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A B S T R A C T

Introduction and Objectives: Liver cancer (LC) is a leading cause of cancer-related deaths worldwide. Hepatitis

B/C virus -associated LC (HBC/HCC) remains the primary cause of liver cancer, and it imposes a heavy burden

on public health. This study aimed to estimate the mortality and health inequalities of hepatitis B/C virus

(HBV/HCV)-associated LC at the global, regional and national levels to provide guidance to reduce the mortal-

ity burden of LC.

Materials and Methods: We extracted the HBV/HCV-associated LC mortality data from the GBD 2021 study

during 1990−2021 and analyzed its temporal and spatial trends and forecasted to 2050. Average annual per-

cent change (AAPC) was calculated by joinpoint regression to evaluate the variation of ASMRs, and factors

impacting mortality were evaluated through decomposition analysis. The Bayesian spatiotemporal model

was used to fit the relationship between age-standardized mortality rate (ASMR) of 204 countries/territories

and spatial effects, temporal effects, and spatio-temporal interaction effects. Frontier analysis was conducted

to evaluate the minimum achievable ASMR in each country or territory by 2050 and its potential space for

ASMR improvement in 2050.

Results: Globally, LC deaths doubled from 238,969 in 1990 to 483,875 in 2021. Compared with 1990, the propor-

tions of HBV and HCV in the mortality rate of LC in 2021 were 37.45 % and 30.28 %, corresponding to a decrease

of 7.13 % and an increase of 3.44 %, respectively. From 1990 to 2021, the global ASMR of LC (AAPC:0.11, 95 %

CI:0.35 to 0.12) and LCC (AAPC: 0.05, 95 % CI:0.26 to 0.36) remained stable, while LCB decreased (AAPC:0.54,

95 % CI:0.81 to -0.27). ASMRs for LC and LCB was the highest in the Western Pacific Region (WPR), but significant

declines were observed. The highest ASMR of LCB and LCC shifted from WPR to the Eastern Mediterranean

Region (EMR). It is expected that the global ASMR of LC will decrease by 2050. From 1990 to 2021, population

growth and age structure were the primary drivers for the increase of LC mortality globally and in Southeast

Asia, and age structure is projected to remain a key factor until 2050.

Conclusions: Hepatitis virus-related LC remains a serious health issue worldwide, with regional variations. Asia

contributes the most LC-related deaths. The WPR had the highest ASMR for LC and LCB. ASMR for LC showed the

fastest decrease in WPR. For women, Africa had the highest ASMR for LC and LCB, while the Americas had the

lowest ASMR for LC. The highest ASMR for LCC shifted from the WPR to the EMR during 1990−2021.
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1. Introduction

Liver cancer (LC) has become the world’s sixth most common can-

cer and the third leading cause of cancer-related deaths [1,2]. With

the development of surgical, local ablative and intra-arterial techni-

ques, immunotherapy, and targeted therapies [3], and liver-protect-

ing drugs [4], great progress has been made for the treatment of LC in

the past 5 years [3,5]. However, the burden of disease and death is

still heavy and faces severe challenges. The burden of chronic liver

diseases is significant, the increasing burden of Nonalcoholic Fatty

Liver Disease (NAFLD) and alcohol-related liver disease (ALD) [6].

Additionally, the number of ALD-related HCC cases in the United

States is higher, which may offset the decline in virus-related LC [1].

LC incidence continues to increase in women by about 2 % per year,

and its mortality continued to increase in women by 1 % per year

from 2013 to 2021 [1,7]. The incidence of LC has shifted from patients

with virus-related liver diseases to those with non-viral causes,

including ALD and NAFLD, especially in high-income countries [1,6].

Among known etiologies, HBV or HCV infections have been the

leading causes of death from LC [8], accounting for nearly 70 % of all

LC deaths, along with alcohol consumption, nonalcoholic fatty liver

disease (NAFLD) and other causes [9]. Since the discovery of the HBV

in 1965, significant progress has been made in prevention efforts,

including the widespread implementation of hepatitis B virus (HBV)

vaccination programs and the development of nucleotide analogues

(NAs), but there has been little success in achieving a cure [10].

In recent years, the application of direct-acting antiviral drugs

(DAAs) has brought revolutionary changes to the treatment of hepati-

tis C [11]. In particular, Epclusa, through standardized short-term oral

medication, over 95 % of hepatitis C patients can be completely cured

[12]. However, hepatitis virus-related LC still accounts for a large pro-

portion of LC deaths [8]. The number of HBV-related LC (LCB) is

higher in China, South Korea, India, Japan, and Thailand, while the

number of hepatitis C virus (HCV)-related LC (LCC) is higher in China,

Japan, and the United States. It is important to comprehensively esti-

mate the global LC and hepatitis virus-associated LC mortality burden

to evaluate the progress of international LC management and treat-

ment goals and to provide targeted interventions. The core advantage

of this study lies in quantifying the global distribution characteristics

of liver cancer. This data is crucial for resource allocation, precisely

identifying high-risk populations and regions, guiding the distribu-

tion of vaccines, updates to the WHO essential drug list, antiviral

treatment plans, and precise resource allocation for food safety

supervision, thereby eliminating health inequalities.

This annual update of the Global Burden of Disease (GBD) study

provides an opportunity to track disease control at the country,

regional, and global levels, contributing to health decision making

and the balanced allocation of health resources. Previous study has

evaluated the global mortality of chronic liver diseases attributable

to HBV and HCV from 1990 to 2019 [13]. Although previous studies,

including the analysis of the GBD project, have extensively investi-

gated the trends in the burden of hepatitis virus-associated LC, most

studies have focused on historical patterns [14] or predictions of

future overall mortality [13,15]. In addition to the basic estimates of

mortality, there is an urgent need to reveal more specific and detailed

insights, such as the rate of change in mortality of hepatitis virus-

associated LC, how much space for improvement different countries

have in reducing the burden of death, and the role of non-epidemio-

logical factors such as age structure in exacerbating the impact of the

disease. Revealing information at these levels is crucial for under-

standing regional health inequalities and identifying populations that

may require priority attention. To date, the comprehensive assess-

ment of hepatitis virus-associated LC mortality remains lacking. The

mortality burden of LC varies in different parts of the world [16], an

updated assessment is needed to support the management of LC and

precise implementation of strategies to reduce the global mortality

burden. Despite recent advancements, mortality remains high, with

worsening inter-regional disparities. Based on the GBD 2021 data,

this study provides an estimate of the total LC and hepatitis virus-

associated LC temporally and spatially by sex, region, and country

and forecasts it to 2050 by the Bayesian age-period-cohort (BAPC)

method.

2. Materials and Methods

2.1. Study population and design

We extracted data on deaths and age-standardized mortality rates

(ASMRs) and their 95 % uncertainty intervals (UIs) for LC, LCB, and

LCC from the GBD Study 2021, which includes six World Health Orga-

nization regions (Southeast Asia, Americas, Europe, Western Pacific,

Africa, and Eastern Mediterranean), five sociodemographic index

(SDI) quintiles, and 204 countries and territories. Additionally, demo-

graphic estimates for the global and 204 countries and territories

from 1990 to 2021, as well as demographic projections from 2021 to

2050, were obtained from the GBD database. Demographic projec-

tions for the six regions were sourced from the World Population

Prospects 2024 Revision by the United Nations. These demographic

data, along with mortality data during 1990−2021, were used to fore-

cast deaths and ASMRs up to 2050.

The methodology used in this study followed the general analyti-

cal framework of the GBD 2021 study, which used 71 statistical

modeling techniques, have been described elsewhere [17]. Further-

more, we used multiple analytical models, including the Bayesian

age-period-cohort (BAPC) model, average annual percent change

(AAPC), Bayesian spatiotemporal model, decomposition analysis, and

frontier analysis, to evaluate and predict the spatial−temporal trends

of LC, LCB, and LCC deaths and ASMR in different regions, SDI quin-

tiles, age, and sex. All the detailed methods and computational for-

mulas used in this study were described in the Supplementary

Methods.

2.2. Statistical analyses

The BAPC models incorporate age, period, and cohort effects as

covariates to predict ASMRs and mortality for LC, LCB, and LCC from

2022 to 2050, based on historical age-stratified death data and popu-

lation. It assumes that deaths in different age groups each year fol-

lows a Poisson distribution. Each effect adopts a second-order

random walk prior, and a log-linear model is used to fit the relation-

ship between deaths and effects. These predictions reveal future

trends in death burden of LC, which serve as the basis for further

analyses. The AAPC was calculated using Joinpoint software to mea-

sure the average temporal change of ASMR. The Bayesian spatiotem-

poral model fits the relationship between ASMR of

204 countries/territories and spatial effects, temporal effects, and

spatio-temporal interaction effects. It reflects cross-country differen-

ces from a spatial perspective and enables the comparison of dynamic

trends in ASMR across different periods. The spatial effect S[i] repre-

sents the ASMR of the ith country or territory in the specified time

range relative to the global average a. Frontier analysis was con-

ducted to evaluate the minimum achievable ASMR of LC, LCB, and

LCC in each country or territory by 2050 and its potential space for

ASMR improvement in 2050. The SDI was adopted as an indicator to

determine the development level of a country or territory, which

ranges from 0 (lowest development) to 1 (maximum development).

SDI values by country or region are listed in Supplementary Table 1.

The SDI is used as an indicator to measure the development level of a

country, and the free disposal hull (FDH) model is used to establish

the frontier. This method constructed the distribution of the empiri-

cal efficiency frontier by identifying the lowest observed ASMR in the

SDI range, and calculated the difference between the predicted ASMR
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in 2050 and the frontier mean as the effective difference (ED). The

greater the ED, the greater the space for improvement in reducing

ASMR of LC. Finally, we used the decomposition methodology of Das

Gupta to decompose the change in deaths over a period of time by

population age structure, population growth, and epidemiological

changes. The methods used by the GBD database to address missing

data issues and eliminate component biases in the final estimation

results have been fully described in the GBD research [18]. Further

details and formulas of the above methods are presented in the Sup-

plementary Methods.

2.3. Ethical statement

This study used publicly available, aggregate, de-identified data

(GBD 2021; UN WPP 2024); no human participants or identifiable

data were involved, so IRB approval and informed consent were not

required. Consent for publication: Not applicable.

3. Results

3.1. Deaths from LC, LCB, and LCC in different regions, 1990−2021

From 1990 to 2021, global deaths from LC doubled from 238,969

in 1990 to 483,875 in 2021 (Supplementary Table 2−4), including

LCB and LCC, which increased by 70.11 % and 128.48 %, respectively.

Hepatitis virus-related LC accounted for 70 % of LC-related mortality,

with 40 % from HBV and 30 % from HCV. Asia accounts for the major-

ity of LC-related deaths globally, including 70 % from LC, 80 % from

LCB, and 60 % from LCC. The ASMRs of LC and LCC were highest in

Africa during 1990−2021. For men, Asia had the highest ASMR from

1990 to 2021.

The highest death rates and ASMRs for LC and LCB were observed

in the middle SDI quintile (Supplementary Table 5), but the highest

ASMR of LC among women was seen in the low SDI quintile. In 2021,

the highest ASMR of LCB among women was in the low SDI quintile.

Asia had the highest ASMR for LCB, while Africa had the highest

ASMRs for LCB and LCC among women. The low SDI quintile had the

highest ASMR of LCC. Overall, the high SDI quintile had the highest

deaths and ASMR of LCC for both men and women.

3.2. ASMRs and AAPCs for LC, LCB, and LCC from 1990 to 2050, by sex

and region

During 1990−2021, the global ASMR of LC was stable (AAPC=

−0.11, 95 % CI:0.35 to 0.12; Fig 1a), with a predicted decline until

2050 (AAPC=−0.34, 95 % CI:0.46 to −0.23). The ASMR for men

remained higher than for women, especially for LCB. The global

ASMR of LCB decreased during 1990−2021 (AAPC=−0.54, 95 %

CI:0.81 to 0.27; Fig 1b), with continued decline expected until 2050

(AAPC=−0.94, 95 % CI:1.12 to −0.77). The LCC ASMR was stable dur-

ing 1990−2021 (AAPC=0.05, 95 % CI:0.26 to 0.36; Fig 1c). The WPR

had the highest ASMR for LC, though it showed the fastest decrease

in ASMR (AAPC1990−2021=−0.87, AAPC1990−2050=−1.01). The Americas

had the lowest ASMR but the highest increase in ASMR (AAPC1990

−2021=1.56, AAPC1990−2050=1.03). For LCB, the WPR consistently had

the highest ASMR (ASMR1990=6.02, ASMR2021=4.38), while the Ameri-

cas had the lowest ASMR, with the fastest increase, especially among

men. For women, Africa had the highest ASMR for LC, while the

Americas had the lowest ASMR. The highest ASMR of LCB among

women shifted from the WPR in 1990 to Africa in 2021. For LCC, the

largest increase in ASMR occurred in the Americas (AAPC=1.58, 95 %

CI: 1.29−1.87), and the fastest decline was in the WPR (AAPC=−0.88,

95 % CI:1.33 to −0.43). The highest ASMR for LCC shifted from the

WPR (ASMR=3.09) to the Eastern Mediterranean (ASMR=3) during

1990−2021.

3.3. ASMR, AAPC, and frontier analysis in 204 countries and territories,

1990−2050

Geographical differences in LC ASMR were significant, with Mon-

golia consistently having the highest ASMR for all types of LC

between 1990 and 2021 (Fig 2a−b). Mauritius showed the fastest

decrease in ASMR during 1990−2021 (AAPC=−5.70, 95 % CI:9.51 to

−1.74), while Australia saw the fastest increase (AAPC=3.41, 95 % CI:

2.82 to 4.00). By 2050, LC ASMR is expected to decrease the fastest in

Mauritius (AAPC=−7.31, 95 % CI:8.86 to −5.74) and increase most

rapidly in Norway (AAPC=3.31, 95 % CI: 2.66 to 3.96). Among the five

most populated countries, the fastest increase in LC ASMR occurred

in the United States (AAPC=2.44, 95 % CI: 2.09 to 2.78, Fig 2c−d), with

the ASMR in China only decreasing (AAPC=−0.68, 95 % CI:1.25 to

−0.10). By 2050, the ASMR of LC is expected to decrease the fastest in

China (AAPC=−1.09, 95 % CI:1.34 to −0.85), while India will see the

fastest increase (AAPC=1.31, 95 % CI: 1.13 to 1.50, Supplementary

Table 6). LCB ASMR will decrease the fastest in Kuwait (AAPC=−3.19,

95 % CI:4.85 to −1.50, Supplementary Table 7), while Saint Kitts and

Nevis will see the fastest increase (AAPC=2.44, 95 % CI: 2.00 to 2.88;

Supplementary Fig 1). For LCC, the fastest decrease occurred in Bulga-

ria, and the fastest increase occurred in Lesotho (AAPC=3.26, 95 % CI:

2.99 to 3.53) during 1990−2021. By 2050, LCC is expected to decrease

the fastest in Singapore (AAPC=−3.58, 95 % CI:4.01 to −3.15, Supple-

mentary Table 8) and increase the fastest in Australia (AAPC=3.30,

95 % CI: 3.07 to 3.53; Supplementary Fig 2). By 2050, LC, LCB, and LCC

ASMRs will be highest in Mongolia and Gambia. Irrespective of etiol-

ogy, among the top 10 effective differences, most countries fall within

middle- and high-SDI groups worldwide. The ASMRs of LC in Mongo-

lia, Gambia, and Mauritania have great room for improvement

(Fig 3). Among the five most populated countries in the world, Indo-

nesia, India, China, and the United States have large differences in

ASMR of LC, and Brazil has achieved the lowest ASMR for all causes of

LC. Regardless of the etiology, the effective difference of ASMR in

Somalia, Burundi, Haiti, Hungary, Niger, and other countries was 0,

indicating that these countries have made full use of national resour-

ces to achieve the minimum ASMR level (Supplementary Table 9).

3.4. Global spatial and temporal trends of ASMR for LC, LCB, and LCC

during 1990−2050

Global ASMR for LC will show little change between 1990 and

2050, but some countries will experience significant changes. About

72 % of countries will see a decrease in ASMR for LC from 2022 to

2050 (Fig 4). The top 10 countries with an increase in ASMR will all

be developing nations, with Mongolia, Gambia, and Mali showing

ASMR changes of >30 % (Supplementary Table 10). For LCB, 30 % of

countries globally will see reduced ASMR from 2022 to 2050 (Supple-

mentary Table 11, Supplementary Fig 3), while for LCC, 44 % of coun-

tries will show an increase in ASMR (Supplementary Table 12,

Supplementary Fig 4). The global ASMR for LC will decrease at a rate

of 0.02 per year from 1990 to 2050 (Fig 5a). The ASMR for LCB will

decrease at a rate of 0.01 per year (Fig 5c), while the ASMR for LCC

showed a sharp decline during 2001−2021 (Fig 5e). After 2022, the

ASMR of LCC in the United States, China, and India is expected to con-

tinue to rise, with slower increases in Indonesia and Brazil (Fig 5f).

3.5. Effects of population growth, age structure, and epidemiological

changes on LC deaths

Decomposition analysis shows that population growth and age

structure were the main contributors to the increase in LC deaths

globally and in Southeast Asia during 1990−2021 (Supplementary

Fig 5). From 2022−2050, age structure will be the primary driver for

increased LC deaths globally, except in Africa. In the WPR, age struc-

ture will be the main factor for changes in LC death rates between
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1990 and 2050. Epidemiological changes positively contributed to the

reduction in global LC deaths from 1990 to 2021, with the reduction

in LCB deaths primarily driven by epidemiology and age structure

(Supplementary Fig 6). Population growth will continue to affect LC,

LCB, and LCC deaths in Africa (Supplementary Fig 7, Supplementary

Table 13).

4. Discussion

In this study, we evaluated the disease burden of LC deaths glob-

ally, across six WHO regions, and in 204 countries or territories from

1990−2021, with projections to 2050. Viral hepatitis remains the

leading cause of LC-related deaths, accounting for 70 % of total LC

deaths in the past 30 years. From 1990 to 2021, the global ASMR of

LC remained stable, the ASMR of LCB showed a downward trend, and

the ASMR of LCC remained stable. This trend aligns with recent stud-

ies suggesting a continued decline in both incidence and mortality of

LCB and LCC through 2050 [19]. This decline likely reflects decreasing

seropositivity for HBV/HCV and the effect of antiviral treatment on

preventing the progression of the liver disease, as well as reduced

exposure to factors such as aflatoxin [20]. If a patient is chronically

infected with HBV, exposure to aflatoxin B1 will increase the risk of

LC [21]. When the ratio of exposure to aflatoxin alone is 6.37, and the

ratio of chronic HBV infection is 11.3, the combined impact ratio of

chronic HBV infection and aflatoxin exposure rises to 73.0 [22]. These

estimates indicate that the effects of aflatoxin exposure and chronic

HBV infection on the risk of HCC are multiplicative [23]. A Chinese

study estimated that by changing the staple food from corn to rice,

the mortality rate of primary liver cancer could be reduced by 65 %;

83 % of the benefits were seen in the population infected with HBV

[24]. In addition, studies have shown that HCV plays a significant role

in causing chronic liver diseases and leading to LC [25]. We also found

differences in LC mortality by sex, age, and region. LC mortality ranks

second among men, with male predominance in HBV-related LC. The

proportion of HCV-related LC deaths is higher in women than men,

whereas HBV-related deaths are twice as high in men. Sex differences

in ASMR of LC are evident, particularly for LCB, where males bear a

significantly higher burden than female. Studies have shown that
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Fig. 1. (A) LC, (B) LCB, (C) LCC. ASMR: Age-standardized mortality rate; LC: Liver cancer; LCB: Liver cancer due to hepatitis B; LCC: Liver cancer due to hepatitis C.
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Fig. 2. (A) ASMR in 2021, (B) ASMR in 2050, (C) AAPC of ASMR from 1990 to 2021, (D) AAPC of ASMR from 1990 to 2050. AAPC: Average annual percent change; ASMR: Age-stan-

dardized mortality rate; LC: Liver cancer; UI: uncertainty interval.
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Fig. 3. (A) LC, (B) LCB, (C) LCC. The black line represents the frontier line (optimal ASMR corresponding to each sociodemographic index), green dots represent countries and regions

with the lowest ASMR, light blue dots represent the predicted ASMR for each country in 2050, red dots represent the top 10 countries with the greatest effective differences, and

orange dots represent the top five countries by population: China, India, the United States, Indonesia, and Brazil. ASMR: Age-standardized mortality rate; LC: Liver cancer; LCB: Liver

cancer due to hepatitis B; LCC: Liver cancer due to hepatitis C.

Y. Deng, J. Tan, J. Zu et al. Annals of Hepatology 31 (2026) 102144

6



males are more likely to be exposed to HBV transmission routes due

to occupational factors, unsafe injections, and blood exposure [26].

Moreover, biological mechanisms may contribute: androgens have

been shown to enhance HBV replication and suppress immune

responses, thereby increasing liver cancer risk, whereas estrogens

may reduce risk by inhibiting inflammatory pathways and oxidative

stress [27,28]. These factors contribute to the higher incidence of LCB

in males than that in females. However, the sex difference in LCC is

smaller, and in some regions, such as Africa and Southeast Asia,

ASMR in females slightly exceeds that of males. One possible

explanation is that in certain regions, historical HCV transmission has

been linked to medical procedures, including childbirth and transfu-

sions, leading to greater exposure among females. Additionally,

female’s longer life expectancy may contribute to higher cumulative

LCC mortality [26].

Although non-viral factors increasingly contribute to the LC bur-

den, viral hepatitis elimination remains a critical strategy for primary

prevention [29,30]. The global burden of hepatitis virus-related LC

will remain high, with significant regional and gender differences.

Targeted public health policies should focus on high-burden regions

Fig. 4. (A) 1990−2021, (B) 1990−2050, (C) 2022−2050. S[i] represents the disparity in ASMR of the i th country or territory compared to the global average level a throughout the

entire study period. ASMR: Age-standardized mortality rate; LC: Liver cancer.
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to reduce this global burden. Since the launch of the global hepatitis

elimination targets in 2016 [31,32], many countries have made prog-

ress in eliminating HBV and HCV. The WHO target aims to reduce the

incidence of HBV and HCV infection by 90 % and their associated mor-

tality by 65 % by 2030 [33]. However, the global goal of HBV and HCV

elimination by 2030 is unlikely to be met, and hepatitis virus-related

LC will continue to be a major issue. Currently, only 43 % of the global

population receives the hepatitis B vaccine at birth, with Africa’s

coverage at just 6 % [34]. Preventing infection, controlling hepatitis

viruses, and improving LC diagnosis and treatment are crucial to

reduce LC deaths. At the same time, not only it is necessary to

improve the access to vaccines and antiviral drugs, but liver cancer

screening programs also need to be adjusted according to the specific

circumstances of each country [23]. Raising the third dose of HBV

vaccine coverage, providing hepatitis B immunoglobulin to new-

borns, offering perinatal antiviral prophylaxis to HBeAg-positive

Fig. 5. (A) Common time trends of LC, (B) Time effects of LC deviating from the common trend in China, the United States, Brazil, India, and Indonesia, (C) Common time trends of

LCB, (D) Time effects of LCB deviating from the common trend in China, the United States, Brazil, India, and Indonesia, (E) Common time trends of LCC, (F) Time effects of LCC deviat-

ing from the common trend in China, the United States, Brazil, India, and Indonesia. LC: Liver cancer; LCB: Liver cancer due to hepatitis B; LCC: Liver cancer due to hepatitis C.
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pregnant women, and providing antiviral treatment to adult patients

with chronic hepatitis B who meet the treatment criteria will help

achieve the WHO’s goal of eliminating hepatitis B by 2030. By

improving access to HCC screening, the goal of eliminating viral hep-

atitis by 2030 can be accelerated [23]. Notably, we observed signifi-

cant SDI-related inequalities, with lower SDI countries bearing a

disproportionately high burden of LC deaths. The national inequal-

ities related to LC, LCB, and LCC burden in different SDI regions have

decreased over time. The high ASMRs of LC and LCB were all in the

middle SDI region. Among women, the ASMRs of LCB and LCC were

highest in low-income countries and low SDI regions, which shows a

lack of viral hepatitis prevention and control and chronic disease

management among women in regions with low economic develop-

ment. Among the regions with different income levels, efforts need

to be made to improve the high ASMR of LC in low-income areas and

high LC deaths in upper-middle income areas. A high ASMR of LCC

was observed in high-income countries and high SDI areas. In high-

income countries, those most at risk are often vulnerable populations

including illegal immigrants, drug users, incarcerated people, and the

homeless and poor, all of whom have low access to health care

resources. The burden of viral testing and treatment is currently a

major barrier [35]; therefore, local governments and public health

organizations need to expand screening and treatment interventions

for viral hepatitis [36,37]. The transmission routes vary in epidemic

areas and non-epidemic areas. In epidemic areas, vertical transmis-

sion from mother to child and horizontal transmission among chil-

dren are the most common routes of HBV infection. In non-epidemic

areas, intravenous drug use and sexual transmission between adults

are the main infection causes. And intravenous drug users are the

patient group least likely to seek regular medical care and adhere to

the antiviral treatment course. Special treatment plans for hepatitis

virus must be improved for specific groups to reduce the treatment

burden and improve the accessibility of medical services [38].

In regions like Asia, where LC-related deaths are highest, the

highest ASMRs of LC and LCB persist. Africa has the highest ASMRs

for LCC. Between 1990−2021, the highest ASMR for LCC shifted

from the WPR to the EMR, which was associated with a historically

higher HCV-related disease burden. In the EMR, especially in

Egypt, the prevalence of HCV is high due to iatrogenic transmission

(cross infection during injection therapy) during the schistosomia-

sis treatment campaigns of the 1960s and 1970s [39,40]. Despite

increased blood-product monitoring since then, the cumulative

long-term consequences of historical infections, particularly in

patients with advanced cirrhosis, continue to contribute to the

burden of LCC mortality in this region. From 2021 to 2050, high

ASMRs of LCB are expected in East Asia, Southeast Asia, West

Africa, and Central Africa. It is reported that over the past 40 years,

the proportion of HBV in China has generally been on the rise,

while the proportions of HCV and co-infection have been on the

decline [26]. However, all the ASMR of LC, LCB, and LCC decreased

in China during 1990−2021. Hepatitis B mortality is projected to

decrease in North and South America [2,19]. In the Americas, LCC

mortality is rising fastest, while the WPR shows the greatest

decline. Despite declining HBV and HCV-related LC rates globally,

regions like Mongolia, with the highest incidence and mortality of

HBV/HCV-related LC, still face challenges [41]. The burden of HBV

and HCV related LC in Mongolia is extremely heavy [42]. Moreover,

the population in Mongolia that receives intravenous injections is

>10 times the world average. Therefore, the control and health

management of intravenous injections in Mongolia should be

strengthened. In East Asia, Southeast Asia, West Africa, and Central

Africa, efforts should continue to vaccinate newborns and adults.

Measures should be taken to block transmission through blood,

mother-to-child [43], and sexual routes. In March 2024, the WHO

released revised guidelines on the prevention and management of

chronic hepatitis B. Simplifying the care process and expanding

the treatment standards were the core contents of this revision

[44]. To cure HCV, and particular attention should be paid to Africa,

the Americas, and the EMR. Most HCV infections occur through

unsafe injection behaviors, unsafe medical care, unscreened blood

transfusions, injection drug use (IDU), and sexual behaviors that

lead to blood exposure. Study from Vietnam has shown that com-

munity-based organizations and strategies ranging from large-

scale HCV screening to prevention of reinfection provides highly

promising solutions for eliminating HCV among IDU in low-income

and middle-income countries [45]. In addition, our previous study

has shown that implementing five universal screening strategies

for people aged 18 to 70 within the next 10 years is the most opti-

mal HBV screening strategy applicable to China [37].

The deaths of patients with LC vary by geographic region and race,

in large part due to differences in viral infections. Hepatitis C is a

major risk factor for LC in the United States, Europe, and Japan [46].

HBV vaccination has been a major public health success and has sig-

nificantly reduced HBV infection rates and LC incidence in high-risk

East Asian countries since it was first introduced in the early 1980s

[47]. Occult HBV infection is also associated with increased risk

because of DNA damage induced by viral integration. Most HCV infec-

tions occur through unsafe injection practices, unsafe health care,

unscreened blood transfusions, injection drug use, and sexual practi-

ces that lead to blood exposure [48,49]. Thus, enhanced blood trans-

fusion screening, prevention of mother-to-child transmission, and

provision of clean needles are key to HCV control [35]. Despite no

vaccine, DAAs can cure HCV infection in most cases [50]. And antiviral

therapy reduces HCC risk and improves survival among patients with

HBV/HCV-related liver diseases [51,52]. However, patients with cir-

rhosis remain at high risk of developing LC even achieved SVR after

DAA treatment [53]. Therefore, it is important to increase screening

for HBV and HCV, initiate antiviral therapy for all patients who meet

the recommended treatment criteria [36,37], and offer antiviral ther-

apy to patients with HCV- or HBV-related HCC, even for advanced

HCC patients with a limited life expectancy [54−56]. The CDC of the

United States has released recommendations for the identification

and public health management of chronic HBV infection, which could

provide experience for other regions with poor control [57].

The treatment outlook for patients with hepatocellular carcinoma

has improved. Surgical therapy still offers the best long-term survival

outcome for early-stage LC patients. Systemic therapy has greatly

changed the treatment landscape for advanced unresectable LC.

Patients with advanced unresectable tumors mainly rely on transar-

terial chemoembolization (TACE), TARE, immune checkpoint inhibi-

tors (ICI), etc. The WHO has set a global health goal of eliminating the

viral hepatitis threat by 2030 through vaccination, screening and

treatment programs [58]. However, the elimination plan for viral

hepatitis has been hindered by the COVID-19 pandemic. Based on the

published studies, all stages of the viral hepatitis treatment process

in different centers have been affected by the pandemic [59]. The

number of patients receiving HBV or HCV treatment in 2020

decreased by 20 % and 52 % respectively compared to 2019. The

results of a survey by the Global Hepatitis Elimination Alliance show

that 39 % and 21 % of the respondents reported that the treatment

volume for hepatitis C and hepatitis B has decreased by >50 % [60].

Despite the telemedicine improved the compliance of patients with

DAA treatment [61], our previous study showed the COVID-19 pan-

demic have an obvious impact on the mortality rate of chronic liver

diseases, patients with liver cirrhosis experienced an astonishing

increase, both directly and indirectly mortality [62−65].

Unlike previous studies focusing on historical data, we used the

latest GBD 2021 dataset and advanced quantitative methods to

examine LC mortality trends. The Bayesian spatiotemporal model

provided a comprehensive analysis of global LC mortality patterns,

and the frontier analysis identified the optimal ASMR for each

country by 2050. This study contributes novel insights for public
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health planning and policy development, offering predictive data

for future mortality trends. Our research reveals the trends of dis-

ease evolution and the gaps in prevention and control, supporting

policy formulation and health economics assessment, dynamically

adjusting national screening strategies, and promoting the imple-

mentation of tiered medical care. Our study had several limita-

tions. Firstly, GBD 2021 does not include data from all regions,

particularly in areas with poor sanitation and limited epidemiolog-

ical data. Secondly, there were biases in the mortality burden and

prediction models, although we minimized these through

advanced modeling techniques. Thirdly, the impact of COVID-19

on LC mortality was not included in this analysis, as GBD 2021

assessed additional health issues due to COVID-19. The COVID-19

pandemic is a potential interfering factor for the estimated number

of liver cancer deaths in 2050. In the predictive analysis, we did not

take into account the impact of the COVID-19 pandemic on liver

cancer deaths. Fourthly, the latent hepatitis virus infection might

have been underestimated, and this could indeed have an impact

on the estimation of LCC/LCB mortality in our study. Fifthly, the

resolution of obstacles related to vaccination coverage and access

to treatment drugs is the biggest source of uncertainty in the pre-

diction. In countries with low SDI, due to limitations in medical

conditions, there is inevitably a lack of diagnosis for hepatitis virus

infections and hepatitis virus-related liver cancers. Therefore, LCB/

LCC mortality may be underestimated. The BAPC model does not

account for future external shocks such as expanded healthcare

access, changes in vaccination coverage, or medical breakthroughs.

As such, the projections should be interpreted as baseline trend

estimates under current trajectories. Finally, while we focused on

viral hepatitis-related LC, GBD 2021 also accounts for other LC

causes such as alcohol use and non-alcoholic steatohepatitis.

5. Conclusions

Our study showed Asia bears the highest global burden of LC

deaths The WPR had the highest ASMR for LC and LCB. ASMR for LC

showed the fastest decrease in WPR. The Americas had the lowest

ASMR but the highest increase in ASMR for LC. For women, Africa had

the highest ASMR for LC and LCB. For LCC, the largest increase of

ASMR occurred in the Americas, and the fastest decline was seen in

the WPR. The highest ASMR for LCC shifted from the WPR in 1990 to

the EMR in 2021. High ASMRs are prevalent in middle SDI areas for

LC and LCB, while high-income countries face the highest ASMRs for

LCC. Aging and population growth are the main factors driving LC

mortality increases. This study provides valuable data for under-

standing the temporal, spatial, and future trends of LC mortality,

which may guide more effective health policies and reduce global

health inequities.

Author contributions

Yuan Wang, Yujiao Deng, Yang and Fanpu Ji had full access to all

the data in the study and take responsibility for the integrity of the

data and the accuracy of the data analysis. Yujiao Deng and Jingyue

Tan contributed equally to this work. All authors read and approved

the final manuscript. Study concept and design: Yujiao Deng, Jian Zu,

Yuan Wang, Fanpu Ji. Acquisition of data: Yujiao Deng, Jingyue Tan,

Zixuan Xing, Enrui Xie. Analysis and interpretation of data: Yujiao

Deng, Jingyue Tan, Zixuan Xing, Enrui Xie. Drafting of the manuscript:

Yujiao Deng, Jingyue Tan, Zixuan Xing, Zhanpeng Yang. Critical revi-

sion of the manuscript for important intellectual content: Yujiao

Deng, Yajing Bo, Xu Gao, Meijuan Han, Fanpu Ji. Statistical analysis:

Yujiao Deng, Jingyue Tan, Zixuan Xing, Yue Zhang, Zhanpeng Yang.

Design and production of figures and tables: Yujiao Deng, Jingyue

Tan, Zhanpeng Yang. Obtained funding: Yujiao Deng, Fanpu Ji.

Administrative, technical, or material support: Yujiao Deng, Jian Zu.

Supervision: Yujiao Deng, Fanpu Ji.

Funding

This study was funded by National Natural Science Foundation of

China (No. 82,170,626, No. 82,473,291, No. 82,403,188) and the Fun-

damental Research Funds for the Central Universities (No.

xtr062023003), Health and Wellness Scientific Research and Innova-

tion Project of Shaanxi Province (No. 2025TD-09). The funding body

did not play role in the design, conduct, or reporting of the study.

Acknowledgments

We thank all members of our study team for their cooperation and

the Global Burden of Disease Study collaborators for their work.

Declaration of interests

None.

Supplementary materials

Supplementary material associated with this article can be found

in the online version at doi:10.1016/j.aohep.2025.102144.

References

[1] Singal AG, Kanwal F, Llovet JM. Global trends in hepatocellular carcinoma epide-
miology: implications for screening, prevention and therapy. Nat Rev Clin Oncol
2023;20(12):864–84. https://doi.org/10.1038/s41571-023-00825-3.

[2] Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin 2024;74(3):229–63.
https://doi.org/10.3322/caac.21834.

[3] Huseynov E, Khalilov R, Mohamed AJ. Novel nanomaterials for hepatobiliary dis-
eases treatment and future perspectives. Adv Biol Earth Sci 2024;9:81–91.
https://doi.org/10.62476/abes9s81.

[4] Eftekhari A, Ahmadian E, Azarmi Y, Parvizpur A, Fard JK, Eghbal MA. The effects of
cimetidine, N-acetylcysteine, and taurine on thioridazine metabolic activation
and induction of oxidative stress in isolated rat hepatocytes. Pharm Chem J
2018;51(11):965–9. https://doi.org/10.1007/s11094-018-1724-6.

[5] Wei S, Wang L, Evans PC, Xu S. NAFLD and NASH: etiology, targets and emerging
therapies. Drug Discov Today 2024;29(3):103910. https://doi.org/10.1016/j.dru-
dis.2024.103910.

[6] Younossi ZM, Wong G, Anstee QM, Henry L. The global burden of liver disease.
Clin Gastroenterol Hepatol 2023;21(8):1978–91. https://doi.org/10.1016/j.
cgh.2023.04.015.

[7] Siegel RL, Giaquinto AN, Jemal A. Cancer statistics. CA Cancer J Clin 2024;74
(1):12–49 2024. https://doi.org/10.3322/caac.21820.

[8] Stroffolini T, Stroffolini G. A historical overview on the role of Hepatitis B and C
viruses as aetiological factors for hepatocellular carcinoma. Cancers (Basel)
2023;15(8):2388. https://doi.org/10.3390/cancers15082388.

[9] Lin L, Yan L, Liu Y, Qu C, Ni J, Li H. The burden and trends of primary liver cancer
caused by specific etiologies from 1990 to 2017 at the global, regional, national,
age, and sex level results from the Global Burden of Disease Study 2017. Liver
Cancer 2020;9(5):563–82. https://doi.org/10.1159/000508568.

[10] Revill PA, Chisari FV, Block JM, Dandri M, Gehring AJ, Guo H, et al. A global scien-
tific strategy to cure hepatitis B. Lancet Gastroenterol Hepatol 2019;4(7):545–58.
https://doi.org/10.1016/s2468-1253(19)30119-0.

[11] Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiology and
genotype distribution of the hepatitis C virus infection. J Hepatol 2014;61(1):
S45–57 Suppl. https://doi.org/10.1016/j.jhep.2014.07.027.

[12] Fong IW. Major advances in Hepatitis C treatment but not Hepatitis B editor. In:
Fong IW, editor. Current trends and concerns in infectious diseases. Cham:
Springer International Publishing; 2020. p. 103–29. https://doi.org/10.1007/978-
3-030-36966-8_5.

[13] Ou TY, Huy LD, Mayne J, Shih CL, Mai Xuan H, Thi Hong Nguyen N, et al. Global
mortality of chronic liver diseases attributable to Hepatitis B virus and Hepatitis C
virus infections from 1990 to 2019 and projections to 2030. J Infect Public Health
2024;17(7):102443. https://doi.org/10.1016/j.jiph.2024.04.027.

[14] Liu J, Xu T, Wang Y, Ji F, Zhang L. The spatio-temporal trends and determinants of
liver cancer attributable to specific etiologies: a systematic analysis from the
Global Burden of Disease Study 2021. Glob Health Res Policy 2025;10(1):22.
https://doi.org/10.1186/s41256-025-00416-y.

Y. Deng, J. Tan, J. Zu et al. Annals of Hepatology 31 (2026) 102144

10

https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100012226
https://doi.org/10.13039/501100012226
https://doi.org/10.1016/j.aohep.2025.102144
https://doi.org/10.1038/s41571-023-00825-3
https://doi.org/10.3322/caac.21834
https://doi.org/10.62476/abes9s81
https://doi.org/10.1007/s11094-018-1724-6
https://doi.org/10.1016/j.drudis.2024.103910
https://doi.org/10.1016/j.drudis.2024.103910
https://doi.org/10.1016/j.cgh.2023.04.015
https://doi.org/10.1016/j.cgh.2023.04.015
https://doi.org/10.3322/caac.21820
https://doi.org/10.3390/cancers15082388
https://doi.org/10.1159/000508568
https://doi.org/10.1016/s2468-1253(19)30119-0
https://doi.org/10.1016/j.jhep.2014.07.027
https://doi.org/10.1007/978-3-030-36966-8_5
https://doi.org/10.1007/978-3-030-36966-8_5
https://doi.org/10.1016/j.jiph.2024.04.027
https://doi.org/10.1186/s41256-025-00416-y


[15] Yang F, Sun D, Xia C, Li H, Cao M, Yan X, et al. Global trajectories of liver cancer
burden from 1990 to 2019 and projection to 2035. Chin Med J (Engl) 2023;136
(12):1413–21. https://doi.org/10.1097/cm9.0000000000002703.

[16] Yang J, Pan G, Guan L, Liu Z, Wu Y, Liu Z, et al. The burden of primary liver cancer
caused by specific etiologies from 1990 to 2019 at the global, regional, and national
levels. Cancer Med 2022;11(5):1357–70. https://doi.org/10.1002/cam4.4530.

[17] 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(10440):2133–61. https://doi.org/10.1016/s0140-6736(24)00757-8.

[18] Naghavi M, Ong K, Aali A, Ababneh H, Abate Y, Abbafati C, et al. Global burden of
288 causes of death and life expectancy decomposition in 204 countries and terri-
tories and 811 subnational locations, 1990-2021: a systematic analysis for the
Global Burden of Disease Study 2021. Lancet 2024;403(10440):2100–32. https://
doi.org/10.1016/s0140-6736(24)00367-2.

[19] 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(1)
335−49.e15. https://doi.org/10.1053/j.gastro.2020.02.068.

[20] Liu H, Wang X, Wang L, Yin P, Liu F, Wei L, et al. Mortality burden of liver cancer in
China: an observational study from 2008 to 2020. J Clin Transl Hepatol 2024;12
(4):371–80. https://doi.org/10.14218/jcth.2023.00455.

[21] Hsu IC, Metcalf RA, Sun T, Welsh JA, Wang NJ, Harris CC. Mutational hotspot in the
p53 gene in human hepatocellular carcinomas. Nature 1991;350(6317):427–8.
https://doi.org/10.1038/350427a0.

[22] Liu Y, Chang CC, Marsh GM, Wu F. Population attributable risk of aflatoxin-related
liver cancer: systematic review and meta-analysis. Eur J Cancer 2012;48
(14):2125–36. https://doi.org/10.1016/j.ejca.2012.02.009.

[23] Vo Quang E, Shimakawa Y, Nahon P. Epidemiological projections of viral-induced
hepatocellular carcinoma in the perspective of WHO global hepatitis elimination.
Liver Int 2021;41(5):915–27. https://doi.org/10.1111/liv.14843.

[24] Chen JG, Egner PA, Ng D, Jacobson LP, Mu~noz A, Zhu YR, et al. Reduced aflatoxin
exposure presages decline in liver cancer mortality in an endemic region of China.
Cancer Prev Res (Phila) 2013;6(10):1038–45. https://doi.org/10.1158/1940-6207.
Capr-13-0168.

[25] Xuezhong L, Naitoh S, Xuewen D, Song W, San Q, Li L, et al. Prevalence of hepatitis
C virus infection in the general population and patients with liver disease in
China. Hepatol Res 1999;14(2):135–43. https://doi.org/10.1016/S1386-6346(98)
00119-3.

[26] Wen B, Te L, Bai C, Jiang W, Zuo D, Hao Q, et al. Relative contribution of hepatitis B
and C viruses in primary liver cancer in China: a systematic review and meta-
analysis. J Infect 2024;89(6):106298. https://doi.org/10.1016/j.jinf.2024.106298.

[27] Nevola R, Tortorella G, Rosato V, Rinaldi L, Imbriani S, Perillo P, et al. Gender dif-
ferences in the pathogenesis and risk factors of hepatocellular carcinoma. Biol
(Basel) 2023;12(7):984. https://doi.org/10.3390/biology12070984.

[28] Su L, Luo H, Yan Y, Yang Z, Lu J, Xu D, et al. Exploiting gender-based biomarkers
and drug targets: advancing personalized therapeutic strategies in hepatocellular
carcinoma. Front Pharmacol 2024;15:1433540. https://doi.org/10.3389/
fphar.2024.1433540.

[29] Qiu S, Cai J, Yang Z, He X, Xing Z, Zu J, et al. Trends in hepatocellular carcinoma
mortality rates in the US and projections through 2040. JAMA Netw Open 2024;7
(11):e2445525. https://doi.org/10.1001/jamanetworkopen.2024.45525.

[30] Feng G, Fan YF, Li RX, Targher G, Byrne CD, Zheng MH. Unraveling the epidemiol-
ogy of metabolic dysfunction-associated liver cancer: insights from mixed etiolo-
gies, regional variations, and gender disparities. Iliver 2024;3(3):100113. https://
doi.org/10.1016/j.iliver.2024.100113.

[31] Global change in hepatitis C virus prevalence and cascade of care between 2015
and 2020: a modelling study. Lancet Gastroenterol Hepatol 2022;7(5):396–415.
https://doi.org/10.1016/s2468-1253(21)00472-6.

[32] Global prevalence, cascade of care, and prophylaxis coverage of hepatitis B in
2022: a modelling study. Lancet Gastroenterol Hepatol 2023;8(10):879–907.
https://doi.org/10.1016/s2468-1253(23)00197-8.

[33] Razavi H, Sanchez Gonzalez Y, Yuen C, Cornberg M. Global timing of hepatitis C
virus elimination in high-income countries. Liver Int 2020;40(3):522–9. https://
doi.org/10.1111/liv.14324.

[34] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
Cancer statistics 2020: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin 2021;71(3):209–49.
https://doi.org/10.3322/caac.21660.

[35] Cooke GS, Andrieux-Meyer I, Applegate TL, Atun R, Burry JR, Cheinquer H, et al.
Accelerating the elimination of viral hepatitis: a Lancet Gastroenterology & Hepa-
tology Commission. Lancet Gastroenterol Hepatol 2019;4(2):135–84. https://doi.
org/10.1016/s2468-1253(18)30270-x.

[36] Lee HW, Lee H, Kim BK, Chang Y, Jang JY, Kim DY. Cost-effectiveness of chronic
hepatitis C screening and treatment. Clin Mol Hepatol 2022;28(2):164–73.
https://doi.org/10.3350/cmh.2021.0193.

[37] Su S, Wong WC, Zou Z, Cheng DD, Ong JJ, Chan P, et al. Cost-effectiveness of uni-
versal screening for chronic hepatitis B virus infection in China: an economic
evaluation. Lancet Glob Health 2022;10(2):e278–e87. https://doi.org/10.1016/
S2214-109X(21)00517-9.

[38] Odenwald MA, Paul S. Viral hepatitis: past, present, and future. World J Gastroen-
terol 2022;28(14):1405–29. https://doi.org/10.3748/wjg.v28.i14.1405.

[39] Raza SA, Clifford GM, Franceschi S. Worldwide variation in the relative impor-
tance of hepatitis B and hepatitis C viruses in hepatocellular carcinoma: a system-
atic review. Br J Cancer 2007;96(7):1127–34. https://doi.org/10.1038/sj.
bjc.6603649.

[40] Alavian SM, Haghbin H. Relative importance of Hepatitis B and C viruses in hepa-
tocellular carcinoma in EMRO countries and the Middle East: a systematic review.
Hepat Mon 2016;16(3):e35106. https://doi.org/10.5812/hepatmon.35106.

[41] Chimed T, Sandagdorj T, Znaor A, Laversanne M, Tseveen B, Genden P, et al. Cancer
incidence and cancer control in Mongolia: results from the National Cancer Registry
2008-12. Int J Cancer 2017;140(2):302–9. https://doi.org/10.1002/ijc.30463.

[42] Baatarkhuu O, Uugantsetseg G, Munkh-Orshikh D, Naranzul N, Badamjav S, Tseren-
dagva D, et al. Viral Hepatitis and liver diseases in Mongolia. Euroasian J Hepatogas-
troenterol 2017;7(1):68–72. https://doi.org/10.5005/jp-journals-10018-1215.

[43] Liu J, Zeng Q, Ji F, Ren H, Zhang W, Li L, et al. Chinese Clinical practice guidelines
for the prevention and treatment of mother-to-child transmission of Hepatitis B
virus (Version 2024). J Clin Transl Hepatol 2024;12(11):975–83. https://doi.org/
10.14218/jcth.2024.00258.

[44] Wong GL, Lemoine M. The 2024 updated WHO guidelines for the prevention and
management of chronic hepatitis B: main changes and potential implications for
the next major liver society clinical practice guidelines. J Hepatol 2025;82
(5):918–25. https://doi.org/10.1016/j.jhep.2024.12.004.

[45] Nagot N, Binh NT, Hong TT, Vinh VH, Quillet C, Vallo R, et al. A community-based
strategy to eliminate hepatitis C among people who inject drugs in Vietnam. Lan-
cet Reg Health West Pac 2023;37:100801. https://doi .org/10.1016/j.
lanwpc.2023.100801.

[46] Vogel A, Meyer T, Sapisochin G, Salem R, Hepatocellular Saborowski A. carcinoma.
Lancet 2022;400(10360):1345–62. https://doi.org/10.1016/s0140-6736(22)01200-4.

[47] Liao SH, Chen CL, Hsu CY, Chien KL, Kao JH, Chen PJ, et al. Long-term effectiveness
of population-wide multifaceted interventions for hepatocellular carcinoma in Tai-
wan. J Hepatol 2021;75(1):132–41. https://doi.org/10.1016/j.jhep.2021.02.029.

[48] Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA, Allen C, et al. The bur-
den of primary liver cancer and underlying etiologies from 1990 to 2015 at the
global, regional, and national level: results from the Global burden of disease
Study 2015. JAMA Oncol 2017;3(12):1683–91. https://doi.org/10.1001/jamaon-
col.2017.3055.

[49] Houghton M. Hepatitis C virus: 30 years after its discovery. Cold Spring Harb Per-
spect Med 2019;9(12). https://doi.org/10.1101/cshperspect.a037069.

[50] Ji F, Tran S, Ogawa E, Huang CF, Suzuki T, Wong YJ, et al. Real-world effectiveness
and tolerability of interferon-free direct-acting antiviral for 15,849 patients with
chronic Hepatitis C: a multinational cohort study. J Clin Transl Hepatol 2024;12
(7):646–58. https://doi.org/10.14218/jcth.2024.00089.

[51] Tseng CH, Hsu YC, Chen TH, Ji F, Chen IS, Tsai YN, et al. Hepatocellular carcinoma
incidence with tenofovir versus entecavir in chronic hepatitis B: a systematic
review and meta-analysis. Lancet Gastroenterol Hepatol 2020;5(12):1039–52.
https://doi.org/10.1016/s2468-1253(20)30249-1.

[52] Kanwal F, Kramer JR, Asch SM, Cao Y, Li L, El-Serag HB. Long-term risk of hepato-
cellular carcinoma in HCV patients treated with direct acting antiviral agents.
Hepatology 2020;71(1):44–55. https://doi.org/10.1002/hep.30823.

[53] Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-Serag HB. Risk of hepa-
tocellular cancer in HCV patients treated with direct-acting antiviral agents. Gas-
troenterology 2017;153(4) 996−1005.e1. https://doi .org/10.1053/j .
gastro.2017.06.012.

[54] Reig M, Cabibbo G. Antiviral therapy in the palliative setting of HCC (BCLC-B and
-C). J Hepatol 2021;74(5):1225–33. https://doi.org/10.1016/j.jhep.2021.01.046.

[55] Ji F, Nguyen MH. Cabozantinib plus atezolizumab in advanced hepatocellular car-
cinoma and the role of adjuvant antiviral therapy. Lancet Oncol 2022;23(8):962–
3. https://doi.org/10.1016/s1470-2045(22)00383-7.

[56] Celsa C, Cabibbo G, Fulgenzi CAM, Battaglia S, Enea M, Scheiner B, et al. Hepatic
decompensation is the major driver of mortality in patients with HCC treated
with atezolizumab plus bevacizumab: the impact of successful antiviral treat-
ment. Hepatology 2025;81(3):837–52. https://doi .org/10.1097/
hep.0000000000001026.

[57] Conners EE, Panagiotakopoulos L, Hofmeister MG, Spradling PR, Hagan LM, Harris
AM, et al. Screening and testing for Hepatitis B Virus infection: CDC recommenda-
tions - United States, 2023. MMWR Recomm Rep 2023;72(1):1–25. https://doi.
org/10.15585/mmwr.rr7201a1.

[58] The L. Towards elimination of viral hepatitis by 2030. Lancet 2016;388
(10042):308. https://doi.org/10.1016/s0140-6736(16)31144-8.

[59] Wingrove C, Ferrier L, James C, Wang S. The impact of COVID-19 on hepatitis
elimination. Lancet Gastroenterol Hepatol 2020;5(9):792–4. https://doi.org/
10.1016/s2468-1253(20)30238-7.

[60] Kondili LA, Buti M, Riveiro-Barciela M, Maticic M, Negro F, Berg T, et al. Impact of
the COVID-19 pandemic on hepatitis B and C elimination: an EASL survey. JHEP
Rep 2022;4(9):100531. https://doi.org/10.1016/j.jhepr.2022.100531.

[61] Yeo YH, Gao X, Wang J, Li Q, Su X, Geng Y, et al. The impact of COVID-19 on the
cascade of care of HCV in the US and China. Ann Hepatol 2022;27(3):100685.
https://doi.org/10.1016/j.aohep.2022.100685.

[62] Gao X, Lv F, He X, Zhao Y, Liu Y, Zu J, et al. Impact of the COVID-19 pandemic on
liver disease-related mortality rates in the United States. J Hepatol 2023;78
(1):16–27. https://doi.org/10.1016/j.jhep.2022.07.028.

[63] Yeo YH, He X, Lv F, Zhao Y, Liu Y, Yang JD, et al. Trends of cirrhosis-related mortal-
ity in the USA during the COVID-19 Pandemic. J Clin Transl Hepatol 2023;11
(3):751–6. https://doi.org/10.14218/jcth.2022.00313.

[64] Zhao Y, Yeo YH, Samaan J, Lv F, He X, Gao N, et al. Most excess years of potential life
loss among individuals with cirrhosis during the pandemic were not related to
COVID-19. Gut 2023;72(8):1628–30. https://doi.org/10.1136/gutjnl-2022-328188.

[65] He X, Gao N, Lv F, Wu F, Liu Y, Li L, et al. Temporal trend of mortality in patients
with cirrhosis with primary biliary cholangitis and primary sclerosing cholangitis
during the COVID-19 pandemic. Gut 2024;73(7):1217–9. https://doi.org/10.1136/
gutjnl-2023-330271.

Y. Deng, J. Tan, J. Zu et al. Annals of Hepatology 31 (2026) 102144

11

https://doi.org/10.1097/cm9.0000000000002703
https://doi.org/10.1002/cam4.4530
https://doi.org/10.1016/s0140-6736(24)00757-8
https://doi.org/10.1016/s0140-6736(24)00367-2
https://doi.org/10.1016/s0140-6736(24)00367-2
https://doi.org/10.1053/j.gastro.2020.02.068
https://doi.org/10.14218/jcth.2023.00455
https://doi.org/10.1038/350427a0
https://doi.org/10.1016/j.ejca.2012.02.009
https://doi.org/10.1111/liv.14843
https://doi.org/10.1158/1940-6207.Capr-13-0168
https://doi.org/10.1158/1940-6207.Capr-13-0168
https://doi.org/10.1016/S1386-6346(98)00119-3
https://doi.org/10.1016/S1386-6346(98)00119-3
https://doi.org/10.1016/j.jinf.2024.106298
https://doi.org/10.3390/biology12070984
https://doi.org/10.3389/fphar.2024.1433540
https://doi.org/10.3389/fphar.2024.1433540
https://doi.org/10.1001/jamanetworkopen.2024.45525
https://doi.org/10.1016/j.iliver.2024.100113
https://doi.org/10.1016/j.iliver.2024.100113
https://doi.org/10.1016/s2468-1253(21)00472-6
https://doi.org/10.1016/s2468-1253(23)00197-8
https://doi.org/10.1111/liv.14324
https://doi.org/10.1111/liv.14324
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/s2468-1253(18)30270-x
https://doi.org/10.1016/s2468-1253(18)30270-x
https://doi.org/10.3350/cmh.2021.0193
https://doi.org/10.1016/S2214-109X(21)00517-9
https://doi.org/10.1016/S2214-109X(21)00517-9
https://doi.org/10.3748/wjg.v28.i14.1405
https://doi.org/10.1038/sj.bjc.6603649
https://doi.org/10.1038/sj.bjc.6603649
https://doi.org/10.5812/hepatmon.35106
https://doi.org/10.1002/ijc.30463
https://doi.org/10.5005/jp-journals-10018-1215
https://doi.org/10.14218/jcth.2024.00258
https://doi.org/10.14218/jcth.2024.00258
https://doi.org/10.1016/j.jhep.2024.12.004
https://doi.org/10.1016/j.lanwpc.2023.100801
https://doi.org/10.1016/j.lanwpc.2023.100801
https://doi.org/10.1016/s0140-6736(22)01200-4
https://doi.org/10.1016/j.jhep.2021.02.029
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1101/cshperspect.a037069
https://doi.org/10.14218/jcth.2024.00089
https://doi.org/10.1016/s2468-1253(20)30249-1
https://doi.org/10.1002/hep.30823
https://doi.org/10.1053/j.gastro.2017.06.012
https://doi.org/10.1053/j.gastro.2017.06.012
https://doi.org/10.1016/j.jhep.2021.01.046
https://doi.org/10.1016/s1470-2045(22)00383-7
https://doi.org/10.1097/hep.0000000000001026
https://doi.org/10.1097/hep.0000000000001026
https://doi.org/10.15585/mmwr.rr7201a1
https://doi.org/10.15585/mmwr.rr7201a1
https://doi.org/10.1016/s0140-6736(16)31144-8
https://doi.org/10.1016/s2468-1253(20)30238-7
https://doi.org/10.1016/s2468-1253(20)30238-7
https://doi.org/10.1016/j.jhepr.2022.100531
https://doi.org/10.1016/j.aohep.2022.100685
https://doi.org/10.1016/j.jhep.2022.07.028
https://doi.org/10.14218/jcth.2022.00313
https://doi.org/10.1136/gutjnl-2022-328188
https://doi.org/10.1136/gutjnl-2023-330271
https://doi.org/10.1136/gutjnl-2023-330271

	Trends and health inequalities of hepatitis virus-associated liver cancer mortality during 1990-2050
	1. Introduction
	2. Materials and Methods
	2.1. Study population and design
	2.2. Statistical analyses
	2.3. Ethical statement

	3. Results
	3.1. Deaths from LC, LCB, and LCC in different regions, 1990-2021
	3.2. ASMRs and AAPCs for LC, LCB, and LCC from 1990 to 2050, by sex and region
	3.3. ASMR, AAPC, and frontier analysis in 204 countries and territories, 1990-2050
	3.4. Global spatial and temporal trends of ASMR for LC, LCB, and LCC during 1990-2050
	3.5. Effects of population growth, age structure, and epidemiological changes on LC deaths

	4. Discussion
	5. Conclusions
	Author contributions
	Funding
	Acknowledgments
	Declaration of interests
	Supplementary materials
	References



