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Abstract

Aim Lung cancer is the leading cause of cancer deaths worldwide. This study examines the current and future burden of
lung cancer at global, regional, and national levels.

Methods The estimates of lung cancer incident cases, deaths, and their age-standardized rates are drawn from GLOBOCAN
2020 for 21 regions and 185 countries. Mortality-to-incidence ratio (MIR) is considered as a proxy indicator of 5-year survival
rates. Lung cancer burden in 2050 is projected using age-specific incidence and death rates in 2020.

Results In 2020, there were 2.21 million new cases and 1.8 million deaths due to lung cancer worldwide with age-stand-
ardized incidence rate (ASIR) of 22.4/100,000 (male: 31.5; female: 14.6) and age-standardized mortality rates (ASMR)
of 18.0/100,000, (male: 25.9; female: 11.2/100,000). Global MIR of lung cancer was 0.82 (males 0.83; females: 0.79),
varying from 0.59 (Japan) to 1.0 (Belize). Hungary had the highest age-standardized rates (ASIR: 50.1/100,000; ASMR:
42.4/100,000) and Nigeria (ASIR: 0.88; ASMR: 0.86) had the lowest age-standardized rates in 2020. Both ASIR and ASMR
were positively correlated with country-level tobacco smoking prevalence and human development index (HDI), whereas
MIR exhibited a negative correlation with HDI. As per our projections, there will be 3.8 million incident cases and 3.2 mil-
lion deaths globally due to lung cancer in 2050.

Conclusion With close to 2 million cases and deaths already in 2020, lung cancer has already become a global public health
threat. Even with current risk levels and age-specific rates, lung cancer annual cases are expected to reach 3.8 million in
2050. Until smoking prevalence is reduced and ambient air pollution levels are checked, particularly in low/medium HDI
countries, the lung cancer epidemic will continue unfolding.
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Introduction

Lung cancer is the second leading cancer in terms of new
cases and the leading cancer in terms of cancer deaths
worldwide [1]. From a rare disease about a 100 years ago
[2], lung cancer has gained prominence as one of the leading
cancers by the twenty-first century [1]. The growth in lung
cancer burden has largely been attributed to the rise in ciga-
rette smoking, which is expected to have peaked in indus-
trialized countries (e.g., United States) by the later half of
the twentieth century, after the landmark study by Doll and
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Hill [3] and United States surgeon general’s report linking
smoking as the causative factor of lung cancer [4]. Still, the
tobacco smoking epidemic is unfolding in regions of Asia
and Africa, due to which, the lung cancer burden is increas-
ing in several countries of these regions [5]. Although lung
cancer survival rates are one of the lowest among frequent
cancer groups, there are wide disparities in 5-year survival
rates across countries, from less than 10% in countries such
as Brazil, Bulgaria, India, and Thailand to 32.9% in Japan
[6].

About 80-85% of lung cancer is non-small cell lung
cancer, which is further sub-divided into adenocarcinoma,
squamous cell carcinoma, and large cell carcinoma [7] and
10-15% of lung cancer is small cell lung cancer and the rest
is lung carcinoid tumor and other lung cancers [8]. About
8% of lung cancer is inherited or occur due to genetic pre-
disposition [9, 10]. Tobacco smoking is by far the single
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most significant risk factor of lung carcinoma [11], followed
by air pollution (particularly particulate matter PM, ) [12],
passive smoking [13, 14], and occupational exposure to car-
cinogens such as radon, and asbestos [15]. The estimated
economic cost of lung cancer to world economy was about
$180 billion in 2008 [16]. In the United States, the average
treatment cost of lung cancer exceeds $45,000 as compared
to approximately $3,000 in non-cancer patients [17]. As lung
cancer is the leading cause of deaths and entails a huge eco-
nomic burden globally, it is pertinent to understand the lung
cancer burden such that interventions can be designed and
implemented appropriately.

In this study, we provide a comprehensive and compa-
rable examination of lung cancer epidemiology at global,
regional, and national levels in 2020 using recently released
GLOBOCAN 2020 estimates produced by International
Agency for Research on Cancer [1, 18]. The lung cancer bur-
den is evaluated using age, sex, and country-wise estimates
of number of incident cases and deaths, age-standardized
rates (per 100,000 population) and mortality-to-incidence
ratio (MIR) in 185 countries. The human development index
(HDI) is considered as the indicator of socio-economic status
of countries. As tobacco smoking is the biggest risk factor
of lung cancer, we also investigate the bivariate association
between tobacco smoking prevalence and age-standardized
rates of lung cancer. Lastly, we project the lung cancer inci-
dent cases and deaths to 2050 using the age-specific esti-
mates of incidence and death rates in 2020 and age-specific
population projections.

This comprehensive report on lung cancer epidemiol-
ogy in the light of HDI and tobacco smoking prevalence is
expected to aid our understanding of the lung cancer burden
and help in policy formulation towards fighting lung cancer
burden at the global, regional, and national levels.

Data and Methods

The age, sex, and country-specific estimates of lung can-
cer incidence and mortality in 185 countries for 2020 are
procured from GLOBOCAN 2020 database [19]. The lung
cancer burden described and examined in this study pertains
to codes C33-34 (including trachea and bronchus) of the
international classification of disease tenth version (ICD 10).
The MIR for each country is calculated as the ratio between
all-age death counts and all-age incident cases of lung can-
cer. The absolute counts (not the age-standardized rates) are
provided with 95% uncertainty intervals. The age-specific
counts and age-specific rates (per 100,000 populations) are
available for eighteen 5-year non-overlapping age groups
from below —5 to 85-plus. The age-standardized rates are
expressed per 100,000 population and are calculated using
Segi’s method [1, 18].
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The estimates of lung cancer are available for 21 regions
defined by the United Nations: Australia/New Zealand,
Caribbean, Central America, Central, and Eastern Europe,
Eastern Africa, Eastern Asia, Melanesia, Micronesia, Mid-
dle Africa, Northern Africa, Northern America, Northern
Europe, Polynesia, South America, South-Central Asia,
South-Eastern Asia, Southern Africa, Southern Europe,
Western Africa, Western Asia, and Western Europe. Using
age-specific rates of incidence and mortality in 21 regions
in 2020 and age-specific population projections from the
United Nations world population prospects (WPP) report,
we project the lung cancer burden in 2050. The basic
assumption underlying these 2050 projections is that the
age-specific rates will remain unchanged by 2050 (i.e., the
risk factors and the state of health care stays the same in
each region). The equation for arriving at 2050 projection
of incident cases is described below.

n
1Cys0 = Z IRy50; X Pros0;

i=1

In the above equation, /C,5, denotes total number of inci-
dent cases in 2050, i denotes the age group, IR, implies
age group specific incidence rate in 2020 in the i age group
and P,s,; denotes the projected population count in the i
age group in 2050 as per WPP report by the United Nations.
The estimates of number of deaths due to lung cancer in
2050 are also produced in the same manner. The HDI for
2019 represented a country's socio-economic status or devel-
opment [20]. We also investigate the association between
lung cancer age-standardized rates and tobacco smok-
ing prevalence in countries. For this purpose, we employ
Pearson’s correlation coefficient to describe the bivariate
association. The data on age-standardized tobacco smoking
prevalence (%) are procured from Global Health Observa-
tory database of World Health Organization (WHO), which
provided data for 149 countries and 6 WHO regions [Africa
(32 countries), Americas (22), Eastern Mediterranean (15),
Europe (48), South-East Asia (9), Western Pacific (23)] [21].

All the data analysis and data visualizations in this
study are done using statistical software R 4.1.1, Stata 13.1,
and Python 3.8.8.

Results
Global burden of lung cancer in 2020

Globally, there were 2.21 million [2.18-2.24 million] new
cases and 1.8 million [1.77-1.83 million] deaths due to lung
cancer in 2020. Males accounted for approximately two-
thirds of the global burden (1.44 million [1.41-1.46 million]
new cases and 1.19 million [1.16—1.21 million] deaths). The
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global age-standardized incidence rate (ASIR) of lung cancer
was 22.4/100,000, with males ASIR (31.5/100,000) being
more than double that of females (14.6/100,000). Global
age-standardized mortality rates (ASMR) was 18.0/100,000,
varying from 11.2/100,000 in females to 25.9/100,000 in
males. The MIR at the global level was 0.82 with not much
difference between males (0.83) and females (0.79).

Lung cancer burden by region in 2020

East Asia was the leading region in terms of incident cases
and deaths with an estimated 1.01 million [1.00-1.02 mil-
lion] incident cases and 841,174 [831,852-850,601] deaths
in 2020, followed by Northern America (cases: 253,537
[252,452-254,627]; deaths: 159,641 [158,736-160,551]).
Lung cancer was ranked among the top three cancer groups
out of 34 cancer groups in terms of new cases in 11/21
regions and among top three in 15/21 regions in terms of
cancer deaths (Table 1). The MIR of lung cancer varied
from 0.63 in Northern America to 0.96 in Micronesia, with
MIR being 0.80 or above in the majority of regions except
Australia/New Zealand (0.69), Northern Europe (0.73) and
Western Europe (0.78). Polynesia had the highest ASIR
(37.3/100,000) and Micronesia had the highest ASMR
(34.9/100,000). Majority of African regions had low age-
standardized rates, with Western Africa recording the lowest
ASIR (2.2/100,000) and ASMR (2.1/100,000).

The male—female disparity in age-standardized rates was
again visible across regions (Supplementary Fig. S1), with
male age-standardized rates being higher than females in
almost all regions. The male—female differences in age-
standardized rates were starker in regions of Asia (Western
Asia, South-East Asia) and Africa (Northern Africa, South-
ern Africa) than in Northern America, Northern Europe,
Western Europe, and Australia/New Zealand (Supplemen-
tary Fig. S1).

Lung cancer burden by country

In absolute terms, China, United States, and Japan
were the three leading countries with 815,563
[808,051-823,145], 227,875 [223,940-231,879], and
138,532 [134,618-142,560] incident cases in 2020,
respectively; these three countries were also the leading
countries in terms of death counts estimated at 714,699
[706,501-722,992], 138,225 [136,168-140,313], and
82,369 [80,835-83,932], respectively. In terms of age-
standardized rates, Hungary was the leading country
(ASIR:50.1/100,000 and ASMR:42.4/100,000), followed
by Serbia (ASIR:47.3/100,000 and ASMR:40.0/100,000).
Nigeria (ASIR: 0.88 and ASMR: 0.86) and Mozambique

(ASIR: 1.4 and ASMR: 1.4) had the lowest age-standardized
rates among 185 countries in 2020 (Fig. 1).

Age-specific incidence and mortality of lung cancer

The lung cancer burden by age-groups illustrates that age
groups below 45 years accounted for a very small percent-
age of lung cancer burden (2.4% of incident cases and
1.9% of deaths). Both the metrics (incidence and deaths)
peaked in the 65-69 years age group and declined thereaf-
ter (Fig. 2). The age-specific incidence and death rates rose
with age such that the oldest age groups had the highest
age-specific rates. To gauge the age-specific patterns of
lung cancer burden in different regions, we aggregated the
age-specific incident cases and deaths in four age groups:
below 45 years, 45-59 years, 60—69 years, and 70—-85 plus
and present the percentage of lung cancer burden in these
age groups in Supplementary Fig. S2. In regions of Africa,
a sizable fraction of incident cases occurred in age groups
below 45 years (e.g., Western Africa 8.9%, Eastern Africa
10.4%, Middle Africa 11.1%), whereas only 1-2% of lung
cancer cases occurred in age groups below 45 years in
Europe (Central and Eastern Europe 1.6%, Western Europe
1.0%, Southern Europe 1.0%). In regions such as Western
Africa and South-Eastern Asia, around 60% of cases and
deaths occurred in age groups 60 years or older, whereas
in Western Europe and South America, around 80% of new
cases and deaths occurred in age groups 60 years or older.
In Western Europe, Southern Europe, Northern Europe,
and Australia/New Zealand, more than 50% of incident
cases and deaths occurred in age groups 70 years or older,
while in regions of Africa (Western Africa, Middle Africa,
and Eastern Africa), approximately 30% of lung cancer
burden occurred in age groups 70 years or older (Sup-
plementary Fig. S2).

Bivariate relationship between HDI and lung cancer
burden

Figure 3 displays the bivariate associations between coun-
try-level age-standardized rates and MIR with the socio-
economic development status of countries measured by
HDI. It shows that both ASIR and ASMR were positively
associated with HDI with pairwise correlation coefficient
of 0.75 and 0.70, respectively; on the other hand, MIR was
negatively correlated with country-level HDI (r = —0.67).
This implies that, on average, countries with higher HDI
had higher age-standardized rates (Fig. 3a, b); however,
more developed countries (countries with higher HDI)
had lower MIR (i.e., higher 5-year survival rates) than
lesser developed ones. For instance, high HDI countries
such as Japan (0.59), United States (0.61), and Australia
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Table 1 Lung cancer burden by
region in 2020
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Population Incidence ASIR  Deaths ASMR  MIR

Australia and New Zealand 15,587 252 10,791 16.2 0.69
[15305-15874] [10550-11038]
[[511 [[1]]

Caribbean 11,058 17.6 10,079 15.8 0.91
[10485-11662] [9604-10578]
[[41] [[61]

Central America 9934 5.2 9236 4.8 0.93
[9615-10264] [8979-9501]
(1911 [[6]]

Central and Eastern Europe 151,632 26.9 130,596 22.7 0.86
[149886-153398] [129152-132056]
(1311 [[t1]

Eastern Africa 7419 3.5 6758 3.2 0.91
[5268-10448] [4577-9978]
[[111] [[11]]

Eastern Asia 1,012,021 34.4 841,174 28.1 0.83
[1003100-1021020] [831852-850601]
[[11] [[11]

Melanesia 918 13.1 798 11.5 0.87
[768-1097] [736-865]
[[6] [[41]

Micronesia 202 36.4 194 34.9 0.96
[152-269] [146-258]
(111 [[11]

Middle Africa 2037 2.5 1897 2.4 0.93
[1382-3003] [1287-2795]
(1211 [[10]]

Northern Africa 23,179 11.1 20,728 9.9 0.89
[20865-25750] [18443-23296]
[[31] [[31]

Northern America 253,537 32.6 159,641 19.3 0.63
[252452-254627] [158736-160551]
(1211 [[11]

Northern Europe 75,051 29.7 54,421 20.1 0.73
[74261-75849] [53732-55119]
(211 [[11]

Polynesia 268 37.3 229 31.8 0.85
[212-339] [159-330]
[[11] [[1]]

South America 76,609 13.6 67,312 11.8 0.88
[72588-80853] [66320-68319]
[[41] [[11]

South-Central Asia 121,369 6.6 109,356 59 0.9
[116397-126554] [104882-114021]
[[41] [[21]

South-Eastern Asia 123,309 17.2 109,520 15.3 0.89
[118258-128576] [104946-114294]
(211 [[11]

Southern Africa 9178 16.9 7939 14.6 0.87
[8893-9473] [7707-8178]
[[41] [[1]]

Southern Europe 104,391 28.7 85,635 21.9 0.82
[101664-107191] [84449-86838]
[[31] [[11]

Western Africa 4175 2.2 3849 2.1 0.92
[2688-6485] [3370-4396]
[[111] [[10]1]
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Table 1 (continued) Population Incidence ASIR  Deaths ASMR  MIR
Western Asia 58,437 24.2 52,467 21.9 0.9
[54808-62307] [51245-53718]
(21 [
Western Europe 146,460 32.7 113,524 23.8 0.78

[144672-148270]
(211

[112268-114794]
[[1]]

The MIR is calculated as the ratio between all-age death counts and all-age cases. The numbers in the
parenthesis represent 95% uncertainty interval. The number in double parenthesis denotes the rank of lung
cancer among 34 cancer groups in that region. Data source: GLOBOCAN 2020 (International Agency for

Research on Cancer)

Incidence incident cases, ASIR age-standardized incidence rate, Deaths number of lung cancer deaths,
ASMR age-standardized mortality rate; MIR mortality-to-incidence ratio

(0.67) had much lower MIR than countries such as Belize,
Comoros, and Vanuatu, which had MIR of 1.0 (Fig. 3c).

Smoking and lung cancer

Worldwide, tobacco smoking prevalence was 21.9% in 2016,
varying from 4% in Ghana to 47.4% in Kiribati (Fig. 4) with
tobacco smoking prevalence exceeding 25% in 57/149 coun-
tries. The tobacco smoking prevalence was high in Euro-
pean countries with 5 of the top-10 countries among 149
countries belonged to Europe. Notably, 11/33 countries in
Africa had a smoking prevalence less than 10%, whereas all
countries in Europe had a smoking prevalence greater than
10%. Next, we explore the bivariate relationship between
age-standardized rates of lung cancer and tobacco smok-
ing prevalence (Supplementary Fig. S3). Tobacco smoking
prevalence was positively associated with ASIR (r=0.61)
and ASMR (r=0.64) (Supplementary Fig. S3a, b). It implies
that countries with higher smoking prevalence rates also had
higher age-standardized rates of lung cancer.

Lung cancer burden in 2050

In 2050, the global burden of lung cancer is projected to
reach 3.8 million new cases and 3.2 million deaths each year.
In 2050, lung cancer cases and deaths will be more than
100,000 in 10/21 regions led by Eastern Asia, which is pro-
jected to record 1.7 million incident cases and 1.5 million
deaths (Fig. 5). The burden of lung cancer in regions of Asia
(South-Eastern Asia, South-Central Asia, and Western Asia)
and Africa (Northern Africa, Southern Africa, and Western
Africa) is expected to double or more between 2020 and
2050, whereas regions in Europe (Northern Europe, South-
ern Europe, Western Europe, Central and Eastern Europe)
are expected to witness the smallest increases in the lung
cancer burden (Fig. 5). As a result of these changes, the
lung cancer burden in several Asian regions will surpass
that in a few regions of Europe. For instance, South-East-
ern Asia (123,309) and South-Central Asia (121,369) had

lesser number of incident cases than Central and Eastern
Europe (151,632) and Western Europe (146,460) in 2020;
however, by 2050, these two regions in Asia will surpass the
number of incident cases in Central and Eastern Europe and
Western Europe. In 2050, lung cancer is projected to claim
similar number of lives in South-Eastern Asia (248,326) and
South-Central Asia (238,020) as that in Northern Amer-
ica (253,058), although the projected number of incident
cases in Northern America (378,587) is much higher than
projected new cases in South-Eastern Asia (271,416) and
South-Central Asia (264,309) (Fig. 5).

Discussion

With close to 2 million incident cases and deaths along with
an MIR of 0.82 in 2020, lung cancer is one of the most lethal
neoplasms and was ranked first among 34 cancer groups
in 13/21 regions in terms of cancer-related deaths in 2020.
The age-standardized rates were the highest in regions of
Europe and the Americas, where smoking prevalence is still
higher than that in Africa and Asia. Due to lower smoking
prevalence and lower life expectancy in sub-Saharan Africa
(SSA), the age-standardized rates, as well as the absolute
burden of lung cancer, is low; as a result, lung cancer, which
is currently ranked first in terms of cancer deaths in regions
of Europe and America, is ranked much behind other neo-
plasms in SSA. Country-wise, China, United States, and
Japan are the leading countries, accounting for 53.6% of
incident cases and 52.1% of lung cancer deaths.

The age-standardized rates of lung cancer displays
positive correlation with HDI as well as tobacco smoking
prevalence, which implies that more developed countries in
Europe, America, Oceania have higher smoking prevalence
(also clear from Fig. 4 on smoking prevalence) as well as
higher age-standardized rates of lung cancer. In Europe,
the rates of lung cancer are decreasing among males in the
majority of countries, whereas the lung cancer rates are ris-
ing or plateauing among females in several countries and
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a Age-Standardized Incidence Rate
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«Fig. 1 Geographical pattern of age-standardized rates of lung cancer
in 2020. The mortality-to-incidence ratio is calculated as the ratio
between all-age death counts and all-age cases. The age-standardized
rates are expressed in terms of counts per 100,000 population. Data
source: GLOBOCAN 2020 (International Agency for Research on
Cancer)

these patterns most likely reflect the differing patterns of the
smoking epidemic among males and females [22].
Although MIR is negatively associated with HDI, yet the
5-year survival rates of lung cancer are one of the lowest
(i.e., high MIR) among all cancers, even in the high HDI
countries. For instance, the 5-year survival rate of lung can-
cer is 19% in the United States, one of the lowest among the
most frequent cancer groups [23]. Low survival rates of lung
cancer also reflect a higher percentage of cases detected in
the metastatic phase, which has much lower survival rate
(5%) than localized lung cancer (57%) [23]. Low-dose com-
puted tomography (LDCT) has been recently suggested as
a screening solution for lung cancer. The LDCT has been
shown to reduce lung cancer mortality in both National Lung
Screening Trial and Multicentric Italian Lung Detection tri-
als [24, 25]. For select current/former heavy smokers, the

Age-wise Distribution of Lung Cancer Burden

American Cancer Society and US Preventive Services Task
Force have recommended LDCT screening [23]. However,
there are questions on LDCT screening in terms of high
false-positive rates [24, 26—28], overdiagnosis [24], large
percentage of tumors detected in advanced stages [26] and
risk of radiation-induced neoplasms [29]. Moreover, the
LDCT screening becomes more challenging in low-resource
countries as healthcare workers’ expertise in adjusting radia-
tion dose is low and secondly, LDCT screening is expected
to cost $81,000 per one quality-adjusted life-year gained
[30].

Currently, countries in Africa have very low incidence
and mortality rates barring a few countries in Northern and
Southern Africa. These patterns also follow the low smoking
prevalence rates in Africa, barring a few countries in North-
ern Africa (e.g., Algeria 15.6%) and Southern Africa (e.g.,
Lesotho 27.2%; South Africa 20.7%; Botswana: 20.1%).
However, in persons living with HIV/AIDS, smoking rates
are 2—4 times higher than the general population in Africa
[31]. The lung cancer burden in Africa is expected to double
or more by 2050 based on demographic changes alone. As
smoking initiation before the age of 18 years significantly
predicts smoking in adult age (and hence the elevated lung
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Fig. 3 Bivariate relationship between age-standardized rates, MIR of
lung cancer and HDI. ASIR age-standardized incidence rate; ASMR
age-standardized mortality rate; MIR mortality-to-incidence ratio;
HDI human development index. MIR was calculated as the ratio

Tobacco Smoking Prevalence (%)

between all-age death counts and all-age incident cases. Data source
of cancer estimates: GLOBOCAN 2020 (International Agency for
Research on Cancer). The data pertaining to HDI are procured from
United Nations Development Program

Fig.4 Geographical pattern of tobacco smoking prevalence. Tobacco smoking prevalence (%) pertains to the year 2016. Data source: World

Health Organization (WHO)
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cancer risk), a study found smoking prevalence as high as
9.6% in Cote d’Ivoire among 12/13 year old [32]. Moreo-
ver, air pollution levels are also rising in Africa. As per the
State of Global Air 2020 report [33], 5/10 countries with
the worst annual average PM, 5 concentrations belonged to
Africa (Niger: 3rd, Nigeria: 5th; Egypt: 6th; Mauritiania:
7th; Cameroon: 8th). If these trends of early smoking initia-
tion and ambient air pollution levels continue along with
rising life expectancy, the lung cancer burden in Africa is
expected to be even higher in 2050 than our projections.
Even though Asia is in the initial stages of the smoking
epidemic [34-37], the continent already accounted for 60%
of incident cases and 62% of all lung cancer deaths in 2020.
If current rates persist in the future, there will be 2.4 mil-
lion new cases and 2.2 million deaths in Asia due to lung
cancer in 2050. Previous research has also found that while
lung cancer burden has been decreasing in the industrialized
countires after a peak in the 2000s, it is gradually increas-
ing in China [38]. A recent study has found that smoking
prevalence has increased among males in China and India

and plateaued in Japan, South Korea, Singapore, and Tai-
wan [37]. Moreover, the mean age of smoking initiation has
decreased in successive birth cohorts, and the mean number
of cigarettes smoked per day has increased [37]. Therefore,
anti-smoking campaigns and public awareness campaigns
about health risks of smoking are urgently required to stop
and reverse the smoking epidemic in Asia.

The absolute counts as well as age-standardized rates of
lung cancer are consistently higher in males than females
across regions. Higher proportion of lung cancer burden in
males is attributed to differences in smoking prevalence,
with 80% of males and 50% of females with lung cancer
are/were smokers [7]. However, male—female differences in
lung cancer burden cannot be fully explained by differences
in smoking prevalence. As many as one-third of lung cancer
patients in East Asia are non-smokers, most of whom present
with lung adenocarcinoma [39]. Even in industrialized coun-
tries, high lung cancer incidence rate in women born around
1960 cannot be fully explained by increasing smoking inci-
dence rates in women [40]. Second-hand smoke at home and
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workplace and cooking oil fumes are implicated as a few of
the risk factors apart from other factors (genetic susceptibil-
ity, occupational exposure, hormonal status, and pre-existing
lung disease) for rising lung cancer in never-smokers in East
Asia [39]. Apart from tobacco smoking (personal or pas-
sive), air pollution is another significant risk factor of lung
cancer [41], particularly among non-smokers [42, 43]. A
meta-analysis of the relationship between PM, 5 and lung
cancer burden (incidence and deaths) found a higher risk of
both lung cancer incidence and death due to higher levels of
PM, s levels, irrespective of smoking status and gender [44].

Limitations

As with all studies, this study also has some limitations.
First, the lung cancer estimates of several countries are
derived either from regional cancer registries or from
neighboring countries due to the absence of data from high-
quality population-based cancer registries by the GLOBO-
CAN [1, 18]. Therefore, in the countries lacking PBCRs, the
actual estimates are likely to be different from the estimates
reported in this study. Second, the 2020 estimates by GLOB-
OCAN do not reflect the effect of the COVID-19 pandemic.
Therefore, actual cancer-related incident cases and deaths
might be different as health services to non-COVID patients
have been severely disrupted across the globe. Third, the
2050 projections reflect the demographic changes in popu-
lation composition but do not reflect changes in risk factors
(e.g., smoking, air pollution, among others) and improve-
ments in cancer registration and health care delivery, which
may occur in developing countries of Asia and Africa. As
a result, due to worsening smoking and air pollution levels
in developing countries of Asia and Africa, the lung cancer
burden is expected to be much higher than our projections.

Conclusion

Lung cancer incident cases and deaths are projected to reach
3.8 million and 3.2 million, by 2050 based on demographic
changes alone. Although age-standardized rates are the
highest in high HDI countries of Europe and America, pos-
sibly on account of high smoking prevalence; the absolute
burden, however, is the largest in developing countries led
by China. With worsening smoking prevalence and PM, s
levels in countries such as China, India, and Indonesia;
Asia is expected to remain the epicenter of the lung can-
cer epidemic. As Africa is experiencing increases in smok-
ing incidence, rising life expectancy, and pollution levels,
the lung cancer burden is expected to be much higher in
Africa by 2050 than our projections. The experience of high-
income countries has taught that unless smoking patterns are

@ Springer

reversed, the lung cancer cases and deaths are expected to
grow unabated in developing countries. Additionally, coun-
tering the burden of lung cancer also requires curtailment
of other risk factors such as air pollution and exposure to
carcinogens.
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