonstrated that 
in Australia a strategy of hepatocellular cancer (HCC) 
prevention in patients with CHB is more cost-effective 
than current standard care, or HCC screening. Based 
upon this model, we developed the B positive program 
to optimize CHB management of Australians born in 
countries of high CHB prevalence. We estimated CHB 

program costs using the B positive program algorithm 
and compared them to estimated costs of using the 
CHB treatment guidelines published by the Asian-
Pacific, American and European Associations for the 
Study of Liver Disease (APASL, AASLD, EASL) and 
those suggested by an independent United States 
hepatology panel. We used a Markov model that fac-
tored in the costs of CHB screening and treatment, in-
dividualized by viral load and alanine aminotransferase 
levels, and calculated the relative costs of program 
components. Costs were discounted by 5% and calcu-
lated in Australian dollars (AUD).

RESULTS: Using the B positive algorithm, total pro-
gram costs amount to 13 979 224 AUD, or 9634 AUD 
per patient. The least costly strategy is based upon us-
ing the AASLD guidelines, which would cost 34% less 
than our B positive algorithm. Using the EASL and the 
United States Expert Group guidelines would increase 
program costs by 46%. The largest expenditure relates 
to the cost of drug treatment (66.9% of total program 
costs). The contribution of CHB surveillance (20.2%) 
and HCC screening and surveillance (6.6%) is small 
- and together they represent only approximately a 
quarter of the total program costs. 

CONCLUSION: The significant cost variations in CHB 
screening and treatment using different guidelines are 
relevant for clinicians and policy makers involved in de-
signing population-based disease control programs.
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INTRODUCTION
Although hepatocellular cancer (HCC) remains relatively 
uncommon in Australia, its incidence has increased ap-
proximately fivefold since 1972, and based on current 
trends, a threefold increase is expected by 2020[1]. HCC 
rates are highest in Southwestern Sydney, where its inci-
dence (7.7 per 100 000 persons, 95% CI: 7.0-8.4) is sig-
nificantly higher than the state average (5.2 per 100 000 
persons, 95% CI: 5.0-5.5)[1]. 

Nearly 90% of  hepatitis-B-related HCC in NSW oc-
curs in people born overseas, with approximately 70% 
affecting Australians born in countries of  high hepatitis 
B prevalence[2]. Migrants born in these countries are 
6-12 times more likely to develop HCC than other Aus-
tralians[3], explained by the strong association between 
hepatitis B infection acquired early in life and the subse-
quent development of  hepatic cirrhosis and HCC[4]. In 
recent years, effective treatments for chronic hepatitis B 
(CHB) infection have achieved sustained suppression of  
viral replication and significant reductions in disease pro-
gression to cirrhosis, end-stage liver disease and HCC[5-7]. 
This opens unique opportunities to reduce CHB-related 
morbidity and mortality among the 350 million chroni-
cally infected people worldwide[8], provided that treat-
ment costs are affordable at a population level. This is 
particularly relevant in the developing world, where the 
great majority of  people with CHB reside[4]. 

Our previous modeling work showed that in Asian 
populations with CHB residing in Australia (representing 
> 50% of  people diagnosed with CHB in Australia[9]), 
a strategy of  HCC prevention is more cost-effective 
than HCC screening[10]. For people with CHB, we de-
fined HCC prevention as an intervention comprising 
regular (6-monthly) patient follow-up, the institution of  
antiviral therapy in those with active disease, and HCC 
surveillance. Following the confirmation of  CHB di-
agnosis, general practitioners (GPs) order the relevant 
investigations and stratify participants into discrete risk 
categories, based upon hepatitis B virus (HBV) DNA 
and alanine aminotransferase (ALT) levels (Figure 1). 
Low-risk patients [those with low HBV DNA (defined 
as < 20 000 IU/mL for participants aged < 50 years and 
< 2000 IU/mL for those aged > 50 years) and normal 
ALT levels [defined as < 1.5 times upper limit of  normal 
(ULN)] are offered routine CHB surveillance, consisting 
of  6-monthly GP follow-up visits and testing for hepa-
titis B surface antigen (HBsAg), hepatitis B e antigen 
(HBeAg), viral load and ALT levels. Patients with normal 

ALT levels, but elevated viral loads (as defined above) 
are followed up by their local medical practitioners un-
der a program of  enhanced CHB surveillance (which in 
addition to routine blood tests also includes 6-monthly 
HCC surveillance using α fetoprotein (AFP) measure-
ments and liver ultrasound (US) examinations. Patients 
with elevated ALT and viral load levels are referred to 
tertiary care for assessment and consideration of  antivi-
ral therapy (Figure 1). The general assumptions of  the 
Markov model are summarized in Table 1.

These treatment strategies are at slight variance with 
those described in hepatitis B practice management 
guidelines, because they factor in age as a consideration 
for treatment initiation (program participants are aged 
≥ 35 years and treatment criteria change at age 50 years) 
and ALT cutoff  levels are ≥ 1.5 × ULN. Additionally, 
HCC screening is being offered to groups deemed at 
higher risk, rather than to all Asian males over the age of  
40 years and Asian women over the age of  50 years, as 
it is recommended by the American Association for the 
Study of  Liver Disease (AASLD) guidelines[11].

The modeling work informed the development of  a 
program of  CHB management targeting the area of  Syd-
ney with the highest burden of  hepatitis-B-related HCC 
in Australia, located in Southwest Sydney. As the Gastro-
enterology Society of  Australia uses viral loads > 2000 
IU/mL as a cut-off  for treatment initiation irrespective 
of  age[12], we subsequently modified the viral load cut-off  
for the B positive program, to avoid confusion among 
primary care providers participating in the program.

In order to inform hepatitis B management and 
provide data to policy makers, we estimated B positive 
program costs using the original B positive screening and 
treatment algorithm and compared them with those in-
curred using the modified B positive algorithm (viral load 
cutoff  of  2000 IU/mL for treatment initiation, irrespec-
tive of  patient age) and to costs incurred when applying 
guidelines published by the American, European and 
Asia-Pacific Associations for the Study of  Liver Disease 
(AASLD, EASL and APASL)[6,13,14] as well as those de-
veloped by an independent panel of  hepatologists from 
the United States (referred to here as the United States 
Expert Group)[15]. We also determined the relative pro-
portion of  program costs attributable to CHB screening, 
drug treatment, CHB surveillance and HCC screening 
and surveillance incurred by applying each of  these algo-
rithms. Costs were calculated in Australian dollars (AUD). 

MATERIALS AND METHODS
The B positive project targets Asian migrant communi-
ties in Southwest Sydney, but is inclusive of  all individu-
als who meet eligibility criteria. Eligibility criteria include: 
confirmed CHB, age ≥ 35 years, and attending a general 
practice in the target local government areas. To estimate 
the size of  the eligible population, we used data provided 
by the Australian Bureau of  Statistics 2006 National Cen-
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sus on the number of  local residents born in China, Hong 
Kong and Vietnam aged ≥ 35 years. We applied HBV se-
roprevalence data on these numbers, based upon epidemi-
ological estimates from the respective countries of  birth[16]. 

We estimated the proportion of  people in different 
CHB-related disease stages over the 50-year timeframe 
[CHB without cirrhosis; CHB with cirrhosis; CHB with 
liver failure; CHB and HCC; spontaneous HBsAg clear-
ance and death due to CHB-related causes (liver failure 
or HCC), or death from other causes], using the assump-
tions of  our previously published Markov model[10]. The 
model takes a health care funder perspective and dis-
counts costs at 5% per annum. We estimated a program 
participation rate of  25%, informed by the experience 
of  the New Zealand HBV screening program, which 
screened 27% of  their eligible population[17]. Table 1 
summarizes the key assumptions of  our model. We used 
an ALT level of  ≥ 1.5 × ULN to define high-risk pa-
tients and estimated that about 50% of  the target popu-
lation have ALT levels < 1 × ULN, 12.5% have ALT 
levels of  1-1.5 × ULN, 12.5% between 1.5 and 2 × ULN 
and 25% levels > 2 × ULN, informed by a Hong Kong 
population-based study of  CHB patients[18]. 

We estimated the proportion of  the target popula-
tion receiving antiviral treatment based upon the cutoffs 
for ALT and viral load recommended by the different 
guidelines for patients who are HBeAg negative (Tables 
2 and 3). Briefly, in this population group the AASLD 
guidelines recommend treatment to be initiated when 
viral load exceeds 20 000 IU/mL and ALT levels are > 2 
× ULN[6]. The APASL guidelines use the same ALT level 
cutoff, but a lower threshold (2000 IU/mL) for viral 
load[14], while the United States expert group and EASL 

use the 2000 IU/mL cutoff  for viral load, but recom-
mend treatment for patients with ALT levels exceeding 
the normal range[13,15]. 

The B positive program (unpublished) data suggested 
that 94% of  those enrolled in the program were HBeAg 
negative at the time of  enrolment (which corroborates 
the findings of  Yuen et al[19], that in an Asian population, 
HBeAg seroconversion occurs around 35 years of  age); 
consequently we compared estimated CHB program costs 
using treatment guidelines developed for HBeAg-negative 
populations. 

We factored in the costs of  CHB screening and follow-
up provided by specialists and/or primary care providers, 
the costs of  HCC screening, and CHB and HCC treat-
ment, but not recruitment costs, or the costs of  immuniza-
tion for those susceptible. 

RESULTS
The CHB population targeted by the B positive program 
in Southwest Sydney was estimated at 5800 patients. 
Assuming a 25% enrolment rate, about 1500 patients 
(1451 patients) with CHB in Southwest Sydney would 
be enrolled in the program. Nearly two-thirds (63%) of  
these patients would be followed up by their GPs under 
a program of  routine surveillance (Figure 1). Half  of  the 
patient population would receive this type of  manage-
ment if  using the other guidelines, except for the AASLD 
guidelines, where 70% of  all patients would be receiving 
routine surveillance. The proportion of  patients under en-
hanced surveillance (which is 23% for B positive and 31% 
for the modified B positive) would range from a low of  
23% using the AASLD guidelines to a high of  37% using 
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Initial enrolment

Routine hepatitis care
GP-led six-monthly testing: 
HBsAg, HBeAg, ALT
Annual HBV DNA

Doctor visit every six months

HBV DNA 
low

HBV DNA 
high

HBsAg 
positive

Tests via  GP:
HBsAg
HBeAg
HBV DNA
LFT’s (ALT) ALT normal

ALT high

Enhanced HCC surveillance
GP-led routine hepatitis care (as above)
Six-monthly AFP and liver ultrasound

Specialist referral (HCC prevention)
Enhanced HCC surveillance (as above) and 
specialist-led disease staging and treatment
Six-monthly AFP + liver ultrasound
Consider liver biopsyVaccine 

immunisation

HBsAg 
negative High ALT: ≥ 1.5 upper limit of normal

Figure 1  B positive program for chronic hepatitis B screening and treatment protocol. Depicts the algorithm used to stratify participants aged > 35 years into 
routine surveillance [for those with viral loads below 2000 IU/ mL and normal alanine aminotransferase (ALT)], enhanced hepatocellular cancer (HCC) surveillance (for 
elevated viral loads and normal ALT), and those at highest HCC risk (referred for specialist opinion and antiviral therapy). CHB: Chronic hepatitis B; HBeAg: Hepatitis 
B e antigen; HBsAg: Hepatitis B surface antigen; GP: General practitioner; HBV: Hepatitis B virus; AFP: α fetoprotein; LFTs: Liver function tests.
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the EASL and United States Expert Panel guidelines. The 
proportion of  patients receiving antiviral treatment (14% 
for B positive) ranges from a low of  8% under AASLD 
to a high of  25% under the more stringent EASL and 
United States Expert Panel Group guidelines (Table 2).

Overall, the lowest program costs are associated 
with the application of  AASLD guidelines, because the 
20 000 IU/mL viral load cutoff  for treatment initiation 
and ALT levels ≥ 2 × ULN make fewer patients eligible 
for treatment. Treatment costs are highest when apply-
ing EASL and United States Expert Group guidelines, 
because they recommend treatment for all patients with 
viral loads > 2000 IU/ mL and ALT levels > 1 × ULN. 

The total B positive program costs would amount 

to 13 979 224 AUD, or 9634 AUD per patient using the 
original B positive algorithm, ranging from a low of  6344 
AUD for the AASLD guidelines to a high of  14 039 for 
the EASL and United States Expert Group recommenda-
tions (Table 3). The largest component of  the cost struc-
ture relates to antiviral treatment, which represents over 
three-quarters (75.8%) of  program costs if  using EASL 
and United States Expert Group recommendations, ap-
proximately 70% (70.2%) for the modified B positive 
algorithm, 66.9% for the original B positive, 60% for the 
APASL guidelines, and just over 50% for the AASLD 
guidelines. Costs of  CHB surveillance ranges from 17.5% 
for the modified B positive protocol to 30.1% of  the pro-
gram expenditure if  using AASLD guidelines. The con-
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  Assumption How addressed and rationale

  Participant recruitment Target population age ≥ 35 yr, HBsAg +ve for ≥ 6 mo, born in China, Hong Kong, Vietnam
  Contact testing and immunisation Not factored into the model
  Seroprevalence in target populations 10.7% for people born in China

10.5% for people born in Vietnam
7.7% for people born in Hong Kong (Nguyen et al[16])

  Initial testing to confirm chronic hepatitis B Not factored in the GP consultation calculations 
  Program participation rates Base case assumption: 25% of eligible people are enrolled 
  HCC screening All participants have AFP and liver US at enrolment

Participants receiving enhanced surveillance have 6-monthly AFP and US 
Participants receiving treatment also have liver biopsy

  Follow up requirements Routine surveillance arm: 2 GP appointments/yr 
Enhanced HCC surveillance arm: 2 GP appointments/yr 
Interferon treatment: 6 specialist appointments/yr
Entecavir treatment: 4 specialist appointments/yr
Patients with HCC: assumed two monthly follow up

  Viral load distribution Based upon Risk Evaluation of Viral Load Elevation and Associated Liver Disease study data 
(Chen et al[20])

  ALT level distribution Based upon Hong Kong data (Yuen et al[18])
  Progression rates through different disease stages Constant 
  Treatment protocol 30% receive first line interferon (weekly for 12 mo); 30% seroconvert and receive no further treat-

ment; 70% commence entecavir the following year
70% receive entecavir as first-line treatment; 20% seroconvert in first year and receive no further 
treatment; 80% continue lifelong entecavir

  Patients with liver failure Receive lifelong entecavir 

Table 1  General assumptions of the Markov model of the B positive hepatocellular cancer prevention program

Lists the general assumptions used in building the model, including treatment protocols and follow up and other relevant elements and data sources. HBsAg: 
Hepatitis B surface antigen; GP: General practitioner; AFP: α fetoprotein; ALT: Alanine aminotransferase; HCC: Hepatocellular cancer; US: Ultrasound.

  Treatment guideline B positive Modified B positive EASL, United States experts APASL AASLD 

  HBV DNA level to treat           > 2000 if > 50          > 2000           > 2000      > 2000     > 20 000
       > 20 000 if < 50

  ALT (ULN)                 > 1.5                > 1.5                 > 1            > 2              > 2
  Number receiving interferon                  61 (4)                 81 (6)                108 (8)             54 (4)               33 (2)
  Number receiving entecavir                143 (10)               190 (13)                253 (17)           126 (9)               76 (5)
  Total on treatment                204 (14)               271 (19)                361 (25)           181 (12)             109 (8)
  Total under enhanced surveillance                340 (23)               452 (31)                361 (25)           542 (37)             326 (23)
  Total under routine surveillance                907 (63)               728 (50)                728 (50)           728 (50)           1016 (70)
  Total              1451 (100)             1451 (100)              1451 (100)         1451 (100)           1451 (100)

Table 2  Participant distribution by disease stage at initial enrolment and management pathways, according to the B positive algo-
rithm and hepatitis B treatment published guidelines  n  (%)

Tabulates the estimated number of participants undergoing different monitoring strategies and treatment options, according to recommendations put 
forward by Australian, Asia-Pacific, United States and European chronic hepatitis B treatment guidelines. ULN: Upper limit of normal; HBV: Hepatitis B 
virus; EASL: European Associations for the Study of Liver Disease; APASL: Asia-Pacific Associations for the Study of Liver Disease; AASLD: American As-
sociations for the Study of Liver Disease.
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tribution of  the cost of  HCC screening and surveillance 
remains relatively small in all scenarios, ranging from a low 
of  5.4% for the EASL and United States guidelines to 9% 
for the APASL guidelines.

Compared to the B positive algorithm, the lowest cost 
to achieve an equivalent unit cost/quality-adjusted life 
year is incurred by applying the AASLD guidelines (34% 
cost saving), followed by the APASL guidelines (13% cost 
saving); costs would be 17% higher with the modified B 
positive algorithm (because more patients aged 35-50 years 
would be in receipt of  treatment) and 46% higher for the 
EASL and United States Expert Group recommendations. 

DISCUSSION
This modeling exercise demonstrates that in a popula-
tion-based CHB management program informed by cur-
rent treatment guidelines, the majority of  patients (rang-
ing from 50 to 70%) have low viral loads (< 2000 IU/
mL) and low ALT levels and may be effectively managed 
at the primary care level. Between a quarter and a third 
of  patients have elevated viral loads and would benefit 
from more comprehensive follow-up, which we termed 
“enhanced surveillance”, which could still effectively be 
delivered at the primary care level and free up specialist 
resources. These calculations suggest that the proportion 
of  patients requiring tertiary-level assessment for con-
sideration of  antiviral therapy is variable, ranging from 
a low of  8% if  the AASLD guidelines are followed to 
a high of  25% if  the more stringent EASL and United 
States Expert Group guidelines are used. Program costs 
range from approximately 9 million AUD (if  AASLD 
guidelines are used) to more than double that figure 
(20 371 117 AUD) if  the EASL or United States Expert 
Group recommendations are applied. Correspondingly, 
this leads to variations in costs per patient enrolled, rang-
ing from 6344 AUD (for AASLD guidelines) to 14 039 
AUD (for EASL and United States Expert Group guide-
lines). The B positive algorithm steers a mid-course with 
regards to total (13 979 224-16 372 320 AUD) and per 
patient costs (9634-11 283 AUD, depending on whether 

the viral load cut-off  is set at 2000 IU/mL for all pa-
tients, or only for those aged > 50 years.

The model assumes that all patients with elevated 
viral loads and ALT levels receive specialist assessment 
and liver biopsy to assess the degree of  fibrosis prior to 
treatment initiation, although since November 2011, liver 
biopsy is no longer mandatory for treatment initiation.

In all modeled programs, the greatest contribution 
to cost is that of  antiviral drug treatment (interferon or 
entecavir), accounting for 50%-75% of  the program bud-
get. By comparison, the costs of  CHB surveillance are 
relatively low for a primary-care-based program (ranging 
from 14% to 30% of  total costs); even lower are the costs 
associated with HCC screening and surveillance (ranging 
from 5% to 9%). The original B positive modeling did 
not include HCC surveillance in the subgroup presumed 
to have inactive disease; this is at variance with current 
published guidelines, which recommend HCC surveil-
lance for all Asian men aged > 40 years or women aged > 
50 years, irrespective of  their disease stage or viral load[11]. 
Although the original intention was to balance cost con-
tainment with ensuring that HCC cases are not missed, it 
appears that the contribution of  HCC screening to costs 
would remain modest even if  the program embraces the 
recommended screening guidelines. Sherman in a recent 
review concedes that it may be possible that, as more 
information about HCC risk stratification becomes avail-
able, patients with long-term inactive disease may not re-
quire the same intensive HCC surveillance[11], something 
that is supported by the REVEAL data[20]. 

Our model has a number of  limitations related to 
our assumptions and the lack of  clear data in some ar-
eas. For example, we used a 1.5 × ULN cut-off  for the 
ALT levels prompting treatment. The different ALT 
cut-off  levels in various guidelines indicate that there is 
no agreement about what level of  ALT should prompt 
treatment initiation, and information to clarify this is 
keenly awaited. Similarly, we assumed that all patients 
with elevated ALT levels would require antiviral therapy, 
although in reality, ALT elevation may not always relate 
to disease reactivation, but to other factors, such as high 
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  Discounted costs of management strategies B positive Modified B positive APASL EASL, United States experts AASLD

  Cost/QALY (discounted)        13 465            15 770          11 746                19 622           8867
  Total program cost (discounted) 13 979 224     16 372 320   12 194 905         20 371 117   9 205 680
  Cost components
     Initial CHB screening cost      767 728 (5.5)          800 792 (4.9)        755 971 (6.2)              845 613 (4.2)      720 357 (7.8)
     Drug treatment costs   9 347 662 (66.9)     11 493 535 (70.2)     7 360 940 (60.4)         15 447 510 (75.8)   4 951 419 (53.8)
     CHB surveillance costs   2 827 093 (20.2)       2 866 053 (17.5)     2 866 053 (23.5)           2 866 053 (14.1)   2 767 073 (30.1)
     HCC surveillance costs      917 783 (6.6)       1 092 983 (6.7)     1 092 983 (9.0)           1 092 983 (5.4)      647 874 (7.0)
  Total cost per person in the program           9634            11 283             8404                14 039           6344
  % change with equivalent unit costs/QALY             100                 117                 87                     146               66

Table 3  Calculated costs (in Australian dollars) of implementing a program of chronic hepatitis B management in hepatitis B e anti-
gen-negative patients according to the B positive algorithms and published hepatitis B treatment guidelines, n  (%) 

Tabulates the costs of chronic hepatitis B screening, surveillance and treatment as per Australian, Asia-Pacific, United States and European treatment 
guidelines scenarios. Costs are discounted by 5% and calculated in Australian dollars (AUD). EASL: European Associations for the Study of Liver Disease; 
APASL: Asia-Pacific Associations for the Study of Liver Disease; AASLD: American Associations for the Study of Liver Disease; HCC: Hepatocellular can-
cer; CHB: Chronic hepatitis B; QALY: Quality-adjusted life year. 
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body mass index, non-alcoholic fatty liver disease, chron-
ic alcohol consumption or coexisting hepatitis C infec-
tion[21,22]. We also acknowledge that the rate of  progres-
sion to HCC development is variable in different patient 
populations, being dependent on the degree of  fibrosis, 
genotype, and other associated risk factors. Although the 
short-term goals of  antiviral therapy have been achieved 
in recent clinical trials[22], more answers are needed as 
to the extent to which this affects liver cancer incidence 
and the number of  cancer deaths. As this is also the 
major assumption that underlies our analysis, more data 
confirming the impact of  treatment on HCC risk reduc-
tion would strengthen the economic model findings.

Our original model factored in the cost of  liver biop-
sy for all patients being considered for antiviral therapy, 
reflecting the recommendations of  guidelines referred to 
in the paper, suggesting that a liver biopsy is helpful for 
determining the degree of  necroinflammation and fibro-
sis. However the relatively low cost of  a liver biopsy and 
the relatively small numbers of  patients in this subgroup 
(we estimated that only about 12.5% of  patients have 
ALT levels in that range and even fewer also have low–
medium viral loads) means that this procedure will have 
a minimal impact on overall program costs, although it 
may influence the number of  patients willing to accept 
drug therapy. 

The effectiveness and cost-effectiveness of  different 
interventions need to be corroborated by other types of  
studies and real-life outcomes data utilized to validate the 
economic models. We are currently collecting program 
data for this purpose. 

Ideally our findings would need to be compared to 
those of  other studies using decision models and against 
real-life data from clinical studies, but available data are 
limited. A recent European review[23] identified only two 
studies addressing the cost-effectiveness of  screening high-
risk groups for CHB: both a United States[24] and a Dutch 
study[25] suggested that screening of  migrant groups for 
HBV was both clinically effective and cost-effective find-
ings that were corroborated by our Australian study[10].

A clinical study estimating the efficacy and cost of  
HCC screening in a clinic population in Australia[26] 
confirmed our model costs. We need to bear in mind 
however that direct comparisons between studies are of  
limited value, due to differences in study design, model 
assumptions, cut-offs used, and variable cost structures 
in different countries.

As the stated aim of  this short paper was to examine 
the cost implications of  utilizing different guidelines to 
treat patients with CHB, in order to assist funding deci-
sions, we did not include a broader discussion of  cost-
effectiveness, effectiveness and efficacy of  antiviral treat-
ment, but agree that a more comprehensive review of  
effectiveness and cost-effectiveness may be warranted.

Although we incorporated a wide range of  support-
ing evidence into our economic model, the relatively lim-
ited information available on the composition of  cohorts 
of  patients with CHB receiving treatment and the pos-
sible differences in treatment response in patients with 

HBeAg-negative disease (which has been less extensively 
studied) may limit the generalizability of  our findings. 
In the absence of  relevant data, we assumed that the ef-
fectiveness and durability of  current interventions can 
be extrapolated over a lifetime horizon, but acknowledge 
that the lack of  long-term evidence precludes confident 
estimates of  treatment outcomes. 

From a policy perspective, the high cost of  antiviral 
therapy makes population-based CHB screening and 
treatment unaffordable for all but well-resourced coun-
tries. For example, Hutton et al[27] published their analy-
sis of  the cost-effectiveness of  interventions aiming to 
combat hepatitis B in the United States and China. They 
found that in an American setting it is cost-effective to 
screen adult Asian and Pacific Islanders (APIs) for CHB, 
with a view to providing them with appropriate treat-
ment, as well as to vaccinate close contacts. This work 
led to a change in United States public health policy on 
hepatitis B screening, with a recommendation that all 
adult APIs and adults born in areas of  intermediate HBV 
prevalence be screened for CHB. The authors found that 
in a Chinese setting catch-up adolescent vaccination is 
cost-effective, but that drug treatment costs would need 
to be halved (to about 1000 United States dollars/year) 
before the benefits of  vaccination would be surpassed 
by those of  instituting treatment[27]. China’s economic 
successes makes population level CHB screening and 
treatment a possibility in the future, but effective and in-
expensive treatments are needed to reduce the burden of  
CHB in developing economies[4].

Our original economic model assumptions attempted 
to reflect the Australian practice prevalent in 2006 and 
2007, when entecavir was becoming first-line treatment 
for CHB. At that time interferon was still in common 
use, therefore, we modeled 30% of  the cohort as receiv-
ing first-line interferon.

However, the therapeutic landscape has changed 
in recent years, with interferon being used now in only 
about 10% of  patients as first-line treatment for CHB. We 
therefore repeated our calculations estimating that 10% 
of  patients receive first-line interferon and found the in-
cremental total cost was only about 1.5% higher (data not 
shown), as a result of  interplay between a more intensive 
and more costly specialist follow-up during interferon 
treatment, a small proportion of  patients who clear the in-
fection, and the overall small number of  patients affected. 

As both available resources and local clinical prefer-
ences guide drug treatment, generic lamivudine may be 
the only affordable antiviral for low-income countries in 
Asia and Africa, where CHB is most prevalent, because 
replacing it with a more potent antiviral agent is associ-
ated with a more than 10-fold increase in drug costs[28] .

Consequently, we repeated the analysis, substituting 
lamivudine for entecavir and assuming that the cost of  
lamivudine represented only a tenth of  the cost of  en-
tecavir. This led to significant reductions in drug costs 
(ranging from 75.3% to 77.6%) and in overall program 
costs (ranging from 40.5% to 58.9% - data not shown), 
which further emphasizes the important role played by 
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drug costing in program feasibility.
Our modeling has provided estimates of  the cost 

of  CHB management programs that could be useful 
for policy makers and health care providers in different 
settings, to inform program development. It would ap-
pear that population-based CHB management programs 
targeting at-risk groups are affordable in high-resource 
settings, but remain unattainable for many of  the world’s 
population with CHB, living in low- or middle-resourced 
countries. The high cost of  antiviral therapies represents 
the largest cost component of  a CHB management pro-
gram. It is hoped that reductions in the cost of  antiviral 
drugs will lead to more equitable access to treatment and 
address the global burden of  chronic hepatitis B. 

COMMENTS
Background
Chronic hepatitis B (CHB) is a leading cause of cirrhosis and hepatocellular 
carcinoma (HCC), and in Australia, HCC incidence has been rising faster than 
that of any other cancer, mostly related to changing migration patterns over 
recent decades. A population-level disease control is predicated upon early dis-
ease detection, regular monitoring and timely institution of antiviral treatment for 
people with active disease, but antiviral treatment is unaffordable for the great 
majority of people with CHB who live in resource-limited countries. Therefore 
the cost and cost-effectiveness of CHB management programs is an important 
consideration for program funders and needs to be factored in by those tasked 
with guideline development. The authors previously carried out modeling work 
that showed that screening and treating migrants born in high prevalence coun-
tries is cost-effective, which corroborated the findings of research groups in the 
United States and the Netherlands. This paper examines the cost of treatment 
of hepatitis B applied to a hypothetical population of people with CHB diagno-
sis, treated according to CHB screening and treatment guidelines in common 
use in Asia (issued by the Asia-Pacific Society for the Study of Liver Disease), 
Australia (issued by the Gastroenterological Society of Australia), Europe (is-
sued by the European Association for the Study of Liver Disease, EASL) and 
the United States (issued by the American Association for the Study of Liver 
Disease, AASLD, as well as by an expert United States advisory group). 
Research frontiers
This work builds the body of evidence suggesting the cost-effectiveness of 
screening high-risk groups for hepatitis B, by examining the implications of 
implementing a public health program of screening and treatment using dif-
ferent treatment initiation parameters, as recommended by different guideline 
developers. The proportion of patients in this hypothetical cohort requiring 
antiviral therapy ranges from 8% (if the AASLD guidelines are used) to 25% (if 
EASL guidelines are applied). The most substantial component of program cost 
relates to antiviral treatment (representing up to 75% of program costs), while 
screening for CHB and cancer surveillance account for a small part of total 
costs. Treatment with generic lamivudine (instead of entecavir) leads to sub-
stantially lower total program costs, although this must be balanced against the 
greater suppression of viral replication and lack of drug resistance associated 
with entecavir treatment. 
Innovations and breakthroughs
Here the authors propose and cost a scheme for the diagnosis and subsequent 
monitoring of patients from countries with high prevalence of hepatitis B, resident 
in Australia. In the B positive algorithm, antiviral treatment is offered for patients 
with alanine aminotransferase (ALT) elevation above 1.5 × normal, treading the 
“middle ground” between treating everyone with an elevated ALT level (which 
may have significant resource implications for countries with high disease preva-
lence, but limited resources) and treating only people with advanced disease (and 
running the risk of limiting the effectiveness of the program).
Applications
These findings are relevant for the design of interventions with the potential to 
make a significant impact on hepatitis B disease burden at a population level, in 
both well-resourced and low-resource settings. The authors hope that this type of 
work may be of interest to experts involved in CHB treatment guideline develop-

ment, policy makers and clinicians working in areas with a large hepatitis B load.
Peer review
This is a study on the cost of treatment of hepatitis B, using Markov models. 
The authors propose a scheme for the diagnosis and subsequent monitoring of 
patients from countries with high prevalence of hepatitis B, resident in Australia. 
They also compared the relative cost with the proposed guidelines from other 
major hepatology associations. They found that the AASLD recommendations 
were more cost-effective. This type of study is important in view of the increas-
ing cost of drug treatment of HBV infection but also of the increasing cost of 
diagnostic tests related to HCC surveillance.   
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