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Abstract

Background: This study aimed to evaluate the updated dis-
ease burden, risk factors, and temporal trends of liver cancer
based on age, sex, and country. Methods: We estimated the
incidence of liver cancer and its attribution to hepatitis B vi-
rus (HBV) and hepatitis C virus (HCV) in 2018 based on the
Global Cancer Observatory and World Health Organization
(WHO) Cancer Causes database. We extracted the preva-
lence of risk factors from the WHO Global Health Observa-

tory to examine the associations by weighted linear regres-
sion. The trend analysis used data from the Cancer Incidence
in Five Continents and the WHO mortality database from 48
countries. Temporal patterns of incidence and mortality
were calculated using average annual percent change
(AAPC) by joinpoint regression analysis. Results: The global
incidence of liver cancer was (age-standardized rate [ASRI)
9.3 per 100,000 populationin 2018, and there was an evident
disparity in the incidence related to HBV (ASR 0.2-41.2) and
HCV (ASR 0.4-43.5). A higher HCV/HBV-related incidence ra-
tio was associated with a higher level of alcohol consump-
tion (B 0.49), overweight (3 0.51), obesity (3 0.64), elevated
cholesterol (3 0.70), gross domestic product (3 0.20), and Hu-
man Development Index (HDI;  0.45). An increasing trend in
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incidence was identified in many countries, especially for
male individuals, population aged >50 years, and countries
with a higher HCV/HBV-related liver cancer incidence ratio.
Countries with the most drastic increase in male incidence
were reported in India (AAPC 7.70), Ireland (AAPC 5.60), Swe-
den (AAPC 5.72), the UK (AAPC 5.59), and Norway (AAPC
4.87). Conclusion: We observed an overall increasing trend
of liver cancer, especially among male subjects, older indi-
viduals, and countries with a higher prevalence of HCV-relat-
ed liver cancer. More efforts are needed in enhancing life-
style modifications and accessibility of antiviral treatment
for these populations. Future studies should investigate the
reasons behind these epidemiological changes.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Liver cancer is one of the most common malignancies,
with more than 800,000 new cases diagnosed each year
globally [1]. It is also a leading cause of cancer mortality,
accounting for over 700,000 cancer deaths annually [1].
Liver cancer is more common in sub-Saharan Africa, East
Asia, and Southeast Asia than in the Western countries
[1]. However, in the USA, the incidence of liver cancer
has more than tripled, while its mortality has more than
doubled since 1980 [2]. The most common liver cancer is
hepatocellular carcinoma, while other less common types
include intrahepatic cholangiocarcinoma, angiosarcoma,
and hemangiosarcoma [3]. The risk factors for liver can-
cer include gender, race, chronic viral hepatitis, cirrhosis,
inherited metabolic diseases, alcohol drinking, smoking,
obesity, type 2 diabetes, and exposure to carcinogenic
substances such as aflatoxins [4]. Liver cancer could be
prevented by reducing the prevalence of these modifiable
risk factors, including hepatitis vaccination and lifestyle
changes [5].

Itisimportant to monitor the epidemiological trend of
liver cancer using cancer registry data of high quality.
Studying the recent trend of incidence and mortality for
liver cancer is crucial as it can inform policy formulation
for effective public health interventions and clinical prac-
tice. Owing to its high disparity in epidemiology across
different populations, a comprehensive evaluation of its
worldwide temporal patterns of disease burden in differ-
ent population groups could benefit resource planning
and allocation. Evidence has also showed that there is
geographical variation in the epidemiology of liver cancer
caused by hepatitis B virus (hepatitis B virus) and hepati-
tis Cvirus (HCV) [6]. Evaluating the updated disease bur-
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den and associated risk factors of liver cancer by different
causes in this population infected with HBV and HCV is
important as the preventive measures and clinical man-
agement would be different for HBV and HCV.

Nevertheless, there is a lack of studies on the most up-
dated epidemiology and risk factors of liver cancer in-
duced by different causes, as well as its trend. Previous
literature only investigated certain populations [7-9], re-
ported relatively old data [10, 11], and did not present the
cancer burden by different causes [12]. Although the
Global Burden of Disease (GBD) studies [13, 14] evalu-
ated the disease burden of liver disease by specific etiolo-
gies, there is a lack of trend analysis for different groups
by sex, age, and country using real-world cancer registry
data. Also, none of these studies have investigated the dif-
ference in risk factors associated with liver cancer related
to HBV and HCV at a country level. Therefore, the objec-
tives of this study were to evaluate the (1) updated global
epidemiology of liver cancer in 2018, (2) associated life-
style and metabolic risk factors related to HBV and HCV,
and (3) its recent epidemiologic trend by sex, age, and
country.

Methods

Data Source

This study adopted methods similar to our previously pub-
lished studies [11, 15, 16]. In brief, we retrieved the GLOBOCAN
database, which contains data of 185 countries to estimate the
global and regional incidences and mortality of liver cancer in 2018
[17]. To improve the quality and coverage of estimation of inci-
dence and mortality, several methods were used in GLOBOCAN,
including modeling by mortality-to-incidence ratios, predictions,
and approximation from neighboring regions. We also estimated
the incidence of liver cancer attributable to HBV and HCV in 2018
based on World Health Organization (WHO) Cancer Causes da-
tabase [18] and previous studies [19, 20]. For the analysis of its
lifestyle and metabolic factors, we used the age-standardized prev-
alence of risk factors for each country from the WHO Global
Health Observatory database [21], including smoking, alcohol
consumption, physical inactivity, overweight, obesity, diabetes,
hypertension, and elevated cholesterol (see online suppl. Table 1;
see www.karger.com/doi/10.1159/000515304 for all online suppl.
material). We also extracted the gross domestic product (GDP) per
capita and Human Development Index (HDI) in 2018 for each
country from the World Bank [22] and the United Nations Devel-
opment Programme [23], respectively. For trend analysis, we ex-
tracted incidence and mortality figures of 48 countries from na-
tional and global registries for all available calendar years (1980-
2017) (online suppl. Table 2). To retrieve the data on incidence, we
searched nation-/region-specific cancer registries in Cancer Inci-
dence in Five Continents, volumes I-XI [24]. The Cancer Incidence
in Five Continents database contains population-based data of in-
cidence figures from cancer registries by confirming the diagnosis
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of each cancer case reported in a predetermined time interval. To
obtain the most updated figures on incidence and mortality for the
USA, we searched the Surveillance, Epidemiology, and End Re-
sults, which is a publicly available program covering most cancer
registry data in the USA [25]. We also collected the most updated
figures on the incidence and mortality for northern European
countries, including Denmark, Finland, Sweden, Iceland, Green-
land, Norway, and the Faroe Islands from the Nordic Cancer Reg-
istries [26]. We used the WHO mortality database for mortality
data for other countries/regions out of the USA and northern Eu-
rope [27]. Only data with a quality level of medium or above were
used to compute mortality figures in the database [28]. All these
cancer registries have been regarded as a well-recognized standard
reference for trend analysis of cancer burden. We used the Inter-
national Classification of Diseases and Related Health Problems-
10th Revision code C22 to identify “malignant neoplasm of the
liver and intrahepatic bile ducts” in the analysis [29]. Age-stan-
dardized rates (ASRs) were calculated for all figures based on the
Segi-Doll world standard population [30].

Statistical Analysis

All incidence and mortality figures were presented by ASRs.
The HCV-/HBV-related liver cancer incidence ratio was calculat-
ed by ASRs of liver cancer incidence attributable to HCV divided
by that to HBV. The ratio shows the relative burden of liver cancer
attributable to HBV and HCV for individual countries without
reference to its incidence. We calculated this ratio to examine the
incidence of liver cancer attributable to HCV and HBV in associa-
tion with certain risk factors. We chose these 2 because only these
2 etiologies for liver cancer were described in the database. Coun-
tries with a ratio more than 1 had a higher incidence of HCV-re-
lated liver cancer than that related to HBV. Countries with a ratio
less than 1 had a lower incidence of HCV-related liver cancer than
that related to HBV. Countries with a ratio equal to 1 had the same
incidence of HCV-related liver cancer as that related to HBV. We
also estimated the total attributable fraction (AF) of liver cancer
caused by HBV and HCV for each country from the database. The
correlations between the lifestyle and metabolic risk factors, GDP
per capita, and HDI with the ratio were examined using Pearson’s
correlation coefficient (r). We also performed the sensitivity anal-
ysis by excluding the countries with a total AF of liver cancer
caused by HBV and HCV no more than 50 and 60%, respectively.
Weighted linear regression by inverse variance was also performed
to generate beta coefficient (B) for the associations. The epidemio-
logical trend of incidence and mortality of liver cancer in the recent
past 10 years was evaluated for different countries by using join-
point regression analysis [31]. The results were presented as aver-
age annual percent change (AAPC) with its 95% confidence inter-
val (CI) [31]. A logarithmic transformation of the incidence and
mortality data was performed, and standard errors were calculated
by binomial approximation. Weights equivalent to each segment’s
length were apportioned for the specified time frame [32]. Coun-
tries with “zero” or “missing” values in their figures of the most
recent decade were excluded from the regression analysis. A max-
imum of 3 joinpoints was used as the parameter of analysis. The
AAPC was evaluated as an average of annual percent change
(APC) using geometric weighting in populations of different age
strata, genders, and countries. A p value of <0.05 was considered
statistically significant in the analysis.

Global Epidemiology of Liver Cancer

Results

Incidence and Mortality in 2018

A total 0f 841,080 (CI 817,635-865,198) new cases were
reported in 2018 (Table 1) [17]. The ASR of incidence was
9.3 (CI9.0-9.6) per 100,000 population and showed 7-fold
variation globally (Fig. 1). The highest rates were reported
in Eastern Asia (ASR 17.7, CI 17.4-18.0), Micronesia
(ASR 15.2,CI 12.4-18.0), and Northern Africa (ASR 14.1,
CI 12.8-15.4), while the lowest rates were found in south-
central Asia (ASR 2.5, C12.3-2.7), Western Asia (ASR 4.0,
CI 3.6-4.4), and central and eastern Europe (ASR 4.0, CI
3.9-4.1). Globally, a total of 781,631 (CI 737,605-828,285)
related deaths were reported in 2018. The ASR of mortal-
ity was 8.5 (CI 8.0-9.0) per 100,000 population and varied
7-fold. The highest mortality rates were found in Eastern
Asia (ASR 16.0,CI 15.8-16.2), Northern Africa (ASR 13.9,
CI 12.6-15.2), and Southeastern Asia (ASR 13.2, CI 12.3-
14.1). The lowest estimated death rates were reported in
south-central Asia (ASR 2.3, C12.2-2.4), northern Europe
(ASR 3.8, CI 3.7-3.9), and central and eastern Europe
(ASR 3.9, CI 3.8-4.0).

Incidence Related to HBV and HCV

Table 2 shows the cause-specific estimated number of
new cases, ASRs, and the HCV/HBV -related liver cancer
incidence ratios in 2018 for each country. The highest
ASRs of HBV -related liver cancer were observed in Mon-
golia (ASR 41.2, CI138.8-43.6, ratio 1.055), Vietnam (ASR
16.2, CI 14.9-17.5, ratio 0.079), China (ASR 13.9, CI
13.7-14.1, ratio 0.067), Thailand (ASR 12.8,CI 12.4-13.2,
ratio 0.190), Laos (ASR 12.6, CI 7.0-18.2, ratio 0.358),
Cambodia (ASR 12.3, CI 6.78-17.8, ratio 0.365), the
Gambia (ASR 12.1, CI 10.2-14.0, ratio 0.370), South Ko-
rea (ASR 10.9, CI 10.6-11.2, ratio 0.228), Guinea (ASR
10.1,CI7.9-12. 3, ratio 0.543), and North Korea (ASR 9.3,
CI 8.7-9.9, ratio 0.359). The highest ASRs of HCV-relat-
ed liver cancer were observed in Mongolia (ASR 43.5, CI
41.0-46.0, ratio 1.055), Egypt (ASR 27.0, CI 25.3-28.7,
ratio 12.892), Guatemala (ASR 5.6, CI 5.1-6.1, ratio
1.539), Moldova (ASR 5.5, CI 4.7-6.3, ratio 1.855), Guin-
ea (ASR 5.5, CI 4.3-6.7, ratio 0.543), Laos (ASR 4.5, CI
2.5-6.5, ratio 0.358), the Gambia (ASR 4.5, CI 3.8-5.2,
ratio 0.370), Cambodia (ASR 4.5, CI 2.5-6.5, ratio 0.365),
Japan (ASR 4.5, CI 4.4-4.6, ratio 3.073), and the USA
(ASR 4.2, CI 4.1-4.3, ratio 8.746). HBV and HCV were
the predominant causes for liver cancer in a majority of
the countries. There were 169 (92.9%) and 158 (86.8%) of
the 182 countries with a total AF of liver cancer caused by
HBV and HCV over 50 and 60%, respectively.
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Fig. 1. Global incidence of liver cancer in 2018, both sexes, all ages, related to HBV and HCV. HBV, hepatitis B

virus; HCV, hepatitis C virus; GDP, gross domestic product.
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Table 2. Incidence of liver cancer attributable to HBV and HCV

Country HBV HCV HCV/HBV  HCV + HBV
cancer ratio® AF, %*
n ASR n ASR
Mongolia 986 41.2 1,040 43.5 1.055 90.4
Egypt 1,651 2.1 21,284 27.0 12.892 90.3
Pakistan 1,170 0.8 2,440 1.7 2.086 82.4
Myanmar 2,822 5.4 1,517 2.9 0.538 81.8
China 297,401 13.9 20,036 0.9 0.067 80.8
Tunisia 69 0.5 215 1.6 3.119 79.9
Algeria 120 0.3 320 0.8 2.667 78.1
Morocco 91 0.2 243 0.6 2.667 78.1
Japan 6,787 1.5 20,859 4.5 3.073 77.8
South Korea 10,418 10.9 2,377 2.5 0.228 77.5
Tajikistan 106 1.8 104 1.8 0.985 77.2
Polynesia 19 53 7 2.0 0.373 77.0
Turkey 2,316 2.4 1,043 1.1 0.450 77.0
The Solomon Islands 23 5.8 9 2.1 0.371 76.9
Timor-Leste 21 3.0 8 1.1 0.361 76.9
North Korea 3,231 9.3 1,161 33 0.359 76.8
Guam 18 8.5 6 2.9 0.345 76.8
Cambodia 1,431 12.3 522 4.5 0.365 76.7
Papua New Guinea 411 6.7 151 2.5 0.367 76.7
Samoa 9 5.5 3 2.0 0.355 76.7
Brunei 21 5.5 8 2.1 0.375 76.7
Fiji 43 4.7 16 1.7 0.362 76.7
Laos 584 12.6 209 4.5 0.358 76.6
New Caledonia 21 5.8 8 2.1 0.365 76.6
Mexico 1,300 1.0 4,265 3.2 3.279 76.6
Libya 41 0.9 105 2.3 2.563 76.6
The Philippines 5,459 6.5 1,906 2.3 0.349 76.5
South Sudan 87 1.1 216 2.8 2.477 76.5
Somalia 81 1.1 113 1.5 1.391 76.5
Vanuatu 16 7.3 6 2.7 0.377 76.4
Lebanon 113 1.6 60 0.8 0.531 76.1
The Syrian Arab Republic 162 1.3 125 1.0 0.770 75.6
Uzbekistan 642 2.5 455 1.8 0.710 75.4
Vietnam 17,658 16.2 1,393 1.3 0.079 75.2
Sri Lanka 334 1.2 243 0.9 0.729 75.2
Georgia 162 2.3 123 1.7 0.759 75.1
Senegal 489 5.7 318 3.7 0.651 75.1
Kazakhstan 480 2.4 362 1.8 0.755 75.1
Bahrain 13 1.5 10 1.1 0.730 75.1
Qatar 18 1.8 13 1.3 0.747 75.1
Kyrgyzstan 199 4.1 143 3.0 0.720 75.0
Cyprus 32 14 25 1.1 0.773 75.0
Bhutan 15 2.3 11 1.6 0.708 75.0
Israel 144 1.1 108 0.8 0.744 75.0
Azerbaijan 169 1.6 119 1.1 0.705 75.0
Nepal 120 0.5 91 0.4 0.756 75.0
Oman 50 1.9 37 1.4 0.738 74.9
Bangladesh 1,342 0.9 1,001 0.7 0.746 74.9
Gaza Strip and West Bank 20 0.8 15 06 0.726 74.9
Kuwait 52 2.2 39 1.7 0.752 74.8
Maldives 12 3.7 8 2.5 0.694 74.7
Armenia 206 4.2 147 3.0 0.715 74.6
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Table 2 (continued)
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Country HBV HCV HCV/HBV  HCV + HBV
cancer ratio® AF, %*
n ASR n ASR

Afghanistan 278 1.7 201 1.2 0.723 74.6
The United Arab Emirates 43 1.8 30 1.3 0.699 74.6
Turkmenistan 122 2.6 88 1.9 0.721 74.5
Jordan 82 1.3 58 1.0 0.713 74.5
Iraq 234 1.2 166 0.8 0.710 74.2
Niger 412 39 160 1.5 0.388 73.7
Yemen 265 1.9 190 1.3 0.715 73.4
Thailand 14,211 12.8 2,702 2.4 0.190 72.6
Indonesia 8,588 3.5 4,802 2.0 0.559 72.5
India 13,614 1.1 6,392 0.5 0.470 72.3
Saudi Arabia 376 1.9 278 14 0.738 72.3
COte d’Ivoire 516 3.9 290 2.2 0.563 71.9
Cameroon 435 2.8 251 1.6 0.577 71.9
Burundi 186 2.9 100 1.6 0.539 71.7
Congo-Kinshasa 1,669 3.7 918 2.0 0.550 71.6
Cabo Verde 21 5.0 11 2.7 0.531 71.5
Guinea-Bissau 58 5.5 32 3.0 0.551 71.5
Mali 285 3.0 142 1.5 0.500 71.4
Angola 269 1.7 146 0.9 0.542 71.4
Guinea 731 10.1 397 5.5 0.543 71.3
Lesotho 31 2.0 17 1.1 0.543 71.3
Liberia 191 7.0 103 3.8 0.540 71.3
Sierra Leone 187 4.6 102 2.5 0.547 71.3
Uganda 831 3.5 460 1.9 0.553 71.3
Congo-Brazzaville 96 2.7 52 1.5 0.540 71.3
Djibouti 9 1.2 5 0.7 0.550 71.3
Namibia 22 1.3 12 0.7 0.547 71.3
Ghana 1,264 7.1 697 3.9 0.551 71.2
Mauritius 30 1.5 15 0.8 0.518 71.2
Equatorial Guinea 20 22 11 1.2 0.534 71.2
Kenya 625 2.5 334 1.3 0.534 71.2
Tanzania 710 2.3 384 1.2 0.541 71.2
Eritrea 43 1.5 23 0.8 0.525 71.2
Burkina Faso 600 6.4 323 34 0.538 71.2
Rwanda 338 4.6 187 2.6 0.555 71.2
Madagascar 409 2.6 230 1.5 0.563 71.1
The Central African Republic 69 2.4 37 1.3 0.539 71.1
Zambia 90 1.0 48 0.5 0.536 71.1
Mauritania 146 5.1 82 2.9 0.560 71.0
Comoros 14 2.7 7 1.4 0.511 71.0
Botswana 29 1.8 15 1.0 0.540 71.0
Chad 187 2.5 101 14 0.540 71.0
Benin 136 2.3 76 1.3 0.557 71.0
Malawi 134 1.0 73 0.5 0.545 70.9
Réunion 39 2.8 21 1.5 0.529 70.8
Togo 146 3.2 75 1.7 0.514 70.7
Brazil 2,555 1.0 6,232 2.4 2.439 70.5
Singapore 885 7.9 85 0.8 0.097 70.4
Gabon 24 1.5 14 0.9 0.586 69.8
Malaysia 1,207 3.9 146 0.5 0.121 69.6
Nigeria 2,913 2.9 657 0.7 0.225 69.6
The Gambia 161 121 60 4.5 0.370 69.3
Liver Cancer 2021;10:330-345 Huang et al.
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Table 2 (continued)

Country HBV HCV HCV/HBV  HCV + HBV
cancer ratio® AF, %*
n ASR n ASR
The USA 2,694 0.5 23,566 4.2 8.746 69.2
Australia 173 0.4 1,514 35 8.746 69.2
Zimbabwe 267 3.2 130 1.6 0.486 68.8
Italy 2,120 1.4 6,261 4.0 2.953 68.0
South Africa 1,265 2.5 424 0.9 0.335 67.7
Ethiopia 587 1.0 500 0.8 0.852 67.6
Portugal 222 0.9 692 2.7 3.119 65.9
Mozambique 666 3.7 121 0.7 0.182 65.6
Iran 1,770 2.4 496 0.7 0.280 64.9
Germany 1,617 0.8 3,997 1.9 2.473 63.2
Spain 1,054 1.0 3,103 3.0 2.943 62.7
Guatemala 434 3.6 668 5.6 1.539 61.7
Haiti 161 2.0 247 3.0 1.531 61.5
Guyana 5 0.7 7 1.0 1.531 61.5
The Dominican Republic 174 1.6 266 2.4 1.527 61.4
Barbados 3 0.6 5 0.9 1.527 61.4
Cuba 208 0.9 306 1.4 1.466 61.4
Costa Rica 105 1.5 157 2.3 1.492 61.3
Jamaica 27 0.7 38 1.0 1.442 61.3
Puerto Rico 87 1.3 128 1.9 1.482 61.3
Panama 62 1.2 91 1.8 1.472 61.3
Paraguay 45 0.7 66 1.0 1.472 61.3
Nicaragua 139 2.6 207 3.8 1.488 61.2
El Salvador 126 1.6 189 2.5 1.498 61.2
Suriname 8 14 13 2.1 1.519 61.2
Honduras 99 14 148 2.1 1.498 61.2
Venezuela 293 0.9 437 1.3 1.488 61.2
Moldova 182 3.0 338 5.5 1.855 61.1
Bolivia 167 1.5 247 2.2 1.484 61.1
The Bahamas 3 0.6 5 0.9 1.546 61.1
Martinique 10 1.0 14 1.5 1.480 61.0
Bulgaria 119 0.8 222 1.4 1.864 61.0
Ecuador 243 1.3 354 1.9 1.460 61.0
Belarus 117 0.7 222 1.3 1.905 61.0
Trinidad and Tobago 16 0.8 24 1.2 1.531 61.0
Colombia 549 0.9 841 1.4 1.531 61.0
French Guiana 5 2.1 8 3.1 1.466 60.9
Belize 5 2.1 7 3.0 1.466 60.9
The Netherlands 212 0.5 396 1.0 1.868 60.8
Uruguay 40 0.7 56 0.9 1.413 60.8
Ukraine 382 0.5 704 0.9 1.841 60.8
Croatia 134 1.3 254 2.5 1.890 60.7
Malta 5 0.5 9 0.9 1.918 60.7
Czechia 222 0.9 422 1.7 1.900 60.6
Guadeloupe 8 0.9 12 1.3 1.463 60.6
Montenegro 11 0.8 21 1.5 1.872 60.6
Luxembourg 15 1.4 27 2.5 1.788 60.5
Poland 550 0.7 1,004 1.3 1.827 60.5
Albania 93 1.7 170 3.0 1.822 60.4
Serbia 162 0.9 303 1.7 1.871 60.3
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Table 2 (continued)

Country HBV HCV HCV/HBV  HCV + HBV
; ASR ; ASR cancer ratio® AF, %*
Slovenia 62 1.2 114 2.3 1.853 60.2
North Macedonia 40 1.1 72 1.9 1.800 60.2
Bosnia and Herzegovina 116 1.6 215 2.9 1.848 60.1
Slovakia 112 1.1 196 1.9 1.757 60.1
New Zealand 239 2.9 51 0.6 0.213 59.9
Hungary 233 1.2 418 2.1 1.799 59.9
Switzerland 203 1.0 363 1.8 1.786 59.9
Romania 759 1.8 1,301 3.2 1.714 59.7
Sudan 336 1.4 223 0.9 0.664 59.4
Belgium 230 1.0 358 1.5 1.555 58.5
Greece 609 2.1 348 1.2 0.571 58.3
Chile 304 1.0 614 2.1 2.021 58.0
Argentina 497 0.8 820 1.3 1.651 56.2
France 1,923 14 4,037 3.0 2.099 56.1
Austria 205 1.0 392 1.9 1.913 53.3
Peru 908 2.6 171 0.5 0.189 46.6
The Russian Federation 2,887 1.1 1,852 0.7 0.642 45.8
The UK 655 0.4 2,247 1.5 3.430 38.1
Estonia 7 0.2 28 0.9 3.831 343
Ireland 25 0.3 99 1.2 3.942 34.1
Norway 24 0.2 89 0.9 3.761 33.8
Finland 38 0.2 147 1.0 3.870 33.6
Iceland 1 0.2 4 0.7 3.870 33.6
Lithuania 17 0.3 64 1.0 3.662 33.1
Denmark 43 0.3 158 1.3 3.648 33.0
Latvia 10 0.2 40 0.8 3.853 33.0
Canada 420 0.6 789 1.1 1.880 31.1
Sweden 48 0.2 141 0.7 2.959 19.4

HBYV, hepatitis B virus; HCV, hepatitis C virus; #, number of cases; ASR, age-standardized rate; AF, attribut-
able fraction. # Ratio of HCV- and HBV-related liver cancer incidence (ASR). * Total attributable faction of

liver cancer caused by HBV and HCV.

Risk Factors Associated with HCV/HBV-Related Liver

Cancer Incidence Ratio

Among the lifestyle risk factors investigated, a higher
incidence ratio of HCV/HBV-related liver cancer was as-
sociated with a higher prevalence of alcohol consumption
(r0.27, p <0.001) and physical inactivity (r0.19, p = 0.02),
but not with smoking (p = 0.2) (Fig. 2). For the metabolic
risk factors, a higher ratio was associated with a higher
prevalence of overweight (r 0.42, p < 0.001), obesity (r
0.40, p < 0.001), and elevated cholesterol (r 0.41, p <
0.001), and a lower prevalence of hypertension (r —0.21,
p =0.008), but not with diabetes (p = 0.7). The higher ra-
tio was also associated with a higher GDP per capita (r
0.40, p < 0.001) and HDI (r 0.42, p < 0.001) for different
countries. The correlations remained unchanged when
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excluding the countries with a total AF of liver cancer
caused by HBV and HCV no more than 50% or 60% in
the sensitivity analysis (online suppl. Table 3). After con-
ducting the weighted linear regression, the associations
remained significant for alcohol consumption ({3 0.49, CI
0.03-0.96), overweight (p 0.51, CI 0.39-0.64), obesity (B
0.64, CI 0.38-0.90), elevated cholesterol ( 0.70, CI 0.51-
0.90), GDP per capita (p 0.20, CI 0.14-0.26), and HDI (j
0.45, CI1 0.33-0.57).

Temporal Trends of Liver Cancer

The incidence and mortality trends of each country
between 1980 and 2017 are shown in online suppl. Figure
1, and the results from the joinpoint regression analysis
are plotted in online suppl. Figure 2.
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Fig. 2. Correlations between HCV-/HBV-related liver cancer incidence ratios and risk factors. HBV, hepatitis B
virus; HCV, hepatitis C virus.

Global Epidemiology of Liver Cancer

Liver Cancer 2021;10:330-345
DOI: 10.1159/000515304

339

Color version available online



Male incidence (0-85+ years old)

Asia India _] a 7.70%
Kuwait _| _F—=13.83*
Israel _| _jpo43
Thailand _| -1.10 =
Hong Kong, China _| -1.93* =
Mainland China _| -1.94* =
South Korea _| -2.15% =
Japan _| -4.34* /]
Bahrain _| —439 =—
Philippines _| -4.61* —=———
Oceania Australia _| _E=—461%
New Zealand _| =425+
Northern America Canada _| _=——456*
United States _| _pos2
Southern America Colombia _| =520
Ecuador _| /=343
Chile _| 171
Costa Rica _| -1.94=
Brazil | -534 E=——x]|
Northern Europe Sweden _| =572+
Ireland _| _JF=—=5.60*
United Kingdom _| _JF=——=1550%
Norway _| _F=——=1487*
Lithuania _| _F—=418*
Denmark _| _F—=368*
Estonia _| =332
Iceland _| 283
Greenland _| _mo.s7
Finland _| -047 d
Faroe Islands”® _| |
Western Europe Netherlands _| _F=—=463%
Germany _| _JF=a289*
Belarus _| _=288*
France _| 29
Switzerland _| _]0.09
Austria _| -1.35+
Southern Europe Malta 120.44
Cyprus _| 3
Slovenia _| =179
Croatia _| _/=1.57*
Bulgaria _| =156
Spain _| _F1.53%
Turkey _| =122
Italy _| -1.29* =
Eastern Europe Slovakia _| T==13.90%
Poland _| _po37
Czech Republic _| -0.321
Africa Uganda -1.25

Female incidence (0-85+ years old)

Asia India _] ===
Kuwait _| =25
Israel _| -0.93 |
Bahrain _| =113
Hong Kong, China _| -1.68* —|
South Korea _| —1.84* =]
Mainland China _| -2.59* |
Philippines _| =273 =
Japan _| =327 ]
Thailand _| —3.43* |
Oceania Australia _| 326
New Zealand _| 287
Northern America Canada _| _fF—a543%
United States _| _fF==238*
Southern America Ecuador _| 31055
Brazil _| -1.54—]
Colombia _| -1.76 =
Costa Rica _| —-2.50 =——|
Chile | ~6.69 ]|
Northern Europe Lithuania _| _———666*
Norway _| 634
United Kingdom _| _F———599*
Ireland _| _:4.97*
Denmark _| _fF/==255
Estonia _| _f1.02
Sweden _| _fmos87
Iceland _| -0.61c]
Finland _| -1.54—]
Faroe Islands” _| |
Greenland” _| i
Western Europe Netherlands _| 666"
France _| _F———476*
Belarus _| =7
Germany _| /2%
Switzerland _| _JF/=3205
Austria _| -1
Southern Europe Cyprus _| _F———612*
Malta _| _F=——3355
Croatia _po36
Italy _| -1.28 =]
Turkey _| -1.360—]
Spain _| ~1.96% =
Slovenia _| —3.24——|
Bulgaria _| —4.16
Eastern Europe Slovakia _| _/==214
Czech Republic _| 123
Poland _| —4.07 ]
Africa Uganda -1.88 ——]

Fig. 3. AAPC of the incidence for liver cancer in individuals aged 0-85+ years. AAPC, average annual percent

change.

Incidence Trend

Considering male individuals, 18 countries had an in-
crease in incidence and 23 countries reported stable
trends (Fig. 3; online suppl. Table 4). Countries with the
most drastic increase were reported in India (AAPC 7.70,
CI 4.66-10.82), Ireland (AAPC 5.60, CI 2.53-8.76), Swe-
den (AAPC 5.72, CI 3.30-8.20), the UK (AAPC 5.59, CI
4.97-6.22), and Norway (AAPC 4.87, CI 2.16-7.66). In
contrast, 7 regions, 5 of which were from Asia, showed a
decreasing trend. The Philippines (AAPC —4.61, CI 6.91
to —2.24), Japan (AAPC —4.34, CI —4.96 to —3.72), and
South Korea (AAPC -2.15, CI -3.11 to —1.18) showed
the most significant decrease. Considering female cases,
14 countries had an increase in the incidence and 28
countries reported stable trends. Countries with the most
drastic increase included Ecuador (AAPC 10.55, CI
3.92-17.60), Lithuania (AAPC 6.66, CI 4.42-8.95), the
Netherlands (AAPC 6.66, C1 3.92-9.47), Norway (AAPC
6.34, CI 4.18-8.56), and Cyprus (AAPC 6.12, CI 0.04-
12.56). In contrast, a total of 6 regions showed a decreas-
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ing trend. Thailand (AAPC -3.43, CI -6.23 to —0.54),
Japan (AAPC -3.27, CI -3.98 to -2.55), and China
(AAPC -2.59, CI —-3.74 to —1.41) showed the most sig-
nificant decrease.

Mortality Trend

Considering male patients, 13 countries had an in-
crease in mortality and 23 countries reported stable trends
(Fig. 4; online suppl. Table 4). Countries with the most
drastic increase were reported in Ireland (AAPC 19.37,CI
11.04-28.32), Iceland (AAPC 12.51, CI 0.11-26.45), Por-
tugal (AAPC 7.50, CI 2.55-12.68), and Norway (AAPC
6.69, CI 4.24-9.19). In contrast, 12 regions showed a de-
creasing trend. Bahrain (AAPC -13.80, CI —20.92 to
—-6.05), Kuwait (AAPC -9.61, CI 14.41 to —4.54), Japan
(AAPC —4.74, CI -5.27 to —4.20), and Bulgaria (AAPC
-3.77, CI =5.00 to —2.53) showed the most significant de-
crease. Considering female patients, 12 countries had an
increase in mortality and 25 countries reported stable
trends. Countries with the most drastic increase were re-
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Male mortality (0-85+ years old)
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Fig. 4. AAPC of the mortality for liver cancer in individuals aged 0-85+ years. AAPC, average annual percent

change.

ported in Ireland (AAPC 28.13, CI 17.52-39.71), Singa-
pore (AAPC 7.09, CI 3.21-11.12), Portugal (AAPC 6.24,
CI 1.81-10.87), and the UK (AAPC 4.44, CI 3.72-5.16).
In contrast, 11 regions showed a decreasing trend. Kuwait
(AAPC -7.37, CI -13.37 to —0.96), Bulgaria (AAPC
—-5.83, CI -7.59 to —4.03), Japan (AAPC -5.06, CI -5.61
to —4.50), and Ecuador (AAPC -3.62, CI —4.88 to —2.35)
showed the most significant decrease.

Incidence Trend among Younger versus Older

Individuals

The incidence of liver cancer increased in 21 countries
among individuals aged >50 years, and 8 countries re-
ported decreasing trends (online suppl. Fig. 3; online sup-
pl. Table 4). The most marked increase was observed in
India (male: AAPC 10.40, CI 7.11 to 6.41; female: AAPC
6.24, CI 1.80-10.87), Ecuador (female: AAPC 11.37, CI
4.66-18.51), and Norway (male: AAPC 7.43, CI 4.79-
10.15; female: AAPC 6.99, CI1 6.24-7.74). As for individu-
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als aged <50 years, the incidence of liver cancer increased
in 4 countries and deceased in 9 countries (online suppl.
Fig. 4; online suppl. Table 4). The increase was observed
in France (female: AAPC 5.23, CI 0.19-10.52), Spain
(male: AAPC 4.83, CI 1.33-8.46), Belarus (male: AAPC
4.77, CI 3.03-6.53), and the UK (male: AAPC 3.13, CI
0.60-5.73).

Discussion

Summary of Major Findings

This study presents the most updated data on the glob-
al disease burden of liver cancer by causes and associated
risk factors, as well as its epidemiological trends by age,
gender, and country. There are several major findings.
First, the highest burden tended to predominate in East-
ern Asia, and there was an evident epidemiologic dispar-
ity in its incidence caused by HBV and HCV in 2018.
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Second, a higher incidence ratio of HCV/HBV-related
liver cancer was associated with a higher level of alcohol
consumption, overweight, obesity, elevated cholesterol,
GDP, and HDI. Third, many countries reported an in-
creasing trend in liver cancer for the past 10 years, espe-
cially among male individuals, those aged >50 years, and
countries with a higher HCV/HBV-related liver cancer
incidence ratio.

Disparities in Epidemiology by Causes

There was a substantial variation in the incidence and
mortality of liver cancer in different countries in 2018.
We found that the highest incidence and mortality tend-
ed to predominate in Eastern Asia, Micronesia, Northern
Africa, and Southeastern Asia, while the lowest was found
in south-central Asia, Western Asia, central Europe, and
eastern Europe. These findings are consistent with those
reported from previous studies [10, 11]. In addition to
ethnic and racial differences, this variation might be at-
tributed to the different distribution of risk factors for
liver cancer across different populations. Chronic HBV
and HCV remain important risk factors for liver cancer
[33]. Globally, more than 250 million individuals were
infected with HBV in 2015, with a significant geographic
variation in prevalence [34]. Countries with a prevalence
of HBV infection over 8% were mostly in Asia and Africa,
and they contributed to approximately 70% of all infected
patients. On the contrary, the prevalence of HBV in West-
ern countries was as low as less than 2% [35]. Globally,
more than 70 million individuals were infected with HCV
in 2015, with a major geographical difference [36]. The
prevalence of HCV was high in central Asia and the Med-
iterranean (>3.5%), while its prevalence was less than
1.5% in North America [37]. Even though the prevalence
of HBV and HCV was low in the developed countries,
liver cancer caused by HCV was more prevalent in high-
income countries like North America and western Eu-
rope [38].

Association with Risk Factors, GDP, and HDI

There are some clinical and public health significance
for examining the association between the HCV-/HBV-
related liver cancer incidence ratio and the prevalence of
preventable lifestyle and metabolic risk factors. HBV
and HCV are largely predominant risk factors com-
pared with other risk factors in most countries, and
there was an evident geographical variation in the epi-
demiology of liver cancer caused by HBV and HCV.
This indicator was devised for the purpose of looking at
their relative association with different risk factors,
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which may help set tailored strategies on liver cancer
prevention for individual countries. The current corre-
lation analysis found some lifestyle and metabolic risk
factors associated with a higher prevalence of liver can-
cer incidence attributable to HCV and a lower preva-
lence of that attributable to HBV at a country-level anal-
ysis. These factors included alcohol consumption, over-
weight, obesity, and elevated cholesterol. The results are
generally consistent with the studies at an individual
level. There is evidence for a much stronger synergistic
effect between alcohol consumption and HCV infection
in the development of liver cancer than HBV infection
according to a case-control study of 464 patients with
liver cancer [39]. A cohort study of 23,820 participants
with a follow-up period of 14 years found that obesity
was independently associated with a 4-fold risk of liver
cancer among patients infected with HCV, but not
among patients infected with HBV [40]. Similar associa-
tions were found among individuals with diabetes [40]
and metabolic syndrome [41]. However, we did not find
diabetes as a risk factor for higher HCV-related liver
cancer, and this is probably due to the presence of un-
known potential confounders or the difference between
ecological correlation and individual correlations. A no-
table finding of the study results is that the ratio was also
associated with GDP and HDI, which are 2 important
indexes measuring the level of socioeconomic develop-
ment of different countries.

Increasing Burden in the Past Decade

We observed an overall increasing trend of its inci-
dence and mortality for the past 10 years, especially
among male subjects, older individuals, and countries
with a higher prevalence of HCV-related liver cancer.
The reasons behind the increasing trend of the incidence
and mortality of liver cancer remain unclear. As the in-
crease was mostly observed in countries with a higher
prevalence of HCV-related liver cancer, the increasing
prevalence of alcohol consumption and obesity may have
contributed to this epidemiologic transition. For the re-
cent past decade, the global alcohol consumption per
capita has increased from 5.5 to 6.4 L (16.4%) among
adults [42]. Based on a recent WHO report on the global
burden of obesity in 2016, its prevalence has nearly tri-
pled in the past 4 decades [43]. A meta-analysis of more
than 14 million participants found that the worldwide
prevalence of central obesity has doubled from 1985
(16%) to 2014 (34%) [44]. In addition to HCV-related
liver cancer, the increase in burden of liver cancer may
also be attributable to the recent increasing trend of non-
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alcoholic fatty liver disease (NAFLD) [45, 46]. NAFLD
can lead to liver cirrhosis and cancer, contributing to liv-
er-related mortality [47]. Evidence showed that there was
also a strong association between the risk of NAFLD and
obesity, as well as other metabolic diseases [48]. All these
factors may be associated with an increasing trend of liv-
er cancer among countries with high GDP and HDI.
Considering the increasing prevalence of obesity and
metabolic syndrome caused by overnutrition, sedentary
lifestyles, and urbanization, the global burden of HCV-
and NAFLD-related liver cancer is estimated to increase
further in the future.

Strengths and Limitations

This study is an updated analysis of the global burden
of liver cancer by causes and its associated risk factors, as
well as its recent epidemiological trend by age, gender,
and country. The figures were obtained from real-world
cancer registries of high quality with a total of more than
one million cancer cases. Nevertheless, the study has sev-
eral limitations. First, there could be underreporting of
the cancer figures in lower income countries when com-
pared with higher income countries. In contrast, the fig-
ures could also have been overestimated as the figures for
incidence and mortality were mainly from the cancer reg-
istries of major cities for some countries. Second, direct
comparison between some countries could be difficult
since cancer registries and causes of death registries might
differ by countries and over time. Third, risk factor asso-
ciation with other etiologies could not be assessed from
this database, and only the analysis on HCV-/HBV-relat-
ed liver cancer could be performed. In addition, the in-
crease in incidence in some countries may be attributable
to the improvement in diagnosis.

Implications

The reinforcement of country-specific preventive
strategies, including a robust implementation of hepatitis
vaccination programs and promotion of healthy lifestyle
interventions, is important to reduce the burden of liver
cancer. Screening programs for high-risk populations can
also be organized in primary care settings to detect liver
cancer and its related diseases, including HBV, HCV, cir-
rhosis, and NAFLD [49]. In 2015, the United Nations an-
nounced one important goal of Sustainable Development
is to eliminate viral hepatitis by 2030 [50]. For HBV-re-
lated liver cancer, the decrease in cancer rates will cer-
tainly depend on highly effective vaccination campaigns
and antiviral treatment. For HCV-related liver cancer,
the decline in cancer rates will derive more from an anti-
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viral approach as HCV vaccine is not currently available
[51]. However, even though effective antiviral treatment
options are available for HBV and HCV, they have not
been sufficiently implemented globally, especially in de-
veloping countries. The success of the elimination plan
will largely depend on the accessibility of antiviral treat-
ment, the availability of treatment and monitoring guide-
lines, and the capacity to offer screening and treat the
high-risk populations. Other strategies to combat liver
cancer including community-based health promotion
education program (such as those on prevention of nee-
dle exchange among intravenous drug users) and envi-
ronmental modifications (such as initiatives on the pro-
motion of storage technique to avoid aflatoxin contami-
nation) can also be useful for high-risk populations. For
patients already diagnosed with liver cancer, it is impor-
tant to channel efforts and resources in improving avail-
able medical and surgical interventions (e.g., surgery, ab-
lation, embolization therapy, radiation therapy, targeted
drug therapy, immunotherapy, and chemotherapy) and
provide multidisciplinary care to reduce its related mor-
bidity and mortality. Future studies should investigate the
plausible reasons behind these epidemiological changes,
which may offer further insights into developing an evi-
dence-based globally sustainable, targeted, and individu-
alized public health model in fighting liver cancer at its
core.
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