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Summary
Background China, which has the largest chronic hepatitis B virus (HBV) burden, may expand antiviral therapy to
attain the World Health Organization (WHO)-2030 goal of 65% reduction in mortality. We evaluated health outcomes
and cost-effectiveness of chronic HBV infection treatments based on alanine transaminase (ALT) antiviral treatment
initiation thresholds and coverage in China to identify an optimal strategy.

Methods A decision-tree Markov state-transition model evaluated the cost-effectiveness of expanded antiviral
treatment for chronic HBV infection by simulating 136 scenarios by ALT treatment initiation thresholds (40 U/L,
35 U/L for males and 25 U/L for females, 30 U/L for males and 19 U/L for females, and treating
HBsAg+ individuals regardless of ALT values), population age groups (18–80, 30–80, and 40–80 years),
implementation durations (2023, 2028, and 2033) under and treatment coverages (20%, 40%, 60%, and 80%).
Deterministic and probabilistic sensitivity analyses explored model uncertainty.

Findings Besides the status quo, we finally simulated 135 treatment-expanding scenarios based on the cross combination
of different thresholds of ALT, treatment coverages, population’s age groups and implementation time. For the status quo,
a cumulative incidence of 16,038–42,691 HBV-related complications and 3116–18,428 related deaths will happened
between 2030 and 2050. When the treatment threshold is expanded to ‘ALT > 35 in males & ALT > 25 in females’
immediately without expanding treatment coverage, it will save 2554 HBV-related complications and 348 related
deaths compared to the status quo among the whole cohort by 2030, and US$ 156 million more will be costed for
gaining 2962 more QALYs. If we just expand the ALT threshold to ALT > 30 in males & ALT > 19 in females, 3247
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HBV-related complications and 470 related deaths will be prevented by 2030 under the current treatment coverage of
20%, which will cost US$ 242 million, US$ 583 million or US$ 606 million more by the year of 2030, 2040 or 2050,
respectively. Treatment expanded to HBsAg+ will save the largest number of HBV-related complications and death.
This expanding strategy also results in large complications or death reduction when it is limited to patients older than
30 years or 40 years. Under this strategy, four scenarios (Treating HBsAg+ with coverage of 60% or 80% for patients
older than 18 years or 30 years) showed the effectiveness in reaching the target before the year 2030. Among all the
strategies, treatment expanded to HBsAg+ would cost the most while providing the highest total QALYs compared to
other strategies with similar implementation scenarios. ALT thresholds of 30 U/L and 19 U/L for males and females,
respectively, with 80% coverage for 18–80 years, can attain the goal by 2043.

Interpretation Treating HBsAg+ individuals with 80% coverage for 18–80 years is optimal; earlier implementation of
expanded antiviral treatment with a modified ALT threshold could decrease HBV-related complications and deaths to
support the global target of 65% reduction in viral hepatitis B deaths.

Funding This study was funded by Global Center for Infectious Disease and Policy Research (BMU2022XY030);
Global Health and Infectious Diseases Group (BMU2022XY030); The Chinese Foundations for Hepatitis Control and
Prevention (2021ZC032); National Science and Technology Project on Development Assistance for Technology,
Developing China-ASEAN Public Health Research and Development Collaborating Center (KY202101004); in part by
National Key R&D Program of China (2022YFC2505100).

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
By 2030, the incidence of new chronic viral hepatitis B infections
and mortality of viral hepatitis B should be decreased by 90%
and 65%, respectively. China is the country having the highest
burden of the chronic HBV infection, accounting for one-third of
the global infections. Prevention of mother-to-child transmission
in China has significantly prevented incident pediatric HBV
infections, and prevention of HBV-related complications in adults
with chronic HBV infections and improvement of patient quality
of life has been prioritized. Antiviral treatment is widely used in
China to reduce HBV-related complications and mortality,
although the overall treatment coverage is only around 20% for
all eligible patients. Alanine transaminase (ALT) is the key
indicator for initiating antiviral treatment; however, the ALT
treatment threshold varies worldwide. The American Association
for the Study of Liver Diseases and the World Health
Organization recommend ALT >2 × ULN (35 and 25 U/L) and
>1 × ULN (30 and 19 U/L) for male and female patients,
respectively. The European Association for the Study of the Liver,
the Asia Pacific Association for the Study of the Liver, and the
2019 Chinese Guidelines for the Prevention and Treatment of
Chronic Hepatitis B recommend ALT 40 U/L as the threshold. We
searched PubMed, Embase, and Web of Science between January
1, 2000, and February 28, 2022, with no language restrictions
using the terms “Hepatitis B”, “HBV”, “treatment”, “Alanine
transaminase” or “ALT” and “cost-effectiveness” to identify
published cost-effective evaluations of expanded antiviral
treatment for chronic HBV infection, but we found no study of
the effectiveness or cost-effectiveness of expanded treatment
based on ALT thresholds for initiating antiviral treatment.

Added value of this study
According to our analysis of 136 expanded treatment strategies,
treating HBsAg+ individuals with ≥60% treatment coverage for
18–80 and 30–80 years could achieve the goal of a 65%
reduction in mortality by 2030. Although all expanded treatment
strategies were cost-effective by 2050, treating
HBsAg+ individuals with 80% coverage for 18–80 years was the
most cost-effective strategy even after reductions in willingness
to pay (WTP) levels. With an ALT cutoff of 30 U/L for males and
19 U/L for females and treatment coverage of 80% for 18–80
years, a 65% reduction in mortality is unattainable until 2043.
However, expanded treatment coverage without adjusting the
ALT threshold for initiating antiviral treatment cannot achieve
this target. Delayed implementation of expanded treatment
reduced fewer HBV-related complications and deaths, and the
overall cost-effectiveness was reduced although the strategies
remained cost-effective.

Implications of all the available evidence
Expanded treatment for chronic HBV infection with
adjustments for ALT thresholds for initiating antiviral
treatment and improving treatment coverage can reduce
HBV-related complications and deaths cost-effectively in
China, especially when implemented early. Delayed
implementation of expanded treatment reduces cost-
effectiveness. Expanded treatment should be implemented as
soon as possible to improve current treatment coverages,
reduce mortality, achieve the largest effectiveness and cost-
effectiveness for chronic HBV infection treatment, and help
China achieve the WHO-2030 objective of 65% reduction in
mortality of viral hepatitis B as a public health threat.
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Introduction
Hepatitis B virus (HBV) infection confers a large disease
burden globally, with an estimated 296 million chronic
infections in 2019.1 The World Health Organization
(WHO) set ambitious targets to reduce the incidence of
new chronic HBV infections by 90% and HBV-related
mortality by 65% globally by 2030.1 With nearly one-
third of the global infections and more than 300,000
HBV-related deaths each year, China has the largest
chronic HBV-infected population2 and plays a major
role in achieving the global target through chronic HBV
prevention and treatment. The incidence of pediatric
HBV infections has significantly decreased with the
prevention of mother-to-child transmission in China,3

preventing adults with chronic HBV infection from
progressing to HBV-related complications and
improving their life quality has become the priority.
Antiviral treatment has been widely used in the country
to reduce HBV-related complications and mortality.4–6

Serum alanine aminotransferase (ALT), the key in-
dicator for antiviral treatment initiation in chronic HBV
infection, has various thresholds worldwide. The upper
limit of normal value (ULN) recommended for treat-
ment initiation by the American Association for the
Study of Liver Diseases and the WHO is >2 × ULN (35
and 25 U/L for male and female patients)7 and
>1 × ULN (30 and 19 U/L for male and female pati-
ents),8 respectively. The European Association for
the Study of the Liver,9 Asia Pacific Association for the
Study of the Liver,10 and Chinese Guidelines for the
Prevention and Treatment of Chronic Hepatitis B (2019
Edition)11 recommend a 40-U/L ALT cutoff for both
male and female patients. In China, besides serum ALT
levels for patients with chronic HBV infection persis-
tently abnormal (>ULN) and other causes of ALT
elevation excluded, HBV DNA seropositive is also
required for antiviral therapy.11,12

The current ALT threshold is an unsuitable indicator
for antiviral treatment initiation in chronic HBV
infection.13–15 The 40 U/L cutoff is suboptimal because a
considerable proportion of HBV-infected patients with
normal ALT levels have a high degree of liver inflam-
mation and fibrosis.16–18 More than 80% of HBeAg-
negative patients had normal ALT levels, among
whom a considerable proportion developed cirrhosis
and hepatocellular carcinoma (HCC).19,20 Cutoff values
of 30 and 19 U/L for male and female patients,
respectively, would decrease their HCC risk.21

With the availability of low-cost generic drugs, such
as tenofovir and entecavir, and revised medical insur-
ance subsidization policies in China,22,23 patients with
chronic HBV infection are more likely to benefit from
treatment for clinical cure.24–26 Moreover, a common
understanding indicates that expanded chronic HBV
infection treatment is a necessary way in getting the
WHO 2030 target in time. Consolidated proofs are
needed to provide before we put forward and start the
www.thelancet.com Vol 35 June, 2023
implementation of the expanded treatment policy. At
present, some studies have explored the cost-
effectiveness of expanded antiviral treatment for
chronic HBV infection.27–29 However, the effectiveness
or cost-effectiveness of ALT-based cutoffs for antiviral
treatment initiation has not been evaluated, and the
implementation and effect of the ALT treatment initia-
tion threshold remain unclear.

Thus, this study explored whether expanded antiviral
treatment strategies with modified ALT-based treatment
initiation thresholds or treatment coverage would result
in a 65%-mortality reduction by 2030 in China and
estimated the year by which the target would be ach-
ieved. The evaluation of the effectiveness and cost-
effectiveness of these antiviral treatment strategies
would provide insights to enable revision of the 2019
Chinese Guidelines for the Prevention and Treatment of
Chronic Hepatitis B and offer clues on expanded HBV
treatment around the world.
Methods
Study design
Decision-analyticMarkovmodels were commonly used to
evaluate the cost-effectiveness of major intervention
programs.30–35 In this study, we construct a decision-
analytic Markov model to simulate HBV-related disease
progression and outcome and evaluate the effectiveness
and cost-effectiveness of various HBV-antiviral-treatment
strategies based on four ALT thresholds for initiating
antiviral treatment and coverages among three age gro-
ups in China. The model was constructed using TreeAge
Pro 2020 (TreeAge Software, Williamstown, MA).

Definition of treatment strategies and scenarios
With the current chronic HBV infection treatment
practices in China as the status quo (ALT > 40 U/L), 20%
of eligible individuals with chronic HBV infection
received treatment aged 18–80 years.1,22,31 Now that va-
rious guidelines indicate chronic HBV infection aged
older than 30 or 40 years bear a largely increased risk of
getting liver damage, we then classified our population
cohort into three age groups. The simulation included
136 treatment strategies that comprised (1) four treat-
ment initiating thresholds: ‘ALT > 40 U/L for both males
and females’ (ALT > 40)9–11; ‘ALT > 35 for males and >25
U/L for females’ (ALT > 35/25)7; ‘ALT > 30 for male and
>19 U/L for female patients’ (ALT > 30/19)8; and diag-
nosed with chronic HBV infection (treating HBsAg+).
We consider the sex factor because the disease severity
and disease progression are different between males and
females despite under the same ALT threshold; (2) four
treatment coverage (20%, 40%, 60%, and 80%) among
the treatment-eligible population; (3) three target groups
stratified by age: 18–80, 30–80, and 40–80 years; (4)
implementation time set to start in 2023, 2028 (delayed
for 5 years), and 2033 (delayed for 10 years).
3
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Modeling
The model was developed to simulate the chronic HBV
infection status of 100,000 people (HBsAg positive for
≥6 months) aged 18–80 years after excluding individuals
acutely infected or susceptible. Since detectable HBV
DNA was widely supported as a basic threshold for the
antiviral treatment for chronic HBV infection, HBV
DNA seronegative individuals, which were not suitable
for treatment, were not included in our cohort which is
also in line with the Guidelines for the Prevention and
Treatment of Chronic Hepatitis B in China.11,36,37 Be-
sides the status quo, another 135 scenarios were
modeled and explored for analysis. The initial year of the
model is set at 2023, and the results of model operation
reaching 2030, 2035, 2040, 2045, 2050 and lifetime are
analyzed, that is because the disease progression of
chronic HBV infection is a chronic and long-term pro-
cess. The analysis was conducted every five years until
2050, which is due to the policy may be changed before
2050. In addition, we also analyzed the effect and cost-
effectiveness of the extended antiviral treatment for
the population at the end of the cohort’s lifetime.

A decision tree (Fig. S1) representing the four ALT
treatment initiating thresholds in chronic HBV infec-
tion was developed where in each threshold had a spe-
cific progression of chronic HBV infection (Fig. S2),
simplified as follows: (1) ALT > 40, including states ALT
> 40 U/L and ALT ≤ 40 U/L (Fig. S2a), where ALT > 40
U/L indicates HBeAg-negative and HBeAg-positive
hepatitis (according to the Chinese Guidelines for the
Prevention and Treatment of Chronic Hepatitis B) and
those who do not fit into any of the usual states defined
in guidelines, whereas the state ALT ≤ 40 U/L
comprised immune-tolerant and inactive carriers and
those not belonging to any of the usual states defined in
guidelines11; (2) ALT > 35/25, (including states ALT > 40
U/L, ALT ∼35–40 U/L, and ALT ≤ 35 U/L for males;
ALT >40 U/L, ALT ∼25–40 U/L, and ALT ≤ 25 U/L for
females) (Fig. S2b); (3) ALT > 30/19, (including states
ALT > 40 U/L, ALT ∼30–40 U/L, and ALT ≤ 30 U/L for
males; ALT > 40 U/L, ALT ∼19–40 U/L, and ALT ≤ 19
U/L for females) (Fig. S2c); and (4) treating HBsAg+
(treating all chronic HBV infection, including ALT ≤ 30
U/L for males and ALT ≤ 19 U/L for females). All
Markov models contained states of compensated cir-
rhosis (CC), decompensated cirrhosis (DC), HCC, liver
transplantation (LT), HBV-related death, and HBsAg
loss with or without anti-HBs seroconversion (goal of a
functional cure; Fig. S2).

According to the 2019 Chinese Guidelines for the
Prevention and Treatment of Chronic Hepatitis B, in
ALT > 40, treatment-eligible states were ALT > 40 U/L
among HBV DNA-positive individuals, CC, DC, HCC,
or LT.11 After expanding antiviral treatment, in ALT >
35/25, states ALT ∼35–40 U/L and ALT ∼25–40 U/L for
males and females, respectively and in ALT > 30/19,
states ALT ∼30–40 U/L and ALT ∼19–40 U/L for males
and females, respectively could receive treatment. In
treating HBsAg+, states ALT ≤ 30 U/L for males and
ALT ≤ 19 U/L for males and females, respectively, also
met the criteria for treatment (Fig. S1). However, some
patients with chronic HBV infection who met the
treatment initiation criteria did not receive treatment.
The transition probabilities were likely related to the two
aspects of the ALT ULN values and treatment choice.
Nucleos(t)ide analogues (a combination of entecavir and
tenofovir) were included in simulated therapy; inter-
feron therapy was excluded because of its finite duration
and numerous side effects and contraindications.38 The
model is half-cycle corrected.

Data source
Data were collected from published medical literature
and public databases, along with parameterized treat-
ment cost, transition probabilities, and other model pa-
rameters (Table S1). The starting state of the model was a
specific ALT distribution based on the serumALT level of
chronic HBV-infected people in China as described in
Table S2 extracted from published studies or obtained
through direct requests to the authors (Table S2).39–42

Costs included the direct medical treatment cost. The
annual transition probabilities and utility scores were
derived from published literature (Table S1). Background
age-specific mortality was ascertained from the China
Population & Employment Statistics Yearbook, 2020.

Effectiveness and cost-effectiveness analyses
We estimated the number of HBV-related complications
(CC, DC, and HCC), HBV-related deaths, and quality-
adjusted life-years (QALYs) in each cohort. An incre-
mental cost-effectiveness ratio (ICER) was calculated to
identify the additional cost of each QALY, with an ICER
<3 times the per-capita annual gross domestic product
(GDP) indicating a cost-effective strategy43 in 2021, the
cost-effectiveness threshold was US$ 37,653 (per-capita
GDP US$ 12,551 in China).44 Strategies were depicted
on the cost–benefit plane and were connected by a line
to define the cost-effectiveness plane. According to the
Chinese guide to cost-effectiveness analysis, a 5%
(0–8%) discount rate was used when computing present
values of a stream of future costs and effects. According
to the roadmap from WHO 2022–2030, hepatitis B
contribute much more disease burden than hepatitis C,
and a 65% reduction in viral hepatitis mortality is
indicated as a relative target indicator, that hepatitis B’s
target was set to be 62%. And chronic HBV infection
brings the major burden of viral hepatitis that 86 million
CHB was largely overweighted the 7 million hepatitis C
patients in China, we still set the elimination goal of
hepatitis B to be 65%.

Sensitivity analysis
Probabilistic sensitivity analyses (PSA) were used to
characterize the combined uncertainty of all model
www.thelancet.com Vol 35 June, 2023

www.thelancet.com/digital-health


Articles
parameters based on 10,000 Monte Carlo simulations
and are presented by cost-effectiveness acceptability
curves, which indicate the probability that each alter-
native will become the most cost-effective treatment as a
dominant strategy with various the willingness to pay
(WTP). One-way deterministic sensitivity analyses
determined the effects of parameter uncertainties and
model robustness. The findings are presented as tor-
nado plots.

Role of the funding source
This study was funded by Global Center for Infectious
Disease and Policy Research (BMU2022XY030); Global
Health and Infectious Diseases Group (BMU2022
XY030); The Chinese Foundations for Hepatitis Control
and Prevention (2021ZC032); National Science and
Technology Project on Development Assistance for
Technology, Developing China-ASEAN Public Health
Research and Development Collaborating Center
(KY202101004); in part by National Key R&D Program of
China (2022YFC2505100).
Results
Effectiveness and cost-effectiveness of current
treatment threshold of ALT > 40 U/L
Besides the status quo, we finally simulated 135
treatment-expanding scenarios based on the cross
combination of different key values of thresholds of
ALT, treatment coverages, population’s age groups and
implementation time. The separate expanding treat-
ment coverage under current treatment threshold of
ALT > 40 U/L will lead to a significant decrease in
HBV-related complications or deaths, while it would
not reach the mortality reduction target even by 2050
(Fig. 1a and k).

For the status quo (ALT > 40 with 20% coverage for
18–80 years), it will result in cumulative incidences of
16,038–42,691 HBV-related complications (CC, DC, and
HCC) and 3116–18,428 related deaths between 2030
and 2050, respectively (Fig. 2d; Tables S3–S7).

The overall treatment under current guidance will
cost $511 million to $1833 million among the 100,000
chronic HBV infection cohort. Current treatment
strategies with ALT > 40 UI/L showed the least cost in
total as well as the least number of QALY gained in
each time horizon. Compared to the 20% coverage
strategy, increased coverages showed a decreasing
trend in ICER from US$ 114,832/QALY to US$
130,814/QALY gained by 2030, and US$ 29,069/QALY
to US$ 31,546/QALY gained by 2040, respectively. It
did not make substantial differences when such a
treatment strategy was limited to patients aged 30 or 40
years older. The ICERs showed significant decreases
when the time horizon was set to 2050, from US$
14,521/QALY to US$ 15,445/QALY gained (Tables S3,
S5 and S7).
www.thelancet.com Vol 35 June, 2023
Effectiveness and cost-effectiveness of treatment
expanded to HBsAg+
Under this strategy, four scenarios, including ‘80%
coverage among all the patients’, ‘80% coverage among
patients older than 30 years’, ‘60% coverage among all
the patients’ and ‘60% coverage among patients older
than 30 years’, could achieve the goal of 65% reduction
in mortality (Fig. 1 a and b) before the year of 2030. And
other scenarios (‘40% coverage among all the patients’,
‘80% coverage among patients older than 40 years’,
‘40% coverage among patients older than 30 years’,
‘60% coverage among patients older than 40 years’ and
‘80% coverage among all the patients’) could also reach
the 65% reduction target by 2050 if they were imple-
mented immediately in 2023 (Fig. 1a–k). If such an
expanded strategy is implemented five years later, only
the ‘80% coverage among all the patients’ scenario could
permit the WHO target by the year 2050 (Fig. S3). If
such an expanded strategy is implemented ten years
later, no scenario could permit the WHO target even by
the year 2050 (Fig. S5).

Treatment expanded to HBsAg+ will save the largest
number of HBV-related complications and death.
Compared to the expanded treatment coverage, treat-
ment solely expanded for the threshold from ALT > 40
to all the HBsAg+ patients showed much more cases of
complications and death saved, as 5028 complications
and 534 death for only expanded treatment coverage to
80% versus 5869 complications and 918 death for only
expanded treatment threshold by 2030 will be saved
(Table S3). It shows more proportional decreases when
the time horizon is extended to 2040 or 2050. Further,
expanded treatment threshold with broadened treat-
ment coverages, such as 40%, 60% or 80%, will largely
reduce the complication cases that happened by 31,305,
33,779, or 35,007 respectively by 2050 (Fig. 2a). This
expanding strategy also results in large complications or
death reduction when it is limited to patients older than
30 years or 40 years. Delayed implementation will result
in increases in HBV-related complications and deaths
under each scenario (Figs. S4 and S6).

Among all the strategies, treatment expanded to
HBsAg+ cost the most while providing the highest total
QALYs compared to other strategies with similar
implementation scenarios. It showed slightly higher
ICERs from US$ 80,258/QALY to US$ 101,605/QALY
gained by 2030, and the gap will continuously narrow in
the long run compared to other expanded strategies. The
ICERs of those four scenarios that could reach the
elimination target by 2030 were US$ 81,051/QALY,
US$ 80,582/QALY, US$ 85,040/QALY, or US$ 84,495/
QALY gained, respectively, which will largely decrease
to US$ 14,590/QALY, US$ 14,458/QALY, US$ 14,878/
QALY, or US$ 14,743/QALY gained by 2050 (Tables S3
and S7). ICERs of other scenarios under such stra-
tegy which could achieve the goal by 2050 included
‘40% treatment coverage for all ages’, ‘80% treatment
5
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Fig. 1: Effect of strategies to reduce mortality attributable to CHB implemented from
2023 in China. a, c, e, g and i, reduced mortality by 2030, 2035, 2040, 2045, and 2050
respectively; b, d, f, h and j, the annual incidence of each strategy that could reach 65%
mortality-reduction target by 2030, 2035, 3040, 2045, and 2050, respectively; k, the year

Articles

6

coverage limited to those aged 40 years older’, ‘40%
treatment coverage limited to those aged 30 years older’,
‘60% coverage limited to 40 years older’ or ‘20% cove-
rage for all ages’, ranged from US$ 15,469/QALY, US$
14,364/QALY, US$ 15,325/QALY, US$ 14,653/QALY,
or US$ 17,250/QALY gained, by the year of 2050, res-
pectively (Table S7).

Effectiveness and cost-effectiveness of treatment
threshold expanded to ALT > 30 in males & ALT > 19
in females
None of the scenarios under such an expanded
threshold will reach the hepatitis elimination target
before 2040 (Fig. 1c–f and k). If the expanded strategy is
implemented in the whole cohort with over 60% treat-
ment coverage or limited to those aged 30 years older,
the target will be reached in the year 2043 or 2050,
respectively (Fig. 1g–j). However, any of the scenarios
under such a threshold would not reach the WHO target
by 2030 if it was implemented in 2028 (Fig. S3) but ‘80%
coverage among all the patients’ could reduce 65%
mortality in the year 2050. If implemented in 2033, until
2050, no scenarios could reduce 65% mortality (Fig. S5).

If we just expand the ALT threshold to ALT > 30 in
males & ALT > 19 in females, 14,297 HBV-related
complications and 5316 related deaths will be pre-
vented by 2050 under the current treatment coverage of
20%. With the increase in treatment coverages from
20% to 80%, the preventable complications or death
increased from 28,479 or 11,017 (Fig. 2b). The age
limitation to over 30 or 40 years older will avert 27,169
or 24,712 complications and 10,476 or 9423 deaths by
2050 under the treatment coverage of 80% (Table S7).

Expanding the ALT threshold to ‘ALT > 30 in males
& ALT > 19 in females’ among the chronic HBV
infection cohort with 20% treatment coverage will cost
US$ 753 million, US$ 1680 million or US$ 2274 million
by the year 2030, 2040 or 2050, respectively (Tables S3,
S5, and S7). ICERs under such threshold strategy
decreased significantly when the time horizon extended
to the year 2040 (US$ 19,610/QALY gained), and 2050
(US$ 10,409/QALY gained) among those aged 18–80
years with 80% treatment coverage. Restrictions to pa-
tients aged 30 years older would cost less with similar
total QALY by the year 2030 (with less ICER US$
61,290/QALY gained for all patients versus US$ 61,492/
QALY gained for >30 years) with 80% treatment
coverage, however, the trend will be reversed from 2040
(Table S5). The ICERs of those three scenarios that
could reach the 65% mortality reduction target was
‘80% treatment coverage for all ages’, ‘80% treatment
in which each strategy achieved the goal of reduced mortality by
65%. Abbreviation: THBs, Treating HBsAg+; 30/19, ALT > 30/19; 35/
25, ALT > 35/25; 40, ALT > 40; 18–80, 18–80 years; 30–80, 30–80
years; 40–80, 40–80 years.
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coverage limited to those aged 30 years older’ or ‘60%
treatment coverage for all ages’, respectively by 2050.
Delayed implementation will result in significant in-
creases in ICERs under each scenario (Tables S8–S17).

Effectiveness and cost-effectiveness of treatment
threshold expanded to ALT > 35 in males & ALT > 25
in females
Under such an ALT threshold and no matter when it is
implemented, none scenario will lead to a 65% mortality
reduction, though 80% treatment coverage started in
2023 among the whole cohort will save 26,578 HBV-
related complications and 10,063 deaths till 2050
(Fig. 2c, Figs. S3, S5 and Tables S3, S7).

When the treatment threshold is expanded to ‘ALT >
35 in males & ALT > 25 in females’ immediately without
expanding treatment coverage, it will save 2554 HBV-
related complications and 348 related deaths compared
to the status quo among the whole cohort by 2030.
When its implementation was limited to those older
than 30 years or 40 years, cases of HBV-related com-
plications or deaths were estimated to be 13,703, 14,140,
www.thelancet.com Vol 35 June, 2023
or 2791, 2854 respectively. Fewer treatment coverages of
20%, 40%, or 60% mean 2768, 2354, or 2100 deaths
compared to the 80% treatment coverage among the
whole cohort.

By 2030, US$ 753 million will be costed for gaining
539,939 QALYs when we separately expand the ALT
threshold. Increased coverages will result in US$ 918
million to US$ 1043 million while gaining
542,425–545,016 QALYs. And ICER under such strategy
showed to be the least compared to other strategies. Little
ICER differences were found when this strategy was
limited to patients aged 30 years or older. The expanded
threshold of ALT costs more compared to the current
‘ALT > 40U/L’ strategy, while it will offer
1,162,029–1,191,743 QALYs by the year 2050 with
various treatment coverages from 20% to 80% (Tables S3
and S7).

Whether implemented immediately or delayed,
there were three strategies on the cost-effectiveness fr-
ontier as described in Fig. 3a. ‘Treating-HBsAg+ with
80% coverage among all the patients’ (ICER US$
81,051/QALY to US$ 14,590/QALY gained from 2030
7
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to 2050) was the most cost-effective strategy, followed
by ALT > 30/19 with 80% coverage for 18–70 years
(ICER US$ 61,290/QALY to US$ 10,409/QALY gained)
and ALT > 35/25 with 80% coverage for 18–70 years
(ICER US$ 56,365/QALY to US$ 9643/QALY gained).
When the implementation of extended treatment was
delayed, the cost-effectiveness plan had a similar trend
(Fig. 3b and c).

Probabilistic sensitivity analysis
Fig. 4 depicts cost-effectiveness acceptability curves of
various treatment strategies for various decision-makers
WTP between zero and the per-capita GDP per addi-
tional QALY gained by 2050, with ICER much lower
than the per-capita GDP. At a WTP threshold of US$
37,653, treating HBsAg+ with 80% coverage showed a
more than 90% probability of being cost-effective while
outperforming other strategies for 18–80 years by 2050.
After delayed treatment, the result had a similar trend
but the probability of being cost-effective would be
reduced.

One-way sensitivity analysis
One-way sensitivity analysis showed that regardless of
how the parameters change, treating HBsAg+ with 80%
coverage was the most cost-effective strategy. The Dis-
count rate had the greatest effect on ICER for 18–80
years. The other nine parameters that most affected
ICER were treatment-related transition probability from
ALT < 19 U/L to HBsAg loss, transition probability from
ALT > 40 U/L to CC, cost of CC, transition probability
from ALT > 40 U/L to ALT < 40 U/L, treatment-related
transition probability from ALT < 40 U/L to HBsAg loss,
treatment-related transition probability from ALT > 40
U/L to HBsAg loss, treatment-related transition proba-
bility from ALT = 30–40 U/L to HBsAg loss, transition
probability from CC to LT, and utility score of CC
(Fig. S7).
www.thelancet.com Vol 35 June, 2023
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Fig. 4: Cost-effectiveness acceptability curves for HBV treatment strategies of the HBV treatment programs by 2050 implemented from
2023, 2028, and 2033. Strategies on the cost-effectiveness frontier dominate strategies above the frontier.
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Discussion
Chinese guidelines recommend ALT levels over the ULN
(>40 U/L) as the threshold for antiviral treatment initia-
tion in chronic HBV infection with positivity for serum
HBV DNA, which has increasingly been challenged
because of histological changes in liver tissues’ low ALT
levels.11,12,16,45,46 We analyzed whether the WHO-specified
65% mortality reduction by 20301 was achievable and
assessed the year of achievement via several expanded
www.thelancet.com Vol 35 June, 2023
strategies. Only treating HBsAg+ with more than 60%
treatment coverage for 18–80 or 30–80 years can achieve
the target by 2030, and high treatment coverage would
enable earlier goal attainment. The HBsAg+ treatment
strategy was most effective for reducing complications,
followed by ALT > 30/19 and ALT > 35/25. The least
reduction of complications was achieved by only
expanding treatment coverage under the current strat-
egy. Treating HBsAg+ with 80% coverage for 18–80
9
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years, either implemented immediately or delayed, was
cost-effective. With a 5-year delay in implementing
expanded treatment, only treating HBsAg+ with 80%
coverage for 18–80 years could achieve a 65% mortality
reduction by 2050. Delayed implementation of expanded
treatment decreased HBV-related complications less
compared with immediate implementation but showed
similar trends in preventing HBV-related complications.
This is the first HBV-related economic evaluation study
of modification in the ALT antiviral treatment initiation
thresholds for chronic HBV infection in China.

Another key finding is that adjusting the ALT
threshold for expanding antiviral therapy is the best
opportunity to avoid deaths. A lower ALT treatment
initiation threshold significantly decreased the number
of HBV-related deaths, indicating that several strate-
gies, including treating HBsAg+ with maximal co-
verage, could facilitate the achievement of the mortality
reduction target. Implementation of treating HBsAg+
with more than 60% treatment coverage for 18–80 or
30–80 years can achieve this target by 2030. Treating
HBsAg+ regardless of ALT levels with 80% coverage
for 18–80 years achieved the goal first, followed by 80%
coverage for 30–80 years, further emphasizing the
need for treating HBsAg+ patients older than 30 years
with chronic HBV infection and high coverage. Health
literacy is important for promoting treatment coverage.
With an ALT threshold of ‘30 U/L for males and
19 U/L for females’, treatment coverage of 80% for
18–80 years would not achieve a 65% reduction in
mortality until 2043.

Compared with increased treatment coverage, treat-
ment threshold modification is more valuable for pre-
venting HBV-related complications. Only expanding
treatment coverage without adjusting the ALT threshold
antiviral treatment initiation cannot achieve the target.
Treatment threshold modification might be a more
practical strategy than increased coverage as medical
treatment is more controllable than individual/crowd
behavior. Compared to the current treatment strategy,
treating HBsAg+ with 80% coverage for 18–80 years has
the highest effectiveness in averting 82% of HBV-related
complications by 2050; 56.6% of HBV-related compli-
cations will be averted by modifying the treatment
threshold from ALT > 40 to treating HBsAg+ with the
current treatment coverage. Only 32.1% of HBV-related
complications would be averted with the current treat-
ment threshold and increased coverage from 20% to 80%
for the total population. Thus, treatment compliance
among chronic HBV infections should be improved and
deserve more attention. The medical service level and
ability should also be improved as much as possible to
ensure better compliance among chronic HBV in-
fections. As is indicated, lack of training and financial
support were cited as the major barriers to not offering
HBV care. The rolling out of expanded treatment needs
careful planning, and addressing the differing needs of
individual provinces, which can be further limited by
local government budgets, primary care networks and
the manufacturing and capacity constraints of the exist-
ing health facilities. The medical testing and treating
system as well as the chronic HBV infection surveillance
system should also be adequately invested in, especially
in those resource-limited areas in China.

Each expanded treatment strategy in China is cost-
effective by 2050, and expanded treatment offers many
benefits to the population’s health and medical system.
Because of the large effectiveness of increased treatment
of chronic HBV infection, expanded treatment strategies
show no cost-effectiveness before 2030, but are all cost-
effective in the long run by 2050. Expanded treatment
implementation requires strong governmental support
initially. Treating HBsAg+ with 80% coverage for the
total population is the most cost-effective strategy,
despite the ICER being the highest compared to other
strategies, with the same coverage because it gets the
most QALYs lower than the threshold of 3 times per-
capita GDP (US$ 37,653), even one time the per-capita
GDP. Our sensitivity analysis indicated that the dis-
count rate has a maximum effect on cost-effectiveness
(ICER range US$ 0 to US$ 16,000, well below three
times the per-capita GDP).44 Although the cost of
nucleos(t)ide analogues varies within a certain range,
treating HBsAg+ is the most cost-effective option, given
the antiviral drugs recommended by the Chinese
guidelines,11 such as five nucleoside analogs, included in
the National List of Reimbursable Medicines.22 Thus,
the treatment cost in China is not a major problem.
Also, nucleos(t)ide analogues such as TDF seems to
have a lipid-lowering effect.47 We also expect new drugs
to treat chronic HVB infection.48

The result demonstrates the timelines of adjusting
the threshold for expanding antiviral therapy. A 5-year
delay in expanded treatment implementation prevents
goal achievement by 2030, whereas treating HBsAg+
with 80% coverage for 18–80 years can achieve the goal
by 2049. Commencement of expanded treatment in
2033 without treatment strategy can reduce the 65%
mortality even by 2050. Delayed implementation by
5–10 years of expanded treatment reduced fewer HBV-
related complications than immediate implementation.
If each strategy is delayed to 2028 or 2033, the ICER
would be higher than that of a strategy that is imple-
mented immediately but still less than three times the
per-capita GDP by 2050.

This study had several limitations. First, the
complicated real-world effectiveness of future imple-
mentation under the current healthcare system and the
compliance of chronic HBV infection were not consid-
ered nor were the resource or economic effects on the
healthcare system with the progression of the expanded
treatment. Second, although our target cohort was a
population with chronic HBV infection, we did not
consider whether this population had liver histological
www.thelancet.com Vol 35 June, 2023
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changes; also, we just include chronic HBV infections
with detectable HBV DNA according to the latest evi-
dence and treatment guidelines.36,37 On the one hand,
chronic HBV infection without detectable HBV DNA
bear much less risk of liver injury before they pro-
gressed to HBV DNA positive. In addition, the level of
serum HBV DNA is not necessarily associated with liver
injury, but with patients’ infectivity. Thus, we acquired
ALT in our models to correspond to the actual liver
injury during clinical practice by recruiting chronic
HBV infection with detectable HBV DNA into our
cohort. Third, we neglected the occurrence of adverse
effects or antiviral resistance. Fourth, the available
medical literature used to construct utility scores and
transition probability for our cost-effectiveness analysis
was mainly from specialized tertiary centers and could
not completely represent China’s situation, such as the
transition probability to HCC. China should establish
the hepatocellular carcinoma (HCC) surveillance system
to investigate the effect of curative treatment for HCC
and mortality in patients.49 Fifth, the Markov model did
not distinguish different HBV genotypes or HBV e
antigen-positive and HBV e antigen-negative chronic
HBV infection. We assessed only the direct costs
involved from a health payer perspective without inclu-
ding indirect costs, such as loss of productivity. For
policymakers, each factor is important for determining
whether to implement a strategy.

Conclusion
Expanded antiviral treatment strategies based on modi-
fied ALT thresholds, including maximally lowering the
threshold or treatment that was not limited by the ALT
value, is a valuable and simplified indicator for
expanding chronic HBV infection treatment and should
be implemented earlier and treatment coverage should
be improved maximally in the total population to reduce
the disease burden of chronic HBV infection and HBV-
related deaths cost-effectively. Expanded treatment
based on ALT adjustment should be implemented as
soon as possible to get the most cost-effectiveness.
Expanded treatment to HBsAg positive patients and
higher coverage is the guarantee for achieving the goal
of a 65% reduction in mortality by 2030–2050, with cost-
effectiveness. It also needs to be confirmed by real-world
research and continued to track and monitor the actually
expanded treatment population and health economic
effects in the future.
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