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Background: A comprehension of the macroeconomic losses on a worldwide,
regional, and national scale attributable to liver cancer is crucial for the optimal
distribution of medical and research materials. The authors conducted an
investigation into the macroeconomic impacts of the strain imposed by liver
cancer in 2021 across 185 nations.

Methods: The data pertaining to disability-adjusted life years (DALY) for liver
cancer and its associated risk factors were sourced from the 2021 records of
the Global Burden of Disease investigation. Information pertaining to GDP,
modified for purchasing power parity (PPP), originated from the World Bank; the
integration of GDP and DALY data facilitated the estimation of macroeconomic
losses through the application of a value of lost welfare (VLW) methodology.
Every finding is articulated in 2021 international US dollars, calibrated for PPP.
Outcomes: In the year 2021, the VLW resulting from liver cancer worldwide
amounted to $141.95 B, representing 0.15% of the worldwide GDP. The worldwide
VLW/GDP ratio for alcohol-related liver cancer was 0.033% (VLW = $31.835 B)
Hepatitis B-associated liver cancer prevalence was 0.041% (VLW = $38.667 B)
Hepatitis C-associated liver cancer prevalence was 0.056% (VLW = $53.268
B) incidence of NASH-related liver cancer was 0.012% (VLW = $11.653 B) the
incidence of liver cancer attributed to alternative factors was recorded at 0.007%
(VLW = $6.728 B). The East Asia, Southeast Asia, and Oceania super-region
recorded the greatest VLW/GDP for liver cancer overall was 0.19%, with VLW
of $39.08 B, the high-income super-region accounted for the second (VLW/
GDP = 0.16%; VLW = $88.00 B).

Conclusion: The global macroeconomic burden attributable to liver cancer is
substantial, with far-reaching implications for productivity losses and healthcare
expenditure. These evidence-based economic estimates provide a compelling
rationale for strategic resource allocation towards liver cancer control programs.

KEYWORDS

liver cancer, macroeconomic burden, value of lost welfare (VLW), disability-adjusted
life years (DALY), economic impact

Introduction

Liver cancer represents a neoplastic growth that manifests within the hepatic tissue (1-3).
It stands as the third leading cause of death attributed to cancerous growths and remains a
considerable challenge for global medical systems. In almost 50% of nations, the prevalence
of liver cancer is on the rise. According to statistics, in the year 2020, the global incidence of
liver cancer reached approximately 900,000 new incidents, and the death rate due to liver
cancer in the same year is as high as 830,000 (4, 5). Due to the hidden early symptoms of liver
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cancer, majority of individuals are diagnosed during the middle to late
stages of their condition, which leads to high treatment cost and poor
prognosis, and imposes significant health and economic challenges on
people, their families, and the community at large (6). Moreover, the
elevated occurrence of liver cancer is intricately linked to chronic
HBYV, HCV, alcoholic liver disease, and NAFLD. The prevalence trends
of these etiological factors exhibit notable variations throughout
various nations and territories, thereby intensifying the intricacies
associated with the strategies for preventing and managing liver
cancer (2, 7, 8). In this context, measuring the weight of illness of liver
cancer and its implications on the broader economy are critical.

The Global Burden of Disease Study system evaluates trends within
the epidemiology of liver cancer and its effects on worldwide health (9).
Previous studies show that although HBV vaccination has significantly
reduced liver cancer incidence in some countries (10, 11), nonetheless,
the impact of liver cancer resulting from exposure to HCV, metabolic liver
disease, and alcohol abuse continues to rise (1, 12).

Previous large-scale studies on the economic burden of liver cancer
have typically employed cost-of-illness or human capital approaches
within single countries or regions. For example, Cao et al. (13) estimated
the population-level economic burden of liver cancer in China from 2019
to 2030 using a prevalence-based approach covering direct and indirect
costs but without applying welfare-based metrics. Similarly, a recent cross-
sectional cost-of-illness study in China assessed patient-level expenditures
across treatment phases for major cancers, including liver cancer, focusing
largely on direct medical expenditures and productivity losses (14).
Global cancer cost projections such as those published in JAMA
Oncology have estimated the macroeconomic cost of multiple cancer
types (including liver cancer) across more than 200 countries, yet did not
disaggregate by etiological subtypes or employ welfare-based approaches
sensitive to income elasticity (15). To our knowledge, systematic
application of the value-of-a-statistical-life-year (VLW) framework to
liver cancer on a global scale—at super-regional and national levels with
etiological disaggregation and sensitivity analyses—remains very limited.
By combining VLW estimates with GBD-derived DALYs, our study
complements and extends the existing literature, providing a welfare-
based perspective on the economic burden of liver cancer that goes
beyond direct costs or productivity losses alone.

The VLW serves as a progressively advanced macroeconomic
assessment tool that quantifies the economic costs of current diseases to
social welfare through standardized methods (16, 17). The VLW model
is grounded in the value of statistical life (VSL) and DALYs, and is
standardized in conjunction with the national economic level (18).
Broadly speaking, VSL measures the financial amount that a person is
prepared to spend to lower a specific risk of death, while VLW extends
this theory to construct a multi-dimensional evaluation system: it includes
both direct market economic losses (such as quantifiable measures of
productivity loss and health care expenditures) and systematic inclusion
of losses in welfare that are not captured by market transactions,
encompassing the intrinsic value of health, quality of life, and various
social dimensions that resist quantification in monetary terms (18, 19).
Compared with traditional cost-benefit analysis, VLW method builds a
more comprehensive framework for socio-economic impact assessment
(20,21). It is based on this advantage that the WHO has advocated for the
adoption of payment willingness methodologies, including VLW when
developing macroeconomic models of health policy (22).

In this scenario, the researchers quantify 2021 macroeconomic
losses from liver cancer and its causes using GBD study DALY data
from 185 high, middle, and low income nations.
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Methods
Sources of data

The data on DALYs for liver cancer was obtained from the GBD
2021 records (23). Liver cancer, as outlined in the GBD investigation
encompasses ICD-10 C22.0-22.4 22.7-22.9
(C22.0 = Hepatocellular carcinoma, C22.1 = Intrahepatic bile duct

codes and
carcinoma, C22.2 = Hepatoblastoma, C22.3 = Angiosarcoma of liver,
C22.4 = Other sarcomas of liver, C22.7 = Other specified liver cancers,
C22.8 = Overlapping lesion of liver, C22.9 = Liver cancer, unspecified).
Age-stratified DALY rates were gathered for 185 countries
encompassing all available age categories (23). Country-level GDP
data were derived from the World Bank’s World Development
Indicators records. All economic values were standardized to 2021
USD utilizing PPP conversion factors to ensure cross-national
comparability (24). Consistent with established GBD methodology,
we categorized countries into predefined super-regions for
comparative analysis (23). Seven super-regions were identified in the
GBD investigation: (1) Central Asia, Eastern Europe, and Central
Europe; (2) High-income; (3) The Caribbean and Latin America; (4)
The Middle East and North Africa; (5) South Asia; (6) Oceania, East
Asia, and Southeast Asia; (7) Sub-Saharan Africa (23).

Assessment of VLW

VLW model quantifies welfare losses due to illness based on VSL,
that includes nonmarket losses, like missed leisure time, nonhealth-
related consumption, and the intrinsic value of being healthy (18). The
VSL quantifies the highest monetary sum that a person is prepared to
spend in order to decrease the likelihood of mortality. This measure
quantifies the economic value of the risk of death, and when integrated
with DALYs, VSL is able to assess the overall the broader economic
impacts of a specific illness (16, 25). Given that VSL benchmark data
mainly originates from empirical studies conducted in wealthy
nations, it is essential to utilize established VSL projections from the
United States Department of Transportation (USDOT) to achieve a
standardized estimation for all nations. Therefore, this study is derived
using the following standardized calculation formula (25, 26):

1IE
VSLpea_k,i = VSLpea.k,USA X (GI)Pl /GDPUSA)

Following the adjustment for PPP, the GDP of a particular nation
is transformed into comparable data that aligns with the United States
benchmark (27). The approach for passing VSL projections across
countries relies on the income elasticity (IE) parameter of VSL, with
the IE-VSL recognized as a gold standard of 0.55 for transfers among
high-income nations. However, recent research indicates that more
conservative elasticity coeflicients ranging from 1.0 to 1.5 are more
suitable when drawing conclusions from high-income to low-income
country contexts (17, 28). To ensure conservative estimation, our base
case applies a unity income elasticity (IE = 1.0). In addition, to assess
the robustness of our results to the income elasticity assumption,
we recalculated VLW and VLW/GDP using IE values of 0.55 and 1.5,
which represent the lower and upper bounds of the range reported in
the literature. VSL,., represents the age node of optimal willingness-
to-pay (WTP) within an economy. Empirical analyses demonstrate
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this peak value predominantly occurs during middle age (95% CI,
45-55years), a critical finding that provides the age-weighting
parameter for calculating VSLY (18). In calculating the VSLY, the
age-adjusted function f{a) was used to calibrate VSLpeak in this study.
fla) is a quadratic function, the specific age is characterized by
parameter a, which illustrate the WTP of an individual across various
life stages and that modifies a nation’s maximum VSL to reflect the
VSLa according to the fraction of life already experienced (18). The
final VLW was calculated by multiplying age-specific VSLYs with
corresponding DALY for each age group, followed by summation
across all age cohorts. All financial evaluations are articulated in 2021
USD, modified for PPP (18). The VLW/GDP ratio serves as an
indicator of the relative economic burden a disease places on a nation’s
economy. By accounting for differences in national GDP, it enables
more equitable comparisons across countries and regions (29).

This study utilized RStudio statistical software (RStudio PBC,
Boston, MA) and strictly conformed with the Consolidated Health
Economic Evaluation Reporting Standards standards (30).

Results

In the year 2021, the VLW due to liver cancer on a global scale
amounted to $141.95 B, representing 0.15% of the total worldwide
GDP. The VLW as a proportion of GDP attributable to liver cancer was
most evident in the East Asia, Southeast Asia, and Oceania super-
region, with a VLW/GDP ratio of 0.19% and a total VLW of $39.08
B. The high-income super-region followed closely, exhibiting a VLW/
GDP ratio of 0.16% and a VLW amounting to $88.00 B. Liver cancer
exhibited a VLW/GDP of 0.10% in the Central Europe, Eastern
Europe, and Central Asia super-region (VLW = $4.04 B); 0.097% in
the Sub-Saharan Africa super-region (VLW = $1.806 B); 0.091% in the
South Asia super-region (VLW = $3.626 B); 0.074% in the North
Africa and Middle East super-region (VLW = $3.020 B); and 0.054%

10.3389/fmed.2025.1694588

in the Latin America and Caribbean super-region (VLW = $2.329 B)
(Figure 1).

The worldwide VLW attributable to liver cancer resulting from
alcohol consumption in 2021 amounted to $31.835 B, representing
0.033% of the worldwide GDP. VLW as a percentage of GDP
attributable to liver cancer from alcohol consumption was largest in
the high-income super-region (VLW/GDP = 0.042%;
VLW = $23.832). Liver cancer linked to drinking was 0.038% of VLW/
GDP in the Central Asia and Central & Eastern Europe super-region
(VLW = $1.512 B); 0.023% in the Southeast Asia, East Asia, and
Oceania super-region (VLW = $4.826 B); 0.014% in the Latin America
and Caribbean super-region (VLW =$0.611 B); 0.014% in the
Sub-Saharan Africa super-region (VLW = $0.262 B); 0.013% in the
South Asia super-region (VLW = $0.499 B); and 0.007% in the North
Africa and Middle East super-region (VLW = $0.293 B) (Figure 1).

The worldwide VLW of liver cancer attributable to hepatitis B in
2021 was $38.667 B, representing 0.041% of the worldwide GDP. The
value of liver cancer attributable to hepatitis B as a percentage of GDP
was most significant in the Southeast Asia, East Asia, and Oceania
super-region (VLW/GDP =0.110%; VLW = $22.945). Liver cancer
attributed to hepatitis B exhibited a VLW/GDP of 0.028% in the
Sub-Saharan Africa super-region (VLW = $0.511 B); 0.023% in the
North Africa and Middle East super-region (VLW = $0.934 B); 0.022%
in the High-income super-region (VLW = $12.472 B); 0.020% in the
Central Europe, Eastern Europe, and Central Asia super-region
(VLW =$0.796 B); 0.016% in the South Asia super-region
(VLW = $0.653 B); and 0.008% in the Latin America and Caribbean
super-region (VLW = $0.356 B) (Figure 1).

In 2021, the worldwide value of VLW attributable to liver cancer
resulting from hepatitis C was quantified at $53.268 B, representing 0.056%
of the worldwide GDP. The value of lost work (VLW) as a proportion of
GDP attributable to liver cancer resulting from hepatitis C was most
pronounced in the High-income super-region, with a VLW/GDP ratio of
0.072% and a total VLW amounting to $40.545 B. The incidence of liver
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FIGURE 1
VLW/GDP in 2021 by GBD super-region for liver cancer and its pathogenic factors. VLW, value of lost welfare; GDP, gross domestic product.
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cancer attributable to hepatitis C exhibited a VLW/GDP of 0.041% within  the Sub-Saharan Africa super-region (VLW = $0.067 B); 0.003% in the
the Southeast Asia, East Asia, and Oceania super-region, correspondingto ~ Central Europe, Eastern Europe, and Central Asia super-region
a VLW of $8.590 B. In contrast, the North Africa and Middle East super- (VLW = $0.115 B); 0.002% in the Latin America and Caribbean super-
region recorded a VLW/GDP of 0.031%, with a VLW of $1.245 B. The  region (VLW = $0.103 B); and 0.002% in the South Asia super-region
Central Europe, Eastern Europe, and Central Asia super-region reflecteda (VLW = $0.060 B) (Figure 1).
VLW/GDP of 0.030%, amounting to a VLW of $1.185 B. The Latin The nationwide distribution for liver cancer and its causative factors in
America and Caribbean super-region presented a VLW/GDP of 0.021%, 2021 are depicted in Figure 2, with the precise values detailed in
equating to a VLW of $0.893 B. Sub-Saharan Africa demonstrateda VLW/  Supplementary Table 1. To evaluate the robustness of our estimates to the
GDP 0f 0.018%, with a VLW of $0.329 B, while the South Asia super-region ~ income elasticity (IE) assumption, we recalculated VLW and VLW/GDP
had a VLW/GDP of 0.012%, resulting in a VLW of $0.481 B (Figure 1). using the lower (IE =0.55) and upper (IE = 1.5) bounds of the range
The worldwide VLW of liver cancer attributable to NASH in 2021  reported in the literature (Supplementary Tables 2, 3). For example, in
amounted to $11.653 B, representing 0.012% of the worldwide GDP. The ~ China the total VLW decreased from 80.8 billion USD (0.45% of GDP)
value of lost work (VLW) attributable to liver cancer resulting from NASH ~ under IE = 0.55 to 15.6 billion USD (0.09% of GDP) under IE = 1.5. Despite
represented the most significant proportion of GDP within the High-  these differences in absolute amounts, the relative ranking of countries and
income super-region, with a VLW/GDP ratio of 0.013% and a total VLW regions remained largely stable across scenarios, indicating that our main
amounting to $7.548 B. The incidence of liver cancer attributed to NASH  conclusions about regional burden are robust to the choice of IE parameter.
exhibited a VLW/GDP of 0.013% within the Southeast Asia, East Asia,
and Oceania super-region, corresponding to a VLW of $2.643 B. In the ) )
North Africa and Middle East super-region, the figure was 0.010% with a Discussion
VIW of $0.417 B. Similarly, the Central Europe, Eastern Europe, and
Central Asia super-region reported a VLW/GDP of 0.010%, equating to The overall VLW attributed to liver cancer across 185 nations in
a VLW of $0.386 B. The Sub-Saharan Africa super-region also recordeda 2021 is estimated at $141.95 B, representing 0.15% of the global
0.010% incidence, with a VLW of $0.177 B. In South Asia, the VEW/GDP ~ GDP. Consistent with prior epidemiological studies, our findings
was 0.006%, amounting to a VLW of $0.254 B, while the Latin America  underscore the substantial the worldwide impact of liver cancer, both
and Caribbean super-region had a VLW/GDP of 0.005% and a VLW of ~ in terms of health impact and economic welfare losses (31). The
$0.228 B (Figure 1). authors argue that these detailed worldwide, regional, and nation-
Global VLW of liver cancer due to other causes in 2021 was $6.728 B specific projections provide essential evidence for enhancing location-
or 0.007% of the global GDP. The VLW as a proportion of GDP  specific distribution of resources, bolstering first-line prevention
attributable to liver cancer from other factors was most pronounced inthe ~ initiatives, and setting data-informed priorities for liver cancer
Southeast Asia, East Asia, and Oceania super-region, witha VEW/GDP ~ management. Notable disparities exist in the economic burden across
ratio of 0.009% and a total VLW amounting to $1.831 B. The incidence of ~ various super-regions. The proportion of VLW/GDP in the East Asia,
liver cancer attributed to various causes exhibited a VLW/GDP 0f0.008%  Southeast Asia, and Oceania super-region is the highest (0.19%),
within the High-income super-region (VLW = $4.383 B); 0.004% in the ~ followed closely by High-income super-region (0.16%), but the
North Africa and Middle East super-region (VLW = $0.169 B); 0.004% in  driving factors of the two are completely different.

Liver Cancer VLWIGDP Liver cancer due to alcohol use VLW/GDP. Liver cancer due to hepatitis B VLW/GDP

o A o0
LA

*.

Liver cancer due to NASH VLWIGDP Liver cancer due to other causes VLW/GDP

Liver cancer due to hepatitis C VLWIGDP

h ] ,ﬂ \ ey : Yy

FIGURE 2
World heat maps of VLW/GDP in 2021 by country for liver cancer and its pathogenic factors. World map created using the ggmap package within RStudio
statistical software (https://cran.r-project.org/web/packages/ggmap/index.ntml), licensed under GNU General Public License.
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The economic burden of liver cancer in the East Asia, Southeast Asia,
and Oceania super-region mainly comes from HBV infection (VLW/
GDP = 0.11%). The combined impact of these regions represents over
90% of global incidents of HBV-related liver cancer, with their
contribution to etiology significantly surpassing that of other risk factors
(32, 33). Furthermore, the early screening system for liver cancer is flawed,
resulting in the majority of individuals receiving a diagnosis at a late stage
(34, 35), further increasing the treatment cost and economic loss. The
HBV vaccination rate is relatively high in high-income super-regions, and
the economic burden of liver cancer mainly comes from HCV infection
(VLW/GDP =0.072%) and alcohol use (VLW/GDP = 0.042%). The
primary route of transmission for HCV is through the use of injected
drugs. The prevalence of HCV infections linked to injecting drug use has
markedly risen in high-income nations (36). The sustained elevated levels
of alcohol consumption in affluent regions, including Asia-Pacific and
Europe, have resulted in a steady rise in deaths associated with alcohol-
related liver cancer (8, 37). Furthermore, obesity affects many countries
around the world and brings serious health problems to countless people
(38). NASH shows an important increase globally, particularly in
Australasia, Central Asia, and affluent North America, where DALYs rates
have risen beyond threefold since 1990 (39). The cost of NASH-related
liver cancer in affluent countries (VLW/GDP = 0.013%) is directly related
to the increase in obesity rates (40, 41). In contrast, although the
Sub-Saharan Africa super-region (VLW/GDP = 0.097%) and the South
Asia super-region (VLW/GDP = 0.091%) bear a relatively high burden of
liver cancer, their economic aggregates are relatively low, which leads to
relatively small absolute VLW values (1.806 B and 3.626 B US dollars
respectively). This “high relative burden-low absolute expenditure” model
highlights the weak healthcare system in this region. For example, in
Africa, only 18% of newborns received the first dose of the vaccine on
time. This area represents 63% of the global incidence of new HBV
infections (42). Besides, liver cancer screening services are also insufficient
(43, 44). Moreover, it is noteworthy that Mongolia exhibits a VLW/GDP
ratio of 1.028%—nearly three times higher than that of the next highest
country, the Republic of Korea, which stands at 0.368%. This situation
underscores underlying structural deficiencies in Mongolia, including
institutional fragility and significant socio-economic externalities. To
mitigate the elevated VLW/GDP ratio, Mongolia should pursue a strategic
shift toward economic diversification, enhance public governance
mechanisms, and allocate greater resources to evidence-based preventive
medicine. Such integrated measures would contribute to a more efficient
allocation of health resources, reduce the burden of disease, and ultimately
promote sustainable welfare optimization.

The distribution of healthcare supplies, policy response skills, and
the level of economic and social growth all exert influence on the
economic burden of liver cancer, according to studies (45). In terms
of health resource allocation, affluent nations have high-quality
medical resources, such as easy access to antiviral medications and
targeted therapy treatments for liver cancer, but medical treatment
costs are expensive (46, 47). As a result, the VLW value remains high
(the total VLW in affluent regions is 88 B US dollars), presenting a
unique phenomenon of “high investment-high burden.” At the policy
response level, South Korea has successfully increased the five-year
success rate of hepatic carcinoma more than 40% by popularizing
HBV screening and standardizing the ultrasound combined with AFP
monitoring system (48), verifying the key role of the early screening
policy in reducing the expense of advanced treatment. Regarding the
advancement of societal and economic development, low-income
nations face financial constraints, and there are major flaws in the
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control and prevention system of HBV (for example, only one-third
of African countries provide free medical treatment services) (49),
which makes it difficult for patients to receive standardized treatment
and forms a vicious cycle of “low investment-high burden.”

The VLW/GDP indicator provides an innovative comprehensive
measurement dimension for the assessment of the economic cost of
illnesses is calculated by combining immediate healthcare costs and
indirect productivity losses This indicator forms a complementary
relationship with the traditional DALYs (Disability-Adjusted Life
Years): DALYs mainly reflects the health loss caused by diseases, while
VLW/GDP quantifies the impact of diseases on the national economy
from an economic perspective (50). The DALY of global liver cancer
show a downward trend. This positive change may be attributed to the
synergistic effect of multi-dimensional public health intervention
measures, including comprehensive intervention measures such as
optimized liver cancer screening, widespread vaccination, and
improved accessibility of viral hepatitis treatment (51, 52). However,
the economic burden revealed by the VLW/GDP indicator remains
significant, highlights that the following key shortcomings in the
current prevention and control system. First and foremost, just 45%
of newborns globally receive the initial injection of HBV vaccine
inside a day of delivery (42). It is far from achieving the elimination
goal. Secondly, the coverage rate of antiviral treatment for hepatitis B
patients is less than 20%, and the treatment gap is huge (49).
Furthermore, key populations of HCV (such as injecting drug users)
face systemic obstacles in treatment due to issues such as social
discrimination, addiction challenges, and medical accessibility
(53-56).

Based on the collaborative analysis of VLW/GDP and DALY’
indicators, we propose suggestions for hierarchical prevention and
control: in areas with a high prevalence of HBV, efforts should
be focused on breaking through the dual bottlenecks of vaccination
coverage and antiviral treatment coverage. In wealthy nations, it is
critical to enhance the full-process management of HCV testing and
management, particularly to address treatment barriers for
marginalized populations. At the global level, it is necessary to jointly
promote the control of alcohol consumption and the prevention and
treatment of metabolic liver diseases. Meanwhile, drawing on the
successful experience of South Korea in improving the survival rate of
liver cancer through systematic early screening (ultrasound combined
with AFP monitoring), a hierarchical medical treatment system is
constructed. The successful model exemplified by South Korea
demonstrates that strategic public health investment can serve as a
powerful instrument for macroeconomic management. By proactively
mitigating future welfare losses (value of lost welfare, VLW), such
precision prevention strategies—grounded in targeted screening—
enhance national economic resilience and improve overall population
well-being. This outcome is directly reflected in the optimized VLW/
GDP ratio, signifying a transformation of the healthcare system from
a cost center into a strategic investment for national welfare and
economic stability.

While super-regional analysis facilitates broad international
comparisons, it may mask substantial within-region
heterogeneity. For example, Mongolia exhibits a VLW/GDP ratio
of 1.028%—nearly three times higher than the next highest
country in the region (Republic of Korea 0.368%, Japan 0.352%).
In Sub-Saharan Africa, the average VLW/GDP ratio is 0.097% but
the absolute VLW is only 1.806 billion USD, reflecting weaker
health systems and smaller economic aggregates. These
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country-level deviations highlight the

complementing super-regional estimates with national-level

importance of

analyses when designing policy interventions. We also
acknowledge that, although we used the most recent Global
Burden of Disease data, DALY estimates for many low- and
middle-income countries are modeled rather than based on
direct surveillance, which may add further uncertainty to our
regional estimates. Together, these factors suggest that our super-
regional results should be interpreted as indicative rather than
definitive and that future work using more granular, country-
level data would be valuable.

The present investigation poses a number of constraints that should
be weighed when analyzing its conclusions. To begin with, this study
mainly estimates based on theoretical models. For example, the valuation
of the VSL in various countries is modeled through empirical data from
the United States and deduced by combining transformation methods.
This method may be difficult to reflect regional data differences. Our
base-case estimates assumed a unity income elasticity (IE = 1.0) for VSL
transfers. Sensitivity analyses using the lower (IE =0.55) and upper
(IE = 1.5) bounds of the literature showed that while absolute VLW
estimates varied markedly, for example, China’s total VLW decreased
from 80.8 billion USD (0.45% of GDP) to 15.6 billion USD (0.09% of
GDP), the relative ranking of regions and the identification of high-
burden countries remained robust. This suggests that our main
conclusions about the relative economic burden of liver cancer are not an
artifact of a single parameter choice. To reduce the potential bias in WTP,
while accounting for financial status and PPP to the greatest extent
feasible, the study ultimately adopted 1.0 as the internal impact index.
Second, the VSL age adjustment function f(a) is constructed based on the
classical estimates of Chen et al. (15). These estimates may also fail to
reflect regional differences, which to some extent limits the accuracy of
this analysis. Finally, considering the scarcity of robust epidemiological
study information on liver cancer in most countries, the DALY indicators
in some countries in the GBD study inevitably contain a large proportion
of simulation projections.

Conclusion

This study provides one of the first global, super-regional, and
country-level assessments of the macroeconomic impact of liver cancer
using a welfare-based VLW framework. We find substantial welfare losses
with marked cross-country heterogeneity, including extreme outliers such
as Mongolia. Our results highlight both the heavy economic burden of
liver cancer and the potential of cost-effective interventions to reduce it.
Future work should refine these estimates with more granular data and
evaluate the economic impact of specific preventive and control strategies
to guide policy and investment.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Frontiers in Medicine

10.3389/fmed.2025.1694588

Author contributions

JY: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing -
original draft, Writing - review & editing. QC: Data curation,
Validation,
Visualization, Writing - original draft, Writing - review & editing. JM:

Investigation, Methodology, Resources, Software,
Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing -

original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The study was
Foundation

supported by Chongqing Natural Science

(CSTB2024NSCQ-MSX0526).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1694588/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2025.1694588
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1694588/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1694588/full#supplementary-material

Yu et al.

References

1. Huang DQ, Singal AG, Kono Y, Tan DJH, El-Serag HB, Loomba R. Changing global
epidemiology of liver cancer from 2010 to 2019: NASH is the fastest growing cause of
liver cancer. Cell Metab. (2022) 34:969-977.¢2. doi: 10.1016/j.cmet.2022.05.003

2. McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepatocellular carcinoma.
Hepatology. (2021) 73:4-13. doi: 10.1002/hep.31288

3. QiJ,Li M, Wang L, Hu Y, Liu W, Long Z, et al. National, and subnational trends in
cancer burden in China, 2005-2020: an analysis of national mortality surveillance data.
Lancet Public Health. (2023) 8:e943-55. doi: 10.1016/S2468-2667(23)00211-6

4. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
Cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

5. Cao G, Liu J, Liu M. Global, regional, and National Trends in incidence and
mortality of primary liver cancer and its underlying etiologies from 1990 to 2019: results
from the global burden of disease study 2019. ] Epidemiol Glob Health. (2023) 13:344-60.
doi: 10.1007/s44197-023-00109-0

6. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A global view
of hepatocellular carcinoma: trends, risk, prevention, and management. Nat Rev
Gastroenterol Hepatol. (2019) 16:589-604. doi: 10.1038/s41575-019-0186-y

7. Chuang S, La Vecchia C, Boffetta P. Liver cancer: descriptive epidemiology and risk
factors other than HBV and HCV infection. Cancer Lett. (2009) 286:9-14. doi:
10.1016/j.canlet.2008.10.040

8. Rumgay H, Arnold M, Ferlay J, Lesi O, Cabasag CJ, Vignat J, et al. Global burden
of primary liver cancer in 2020 and predictions to 2040. ] Hepatol. (2022) 77:1598-606.
doi: 10.1016/j.jhep.2022.08.021

9. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1204-22. doi: 10.1016/S0140-6736(20)30925-9

10.Yu S, Zhu Q, Zheng Y, Wu C, Ren H, Liu X, et al. Corrigendum: accelerating
decreases in the incidences of hepatocellular carcinoma at a younger age in Shanghai are
associated with hepatitis B virus vaccination. Front Oncol. (2022) 12:950499. doi:
10.3389/fonc.2022.950499

11. McMahon BJ, Bulkow LR, Singleton R], Williams J, Snowball M, Homan C, et al.
Elimination of hepatocellular carcinoma and acute hepatitis B in children 25 years after
a hepatitis B newborn and catch-up immunization program. Hepatology. (2011)
54:801-7. doi: 10.1002/hep.24442

12. Rumgay H, Shield K, Charvat H, Ferrari P, Sornpaisarn B, Obot I, et al. Global
burden of cancer in 2020 attributable to alcohol consumption: a population-based study.
Lancet Oncol. (2021) 22:1071-80. doi: 10.1016/S1470-2045(21)00279-5

13. Cao MD, Liu CC, Wang H, Lei L, Cao M, Wang Y, et al. The population-level
economic burden of liver cancer in China, 2019-2030: prevalence-based estimations
from a societal perspective. Cost Eff Resour Alloc. (2022) 20:36. doi:
10.1186/s12962-022-00370-3

14. Wu Z, Yu Y, Xie E, Chen Q, Cao Z, Chen S, et al. Economic burden of patients with
leading cancers in China: a cost-of-illness study. BMC Health Serv Res. (2024) 24:1135.
doi: 10.1186/s12913-024-11514-x

15. Chen S, Cao Z, Prettner K, Kuhn M, Yang J, Jiao L, et al. Estimates and projections
of the global economic cost of 29 cancers in 204 countries and territories from 2020 to
2050. JAMA Oncol. (2023) 9:465-72. doi: 10.1001/jamaoncol.2022.7826

16. Alkire BC, Shrime MG, Dare AJ, Vincent JR, Meara JG. Global economic
consequences of selected surgical diseases: a modelling study. Lancet Glob Health. (2015)
3:521-7. doi: 10.1016/52214-109X(15)70088-4

17.JVE G, Blitz SE, Qu QR, Yearley AG, Lassarén P, Lindberg R, et al. Global, regional,
and national economic consequences of stroke. Stroke. (2023) 54:2380-9. doi:
10.1161/STROKEAHA.123.043131

18. Aldy JE, Viscusi WK. Adjusting the value of a statistical life for age and cohort
effects. Rev Econ Stat. (2008) 90:573-81. doi: 10.1162/rest.90.3.573

19. Hammitt JK, Robinson LA. The income elasticity of the value per statistical life:
transferring estimates between high- and low-income populations. J Benefit Cost Anal.
(2011) 2:1-29. doi: 10.2202/2152-2812.1009

20. Byford S, Torgerson DJ, Raftery J. Economic note: cost of illness studies. BMJ.
(2000) 320:1335-5. doi: 10.1136/bm].320.7245.1335

21. Viscusi WK, Aldy JE. The value of a statistical life: a critical review of market
estimates throughout the world. ] Risk Uncertain. (2008) 27:5-76. doi:
10.1023/A:1025598106257

22.World Health Organization. WHO guide to identifying the economic
consequences of disease and injury. Geneva: World Health Organization (2009).

23. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years
lived with disability (YLDs), disability-adjusted life-years (DALYs), and healthy life
expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and
811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of
Disease Study 2021. Lancet. (2024) 403:2133-61. doi: 10.1016/S0140-6736(24)00757-8

Frontiers in Medicine

10.3389/fmed.2025.1694588

24. World Bank Group. The World Bank: open data (world development indicators).
Washington, DC: World Bank Group (2021).

25. Alkire BC, Bergmark RW, Chambers K, Lin DT, Deschler DG, Cheney ML, et al.
Head and neck cancer in South Asia: macroeconomic consequences and the role of the
head and neck surgeon. Head Neck. (2016) 38:1242-7. doi: 10.1002/hed.24430

26. Ranganathan K, Singh P, Raghavendran K, Wilkins EG, Hamill JB, Aliu O, et al.
The global macroeconomic burden of breast cancer: implications for oncologic surgery.
Ann Surg. (2021) 274:1067-72. doi: 10.1097/SLA.0000000000003662

27. Robinson LA, Hammitt JK, O'Keeffe L. Valuing mortality risk reductions in global
benefit-cost analysis. ] Benefit Cost Anal. (2019) 10:15-50. doi: 10.1017/bca.2018.26

28. O’Donohoe TJ, Choudhury A, Callander E. Global macroeconomic burden of
epilepsy and the role for neurosurgery: a modelling study based upon the 2016 Global
Burden of Disease data. Eur ] Neurol. (2020) 27:360-8. doi: 10.1111/ene.14085

29. Qiu K, Wang C, Mo X, Yang G, Huang L, Wu Y, et al. The global macroeconomic
burden of musculoskeletal disorders. Int ] Surg. (2025). doi:
10.1097/]5§9.0000000000003072

30. Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH,
Carswell C, et al. Consolidated Health Economic Evaluation Reporting Standards 2022
(CHEERS 2022) statement: updated reporting guidance for health economic evaluations.
Value Health. (2022) 25:3-9. doi: 10.1016/j.jval.2021.11.1351

31. Younossi ZM, Wong G, Anstee QM, Henry L. The global burden of liver disease.
Clin Gastroenterol Hepatol. (2023) 21:1978-91. doi: 10.1016/j.cgh.2023.04.015

32. Danpanichkul P, Duangsonk K, Chen VL, Saokhieo P, Dejvajara D, Sukphutanan B,
et al. Global burden of HBV-related liver disease: primary liver cancer due to chronic HBV
infection increased in over one-third of countries globally from 2000 to 2021. Hepatology.
(2025). 11:10.1097/HEP.0000000000001260 doi: 10.1097/HEP.0000000000001260

33. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA, et al.
Global burden of 5 major types of gastrointestinal cancer. Gastroenterology. (2020)
159:335-349.e15. doi: 10.1053/j.gastro.2020.02.068

34. Rattanasupar A, Chartleeraha S, Akarapatima K, Chang A. Factors that affect the
surveillance and late-stage detection of a newly diagnosed hepatocellular carcinoma.
Asian Pac ] Cancer Prev. (2021) 22:3293-8. doi: 10.31557/APJCP.2021.22.10.3293

35. Chaiteerakij R, Chattieng P, Choi J, Pinchareon N, Thanapirom K, Geratikornsupuk
N. Surveillance for hepatocellular carcinoma reduces mortality: an inverse probability
of treatment weighted analysis. Ann Hepatol. (2017) 16:421-9. doi:
10.5604/01.3001.0009.8597

36. Amoako A, Ortiz-Paredes D, Engler K, Lebouché B, Klein MB. Patient and
provider perceived barriers and facilitators to direct acting antiviral hepatitis C
treatment among priority populations in high income countries: a knowledge synthesis.
Int ] Drug Policy. (2021) 96:103247. doi: 10.1016/j.drugpo.2021.103247

37. Paik JM, Golabi P, Younossi Y, Mishra A, Younossi ZM. Changes in the global
burden of chronic liver diseases from 2012 to 2017: the growing impact of NAFLD.
Hepatology. (2020) 72:1605-16. doi: 10.1002/hep.31173

38. Shirvani Shiri M, Emamgholipour S, Heydari H, Fekri N, Karami H. The effect of
human development index on obesity prevalence at the global level: a spatial analysis.
Iran ] Public Health. (2023) 52:829-39. doi: 10.18502/ijph.v52i4.12456

39. Choi S, Kim BK, Yon DK, Lee SW, Lee HG, Chang HH, et al. Global burden of
primary liver cancer and its association with underlying aetiologies, sociodemographic
status, and sex differences from 1990-2019: a DALY-based analysis of the Global Burden
of Disease 2019 study. Clin Mol Hepatol. (2023) 29:433-52. doi: 10.3350/cmh.2022.0316

40. Mitra S, De A, Chowdhury A. Epidemiology of non-alcoholic and alcoholic fatty
liver diseases. Transl Gastroenterol Hepatol. (2020) 5:16. doi: 10.21037/tgh.2019.09.08

41. Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the epidemic of
nonalcoholic fatty liver disease demonstrates an exponential increase in burden of
disease. Hepatology. (2018) 67:123-33. doi: 10.1002/hep.29466

42. Burki T. WHO’s 2024 global hepatitis report. Lancet Infect Dis. (2024) 24:362-3.
doi: 10.1016/51473-3099(24)00307-4

43.Marquardt P, Liu PH, Immergluck ], Olivares J, Arroyo A, Rich NE, et al.
Hepatocellular carcinoma screening process failures in patients with cirrhosis. Hepatol
Commun. (2021) 5:1481-9. doi: 10.1002/hep4.1735

44.Huang DQ, Singal AG, Kanwal F, Lampertico P, Buti M, Sirlin CB, et al.
Hepatocellular carcinoma surveillance—utilization, barriers, and the impact of changing
aetiology. Nat Rev  Gastroenterol — Hepatol. ~(2023)  20:797-809. doi:
10.1038/s41575-023-00818-8

45. Sarin SK, Kumar M, Eslam M, George J, al Mahtab M, Akbar SME, et al. Liver
diseases in the Asia-Pacific region: a Lancet Gastroenterology & Hepatology
Commission.  Lancet  Gastroenterol ~ Hepatol. ~ (2020)  5:167-228.  doi:
10.1016/52468-1253(19)30342-5

46. Zhang X, Wang J, Shi J, Jia X, Dang S, Wang W. Cost-effectiveness of atezolizumab
plus bevacizumab vs. sorafenib for patients with unresectable or metastatic
hepatocellular ~ carcinoma. JAMA Netw Open. (2021) 4:e214846. doi:
10.1001/jamanetworkopen.2021.4846

frontiersin.org


https://doi.org/10.3389/fmed.2025.1694588
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.cmet.2022.05.003
https://doi.org/10.1002/hep.31288
https://doi.org/10.1016/S2468-2667(23)00211-6
https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s44197-023-00109-0
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1016/j.canlet.2008.10.040
https://doi.org/10.1016/j.jhep.2022.08.021
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.3389/fonc.2022.950499
https://doi.org/10.1002/hep.24442
https://doi.org/10.1016/S1470-2045(21)00279-5
https://doi.org/10.1186/s12962-022-00370-3
https://doi.org/10.1186/s12913-024-11514-x
https://doi.org/10.1001/jamaoncol.2022.7826
https://doi.org/10.1016/S2214-109X(15)70088-4
https://doi.org/10.1161/STROKEAHA.123.043131
https://doi.org/10.1162/rest.90.3.573
https://doi.org/10.2202/2152-2812.1009
https://doi.org/10.1136/bmj.320.7245.1335
https://doi.org/10.1023/A:1025598106257
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1002/hed.24430
https://doi.org/10.1097/SLA.0000000000003662
https://doi.org/10.1017/bca.2018.26
https://doi.org/10.1111/ene.14085
https://doi.org/10.1097/JS9.0000000000003072
https://doi.org/10.1016/j.jval.2021.11.1351
https://doi.org/10.1016/j.cgh.2023.04.015
https://doi.org/10.1097/HEP.0000000000001260
https://doi.org/10.1053/j.gastro.2020.02.068
https://doi.org/10.31557/APJCP.2021.22.10.3293
https://doi.org/10.5604/01.3001.0009.8597
https://doi.org/10.1016/j.drugpo.2021.103247
https://doi.org/10.1002/hep.31173
https://doi.org/10.18502/ijph.v52i4.12456
https://doi.org/10.3350/cmh.2022.0316
https://doi.org/10.21037/tgh.2019.09.08
https://doi.org/10.1002/hep.29466
https://doi.org/10.1016/S1473-3099(24)00307-4
https://doi.org/10.1002/hep4.1735
https://doi.org/10.1038/s41575-023-00818-8
https://doi.org/10.1016/S2468-1253(19)30342-5
https://doi.org/10.1001/jamanetworkopen.2021.4846

Yu et al.

47. Zhuo Y, Hayashi T, Chen Q, Aggarwal R, Hutin Y, Chhatwal J. Estimating the price
at which hepatitis C treatment with direct-acting antivirals would be cost-saving in
Japan. Sci Rep. (2020) 10:4089-9. doi: 10.1038/s41598-020-60986-4

48. Choi SI, Cho Y, Ki M, Kim BH, Lee IJ, Kim TH, et al. Better survival of patients
with hepatitis B virus-related hepatocellular carcinoma in South Korea: changes in
16-years cohorts. PLoS One. (2022) 17:€0265668. doi: 10.1371/journal.pone.0265668

49. World Health Organization. Global hepatitis report 2024: action for access in low-
and middle-income countries. Geneva: World Health Organization (2024).

50. GBD 2019 Asia and All Cancers Collaborators. Temporal patterns of cancer burden in
Asia, 1990-2019: a systematic examination for the Global Burden of Disease 2019 study.
Lancet Reg Health Southeast Asia. (2024) 21:100333. doi: 10.1016/j.Jansea.2023.100333

51. Veracruz N, Gish RG, Cheung R, Chitnis AS, Wong R]. Global trends and the
impact of chronic hepatitis B and C on disability-adjusted life years. Liver Int. (2022)
42:2145-53. doi: 10.1111/1iv.15347

52. Worthington ], He E, Carney G, Grogan P, Varlow M, Canfell K, et al. The potential
for primary and secondary prevention of liver cancer death in Australians with alcohol-

Frontiers in Medicine

08

10.3389/fmed.2025.1694588

related liver disease or metabolic-associated steatotic liver disease: a modelling study.
Public Health. (2025) 243:105718. doi: 10.1016/j.puhe.2025.03.030

53. Childs E, Assoumou SA, Biello KB, Biancarelli DL, Drainoni ML, Edeza A, et al.
Evidence-based, and guideline-concurrent responses to narratives deferring HCV
treatment among people who inject drugs. Harm Reduct J. (2019) 16:14. doi:
10.1186/512954-019-0286-6

54. Nitulescu R, Young J, Saeed S, Cooper C, Cox J, Martel-Laferriere V, et al. Variation
in hepatitis C virus treatment uptake between Canadian centres in the era of direct-
acting antivirals. Int ] Drug Policy. (2019) 65:41-9. doi: 10.1016/j.drugpo.2018.08.012

55. Sacks-Davis R, Doyle JS, Rauch A, Beguelin C, Pedrana AE, Matthews GV, et al.
Linkage and retention in HCV care for HIV-infected populations: early data from the
DAA era. ] Int AIDS Soc. (2018) 21:e25051. doi: 10.1002/jia2.25051

56. Yek C, de la Flor C, Marshall ], Zoellner C, Thompson G, Quirk L, et al.
Effectiveness of direct-acting antiviral therapy for hepatitis C in difficult-to-treat patients
in a safety-net health system: a retrospective cohort study. BMC Med. (2017) 15:204. doi:
10.1186/512916-017-0969-3

frontiersin.org


https://doi.org/10.3389/fmed.2025.1694588
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41598-020-60986-4
https://doi.org/10.1371/journal.pone.0265668
https://doi.org/10.1016/j.lansea.2023.100333
https://doi.org/10.1111/liv.15347
https://doi.org/10.1016/j.puhe.2025.03.030
https://doi.org/10.1186/s12954-019-0286-6
https://doi.org/10.1016/j.drugpo.2018.08.012
https://doi.org/10.1002/jia2.25051
https://doi.org/10.1186/s12916-017-0969-3

	The economic ramifications of liver cancer on a global, regional, and national scale
	Introduction
	Methods
	Sources of data
	Assessment of VLW

	Results
	Discussion
	Conclusion

	References

