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Abstract
Lung cancer and liver cancer are the leading and third causes of cancer death, respectively. Both lung and liver cancer 
are with clear major risk factors. A thorough understanding of their burdens in the context of globalization, especially the 
convergences and variations among WHO regions, is useful in precision cancer prevention worldwide and understanding 
the changing epidemiological trends with the expanding globalization. The Global Burden of Disease (GBD) and WHO 
Global Health Observatory (GHO) database were analyzed to evaluate the burden metrics and risk factors of trachea, bron-
chus, and lung (TBL) cancer and liver cancer. Western Pacific Region (WPR) had the highest age-standardized incidence 
rate (ASIR) for both liver cancer (11.02 [9.62–12.61] per 100,000 population) and TBL cancer (38.82 [33.63–44.04] per 
100,000 population) in 2019. Disability-adjusted life years (DALYs) for liver and TBL cancer elevated with the increasing 
sociodemographic index (SDI) level, except for liver cancer in WPR and TBL cancer in European Region (EUR). Region 
of the Americas (AMR) showed the biggest upward trends of liver cancer age-standardized rates (ASRs), as well as the big-
gest downward trends of TBL cancer ASRs, followed by Eastern Mediterranean Region (EMR). Alcohol use and smoking 
were the leading cause of liver and TBL cancer death in most WHO regions. Variances of ASRs for liver and TBL cancer 
among WHO memberships have been decreasing during the past decade. The homogenization and convergence of cancer 
burdens were also demonstrated in different agegroups and sexes and in the evolution of associated risk factors and etiol-
ogy. In conclusion, our study reflects the variations and convergences in the liver and lung cancer burdens among the WHO 
regions with the developing globalization, which suggests that we need to be acutely aware of the global homogeneity of the 
disease burden that accompanies increasing globalization, including the global convergences in various populations, risk 
factors, and burden metrics.
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AFP  Alpha-fetoprotein
AFR  African Region (a WHO region)
AMR  Region of the Americas (a WHO region)
ASDR  Age-standardized death rate
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SDI  Sociodemographic index
SEAR  South-East Asia Region (a WHO region)
TBL  Tracheal, bronchus, and lung
WPR  Western Pacific Region (a WHO region)
WHO  World Health Organization

1  Background

Cancer is a major global public health issue. Globaliza-
tion is tightly associated with the changing epidemiology 
of cancers. Both lung cancer and liver cancer are impor-
tant species of human cancers. The epidemiologies of liver 
and lung cancers have undergone considerable changes as a 
result of growing economic interdependence, social integra-
tion, global unification of lifestyles, and other globalization-
related factors.

Lung cancer is the second most common cancer and the 
leading cause of cancer death, which accounts for 11.4% 
(2,206,771) of the total cancer cases and 18.0% (1,796,144) 
of the total cancer deaths in 2020 [1]. Though the morbidity 
and mortality of liver cancer have decreased in many coun-
tries in recent years due to the control of hepatitis B virus 
(HBV) infections, which is the leading cause of liver cancer, 
as well as hepatitis C virus (HCV) and aflatoxin exposure, 
the huge cardinal number and the newly-developing risk 
factors (like metabolic diseases) make it still in a very high 
position in cancers, with an estimated 4.7% (905,677) of 
all new cancer cases and 8.3% (830,180) of cancer deaths 
in 2020 [1, 2]. Lung cancer and liver cancer are two of the 
few cancers whose major causes are clear and definite. It is 
traditionally thought that tobacco is the most important risk 
factor for lung cancer, though others are also proposed (such 
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as air pollution) [3–6]. The risks of liver cancer are diverse 
and the major risks can change among different areas. In 
China, HBV infection plays a vital role in liver cancers, 
whereas in Western countries, the main cause of liver can-
cer is HCV infection [1, 2]. Though the major risk factors of 
liver cancer may be different among different regions, hepa-
titis virus infection is still the leading cause of liver cancer 
globally and metabolic risk factors (such as non-alcoholic 
steatohepatitis (NASH)) are definite and growing risk factors 
for liver cancer [2].

There are many similarities between liver cancer and 
lung cancer. For example, both lung cancer and liver can-
cer are more common in women than in men, although the 
reasons for them were likely to be different. The burden of 
lung cancer in males is roughly 2–4 times higher than in 
females, consistent with lung cancer being the leading cause 
of morbidity and mortality among men rather than women 
[7]. However, the trend among sexes in lung cancer seems 
different, a Global Burden of Disease (GBD) study showed 
that the age-standardized incidence rate (ASIR) decreased 
among males while increasing among females [7]. These 
differences may mainly come from the fact that smoking 
prevalence among women began later than men, despite 
other factors like genetic differences are also considered 
[8–10]. Similar to lung cancer, liver cancer is two to three 
times more common in men than in women, of which the 
reason is generally accepted that female hormone has a pro-
tective effect [1, 11–14]. Recently, screening methods have 
improved a lot for both lung and liver cancer. Low-dose 
computed tomography (LDCT) is routinely used to screen 
for lung cancer, which could diagnose more early-stage lung 
cancer compared with conventional radiography [15–17]. 
The screening for liver cancer becomes easier with the wide-
spread and convenient application of liver ultrasonography 
and the serum marker alpha-fetoprotein (AFP) [2]. Critical 
progress in treatment has also been made in lung and liver 
cancer, both of which are represented by immunotherapy 
[18, 19]. Despite the improvement in diagnosis and treat-
ment, the 5-year relative survival rate is only 22.9% for lung 
cancer and 20.8% for liver cancer in the United States from 
2012 to 2018 according to National Cancer Institute's SEER 
database (https:// seer. cancer. gov/ statf acts/). Therefore, there 
is still a long way to control these two cancers.

Although trade and migration have been eternal phenom-
ena in the human world, along with the accelerating glo-
balization in recent years, the cancer burdens and their risk 
factors have been undergoing an unprecedented evolution, 
during which the metabolism factors, western diet, addic-
tive items, medications, and hazardous and waste products 
are becoming emerging global risk factors in cancer public 
health [20]. A comparative study of the two in the context 
of globalization is of great significance and interest. First, 
a thorough understanding of the burden of lung cancer and 

liver cancer, especially the variations between countries 
and regions, is useful in uncovering the heterogeneity in the 
global burden of cancer and assisting precision prevention 
worldwide. Second, by investigating the risk factors for liver 
and lung cancer in different regions, it is possible to reveal 
the evolution of multiple classical cancer risk factors in the 
context of globalization, which has been highlighted in sev-
eral previous researches [21, 22].

In our study, these comparisons are particularly based on 
the six World Health Organization (WHO) regions due to the 
WHO’s important role in the globalization of public health. 
Herein, we analyzed the burden of different WHO regions, 
sociodemographic index (SDI), ages, sexes, and risk factors 
in lung and liver cancer using the data from the GBD data-
base from 1990–2019 in 204 (194 in WHO regions) coun-
tries and territories worldwide. In particular, we attempted 
to find the similarities and compare the difference between 
the ASIR, age-standardized death rate (ASDR), disability-
adjusted life year (DALY), and their variation trends among 
these two cancers, which is necessary and helpful to control 
liver and lung cancer holistically and improve the global 
health. Meanwhile, we analyzed the evolution of lung and 
liver cancer burdens and their attributable risk factors with 
an emphasis on the trend of convergence hidden in the sta-
tistics, which revealed the globalized cancer burden and 
risk factors, a new phenomenon demonstrated by the con-
vergences of lifestyle and human behaviour-related attribut-
able risks and deserving further attention and keep-going 
observation in global health.

2  Methods

2.1  Data Sources and Software

The data used in this study were collected from GBD 2019 
database, which is available from GHDx (website: https:// 
vizhub. healt hdata. org/ gbd- resul ts, last accessed on March 
15, 2023) [23]. GBD 2019 estimated the burden of 369 dis-
eases and injuries in 204 countries and territories with 87 
risk factors, where the incidences, mortalities, and DALYs 
of TBL and liver cancers from 1990 to 2019 by sex, age, 
location, and risk factor were accessible. The vaccination 
coverage data used in this study were available at the WHO 
immunization data (website: http:// immun izati ondata. who. 
int/ pages/ cover age/ hepb. html, accessed on July 28, 2023), 
where represented administrative and official Hepatitis B 
vaccination coverage (3rd dose) reported annually through 
the WHO/UNICEF Joint Reporting Form on Immunization 
(JRF). A detailed explanation of the immunization cover-
age estimation methods is provided in Ref. [24]. The global 
age-standardized body mass index (BMI) among adults and 
tobacco control data were accessed from the Global Health 

https://seer.cancer.gov/statfacts/
https://vizhub.healthdata.org/gbd-results
https://vizhub.healthdata.org/gbd-results
http://immunizationdata.who.int/pages/coverage/hepb.html
http://immunizationdata.who.int/pages/coverage/hepb.html
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Observatory (GHO) data repository, a WHO's gateway to 
health-related statistics for its 194 Member States (website: 
https:// www. who. int/ data/ gho/ data/ indic ators/ indic ator- detai 
ls/ GHO, accessed on February 16, 2023). The analyses in 
this research were completed with MATLAB 9.8.0.1323502 
(R2020a), and the visualization of results was performed 
by MATLAB 9.8.0.1323502 (R2020a) and GraphPad Prism 
9.0.0.121.

2.2  Selection of Regions

WHO is the authority responsible for public health within 
the United Nations system, which plays an essential role in 
improving local health systems and coordinating the global 
response to health threats. WHO Member States are grouped 
into 6 regions, and each region has a regional office: WHO 
Africa, WHO Americas, WHO Eastern Mediterranean, 
WHO Europe, WHO South-East Asia, and WHO Western 
Pacific. Our study incorporates national data within each 
region for analysis with reference to the official information 
given by WHO. For a detailed list of countries, please refer 
to Supplementary Materials Section 1.

2.3  ASIR, ASDR, DALY, and Their EAPC Values

The EAPC values were calculated in this study. Assum-
ing that the natural logarithm of incidence, death cases, or 
DALY varies linearly with time, EAPC could be calculated 
from two formulas: Y = α + βX + ε (Y = ln (incidence/death 
cases/DALY), X = calendar year, and ε = error term), and 
EAPC = 100 ×  (eβ − 1). Furthermore, the 95% CIs were 
also calculated according to the linear model. The trends of 
incidence, death, and DALY were reflected in EAPC values. 
Specifically, positive EAPCs and positive 95% CI are cor-
responding to an uptrend, while the downtrend of incidence, 
death, and DALY were reflected in negative EAPCs and 
95% CI. The SDIs of different regions and countries were 
calculated in GBD 2019. To analyze the incidence, death, 
and DALY by sex in different age groups, we collected the 
data on both sexes of 20 age groups (1–4 years, 5–9 years, 
10–14  years, 15–19  years, 20–24  years, 25–29  years, 
30–34  years, 35–39  years, 40–44  years, 45–49  years, 
50–54  years, 55–59  years, 60–64  years, 65–69  years, 
70–74  years, 75–79  years, 80–84  years, 85–89  years, 
90–94 years, and 95 + years).

2.4  Risk Factors

We selected death and DALY-related risk factors of dif-
ferent levels covering all risk factors in GBD 2019 (refer 

to the list given in Supplementary Materials Section 2 for 
the specific risk factors included in this study), and finally 
obtained five risk factors related to liver cancer and seven 
risk factors related to TBL cancer. The obtained risk fac-
tors include alcohol use, drug use, high body-mass index, 
high fasting plasma glucose, and smoking for liver cancer; 
diet low in fruits, high fasting plasma glucose, occupational 
carcinogens, particulate matter pollution, residential radon, 
secondhand smoke, and smoking for TBL cancer.

3  Results

3.1  The Burdens of Tracheal, Bronchus, and Lung 
(TBL) and Liver Cancer During 1990–2019 
in the World and WHO Members

The global incident cases of TBL cancer in all WHO mem-
bers were 2,251,248.71 (2,059,474.81–2,442,036.11) in 
2019, which increased 2.0 times compared with incident 
cases in 1990 (1,119,757.70 [1,073,432.81–1,172,185.19]). 
The global incident cases of liver cancer in all WHO mem-
bers were 532,119.45 (484,371.12–586,210.12) in 2019, 
which increased 1.4 times compared with the incident 
cases in 1990 (371,847.88, [334,414.32–413,988.35]). 
The number of deaths in all WHO members increased 
by 91.77% caused by TBL cancer (from 1,060,916.3 
[1,015,194.49–1,112,904.72] in 1990 to 2,034,466.28 
[1,870,943.24–2,184,656.09] in 2019) and 32.67% caused 
by liver cancer (from 363,676.79 [328,435.94–404,191.48] 
in 1990 to 482,472.34 [442,231.44–523,630.96] in 2019.

The global ASIR, ASDR, and DALY of TBL can-
cer in all WHO members changed − 2.53%, − 7.72%, 
and + 0.6908% from 1990 (ASIR: 28.37 [27.16–29.65] 
per 100,000 population, ASDR: 27.28 [26–28.57] 
per 100,000 population, DALY: 27,022,284.98 
[25,760,682.82–28,394,529.38]) to 2019 (ASIR: 
27.65 [25.28–29.98] per 100,000 population, ASDR: 
25.17 [23.16–27.01] per 100,000 population, DALY: 
45,688,973.6 [42,144,896.66–49,177,438.15]), respec-
tively. The global ASIR, ASDR, and DALY of liver 
cancer in all WHO members changed −  27.45%, 
−  33.37%, and + 11.05% from 1990 (ASIR: 8.97 
[8.08–9.96] per 100,000 population, ASDR: 8.92 
[8.07–9.9] per 100,000 population, DALY: 11,236,522.17 
[10,020,011.24–12,632,864.72]) to 2019 (ASIR: 6.51 
[5.94–7.16] per 100,000 population, ASDR: 5.94 
[5.44–6.43] per 100,000 population, DALY: 12,477,953.81 
[11,355,858.21–13,632,011.62]), respectively (Table 1).

https://www.who.int/data/gho/data/indicators/indicator-details/GHO
https://www.who.int/data/gho/data/indicators/indicator-details/GHO
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Furthermore, estimated annual percentage changes 
(EAPCs), which describe the age-standardized rates 
(ASRs) or DALY trends, were analyzed among sexes. 

The ASIRs, ASDRs, and DALYs of liver cancer showed 
decreased trends in both sexes, males, and females 
(Fig. 1a–c). For TBL cancer, though decreased trends 

Fig. 1  The EAPC of liver and TBL cancers by sexes in different WHO regions. The EAPC of liver cancer in both (A), male (B), and female (C). 
The EAPC of TBL cancer in both (D), male (E), and female (F)
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of ASIRs, ASDRs, and DALYs were also found among 
males, as well as among both sexes, the ASIRs, ASDRs, 
and DALYs increased among females (Fig. 1d–f).

The burden of liver and TBL cancer had differ-
ent change patterns from 1990 to 2019 globally. ASIR, 
ASDR, and ASDALY of liver cancer in all WHO mem-
bers rose slowly from 1990 to 1996, declined rapidly 
after 1996, and stabilized gradually since 2005, while the 
ASIR and ASDR of TBL cancer kept declining slightly 
(Fig. 2). The patterns of absolute DALY numbers for liver 
and TBL cancer were also different. The DALY of liver 
cancer in all WHO members increased to 14,221,535.34 
(13,357,980.31–15,084,693.45) by 1999 before decreasing 
to only 9,852,003.49 (9,419,983.55–10,309,344.12) by the 
end of 2006, while the DALY of TBL cancer kept rising 
from 1990 to 2019 (Supplementary Materials Section 3 

Fig. S3E–S3F). Additionally, the global trends of liver and 
TBL cancer burdens in GBD regions were similar to the 
trends in all WHO members (Supplementary Materials 
Section 3 Fig. S3).

3.2  The Regional Burdens of Liver and TBL Cancer 
During 1990–2019 Among WHO Regions

Regions with the highest ASIR for liver cancer were West-
ern Pacific Region (WPR) with 21.74 (18.83–25.06) per 
100,000 population in 1990 and 11.02 (9.62–12.61) per 
100,000 population in 2019 while Region of the Americas 
(AMR) had lowest ASIR (2.5 [2.41–2.56] per 100,000 popu-
lation in 1990 and 3.92 [3.45–4.44] per 100,000 population 
in 2019). Regions with the highest ASIR for TBL cancer 
changed from AMR with 41.02 (39.83–41.77) per 100,000 

Fig. 2  The ASIR, ASDR, and DALY of liver cancer and TBL cancer among WHO regions based on SDI. ASIR (A), ASDR (B), and ASDALY 
(C) of liver cancer. ASIR (D), ASDR (E), and ASDALY (F) of TBL cancer
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population in 1990 to WPR with 38.82 (33.63–44.04) per 
100,000 population in 2019 while African Region (AFR) 
had the lowest ASIR from 1990 to 2019 (9.9 [8.34–11.32] 
per 100,000 population in 1990 and 10.04 [8.83–11.36] per 
100,000 population in 2019) (Table 1, Fig. 2).

The pattern of ASDR for liver and TBL cancer was 
the same as ASIR. The highest ASDR of liver cancer was 
21.49 [18.76–24.73] per 100,000 population in 1990 and 
9.5 [8.31–10.78] per 100,000 population in 2019 in WPR 
and the region with the lowest ASDR was AMR (2.48 
[2.38–2.55] per 100,000 population in 1990 and 3.61 
[3.33–3.88] per 100,000 population in 2019). Eastern Medi-
terranean Region (EMR) ranked second both in ASIR and 
ASDR of liver cancer from 5.9 (4.94–6.83) per 100,000 
population in 1990 to 6.45 (5.32–7.9) per 100,000 popula-
tion in 2019 (ASIR) and from 6.21 (5.19–7.2) per 100,000 
population in 1990 to 6.49 (5.33–7.91) per 100,000 popula-
tion in 2019 (ASDR) (Table 1, Fig. 2).

The ASDR of TBL cancer changed from 1990 to 
2019 with the highest ASDR in AMR in 1990 (36.24 
[35.05–36.95] per 100,000 population) and WPR in 2019 
(34.73 [30.18–39.56] per 100,000 population) while the 
lowest ASDR was 10.58 [8.96–12.1] per 100,000 popula-
tion in 1990 and 10.77 [9.49–12.19] per 100,000 popula-
tion in 2019 in AFR. European Region (EUR) ranked the 
second both in ASIR and ASDR of TBL cancer from 37.79 
(36.95–38.43) per 100,000 population in 1990 to 32.69 
(29.65–35.97) per 100,000 population in 2019 (ASIR) and 
from 35.86 (35–36.49) per 100,000 population in 1990 
to 29.05 (27.43–30.49) per 100,000 population in 2019 
(ASDR) (Table 1, Fig. 2).

Globally, the ASIR and ASDR of liver and TBL cancer 
decreased from 1990 to 2019. However, no individual WHO 
regions shared the same pattern with the whole WHO region 
in both liver and TBL cancer. WPR and AFR showed a 
decline in the ASIR and ASDR of liver cancer from 1990 to 
2019, while the ASIR and ASDR of TBL cancer increased. 
On the contrary, the ASIR and ASDR of liver cancer in 
AMR and EUR increased from 1990 to 2019, while the 
ASIR and ASDR of TBL cancer decreased. As for South-
East Asia Region (SEAR) and EMR, the ASIR and ASDR 
of liver and TBL cancer both increased (Fig. 2a, b, d, e).

Regionally, DALYs for both liver and TBL cancer 
among different WHO regions elevated with increas-
ing SDI values, except for liver cancer in WPR, which 
decreased during 1998–2011 and kept increasing since 
2011, and TBL cancer in EUR, which showed decre-
ment during 1994–1998 and remained relatively sta-
ble since 1998 (Supplementary Materials Section 3 Fig. 
S3E–S3F). To be more specific, the DALY of liver can-
cer in WPR was maximized in 1998 (10,788,373.44 
[9,952,918.76–11,734,761.94]) and minimized in 2011 
(5,500,567.741 [5,059,173.687–6,038,431.186]). Similarly, 

the DALY of TBL cancer in EUR was maximized in 1994 
(10,530,241.56 [10,360,471.59–10,729,756.08]) and mini-
mized in 1998 (9,710,468.76 [9,527,655.09–9,856,903.44]). 
Furthermore, among the six WHO regions, WPR ranked in 
the top one on DALY in both liver and TBL cancer, while 
the following second was SEAR in liver cancer and EUR in 
TBL cancer.

Further analysis of EAPC values found that the trends 
of ASRs and DALYs were different among different WHO 
regions. AMR showed the biggest upward trends of liver 
cancer ASRs, as well as the biggest downward trends of TBL 
cancer ASRs, followed by EMR. On the contrary, the big-
gest downward trends of liver cancer ASRs and the biggest 
upward trends of TBL cancer ASRs were found in WPR. 
Notably, in EUR, upward trends of ASRs and DALYs were 
found in both liver and TBL cancer (Fig. 1a, d).

Notably, the ASIR and ASDR in WPR and AMR changed 
in opposite directions. Among WHO regions, WPR had 
the fastest decline in the ASIR (− 49.30%) and ASDR 
(− 55.79%) of liver cancer, as well as the fastest increase in 
ASIR (+ 29.64%) and ASDR (+ 17.30%) of TBL cancer. On 
the contrary, AMR decreased fastest in TBL cancer (ASIR: 
− 26.96%, ASDR: − 29.16%) and increased fastest in liver 
cancer (ASIR: + 57.18%, ASDR: + 45.91%). Moreover, it 
seems that the ASIR and ASDR of liver and TBL cancer 
in WPR since 2010 were approaching that in AMR in the 
1990s. More specifically, the highest ASRs of TBL cancer 
were found in AMR in the 1990s while that was found in 
WPR since 2010 with similar values. Though the highest 
ASRs of liver cancer remained in WPR from 1990 to 2019, 
the values are getting closer since 2010. The variation ten-
dencies of liver and TBL cancer between WPR and AMR 
indicated that WPR might go through the same experience 
that AMR has experienced. The levels and trends of ASRs 
in EUR were found nearly the same as that in the AMR.

Different patterns of these trends were also found among 
different sexes. For example, the upward trend of ASR for 
liver cancer among males in AMR was significantly larger 
than that in EMR, while the gap was relatively small among 
females (Fig. 1b, c). Among males, only WPR and EUR 
showed upward trends of ASRs for TBL cancer, while most 
of the WHO regions among females showed upward trends 
except AMR, where the largest downward trends were found 
regardless of sex (Fig. 1e, f).

3.3  The Epidemiological Trends of Liver and TBL 
Cancer During 1990–2019 at the National/
Territorial Level

In 2019, the ASIR and ASDR for liver cancer were highest 
in Mongolia (ASIR: 105.22 [82.57–131.46] per 100,000 
population, change: + 0.64 [0.22–1.21]; ASDR: 115.23 
[91.48–142.48] per 100,000 population, change: + 0.73 
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[0.3–1.3]), Gambia (ASIR: 38.21 [27.53–49.67] per 
100,000 population, change: + 0.28 (−  0.15 to 0.86); 
ASDR: 39.51 [29.01–50.99] per 100,000 population, 
change: + 0.28 [−  0.14 to 0.84]), and Guinea (ASIR: 
32.17 [22.33–41.9] per 100,000 population, change: + 0.08 
(− 0.28 to 0.49); ASDR: 34.05 [23.98–44.01] per 100,000 
population, change: + 0.07 [− 0.29 to 0.48]) (Table 2, Sup-
plementary Materials Section 4). Figure 3 demonstrates 
the variances of ASIRs, ASDALYs, and ASDRs for TBL 
and liver cancer among WHO memberships. It can be 
seen that their trends are similar. TBL cancer remained 
flat or increased slightly in the global variances of the 
three main cancer burden indicators between 1990 and 
2000, but after 2000, these variances showed a consist-
ent and steady decline. Liver cancer, on the other hand, 
showed increases in the variances of disease burden met-
rics between 1990 and 2010 and a steady decrease in the 
last decade. These convergent trends in the variances of 
ASIRs, ASDALYs, and ASDRs for TBL and liver cancer 
among WHO member countries in recent years may be 
attributed to the globalization of effective public health 
interventions, lifestyle modifications, and advancements 
in medical care.

Similarly, the top three countries/territories with the 
highest ASIR and ASDR for TBL cancer were the same 
as the countries/territories in 2019. The ASIR for TBL 
cancer was highest in Greenland (77.71 [64.38–90.6] per 
100,000 population), Monaco (75.57 [61.39–90.82] per 
100,000 population), and Montenegro (56.72 [46.5–68.94] 
per 100,000 population) in 2019 with a change of 
− 0.09 (− 0.26  to 0.08), + 0.58 (0.19–1.1), and + 0.18 
(− 0.06 to 0.48) from 1990 to 2019. The ASDR for TBL 
cancer was also highest in Greenland (78.23 [63.91–91.97] 
per 100,000 population), Monaco (64.23 [52.32–76.9] 
per 100,000 population), and Montenegro (53.36 
[43.82–64.43] per 100,000 population) in 2019, with a 
change of + 0.11 (− 0.28 to 0.07), + 0.46 (0.12–0.92), 
and + 0.16 (− 0.07 to 0.45) from 1990 to 2019 (Table 2, 
Supplementary Materials Section 4). Interestingly, the 
countries/territories with the highest ASIR, ASDR, and 
ASDALY among the 204 countries/territories for both 
liver and TBL cancer have not changed (liver cancer: Mon-
golia, TBL cancer: Greenland).

The percentage change of ASIR in liver or TBL can-
cer differed substantially between countries/territories 
from 1990 to 2019. The largest increases in ASIR were 
in Cabo Verde (+ 9.58 [7.4–12.48]), Uzbekistan (+ 5.96 
[4.62–7.48]), and Armenia (+ 5.05 [3.92–6.3]) for liver can-
cer and Honduras (+ 0.68 [0.14–1.38]), Cabo Verde (+ 0.62 
[0.24–1.01]), and Monaco (+ 0.58 [0.19–1.1]) for TBL can-
cer, while the largest decreases were found in Poland (− 0.72 
[− 0.77 to − 0.66]), Saint Kitts and Nevis (− 0.71 [− 0.76 to 
− 0.64]), and Bermuda (− 0.7 [− 0.76 to − 0.63]) for liver Ta
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cancer and Kyrgyzstan (− 0.54 [− 0.61 to − 0.48]), Bahrain 
(− 0.52 [− 0.65 to − 0.35]), and Kazakhstan (− 0.5 [− 0.57 
to − 0.42]) for TBL cancer. As for ASDR, the percentage 
changes were also different among countries/territories, 
with Cabo Verde (+ 9.52 [7.42–12.43]), Uzbekistan (+ 6.04 
[4.79–7.5]), and Armenia (+ 5.26 [4.17–6.46]) for liver can-
cer and Honduras (+ 0.67 [0.15–1.33]), Cabo Verde (+ 0.64 
[0.25–1.03]), and Mozambique (+ 0.5 [0.08–1.01]) for TBL 
cancer showing the largest increases. By contrary, Ber-
muda (− 0.73 [− 0.78 to − 0.66]), Poland (− 0.73 [− 0.77 
to − 0.68]), and Saint Kitts and Nevis (− 0.71 [− 0.76 to 
− 0.65]) for liver cancer and Kyrgyzstan (− 0.53 [− 0.6 to 
− 0.47]), Bahrain (− 0.52 [− 0.65 to − 0.35]), and Kazakh-
stan (− 0.49 [− 0.57 to − 0.42]) for TBL cancer showed the 
largest decreases.

3.4  The Burden of Liver and TBL Cancer Among 
Age‑Groups and Sexes

The incidences, deaths, and DALYs were also analyzed in 
a subgroup (Fig. 4, Supplementary Materials Section 5). 
The overall trend was that incidence and mortality rates for 
liver and TBL cancer increased with increasing age. How-
ever, there were some different details among the aged. In 
2019, the incidence rates of liver cancer increased with the 
increasing age groups up to 85–89 years, after which the 
rates decreased again. Things were slightly different in 1990 
when the incidence rates of liver cancer in males started to 
decrease after 70–74 years meaning a delayed peak age in 
males from 1990 to 2019, whereas decrement in females 
happened after 85–89 years, the same as in 2019 (Fig. 4a, 

b). The age groups for TBL cancer when the incidence rate 
peaked were also postponed in both males and females from 
1990 to 2019 (from 65–69 years to 75–79 years) (Fig. 4g, h).

The incidence rate of TBL and liver cancer is highest 
among the aged population, rather than the oldest popula-
tion. This can be attributed to the dose–response effect of 
risk factors. Prolonged exposure to viruses or inflammations 
is required for liver cell damage and carcinogenesis [25]. 
A similar dose–response relationship has been observed 
between smoking and lung cancer [26]. When individuals 
are exposed to these risks to a certain extent, cancer devel-
ops, leading to higher mortality rates among high-risk popu-
lations. In the case of individuals aged 90 + or 80 + , the 
proportion of individuals with a high risk or genetic predis-
position to cancer may have decreased, resulting in a lower 
incidence of liver or TBL cancer.

From 1990 to 2019, the age at which lung cancer inci-
dence peaked was delayed for both men and women. The 
age at which liver cancer incidence peaked was delayed in 
men but not in women, possibly because the age at which it 
peaked was already high in women. The delay in the peak of 
incidence among age groups indicates that there may have 
been changes in risk factors or advancements in medical 
interventions during this period that impacted the disease 
progression. In addition, the aging of hepatitis/smoking 
population may also contribute to the delay of the incidence 
peak for liver/TBL cancer.

The pattern of mortality rates for liver cancer in 1990 was 
the same as the incidence pattern in 1990. The mortality 
rates of liver cancer in females increased with the increasing 
age groups without decreasing in 2019, whereas the peak age 

Fig. 3  The variances of ASIRs, ASDALYs, and ASDRs for TBL and liver cancer among WHO memberships
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Fig. 4  The incidence, death, and DALY of liver and TBL cancers in 
1990 and 2019 by sexes in different agegroups. The incidence (per 
100,000 population) of liver cancer in 1990 (A) and 2019 (B). The 
death (per 100,000 population) of liver cancer in 1990 (C) and 2019 
(D). The DALY (per 100,000 population) of liver cancer in 1990 (E) 

and 2019 (F). The incidence (per 100,000 population) of TBL can-
cer in 1990 (G) and 2019 (H). The death (per 100,000 population) 
of  TBL cancer in 1990 (I) and 2019 (J). The DALY (per 100,000 
population) of TBL cancer in 1990 (K) and 2019 (L)
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group in males was postponed from 75–79 to 85–89 years 
(Fig. 4c, d). The pattern of mortality rates for TBL cancer 
was alike in 1990 and 2019 with increasing mortality rates 
by increasing age group in females and decreasing mortality 
in males after the peak at 85–89 years (Fig. 4i, j).

Generally, the highest DALYs of liver and TBL cancer 
were both concentrated at 55–69 years for both sexes in both 
1990 and 2019 (Fig. 4e, f, k, l), which suggests that cancer 
screening for them is particularly important. For the DALYs 
in liver cancer, a relatively prominent peak was observed in 
the youngest age group (1–4 years) for both sexes in both 
1990 and 2019 (Fig. 4e, f), which may be related to the fact 
that hepatoblastoma tends to occur in infants under 2 years 
old [27], and the young age causes larger DALYs [28].

In 2019, the male/female ratio of incident cases was 2.4 in 
liver cancer (374,822.66 [333,618.38–420,243.05] in males, 
157,296.79 [139,926.16–175,383.97] in females) and 2.1 in 
TBL cancer (1,516,994.64 [1,368,976.84–1,669,952.83] in 
males, 734,254.07 [655,697.56–810,887.93] in females). 
The total burdens of liver or TBL cancer were higher in 
males than in females. The male/female ratio of incidence, 
mortality, and DALY in liver cancer remained stable from 
1990 to 2019 with a ratio of 2.1–2.6 (2.37 for incidence, 2.19 
for mortality, 2.60 for DALY in 2019 and 2.27 for incidence, 

2.17 for mortality, 2.50 for DALY in 1990). However, TBL 
cancer showed a lower gap between males and females in 
2019 compared with that in 1990 (ratio of male/female in 
2019: incidence 2.05, deaths 2.10, DALYs 2.21; in 1990: 
incidence 2.80, deaths 2.84, DALYs 3.01), meaning the TBL 
cancer burden relatively increased in women from 1990 to 
2019.

For both liver and TBL cancer, the male–female ratio 
of incident cases is close to 2:1. However, the causes for 
the low incidence in females are different: the protective 
effect of estrogen for liver cancer [12–14, 29] while the low 
rates of smoking in females for TBL cancer [30]. This dif-
ference also caused different male–female ratios in differ-
ent age groups. The male/female ratio of incident cases for 
lung cancer does not change significantly within age groups 
(steady between 1.5 and 2.5). However, the male/female 
ratio of incident cases for liver cancer varies greatly in dif-
ferent age groups (up to 5 times) with a sharp inverted “V” 
shape among age groups. This difference may be related to 
the change in female estrogen levels during one’s lifetime 
[31, 32]. In addition, the ASRs of liver cancer decreased 
in both males and females. Though the downtrends of 
ASRs for TBL cancer were found among males, the ASRs 
among females were increasing, which were thought to be 

Fig. 4  (continued)
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associated with not only smoking but also indoor air pollu-
tion, as well as other risk factors [33]. Therefore, we should 
attach more importance to women with a high risk of lung 
cancer and to postmenopausal women who are susceptible 
to liver cancer.

The incidence ratio of male/female for liver cancer 
showed an inverted V-shaped trend with age and peaked 
at the age of 45–49 years with a ratio of 4.18 in 2019 
while the lowest ratio was 0.83 at 1–4 years. The inci-
dence ratio of male/female in TBL cancer seemed more 
stable among different age groups ranging from 0.93 at 
the age of 10–14 years to 2.61 at the age of 85–89 years 
in 2019. In addition, the incidence, deaths, and DALYs 
of liver and TBL cancer in 1990 and 2019 by sex in dif-
ferent age groups among six WHO regions were shown in 
Supplementary Materials Section 5. Generally, the bur-
dens of both liver and TBL cancer were higher in males 
than in females among different WHO regions though 
there remained differences in details. In 2019, the inci-
dence rate for liver cancer in females increased with 
increasing age and peaked at 85–89 years after which 
declines were shown among AFR, EMR, EUR, AMR, 
and SEAR. However, among WPR, the incidence rate in 
females showed an increase in the 95 + age group (71.88 
per 100,000 population) more than that in the 85–89 age 
group (69.77 per 100,000 population). The peaked age 
groups for the incidence rate of liver cancer in males 
among different WHO regions can be divided into two 
groups. The incidence rate of four regions (AFR, EMR, 
AMR, and SEAR) in males peaked at 80–84 age groups, 
which is earlier than that in females, while the incidence 
rate of two regions (EUR and WPR) in males peaked at 
85–89 age groups, which is the same with that in females. 
The incidence ratio of male/female for liver cancer ranged 
from 1.7 to 2.7 among different WHO regions with the 
highest ratio in WPR (2.73) and the lowest ratio in AFR 
(1.79). As for TBL cancer, in 2019, the incidence rate 
in females increased with increasing age and peaked at 
70–74  years among AFR and AMR, at 75–79 among 
EMR and EUR, and at 85–89 among SEAR and WPR. 
The peaked age groups for the incidence rate of TBL can-
cer in males among different WHO regions ranged from 
65 to 79 years. The incidence rate in AFR and EMR for 
TBL cancer in males peaked at 65–69 age groups, while 
the incidence rate in males in EUR, AMR, SEAR, and 
WPR peaked at 70–79 age groups. Notably, the peaked 
age for TBL cancer incidence rate in males was later than 
that in females among AMR (female: 70–74 years; male: 
75–79), which was different from that among other WHO 
regions. The incidence ratio of male/female for TBL can-
cer ranged from 1.3 to 3.2 among different WHO regions 
with the highest ratio in EMR (3.19) and the lowest ratio 
in AMR (1.30).

Figure  5 demonstrates the variances of incidence 
rate and DALY rate among six WHO regions. From the 
Fig. 5a, b, it can be seen that in the most agegroups (espe-
cially the mid-age groups), the variances of incidence rate 
among six WHO regions have been decreasing in the past 
decades. Similar trends of DALY rate could be observed 
in Fig. 5c, d. The variances of male-to-female ratios in 
ASIRs, ASDALYs, and ASDRs of TBL and liver can-
cers among WHO regions are shown in Fig. 5e, j, where 
decreasing trends could be witnessed in the 5 years.

In summary, these findings highlight the importance of 
considering gender-specific, temporal, and spatial influ-
ences on cancer development and emphasize the need for 
further research to unravel the underlying mechanisms 
driving these trends.

3.5  The Attributable Risks of Liver and TBL Cancer 
in 1990 and 2019 Among WHO Regions

Figure 6 and Supplementary Materials Sect. 6 show the 
risk factors attributed to death rates and DALYs of liver 
and TBL cancers in 1990 and 2019 in WHO regions. 
Though different percentages may exist in different WHO 
regions, alcohol use and smoking were the two risk fac-
tors with the highest percentages attributed to death rates 
and DALY of liver cancer, followed by drug use and high 
body-mass index, while high fasting plasma glucose con-
tributed to the least. However, different risk factors may 
be with a particularly high or low contribution in a region 
compared with other WHO regions. For example, the con-
tribution of drug use was far lower than the contribution 
of high body-mass index in AFR and EMR, while it was 
higher than the contribution of high body-mass index in 
remained four WHO regions.

Smoking kept the leading cause of death rates and 
DALYs of TBL cancer in all age groups ≥ 35 years, whereas 
at the age group of 25–39, the percentage of particulate mat-
ter pollution-related death rates and DALYs were highest 
compared with other risk factors and residential radon was 
the only factors that contribute to death rates and DALYs 
in the youngest age group (10–14 years, 15–19 years, and 
20–24 years). Other risk factors contributing to TBL cancer 
included occupational carcinogens, high fasting plasma glu-
cose, secondhand smoke, and diet low in fruits.

Alcohol use was also the leading cause of liver cancer 
death in AFR, EUR, AMR, and SEAR. However, the lead-
ing cause of liver cancer death in EMR was high body-mass 
index, which was also the second leading cause of liver can-
cer death in AFR, and in WPR was smoking, which was 
also the second leading cause of liver cancer death in EMR 
and SEAR. In addition, EUR, AMR, and WPR shared the 
same second cause (drug use) of liver cancer death. Notably, 
the leading cause of liver cancer death and DALY has not 
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changed from 1990 to 2019 among different WHO regions 
except for EMR whose leading cause was smoking in 1990 
and high body-mass index in 2019. Smoking was the leading 
cause of TBL cancer death rate in all six WHO regions in 
the past three decades. The second and third causes of TBL 
cancer death were particulate matter pollution and occupa-
tional carcinogens among AFR, EUR, SEAR, and WPR in 
2019 and among all six WHO regions in 1990. However, the 
third cause of TBL cancer death in 2019 had changed to high 
fasting plasma glucose among AMR and EMR.

Figure 7 demonstrates the variances in risk factors of liver 
and TBL cancers, including variances of the male-to-female 
ratios of contribution from each risk factor to the ASDALY 
and ASD rate across the six WHO regions in TBL and liver 
cancer (Fig. 7a, d) and variances of the contributions from 
individual risk factors to ASDALY rate among WHO mem-
ber countries in liver and TBL cancer (Fig. 7e, f). The results 
showed that except for several risk factors (for example, the 
sex ratio of high fasting plasma glucose and high BMI to 
ASDALY rate in liver cancer), the variances in contributions 
to cancer burden metrics from most risk factors manifested 
declining trends.

We further explored the globalization of cancer etiology 
and risk factors over the past decades by investigating cases 
including the changing etiology of liver cancer, the trends 
of global HBV vaccination and BMI level, the metabolic 
risk factors of liver and TBL cancers, and the global trend 
of smoking prevalence. In general, the changing trends in 
metabolism risk factors-related DALY rates for both liver 
and TBL cancer were similar in recent years. The age-
standardized incidence (ASI) of liver cancer due to NASH, 
which is a metabolic disease, also showed similar increasing 
trends in recent years among all six WHO regions, while the 
ASI of liver cancer due to HBV and HCV has been stabi-
lized in recent years (Fig. 8b–d). Additionally, the changing 
trends of ASI for liver cancer due to alcohol use were more 
diversified recently (decreased in EUR, AFR, and EMR, 
while increased in other regions) (Fig. 8a). In Fig. 9, the 
trends of global homogenization in HBV vaccination and 
BMI level could be observed, where the variances of 3rd 
dose HepB vaccination have been decreasing in recent years 
and the age-standardized BMI levels among WHO regions 

were showing homogenized increasing trends with slopes 
ranging from 0.05910 to 0.1037. Notably, there was a slight 
decrease in HepB 3rd dose vaccination coverage in most 
WHO regions in 2020 and 2021, which may be associated 
with the COVID-19 pandemic. The COVID-19 pandemic 
might have several impacts on vaccination coverage. First, 
the members of WHO suffer from the challenges posed by 
COVID-19 since the social distancing rules, quarantine 
policies, and limited human/medical resources have been 
exerting negative impact on the immunization plans and 
resources. Second, there has been a decrease in the num-
ber of countries reporting immunization data to the WHO 
in 2020 and 2021 compared to pre-pandemic years, which 
might be related to the interference caused by the pandemic. 
However, there has been a rise in HepB vaccination coverage 
in 2022, indicating that while it has not yet reached pre-
pandemic levels, the impact of the COVID-19 pandemic is 
reducing, which is in line with the fact that 185 countries 
reported 2022 data through the annual data collection pro-
cess in 2023, which is comparable to pre-pandemic levels. 
These changes suggest that countries are gradually recover-
ing from the interruption caused by COVID-19, and as a 
global factor, the influence of the COVID-19 pandemic is 
the shared challenge worldwide. In addition, the reported 
variances of vaccination coverage have experienced a mar-
ginal increase during the pandemic, which is potentially 
attributed to the varying abilities among regions to address 
the challenges posed by the COVID-19 pandemic (such as 
the socioeconomic disparities). The absence of data from 
certain countries could potentially impact the variance of 
vaccination coverage. Figure 10 shows DALY rates of liver 
and TBL cancers attributed to the metabolism risk factors 
from 1990 to 2019 in WHO regions. An obvious increase of 
DALY rates due to metabolism risk factors for liver cancer 
was shown in all six WHO regions since 2005 (Fig. 10a). 
As for TBL cancer, the DALY rates due to metabolism risk 
factors increased from 1990 to 2019 for all WHO regions 
except AMR which showed the decrease of DALY rates 
before 1996 (Fig. 10b). The DALY rate of liver cancer by 
smoking was low and stable from 1990 to 2019 in most 
WHO regions except WPR (Fig. 11a). In the regions with 
high DALY rate due to smoking, the TBL cancer burdens 
due to smoking have declined rapidly, while the smoking-
related TBL cancer burdens were more stable in the regions 
with low smoking-related DALY rate (Fig. 11b). We fur-
ther examined the trends of estimated and predicted ASR 
in tobacco use prevalence among six WHO regions. The 
result (Fig. 11c) showed that the prevalences of tobacco use 
in WHO regions have been decreasing during the recent dec-
ades. Except for SEAR with a decreasing slope of − 0.7342 
[− 0.9209, − 0.5476] and EMR with a slope of − 0.2533 
[− 0.3749, − 0.1318], the slopes in other four regions were 
between [− 0.5174, − 0.3849], showing a homogeneous 

Fig. 5  Variances of incidence rate, DALY rate, and their male-to-
female ratios among six WHO regions. A Incidence rate variances of 
different age-groups among six WHO regions (TBL cancer). B Inci-
dence rate variances of different age-groups among six WHO regions 
(liver cancer). C DALY rate variances of different age-groups among 
six WHO regions (TBL cancer). D DALY rate variances of differ-
ent age-groups among six WHO regions (liver cancer). E–G The 
variances of male-to-female ratios in ASIRs, ASDALYs, and ASDRs 
for TBL cancer among WHO regions. H–J The variances of male-
to-female ratios in ASIRs, ASDALYs, and ASDRs for liver cancer 
among WHO regions

◂
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decreasing pattern. Figure 11d further demonstrates the esti-
mated and predicted tobacco use prevalence ASR in WHO 
regions, where the slopes in most regions were between 
[− 0.3574, − 0.2079], except for SEAR with a decreasing 
slope of − 0.5588 [− 0.7306, − 0.3870].

4  Discussion

Currently, liver cancer and lung cancer are two of the major 
cancer types with high morbidity and mortality causing huge 
social and economic burdens [1, 34–36]. The DALYs of 
liver cancer and TBL cancer in 2019 worldwide were 12.48 
million and 45.69 million, respectively. Both the ASIRs 
and ASDRs of liver and TBL cancer had decreased globally 
from 1990 to 2019, though the incident cases, death cases, 
and DALYs had increased. These inconsistencies between 
absolute numbers and ASRs may come from the growth of 
the population worldwide and the aging of the world's popu-
lation [37].

Different from most of the studies about GBD database 
which were based on GBD regions [7, 35, 38], our studies 
about liver and lung cancers focused on the WHO regions. 
The burden and trends of liver or TBL cancer varied among 
different WHO regions and even can be totally different. 
Therefore, it is meaningful to understand the burdens of liver 
and lung cancer in different WHO regions. Generally, the 
highest ASIR and ASDR in 2019 for both liver and TBL 
cancer were in WPR, while the lowest ASIR and ASDR 
were in AMR for liver cancer and AFR for TBL cancer. 
As for the DALYs, WPR was the region with the highest 
DALYs for liver and TBL cancers in 2019 due to its large 
population, as well as high ASIR and ASDR.

The comparison between liver cancer and lung cancer is 
meaningful due to the similarities and differences between 
liver and lung cancer. The main risk factors of both cancers 
are relatively clear and controllable. For liver cancer, hepa-
titis virus infection is still the major cause at present caus-
ing about 70% of liver cancer deaths [36, 39, 40]. For lung 
cancer, smoking fully deserves the leading cause with 90% 
of lung cancer deaths [41]. The control of hepatitis virus and 
smoking has been proposed for many years and has already 
made remarkable progress [30, 42–44]. To what extent the 
control of these major risk factors influences the epidemiol-
ogy of liver and lung cancer is intriguing and important for 
policy maintenance or adjustment.

Our results showed that the decrement of ASDR and 
ASDALY in lung cancer was larger than ASIR partially due 
to the advances in cancer treatment [45]. The ASIR of lung 
cancer was stable from 1990 to 2019 globally with a slight 
decrease, meaning the control of tobacco has worked but at 
a slower speed. For example, the prevalence of smoking in 
males is estimated to decrease < 2% from 2010 (33.1%) to 
2025 (31.2%) in EMR [46]. Therefore, stronger and durative 
tobacco control is needed to further extend the decline in 
lung cancer incidence and it was projected that the ASDR 
of lung cancer could decrease by 79% by 2065 with a proper 
decrease in smoking [47]. In order to control cigarettes bet-
ter, many measures can be taken worldwide and regional-
specific. Smoking among youth was remarkable in Africa 
and South-East Asia countries, as well as other countries 
[50]. The exposure to cigarette for youth is prominent by the 
traditional media, such as outdoor TV/movies, billboards, 
newspapers, and magazines [48, 49, 51, 52]. Therefore, 
reducing exposure to cigarette (such as reducing or banning 
cigarette advertising/promotion/sponsorship/movie smok-
ing) are important for youth [53]. Reducing the access to 
tobacco in youth is also important for tobacco control for 
exceeding 50% of 13–15 years smokers purchasing cigarettes 
from the retail store in about half of the countries [54]. In 
addition, smoke-free policies are also important for these 
non-smokers due to not only the direct harm of secondhand 
smoking but also the higher prevalence of susceptibility 
to initiating smoking in non-smokers who are exposed to 
secondhand smoke [55, 56]. Populations with lower socio-
economic status are more likely to smoke while the asso-
ciation between policies and smoking was mainly among 
higher socioeconomic populations [57, 58]. The association 
between lower income and higher smoking prevalence was 
found significant in the Americas (OR 1.54), South East 
Asia (OR 1.53), Europe (OR 1.45), and Western Pacific (OR 
1.32) [59]. Therefore, properly increasing the tobacco-con-
trol policies or services targeting these low socioeconomic 
status people may be more efficient and can reduce smok-
ing inequalities [57, 60–62]. In addition, there are many 
approaches to control smoking such as increasing cigarette 
taxes [63]. It is also important to restrict smokeless tobacco, 
which increased steadily recently and has reduced the effi-
ciency of the anti-tobacco campaign in the SEAR [64].

The ASRs of liver cancer showed a rapid decline from 
1996 to 2005 globally attributed to the rapid decline of 
ASRs in WPR, which was probably because of the improve-
ments in sanitary and medical conditions of the low-income 
countries in WPR. The control of liver cancer mainly relied 
on the control of HBV and HCV, both of which have made 
great progress. HBV could be prevented by vaccines while 
HCV could be cured by oral administration of antiviral 
agents [42, 65, 66]. In line with the highest ASRs of liver 
cancer in our study, WPR has the highest prevalence of HBV 

Fig. 6  The death rate and DALY of liver and TBL cancers in 1990 
and 2019 by risk factors. The death rate (per 100,000 population) of 
liver cancer in 1990 (A) and 2019 (B). The DALY (per 100,000 pop-
ulation) of liver cancer in 1990 (C) and 2019 (D). The death rate (per 
100,000 population) of TBL cancer in 1990 (E) and 2019 (F). The 
DALY (per 100,000 population) of TBL cancer in 1990 (G) and 2019 
(H)
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compared with other regions, especially in China, South East 
Asia, and Pacific Islands and Territories [67], which means 
that a decrease in HBV in the WPR is more likely to affect 
changes around the world. Decreased Hepatitis B surface 
antigen (HBsAg) seroprevalence in children < 15 years old 
has happened in WPR due to the HBV vaccine programs, 
especially in China, Singapore, South Korea, and Malaysia 
[68]. The lowest prevalence of HBV was also corresponding 

with the low DALY in EUR and AMR [69]. Despite the low 
prevalence, the demographic change, immigration increase, 
and vaccine cost decrease made the cost–benefit ratios sup-
porting the universal HBV vaccination [70]. The coverage 
of HBV vaccination has improved worldwide. For example, 
the coverage of HBV vaccination in EMR has increased 
from 6% in 1992 to 83% in 2014 [71]. The coverage of three 
doses of HBV vaccination in SEAR has ranged from 56% 

Fig. 7  Variances in risk factors of liver and TBL cancers. A Variance 
of the male-to-female ratios of contribution from each risk factor to 
the ASDALY rate across the six WHO regions (liver cancer). B Vari-
ance of the male-to-female ratios of contribution from each risk factor 
to the ASDALY rate across the six WHO regions (TBL cancer). C 
Variance of the male-to-female ratios of contributions from each risk 
factor to the ASDR among six WHO regions (liver cancer). D Vari-

ance of the male-to-female ratios of contributions from each risk fac-
tor to the ASDR among six WHO regions (TBL cancer). E Variance 
of the contributions from individual risk factors to ASDALY rate 
among WHO member countries (liver cancer). F Variance of the con-
tributions from individual risk factors to ASDALY rate among WHO 
member countries (TBL cancer)
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in 2011 to 87% in 2015 [72]. However, the coverage rate 
of the HBV vaccine ranged widely across different WHO 
regions. The coverage of birth dose and three-dose HBV 
vaccination was lowest in AFR with 10% and 76% in 2015, 
while the highest coverage was in WPR and AMR, both of 
which have more than 70% birth dose vaccination coverage 
and approximately 90% three-dose HBV childhood vaccina-
tion coverage [68]. Therefore, it is important to eliminate 
the inequality in HBV vaccine. The high-risk population of 
HBV infection also varied among different regions. In WPR, 
hemodialysis and HIV patients are the populations with the 
highest risk [68], whereas the prevalence of HBV was higher 
in drug users, immigrants, and men who have sex with men 
in most European countries [73]. The current studies about 
HBV and HCV testing in Europe mainly focus on drug users 
and healthcare patients, which indicated that more research 
is needed on immigrants, prison inmates, or men who have 
sex with men [74].

The exposures to cancer risk factors are increasing and 
getting more complicated globally, especially in the less-
industrialized nations. Globalization brings increased patho-
gen flows, information flows, and people flows [75]. These 
flows increased the convergences of epidemiological features 
of liver and TBL cancers among different WHO regions. 
One example is that metabolism risk factors are growing 
worldwide due to the spread of western diet and lifestyles 
in globalization. The DALY rate attributed to metabolism 
risk factors are increasing in all six WHO regions for both 

liver and TBL cancers in recent years regardless of previous 
fluctuations.

Compared between the control of liver cancer and lung 
cancer, we found that the successful control of liver can-
cer is due to the advances in medicine and sanitation while 
the control of lung cancer relies on the change of lifestyles 
(smoking) to a greater degree. For the government, medi-
cal and health policies are relatively easy to formulate and 
implement, while the change in people's lifestyles can only 
be promoted through propaganda and proposal, which 
depends more on the initiative of the public and are dif-
ficult to implement. It is alarming that the ASIR of liver 
cancer became stable from 2005 to 2019, even showing an 
increasing trend recently. This reappearance of ASIR growth 
may be due to the change of the liver cancer etiology, which 
is characterized by the rapid growth of liver cancer cases 
due to NASH and alcohol [39]. NASH and alcohol are both 
tightly related to the lifestyles of humans meaning the con-
trol of liver cancer may also shift into a lifestyle-prominent 
era in the future. Therefore, though huge progress has been 
made in liver cancer control, we should attach importance to 
these emerging risk factors together with the goal of elimi-
nating hepatitis virus [42]. The solutions call for both indi-
vidual behavioral change and, more significantly, imagina-
tive global, collective action from all parties involved [20].

Most importantly, our results highlighted a trend of global 
homogenization in cancer burdens [12–14, 27–33]. Taking 
TBL cancer and liver cancer as examples, we studied the 

Fig. 8  The globalization of the liver cancer etiology. Age-standardized incidences (ASIs) of liver cancer due to A alcohol use, B HBV, C HCV, 
D NASH
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convergences of cancer burden metrics and their risk fac-
tors in various populations with different ages and sexes 
among WHO regions. First, the convergences in burden 
metrics among WHO regions could be witnessed in decreas-
ing variances of ASIRs, ASDALYs, and ASDRs for TBL 
and liver cancer among WHO memberships during the past 
decade. Second, the decreasing variances of incidence rate, 
DALY rate in various age-groups, and their male-to-female 
ratios among six WHO regions demonstrated that the global 
convergences in populations are happening in patients with 
different ages and sexes. Third, although the patterns of etio-
logical and risk factors are undergoing profound changes in 
many aspects, the convergences of many emerging metabolic 
and behaviour-related factors could be seen in WHO regions. 
These results suggest that we need to be acutely aware of the 
global homogeneity of the disease burden that accompanies 
increasing globalization, including the global convergences 
in population, risk factors, and burden indicators.

Our study systematically compared the cancer burden 
between liver and TBL cancer based on the WHO regions 
and globally for the first time. However, there are also some 
limitations in our study. The causes of liver cancer (due to 
hepatitis B, hepatitis C, alcohol use, NASH, or other causes) 
were not analyzed in our research since another research has 
studied it in detail [39]. In addition, the cancer information 
of some countries is based on prediction due to the lack 
of data sources, especially in countries/territories with low 
SDI values. The heterogeneity of cancer burdens in differ-
ent countries may partially attribute to the diversity of data 
sources. The limited medical resources in low SDI countries/
territories may influence the screening, diagnosis, and treat-
ment of cancers as well as the efforts of medical and health 
management, which may exacerbate the inaccuracy of the 
cancer burden data in these countries/territories [7, 23]. The 
lack of detailed medical information (such as pathological 
information, neoplasm staging, and therapy) limits the fur-
ther analysis of these two cancers. Additional data sources, 
high-quality data, and accurate cancer information may be 
helpful to overcome these limitations in the future.

The journal LANCET published in 2014 the opinion 
“Cancer is a global and growing, but not uniform, problem” 
[76]. As the wave of globalization rages, human lifestyles, 

consumption and dietary habits, and behaviors are facing 
significant homogenization, which brings about a globaliza-
tion of potential risk factors and disease burden, of which 
cancer is a stark example. Today, it is time to rethink and 
reassess this idea, or, at least, we should face up to the fact 
that the global homogenization of tumor burden and its risk 
factors has become a potential trend, which harbors unprec-
edented opportunities for disease control and should be a 
phenomenon worthy of attention in public health.

5  Conclusions

In summary, we compared the incidence, death, and DALYs 
of lung and liver cancer based on WHO regions systemati-
cally and found the inequities among different regions, sexes, 
and age groups, which was meaningful for guiding further 
policy making and resources allocating in the future. There 
are some interesting findings in this study. First, as for the 
ASIR and ASDR, the WPR has the most serious burdens for 
both liver and TBL cancers among six WHO regions. Sec-
ond, DALYs for both liver and TBL cancer among different 
WHO regions elevated with the increasing SDI level, except 
for liver cancer in WPR, which decreased during 1998–2011 
and kept increasing since 2011, and TBL cancer in EUR, 
which showed decrement during 1994–1998 and remained 
relatively stable since 1998. Third, the analysis of EAPC val-
ues indicated that AMR showed the biggest upward trends of 
liver cancer ASRs, as well as the biggest downward trends 
of TBL cancer ASRs, followed by EMR. On the contrary, 
the biggest downward trends of liver cancer ASRs and the 
biggest upward trends of TBL cancer ASRs were found in 
WPR. Fourth, according to our results, the importance of 
lifestyle changes should be emphasized for both lung and 
liver cancer, especially for liver cancer due to the emerging 
new risk factors (such as non-alcoholic steatohepatitis and 
alcohol consumption). Alcohol use was the leading cause of 
liver cancer death in AFR, EUR, AMR, and SEAR. How-
ever, the leading cause of liver cancer death in EMR was 
high body-mass index, and in WPR was smoking. Smoking 
was the leading cause of TBL cancer death rate in all six 
WHO regions in the past three decades. The last but not the 
least, our results highlighted a trend of global homogeniza-
tion in cancer burdens. Taking TBL cancer and liver cancer 
as examples, we studied the convergences of cancer burden 
metrics and their risk factors in various populations with 
different ages and sexes among WHO regions reflected from 
the decreasing variances of metrics, risk factors, and popula-
tion characteristics.

Our study reflects the commonality and heterogeneity in 
the disease burden of liver and lung cancer among the six 
regions within the WHO membership. The different epide-
miological characteristics of liver and lung cancers could 

Fig. 9  The globalization of the cancer etiology (vaccination and high 
BMI). A An example of protective factor (hepatitis B 3rd dose vac-
cination), where the upper figure shows the vaccination coverages 
among six WHO regions and the lower figure calculates the variances 
among six WHO regions according to their coverage statistics. B An 
example of risk factor (age-standardized BMI values), where linear 
regression relationships between BMI level and year were estab-
lished for six WHO regions (point estimation and their 95% CI: AFR, 
0.09401 [0.08886, 0.09916]; AMR, 0.1037 [0.09957, 0.1077]; EMR, 
0.08777 [0.07614, 0.09940]; EUR, 0.05910 [0.05683, 0.06138]; 
SEAR, 0.09294 [0.08429, 0.1016]); WPR, 0.08932 [0.07200, 
0.1066])
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be derived from the geographical, demographic, and dis-
ease background characteristics of the regions themselves. 
However, in the context of globalization, the quickly spread 

of medical approaches to prevent, diagnose, and treat can-
cers, as well as the convergence of risk factors may also 
contribute to the converged epidemiology of liver and lung 

Fig. 10  The globalization of the cancer risk factors (metabolic factors). The DALY rate (per 100,000 population) of liver cancer (A) and TBL 
cancers (B) from 1990 to 2019 by metabolism risk factors
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Fig. 11  The globalization of the cancer risk factors (smoking). The 
DALY rate  (per 100,000 population) of liver cancer (A) and TBL 
cancers (B) from 1990 to 2019 due to smoking. (C) The estimated 
and predicted age-standardized rate (ASR) of tobacco use prevalence 
in six WHO regions (both sexes) according to WHO. Linear regres-
sion best-fit slopes (point estimations with 95% CI): AFR, − 0.3849 
[−  0.4389, −  0.3308]; AMR, −  0.5076 [−  0.5891, −  0.4260]; 
EMR, −  0.2533 [−  0.3749, −  0.1318]; EUR, −  0.4486 [−  0.5076, 

− 0.3896]; SEAR, − 0.7342 [− 0.9209, − 0.5476]; WPR, − 0.5174 
[− 0.6276, − 0.4072]. D The estimated and predicted ASR of tobacco 
use prevalence in six WHO regions (female) according to WHO. 
Linear regression best-fit slopes (point estimations with 95% CI): 
AFR, −  0.2079 [−  0.2435, −  0.1723]; AMR, −  0.3419 [−  0.4334, 
− 0.2505]; EMR, − 0.1616 [− 0.2674, − 0.05575]; EUR, − 0.2452 
[− 0.3278, − 0.1625]; SEAR, − 0.5588 [− 0.7306, − 0.3870]; WPR, 
− 0.3574 [− 0.4923, − 0.2225]
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cancers to a great extent. Therefore, on the one hand, more 
attention should be paid to geographical characteristics, 
socio-demographic levels, and leading causative factors in 
the prevention and control of chronic non-communicable 
diseases such as cancers in the future. On the other hand, 
communications between different regions are essential and 
helpful due to the convergences of disease epidemiological 
characteristics with the growing globalization where more 
united, connected, and interdependent trends are showing 
in global human lifestyles, consumer behaviours, and com-
mercial activities than those in past centuries. To improve 
the quantity and quality of health globalization, our study 
suggests that future health planning should take into account 
not only the globalization of the cancer burdens themselves, 
but also the globalization of the underlying risk or protective 
factors related to human behavior, health economic policies 
(such as immunization coverage), etc.
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