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Treat All versus targeted strategies to select HBV-infected 
people for antiviral therapy in The Gambia, west Africa: 
a cost-effectiveness analysis
Liem B Luong Nguyen*, Maud Lemoine*, Gibril Ndow, Zachary J Ward, Timothy B Hallet, Umberto D’Alessandro, Mark Thursz, 
Shevanthi Nayagam, Yusuke Shimakawa

Summary
Background Global elimination of hepatitis B virus (HBV) requires expanded uptake of antiviral therapy, potentially 
by simplifying testing algorithms, especially in resource-limited countries. We evaluated the effectiveness, cost-
effectiveness, and budget impact of three strategies that determine eligibility for anti-HBV treatment, as compared 
with the WHO 2015 treatment eligibility criteria, in The Gambia.

Methods We developed a microsimulation model of natural history using data from the Prevention of Liver Fibrosis 
and Cancer in Africa programme (known as PROLIFICA) in The Gambia, for an HBV-infected cohort of individuals 
aged 20 years. The algorithms included in the model were a conventional strategy using the European Association for 
the Study of the Liver (EASL) 2017 criteria, a simplified algorithm using hepatitis B e antigen and alanine 
aminotransferase (the Treatment Eligibility in Africa for the Hepatitis B Virus [TREAT-B] score), a Treat All approach 
for all HBV-infected individuals, and the WHO 2015 criteria. Outcomes to measure effectiveness were disability-
adjusted life years (DALYs) and years of life saved (YLS), which were used to calculate incremental cost-effectiveness 
ratios (ICERs) with the WHO 2015 criteria as the base-case scenario. Costs were assessed from a modified social 
perspective. A budget impact analysis was also done. We tested the robustness of results with a range of sensitiviy 
analyses including probabilistic sensitivity analysis. 

Findings Compared with the WHO criteria, TREAT-B resulted in 4877 DALYs averted and Treat All resulted in 
9352 DALYs averted, whereas the EASL criteria led to an excess of 795 DALYs. TREAT-B was cost-saving, whereas the 
ICER for Treat All (US$2149 per DALY averted) was higher than the cost-effectiveness threshold for The Gambia 
(0·5 times the country’s gross domestic product per capita: $352). These patterns did not change when YLS was the 
outcome. In a modelled cohort of 5000 adults (aged 20 years) with chronic HBV infection from The Gambia, the 
5-year budget impact was $1·14 million for Treat All, $0·66 million for TREAT-B, $1·03 million for the WHO criteria, 
and $1·16 million for the EASL criteria. Probabilistic sensitivity analysis indicated that among the Treat All, EASL, 
and TREAT-B algorithms, Treat All would become the most preferred strategy only with a willingness-to-pay threshold 
exceeding approximately $72 000 per DALY averted or $110 000 per YLS.

Interpretation Although the Treat All strategy might be the most effective, it is unlikely to be cost-effective in The 
Gambia. A simplified strategy such as TREAT-B might be a cost-saving alternative.

Funding UK Research and Innovation (Medical Research Council).

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
licence.

Introduction
Hepatitis B virus (HBV) infection is a major global health 
issue. Worldwide in 2019, 296 million people had chronic 
HBV infection, and there were an estimated 820 000 
deaths due to cirrhosis or hepatocellular carcinoma.1 In 
2016, a global strategy was endorsed to eliminate HBV 
infection as a public threat by 2030 and WHO set up 
ambitious service coverage goals to be reached by 2030 
(diagnosing 90% of people infected with HBV and 
treating 80% of those eligible for treatment).1 Given that 
less than 25% of HBV-infected people meet treatment 
eligibility criteria at a single timepoint assessment and 
current anti-HBV therapy is generally lifelong, evaluating 

treatment eligibility is a key step for the clinical 
management of chronic HBV infection.2

Screening for HBV infection is widely available via 
inexpensive rapid diagnostic tests that accurately detect 
hepatitis B surface antigen (HBsAg).3 However, the 
assessment of anti-HBV treatment eligibility remains 
challenging, particularly in low-income and middle-
income countries (LMICs).3 Conventional eligibility 
criteria established by profes sional liver societies, 
including the European Association for the Study of the 
Liver (EASL) 2017 criteria, invariably require a nucleic 
acid test to quantify serum HBV DNA, an alanine 
aminotransferase (ALT) test, and liver fibrosis staging by 
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liver biopsy or transient elastography.4 In contrast, 
in 2015, WHO adopted simplified criteria in which 
liver biopsy and transient elastography were replaced 
by serum biomarkers (aspartate aminotransferase-to-
platelet ratio index [APRI]).5 Further simplification with 
the exclusion of HBV DNA quantification has been 
proposed with the Treatment Eligibility in Africa for the 
Hepatitis B Virus (TREAT-B) score, which is based solely 
on ALT level and hepatitis B e antigen (HBeAg) 
serostatus.6 The TREAT-B score, originally developed in 
The Gambia, has been evaluated in Africa, Asia, 
Australia, and Europe, and has shown moderate to high 
discrimination capability between individuals deemed 
eligible for treatment and those deemed ineligible 
according to the EASL 2017 criteria.7–9 More recently, a 
Treat All strategy has been advocated to treat all people 
identified with chronic HBV infection, without assessing 
their HBV viral load, ALT level, or fibrosis stage.10–12 
Similar to a Treat All approach for HIV infection, the 
Treat All strategy for HBV infection could allow same-
day initiation of antiviral treatment following a positive 

HBsAg screening test, without costly and complex 
clinical staging.10 However, its feasibility and acceptability 
have not been tested in a real world setting.

Simplified testing algorithms could reduce the cost of 
initial assessment. However, as a trade-off, they might 
increase the risk of misclassification, resulting in 
patients at risk of liver complications being overlooked, 
or those with a minimal risk being unnecessarily given 
lifelong daily medication. Taking these factors into 
account, we assessed the effectiveness, cost-effectiveness, 
and budget impact of three different algorithms that 
determine eligibility for antiviral treatment (the Treat 
All, TREAT-B, and EASL criteria), as compared with a 
base-case scenario (WHO 2015 treatment criteria), in 
adults identified to carry HBsAg in The Gambia, west 
Africa.

Methods
Study setting
The Prevention of Liver Fibrosis and Cancer in Africa 
(PROLIFICA) study originally assessed the feasibility 

Research in context

Evidence before this study
To accelerate the momentum towards global elimination of 
hepatitis B virus (HBV), expanding testing and treatment 
services in resource-limited countries is crucial, especially in sub-
Saharan Africa. However, current international guidelines for 
HBV treatment eligibility are complex and require tests that are 
not widely accessible in these settings. Consequently, simplifying 
the treatment eligibility criteria, with a Treat All strategy as the 
most drastic option, could serve as a practical alternative. 
Nonetheless, such simplification might have a substantial 
economic impact, particularly in resource-limited countries. We 
searched PubMed for articles published from database inception 
up to June 22, 2023, in any language, using the terms: “hepatitis 
B” AND “cost” AND (“treatment eligibility” OR “treat all”). We 
identified two articles that evaluated the cost-effectiveness of a 
Treat All strategy and two articles that assessed simplified 
eligibility criteria. Razavi-Shearer and colleagues (J Viral Hepat 
2023; 30: 718–26) found that in the USA, a Treat All intervention 
yielded an incremental cost-effectiveness ratio (ICER) of 
US$41 700 per disability-adjusted life year (DALY) averted 
(threshold: $65 850). Similarly, Sanai and colleagues 
(J Infect Public Health 2020; 13: 1715–23) found that in Saudi 
Arabia, a Treat All intervention was cost-effective with an ICER of 
$22 050 per DALY averted (threshold: less than three times gross 
national income per capita—$66 150). In Korea, Lim and 
colleagues (Aliment Pharmacol Ther 2022; 56: 519–28) showed 
that a simplified algorithm based on HBV DNA, without alanine 
aminotransferase or hepatitis B e antigen (HBeAg), was cost-
effective, with an ICER of $2583 per DALY averted (threshold: 
$20 000). Crossan and colleagues (J Viral Hepat 2016; 
23: 139–49) found that in the UK, a Treat All strategy without 
any assessment of liver fibrosis was effective but not 

cost-effective (£28 137 per quality-adjusted life year, threshold: 
£20 000) in a subgroup of individuals with suspected fibrosis 
eligible for liver biopsy. However, we did not identify any studies 
assessing the cost-effectiveness of simplified testing algorithms 
or Treat All in low-income or middle-income countries.

Added value of this study
With use of a microsimulation model on a closed cohort, 
we evaluated the cost-effectiveness of three testing algorithms 
to select HBV-infected patients for antiviral therapy in 
The Gambia, compared with the WHO 2015 treatment criteria. 
These algorithms were a conventional strategy recommended 
by the European Association for the Study of the Liver 
(EASL 2017), simplified criteria based on alanine 
aminotransferase and HBeAg (the Treatment Eligibility in Africa 
for the Hepatitis B Virus [TREAT-B] score), and a Treat All 
approach for all HBV-infected individuals. We found that Treat 
All and TREAT-B might be more effective in reducing the 
HBV-related disease burden than the conventional criteria by 
EASL or WHO. However, implementing a Treat All approach in 
The Gambia might be associated with a substantial budget 
impact and was not deemed cost-effective.

Implications of all the available evidence
Our findings suggest that although a Treat All strategy might 
appear highly attractive for The Gambia to reduce the burden of 
HBV-related disease, it might not be cost-effective. Instead, 
simplified approaches such as TREAT-B could be a cost-saving 
alternative to scale up HBV treatment coverage. Before 
widespread implementation of Treat All or other simplified 
testing algorithms in resource-limited countries, careful 
evaluation of economic, operational, and social feasibility 
is essential.
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and cost-effectiveness of a community-based and facility-
based hepatitis B screen-and-treat intervention in The 
Gambia.13,14 The PROLIFICA protocol was approved by 
The Gambia Government and UK Medical Research 
Council (MRC) Joint Ethics Committee, and is registered 
on ClinicalTrials.gov, NCT02129829. A cross-sectional 
dataset comprising 804 HBsAg-positive individuals with 
chronic HBV infection from the PROLIFICA study was 
used to parametrise the distribution of health states at 
baseline, to assess the probability of being eligible for 
treatment with tenofovir disoproxil fumarate (TDF)  
according to the EASL 2017 criteria (the gold standard 
reference criteria for the purposes of this study), and to 
determine the diagnostic sensitivity and specificity of 
alternative testing algorithms (WHO 2015, TREAT-B, 
and Treat All) to indicate EASL treatment eligibility 
(appendix 2 pp 3–14). This dataset of 804 individuals was 
used in original development of the TREAT-B score.6 

The present study was reported in accordance with the 
Consolidated Health Economic Evaluation Reporting 
Standards checklist.15 Patient consent was not required 
for this secondary analysis.

Testing algorithms
Of four different testing algorithms evaluated in this 
study, the EASL 2017 criteria were considered to be the 
gold standard in terms of diagnostic accuracy, with 
100% sensitivity and 100% specificity to indicate anti-
HBV treatment eligibility, because the criteria are based 
on conventional reference tests (HBV DNA, ALT, and 
liver histopathology or transient elastography; appendix 2 
pp 13–14). Nevertheless, the EASL criteria are not perfect 
for predicting the development of hepatocellular 
carcinoma, given that individuals who do not meet the 
EASL criteria still have a small risk of developing 
hepatocellular carcinoma.16 The WHO 2015 criteria are 
currently recommended in The Gambia, and were 
therefore used as the base-case scenario. In these criteria, 
anti-HBV treatment is indicated in individuals with 
clinically diagnosed cirrhosis (ie, APRI >2·0) or in those 
aged 30 years or older with a viral load of at least 
20 000 IU/mL and abnormal ALT (≥30 IU/L in men, 
≥19 IU/L in women).3 TREAT-B score is obtained by 
adding HBeAg serostatus (negative [±0] or positive [+1]), 
and ALT level (IU/L; <20 [±0], 20–39 [+1], 40–79 [+2], or 
≥80 [+3]).6 Finally, in the Treat All strategy, antiviral 
therapy would be initiated in all HBsAg-positive 
individuals immediately after entering the cohort.

Model structure
We developed a deterministic micro simulation using a 
closed cohort model of the natural history of chronic 
HBV infection, adapted from a previously published 
study,14 with nine mutually exclusive health states: 
HBeAg-positive chronic infection, HBeAg-positive 
chronic hepatitis, HBeAg-negative chronic infection, 
HBeAg-negative chronic hepatitis, compensated 

cirrhosis, decompensated cirrhosis, hepatocellular 
carcinoma, HBsAg-negative, and death. Because these 
health states are not exhaustive,4 we introduced a novel 
state called HBeAg-negative grey zone within the present 
model. HBeAg-negative grey zone was defined according 
to HBV DNA and ALT concentrations (either HBV DNA 
<2000 IU/mL and ALT ≥40 U/L, or HBV DNA 
≥2000 IU/mL and ALT <40 U/L; appendix 2 p 12). Within 
non-treated health states, we nested a decision tree, 
representing criteria for TDF treatment eligibility, onto 
the model structure to represent the effect of each 
strategy (appendix 2 pp 26–27). Given that the treatment 
eligibility criteria were primarily developed for adults4 
and 796 (99%) of the 804 participants in PROLIFICA 
were aged 20 years or older, the starting age of the 
modelled cohort was set at 20 years. Disease progression 
was simulated for annual cycles until the person died or 
reached age 90 years. In our simulation, all untreated 
patients were followed up annually with a set of 
diagnostic tests specific to each of the testing algorithms. 
Individuals initiated on TDF were monitored annually 
using the same tests (appendix 2 p 15). We incorporated 
100 000 individuals with chronic HBV infection in our 
model, aiming for a balance between the real numbers of 
HBV-infected adults in The Gambia and ensuring 
sufficient numbers to minimise noise and stabilise the 
estimates. The model was built with Amua (version 0.3.0), 
an open-source software developed for decision 
modelling by the Center for Health Decision Science 
(Harvard University, Boston, MA, USA), and R Studio 
(version 2023.06.1+524; appendix 2 p 6). The model is 
publicly available.

Input parameters 
Transition probabilities between the different health 
states were obtained from previous literature (table 1). 
The health states do not fully overlap with the EASL 
2017 treatment eligibility (eg, the HBeAg-positive 
chronic infection status is ineligible for individuals aged 
≤30 years and eligible for those aged >30 years; appendix 
pp 12–14). Therefore, within each health state, the 
transition probabilities varied depending on whether or 
not the simulated individual met the EASL criteria: 
within each health state, the risk of hepatocellular 
carcinoma was 3·5 times higher in EASL-eligible than 
EASL-ineligible indi viduals;41,58 and compensated 
cirrhosis could only occur in individuals with chronic 
hepatitis (HBeAg-positive chronic hepatitis or HBeAg-
negative chronic hepatitis) who met the EASL criteria 
(appendix 2 pp 5–6). In addition, according to the result 
of an index testing algorithm, modelled patients who 
started tenofovir disoproxil fumarate (TDF) had 
0·6 times the risk of compensated cirrhosis and 
0·5 times the risk of hepatocellular carcinoma compared 
with patients not receiving antiviral therapy (ie, TDF; 
table 1).54 Treatment failure secondary to treatment 
discontinuation was simulated, with a fixed rate (6·30%) 

See Online for appendix 2

For the model see https://
dataverse.harvard.edu/dataset.
xhtml?persistentId=doi:10.7910/
DVN/LGMUP6
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at 1 year, followed by an extrapolated constant rate 
thereafter, which was calibrated in the model to reach a 
cumulative rate of 27·14% at the end of the simulation 
(ie, end of follow-up; table 1).55,56 Age-specific incidence 
rates of compensated cirrhosis and hepato cellular 

carcinoma in the absence of antiviral therapy were 
derived from the model and calibrated with 
epidemiological data for The Gambia from the Global 
Burden of Disease (GBD) 2019 database (appendix 2 
p 8). GBD does not report the incidence rate 

Base-case value Probabilistic 
sensitivity analysis 
distribution

Probabilistic sensitivity analysis 
parameters*

References for 
base-case 
values

Annual disease transition rate†

From HBeAg-positive chronic infection to:

HBeAg-positive chronic hepatitis 0·0950 (0·0296–0·1813) Beta a=5·06; b=45·57 17–19

Hepatocellular carcinoma‡ 0·0031 (0·0022–0·0041) Beta a=3·99; b=1324·35 20

From HBeAg-positive chronic hepatitis to:

HBeAg-negative chronic infection 0·0740 (0·0630–0·0880) Beta a=142·00; b=1770·00 21

HBeAg-negative chronic hepatitis 0·0050 (0·0000–0·0488) Beta a=0·15; b=30·69 14

Compensated cirrhosis§ 0·0277 (0·0100–0·0540) Beta a=6·14; b=215·45 22–28

Hepatocellular carcinoma‡ 0·0065 (0·0027–0·0995) Beta a=12·60; b=1925·30 23–25,29–32

From HBeAg-negative chronic infection to:

HBeAg-negative chronic hepatitis 0·0268 (0·0155–0·0471) Beta a=11·17; b=405·74 33–39

Hepatocellular carcinoma‡ 0·0005 (0·0003–0·0008) Beta a=5·00; b=9995·00 20

HBsAg-negative 0·0100 (0·0080–0·0120) Beta a=17·15; b=1257·65 21

From HBeAg-negative chronic hepatitis to:

HBeAg-negative chronic infection 0·0384 (0·0054–0·2731) Beta a=384·5; b=96116·5 40

Compensated cirrhosis§ 0·0400 (0·0100–0·0520) Beta a=11·17; b=300·92 22–28,35,41,42

Hepatocellular carcinoma‡ 0·0042 (0·0027–0·0056) Beta a=42·00; b=9958·00 20

From HBeAg-negative grey zone to:

HBeAg-negative chronic infection 0·0659 (0·0509–0·0852) Beta a=51·93; b=736·06 43

HBeAg-negative chronic hepatitis 0·0148 (0·0086–0·0254) Beta a=10·82; b=720·52 43

Hepatocellular carcinoma‡ 0·0011 (0·0002–0·0081) Beta a=0·21; b=192·63 43

From compensated cirrhosis to:

Decompensated cirrhosis 0·0390 (0·0320–0·0460) Beta a=2·85; b=70·18 32,44–46

Hepatocellular carcinoma‡ 0·0297 (0·0235–0·0359) Beta a=3·95; b=103·88 20

Death 0·0480 (0·0310–0·0660) Beta a=17·5; b=339·5 47

From decompensated cirrhosis to:

Hepatocellular carcinoma 0·0376 (0·0230–0·0710) Beta a=9·41; b=240·88 46,48–53

Death 0·1880 (0·0430–0·3140) Beta a=3·58; b=7·83 47

From hepatocellular carcinoma to:

Death 0·5450 (0·5450–1·000) Beta a=5·06; b=5·06 47

Treatment module

Risk ratio of hepatocellular carcinoma, 
treated vs not treated

0·5 (0·4–0·7) Log-normal µ=0·69 ; σ=0·142 54

Risk ratio of compensated cirrhosis, 
treated vs not treated

0·6 (0·4–0·8) Log-normal µ=0·51; σ=0·177 54

Treatment adherence

At year 1, % 93·70% (89·97–96·36) NC NC 55

At the end of the simulation (up to age 
90 years or death), %

72·86% (57·78–87·95) NC NC Adapted from 
56

Disability weight

Chronic hepatitis B virus infection 
without cirrhosis or hepatocellular 
carcinoma

0 NC NA 57

Compensated cirrhosis 0 NC NA 57

Decompensated cirrhosis 0·178 (0·123–0·250) Beta a=23·17; b=101·38 57

Hepatocellular carcinoma 0·288 (0·193–0·399) Beta a=54·76; b=762·70 57

(Table 1 continues on next page)

For the GBD 2019 database see 
https://www.healthdata.org/

gbd/2019

https://www.healthdata.org/gbd/2019
https://www.healthdata.org/gbd/2019
https://www.healthdata.org/gbd/2019
https://www.healthdata.org/gbd/2019
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of decompensated cirrhosis and thus the model was not 
calibrated for this outcome. All the calibration targets 
were prespecified before the model conception to 
ensure external validity.59

Costs
Costs were evaluated from a modified social perspective, 
encompassing expenses billed by health-care providers 
to either the health-care system or to the individuals 

Base-case value Probabilistic 
sensitivity analysis 
distribution

Probabilistic sensitivity analysis 
parameters*

References for 
base-case 
values

(Continued from previous page)

Cost of each testing algorithm, US$ in 2020¶

Treat All

Start-up cost 0 NC NA ··

Fixed cost 0 NC NA ··

Variable cost, per patient per year||

Off treatment NA NC NA ··

On treatment $55·10 Gamma 20% range for each component part ··

TREAT-B

Start-up cost 0 NC NA ··

Fixed cost 0 NC NA ··

Variable cost, per patient per year||

Off treatment

HBeAg positive $21·70 Gamma 20% range for each component part ··

HBeAg negative $14·20 Gamma 20% range for each component part ··

On treatment $55·10 Gamma 20% range for each component part ··

WHO 2015

Start-up cost NA NA NA ··

Fixed cost, per year $58 072 NC NA ··

Variable cost, per patient per year||

Off treatment

HBeAg positive $53·00 Gamma 20% range for each component part ··

HBeAg negative $45·50 Gamma 20% range for each component part ··

On treatment $55·10 Gamma 20% range for each component part ··

EASL 2017

Start-up cost $529 760 NC NA ··

Fixed cost, per year $59 752 NC NA ··

Variable cost, per patient per year||

Off treatment

HBeAg positive $59·10 Gamma 20% range for each component part ··

HBeAg negative $51·60 Gamma 20% range for each component part ··

On treatment $55·10 Gamma 20% range for each component part ··

Hospital admission parameters 

Cost per hospital admission, US$ in 
2020)

$83·70 Gamma 20% range for each component part 14

Number of hospital admissions per year 
for compensated cirrhosis, 
decompensated cirrhosis, and 
hepatocellular carcinoma, respectively

2, 3, and 3 Uniform Low: 0 for all three; high: 4, 6, and 6 14

Values in parentheses are 95% CIs. Treatment refers to TDF medication. EASL=European Association for the Study of the Liver. HBeAg=hepatitis B e antigen. NA=not 
applicable. NC=not considered. TDF=tenofovir disoproxil fumarate. TREAT-B=Treatment Eligibility in Africa for the Hepatitis B Virus. *Estimation of parameters for 
probabilistic sensitivity analysis is described in appendix 2 (p 9); parameter “a” corresponds to the number of events, parameter “b” corresponds to the number of non-
events. †In cases where multiple references contributed to a parameter, the base-case value was obtained from summary estimates presented in a systematic review by Lin 
and colleagues.47 ‡Overall risk of hepatocellular carcinoma in each health state is presented. Within each health state, individuals eligible for treatment according to the EASL 
2017 criteria were weighted for a 3·5 times higher risk of hepatocellular carcinoma than EASL-ineligible individuals. §Compensated cirrhosis could occur only in individuals 
who had chronic hepatitis (ie, HBeAg-positive chronic hepatitis or HBeAg-negative chronic hepatitis) and who met the EASL 2017 criteria. ¶Obtained as part of the current 
study (appendix 2 p 7). ||Initial assessment visit includes routine blood tests, virology, ultrasound scan, transient elastography, and staff costs. Monitoring is done every 
12 months both in those initiated on TDF and in those not receiving TDF. 

Table 1: Input parameters for annual disease transition rates, disability weights, and costs
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receiving care. Costs were obtained from the PROLIFICA 
study budget and from interviews with clinical managers 
of the MRC Clinic (Fajara, The Gambia) and the 
governmental teaching hospital (Edward Francis Small 
Teaching Hospital) in Banjul, The Gambia (appendix 2 
p 7). We initially valued all costs in Gambian Dalasi and 
subsequently converted to US$ in 2020 using the mean 
annual exchange rate for 2020. Outpatient costs varied 
according to the testing algorithms. Inpatient costs were 
derived from our previous publication that used WHO-
Choosing Interventions that are Cost-Effective (known as 
WHO-CHOICE) data14 and adjusted for inflation from 
2013 to 2020 in The Gambia. Intervention costs included 
start-up costs, fixed costs, and variable costs (table 1, 
appendix 2 p 15).

Outcomes
Clinical outcomes were presented for each testing 
algorithm and also for the natural history without any 
intervention. Clinical outcomes included cumulative 
incidence of becoming eligible for antiviral therapy and 
incidence of compensated cirrhosis, decompensated 
cirrhosis, and hepatocellular carcinoma. We also assessed 
cumulative incidence of being treated according to each 
algorithm in individuals who would have met the EASL 
2017 criteria over a lifetime, and in those who would have 
never met the EASL 2017 criteria. Effectiveness was 
examined with use of disability-adjusted life years 
(DALYs) and years of life saved (YLS). We used life 
expectancy from the 2022 revision of the World 
Population Prospects to calculate years of life lost. We 
obtained disability weights for decompensated cirrhosis 
and hepatocellular carcinoma from the GBD 2019 
(appendix 2 p 9). Disability weights were not available for 
compensated cirrhosis. 

Cost-effectiveness analysis
The incremental cost-effectiveness ratio (ICER) 
between one algorithm and the next least expensive, 
non-dominated algorithm was calculated as the 
difference in the cost divided by the difference in DALYs 
or YLS. When ordering the strategies by increasing 
costs, a strategy was dominated if it was more expensive 
but less effective than the next least expensive strategy. 
An algorithm was deemed cost-effective if the ICER 
was less than 0·5 times the gross domestic product per 
capita in The Gambia ($704 in 2020, World Bank),60 
indicating a threshold at $352 per DALY averted or 
YLS.61 A lifetime horizon was used.62 Costs and health 
outcomes were discounted at 3% per year.63 The budget 
impact analysis estimated the total undiscounted HBV-
related costs after implementing each testing algorithm 
for the 20-year-old population in The Gambia in 2020. 
Adhering to guidelines of The Professional Society for 
Health Economics and Outcomes Research, we opted 
for a 5-year time horizon, as it could reflect an initial 
investment phase, harmonise with national health 

strategies, and remain generally unaffected by 
discounting effects.64 The analysis assumed that of the 
56 600 individuals aged 20 years in The Gambia (World 
Population Prospects 2022), 8·8% have chronic HBV 
infection,13 which corresponds to 5000 adults (to the 
nearest thousand) with chronic HBV infection. The 
generic price of TDF in The Gambia was applied to the 
model ($40 per individual per year).

Six sets of one-way sensitivity analyses were done. 
First, disability weights for hepatocellular carcinoma 
according to the GBD 2019 varied from 0·288 (base-
case value) to 0·540 (terminal stage, appendix 2 p 9). 
Second, although severe side-effects are rare for TDF,4 
we allocated disability weights (range: 0·000–0·050; 
corresponsing to the GBD health state of “generic 
uncomplicated disease: worry and daily medication”57) to 
individuals taking daily TDF medication to incorporate 
potential interference with daily activities.65 Third, we 
set the risk of developing hepatocellular carcinoma 
among those non-eligible for EASL to zero. Fourth, the 
effectiveness (rate ratio) of TDF to prevent hepatocellular 
carcinoma was varied from 0·2 to 0·9 (base-case 
value: 0·5).66 Fifth, the cumulative rate of treatment 
failure secondary to treatment discontinuation until the 
end of the simulation period was varied from 10·00% to 
40·00%, per the confidence intervals for previously 
reported failure rate (base-case value: 27·14%).56 Finally, 
we varied the discounting rate from 0% to 12%.67 We also 
did multiway sensitivity analyses to simultaneously vary 
the cutoff scores of TREAT-B for treatment eligibility 
(≥1 to ≥3) and to identify sensitivity and specificity at the 
varying cutoffs compared against the EASL 2017 criteria 
for each health state (appendix 2 pp 16–17). Multivariate 
probabilistic sensitivity analyses were performed with 
500 Monte Carlo simulations to evaluate second-order 
uncertainty by incorporating gamma distribution for 
costs and beta distributions for probabilities (table 1; 
appendix 2 pp 9, 23–25).68 We ensured that all runs were 
within calibration targets. We reported the distribution of 
costs and effectiveness. Model uncertainty was accounted 
for in a cost-effectiveness acceptability curve for varying 
decision makers’ willingness-to-pay thresholds per DALY 
averted or YLS.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
In our modelled cohort of 100 000 adults aged 20 years 
with chronic HBV infection in The Gambia, 9723 
developed compensated cirrhosis and 13 170 developed 
hepato cellular carcinoma over 4·3 × 10⁶ person-years 
without any antiviral therapy. Thus, the incidence rates 
derived from our model were 2·37 per 1000 person-years 
for compensated cirrhosis and 3·08 per 1000 person-

For the World Population 
Prospects 2022 see 

https://population.un.org/wpp/

https://population.un.org/wpp/
https://population.un.org/wpp/
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years for hepatocellular carcinoma, which fit well and 
were within the confidence intervals for incidence rates 
reported in the GBD 2019 in The Gambia (appendix 2 
pp 28–29).

The cumulative incidence of becoming eligible for 
treatment with TDF according to EASL 2017 criteria was 
14·2% (14 200 per 100 000 adults) during a lifetime 
horizon. Of the individuals who remained ineligible 
throughout their lifetime according to the EASL criteria 
(n=85 800), the number of individuals who would 
have been unnecessarily treated at some point 
in their life was 24 098 (28·1%) when applying the 

WHO 2015 algorithm, 38 938 (45·4%) when applying 
the TREAT-B algorithm, and 85 800 (100%) when 
applying the Treat All algorithm (appendix 2 p 18). By 
contrast, among individuals who fulfilled the EASL 
criteria during their lifetime (n=14 200), the number 
who would not have been treated was 6860 (48·3%) 
when using the WHO algorithm, 109 (0·8%) when 
using the TREAT-B algorithm, and 0 when using the 
Treat All algorithm.

The incidence rates of compensated cirrhosis did not 
vary according to the testing algorithms. The rates were 
1·97 per 1000 person-years (WHO algorithm, base case), 

Prevalence at 
baseline, n/N; % 
(95% CI) 

Proportion eligible 
per EASL 2017, 
n/N; % (95% CI)

WHO 2015 TREAT-B* Treat All

Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI) Sensitivity 
(95% CI)

Specificity 
(95% CI)

Total cohort

Age <30 years 
(n=138)

NA 14/138; 
10·1% (5·7–16·4)

7·1% (0·2–33·9) 100% (97·1–100) 85·7% (57·2–98·2) 79·8% (71·7–86·5) 100% (NA) 0% (NA)

Age ≥30 years 
(n=664)

NA† 51/664; 
7·7% (5·8–10·0)

58·8% (44·2–72·4) 97·9% (96·4–98·9) 78·4% (64·7–88·7) 90·9% (88·3–93·0) 100% (NA) 0% (NA)

HBeAg-positive chronic infection 

Age <30 years 4/138;  
2·9% (0·8–7·3)

1/4;  
25·0% (0·6–80·6)

0% (0–97·5) 100% (29·2–100) 100% (2·5–100) 0% (0–70·8) 100% (NA) 0% (NA)

Age ≥30 years NA† 12/15; 
80·0% (51·9–95·7)

66·7% (34·9–90·1) 100% (29·2–100) 91·7% (61·5–99·8) 33·3% (0·8–90·6) 100% (NA) 0% (NA)

HBeAg-positive chronic hepatitis

Age <30 years 9/138; 
6·5% (3·0–12·0)

5/9;  
55·6% (21·2–86·3)

0% (0–52·2) 100% (39·8–100) 100% (47·8–100) 0% (0–60·2) 100% (NA) 0% (NA)

Age ≥30 years NA† 7/8;  
87·5% (47·3–99·7)

100% (59·0–100) 100% (2·5–100) 100% (59·0–100) 0% (0–97·5) 100% (NA) 0% (NA)

HBeAg-negative chronic infection

Age <30 years 96/138; 
69·6% (61·2–77·1)

0/96; 
0% (0–3·8)

NA‡ 100% (96·2–100) NA‡ 100% (96·2–100) NA‡ 0% (NA)

Age ≥30 years NA† 0/522; 
0% (0–0·7)

NA‡ 99·8% (98·9–100) NA‡ 100% (99·3–100) NA‡ 0% (NA)

HBeAg-negative chronic hepatitis

Age <30 years 2/138; 
1·4% (0·2–5·1)

2/2; 100% 
(15·8–100)

0% (0–84·2) NA§ 100% (15·8–100) NA§ 100% (NA) 0% (NA)

Age ≥30 years NA† 11/18; 
61·1% (35·7–82·7)

54·5% (23·4–83·3) 71·4% (29·0–96·3) 100% (71·5–100) 0% (0–41·0) 100% (NA) 0% (NA)

HBeAg-negative grey zone

Age <30 years 23/138; 
16·7% (10·9–24·0)

2/23; 
8·7% (1·1–28·0)

0% (0–84·2) 100% (83·9–100) 0% (0–84·2) 14·3% (3·1–36·3) 100% (NA) 0% (NA)

Age ≥30 years NA† 1/81; 
1·2% (0·0–6·7)

0% (0·0–97·5) 87·5% (78·2–93·8) 0% (0·0–97·5) 42·5% (31·5–54·1) 100% (NA) 0% (NA)

Compensated cirrhosis

Age <30 years 4/138; 
2·9% (0·8–7·3)

4/4; 100% 
(39·8–100)

25·0% (0·6–80·6) NA§ 100% (39·8–100) NA§ 100% (NA) NA§

Age ≥30 years NA† 20/20; 100% 
(83·2–100)

45·0% (23·1–68·5) NA§ 55·0% (31·5–76·9) NA§ 100% (NA) NA§

Input parameters were derived from a secondary analysis of the Prevention of Liver Fibrosis and Cancer in Africa study.6 EASL=European Association for the Study of the Liver. HBeAg=hepatitis B e antigen. 
NA=not applicable. TREAT-B=Treatment Eligibility in Africa for the Hepatitis B Virus. *Cutoff score ≥2. †All simulated individuals aged 20 years at model initialisation. ‡None of the simulated individuals in this 
health state eligible per EASL 2017. §All simulated individuals in this health state eligible per EASL 2017.

Table 2: Input parameters for the distribution of health states at baseline, proportion eligible for treatment per EASL criteria, and performance of alternative testing algorithms to 
indicate EASL 2017 treatment eligibility
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1·91 per 1000 person-years (EASL), 1·92 per 1000 
person-years (TREAT-B), and 1·93 per 1000 person-
years (Treat All; appendix 2 p 19). A similar pattern was 
observed for decompensated cirrhosis, with incidence 
rates of 0·79 per 1000 person-years (WHO), 0·75 per 
1000 person-years (EASL), 0·75 per 1000 person-years 
(TREAT-B), and 0·77 per 1000 person-years (Treat All). 
By contrast, the incidence rates of hepatocellular 
carcinoma differed, at 2·03 per 1000 person-years 
(WHO), 2·45 per 1000 person-years (EASL), 2·02 per 
1000 person-years (TREAT-B), and 1·98 per 1000 person-
years (Treat All).

Using the PROLIFICA dataset, the sensitivity and 
specificity of the WHO criteria to indicate the EASL 
criteria were 7·1% (95% CI 0·2–33·9) and 100% 
(97·1–100), respectively, in indi viduals younger than 

30 years, and 58·8% (44·2–72·4) and 97·9% (96·4–98·9), 
respectively, in those aged 30 years or older (table 2). By 
applying a cutoff of 2 or higher for TREAT-B total score, 
the sensitivity and specificity to indicate the EASL criteria 
were 85·7% (57·2–98·2) and 79·8% (71·7–86·5), 
respectively, in those younger than 30 years, and 78·4% 
(64·7–88·7) and 90·9% (88·3–93·0), respectively, in 
those aged 30 years or older. Finally, in the Treat All 
strategy, antiviral therapy would be initiated in all 
HBsAg-positive individuals immediately after entering 
the cohort, resulting in 100% sensitivity and 0% 
specificity (95% CIs not applicable) to indicate the EASL 
criteria. Sensitivity and specificity by health state and age 
group are summarised in table 2.

The projected health benefits of each testing algorithm 
in the cohort of 100 000 individuals over a lifetime are 
summarised in table 3. Compared with the WHO criteria 
(base case), TREAT-B reduced DALYs by 4877 and Treat 
All reduced DALYs by 9352; whereas, the EASL criteria 
increased DALYs by 795, indicating lower effectiveness. 
With use of YLS as an endpoint, TREAT-B and Treat All 
remained the most effective algorithms, with increases 
of 4403 YLS and 7763 YLS, respectively, compared with 
the WHO criteria. The EASL criteria were less effective 
than the WHO criteria (–3495 YLS). The discounted costs 
per person over a lifetime were $1145 (WHO), $1215 
(EASL), $866 (TREAT-B), and $1346 (Treat All). 
Consequently, EASL was a dominated algorithm while 
TREAT-B was cost-saving compared with the base-case 
WHO criteria. Treat All was unlikely to be cost-effective, 
with ICERs of $2149 per DALY averted and $2589 per 
YLS, which are far above the cost-effectiveness threshold 
for The Gambia ($352).

Figure 1 presents the total undiscounted HBV-related 
costs incurred over a period of 5 years beginning from 
the implementation of each testing algorithm, for a 
cohort of 5000 adults aged 20 years with chronic HBV 
infection in The Gambia. Total costs were $1·03 million 
(WHO criteria), $1·16 million (EASL), $0·66 million 
(TREAT-B), and $1·14 million (Treat All). The costs of 
Treat All were mainly driven by treatment ($0·79 million 

Cost DALYs YLS

Total cost 
(million US$)

Incremental 
cost* 
(million US$)

DALYs Incremental 
DALYs 
averted†

ICER‡ (US$ per 
DALY averted)

YLS Incremental 
YLS†

ICER‡ (US$ per 
YLS)

TREAT-B $86·6 Less costly 359 938 4877 Cost-saving 4403 4403 Cost-saving

WHO 2015 (base case) $114·5 0 (ref) 364 815 0 (ref) NA 0 (ref) 0 (ref) NA

EASL $121·5 7·0 365 610 Less effective Dominated§ –3495 Less effective Dominated§

Treat All $134·6 13·1 355 463 9352 $2149 7763 7763 $2589

Costs, DALYs averted, and YLS are for 100 000 adults over a lifetime starting from age 20 years and were discounted at 3% per year. DALYs=disability-adjusted life years. 
EASL=European Association for the Study of the Liver. ICER=incremental cost-effectiveness ratio. NA=not applicable. TREAT-B=Treatment Eligibility in Africa for the Hepatitis B 
Virus. YLS=years of life saved. *Relative to the next least costly strategy. †Relative to the next least effective strategy excluding strategies less costly than the base case. ‡ICER 
relative to the next least expensive, non-dominated algorithm was calculated as the ratio of the cost difference to the difference in DALYs averted or YLS. §Dominated indicates 
that the strategy is less effective compared with the base case (WHO criteria), therefore the ICER cannot be calculated.

Table 3: Cost, effectiveness, and cost-effectiveness of the different testing algorithms for treatment eligibility in The Gambia

Figure 1: 5-year budget impact analysis of different testing algorithms in 
The Gambia
Impact analysis for a cohort of 5000 individuals aged 20 years with chronic 
hepatitis B virus infection. TDF costs represent drug costs; laboratory tests include 
initial assessment and follow-up. Start-up costs are not represented because they 
are negligible. EASL=European Association for the Study of the Liver. 
TDF=tenofovir disoproxil fumarate. TREAT-B=Treatment Eligibility in Africa for 
the Hepatitis B Virus.
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over 5 years) even when the generic (low) price of 
TDF in The Gambia was applied to the model 
($40 per individual per year). For the other algorithms, 
the costs were mainly due to diagnostic tests.

In one-way sensitivity analyses, the overarching 
findings were unaffected by variations in the following 
factors within the limits specified: disability weights for 
hepatocellular carcinoma, TDF effectiveness, treatment 
failure rate secondary to treatment discontinuation, and 
discounting rate (appendix 2 p 30). Across all distinct 
scenarios for these factors, Treat All was more effective 
than the base-case WHO criteria, but the ICER 
consistently exceeded the cost-effectiveness threshold of 
$352. Relative to the WHO criteria, TREAT-B was 
consistently cost-saving and EASL was less effective with 
the same factor variations (data not shown). Conversely, 
the allocation of disability weights associated with a daily 
TDF therapy from 0·000 to 0·050 substantially impacted 
the effectiveness of each testing algorithm, exerting a 
greater effect on strategies that expanded treatment 
(figure 2). Treat All became much less effective than the 
base-case WHO criteria with an excess of 30 342 DALYs, 
whereas EASL became the best algorithm with 
10 461 DALYs averted when applying a disability weight of 
0·025. TREAT-B averted a similar amount of DALYs to 
the WHO criteria. Increasing the disability weight to 
0·050 made EASL even more effective, and Treat All and 
TREAT-B even less effective compared with the WHO 
criteria. In a scenario in which the EASL criteria worked 
perfectly and EASL-ineligible individuals never developed 
hepatocellular carcinoma (appendix 2 p 20), the EASL 
criteria were more effective than the WHO criteria 
(2627 DALYs averted and 2117  YLS), but was not cost-
effective in The Gambia (ICER: $2726 per DALY averted; 
$3382 per YLS). Treat All remained the most effective 
strategy in terms of DALYs and YLS, but the ICER was 
above the cost-effectiveness threshold (ICER: $11 484 per 
DALYs averted; $26 286 per YLS). TREAT-B was less 
effective than EASL (959 DALYs averted and 642 YLS), 
but cost-saving.

Multiway sensitivity analyses were done to vary the 
total score at which TREAT-B indicates TDF treatment 
eligibility (appendix 2 pp 16–17, 21–22). Applying a 
TREAT-B cutoff score of 1 (ie, ≥1) increased sensitivity 
and decreased specificity for indicating EASL treatment 
eligibility, and resulted in slightly higher effectiveness  
with regard to DALYs and YLS than a cutoff score of 2; 
however, compared with Treat All, a TREAT-B cutoff 
score of 1 was more costly and less effective. A TREAT-B 
score threshold of 3 decreased sensitivity and increased 
specificity for indicating EASL treatment eligibility, and 
resulted in lower effectiveness but lower cost than with a 
cutoff score of 2.

Using 500 Monte Carlo simulations for probabilistic 
sensitivity analyses, the mean effectiveness for Treat All 
was 3855 DALYs averted (95% CI –1545 to 9196) and 
3181 YLS (–893 to 7296; appendix 2 pp 31–32). Regarding 

intervention costs, the TREAT-B, EASL, and Treat All 
algorithms were less costly than the WHO algorithm 
in 100%, 45·4%, and 15·2% of the 500 runs, respectively 
(appendix 2 p 33). For the subset of simulations in which 
the Treat All algorithm was more effective than the 
WHO algorithm (462 [92·4%] of 500), the mean ICER 
was $9740 per DALY averted (95% CI: cost saving to 
$54 609) and $51 191 per YLS (cost saving to $78 663; 
appendix 2 pp 34–35). Figure 3 presents the cost-
effectiveness acceptability curve, illustrating the 
likelihood of a testing algorithm emerging as the most 
preferred option among the three alternatives, in terms 
of effectiveness and cost-effectiveness across varying 
decision makers’ willingness-to-pay thresholds per 
DALY averted or YLS. Up to a willingness-to-pay 
threshold of $10 000 per DALYs averted, the probability 
of the TREAT-B algorithm being the most preferred 
strategy among the three algorithms would be 92·2%. 
This probability would decrease to 74·0% at a 
willingness-to-pay threshold of $20 000, and 61·2% at 
a threshold of $30 000. Results were similar for 
willingness-to-pay thresholds per YLS. Treat All would 

Figure 2: Effectiveness of different testing algorithms for chronic hepatitis B 
virus infection in The Gambia according to disability weight of treatment
Health outcome (DALYs) according to disability weight associated with daily 
treatment with tenofovir disoproxil fumarate for the four modelled testing 
algorithms. EASL=European Association for the Study of the Liver. 
DALYs=disability-adjusted life years. TREAT-B=Treatment Eligibility in Africa for 
the Hepatitis B Virus.
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become the most preferred choice only if the willingness-
to-pay threshold were to exceed approximately $72 000 
per DALY averted or $110 000 per YLS, well above the 
cost-effectiveness threshold in The Gambia.

Discussion
Our study represents the first modelling analysis to 
estimate the effectiveness, costs, and cost-effectiveness of 
a Treat All strategy for hepatitis B in Africa. By comparing 

the Treat All strategy with targeted strategies that use 
either a comprehensive algorithm (EASL 2017 criteria) or 
simplified algorithm (TREAT-B and WHO 2015 criteria), 
the analysis yielded three principal findings. First, Treat 
All and TREAT-B might be more effective in reducing 
HBV-related disease burden in The Gambia than the 
EASL or WHO approaches, in which HBV-infected people 
are selected for treatment according to conventional 
criteria. Second, implementing a Treat All approach in 
The Gambia is unlikely to be cost-effective. Finally, the 
analysis suggested that a targeted, simplified algorithm, 
such as TREAT-B, might be cost-saving and have a lower 
budget impact than the Treat All strategy.

In 2016, WHO recommended that all people living 
with HIV should receive lifelong antiretroviral therapy 
irrespective of clinical status or CD4 cell count.69 Since 
then, treating all people living with HBV has become a 
subject of debate. Indeed, previous modelling studies 
in high-income countries supported Treat All as a 
cost-effective strategy to accelerate HBV elimination.11,70 
Patients with chronic HBV infection who are ineligible 
for antiviral therapy according to conventional criteria 
that are based on reference tests might still carry a small 
risk of liver complications,16 and therefore Treat All 
resulted in the highest DALYs averted compared with the 
targeted strategies in previous studies11,70 and the present 
study. However, two reasons might explain why Treat All 
was not cost-effective in our analysis. First, the cost-
effectiveness threshold in The Gambia ($352) is 
considerably lower than those applied in Saudi Arabia 
and the USA (exceeding $60 000).11,70 Second, our analysis 
found a lower reduction in hepatocellular carcinoma 
incidence with Treat All (2·5%; incidence rate of 1·98 
per 1000 person-years with Treat All vs 2·03 per 1000 
person-years with the WHO criteria) compared with the 
study in Saudi Arabia (50%).11 This discrepancy in 
effectiveness can be attributed to differences in model 
structure (our model does not account for the benefits of 
treatment in preventing transmission), input data 
(treatment effectiveness for hepatocellular carcinoma: 
50% in our study versus 90% in the Saudi Arabian 
study), and base-case scenarios. Importantly, limited 
research on individuals currently designated as ineligible 
for treatment suggests uncertain effectiveness of 
antiviral therapy in preventing important clinical 
outcomes.71

Our finding that Treat All is unlikely to be cost-effective 
remained constant after performing sensitivity analyses 
on model parameters. Notably, our budget analysis found 
that even with the low generic cost of TDF in The Gambia 
($40 per year), the Treat All cost $1·14 million over 5 years, 
mainly due to drug costs (figure 1). Our results highlight 
the importance of considering the economic feasibility 
of public health interventions, even when they might 
provide clinical benefits. Advanced economic assessment, 
including value of information analysis, might provide 
useful insights into the potential benefits of addressing 

Figure 3: Cost-effectiveness acceptability curve
Curves indicate the probability of each strategy being the preferred strategy over a range of willingness-to-pay 
thresholds per DALY averted (A) or per YLS (B). The dashed line represents the willingness-to-pay threshold that 
can be applied to The Gambia (US$352, equivalent to 0·5 times the gross domestic product per capita of 
The Gambia). EASL=European Association for the Study of the Liver. DALYs=disability-adjusted life years. 
TREAT-B=Treatment Eligibility in Africa for the Hepatitis B Virus. YLS=years of life saved.
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knowledge gaps associated with Treat All.
The acceptability of Treat All is also questionable, as it 

requires lifelong treatment even for individuals who 
might not develop chronic liver disease. Although 
nucleos(t)ide analogues such as TDF are generally well 
tolerated, adherence might be suboptimal,56 especially in 
the presence of stigma associated with hepatitis B 
infection.72 Additionally, treatment interruptions carry 
a 1–2% risk of severe hepatic flare with liver decom-
pensation.73 Furthermore, the burden of treatment, 
including daily medication intake that might interfere 
with daily activities or lifestyle, cannot be overlooked.65 In 
our sensitivity analysis, we assigned a small disability 
weight (0·025–0·050)57 to individuals undergoing 
antiviral therapy, and found that Treat All became the 
least effective intervention among the four assessed. 
Evaluating the impact of treatment on health is 
challenging; studies have shown improvement in patient-
reported outcomes for HBV-infected individuals 
receiving anti-HBV therapy,74 but these studies did not 
consider individuals who are ineligible for treatment 
according to established guidelines.

Operational feasibility is another concern for 
implementing Treat All. HBV affects 7-times more 
individuals worldwide than HIV,1 and unlike HIV, it does 
not inevitably result in premature death for all those 
infected. As more than 95% of people with chronic HBV 
infection live in LMICs,75 the widespread adoption of 
Treat All might present substantial logistical and financial 
challenges, particularly by increasing total drug costs. 
Nevertheless, several similarities exist between HBV and 
HIV. Both are endemic in sub-Saharan Africa, and 
antiviral drugs used for HIV are also effective against 
HBV. Successful treatment of co-infected individuals 
has been shown in extensive HIV Treat All rollout 
programmes.76 These findings highlight the importance 
of directing additional treatment efforts toward HBV 
monoinfected individuals and emphasise the urgency of 
donor support, such as from the Global Fund, for 
investments in HBV treatment.

The Treat All strategy did not appear to be the optimal 
testing algorithm for The Gambia, and our model 
suggested that a targeted simplified strategy, such as 
TREAT-B, might be better adapted. TREAT-B could lead 
to a similar reduction in compensated cirrhosis, 
decompensated cirrhosis, and hepatocellular carcinoma 
cases as a Treat All approach, while being cost-saving, 
with a 5-year budget that was almost half the expense of 
the Treat All budget ($0·66 million vs $1·14 million). 
Further investigation is warranted to determine the 
potential utility of the TREAT-B algorithm in different 
settings. Our model confirms that the EASL guidelines 
might be too conservative, as indicated by the higher 
number of hepatocellular carcinoma cases reported with 
the EASL treatment criteria versus the other criteria. 
Furthermore, tests required to assess EASL criteria (ie, 
transient elastography and HBV DNA) are not widely 

accessible particularly in local clinical settings in LMICs.
Our study has limitations. Although we primarily 

applied real-life country-specific data to parametrise our 
model, including health state distributions, performance 
of testing algorithms, and costs, we also drew upon 
non-African natural history data involving different viral 
genotypes. Similarly, considering variations in cultural, 
environmental, and demographic contexts that influence 
the rating of health state severity, the relevance of 
disability weights from the GBD 2019 study for the 
Gambian population might warrant scrutiny.77 Another 
limitation was that the PROLIFICA data used to derive 
the performance of TREAT-B were cross-sectional. As 
such, we used a time-dependent variable to model 
eligibility over time, and the cumulative proportion of 
becoming treatment eligible was consistent with the 
literature.2 Our primary analysis employed a 
deterministic Monte Carlo simulation methodology. 
This approach entails addressing first-order uncertainty, 
arising from interindividual variability, through 
individualised simulations designed to assess various 
disease outcomes. Although second-order uncertainty 
was not assessed in our main analysis, it was tested by 
the probabilistic sensitivity analyses, which confirmed 
our primary analysis results. Our model does not 
encompass the complexity of health-care delivery by 
omitting distinct care cascades aligned with each 
strategy. We solely accounted for treatment failure due to 
treatment discontinuation before and after 1 year to 
address instances of loss to follow-up. Our model 
focused on individual health benefits and did not 
consider HBV transmission, in particular prevention 
of HBV mother-to-child trans mission, as another 
important component of HBV elimination. Finally, our 
model did not assess the time interval between treatment 
decisions being made and treatment initiation, which is 
a major problem in many LMICs.

In summary, our analysis shows that although Treat All 
is an appealing approach for minimising the burden of 
HBV in The Gambia, it is currently unlikely to be cost-
effective in this setting. Our findings suggest that a 
simplified targeted testing algorithm, such as TREAT-B, 
might be a better strategy to reduce HBV-related 
morbidity and mortality in a cost-saving way. Further 
evaluation is needed to establish whether our findings 
are generalisable to other resource-limited settings.
Contributors
LBLN, ML, SN, and YS formulated the research questions. ML, GN, 
ZJW, SN, and YS collected the original data. TBH, UD’A, and MT 
supervised the work. LBLN and YS analysed the data. LBLN, ML, and 
YS wrote the manuscript. All authors reviewed and approved the 
manuscript. All authors had full access to all the data in the study and 
had final responsibility for the decision to submit for publication. 
LBLN and YS have directly accessed and verified the underlying data 
reported in the manuscript.

Equitable partnership declaration
The authors of this paper have submitted an equitable partnership 
declaration (appendix 3). This statement allows researchers to describe 
how their work engages with researchers, communities, and 

See Online for appendix 3



Articles

e77 www.thelancet.com/lancetgh   Vol 12   January 2024

environments in the countries of study. This statement is part of 
The Lancet Global Health’s broader goal to decolonise global health.

Declaration of interests
LBLN has received personal fees from Sanofi and Pfizer for speaker or 
consultant roles. ML has received research grants from Gilead Sciences 
and Abbott Laboratories. YS has received consulting fees from WHO, 
research grants from Gilead Sciences, and research materials from 
Abbott Laboratories and Fujirebio. SN has received a research grant 
from Gavi and consulting fees from WHO. All other authors declare no 
competing interests.

Data sharing
De-identified participant data, used to inform the model’s parameters, 
can be made available upon reasonable request, subject to approval by 
the scientific committee of the PROLIFICA project. Requests should be 
made online at https://www.prolifica.africa/. All aggregated data utilised 
for model parameterisation and the code for simulating the model with 
these data are accessible online (https://dataverse.harvard.edu/dataset.
xhtml?persistentId=doi:10.7910/DVN/LGMUP6).

Acknowledgments
The PROLIFICA programme was funded by the European Commission, 
the UK Medical Research Council (MRC), and Gilead Sciences. 
ML holds a UK MRC new investigator research grant. TBH 
acknowledges funding from the MRC Centre for Global Infectious 
Disease Analysis (reference MR/R015600/1), jointly funded by the UK 
MRC and the UK Foreign, Commonwealth and Development Office 
(FCDO), under the MRC/FCDO Concordat agreement. The MRC Centre 
for Global Infectious Disease Analysis is also part of the EDCTP2 
programme supported by the EU.

References
1 WHO. Global progress report on HIV, viral hepatitis and sexually 

transmitted infections, 2021. July 15, 2021. https://www.who.int/
publications-detail-redirect/9789240027077 (accessed Dec 7, 2021).

2 Tan M, Bhadoria AS, Cui F, et al. Estimating the proportion of 
people with chronic hepatitis B virus infection eligible for hepatitis 
B antiviral treatment worldwide: a systematic review and meta-
analysis. Lancet Gastroenterol Hepatol 2021; 6: 106–19.

3 WHO. Guidelines on hepatitis B and C testing. Feb 16, 2017. 
https://www.who.int/publications-detail-redirect/9789241549981 
(accessed Dec 7, 2021).

4 European Association for the Study of the Liver. EASL 2017 Clinical 
Practice Guidelines on the management of hepatitis B virus 
infection. J Hepatol 2017; 67: 370–98.

5 WHO. Guidelines for the prevention, care and treatment of 
persons with chronic hepatitis B infection. March 1, 2015. 
https://www.who.int/publications/i/item/9789241549059 (accessed 
Dec 7, 2021).

6 Shimakawa Y, Njie R, Ndow G, et al. Development of a simple score 
based on HBeAg and ALT for selecting patients for HBV treatment 
in Africa. J Hepatol 2018; 69: 776–84.

7 Johannessen A, Aberra H, Desalegn H, Gordien E, Berhe N. 
A novel score to select patients for treatment in chronic 
hepatitis B: results from a large Ethiopian cohort. J Hepatol 2019; 
71: 840–41.

8 Howell J, Anderson D, Bloom S, et al. Validation of the TREAT-B 
score for hepatitis B treatment eligibility in a large Asian cohort: 
TREAT-B improves with age. J Hepatol 2020; 73: 1282–84.

9 Vinikoor MJ, Sinkala E, Kanunga A, et al. Eligibility for hepatitis B 
antiviral therapy among adults in the general population in Zambia. 
PLoS One 2020; 15: e0227041.

10 McNaughton AL, Lemoine M, van Rensburg C, Matthews PC. 
Extending treatment eligibility for chronic hepatitis B virus 
infection. Nat Rev Gastroenterol Hepatol 2021; 18: 146–47.

11 Sanai FM, Alghamdi M, Dugan E, et al. A tool to measure the 
economic impact of hepatitis B elimination: a case study in Saudi 
Arabia. J Infect Public Health 2020; 13: 1715–23.

12 Lim Y-S, Kim WR, Dieterich D, et al. Evidence for benefits of early 
treatment initiation for chronic hepatitis B. Viruses 2023; 15: 997.

13 Lemoine M, Shimakawa Y, Njie R, et al. Acceptability and feasibility 
of a screen-and-treat programme for hepatitis B virus infection in 
The Gambia: the Prevention of Liver Fibrosis and Cancer in Africa 
(PROLIFICA) study. Lancet Glob Health 2016; 4: e559–67.

14 Nayagam S, Conteh L, Sicuri E, et al. Cost-effectiveness of 
community-based screening and treatment for chronic hepatitis B 
in The Gambia: an economic modelling analysis. Lancet Glob Health 
2016; 4: e568–78.

15 Husereau D, Drummond M, Petrou S, et al. Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS) statement. 
BMJ 2013; 346: f1049.

16 Huang DQ, Lee DH, Le MH, et al. Liver complications in untreated 
treatment-ineligible versus treated treatment-eligible patients with 
hepatitis B. Dig Dis 2023; 41: 115–23.

17 Fattovich G, Bortolotti F, Donato F. Natural history of chronic 
hepatitis B: special emphasis on disease progression and prognostic 
factors. J Hepatol 2008; 48: 335–52.

18 Chang MH. Natural history of hepatitis B virus infection in 
children. J Gastroenterol Hepatol 2000; 15 (suppl): E16–19.

19 Fattovich G, Brollo L, Giustina G, et al. Natural history and 
prognostic factors for chronic hepatitis type B. Gut 1991; 32: 294–98.

20 Raffetti E, Fattovich G, Donato F. Incidence of hepatocellular 
carcinoma in untreated subjects with chronic hepatitis B: 
a systematic review and meta-analysis. Liver Int 2016; 36: 1239–51.

21 Shimakawa Y, Lemoine M, Njai HF, et al. Natural history of chronic 
HBV infection in West Africa: a longitudinal population-based 
study from The Gambia. Gut 2016; 65: 2007–16.

22 Liaw YF, Tai DI, Chu CM, Chen TJ. The development of cirrhosis in 
patients with chronic type B hepatitis: a prospective study. 
Hepatology 1988; 8: 493–96.

23 Ikeda K, Saitoh S, Suzuki Y, et al. Disease progression and 
hepatocellular carcinogenesis in patients with chronic viral 
hepatitis: a prospective observation of 2215 patients. J Hepatol 1998; 
28: 930–38.

24 Wu G, Zhou W, Zhao Y, et al. Study on the natural history of 
chronic hepatitis B. Zhonghua Gan Zang Bing Za Zhi 2002; 
10: 46–48 (in Chinese).

25 Lo KJ, Tong MJ, Chien MC, et al. The natural course of hepatitis B 
surface antigen-positive chronic active hepatitis in Taiwan. 
J Infect Dis 1982; 146: 205–10.

26 Lin HH, Liaw YF, Chen TJ, Chu CM, Huang MJ. Natural course of 
patients with chronic type B hepatitis following acute hepatitis delta 
virus superinfection. Liver 1989; 9: 129–34.

27 Huo T, Wu JC, Hwang SJ, et al. Factors predictive of liver 
cirrhosis in patients with chronic hepatitis B: a multivariate 
analysis in a longitudinal study. Eur J Gastroenterol Hepatol 2000; 
12: 687–93.

28 Chen TJ, Liaw YF. The prognostic significance of bridging hepatic 
necrosis in chronic type B hepatitis: a histopathologic study. Liver 
1988; 8: 10–16.

29 Beasley RP, Hwang LY, Lin CC, Chien CS. Hepatocellular 
carcinoma and hepatitis B virus. A prospective study of 22 707 men 
in Taiwan. Lancet 1981; 2: 1129–33.

30 Beasley RP. Hepatitis B virus. The major etiology of hepatocellular 
carcinoma. Cancer 1988; 61: 1942–56.

31 Liaw YF, Tai DI, Chu CM, et al. Early detection of hepatocellular 
carcinoma in patients with chronic type B hepatitis. A prospective 
study. Gastroenterology 1986; 90: 263–67.

32 Xu B, Hu DC, Rosenberg DM, et al. Chronic hepatitis B: a long-
term retrospective cohort study of disease progression in Shanghai, 
China. J Gastroenterol Hepatol 2003; 18: 1345–52.

33 Tseng TC, Liu CJ, Chen CL, et al. Serum hepatitis B virus-DNA 
levels correlate with long-term adverse outcomes in spontaneous 
hepatitis B e antigen seroconverters. J Infect Dis 2012; 205: 54–63.

34 Chu CM, Liaw YF. Incidence and risk factors of progression to 
cirrhosis in inactive carriers of hepatitis B virus. Am J Gastroenterol 
2009; 104: 1693–99.

35 Chu CM, Hung SJ, Lin J, Tai DI, Liaw YF. Natural history of 
hepatitis B e antigen to antibody seroconversion in patients with 
normal serum aminotransferase levels. Am J Med 2004; 116: 829–34.

36 Chu CM, Liaw YF. HBsAg seroclearance in asymptomatic carriers 
of high endemic areas: appreciably high rates during a long-term 
follow-up. Hepatology 2007; 45: 1187–92.

37 Gigi E, Lalla T, Orphanou E, Sinakos E, Vrettou E, Raptopoulou-Gigi 
M. Long term follow-up of a large cohort of inactive HBsAg (+)/
HBeAg (-)/anti-HBe (+) carriers in Greece. J Gastrointestin Liver Dis 
2007; 16: 19–22.



Articles

www.thelancet.com/lancetgh   Vol 12   January 2024 e78

38 Chu CM, Liaw YF. Genotype C hepatitis B virus infection is 
associated with a higher risk of reactivation of hepatitis B and 
progression to cirrhosis than genotype B: a longitudinal study of 
hepatitis B e antigen-positive patients with normal 
aminotransferase levels at baseline. J Hepatol 2005; 43: 411–17.

39 Papatheodoridis GV, Chrysanthos N, Hadziyannis E, Cholongitas E, 
Manesis EK. Longitudinal changes in serum HBV DNA levels and 
predictors of progression during the natural course of HBeAg-
negative chronic hepatitis B virus infection. J Viral Hepat 2008; 
15: 434–41.

40 Bortolotti F, Guido M, Bartolacci S, et al. Chronic hepatitis B in 
children after e antigen seroclearance: final report of a 29-year 
longitudinal study. Hepatology 2006; 43: 556–62.

41 Zacharakis GH, Koskinas J, Kotsiou S, et al. Natural history of 
chronic HBV infection: a cohort study with up to 12 years follow-up 
in north Greece (part of the Interreg I-II/EC-project). J Med Virol 
2005; 77: 173–79.

42 Hsu YS, Chien RN, Yeh CT, et al. Long-term outcome after 
spontaneous HBeAg seroconversion in patients with chronic 
hepatitis B. Hepatology 2002; 35: 1522–27.

43 Bonacci M, Lens S, Mariño Z, et al. Anti-viral therapy can be 
delayed or avoided in a significant proportion of HBeAg-negative 
Caucasian patients in the grey zone. Aliment Pharmacol Ther 2018; 
47: 1397–408.

44 Liaw YF, Lin DY, Chen TJ, Chu CM. Natural course after the 
development of cirrhosis in patients with chronic type B hepatitis: 
a prospective study. Liver 1989; 9: 235–41.

45 Liaw YF, Sung JJY, Chow WC, et al. Lamivudine for patients with 
chronic hepatitis B and advanced liver disease. N Engl J Med 2004; 
351: 1521–31.

46 Fattovich G, Pantalena M, Zagni I, Realdi G, Schalm SW, 
Christensen E. Effect of hepatitis B and C virus infections on the 
natural history of compensated cirrhosis: a cohort study of 
297 patients. Am J Gastroenterol 2002; 97: 2886–95.

47 Lin X, Robinson NJ, Thursz M, et al. Chronic hepatitis B virus 
infection in the Asia-Pacific region and Africa: review of disease 
progression. J Gastroenterol Hepatol 2005; 20: 833–43.

48 Tong MJ, Hsien C, Song JJ, et al. Factors associated with 
progression to hepatocellular carcinoma and to death from liver 
complications in patients with HBsAg-positive cirrhosis. Dig Dis Sci 
2009; 54: 1337–46.

49 Tong MJ, Hsien C, Hsu L, Sun HE, Blatt LM. Treatment 
recommendations for chronic hepatitis B: an evaluation of current 
guidelines based on a natural history study in the United States. 
Hepatology 2008; 48: 1070–78.

50 Chen YC, Chu CM, Yeh CT, Liaw YF. Natural course following the 
onset of cirrhosis in patients with chronic hepatitis B: a long-term 
follow-up study. Hepatol Int 2007; 1: 267–73.

51 Kobayashi M, Ikeda K, Hosaka T, et al. Natural history of 
compensated cirrhosis in the Child-Pugh class A compared between 
490 patients with hepatitis C and 167 with B virus infections. 
J Med Virol 2006; 78: 459–65.

52 Mahmood S, Niiyama G, Kamei A, et al. Influence of viral load and 
genotype in the progression of hepatitis B-associated liver cirrhosis 
to hepatocellular carcinoma. Liver Int 2005; 25: 220–25.

53 Hui AY, Chan HL, Leung NW, Hung LC, Chan FK, Sung JJ. Survival 
and prognostic indicators in patients with hepatitis B virus-related 
cirrhosis after onset of hepatic decompensation. J Clin Gastroenterol 
2002; 34: 569–72.

54 Lok ASF, McMahon BJ, Brown RS Jr, et al. Antiviral therapy for 
chronic hepatitis B viral infection in adults: a systematic review and 
meta-analysis. Hepatology 2016; 63: 284–306.

55 Desalegn H, Aberra H, Berhe N, et al. Treatment of chronic 
hepatitis B in sub-Saharan Africa: 1-year results of a pilot program 
in Ethiopia. BMC Med 2018; 16: 234.

56 Ford N, Scourse R, Lemoine M, et al. Adherence to nucleos(t)ide 
analogue therapies for chronic hepatitis B infection: a systematic 
review and meta-analysis. Hepatol Commun 2018; 2: 1160–67.

57 Kyu HH, Abate D, Abate KH, et al. Global, regional, and national 
disability-adjusted life-years (DALYs) for 359 diseases and injuries 
and healthy life expectancy (HALE) for 195 countries and territories, 
1990–2017: a systematic analysis for the Global Burden of Disease 
Study 2017. Lancet 2018; 392: 1859–922.

58 Wong GL-H, Chan HL-Y, Wong CK-Y, et al. Liver stiffness-based 
optimization of hepatocellular carcinoma risk score in patients with 
chronic hepatitis B. J Hepatol 2014; 60: 339–45.

59 Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, 
Wong JB. Model transparency and validation: a report of the 
ISPOR-SMDM Modeling Good Research Practices Task Force-7. 
Med Decis Making 2012; 32: 733–43.

60 Bertram MY, Lauer JA, De Joncheere K, et al. Cost-effectiveness 
thresholds: pros and cons. Bull World Health Organ 2016; 
94: 925–30.

61 Bertram MY, Lauer JA, Stenberg K, Edejer TTT. Methods for the 
economic evaluation of health care interventions for priority setting 
in the health system: an update from WHO CHOICE. 
Int J Health Policy Manag 2021; 10: 673–77.

62 Siebert U, Alagoz O, Bayoumi AM, et al. State-transition modeling: 
a report of the ISPOR-SMDM Modeling Good Research Practices 
Task Force-3. Value Health 2012; 15: 812–20.

63 Severens JL, Milne RJ. Discounting health outcomes in economic 
evaluation: the ongoing debate. Value Health 2004; 7: 397–401.

64 Sullivan SD, Mauskopf JA, Augustovski F, et al. Budget impact 
analysis—principles of good practice: report of the ISPOR 2012 
Budget Impact Analysis Good Practice II Task Force. Value Health 
2014; 17: 5–14.

65 May C, Montori VM, Mair FS. We need minimally disruptive 
medicine. BMJ 2009; 339: b2803.

66 Gordon SC, Lamerato LE, Rupp LB, et al. Antiviral therapy for 
chronic hepatitis B virus infection and development of 
hepatocellular carcinoma in a US population. 
Clin Gastroenterol Hepatol 2014; 12: 885–93.

67 Haacker M, Hallett TB, Atun R. On discount rates for economic 
evaluations in global health. Health Policy Plan 2020; 35: 107–14.

68 Briggs AH, Weinstein MC, Fenwick EAL, Karnon J, Sculpher MJ, 
Paltiel AD. Model parameter estimation and uncertainty: a report of 
the ISPOR-SMDM Modeling Good Research Practices Task Force-6. 
Value Health 2012; 15: 835–42.

69 WHO. Consolidated guidelines on the use of antiretroviral drugs 
for treating and preventing HIV infection: recommendations for a 
public health approach, 2nd edn. June 1, 2016. http://www.who.int/
hiv/pub/arv/arv-2016/en/ (accessed Nov 27, 2018).

70 Razavi-Shearer D, Estes C, Gamkrelidze I, Razavi H. Cost-
effectiveness of treating all hepatitis B-positive individuals in the 
United States. J Viral Hepat 2023; 30: 718–26.

71 de Niet A, Jansen L, Stelma F, et al. Peg-interferon plus nucleotide 
analogue treatment versus no treatment in patients with chronic 
hepatitis B with a low viral load: a randomised controlled, open-
label trial. Lancet Gastroenterol Hepatol 2017; 2: 576–84.

72 Mokaya J, McNaughton AL, Burbridge L, et al. A blind spot? 
Confronting the stigma of hepatitis B virus (HBV) infection— 
a systematic review. Wellcome Open Res 2018; 3: 29.

73 Hsu Y-C, Lin Y-H, Lee T-Y, et al. Severe hepatitis B flares with 
hepatic decompensation after withdrawal of nucleos(t)ide 
analogues: a population-based cohort study. Aliment Pharmacol Ther 
2023; 58: 463–73.

74 Younossi ZM, Stepanova M, Younossi I, et al. Long-term effects of 
treatment for chronic HBV infection on patient-reported outcomes. 
Clin Gastroenterol Hepatol 2019; 17: 1641–42.e1.

75 Razavi-Shearer D, Gamkrelidze I, Nguyen MH, et al. Global 
prevalence, treatment, and prevention of hepatitis B virus infection 
in 2016: a modelling study. Lancet Gastroenterol Hepatol 2018; 
3: 383–403.

76 Coffie PA, Egger M, Vinikoor MJ, et al. Trends in hepatitis B virus 
testing practices and management in HIV clinics across sub-
Saharan Africa. BMC Infect Dis 2017; 17: 706.

77 Nomura S, Yamamoto Y, Yoneoka D, et al. How do Japanese rate the 
severity of different diseases and injuries?—an assessment of 
disability weights for 231 health states by 37 318 Japanese 
respondents. Popul Health Metr 2021; 19: 21.


	Treat All versus targeted strategies to select HBV-infected people for antiviral therapy in The Gambia, west Africa: a cost-effectiveness analysis
	Introduction
	Methods
	Study setting
	Testing algorithms
	Model structure
	Input parameters
	Costs
	Outcomes
	Cost-effectiveness analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


