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Graphical Abstract

Global burden of primary liver cancer and its association with underlying
aetiologies, sociodemographic status, and sex differences from 1990-2019
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Study Highlights
« The crude numbers of DALYs, deaths, and incident cases of liver cancer significantly increased during the study period;
however, the Age-standardized DALY and mortality rates as well as incidence decreased.

« HBV was the leading cause of liver cancer DALYs, mortality, and incidence, followed by HCV, alcohol consumption, and
NASH/NAFLD.

« In 2019, the high-income Asia-Pacific population recorded the highest Age-standardized DALY and mortality rates, fol-
lowed by those of East Asia and Central Asia. High-income North American and Australasian populations also showed
significant increases.

Background/Aims: Global distribution of dominant liver cancer aetiologies has significantly changed over the past
decades. This study analyzed the updated temporal trends of liver cancer aetiologies and sociodemographic status in
204 countries and territories from 1990 to 2019.

Methods: The Global Burden of Disease 2019 report was used for statistical analysis. In addition, we performed
stratification analysis to five quintiles using sociodemographic index and 21 geographic regions.

Results: The crude numbers of liver cancer disease-adjusted life years (DALYs) and deaths significantly increased
during the study period (DALYs; 11,278,630 in 1990 and 12,528,422 in 2019, deaths; 365,215 in 1990 and 484,577 in
2019). However, the Age-standardized DALY and mortality rates decreased. Hepatitis B virus (HBV) remains the leading
cause of liver cancer DALYs and mortality, followed by hepatitis C virus (HCV), alcohol consumption, and non-alcoholic
steatohepatitis/non-alcoholic fatty liver disease (NASH/NAFLD). Although Age-standardized DALY and mortality rates of
liver cancer due to HBV and HCV have decreased, the rates due to alcohol consumption and NASH/NAFLD have increased.
In 2019, the population of the East Asia region had the highest Age-standardized DALY and mortality rates, followed by
high-income Asia-Pacific and Central Asia populations. Although East Asia and high-income Asia-Pacific regions showed
a decrease during the study period, Age-standardized DALY rates increased in Central Asia. High-income North American
and Australasian populations also showed a significant increase in Age-standardized DALY.

Conclusions: Liver cancer remains an ongoing global threat. The burden of liver cancer associated with alcohol
consumption and NASH/NAFLD is markedly increasing and projected to continuously increase. (Clin Mol Hepatol
2023;29:433-452)

Keywords: Global burden; Primary liver cancer; Incidence; Mortality; Aetiology

Corresponding author : Jae Il Shin

Department of Pediatrics, Yonsei University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: +82-2-2228-2050, Fax: +82-2-393-9118, E-mail: shinji@yuhs.ac

https://orcid.org/0000-0003-2326-1820

Seung Up Kim

Department of Internal Medicine, Yonsei University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: +82-2-2228-1944, Fax: +82-82-2-362-6884, E-mail: ksukorea@yuhs.ac

https://orcid.org/0000-0002-9658-8050

*These authors contributed equally to this work as co-first authors.

Editor: Dae Won Jun, Hanyang University College of Medicine, Korea Received : Oct. 17,2022 / Revised : Dec. 16,2022 / Accepted : Dec. 27,2022

Abbreviations:

GBD, Global Burden of Disease; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic
fatty liver disease; SDI, sociodemographic index; SVR, sustained virological response; Ul, uncertainty interval; DALY, disease-adjusted life year

434 https:/doi.org/10.3350/cmh.2022.0316 http://www.e-cmh.org



INTRODUCTION

Primary liver cancer is a significant global health concern,
representing the seventh most common type of cancer and
the second leading cause of cancer-related deaths.' The
countries with the highest incidence of liver cancer mainly
typically show lower levels of economic development, and
most cases of liver cancer occur in geographically diverse
countries, including those in North and West Africa (Gambia,
Egypt, and Guinea) and East and Southeast Asia (Cambodia,
Mongolia, and Vietnam).”* The major aetiologies of primary
liver cancer include chronic hepatitis B virus (HBV) and hepa-
titis C virus (HCV) infections, alcoholic liver disease, and
non-alcoholic fatty liver disease (NAFLD). However, the aeti-
ologies greatly vary from region to region. More specifically,
the most important risk factors in China and East Africa are
chronic HBV infection and aflatoxin contamination in food,
respectively, and in other countries such as Egypt and Japan,
chronic HCV infection is often the main cause. In Western
countries, chronic HCV infection, alcohol consumption, and
obesity/diabetes are the most common causes of liver cancer.

The Global Burden of Disease (GBD) database was con-
structed to provide a tool for quantifying health losses from
hundreds of diseases, injuries, and risk factors. The GBD was
initiated and maintained by a consortium of more than 3,600
researchers in nearly 200 countries. The database comprises
a comprehensive catalogue of surveys, censuses, vital statis-
tics, and other health-related data such as death and disabili-
ty. Therefore, the GBD database can provide helpful insights
for understanding the nature of liver cancer, how the chal-
lenges are changing over time, and how to allocate health
resources more effectively.

Because effective antivirals against chronic HBV and HCV
infections have recently become available, the global distri-
bution of the dominant aetiologies has changed. In particu-
lar, due to universal screening for HCV infection and di-
rect-acting antivirals (DAAs) against chronic HCV infection,
HCV is expected to be eliminated by 2030. However, trends
in liver cancer based on specific aetiology and sociodemo-
graphic status have rarely been reported and compared.

In this study, we aimed to describe and analyse the updat-
ed temporal trends in aetiologies and sociodemographic sta-
tus from 1990 to 2019 to provide insights into appropriate
global intervention strategies.

http://www.e-cmh.org

Sungchul Choi, et al.
Global burden of primary liver cancer

MATERIALS AND METHODS
Overview

The GBD 2019 report consists of 369 diseases and injuries.’
Over 80 behavioural, environmental, occupational, and met-
abolic risk factors are also recorded. Estimation of the sam-
pling error was described in detail in a previous study.®”’

Data sources

Data on the number and Age-standardized rates of inci-
dence and mortality of primary liver cancer were extracted
from the GBD 2019 database (http://ghdx.healthdata.org/
gbd-2019). Liver cancer data from 204 countries and territo-
ries were collected. This was further divided into five quin-
tiles based on sociodemographic index (SDI; low, low-middle,
middle, high-middle, high) and 21 geographic regions. Can-
cer incidence, mortality, and morbidity data used in the GBD
2019 included individual population-based cancer registries,
Cancer Incidence in Five Continents (CI5), the Nordic Cancer
Registries database and European Network of Cancer Regis-
tries. Primary liver cancer in the GBD 2019 report corresponds
to C22-C22.8 and Z85.05 in the International Classification of
Diseases 10th revision. Liver cancer cases were divided into
five categories based on underlying aetiology (hepatitis B,
hepatitis C, alcohol, non-alcoholic steatohepatitis [NASH]/
NAFLD, and other causes) in the GBD 2019 database. The pro-
portion of liver cancer cases based on aetiology was deter-
mined using a systematic literature search and various ad-
justing models (hepatitis B, hepatitis C, and NASH/NAFLD
prevalence; alcohol consumption; hepatitis B vaccination
coverage; and proportion of cirrhosis due to liver cancer sub-
typing). For every study, proportions of liver cancer due to
the five aetiologies were calculated using five separate Dis-
Mod-Mr 2.1 models (aetiology split model). The estimated
proportion was then used to split the total liver cancer esti-
mates into aetiologies.

Sociodemographic index (SDI)

Socioeconomic development status was graded based on
the SDI, which incorporates the total fertility rate in women
<25 years of age, mean educational level for individuals >15
years of age, and lag-distributed income per person. The

https://doi.org/10.3350/cmh.2022.0316 435



Clinical and Molecular Hepatology
Volume_29 Number_2 April 2023

method for generating the SDI has been described in detail
in a previous report.’ The SDI values range between 0 and 1,
which indicates the socioeconomic development level of a
country on a scale of worst to best. SDI locations were cho-
sen based on quintile of ranked SDI values. A specific country
or region with SDI <20th, 20th-39th, 40th-59th, 60th-79th,
and >80th percentage of the ranked SDI values was grouped
as low, low-middle, middle, high-middle, and high SDI, re-
spectively. The SDI quintiles were obtained from the GBD
2019 data and are presented in Supplementary Table 1.

Uncertainty analysis

The incidence and mortality rates in each year were as-
sumed to follow a log-normal distribution, and the rates in
different years were independent of each other. Based on
these assumptions, 95% uncertainty indices (Uls) were calcu-
lated in each bootstrap draw based on the 25th and 975th
ranked values across all 1,000 draws in the GBD 2019.

RESULTS
Global burden of liver cancer

A world map of Age-standardized disease-adjusted life
year (DALY) rates (per 100,000 individuals) is shown in Figure
1A. At the global level, the number of DALYs from liver cancer
increased from 11,278,630 (95% UI, 10,062,526-12,677,403) in
1990 to 12,528,422 (95% UI, 11,400,671-13,687,675) in 2019
(Table 1). The number of deaths also increased from 365,215
(95% Ul, 329,967-405,774) to 484,577 (95% Ul, 444,091~
525,798) from 1990 to 2019 (Table 1), and the total number of
liver cancer patients almost doubled from 433,327 (95% UI,
390,105-482,719) to 747,288 (95% Ul, 680,904-822,765) dur-
ing the same period (Supplementary Table 2).

age-standardized DALY and mortality rates showed similar
trends during the study period (Fig. 1B, C). From 1990 to
1996, Age-standardized DALY rate increased from 258.4 (95%
Ul, 230.9-290.1) to 284.1 (95% UI, 265-304.1), and Age-stand-
ardized mortality rate increased from 8.9 (95% Ul, 8.1-9.9) to
10 (95% Ul, 9.3-10.6). In the 1996 to 2012 period, decreasing
age-standardized DALY and mortality rates were observed (in
2012, age-standardized DALY rate: 150.4, 95% Ul, 143.4-158.5;
age-standardized mortality rate: 5.9, 95% Ul, 5.6-6.2). After
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2012, age-standardized DALY and mortality rates slightly in-
creased during the study period (in 2019, age-standardized-
DALY rate: 151.1, 95% Ul, 137.5-164.8; age-standardized mor-
tality rate: 5.9, 95% Ul, 5.4-6.4). Overall, both age-stan-
dardized DALY and mortality rates showed a decrease, with
respective decreases of 41.5% (95% Ul, 31.5-49.8) and 33.4%
(95% Ul, 23.2-41.9) during the study period. Age-standard-
ized rates of prevalence and incidence showed a decline be-
tween 1990 and 2019: age-standardized prevalence rates
slightly decreased from 10.2 (95% UI, 9.2-11.3) to 9.1 (95% UI,
8.3-10.0) and age-standardized incidence rates from 9 (95%
Ul, 8.1-10) to 6.5 (95% UI, 5.9-7.2; Supplementary Tables 2, 5).

The Republic of Korea shows an overall declining trend of
liver cancer burden during the past decade, with age-stand-
ardized DALY rate decreasing 21.2% (95% Ul, -31.2% to
-10.6%; Fig. 2). In 2019, the Republic of Korea had a 390.8
(95% Ul, 348.6-435.9) age-standardized DALY rate, 16.2 (95%
Ul, 14.5-17.9) age-standardized mortality rate, and 22.8 (95%
Ul, 18.7-27.3) age-standardized incidence rate for liver cancer
(Fig. 2, Supplementary Figs. 25-27).

Burden of liver cancer based on geographic
and sociodemographic region

The burden of liver cancer based on geographic and so-
ciodemographic characteristics is summarized in Table 1. The
age-standardized DALY rate of liver cancer varies widely
worldwide. In 2019, among the 21 GBD-classified regions,
East Asia had the highest age-standardized DALY rates (263.4;
95% Ul, 221.3-312.2), followed by high-income populations
in Asia-Pacific (238.6; 95% Ul, 220.6-255.5) and Central Asia
(213.5; 95% Ul, 184.9-244.5). Although East Asia and high-in-
come Asia-Pacific regions exhibited a decrease between
1990 and 2019, age-standardized DALY rates in Central Asia
increased by 150.2% (95% Ul, 111.1-196.2%), as did that in
high-income North America and Australasia, increasing by
107% (95% UI, 84.0-126.2%) and 94.8% (95% UI, 77.6-112%),
respectively. Similar trends were observed with mortality:
high-income Asia-Pacific, East Asia, and Central Asia had the
highest age-standardized incidence rates in 2019, and Central
Asia, high-income North America, and Australasia showed
the largest percentage changes between 1990 and 2019.

In 2019, the middle SDI quintile had the highest Age-stan-
dardized DALY, mortality, and incidence rates of 206.9, 7.9,
and 8.3 (95% UI, 180.2-235, 95% U, 7.0-8.9, and 95% UI, 7.2—-
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Figure 1. Global burden of liver cancer. (A) World map of age-standardized disease-adjusted life year (DALY) rates (per 100,000 population) of
liver cancer at the country level in 2019, (B) rates (per 100,000 population) of age-standardized and all-age DALYs of liver cancer at the global
level between 1990 and 2019, and (C) rates (per 100,000 population) of age-standardized and all-age mortality from liver cancer at the global

level from 1990 to 2019. Green line denotes age-standardized rates and orange line all-age rates.

9.5), respectively.

Burden of liver cancer based on aetiology

Globally, in 2019, HBV remained the leading cause of Age-
standardized liver cancer DALY and mortality rates, followed
by HCV, alcohol consumption, and NASH/NAFLD (Fig. 3). Al-
though other aetiologies have remained stable or decreased
during the past 10 years, the age-standardized DALY and
mortality rates of liver cancer due to alcohol consumption
and NASH/NAFLD have gradually increased over the past de-
cade (Fig. 3). Data regarding liver cancer due to other causes
is shown in Supplementary Figures 20-23.

http://www.e-cmh.org
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Burden of liver cancer due to HBV

HBV accounts for the highest Age-standardized mortality
rate of liver cancer. When stratified based on GBD region, no-
ticeable decrease in Age-standardized DALY and mortality
rates was observed in liver cancer caused by HBV in East Asia
between 1990 and 2019 (-65.5%, 95% UI, -73.6% to -54% and
-64.1%, 95% UI, -72.3% to -52.6%, respectively). However,
East Asia remained the region with the highest age-stan-
dardized mortality rate due to HBV liver cancer. Central Asia,
high-income North America, and Australasia experienced a
steep increase in age-standardized DALY rate during the
same period (129.9%, 95% Ul, 89.5-177.7%; 81.7%, 95% Ul,
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Percentage
change between
1990 and 2019
12
(-8.3,33)

0.6

NASH/NAFLD

Age-standardized
DALYs Rate in 2019
(95% UI)

71
(5.7,8.6)

4.2
(2.8,6.2)

7.2
(-29.9, 24.4)

Percentage change
between 1990 and
2019
8.8
(-11.8,34.4)

Alcohol

Age-standardized
(95% UI)
17.4
(14,21.1)
8.8

DALYs Rate in 2019

Percentage change
between 1990 and
2019
-2.8
(-21.7,17.1)

12.8

Hepatitis C

Age-standardized
(95% UI)
16.2
(13.2,19.4)
26.7
(18.8,35.3)

DALYs Rate in 2019

Percentage change
between 1990 and
2019
10.8
(-26.5,7.2)

18.6

Hepatitis B

Age-standardized
(95% UI)

41
(30.5,53.6)
243
(20.1,29.3)

DALYs Rate in 2019

Table 2. Continued

Region
South Asia
Central Sub

http://www.e-cmh.org

(-25,35.5)

(5.6,12.8)

(-33.3,14.7)

(-40.2,10.6)

Saharan Africa

17.6
(-5.9,46.9)

9.4
(6.7,12.6)

21.1 76
(-13.6,34.3)

(15,29.5)

18.7
(13.9,24.2)

16.9 0.2
(-21.1,28.1)

(11.5,24.7)

Eastern Sub-

(-18.5,30.9)

Saharan Africa

20.6
(-27.6,79.7)

19.1
(15.5,23.2)

36.1
(28.3,45.7)

453
(36.6, 54.6)

-0.2
(-46.9, 55.5)

253

(18.5, 34)

Southern Sub-

(-46.1,71.6)

(-32.6,51)

Saharan Africa

6.1
(-14,30.4)

10.7

-1.8
(-24.3,22.2)

24.2

(17.1,32.3)

-133
(-28.7,4.3)

24.1

(17.1,31.5)

-17.2
(-35.4,2.4)

76.7

(64.3,91.5)

Western Sub-

(8,14.4)

Saharan Africa

GBD, global burden of disease; Ul, uncertainty index; DALY, disease-adjusted life year.

Sungchul Choi, et al.
Global burden of primary liver cancer

58.4-103.4%; and 73.2%, 95% Ul, 53-93.8%, respectively; Ta-
ble 2). At the country level, Mongolia showed the highest
Age-standardized DALY rate of 763.2 per 100,000 individuals
(95% Ul, 508.2-1,105.8), followed by Gambia with 627.5 per
100,000 individuals (95% Ul, 428.2-889.4) and Guinea with
497.7 per 100,000 individuals (95% Ul, 327.7-691.6; Fig. 4A).
Liver cancer burden due to HBV is significantly decreasing in
the Republic of Korea, with age-standardized DALY rate de-
creasing by 26.1% (95% Ul, -36.5% to -14.7%) in the past de-
cade (in 2019, age-standardized DALY rate: 237, 95% Ul,
196.1-279.1; age-standardized mortality rate: 8.8, 95% Ul, 7.2—
10.4; Fig. 2, Supplementary Fig. 29).

For all five SDI quintiles, age-standardized DALY and mor-
tality rates remained steady during the past decade. Al-
though an abrupt decline occurred during the early 2000s in
the middle- and high-middle SDI quintiles, these quintiles re-
mained at the top regarding liver cancer DALYs and mortality
due to HBV (Fig. 4B, C).

Significant sex differences were observed in DALYs of liver
cancer caused by HBV, with males showing more than triple
the age-standardized DALY rates and number of DALYs than
females in 2019 (Fig. 4D). In addition, DALY rates per 100,000
individuals based on age group increased steeply in younger
ages and plateaued earlier for males (Fig. 4E).

Burden of liver cancer due to HCV

HCV is the second leading cause of liver cancer based on
age-standardized DALY rates. Liver cancer due to HCV
showed a different trend, with the high-income Asia-Pacific
population showing the greatest age-standardized mortality
rate (98.2, 95% Ul, 87.1-109). Central Asia, Australasia, and
high-income North America were the top three regions with
the steepest increase in age-standardized mortality rates of
157.1% (95% Ul, 116.6-205.1%), 117.1% (95% UI, 94.5-136.9%),
and 117.9% (95% Ul, 98.8-140.2%), respectively (Table 2).
Mongolia showed the highest age-standardized DALY rate of
752.6 (95% Ul, 511.9-1,044.1) per 100,000 population, fol-
lowed by Egypt and Honduras (Fig. 5A). Liver cancer burden
due to HCV is declining in the Republic of Korea, with 16.3%
decrease in age-standardized DALY rate (95% Ul, -27.7% to
-4.4%) in the past decade (in 2019, age-standardized DALY
rate: 56, 95% Ul, 38.2-75.5; age-standardized mortality rate:
3.1,95% Ul, 2.2—-4; Fig. 2, Supplementary Fig. 29).

Contrary to the high-middle and middle SDI regions that

https://doi.org/10.3350/cmh.2022.0316 441
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Figure 2. Burden of liver cancer in the Republic of Korea. (A) Rates (per 100,000 population) of age-standardized and all-age disease-adjusted
life years (DALYSs) of liver cancer in the Republic of Korea between 1990 and 2019 and (B) DALY rates (per 100,000 population) of liver cancer
based on aetiology in the Republic of Korea from 1990 to 2019. Additional data on liver cancer burden in the Republic of Korea is shown in

Supplementary Figures 24-39. NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease.
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Figure 3. Global trends of liver cancer based on aetiology from 1990 to 2019. (A) Disease-adjusted life year (DALY) rates (per 100,000 popula-
tion) of liver cancer based on aetiology at the global level from 1990 to 2019 and (B) mortality rates (per 100,000 population) of liver cancer
based on aetiology at the global level from 1990 to 2019. Age-standardized incidence rate data is shown in Supplementary Figure 7. NASH,

non-alcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease.

showed an abrupt decline during the early 2000s, the high
SDI region showed steep increase in age-standardized DALY
and mortality rates in the 1990s but experienced a gradual
decrease until 2019. Even after a gradual decrease, the high
SDI quintile showed the highest age-standardized DALY and
mortality rates (Fig. 5B, C). Notably, age-standardized DALY
rates decreased for high and high-middle SDI quintiles dur-
ing the last decade, while the other quintiles showed mini-
mal to no change (Fig. 5B).

Figure 5D shows the sex differences in number of deaths

442
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and age-standardized mortality rates for liver cancer due to
HCV infection. From 1990 to 2019, the age-standardized
DALYs rate of liver cancer due to hepatitis HCV was higher in
males than females. age-standardized DALY rates showed a
decreasing trend during the past decade in both sexes (Fig.
5D). The number of DALYs based on age group showed a
unique pattern: in younger age groups, more DALYs occurred
in males; however, after 85 years of age, this pattern was re-
versed (Fig. 5E).

http://www.e-cmh.org
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Figure 4. Global burden of liver cancer caused by hepatitis B virus (HBV). (A) World map of age-standardized disease-adjusted life year (DALY)
rates (per 100,000 population) of liver cancer caused by HBV at the country level in 2019, (B) age-standardized DALY rates (per 100,000 popula-
tion) of liver cancer due to HBV at the sociodemographic index (SDI) regional level, (C) age-standardized mortality rates (per 100,000 popula-
tion) of liver cancer due to HBV at the SDI regional level (Age-standardized incidence rate data is shown in Supplementary Fig. 8), (D) number
and age-standardized DALY rates (per 100,000 population) of liver cancer caused by HBV at the global level from 1990 to 2019 (number and
Age-standardized rate of incidence is shown in Supplementary Fig. 9), and (E) number and DALY rates (per 100,000 population) of liver cancer
caused by HBV at the global level by age group in 2019 (number and Age-standardized rate of mortality is shown in Supplementary Fig. 10).

Burden of liver cancer due to alcohol
consumption

Liver cancer caused by alcohol consumption accounts for
the third greatest aetiology in age-standardized DALY rates
of liver cancer. For liver cancer due to alcohol consumption,
Central Asia, high-income North America, and Eastern Eu-
rope experienced significant increase between 1990 and
2019, of 182.6% (95% UI, 134-235.3%), 125.7% (95% UI, 96.5-

http://www.e-cmh.org

151%), and 109.8% (95% Ul, 82.5-143.5%), respectively. At the
country level, Mongolia had a significantly high age-stan-
dardized DALY rate of 786.6 per 100,000 individuals (95% UI,
516.1-1,130), followed by Gambia (201.5, 95% Ul, 144.6-312)
and Thailand (176.3, 95% Ul, 112.8-265.3; Fig. 6A). Although
liver cancer burden due to alcohol consumption decreased in
the Republic of Korea by 4.9% (95% Ul, -20% to -12.1%) from
2010 to 2019, the recent trend shows an increasing burden (in
2019, Age-standardized DALY rate: 65.8, 95% Ul, 44.7-91.9;

https://doi.org/10.3350/cmh.2022.0316 443
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Figure 5. Global burden of liver cancer caused by hepatitis C virus (HCV). (A) World map of age-standardized disease-adjusted life year (DALY)
rates (per 100,000 population) of liver cancer caused by HCV at the country level in 2019, (B) age-standardized DALY rates (per 100,000 popula-
tion) of liver cancer caused by HCV at the sociodemographic index (SDI) regional level, (C) age-standardized mortality rates (per 100,000 popu-
lation) of liver cancer caused by HCV at the SDI regional level (Age-standardized incidence rate data is shown in Supplementary Fig. 11), (D)
number and age-standardized DALY rates (per 100,000 population) of liver cancer caused by HCV at the global level from 1990 to 2019 (num-
ber and age-standardized rate of incidence is shown in Supplementary Fig. 12), and (E) number and DALY rates (per 100,000 population) of liv-
er cancer due to HCV at the global level based on age group in 2019 (number and Age-standardized rate of mortality is shown in Supplemen-

tary Fig. 13).

age-standardized mortality rate: 2.9, 95% Ul, 2-4; Fig. 2, Sup-
plementary Fig. 29).

Middle and low-middle SDI quintiles showed an increasing
age-standardized DALY rate trend, with the highest Age-
standardized DALY rate in 2019 in the high SDI quintile (Fig.
6B, C).

Sex differences are prominent in liver cancer caused by al-
cohol consumption. Age-standardized DALY rates differed

4b4

https://doi.org/10.3350/cmh.2022.0316

more than four-fold between males and females. The num-
ber of DALYs from alcohol-related liver cancer in males has
significantly increased during the past decade (Fig. 6D). In
addition, both the number of DALYs and DALY rates were
higher in males than in females in each age group (Fig. 6E).
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Figure 6. Global burden of liver cancer caused by alcohol consumption. (A) World map of Age-standardized disease-adjusted life year (DALY)
rates (per 100,000 population) of liver cancer caused by alcohol consumption at the country level in 2019, (B) age-standardized DALY rates (per
100,000 population) of liver cancer caused by alcohol consumption at the sociodemographic index (SDI) regional level, (C) Age-standard-
ized mortality rates (per 100,000 population) of liver cancer caused by alcohol consumption at the SDI regional level (Age-standardized inci-
dence rate data is shown in Supplementary Fig. 14), (D) number and age-standardized DALY rates (per 100,000 population) of liver cancer
caused by alcohol consumption at the global level from 1990 to 2019 (number and Age-standardized rate of incidence is shown in Supplemen-
tary Fig. 15), and (E) number and DALY rates (per 100,000 population) of liver cancer caused by alcohol consumption at the global level based
on age group in 2019 (number and Age-standardized rate of mortality is shown in Supplementary Fig. 16).

Burden of liver cancer due to NASH/NAFLD

In 2019, among the four major aetiologies of liver cancer,
NASH/NAFLD showed the lowest age-standardized DALY
rate. The highest percentage increase in age-standardized
mortality rates of liver cancer due to NASH/NAFLD occurred
in Central Asia (243.8%, 95% Ul, 188.1-304.5%), Australasia
(175.7%, 95% Ul, 135.8-216.3%), and high-income North

http://www.e-cmh.org

America (128.5%, 95% Ul, 103.7-148.8%); Table 2). In 2019,
Mongolia had the highest Age-standardized DALY rate of
167.2 (95% Ul, 106.9-249) per 100,000 individuals, and Gam-
bia and Guinea were the second and third highest countries
(Fig. 7A). For the past decade, the Republic of Korea showed a
decreased age-standardized DALY rate of 14.8% (95% Ul,
-27% to -0.6%) with recent years plateauing (in 2019, Age-
standardized DALY rate: 18.4, 95% Ul, 12.7-26.8; Age-stan-
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100,000 population) of liver cancer caused by NASH/NAFLD at the global level from 1990 to 2019 (number and age-standardized rate of inci-
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the global level based on age group in 2019 (number and Age-standardized rate of mortality is shown in Supplementary Fig. 19).

dardized mortality rate: 0.9, 95% UI, 0.6-1.4; Fig. 2, Supple-
mentary Fig. 29).
In 2019, the middle SDI quintile had the highest age-stan-

Supplementary Fig. 17).
The number of DALYs from NASH/NAFLD-related liver can-
cer has increased for both sexes during the past decade (Fig.

dardized DALY and mortality rates, which have been increas-
ing during the past decade. Unlike the comparatively low
age-standardized DALY and mortality rates, the age-stan-
dardized incidence rates were relatively high in the high SDI
quintile compared with the middle SDI quintile (Fig. 7B, C,
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7D). In addition, after the 75-79-year age group, females
showed a higher number of DALYs but with a similar pattern
in rate compared with males (Fig. 7E).
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DISCUSSION

In the present study, we showed that the crude numbers of
DALYs, deaths, and incident cases of liver cancer significantly
increased between 1990 and 2019. However, age-standard-
ized DALYs, mortality, and incidence rates have declined. The
discrepancy between the number and rates of DALYs, deaths,
and cases might be explained by the aging population struc-
ture.”'® With continued aging and population growth, the
number and rate of incidence, as well as years of life lost and
mortality, are projected to increase in the near future." "
Concordant with previous studies, HBV remains the leading
cause of liver cancer mortality and incidence, followed by
HCV, alcohol consumption, and NASH/NAFLD."* Age-stand-
ardized mortality rates of liver cancer due to HBV and HCV
have decreased during the past decade, possibly due to the
effect of HBV vaccination and nucleos(t)ide analogues
(NUCs)”® and novel DAAs against HCV.*"” However, age-stan-
dardized mortality rates of liver cancer due to alcohol con-
sumption and NASH/NAFLD have increased.

Patterns of liver cancer burden also vary significantly be-
tween regions and countries. In 2019, the liver cancer burden
due to HBV was high in HBV-endemic regions such as East
Asia, high-income Asia-Pacific, Southeast Asia, and Southern
and Western Sub-Saharan Africa.”® However, most of these
regions are experiencing or will have a significant decrease in
the burden of liver cancer due to HBV through universal HBV
immunization programs and HBV screenings.®* In contrast,
the overall age-standardized mortality and incidence rates
were low in the high-income countries of North America and
Australasia, but increased to >80% in 2019 compared with
1990. In addition, the GBD 2019 data showed an inverse trend
in the age-standardized incidence rates of acute HBV infec-
tion, cirrhosis, and other chronic diseases due to HBV com-
pared with HBV-attributable liver cancer in these regions
(Supplementary Figs. 1-6). Therefore, despite the current use
of potent NUCs, liver cancer progression rates are not well
controlled.”* In the era of pre-NUCs, patients with chronic
HBV infection would die before de novo hepatocarcinogene-
sis due to hepatic decompensation. Because HCC risk cannot
be eliminated using only potent NUCs, the development of
novel treatments is required to effectively eradicate closed
circular DNA in hepatocytes. Furthermore, a more effective
HCC surveillance strategy should be established to detect
patients at an early stage and implement curative treatment.
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In contrast to HBV infection, liver cancer due to HCV infec-
tion has a different threat pattern. Countries with high SDI
were more affected by liver cancer due to HCV infection, with
the high-income Asia-Pacific region showing the highest
age-standardized mortality rates. However, with the devel-
opment of DAAs with sustained virological response rates
near 95%, the incidence and mortality caused by liver cancer
due to HCV are expected to significantly decrease in the next
decades.”™ Notably, in high-income North America and
Australasia, the age-standardized mortality rates have dou-
bled in 2019 compared with 1990. This trend, however, is
likely due to the 20- to 40-year lag from HCV infection to HCC
progression.”' The effect of the 1945-1965 birth cohort in the
United States with significantly high HCV infection rates™*
and the use of injectable drugs in Australia** could be caus-
ing this increase. Thus, even with careful measures, the bur-
den of liver cancer due to HCV infection is likely to increase
before the effects of intervention occur. In contrast to the
past decade, when mainly high and high-middle SDI quin-
tiles showed a decrease in age-standardized DALY rates, low-
and middle-income countries are also likely to benefit from
DAAs because of the production of cost-effective generic
DAAs in the near future.”** Only 21% of the HCV-infected
population knew their diagnosis and only 62% were treated
with DAAs in 2019 according to a WHO report,” with many
low- and middle-income countries lacking current standard
diagnostic methods.* Thus, systematic and universal screen-
ing and appropriate referrals for HCV in endemic regions
should be recommended with development of novel cost-ef-

*** However, to prevent infection, an

d 42,43

fective diagnostic tests.
effective HCV vaccine is neede

Contrary to liver cancer due to HBV and HCV, the age-
standardised incidence and mortality of liver cancer due to
alcohol consumption are increasing. Assuming an 8- to-9-
year latency period of alcohol-induced liver cancer,** the
increasing trend of liver cancer due to alcohol consumption
is concordant with the WHO Global information system on
alcohol and health data (alcohol, total per capita [15+] con-
sumption). A sharp increase was observed from 5.3 litres
(95% confidence interval [Cl] 5-6.5) in 2005 to 6.1 litres (95%
(1 5.8-6.5) in 2010.% If the trend of liver cancer due to alcohol
consumption follows the alcohol consumption data, the
number of liver cancers due to alcohol consumption is likely
to remain steady in the next decade as alcohol consumption
remains steady or possibly decreases (2019 alcohol consump-
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tion, 5.8, 95% Cl, 5.5-6.2). Among the GBD regions, Central
Asia, high-income North America, and Eastern Europe have
experienced significant increase in age-standardized liver
cancer mortality due to alcohol consumption. This is in
agreement with previous studies reporting higher liver can-
cer mortality rates due to alcohol consumption in Central
Asia and Eastern Europe in the 2012 to 2017 period.” In addi-
tion, alcohol consumption was recently suggested as a main
reason for the increase in age-standardized mortality rate of
HCC in the United States."

Furthermore, the liver cancer burden due to NASH/NAFLD
is markedly increasing. As the prevalence of NAFLD signifi-
cantly increases,” and more than 25% of the global popula-
tion suffers from NAFLD,”>? liver cancer due to NASH/NAFLD
will also likely increase for a prolonged period. Modelling
studies have predicted that NAFLD-related HCC incidence
will increase in the near future, with the United States experi-
encing a 137% increase in incidence rate by 2030.” Similarly,
China, France, Germany, Italy, Japan, and the United Kingdom
will experience noticeable increase by 2030.>* Thus, con-
trolling obesity and diabetes in the population,®*°
ing weight loss,”*® promoting a balanced diet,” and sug-

gesting chemoprevention for patients with comorbidities
57,60

promot-

such as diabetes, obesity, and cardiovascular diseases
should be implemented in regions with a high number of
NASH/NAFLD patients. Particular attention should be given
to Central Asia, Australasia, and high-income North America
where age-standardized DALY rates increased more than
two-fold compared with those in 1990.

Liver cancer burden in the Republic of Korea has shown a
declining trend during the past decade, with gradually de-
creasing age-standardized DALYs and mortalities. This could
be attributed to the widespread use of NUCs for HBV, DAAs
against HCV, and better treatment options for liver cancer
patients. However, in agreement with the recent report on
chronic liver disease,®' liver cancer burden due to alcohol
consumption has increased in recent years. Although alcohol
consumption in the Republic of Korea has declined in recent
years, alcohol consumption continuously increased from
1998 to 2015.% Thus, further measures to control alcohol con-
sumption are needed to reduce the burden of alcohol-relat-
ed liver cancer.

Sex and age differences were observed in liver cancer bur-
den. Males tended to have a higher burden of liver cancer
due to all major aetiologies, except NASH/NAFLD. The HBV

448 https://doi.org/10.3350/cmh.2022.0316

genome has been suggested to interact with androgens,
leading to increased expression of oncoproteins.”** Oestro-
gen receptor expression and epigenetic mechanisms are as-
sociated with HCV-HCC,°*® and gender differences exist in
alcohol consumption.” Various mechanisms have been pro-
posed, including the protective role of oestrogen, HCC-pro-
moting role of androgens, and additional role of sex chromo-
somes.” Furthermore, the age group with the highest
incidence in females was older and postmenopausal, which
may be partially explained by the progression of liver fibrosis
that can accelerate after menopause,” and because post-
menopausal hormone therapy has a protective effect against
liver cancer.”

The main strength of the present study includes the analy-
sis of the most recent data on the global burden of liver can-
cer, focusing on DALYs of major liver cancer aetiologies. To
the best of our knowledge, this study is the first to analyse in-
depth DALYs of liver cancer based on aetiology. However, this
study had several limitations. First, because data from the
GBD 2019 database were analysed, the same limitations of
the original dataset were applicable to the current study. Ma-
jor limitations include the availability of primary data and the
use of statistical modelling to generate estimates. For regions
that lacked sufficient quality data, GBD estimates relied on
predictive covariates and modelling measures. In addition,
even when primary data were available, delay in data report-
ing and data obtained without using the preferred case defi-
nition could limit accuracy of the estimates. Thus, results
need to be carefully interpreted regarding uncertainty inter-
vals. In addition, due to the lack of data, various types of can-
cer have been widely identified as liver cancer, which ham-
pered accurate analysis of gender and age differences. Third,
the GBD 2019 database lacks detailed information other than
epidemiological data such as vaccination policy changes, an-
tiviral therapy use, and public health measures. Thus, this de-
tailed information could not be included in the analysis.

In conclusion, despite substantial advances in prevention,
diagnosis, and treatment, liver cancer continues to be an on-
going global threat. In particular, the liver cancer burden due
to alcohol consumption and NASH/NAFLD is increasing and
will continue to significantly increase if an effective interven-
tion is not implemented. Because the burden of liver cancer
significantly varies based on geographic region, SCI, sex, and
age group, a more tailored approach should be implement-
ed.
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Lay summary

The global distribution of dominant liver cancer etiologies
likely differs across global regions due to differential distribu-
tion or availability of effective antiviral drugs. Updated tem-
poral trends of liver cancer aetiologies and sociodemograph-
ic status from 1990 to 2019 based on the Global Burden of
Disease 2019 report were analysed in this study.
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