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Summary
Background: Antiviral treatment in patients with chronic hepatitis B (CHB) may de-
crease the risk of hepatocellular carcinoma (HCC) and death. However, only 2.2% of 
CHB patients receive antiviral treatment globally. The complexity and strictness of 
the current clinical practice guidelines may limit expanding the treatment coverage 
for CHB.
Aims: We examined the impact of expanding treatment criteria on future disease 
burden in Korea, a hepatitis B virus (HBV) endemic country with high diagnostic rates 
(74.2%).
Materials: Dynamic country- level data were used to estimate the HCC incidence, 
overall mortality and economic impact of three incremental scenarios compared to 
the base case in Korea through 2035.
Results: In 2020, 1,409,000 CHB cases were estimated, with the majority born be-
fore 1995. All scenarios assumed treating 70% of eligible individuals. The first sce-
nario removes viral load restrictions in cirrhotic patients, which would avert 13,000 
cases of HCC and save 11,800 lives. The second scenario, lowering the alanine ami-
notransferase (ALT) level restriction to the upper limit of the normal in non- cirrhotic 
patients, would avert 26,700 cases of HCC and save 23,300 lives. The last scenario 
removes the restriction by ALT and HBeAg in treating non- cirrhotic individuals with 
a viral load of ≥2000 IU/ml, which would avert 43,300 cases of HCC and save 37,000 
lives. All scenarios were highly cost- effective.
Conclusions: Simplifying and expanding treatment eligibility for CHB would save many 
lives and be highly cost- effective when combined with high diagnostic rates. These 
dynamic country- level data may provide new insights for their global application.
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1  | INTRODUC TION

Hepatitis B virus (HBV) chronically infects approximately 292 million 
individuals globally and is a leading cause of liver cirrhosis, hepa-
tocellular carcinoma (HCC) and liver- related death.1 Chronic infec-
tion with HBV (CHB) caused 820,000 deaths in 2019, surpassing 
the number of deaths caused by human immunodeficiency virus 
(n = 690,000) or hepatitis C virus infection (n = 290,000).2

The World Health Organisation (WHO) aims to eliminate HBV 
as a public health threat and has set goals to reduce the number of 
individuals dying of HBV infection by 65% by 2030.3 Testing and 
treatment are the primary means of reducing HBV- related deaths 
in chronically infected individuals. Blood tests for the HBV surface 
antigen (HBsAg) have high sensitivity and specificity and have been 
developed for use at the point of care. Furthermore, the wide avail-
ability of effective antiviral treatments for CHB infection offers a 
great potential for significantly reducing HBV- related mortality and 
HCC incidence. Nonetheless, only 2.2% (6.6 million) of individuals 
with CHB infection received treatment in 2019, which is far from 
the target of the WHO (treating 80% of eligible patients by 2030).3 
According to the Polaris Observatory, not a single country is on track 
to achieve the HBV mortality goal of the WHO by 2030.4

A major challenge in expanding the treatment coverage for 
CHB infection is the complexity and strictness of the current clin-
ical practice guidelines. Most current guidelines for CHB infection 
recommend initiating antiviral treatments after identifying hepatic 
necroinflammation through liver biopsy or elevated serum levels 
of both alanine aminotransferase (ALT) and HBV DNA as well as 
considering the patient's age, HBeAg status and presence of cirrho-
sis.5– 9 Accordingly, only few individuals with CHB infection (12%– 
25%) were identified to be eligible for antiviral treatment.3

The Republic of Korea is an HBV endemic country with a prev-
alence of approximately 4% among adults.10 Korea has been at the 
forefront of HBV prevention measures, implementing national vac-
cine programmes in 1995.11 Consequently, the generation born after 
1995 will face a significantly lower burden of HBV as they age; how-
ever, there remains a substantial population born prior to the imple-
mentation of national vaccination who remain at risk of progression 
to cirrhosis, HCC and death. Korea has a national screening program 
for HBV, leading to a high diagnostic rate (74.2%).12 The treatment 
guidelines and reimbursement criteria for CHB infection in Korea 
are similar to many other national and international guidelines. 
Accordingly, only approximately 18.6% (n = 262,000) of the total es-
timated individuals with CHB infection (n = 1,409,000) received an-
tiviral treatment in 2019. However, many recent cohort studies have 
consistently suggested the promising impact of expanding treatment 
indications on reducing the incidence of HCC and overall mortality 
among those with CHB infection who are not currently eligible for 
treatment.13– 18

Therefore, this study was designed to examine the impact of ex-
panding treatment criteria on the future disease burden caused by 
HBV in Korea at the population level through modelling. Moreover, 
this study measured the cost- effectiveness of those possible 

treatment expansion scenarios. Although this is a country- specific 
study, estimating the trends in HCC incidence and overall mortality 
by expanding treatment criteria for CHB infection in Korea would 
offer new insights for its global application.

2  | MATERIAL S AND METHODS

2.1 | PRoGReSs model

A fully dynamic transmission and Markov disease burden model 
was populated with historical, Korean- specific background popula-
tion, mortality and epidemiological HBV data. The model tracked 
the distribution of HBsAg across sex, age (1- year age cohorts), year, 
disease stage (i.e., acute, chronic, cirrhosis, decompensated cirrho-
sis, hepatocellular carcinoma and death), and viral load (categorical). 
The PRoGReSs model has been previously described in detail.1 Age-  
and sex- specific progression rates, including spontaneous clearance 
and fulminant infection, advanced individuals through the disease 
stages over time (Appendix S1). The disease progression rates for 
males were increased to consider the predominance of genotype C 
HBV and comorbidities and match sex- specific cancer registry data 
in Korea (Appendix S1). Horizontal and vertical transmission of dis-
ease was estimated considering historical and current prophylaxis 
measures. Korean- specific historical data inputs included HBsAg 
prevalence by age, HBeAg prevalence among pregnant women, and 
prophylaxis coverage rates by year, annual number of liver trans-
plants, treatment and diagnostic rates (Table 1).

2.2 | Characteristics of the Korean HBV population

A literature review was conducted to gather all available epidemio-
logical data. After this was complete, two meetings with a panel of 
local clinical and research experts were conducted to build consen-
sus on the most accurate input data for the PRoGReSs model while 
also providing additional studies and data points. Korean- specific 
background data from the 2019 United Nation's Department of 
Economic and Social Affairs (Population Division) were used for 
population and mortality by sex and 1- year age cohort for every 
year from 1900 to 2035.30 The most recent published prevalence 
estimate revealed an overall prevalence of 2.9% among all ages 
and approximately 4% among adults.10 To estimate the age-  and 
sex- specific prevalence, the results of the Korean National Health 
and Nutrition Examination Survey 2014– 2018 were averaged.19 
For the age groups that were excluded from the survey (<10 years), 
the prevalence was calculated from the model using the histori-
cal prophylaxis measures, prevalence of HBsAg+ among pregnant 
women, and births by age of mother, while considering mother- to- 
child transmission, horizontal transmission and mortality. For older 
age cohorts (i.e., 75– 79, 80– 84 and 85+ years), HBV- related mor-
tality and background mortality were used to estimate the decline 
in prevalence in these age groups. Using a published study, it was 
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TA B L E  1   Model inputs and assumptions

Category Item Year Value Source

Disease burden model 
parameters

HBsAg+ prevalence rate 2016 2.9% 10

HBsAg+ prevalence— age and sex distribution 2014– 2018 - 19

HBeAg+ among HBsAg+ WoCBA 2002 31.8% 20

Viral load ≥20,000 IU/ml among HBeAg+ 2002– 2008 90% 21

Viral load ≥20,000 IU/ml among HBeAg− 2002– 2008 13% 21

Total diagnosed 2020 1,125,400 12, Expert input

Newly diagnosed 2016 19,600 Expert input

Total treated 2019 262,000 Expert input

Historical Treatment 1993– 2016 - 22, Expert input

Annual liver transplants 2019 1579 23

Liver transplants due to HBV 2008– 2011 75% 24

Timely birth dose coverage (all births) 2019 92% 25

HepB3 dose coverage (all births) 2019 98% 25

HBIG coverage (infants born to HBsAg+) 2018 100% Expert input

Antiviral treatment of eligible pregnant women 2020 40% Expert input

Economic modelling 
inputs

Disability weight— chronic HBV 0 - 

Disability weight— compensated cirrhosis 0 - 

Disability weight— decompensated cirrhosis 0.178 26

Disability weight— HCC 0.466 26

Disability weight— liver transplant 0.024 26

GNI per capita (US$) 2019 33,790 27

HIRA Threshold (US$) 2019 20,000 28

Discounting 4.5% Insurance 
database

Screening and lab costs 
per test (US$)

HBsAg 2017 2.41 Insurance 
database

HBeAg 2017 3.48 Insurance 
database

Viral load testing 2017 23.54 Insurance 
database

ALT testing 2017 1.65 Insurance 
database

Fibroscan 2017 71.95 Insurance 
database

Comprehensive blood panel 2017 11.67 Insurance 
database

IgG anti- HAV 2017 13.89 Insurance 
database

Anti- HCV 2017 3.91 Insurance 
database

Ultrasound 2017 126.77 Insurance 
database

AFP 2017 4.10 Insurance 
database

Quantification HBsAg 2017 10.98 Insurance 
database

Treatment costs (US$) Treatment (annual) 2017 895 Insurance 
database

(Continues)
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estimated that 31.8% of HBsAg+ pregnant women were HBeAg+.20 
High viral load in the general population, defined as ≥20,000 IU/ml, 
was assumed to be present in 90% of HBeAg+ individuals and 13% 
of HBeAg-  individuals.21

2.3 | Historical prevention and care paradigm

The PRoGReSs model considered the impact of treatment and pre-
vention on the transmission and disease burden over time.

Previously, it was estimated that 3% of pregnant women eligible 
for antiviral treatment, as a method of prophylaxis, were treated. 
This number was estimated to have increased to 40% by 2020, with 
coverage levels approaching 100% in university hospitals.

From 2002 to 2008, 74.2% of individuals over the age of 30 years 
enrolled in the cancer screening program at the National Cancer 
Centre were aware of their HBV status.12 Based on expert input, 
because of the ageing population and robust screening programmes, 
this proportion has increased to 80% by 2020, representing 1.21 mil-
lion infected individuals living in Korea including immigrants. To reach 
this 2020 estimate, it was assumed that 19,600 individuals with CHB 
were newly diagnosed annually. Historical treatment data were avail-
able from 1999 to 2013,22 with expert input estimating that by 2020, 
262,000 individuals with CHB were treated with antiviral drugs.

Current Korean guidelines and National Health Insurance Services 
recommend treating individuals with decompensated cirrhosis if HBV 
DNA is detectable; individuals with compensated cirrhosis if HBV 
DNA is ≥2000 IU/ml; and non- cirrhotic immune- active patients de-
fined as ALT levels more than twice the upper limit of the normal range 
by a local laboratory (ULN; 40 IU/ml for males and females) or signifi-
cant fibrosis or inflammation in addition to viral load requirements of 
≥2000 IU/ml for HBeAg-  individuals and ≥ 20,000 IU/ml for HBeAg+ 
individuals.7 Based on the current eligibility, it was estimated that 25% 
of patients with CHB, excluding individuals who have progressed to 
cirrhosis or later, are currently eligible for treatment (Table 2).17,31 
Annual liver transplantation data were available from 2005 to 2019 
from the Korean Network of Organ Sharing database. Based on HCC 
data, it was assumed that 75% of all transplants were due to HBV.24

2.4 | Scenario development and assessment

The PRoGReSs model was populated and calibrated to the afore-
mentioned data inputs. Then, multiple scenarios were developed to 
examine the future impact of different treatment rates and eligibil-
ity requirements compared with the current treatment paradigm 
(Table 2). Furthermore, an economic analysis was performed to ex-
amine the cost- effectiveness of all scenarios.

• Base Scenario: This scenario was designed to measure the fu-
ture impact of inaction on the disease burden and economy of 
maintaining the current eligibility requirements and treatment 
coverage. The estimated annual number of newly diagnosed 
patients (n = 19,600) and the total number of treated patients 
(n = 262,000) in 2020 were assumed to be maintained in the 
future.

• Scenario No. 1 (Base scenario + Removing viral load restric-
tion for the cirrhotics): This scenario expands the treatment 
criteria of current guidelines to remove viral load restriction 
for the treatment of the cirrhotic patients, and increasing the 
treatment coverage to 70% of the eligible individuals by 2030 
(Figure 1).

• Scenarios No. 2 (Scenario No. 1 + Lowering ALT restriction 
to ≥ ULN for the non- cirrhotic CHB): This scenario examines the 
impact of maintaining the current HBeAg status and viral load 
guidelines but lowering the ALT restriction from 2× ULN to ULN 
for the treatment and including Scenario No. 1. This scenario as-
sumed that the eligibility of the CHB population would increase 
from 25% to 36% based on the aforementioned studies applied to 
the infected Korean population (Figure 1).

• Scenario No. 3 (Scenario No. 2 + Removing ALT restriction and 
treating HBV DNA ≥ 2000 IU/ml): This scenario examines the im-
pact of eliminating both the HBeAg status and ALT restrictions 
to treatment and instead treating 70% of those with a viral load 
≥2000 IU/ml and including Scenario No. 2 (Figure 1). This scenario 
assumed that the eligibility of the CHB population would increase 
from 25% to 54% based on the aforementioned studies applied to 
the infected Korean population.

Category Item Year Value Source

Annual health state costs 
(US$)

Chronic HBV 2017 1627 29

Compensated cirrhosis 2017 3238 29

Decompensated cirrhosis 2017 8372 29

Hepatocellular carcinoma 2017 17,491 29

Liver transplant 2017 109,172 29

Post- liver transplant 2017 11,834 29

Abbreviations: AFP, alpha- fetoprotein; ALT, alanine aminotransferase; anti- HAV, hepatitis A virus antibody; anti- HCV, hepatitis C virus antibody; 
GNI, gross national income; HBeAg, hepatitis B e antigen; HBIG, hepatitis B immunoglobulin; HBsAg, hepatitis B surface antigen; HBV, hepatitis B 
virus; HCC, hepatocellular carcinoma; HepB3, three doses of hepatitis B vaccination administered; HIRA, Health Insurance Review and Assessment 
Service; WoCBA, women of childbearing age.

TA B L E  1   (Continued)
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In all scenarios, it was assumed that treatment eligibility was be-
tween the ages of 15 and 85 years and that treatment efficacy was 90% 
by virological response. Owing to the high prophylaxis rates in Korea, 
the interventions analysed excluded an expansion of prevention efforts 
and instead assumed the continuation of current rates into the future.

2.5 | Uncertainty analysis

The uncertainty intervals (UIs) were calculated via a sensitivity 
analysis using Crystal Ball (release 11.1.2.3.500). β- PERT distribu-
tions were used for all uncertain inputs.32 A Monte Carlo simulation 
estimated 95% UIs, with 100 simulations run per scenario. The UIs 
were calculated based on range inputs for prevalence, transmission, 
transition and mortality rates (Appendix S1).1,33

2.6 | Economic impact analysis

Cost data were collected using the same process as that for the epi-
demiological inputs for the model. Direct cost inputs were collected, 
including healthcare, screening, prophylaxis, diagnostics and treat-
ment from the reimbursement price list from the National Health 
Insurance Service (NHIS) of the South Korean government and then 
weighted by the experts (Table 1). The model estimated the annual 
disability- adjusted life years (DALYs) for each scenario to estimate 
incremental cost- effectiveness ratios (ICERs). The current Korea 
Health Insurance Review and Assessment Service (HIRA) guidelines 
stipulate that those interventions with a cost per quality- adjusted life 
year gained under US dollars $20,000 are deemed cost- effective.28

3  | RESULTS

3.1 | Disease burden

The model estimated that in 2020, 1,409,000 (UI: 1,292,000– 
1,523,000) cases were HBsAg+, a prevalence rate of 2.75%. Due to 
the prophylaxis efforts and mortality, this number was expected to 
decrease to 1,210,000 (UI: 994,000– 1,206,000), a prevalence rate 
of 2.37%, by 2030. Among the total infected population, the model 
estimated that 74% were 35– 64 years of age. In 2020, approximately 
1280 (UI: 720– 2390) incident cases had decompensated cirrhosis, 
approximately 9500 (UI: 5460– 11,740) incident cases had HCC, and 
approximately 10,000 (UI: 6530– 11,890) had liver- related deaths. 
The prevalence of HBsAg- positivity was estimated to be less than 
0.1% among infants and 0.1% among 5- year- old children in 2020.

Four scenarios were developed to examine the future impact of 
different treatment rates and eligibility requirements on disease bur-
den caused by HBV in Korea between 2020 and 2035, as described 
in the Methods section (Table 2). The total estimated number of indi-
viduals on antiviral treatment incrementally increased from the Base 
Scenario to Scenario No. 3 (Table 2 and Figure 1). The future impact of 
the four scenarios at a country level between 2020 and 2035 was es-
timated using the PRoGReSs model, as follows (Table 2 and Figure 2).

• Base Scenario: If the current treatment and diagnostic rates 
were continued into the future, the estimated total number of 
treated patients was assumed to remain constant in the future 
(n = 262,000). The prevalence of HBsAg positivity was projected 
to continue to decline in children and reach less than 0.1% in 
both infants and 5- year- old children by 2030. The total number 

TA B L E  2   Scenario inputs and cost- effectiveness outcomes (2020– 2035)

Scenarios

Treatment eligibility

Total no. of 
patients treated 
in 2030b  Cost effectiveness

CHB 
population

Cirrhotic 
population

DALYs 
averted

Incremental 
cumulative direct 
costs (US$) ICER US$/DALYa

Base: Maintaining current eligibility 
requirements and treatment 
coverage

25% 88% 262,000 - - - 

No. 1: Base scenario
+ Removing viral load restriction 

for the cirrhotics

25% 100% 330,000 179,833 168 932

No. 2: Scenario No. 1
+lowering ALT restriction to ≥ULN 

for non- cirrhotic CHB

36% 100% 450,000 355,675 486 1367

No. 3: Scenario No. 2
+removing ALT restriction and 

treating HBV DNA ≥2000 IU/mL

54% 100% 676,000 559,994 1446 2583

Abbreviations: ALT, alanine aminotransferase; CHB, chronic hepatitis B; HBV, hepatitis B virus; DALYs, disability- adjusted life years; ICER, 
incremental cost- effectiveness ratio; ULN, upper limit of normal.
aThe willingness- to- pay threshold by the Korean government in 2019 was US$20,000/DALY.
bScenarios Nos. 1– 3 assumed to treat 70% of eligible individuals in each.
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F I G U R E  1   Estimated number of individuals on treatment by scenarios in Korea (2020– 2035). Base Scenario: Maintaining the current 
eligibility requirements and treatment coverage. The estimated total number of treated patients (n = 262,000) in 2020 were assumed 
to be maintained in the future. Scenario No. 1: Expanding the treatment criteria of current guidelines to remove viral load restriction 
for the treatment of the cirrhotic patients. Treatment increases stepwise to a maximum of 330,000 individuals in 2030. Scenarios No. 
2: Lowering the ALT restriction from 2 X ULN to ULN for the treatment and including Scenario No. 1. Treatment increases stepwise 
to a maximum of 450,000 individuals in 2030. Scenario No. 3: Eliminating both the HBeAg status and ALT restrictions to treatment 
and treating those with a viral load ≥2000 IU/ml and including Scenario No. 2. Treatment increases stepwise to a maximum of 676,000 
individuals in 2030.
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F I G U R E  2   Estimated disease burden of hepatitis B virus by scenarios in Korea (2020– 2035).
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of infections was projected to decline by 22% to 1,095,700 (UI: 
898,000– 1,206,000) by 2035. However, the incidence of decom-
pensated cirrhosis was estimated to increase by 11%, HCC by 17% 
and liver- related deaths by 13%, as the infected population ad-
vances in disease state and age between 2020 and 2035.

• Scenario No. 1 (Base scenario + Removing viral load restriction 
for the cirrhotics): This scenario assumed that 330,000 would be 
treated by 2028. Increasing and extending treatment slowed the 
advancement of the disease, resulting in a 34% reduction in the 
incidence of decompensated cirrhosis, 10% reduction in the inci-
dence of HCC, and 12% reduction in liver- related deaths in 2035 
compared to the Base Scenario. Consequently, the projected 
number of total infections by 2035 slightly increased as infected 
individuals live longer. Compared with the Base Scenario, this 
scenario averted 4300 (UI: 3200– 6100) cases of decompensated 
cirrhosis and 13,000 (UI: 8800– 14,400) cases of HCC and saved 
11,800 (UI: 10,800– 12,300) lives.

• Scenarios No. 2 (Scenario No. 1 + Lowering ALT restriction 
to ≥ ULN for the non- cirrhotic CHB): With more relaxed treat-
ment criteria, more patients could be treated over time, reaching a 
maximum of 450,000 by 2030. This scenario resulted in a 55% re-
duction in the incidence of decompensated cirrhosis, 21% reduc-
tion in the incidence of HCC, and 23% reduction in liver- related 
deaths in 2035 compared with the Base Scenario. Compared with 
the Base Scenario, this scenario averted 7200 (UI: 4700– 12,100) 
cases of decompensated cirrhosis and 26,700 (UI: 17,000– 30,500) 
cases of HCC and saved 23,300 (UI: 18,800– 24,800) lives.

• Scenario No. 3 (Scenario No. 2 + Removing ALT and HBeAg re-
striction, and treating HBV DNA ≥ 2000 IU/ml): By further relax-
ing the treatment criteria, the total number of individuals treated 
increased to 676,000 by 2030. Compared to the Base Scenario, 
this scenario resulted in a 68% reduction in the incidence of de-
compensated cirrhosis, 33% reduction in the incidence of HCC, 
and 35% reduction in liver- related deaths in 2035. This scenario 
averted 9800 (UI: 5900– 18,700) cases of decompensated cir-
rhosis and 43,300 (UI: 26,000– 51,600) cases of HCC and saved 
37,000 (UI 28,200– 42,300) lives compared to the Base Scenario.

3.2 | Economic burden

Compared with the base scenario, all scenarios (Scenario Nos. 1– 3) 
were determined to be highly cost- effective through 2035, defined as 
the cost per DALY averted being far less than the Korean threshold for 
willingness- to- pay by HIRA guidelines (US$20,000 per DALY), from a 
healthcare system perspective considering direct cost only (Table 2 
and Figure 3). While Scenario No. 1 was found to be the most cost- 
effective with an ICER of US$932, Scenario Nos. 2 and 3 were found to 
have ICERs of only US$1367 and US$2583, respectively, which were 
far below the Korean threshold for willingness- to- pay. Given the high 
cost- effectiveness from a healthcare system perspective considering 
direct cost only and the high number of death averted by Scenario 
Nos. 1– 3, cost- effectiveness analysis from a societal perspective con-
sidering productivity loss by premature death was not conducted.

We further examined the impact of treating three differ-
ent age groups in Scenario No. 3; those with age ≥ 15 years (base), 
≥30 years, and ≥ 40 years. There were more early- stage outcomes 
averted in treating older population. Thus, the ICERs were $2583, 
$2256 and $1908 for treating those with age ≥ 15 years, ≥30 years, 
and ≥ 40 years, respectively, and all were far below the Korean 
threshold for willingness- to- pay.

4  | DISCUSSION

Testing and treatment are the two primary means of reducing 
HBV- related deaths in the patients who already have the infection. 
Although the availability of effective treatment for chronic hepatitis 
B infection offer great potential for eliminating CHB as public health 
threats, only 6.6 million (2.2% coverage) are receiving the treatment 
in 2019 globally.2 A collective effort is needed to address gaps in the 
coverage of testing and treatment of hepatitis B. In these regards, 
Korea has a unique environment to estimate the impact of expanding 
treatment coverage for CHB, including the high prevalence of CHB 
among adults (4%), high diagnostic rate (74.2%) and the presence of 
strong local guidelines and reimbursement criteria for the antiviral 
treatment by nationwide compulsory health insurance system.

Despite the robust universal vaccination program and the preven-
tion of mother- to- child transmission campaigns, a large population 

F I G U R E  3   Estimated cost per disability- adjusted life year 
averted by scenarios in Korea (2020– 2035). DALY, disability- 
adjusted life years; GNI, gross national income; HIRA, Korea Health 
Insurance Review and Assessment Service. The willingness- to- pay 
threshold by the Korean government (Health Insurance Review and 
Assessment Service, HIRA) in 2019 was US$20,000/DALY.
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was infected before these campaigns, who continue to be at risk of 
HBV- related morbidity and mortality. If the current treatment rates 
were continued through 2035, incident cases of HCC and liver- 
related deaths are expected to increase, with a slight decrease in 
the incident cases of decompensated cirrhosis. In contrast, all three 
scenarios of incremental treatment expansion resulted in reductions 
in HBV- related morbidity and mortality and were found to be highly 
cost- effective. From a healthcare system perspective, considering 
direct cost only, treatment expansion to 70% of eligible individuals 
and eliminating the viral load restrictions for individuals with cirrho-
sis (Scenario No. 1) would result in the most cost- effective scenario 
with an ICER of US $932 per DALY, but would only save approxi-
mately 11,800 lives. Meanwhile, the most aggressive scenario mod-
elled (Scenario No. 3) would cost significantly more (US$2583 per 
DALY), but would save the lives of over three times as many peo-
ple (37,000 deaths averted) and would be still highly cost- effective, 
incurring costs far below the willingness- to- pay threshold in Korea 
(US$20,000 per DALY).

In 2016, the World Health Assembly passed the Global Health 
Sector Strategy on Viral Hepatitis, which aims to eliminate HBV and 
HCV by 2030.34 The targets include 90% global coverage of three- 
dose infant vaccination by 2020; timely birth- dose vaccination 
in 50% of infants by 2020 and in 90% by 2030; and prevalence in 
children aged 5 years of 1% by 2020 and 0·1% by 2030. The global 
prevention target for HBV has been met, as measured by the preva-
lence of hepatitis B surface antigen to 0.9% in 2019 among children 
younger than 5 years.2 In this study, the prevalence of HBsAg- 
positivity in Korea was estimated to be even lower than the global 
estimate (0.1% among 5- year- old children in 2020).

WHO's prevention targets by 2030 included diagnosis of 90% of 
people infected with HBV and antiviral treatment of 80% of those 
diagnosed and eligible for treatment. However, access to diagnosis 
and treatment for HBV remains limited. In 2019, only 10% of indi-
viduals with CHB infection were diagnosed. Even among those di-
agnosed with CHB infection, only 22% received treatment.2 Even 
in high- resource countries, substantial gaps exist between the eval-
uation and treatment of patients with CHB infection. For example, 
in the United States, only half of patients with CHB infection with 
private insurance received complete evaluation for treatment el-
igibility (measurement of ALT, HBV DNA and HBeAg). Among pa-
tients with an adequate evaluation to determine treatment eligibility, 
only 11.2% and 13.9% were eligible for treatment according to the 
AASLD and EASL guidelines, respectively.35

In a recent systematic review and meta- analysis, among 145,789 
patients with CHB infection from 162 studies, a pooled estimate of 
treatment eligibility according to the WHO or any other guidelines 
was only 19% (95% CI, 18%– 20%).36 In this study, 18.6% (n = 262,000) 
of the total estimated individuals with CHB (n = 1,409,000) received 
antiviral treatment in 2019, suggesting that most treatment- eligible 
patients with CHB infection in Korea are actually being treated. 
Nonetheless, the crude incidence of HCC and mortality caused by 
HCC has not significantly decreased since 1999.22 Furthermore, 
the proportions of patients who developed HCC outside treatment 

recommendations according to the APASL, AASLD and EASL criteria 
were as high as 64.0%, 46.0% and 33.5%, respectively.13

These data suggest that the complexity and strictness of current 
guidelines in defining treatment eligibility is a serious challenge in ac-
complishing the WHO's target to eliminate HBV by 2030. Although the 
expansion of treatment criteria in CHB patients is highly controversial,37 
many Korean studies have suggested that expanding treatment indica-
tions may significantly reduce the incidence of HCC and mortality among 
those with CHB infection not currently eligible for treatment.13– 18,38 In 
fact, the results of this study are consistent with those of the previous 
global modelling studies, which suggested that scaling up the coverage 
of treatment to 80% of eligible individuals with CHB infection is essen-
tial to achieve a target of a 65% reduction in mortality by HBV.39

While the risk of treatment- emergent adverse events is low, as 
the number of individuals treated increases, the absolute number of 
individuals experiencing treatment- emergent adverse events will also 
increase. While this is an important area to explore, it is beyond the 
scope of the current study and may have to be studied separately. In 
this particular study, we have focused on the difference in effective-
ness between the treated group and the untreated group which rep-
resents a gain in terms of disease burden, but not the effectiveness 
for each treatment group. We have considered that ETV, TDF and 
TAF are the drugs currently recommended for the first- line antiviral 
treatment in patients with CHB because of their high antiviral po-
tency and negligible risk of drug- resistance during long- term treat-
ment. In fact, a recent study from Korea which used ETV, TDF and 
TAF in equal proportion, has demonstrated that expanding the treat-
ment criteria to immune- tolerant patients with CHB infection showed 
extremely high cost- effectiveness with a negative ICER value (a 'dom-
inant' strategy) by preventing premature deaths and productivity loss 
of economically active patients.29 The results of the one- way sensi-
tivity analyses indicated that the most influential parameters on the 
cost- effectiveness of the treatment in the immune tolerant- phase 
were those related to the risk of HCC (serum HBV DNA levels, plate-
let counts and age at treatment initiation) and the price of antiviral 
treatments. As the price of antiviral treatments decreases with the 
introduction of generic products of ETV and TDF in recent years,40– 42 
earlier treatment initiation could be shown to be more cost- effective 
even after considering the risk of treatment- emergent adverse 
events, in the young patient groups currently considered to be not 
cost- effective. Moreover, given that the patients with high- level vi-
remia are contagious, treating these patients would bring collective 
benefit to society through the reduction of transmission.

This study has several limitations. First, the PRoGReSs model 
is a population- based model at the national level. Thus, it will not 
specify any specific regions that may have higher or lower hepati-
tis B burdens and access to prophylaxis or treatment. Second, while 
the risk of treatment- emergent adverse events is low, as the number 
of individuals treated increases, the absolute number of individu-
als experiencing these events will also increase. Third, while it has 
been shown that long- term treatment can result in the regression 
of fibrosis, the model assumes that successful treatment would halt 
progression.43 The exceptions to this assumption in the model are 
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the transition probabilities to HCC, which are reduced but not elim-
inated.43– 46 Thus, the model could be underestimating the impact 
of treatment. Fourth, cost- effectiveness analysis from a societal 
perspective considering productivity loss by premature death was 
not conducted. However, given the high cost- effectiveness from a 
healthcare system perspective considering direct cost only and the 
high number of death averted by Scenario Nos. 1– 3, we expect that 
the cost- effectiveness could be further improved from a societal 
perspective, as shown by a recent study.29 Lastly, the model does 
not consider any possible future advances in treatment options, 
which may or may not be available by 2035.

While the cost- effectiveness of the presented interventions 
would need to be conducted, particularly in countries with a low hep-
atitis B burden and high cost of diagnostics, the future reductions in 
HBV- related morbidity and mortality by percentage are expected to 
be similar globally. A recent publication from Korea29 showed that 
the strategy of treating immune tolerant phase CHB would be cost- 
effective at about 20– 50% level of the original products' price in the 
United States and the United Kingdom, where generic products are 
available at low prices. Although the antiviral treatment using original 
drugs in the immune tolerant phase may not be cost- effective in sev-
eral countries, it needs to be considered that cost- effectiveness could 
be improved through a decrease in drug costs in the near future, and 
the cost of antiviral treatment should no longer be the main obstacle.

In conclusion, relaxing the current restrictions for antiviral treat-
ment and subsequent increase in treatment coverage in patients 
with CHB, tens of thousands of Korean lives could be saved by 2035 
in a highly cost- effective manner. The earlier treatment strategy is 
being increasingly supported by the accumulating data on the long- 
term efficacy and safety of anti- HBV drugs with high potency, high 
genetic barrier to resistance, and decreasing cost. Therefore, sim-
plifying and expanding treatment eligibility for CHB would save 
many lives and be highly cost- effective when combined with high 
diagnostic rates. These dynamic country- level data may provide new 
insights for their global application.
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