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Global, regional, and national burden of respiratory tract
cancers and associated risk factors from 1990 to 2019:

a systematic analysis for the Global Burden of Disease
Study 2019

GBD 2019 Respiratory Tract Cancers Collaborators*

Summary

Background Prevention, control, and treatment of respiratory tract cancers are important steps towards achieving
target 3.4 of the UN Sustainable Development Goals (SDGs)—a one-third reduction in premature mortality due to
non-communicable diseases by 2030. We aimed to provide global, regional, and national estimates of the burden of
tracheal, bronchus, and lung cancer and larynx cancer and their attributable risks from 1990 to 2019.

Methods Based on the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019 methodology, we
evaluated the incidence, mortality, years lived with disability, years of life lost, and disability-adjusted life-years
(DALYs) of respiratory tract cancers (ie, tracheal, bronchus, and lung cancer and larynx cancer). Deaths from tracheal,
bronchus, and lung cancer and larynx cancer attributable to each risk factor were estimated on the basis of risk
exposure, relative risks, and the theoretical minimum risk exposure level input from 204 countries and territories,
stratified by sex and Socio-demographic Index (SDI). Trends were estimated from 1990 to 2019, with an emphasis on
the 2010-19 period.

Findings Globally, there were 2-26 million (95% uncertainty interval 2-07 to 2-45) new cases of tracheal, bronchus,
and lung cancer, and 2-04 million (1-88 to 2-19) deaths and 45-9 million (42-3 to 49-3) DALYs due to tracheal,
bronchus, and lung cancer in 2019. There were 209000 (194000 to 225000) new cases of larynx cancer, and 123 000
(115000 to 133000) deaths and 3-26 million (3-03 to 3-51) DALYs due to larynx cancer globally in 2019. From 2010
to 2019, the number of new tracheal, bronchus, and lung cancer cases increased by 23-3% (12-9 to 33-6) globally and
the number of larynx cancer cases increased by 24 -7% (16- 0 to 34 -1) globally. Global age-standardised incidence rates
of tracheal, bronchus, and lung cancer decreased by 7-4% (-16-8 to 1-6) and age-standardised incidence rates of
larynx cancer decreased by 3-0% (-10-5 to 5-0) in males over the past decade; however, during the same period, age-
standardised incidence rates in females increased by 0-9% (-8 -2 to 10-2) for tracheal, bronchus, and lung cancer and
decreased by 0-5% (-8 -4 to 8-1) for larynx cancer. Furthermore, although age-standardised incidence and death rates
declined in both sexes combined from 2010 to 2019 at the global level for tracheal, bronchus, lung and larynx cancers,
some locations had rising rates, particularly those on the lower end of the SDI range. Smoking contributed to an
estimated 64-2% (61-9-66-4) of all deaths from tracheal, bronchus, and lung cancer and 63-4% (56-3-69-3) of all
deaths from larynx cancer in 2019. For males and for both sexes combined, smoking was the leading specific risk
factor for age-standardised deaths from tracheal, bronchus, and lung cancer per 100000 in all SDI quintiles and GBD
regions in 2019. However, among females, household air pollution from solid fuels was the leading specific risk factor
in the low SDI quintile and in three GBD regions (central, eastern, and western sub-Saharan Africa) in 2019.

Interpretation The numbers of incident cases and deaths from tracheal, bronchus, and lung cancer and larynx cancer
increased globally during the past decade. Even more concerning, age-standardised incidence and death rates due to
tracheal, bronchus, lung cancer and larynx cancer increased in some populations—namely, in the lower SDI quintiles
and among females. Preventive measures such as smoking control interventions, air quality management programmes
focused on major air pollution sources, and widespread access to clean energy should be prioritised in these settings.

Funding Bill & Melinda Gates Foundation.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Tracheal, bronchus, and lung cancer is the leading cause
of cancer deaths worldwide and the second leading
cause of new cancer cases." Larynx cancer is a less

common but lethal cancer of the respiratory tract that
shares some similar risk factors with tracheal, bronchus,
and lung cancer” Members of the UN committed to a
one-third reduction in premature mortality due to
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Research in context

Evidence before this study

Available datasets, registries, and the scientific literature were
searched for information about tracheal, bronchus, lung, and
larynx cancer, without any language restrictions. A 2019 report
by the Global Burden of Disease Cancer Collaboration based on
estimates from the Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) 2017 showed that, despite decreasing
age-standardised death rates, tracheal, bronchus, and lung
cancer was still the leading cause of death due to cancer
worldwide. The Global Cancer Incidence, Mortality and
Prevalence (GLOBOCAN) project provides estimates about lung
cancer mortality, but without identifying the attributable risk
factors or showing the trend of estimates from past to present.
The UN committed to a one-third reduction in premature
mortality due to non-communicable diseases by 2030 as part of
the UN Sustainable Development Goals (SDGs). Reducing
mortality from tracheal, bronchus, and lung cancer would help
countries to meet this SDG target by 2030. Considerable efforts
have been made to decrease mortality rates of tracheal,
bronchus, and lung cancer, including through expansion of
smoking control programmes around the world, enactment
and enforcement of air pollution regulations (although efforts
have been limited in low-income and middle-income
countries), implementation of low-dose CT screening strategies
in certain countries for high-risk patients, and improvement of
available therapies for patients with identifiable lesions.

Added value of this study

As part of GBD 2019, this study expands on the estimation of
the incidence, mortality, and disability from respiratory tract
cancers and their attributable risk factors in GBD 2019. This
study provides estimates of the burden of respiratory tract
cancers and attributable risk factors from 1990 to 2019, with
an emphasis on trends from 2010 to 2019, in 204 countries
and territories, and by socio-demographic status. It identifies
the top risk factors associated with mortality from tracheal,
bronchus, and lung cancer and larynx cancer in different
populations worldwide and highlights disparate trends in the
incidence of and mortality from tracheal, bronchus, and lung

non-communicable diseases by 2030 as target 3.4 of the
UN Sustainable Development Goals (SDGs).** To realise
this goal, the 17th World Health Assembly did a
comprehensive review and assessment of the progress
achieved in the prevention and control of cancers
worldwide.® Prevention, control, and treatment of
respiratory tract cancers, which include both tracheal,
bronchus, and lung cancer and larynx cancer, are
important steps towards achieving this SDG target.
Smoking is a major risk factor for tracheal, bronchus,
and lung cancer and larynx cancer, but smoking control
programmes and other targeted health policies have
curtailed smoking prevalence in recent years.”*
Environmental exposures, including air pollution and

www.thelancet.com/respiratory Vol 9 September 2021

cancer and larynx cancer over the past decade. The findings
from this study could encourage policy makers to identify
populations with a disproportionately large burden of
respiratory tract cancer and implement targeted strategies to
reduce the risk and burden of this disease.

Implications of all the available evidence

Although the age-standardised death and incidence rates of
tracheal, bronchus, and lung cancer and larynx cancer for both
sexes combined decreased globally over the past decade, rates
trended upwards for some populations, particularly females in
certain countries lower on the Socio-demographic Index (SDI).
This changing trend is important for researchers and policy
makers to understand how comparative risk assessment,
prevention, and cancer surveillance can be prioritised in low SDI
countries. Smoking is still the single most important risk factor
for mortality from larynx cancer and tracheal, bronchus, and
lung cancer worldwide. However, the contribution of household
air pollution from solid fuels to mortality from tracheal,
bronchus, and lung cancer was even higher than that of
smoking among females in many low SDI countries. Preventive
measures, including smoking control programmes and clean
energy for cooking and heating, should be prioritised in these
settings to reduce the incidence of and mortality from larynx
cancer and tracheal, bronchus, and lung cancer. The high SDI
quintile had the highest age-standardised incidence rate of
tracheal, bronchus, and lung cancer in 2019, but the fastest rate
of decline over the past decade, so these countries should
continue preventive measures and further optimise them to
maintain their declines. In high SDI countries, screening in
high-risk populations and early targeted treatment might help
further decrease mortality from larynx cancer and tracheal,
bronchus, and lung cancer. Our results on the relative
contribution of various risk factors to tracheal, bronchus, and
lung cancer mortality are not only helpful to guide risk
reduction measures but also important to identify high-risk
populations that might benefit from intensified strategies for
prevention and treatment.

occupational carcinogens, are other important risk
factors for respiratory tract cancers that can also
be reduced by appropriate regulations.® Alcohol
consumption is another risk factor for larynx cancer.’ So
far, considerable efforts have been made to decrease the
incidence of and mortality from larynx cancer and
tracheal, bronchus, and lung cancer in high-income
countries through smoking control programmes.””
The relative contribution of each risk factor to
mortality from respiratory tract cancers varies by sex
and geographical area, with different behavioural,
environmental, and occupational exposures, and
different methods might be required to effectively
address these risk factors.
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To develop a clear understanding of the policy importance
of the incidence and mortality of larynx cancer and
tracheal, bronchus, and lung cancer, it is important to
identify populations at high risk by geographical location.
By analysing data from the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) 2019, we aimed to
describe the burden of respiratory tract cancers (ie, tracheal,
bronchus, and lung cancer and larynx cancer) and
attributable risk factors, by sex and Socio-demographic
Index (SDI), in 204 countries and territories from 1990
to 2019. We aimed to provide an overview of the current
burden of tracheal, bronchus, and lung cancer and larynx

cancer globally and regionally, as well as progress to reduce
mortality and incidence over the past decade. We also
aimed to shed light on risk factors for respiratory tract
cancer so that policy makers can make informed decisions
about the potential benefits of risk reduction policies,
particularly in populations with high exposure to these risk
factors.

Methods
Overview
Details of the methodology of GBD 2019, processes for
estimating the burden of cancers, and risk factor

Incidence in 2019

Percentage change in Percentage change in age-

Number of cases (all ages)

Age-standardised rate

number of incident cases,

2010-19 (%)

standardised incidence
rate, 2010-19 (%)

High SDI quintile

Larynx cancer

Larynx cancer

High-middle SDI quintile

(per 100000)
Global
Larynx cancer
Both sexes 209000 (194000 to 225 000) 2:5(23t027) 24:7% (16:0t0 34-1) —2:5% (-9-3t0 4-8)
Females 28500 (26 100 to 31300) 0-7(0-6t007) 26-8% (16-8t0 37-9) ~0-5% (-8-4 t0 8-1)
Males 181000 (166 000 to 196 000) 46 (4210 50) 24-4% (14-6 t0 34-6) -3.0% (<105 0 5:0)
Tracheal, bronchus, and lung cancer
Both sexes 2260000 (2070000 to 2 450 000) 277 (25:3t0 30-0) 23:3% (129 t0 33-6) ~4-6% (-12:5t0 3:3)
Females 737000 (658 000 to 814 000) 168 (15-0 t0 18-6) 302% (18:5t0 42-2) 0-9% (-8-2t010-2)
Males 1520000 (1370000 to 1680 000) 40-4 (365 to 44-4) 20-3% (7-8t0 32°5) —7-4% (-16-810 1-6)

Both sexes 43700 (39300 to 48 500) 2.5(2:2t02-8) 13-2% (2-2t0 25'5) -5-5% (-15-0 to 5-0)

Females 6230 (5390 to 7140) 07 (0-6t00-8) 12.1% (030 251) -4.4% (-14-9t0 7-2)

Males 37500 (33500 to 41 900) 45 (4010 5:0) 13:3% (1310 267) -6-9% (169 to 4-1)
Tracheal, bronchus, and lung cancer

Both sexes 709000 (637 000 to 773 000) 374 (33-9t0 40-8) 11:9% (3-3 0 214) -8.7% (-15-8t0-0-5)

Females 278000 (244 000 to 310 000) 273 (2420 30-5) 16:0% (47 t0 277) -3-4% (-133t0 6.9)

Males 431000 (389000 to 478 000) 497 (44-81055:0) 9-4% (-0-5 to 20-9) ~12.8% (-20-7 t0 -3-6)

Both sexes 57800 (52500 to 63500) 2.8 (2:5t031) 15-4% (5-0 t0 26-8) -7-8% (-16-1t0 1-2)
Females 5990 (5350 to 6730) 0-5 (0-5t0 0-6) 19-6% (8-1to 34-4) -33% (-12-8 10 8:8)
Males 51900 (46 800 to 57 200) 5-4 (4-9 to 6:0) 14-9% (3-9 t0 26-9) -9:3% (-17-9 t0 0-0)
Tracheal, bronchus, and lung cancer
Both sexes 671000 (603000 to 735000) 32:6(29:3t035-7) 19-9% (7-5t0 33'5) -4-9% (-14-7 t0 5-8)
Females 193000 (168 000 to 222 000) 171 (15-0t019-7) 30-7% (14-5t0 51.0) 4-8% (-8-2t021-2)
Males 479000 (422000 to 539 000) 51.9 (457 t0 58-4) 16-0% (1.7 to 31-8) -9:3% (-20-4t0 2.7)
Middle SDI quintile
Larynx cancer
Both sexes 51400 (46 600 to 56 800) 2.0 (1-8t02-2) 39-2% (25-6 to 54-1) 3-7% (-6-0 to 14-6)
Females 8260 (7280 to 9360) 0-6 (0-6t0 0-7) 35-5% (19-4 to 52-1) 0-5% (-11:3t0 12-4)
Males 43200 (38700 to 48300) 35(32t03:9) 39-9% (24-8 t0 58-1) 5:2% (-5-8 t0 18-4)
Tracheal, bronchus, and lung cancer
Both sexes 580000 (509 000 to 650 000) 237 (20-8t0 26-5) 36-4% (19-3 to 54-3) 12% (-11-1to 14-1)
Females 203000 (172 000 to 236 000) 15-9 (13-5 t0 18:5) 46-4% (25-51t0 69-7) 7-5% (-7-5to 24-1)
Males 377000 (320000 to 435000) 32:5(27-6t037-4) 31-6% (10-6 t0 54-3) -1.5% (165 t0 14-8)

(Table 1 continues on next page)
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Incidence in 2019 Percentage change in Percentage change in age-
number of incident cases,  standardised incidence
2010-19 (%) rate, 2010-19 (%)
Number of cases (all ages) Age-standardised rate
(per 100 000)
(Continued from previous page)
Low-middle SDI quintile
Larynx cancer
Both sexes 37600 (3350010 42100) 2.7 (2-4103-0) 32:1% (17:7 t0 49-1) 0-5% (-10-3 t0 13-1)
Females 5890 (5110 to 6810) 0-8 (07 t0 0-9) 40-3% (23-0t0 63-4) 5-6% (-7-3t0 22:5)
Males 31700 (27800 to 36 100) 47 (41t053) 30-7% (137 t0 49.5) 0-8% (-11-8 t0 15-2)
Tracheal, bronchus, and lung cancer
Both sexes 170000 (153 000 to 186 000) 126 (11-3t0 13-8) 387% (24-0to 52-0) 4-8% (-6-0 to 14-5)
Females 51800 (45000 to 58 900) 7-4 (6410 8-4) 55-8% (37-6 to 74-2) 15-8% (1-9 to 29:5)
Males 118000 (106 000 to 131000) 183 (16-4 0 20-2) 32:4% (16-1t0 49-5) 1.6% (-10-9 to 14-5)
Low SDI quintile
Larynx cancer
Both sexes 11200 (9760 to 12700) 21(1-8t023) 27-2% (112 t0 45:5) -4-5% (-15-9t0 8-7)
Females 2150 (1850 to 2450) 0-8 (07 to 0-9) 31.8% (154 t0 52-9) -11% (<129 t0 137)
Males 9020 (7670 to 10500) 3-4(2:9to 4:0) 26-2% (7-4 t0 49-0) -4-8% (-18-1t0 11-4)
Tracheal, bronchus, and lung cancer
Both sexes 403800 (35100 to 48 600) 8.1(7-0t0 9-5) 40-0% (25410 55-8) 43% (-6:2t015-2)
Females 11000 (9620 to 12 400) 42(37t04-8) 62-5% (42-6 to 83-0) 20-4% (610 35-9)
Males 29800 (24 800 to 37200) 121 (10-1t0 14-9) 33-2% (17-8 t0 52:0) -0-2% (-11-4 t0 13-0)
Data in parentheses are 95% uncertainty intervals. SDI=Socio-demographic Index.
Table 1: Trends in the number of incident cases and age-standardised incidence rates from 2010 to 2019 globally and by SDI quintiles, by sex and for both
sexes combined, for tracheal, bronchus, and lung cancer and larynx cancer

quantification have been presented in previous
publications,*"as well as in appendix 1 (pp 10-24). Here,
we briefly review the methods for estimating the burden
of respiratory tract cancers—tracheal, bronchus, and
lung cancer and larynx cancer—and their attributable
risk factors.

Estimation of mortality, incidence, and DALYs

In GBD 2019, the initial step in the process of estimating
the burden of cancer was modelling cause-specific
mortality. Mortality data from multiple sources,
including vital registries and verbal autopsies, were
extracted. Because of scarce mortality data for some
locations and time points, mortality measures were also
estimated from the cancer registry incidence data with
separately modelled mortality-to-incidence  ratios
(MIRs). The codes corresponding to cancers in the GBD
cause hierarchy were taken from the International
Classification of Diseases (ICD)-9 and ICD-10 codebooks
and mapped to the GBD cause list for each cancer
(appendix 1 p 28). The mortality estimates were then
used as inputs for a Cause of Death Ensemble model
(CODEm), which predicts single-cause mortality based
on the available data and covariates with a causal
relationship.™” Additionally, to ensure that all single-
cause mortality estimates matched the separately
modelled all-cause mortality estimates, CoDCorrect was
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used to scale single-cause mortality estimates to all-
cause mortality estimates.' The incidence of each cancer
was calculated by dividing the cause-specific mortality
estimates by the MIRs.

The survival of each cancer was modelled on the
basis of MIR estimates for each location, year, sex, and
age. The yearly prevalence of the population that did
not survive beyond 10 years was divided into four
sequelae corresponding to phases of the disease—
diagnosis and primary therapy, the controlled phase,
the metastatic phase, and the terminal phase—while
the yearly prevalence of the population that survived
beyond 10 years was only divided into the first and
second phases. Disability weights associated with each
of these four phases were multiplied by the sequelae
prevalence to obtain the years lived with disability
(YLDs). For larynx cancer, additional disability due to
laryngectomy was also calculated using hospital data to
estimate the proportion of the population with larynx
cancer that underwent a laryngectomy. The hospital
data sources and related ICD codes are described in
appendix 1 (p 31). The years of life lost (YLLs) associated
with each cancer were calculated by multiplying the
number of deaths by age using a standard life
expectancy at that age.' Disability-adjusted life-years
(DALYs) were calculated by summing the YLDs and
YLLs.!

See Online for appendix 1
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Figure 1: Trends in age-standardised rates of tracheal, bronchus, and lung cancer, 1990-2019
Deaths for males, females, and both sexes combined; disability-adjusted life-years (DALYs) for males, females, and both sexes combined; and incidence for males, females, and both sexes combined are
shown. SDI=Socio-demographic Index.
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Risk factor estimation
GBD 2019 followed comparative risk assessment
(CRA) methodology to quantify attributable burden—
the reduction in current disease burden that would
have been possible if past population exposure had
shifted to the theoretical minimum risk exposure level
(TMREL).*®* To model the attributable burden
associated with a specific risk factor, four metrics were
assessed: the metric of burden under study (deaths,
YLDs, YLLs, or DALYs), the exposure level for the risk,
the relative risk of outcomes caused by the exposure,
and the counterfactual level of the risk factor exposure.
For instance, in order to estimate the DALYs for
tracheal, bronchus, and lung cancer attributable to a
specific risk, these DALYs were multiplied by the
population attributable fraction (PAF)—the proportion
by which the DALYs would be decreased in a specific
year if the exposure to a risk factor in the past was equal
to the TMREL—for the tracheal, bronchus, and lung
cancer risk-outcome pair for a given sex, age, year, and
location.

GBD risk factors are classified into a risk hierarchy
containing four levels, from broad risk categories
(behavioural, environmental and occupational, and

metabolic; Level 1) to the most specific (such as household
air pollution from solid fuels; Level 4).° Specific risk
factors associated with each cause were selected in
accordance with the World Cancer Research Fund grades
of convincing or probable evidence, and include smoking;
secondhand smoke; ambient particulate matter pollution;
household air pollution from solid fuels; diets low in
fruits; high fasting plasma glucose; residential radon
exposure; and occupational exposure to asbestos, arsenic,
beryllium, cadmium, chromium, diesel engine exhaust,
nickel, polycyclic aromatic hydrocarbons, and silica for
tracheal, bronchus, and lung cancer; and smoking,
alcohol use, and occupational exposure to asbestos and
sulphuric acid for larynx cancer. The definition
and input data for each exposure are summarised in
appendix 1 (pp 32-34). Details about the modelling
strategy and TMREL for each exposure are summarised
in appendix 1 of the report by the GBD 2019 Risk Factors
Collaborators.®

To calculate age-standardised rates, we used the GBD
global standard population.” All rates are reported per
100000 population in a given year, and point estimates
are presented with 95% uncertainty intervals (UlIs).
95% Uls were estimated by generating 1000 draws in

www.thelancet.com/respiratory Vol 9 September 2021
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each computational step, and taking the 25th and
975th ordered values of the draws. Moreover, the SDI,
an index that incorporates total fertility rate in women
younger than 25 years, lag-distributed income per capita,
and average years of education, and ranges from 0
to 100, was used to categorise the 204 GBD countries
and territories into quintiles. GBD locations are also
aggregated into 21 regions and seven super-regions.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Burden of tracheal, bronchus, and lung cancer

In 2019, there were 2-26 million (95% UI 2-07-2-45)
incident cases of tracheal, bronchus, and lung cancer
globally; 1-52 million (1-37-1-68) cases were diagnosed in
males and 737000 (658 000-814000) in females. From 2010
to 2019, the total number of new cases of tracheal,
bronchus, and lung cancer increased by 23 3% (12-9-33-6)
globally (table 1). In 2019, the age-standardised incidence
rate of tracheal, bronchus, and lung cancer was 27.7
(25-3-30-0) cases per 100000 population in both sexes
combined, and 40-4 (36-5—44-4) cases per 100000 in males
and 16-8 (15-0-18-6) cases per 100000 in females, globally.

DALYs

Deaths

Number of DALYs, 2019 Age-standardised rate

Percentage change in

Number of deaths, 2019

Age-standardised

Percentage change in

per 100000, 2019 age-standardised rate, rate per 100000,  age-standardised rate,
2010-19 (%) 2019 2010-19 (%)
Global
Larynx cancer
Bothsexes 3260000 (3030000 to 3510000) 38-8 (36-1t0 41.8) -9:3% (-15-3 t0-2-9) 123000 (115000 to 133 000) 15(14t016)  -85% (-143t0-2-3)
Females 464000 (421000 to 512 000) 10-7 (9-7t0 11-8) -5:2% (-13-3 10 4-0) 17800 (16 200 to 19700) 04(04t005)  -4-9% (-12-8t0 41)
Males 2800000 (2590 000 to 3030000) 69-3 (64-1t0752) -10-0% (-16:9 to -3-2) 106000 (97 800 to 115 000) 27(25t030)  -93% (-15-9t0-2-8)
Tracheal, bronchus, and lung cancer
Both sexes 45900000 (42300000 to 49300000) 5516 (509-0 to 593-1) ~7-3% (-14-6 to 0-4) 2040000 (1880000t02190000) 25-2 (23-2t027-0) -57% (-12-6to 1.5)
Females 14300000 (13000000 to 15700 000) 3276 (29850 360-4) -13% (-10-0to 7-7) 657000 (590000 to 719 000) 150 (13-5t016-4) 0-1% (-8-2t0 8:6)
Males 31600000 (28 600000 to 34700000)  802:9 (727-6 to 879-8) -10-0% (-18-6 to -0-4) 1390000 (1260000t0 1510000)  37-4(341t0407) -87% (-16-8t00-2)
High SDI quintile
Larynx cancer
Both sexes 342000 (324000 to 359 000) 20-1(19-1t021-2) -10-3% (-13-6 to -6'5) 14600 (13700 to 15300) 0-8(0-7t0 0-8) -8-9% (-11-8 to -5-6)
Females 52100 (47300 to 56 800) 6-0 (5-5t0 6-5) -7-8% (-11-8 t0 -2:9) 2280 (2030 to 2490) 02(02t002)  -7-5% (-11-1t0-2:9)
Males 290000 (274 000 to 305000) 35-6 (33-7t0 37:5) -11-8% (-15-4 to-77) 12400 (11700 to 12 900) 1.5(1-4to 1.5) -10-7% (-14-1to-7-2)
Tracheal, bronchus, and lung cancer
Both sexes 11300000 (10800000 to 11700000)  636:0 (606-9 to 656-8) -11-0% (-13-3t0-8-8) 578000 (534 000 to 603 000) 29-8 (27-8t031-:0) -8:9% (-11-0t0-6-9)
Females 4310000 (4010000 to 4510 000) 4619 (436-4t0 481-2) -55% (-8-7t0-2-3) 224000 (201000 to 237000) 211(19-4t022-1) -3.7% (-6:7t0-0-7)
Males 7030000 (6730000 to 7260000) 8357 (801-8t0 863-2) -14-8% (-16-8 to-12-6) 354000 (333000 to 367000) 406 (383t042:1) -131% (-15-0to-11-1)
High-middle SDI quintile
Larynx cancer
Both sexes 780000 (723000 to 836 000) 380 (352 t0 40-7) -183% (-24-2t0-125) 30400 (28100 to 32500) 15(1-4t016)  -16:9% (-22:7to-11-4)
Females 77800 (70800 to 85900) 7:3(6:6to 8-0) -12:9% (-20-6 to-4-0) 3250 (2940 to 3600) 03(03t003)  -11-9% (-19-5t0-2-8)
Males 703000 (649 000 to 756 000) 72:9 (67-4t078-4) -19-5% (257 to-13:5) 27200 (25100 to 29 200) 2:9(27t032)  -18-4% (-24-5t0-127)
Tracheal, bronchus, and lung cancer
Both sexes 14000000 (12700000 to 15300000)  680-7 (620-1to 7435) -9-6% (-17-9t0 -0-2) 614000 (559000t0 670000) 299 (27-2t032:6) -7-1% (-15-6 t0 2:3)
Females 3870000 (3430000 to 4420 000) 3551 (314-9t0 404-8)  -0-6% (-13-3t0 145) 175000 (154000t0200000)  15-4 (13-6t017-6)  2:1% (<10-5t0 17-6)
Males 10100000 (8960000t011300000)  1064-2 (943-6t01187-2) -13-4% (-23-4 to -1-9) 439000 (39000010 491000) 483 (431t053-9) -11-4% (-21-2 to 0-1)
Middle SDI quintile
Larynx cancer
Both sexes 912000 (829 000 to 1000 000) 347 (31:5t038-1) -8:5% (-16-5t0-0-3) 34900 (31600 to 38200) 14(13t016)  -7-8% (-15:7t0 0-2)
Females 135000 (121000 to 151000) 10-1(9-1t0 11-3) -10-9% (-20-4 t0 -0-6) 5380 (4810 to 6070) 0-4(0-4t00-5)  -10-2% (19-8 to 0-1)
Males 777000 (699 000 to 860 000) 611 (55-2 to 67-5) —72% (<1670 2:3) 29500 (26 500 to 32 600) 25(23t028)  -6:5% (-15:6t02:8)
Tracheal, bronchus, and lung cancer
Bothsexes 14900000 (13000000 t0 16 900000)  579-4 (506-1t0 655:0)  -3-1% (155 t0 10-3) 630000 (551000 to 712 000) 263(23-0t029-7) -1.7% (-13-8t0 11-6)
Females 4470000 (3810000 to 5200 000) 3367 (2873 t0390-8) 2:3% (-13-4t019-2) 194000 (165000 t0 224000) 155 (13-2t017-8)  3-7% (-11-8t0195)
Males 10400000 (8760000t012200000)  844-4 (711110 986:0)  -4.7% (-19-6t0 12:2) 436000 (368000t0509000)  387(32:8t0450)  -3-4% (-18:0t0 13-2)

(Table 2 continues on next page)
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DALYs Deaths

Number of DALYs, 2019 Age-standardised rate

per 100000, 2019

Percentage change in
age-standardised rate,
2010-19 (%)

Number of deaths, 2019 Age-standardised
rate per 100 000,

2019

Percentage change in
age-standardised rate,
2010-19 (%)

(Continued from previous page)

Low-middle SDI quintile

Larynx cancer

Bothsexes 900000 (801000 to 1020000) 613 (54-6 t0 69-4) -5.2% (-16-0t0 7:3) 32100 (28700 to 36 200) 23(21t026)  -45%(-14-8t07-0)
Females 141000 (120 000 to 165000) 186 (15-8t0217) 0-4% (-13-0t0 16-8) 4970 (4260 to 5780) 0-7(0-6t0 0-8) 0-2% (-12-5t0 15:6)
Males 759000 (662 000 to 868 000) 1068 (93-4 t0 122-0) -51% (-17-5 0 8-8) 27100 (23 800 to 31000) 41(37t047) -4-0% (-15-8 to 9-0)
Tracheal, bronchus, and lung cancer
Both sexes 4400000 (3980000 to 4 830000) 3082 (278-6 to 337:5) 2:9% (-7-5t0 12-6) 174000 (158 000 to 190 000) 132 (12:0t014-3)  37% (-6-4t0127)
Females 1320000 (1140000 to 1510 000) 1785 (154-4 t0 204-3) 14-0% (-0-0 t0 28-8) 52500 (45800 to 59 600) 77(67t087)  14-3% (0-3t028:3)
Males 3080000 (2780000 to 3400 000) 447-9 (4053t0492-4)  -0-4% (-12-0t0 11-4) 122000 (110000 to 134 000) 193(17-5t0212)  0-6% (-10-7 to 12:0)
Low SDI quintile
Larynx cancer
Bothsexes 326000 (285000 to 376 000) 56-3 (49-2 to 64-6) -87% (-19.7t0 4-3) 11200 (9790 to 12 800) 2.2 (1:9t02-5) —7-4% (-17:7 10 5.0)
Females 57900 (49 600 to 66 900) 19-1(16-5t022-1) -5.7% (-17-4 10 8-9) 1910 (1640 to 2210) 07(0-6t00-8)  -3-6% (-14:7t010-3)
Males 268000 (228 000 to 319 000) 94-5 (807 to 111-4) -8.8% (-21.7t0 6-6) 9320 (7970 to 11000) 37(32t043) -7-6% (-20-0t0 6-8)
Tracheal, bronchus, and lung cancer
Both sexes 1220000 (1040000 to 1450000) 219.9 (188:7t0 259:9) 2.7% (-7-8t0 13-9) 46000 (39600 to 53 900) 94(81t010-9)  3-0% (-6-9 to 13-4)
Females 306000 (264 000 to 348 000) 106-4 (925 t0 120-6) 19-6% (4-7 t0 35:9) 11300 (9780 to 12700) 45(39t051)  20-2% (4-9to 36-5)
Males 910000 (754000 to 1130 000) 337:3(282-2t0 412-8) -1-4% (-13-2t0 12-1) 34700 (29000 to 42200) 147 (12-4t017:5)  -12% (-12-3t0 11-3)

Data in parentheses are 95% uncertainty intervals. DALY=disability-adjusted life-year. SDI=Socio-demographic Index.

Table 2: DALYs and deaths in 2019 (counts and age-standardised rates) and trends from 2010 to 2019, globally and by SDI quintiles, by sex and for both sexes combined, for tracheal,
bronchus, and lung cancer and larynx cancer
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Although the age-standardised incidence rate of
tracheal, bronchus, and lung cancer was lower in females
than in males in every year from 1990 to 2019, the female
rate rose over the study period, while the male rate
declined. The female age-standardised incidence rate
went up by 22:3% (95% UI 10-2 to 40-0) from 1990
to 2019, although it only rose non-significantly by 0-9%
(-8-2 to 10-2) from 2010 to 2019 (figure 1, table 1), while
there was a decline in the male age-standardised
incidence rate of 7-4% (-16-8 to 1-6) between 2010 and
2019, and by 12-5% (2-5 to 22-7) since 1990.

Throughout the study period, the age-standardised
incidence of tracheal, bronchus, and lung cancer was
highest in the high SDI quintile, at 37-4 (95% UI 33-9 to
40-8) new cases per 100 000 in 2019, higher than both the
global age-standardised rate of 27-7 (25-3 to 30-0) cases
per 100000 and the age-standardised rate of 8-1 (7-0 to
9-5) per 100000 in the low SDI quintile (table 1). There
were 709000 (637000-773000) incident cases of tracheal,
bronchus, and lung cancer in the high SDI quintile
in 2019. However, from 2010 to 2019, the high SDI quintile
saw the largest decline in age-standardised incidence rate
(-8-7% [-15-8 to —0-5]), while the low-middle and low
SDI quintiles saw the largest increases (4-8% [-6-0 to 14-5]
for the low-middle SDI quintile and 4-3% [-6-2 to 15-2]
for the low SDI quintile).

Tracheal, bronchus, and lung cancer was the leading
cause of cancer death globally in 2019, with nearly double

the number of attributable deaths compared to the next-
highest cancer.! There were 2-04 million (95% UI
1-88 to 2-19) deaths attributable to tracheal, bronchus,
and lung cancer in 2019: 1-39 million (1-26 to 1-51)
deaths in males and 657000 (590000 to 719 000) deaths in
females (table 2). The age-standardised death rate due
to tracheal, bronchus, and lung cancer was 25-2
(232 to 27-0) per 100000 in both sexes combined
in 2019, 37-4 (34-1to 40-7) per 100000 in males and 15-0
(13-5t0 16 -4) per 100 000 in females. The age-standardised
death rate of tracheal, bronchus, and lung cancer
declined by 5:7% (-12-6 to 1-5) globally from 2010
to 2019.

Globally in 2019, there were 45-9 million (95% UI
42-3to 49-3) DALYs due to tracheal, bronchus, and lung
cancet, of which 98-8% came from YLLs and 1-2% from
YLDs. In 2019, the age-standardised DALY rate for
tracheal, bronchus, and lung cancer was almost
2-5 times higher in males than in females and 3-1 times
higher in the high-middle SDI quintile (where rates
were highest) than in the low SDI quintile (table 2). The
global age-standardised DALY rate declined by 7-3%
(-14-6 to 0-4) for both sexes combined from 2010 to
2019.

While age-standardised rates of incidence, death, and
DALYs for tracheal, bronchus, and lung cancer declined
globally over the past decade, non-significant increases in
all three measures were observed in central, eastern, and
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Figure 2: Proportion of deaths attributable to leading specific risk factors, by sex and SDI quintile, 2019, for tracheal, bronchus, and lung cancer (A) and

larynx cancer (B)

Leading four specific risks for attributable deaths are shown for females and males. SDI=Socio-demographic Index. The error bars indicate 95% uncertainty intervals.

western sub-Saharan Africa; south and southeast Asia; and
Oceania, and in the low and low-middle SDI quintiles
(appendix 2 pp 3—40). In these locations, age-standardised
rates increased even more substantially among females
than among males. More detailed estimates of incidence,
mortality, DALYs, YLDs, and YLLs for tracheal, bronchus,
and lung cancer at regional and national levels are
summarised in appendix 2 (pp 340, 78-136).

Burden of larynx cancer

In 2019, there were 209000 (95% UI 194000 to 225000)
incident cases of larynx cancer for both sexes combined
worldwide, 181000 (166000 to 196000) cases in males
and 28500 (26100 to 31300) in females (table 1).
From 2010 to 2019, the number of incident cases of larynx
cancer increased by 24-7% (16-0 to 34-1; table 1). The
global age-standardised incidence rate declined by 2-5%
(-9-3 to 4-8) over the same time period.

In 2019, the number of deaths attributable to larynx
cancer was 123000 (95% UI 115000 to 133000) for both
sexes combined; 106000 (97800 to 115000) deaths occurred
in males and 17800 (16200 to 19700) deaths occurred in
females. From 2010 to 2019, the age-standardised death
rate of larynx cancer decreased (-9-3% [-15-9 to —2-8] in
males and —4-9% [-12-8 to 4-1] in females) at the global
level. Globally, there were 3-26 million (3-03 to 3-51)
DALYs due to larynx cancer in 2019, of which 97% came

www.thelancet.com/respiratory Vol 9 September 2021

from YLLs and 3% from YLDs. Age-standardised DALY
rates declined by 9-3% (2-9 to 15-3) from 2010 to 2019
globally for both sexes combined. The age-standardised
DALY rate attributable to larynx cancer was approximately
six times higher in males than in females (table 2).
Age-standardised DALY rates for larynx cancer in 2019
were highest in the low-middle SDI quintile (61-3
(54-6 to 69-4] per 100000) and low SDI quintile (56-3
[49-2 to 64-6] per 100000) and lowest in the high SDI
quintile (20-1[19-1 to 21-2] per 100000).

Similarly to tracheal, bronchus, and lung cancer, while
age-standardised incidence, death, and DALY rates for
larynx cancer declined globally over the past decade, there
was a non-significant rise in rates for all three measures
in the Caribbean, and non-significant increases in age-
standardised incidence rates were observed in east Asia,
southeast Asia, north Africa and the Middle East, and the
middle andlow-middle SDI quintiles (appendix 2 pp 41-77).
More regional and national estimates for incidence,
deaths, DALYs, YLLs, and YLDs attributable to larynx
cancers are summarised in appendix 2 (pp 41-136).

Mortality from tracheal, bronchus, and lung cancer and
larynx cancer attributable to leading risk factors

In 2019, an estimated 80-3% (95% UI 77-5-83-2) of all
deaths from tracheal, bronchus, and lung cancer were
attributable to risk factor exposure. Smoking was the

See Online for appendix 2
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Figure 3: Annualised rate of change in the age-standardised death rate of tracheal, bronchus, and lung cancer attributable to smoking, 2010-19

leading risk factor for deaths from tracheal, bronchus,
and lung cancer that year among the most specific GBD
risks, contributing to 64-2% (61-9-66-4) of total deaths
from tracheal, bronchus, and lung cancer for both sexes
combined, or 16-1 (14-7-17-5) age-standardised deaths
per 100000. The proportion of deaths attributable to
smoking varied substantially by sex, with 76-2%
(74-6-77-8) of deaths from tracheal, bronchus, and lung
cancer attributable to smoking among males compared
to 38-9% (36-7—40-9) among females (figure 2A).

In 2019, age-standardised death rates for tracheal,
bronchus, and lung cancer attributable to smoking were
generally highest in countries in central Europe, such as
Montenegro and Hungary, and western Europe, such as
Monaco and Greece (appendix 2 pp 137-203). Likewise,
among SDI quintiles, rates were highest in the high SDI
quintiles. Rates were highest in higher SDI countries in
2019 as a function of historically high rates. However,
from 2010 to 2019, countries in north Africa and the
Middle East (eg, Iraq and Palestine), western and eastern
sub-Saharan Africa (eg, Cabo Verde and Rwanda), and
the Caribbean (eg, Saint Kitts and Nevis) had some of the
highest annualised rates of increase in age-standardised
death rates of tracheal, bronchus, and lung cancer
attributable to smoking, while many countries with the
highest smoking-attributable rates (eg, Greenland,
Hungary, Poland, and Serbia) saw steady declines over
the same period (figure 3). Among SDI quintiles, the
high SDI quintile had the largest annualised rate of
decline in age-standardised death rates of tracheal,
bronchus, and lung cancer attributable to smoking from
2010 to 2019 (1-5% [95% UI 0-6 to 2-5] decrease), while
the middle SDI quintile was the only quintile that did not
have a negative annualised rate of change (0-0%
[-1-9 to 2-0]).

Overall, between 2010 and 2019, the greatest decline in
age-standardised death rates attributable to smoking was
seen in the high SDI quintile, with a decrease of

12:9% (95% UI 11-0-14-9) in both sexes combined.
Smoking-attributable age-standardised deaths from
tracheal, bronchus, and lung cancer decreased among
males in all GBD regions, except for central sub-Saharan
Africa, between 2010 and 2019. However, during the
same period, an increase in smoking-attributable age-
standardised deaths from tracheal, bronchus, and lung
cancer was observed among females in 11 of 21 GBD
regions, most prominently in eastern Europe, central
sub-Saharan Africa, south Asia, north Africa and the
Middle East, and eastern sub-Saharan Africa.

The second-highest specific risk factor for tracheal,
bronchus, and lung cancer was ambient particulate
matter pollution, contributing to 15-1% (95% UI
11-3 to 18-9) of deaths from tracheal, bronchus, and lung
cancer for both sexes combined, or an age-standardised
attributable death rate of 3-8 (2-8 to 4-9) per 100000. The
attributable proportion of deaths was similar for males
and females, at 15-6% (11-7 to 19-6) for males and 13-9%
(10-3 to 17-6) for females (figure 2A). Globally, from 2010
to 2019, the age-standardised death rate attributable to
ambient particulate matter pollution remained almost
unchanged (-0-6% [-10-4 to 11-4]). Trends in age-
standardised death rates attributable to ambient
particulate matter pollution varied starkly by SDI quintile,
with the low SDI quintile showing a 43-3% (17-4 to 86-2)
increase, the low-middle SDI quintile showing a 36-0%
(15-0 to 65-8) increase, and the middle SDI quintile
showing a non-significant 6-5% (-9-4 to 26-2) increase,
from 2010 to 2019, compared to a 21-3% (15-8 to 27-6)
decrease in the high SDI quintile and a non-significant
6-2% (-17-3 to 7-2) decrease in the high-middle SDI
quintile. The rise in the age-standardised death rate
attributable to ambient particulate matter pollution in the
low SDI quintile was more prominent in females, with an
80-4% (44-3 to 137-5) increase. From 1990 to 2019, the
low, low-middle, and middle SDI quintiles all had
increases in age-standardised death rates attributable to

www.thelancet.com/respiratory Vol 9 September 2021
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Figure 4: Ranked contribution of risk factors to the age-standardised death rate of tracheal, bronchus, and lung cancer by region, 2019, for both sexes

combined, females, and males

Risk factors are ranked from 1 (leading risk factor for age-standardised death; dark red) to 16 (lowest risk factor for age-standardised death; dark blue).

ambient particulate matter pollution higher than 130%,
compared to a decrease of nearly 50% in the high SDI
quintile. Several high SDI countries saw age-standardised
tracheal, bronchus, and lung cancer death rates
attributable to ambient particulate matter pollution
decline by more than 65% over the same 30-year period,
such as Finland (-75-0% [-94-8 to 30-2]), Estonia
(-70-5% [-89-3 to =-29-5]), Switzerland (-70-1%
[-83-4 to —35-2]), Sweden (—68-2% [-92-2 to 30-4]), and
the USA (-68-0% [-85-3 to —22-8]).

Occupational exposure to asbestos was the third-
highest specific risk factor for deaths from tracheal,
bronchus, and lung cancer in 2019 for both sexes
combined (9-7% [95% UI 6-9-12-5] of all deaths;
2-5 [1-8-3-3] age-standardised deaths per 100000). For
males, 12-4% (8-3-16-6) of deaths from tracheal,
bronchus, and lung cancer were attributable to asbestos,
compared to 4-0% (2-4-5-5) for females (figure 2A). The
age-standardised death rate for tracheal, bronchus, and
lung cancer attributable to asbestos was highest in the
high SDI quintile, at 5-7 (4-1-7-3) deaths per 100000,
and lowest in the low SDI quintile, at 0-4 (0-2-1-0)
deaths per 100000 (appendix 2 pp 137-203).

There were some regional disparities in the
risk-attributable burden of tracheal, bronchus, and lung
cancer between sexes. In every region, smoking was the
leading specific risk factor for age-standardised deaths
from tracheal, bronchus, and lung cancer per 100 000 for
males and for both sexes combined. However, in
females, household air pollution from solid fuels was
the leading specific risk factor in the low SDI quintile
and in central, eastern, and western sub-Saharan Africa
in 2019, while ambient particulate matter pollution was
the leading specific risk factor in central and
south Asia and Andean Latin America in 2019 (figure 4).
Between 2010 and 2019, female age-standardised death
rates attributable to household air pollution from solid
fuels remained almost constant in the low SDI
quintile (2-1% [95% UI -13-7 to 19-0]), but decreased
significantly in the high SDI quintile (—40-3% [-54-4 to
-26-9]). Secondhand smoke was the fourth-leading
specific risk factor for deaths from tracheal, bronchus,
and lung cancer in females (and the fifth-leading risk
factor in males). Age-standardised death rates for
tracheal, bronchus, and lung cancer attributable to
secondhand smoke decreased in high, high-middle, and
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middle SDI quantiles among males between 2010 and
2019. However, a decline was only seen in the high SDI
quintile among females during the same period.
Figure 4 provides more information about regional
age-standardised death rates for tracheal, bronchus,
and lung cancer by attributable risks in 2019.
Appendix 2 (pp 137-203) summarises the deaths from
tracheal, bronchus, and lung cancer attributable to GBD
risk factors at the regional and national levels.

Similarly to tracheal, bronchus, and lung cancer, the
leading specific risk factor for larynx cancer in 2019 was
smoking, contributing to 63-4% (95% UI 56-3 to 69-3)
of all deaths from larynx cancer, or 0-9 (0-8 to 1-1)
age-standardised deaths per 100000 (appendix 2
pp 204-237). 69-5% (61-9 to 75-5) of deaths from larynx
cancer in males were attributable to smoking, compared
to 27-4% (21-6 to 33-0) in females (figure 2B; results for
country-level annualised rates of change in smoking-
attributable deaths from larynx cancer are summarised
in appendix 2 p 238). Between 2010 and 2019, in both
sexes combined, age-standardised death rates attributable
to smoking declined in almost all regions globally and in
almost all SDI quintiles (-12-1% [-15-2 to =9-0] in the
high SDI quintile and —10-9% [-23-6 to 4-4] in the low
SDI quintile). The second-highest risk factor was alcohol
use, contributing to 19-4% (11-6 to 26-3) of all deaths
from larynx cancer in both sexes combined, 21-7%
(12-9 to 29-2) among males and 5-7% (2-8 to 8:-6)
among females. Occupational exposure to sulphuric acid
was the third-highest attributable risk factor, contributing
to 3-3% (1-4 to 6-0) of deaths in both sexes combined:
3-4% (1-4 to 6-2) in males and 2-5% (1-0 to 4-5) in
females. Deaths from larynx cancer attributable to GBD
risk factors at the regional and national levels are
summarised in appendix 2 (pp 204-237).

Discussion
Overview
Globally, the total number of incident cases of, and deaths
and DALYs due to, tracheal, bronchus, and lung cancer
and larynx cancer for both sexes combined increased over
the past decade, while age-standardised rates steadily
decreased. Despite considerable progress on decreasing
these rates at the global level, concerning trends were
observed in certain populations and geographical regions.
While age-standardised incidence and death rates for
tracheal, bronchus, and lung cancer decreased globally in
males from 2010 to 2019, they increased among females
globally over the same period, albeit more slowly than
over the previous two decades. Moreover, increases in
tracheal, bronchus, and lung cancer incidence and death
rates were observed in the low SDI and low-middle SDI
quintiles for both sexes combined, with even larger
increases among females in these SDI quintiles.
Although smoking was the leading specific risk factor
for mortality from respiratory tract cancer worldwide
in 2019, household air pollution due to solid fuels and
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ambient particulate matter pollution were also important
risk factors for tracheal, bronchus, and lung cancer in
females in the low SDI quintile and several GBD regions.
Furthermore, the age-standardised death rates of
tracheal, bronchus, and lung cancer attributable to
ambient particulate matter pollution rose significantly in
these populations over the past decade, while the
age-standardised death rates attributable to household
air pollution remained stagnant. These trends underline
the need for expanded smoking control programmes and
regulations worldwide, as well as stricter air quality
regulations and an expansion of access to clean sources
of cooking and heating energy in lower SDI countries, to
reduce the risk of tracheal, bronchus, and lung cancer.
More geographically specific air pollution exposure
assessments could be considered to identify populations
at high risk of developing tracheal, bronchus, and lung
cancer. In the USA and some high SDI countries in
Europe, screening protocols for lung cancer have recently
been explored or implemented for certain high-risk
subpopulations;** however, less information is available
about their potential use or challenges associated with
their implementation in lower SDI settings.

Reducing burden of tracheal, bronchus, and lung cancer
and larynx cancer through risk factor mitigation
Smoking was the leading specific risk factor for deaths
from larynx cancer and tracheal, bronchus, and lung
cancer worldwide in 2019. However, over the past decade,
the age-standardised death rates of tracheal, bronchus,
and lung cancer attributable to smoking in the high SDI
quintile decreased by 12-9% (95% UI 11-1-14-9) and
those for larynx cancer decreased by 12-1% (9-0-15-2),
compared to overall decreases in age-standardised death
rates of 8-9% (5-6-11-8) for tracheal, bronchus, and lung
cancer and 8-9% (6-9-11-0) for larynx cancer. These
findings suggest that smoking control programmes in
high SDI regions have been successful in reducing
mortality from respiratory tract cancer. Policies involving
health-related warnings on cigarette packages; bans on
advertising, promotion, and sponsorship; and taxation
on tobacco products have been shown to reduce smoking
prevalence worldwide.””” The MPOWER policy package
by the Tobacco Free Initiative has succeeded in expanding
evidence-based tobacco control measures to almost
two-thirds of the global population as of July, 2019.* The
MPOWER tobacco control package includes monitoring
tobacco use and preventive measures, warning about
tobacco use, enforcing bans on advertising tobacco, and
raising taxes on tobacco.”

Despite substantial progress in reducing the smoking-
attributable respiratory tract cancer burden at the global
level, and strong evidence showing that smoking control
measures are effective, the age-standardised death rate
for tracheal, bronchus, and lung cancer attributable to
smoking increased in 55 countries and territories
from 2010 to 2019, particularly in north Africa and the
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Middle East, western and eastern sub-Saharan Africa,
and the Caribbean. These contradictory findings suggest
that there is a huge opportunity to implement culturally
appropriate policies and regulations that target smoking
control measures to help reduce the burden of respiratory
tract cancer in these countries. A variety of tobacco use
methods, including waterpipes (hookah) are commonly
used in the Middle East and have a long history in the
region, highlighting the importance of community
partnership and cultural sensitivity in optimising
smoking control measures in these settings.” More
research might be necessary to assess the barriers to
effective smoking control programmes in locations
where death rates for tracheal, bronchus, and lung cancer
due to smoking are on the rise.

These trends are particularly concerning among
females, with 11 of 21 GBD regions, particularly eastern
Europe, central sub-Saharan Africa, and south Asia,
showing increases in age-standardised mortality rates of
tracheal, bronchus, and lung cancer attributable to
smoking in females over the past decade compared to
just one region for males—central sub-Saharan Africa.
This finding might be partially explained by the four-
stage model of the cigarette epidemic.”” Based on this
model, an increase in the prevalence of female smoking
tends to occur decades later than male smoking, so there
is a considerable lag time before the cumulative effects of
smoking on health outcomes are observed in females.”
Secondhand smoke also contributed to an increasing
attributable age-standardised death rate of tracheal,
bronchus, and lung in females in countries lower on the
SDI range. Genetic and hormonal factors are also
thought to potentially play a role in residual deaths from
lung cancer in females, but research on this subject is
still very scarce.”

Ambient particulate matter pollution was the second-
highest specific risk factor for deaths from tracheal,
bronchus, and lung cancer in 2019, accounting for 15-1%
(95% UI 11-3-18-9) of tracheal, bronchus, and lung
cancer mortality worldwide. This finding is in line with
previous research, which found that air pollution was a
major risk factor for lung cancer incidence, particularly
in non-smokers.”* Researchers found that each
10 pg/m3 increase in criteria air pollutants (ie, carbon
monoxide, ground-level ozone, lead, nitrogen dioxide,
particulate matter, and sulphur dioxide) increased lung
cancer mortality by up to 27% in the USA (for PM,
concentrations over a 26-year period)® and by up to
30% in the Netherlands (for PM,, concentrations over a
7-year period).” As of 2016, approximately 92% of the
world’s population was living in areas not meeting WHO
air quality criteria,* again demonstrating the considerable
potential to reduce the global burden of tracheal,
bronchus, and lung cancer through risk factor mitigation,
in this case through improved air quality.

One successful example of a policy to control ambient
particulate matter pollution is the US Clean Air Act,

which, in 1970, gave the federal Environmental Protection
Agency the power to regulate the emission of criteria air
pollutants by setting air quality requirements and
expanding federal enforcement. As of 2017, it had
succeeded in reducing particulate matter concentration
by more than 80% since its establishment. As a likely
consequence of this risk reduction, the age-standardised
death rate of tracheal, bronchus, and lung cancer
attributable to ambient particulate matter pollution
declined by 68-0% (95% UI 22-8-85-3) in the USA
from 1990 to 2019, one of the largest reductions in the
world.

Our findings demonstrate that, despite considerable
progress in reducing the age-standardised death rate of
tracheal, bronchus, and lung cancer attributable to
ambient particulate matter pollution in high SDI
countries over the past decade, age-standardised rates
remained unchanged globally. This was due to a rise of
more than 35% in the age-standardised death rate of
tracheal, bronchus, and lung cancer attributable to
ambient particulate matter pollution in low SDI and
low-middle SDI quintiles between 2010 and 2019. In
these settings, reducing exposure to ambient particulate
matter pollutants will be crucial to reducing the risk of
tracheal, bronchus, and lung cancer in the future.

Furthermore, in the low SDI quintile, household air
pollution due to solid fuels was an even larger contributor
to deaths from tracheal, bronchus, and lung cancer than
ambient particulate matter pollution (ranked second to
smoking). In 2019, household air pollution due to solid
fuels was the first-ranked specific risk factor for tracheal,
bronchus, and lung cancer in females in the low SDI
quintile as a whole and in central, eastern, and western
sub-Saharan Africa. Solid fuel exposure has previously
been identified as an important risk factor for lung
cancer, particularly in never-smokers.**” In many low
SDI countries, the adoption and sustainable use of clean
fuels (ie, gas and electricity) have been limited due to
high costs.”® Solid fuels with incomplete combustion
produce more air pollutants and can cause both indoor
and outdoor air pollution when used for cooking
purposes.” The Clean Cooking Alliance is one example
of an initiative to expand access to clean, affordable, and
modern energy for cooking.* Expanding access to cleaner
energy and other efforts to reduce air pollution require
investments in the energy sector and are of particular
importance in regions such as sub-Saharan Africa, where
about half of the population does not have access to
electricity.”

Occupational exposure to asbestos was the third-leading
specific risk factor for deaths from tracheal, bronchus,
and lung cancer worldwide in 2019, contributing to 9-7%
(95% UI 6-9-12-5) of all deaths. Occupational exposures
can be reduced substantially by enacting policies such as
banning the use of asbestos, as has been done in many
countries, such as Australia, Taiwan, the USA, and
European countries such as Denmark, France, Germany,
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and more.”* A study of a cohort of textile workers showed
that up to 24% of deaths were preventable by following
US Occupational Safety and Health Administration
standards.® In the high SDI quintile, the age-standardised
death rate of tracheal, bronchus, and lung cancer
attributable to asbestos was nearly 15 times higher than in
the low SDI quintile, reflective of industrialisation and
cumulative occupational exposures that occurred decades
ago. It is essential that countries in low SDI regions also
ban the use of products that contain asbestos and other
occupational carcinogens as these countries continue to
industrialise, to minimise the burden of tracheal,
bronchus, and lung cancer due to these risk factors in the
future.”

Reducing burden of tracheal, bronchus, and lung cancer
through health-system strengthening and advances in
treatment options

We found that more than 98% of the burden of tracheal,
bronchus, and lung cancer and larynx cancer in 2019
came from YLLs, with less than 2% from YLDs, indicating
that these cancers cause far more premature death than
disability. Delayed diagnosis, limited curative therapeutic
options, and inadequate health systems are important
contributors to the high burden of and mortality from
tracheal, bronchus, and lung cancer and larynx cancer.
The 17th World Health Assembly emphasised enhancing
access to health care for patients diagnosed with cancer by
strengthening national health systems and international
cooperation.” Over the past decade, many higher SDI
countries succeeded in reducing the age-standardised
death rate of tracheal, bronchus, and lung cancer by more
than 10%, primarily through effective preventive
measures (risk exposure reduction) and, to a lesser extent,
advances in treatment options. In high SDI European
countries, China, and the USA, advances in treatment,
including molecular agents and immunotherapies
recently approved by the US Food and Drug Admini-
stration, as well as potential new cytotoxic agents,
emerging molecularly targeted agents, and novel
immunotherapeutic strategies for treating tracheal,
bronchus, and lung cancer have opened up an avenue to
improve survival outcomes of patients with larynx cancer
and tracheal, bronchus, and lung cancer in the near
future.* Such advances in the treatment of tracheal,
bronchus, and lung cancer and larynx cancer could
reduce the disease burden of these cancers in upcoming
years as these treatments become more widely available,
at least in locations that have the financial capacity to
consider their implementation. To reduce the burden of
tracheal, bronchus, and lung cancer through better
treatment options beyond high SDI countries, however,
effective therapies will need to be made accessible at
much lower costs. Many lower SDI countries will not
have the resources to support new, elaborate, and
intensive cancer treatments, as many do not have the
health-system capacity to provide widespread access to
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current treatment options such as surgery, chemotherapy,
genetic analysis, and targeted medications. Although risk
reduction remains the best option for reducing the
burden of tracheal, bronchus, and lung cancer and larynx
cancer in most populations, lower SDI countries should
also be considering opportunities for more broad health-
system strengthening, which could further help to reduce
the burden of these and other non-communicable
diseases.

Reducing tracheal, bronchus, and lung cancer burden
through screening and subsequent early treatment
One of the reasons for the low survival of patients with
tracheal, bronchus, and lung cancer and larynx cancer is
that patients are often diagnosed in advanced stages. This
is due to several reasons, including rapid progression of
the disease, challenges with referral pathways and health-
system capacity to diagnose cancer, and the scarcity of
effective population screening modalities.** There is
currently no screening protocol for larynx cancer, but
lung cancer screening (specifically, low-dose CT) was
recently shown to be a cost-effective approach for high-
risk populations in the USA* and is under assessment in
Europe.”™® Lung cancer screening could improve the
survival of patients with lung cancer by identifying
patients at early stages.” The National Lung Screening
Trial (NLST) in the USA found that the implementation
of annual low-dose CT resulted in a 20% reduction in
lung cancer mortality in people at high risk of developing
lung cancer.*** Based on the available evidence, the US
Preventive Services Task Force now recommends annual
lung cancer screening with low-dose CT for people in the
USA aged 55-80 years who have at least a 30-pack-year
history of smoking, currently smoke, or have quit
smoking within the past 15 years.” In addition to low-
dose CT, a signature of non-coding mRNAs, DNA
methylation, and somatic mutations that can be detected
from peripheral blood are under investigation to detect
tracheal, bronchus, and lung cancers at early stages.”*
A screening strategy might serve as a cost-effective action
to reduce the burden of tracheal, bronchus, and lung
cancer in some high SDI regions, where the incidence of
tracheal, bronchus, and lung cancer is highest and where
the resources needed to implement such a programme are
available.” This is particularly true for populations at the
highest risk of death from tracheal, bronchus, and lung
cancer, since lung cancer screening is most cost-effective
when the risk of premature death is highest” Despite
progress on tracheal, bronchus, and lung cancer screening
research, however, screening should only be seen as an
effective method for reducing the burden of tracheal,
bronchus, and lung cancer in certain populations and
locations with the capacity to diagnose and manage
imaging findings, and only in combination with
programmes aimed at reducing exposure to risk factors.
Many countries are not in a position to adopt lung cancer
screening protocols due to a combination of factors,
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including expenses and inadequate health-system capacity
required for screening and subsequent treatment, and the
need to consider additional unique challenges associated
with implementation in low-resource settings. Moreover,
with 80-3% (95% UI 77-5-83-2) of all deaths from
tracheal, bronchus, and lung cancer in 2019 attributable to
risk factor exposure, preventive measures are still the most
important steps to control incidence, and thereby mortality,
worldwide. If the necessary resources become more widely
available in the future, the cost-effectiveness of screening
protocols for tracheal, bronchus, and lung cancer could be
assessed and then considered for wider implementation in
high-risk populations around the world. For policy makers
evaluating whether and how to expand screening in the
future, it is important first to consider local risk-factor
contexts, challenges with misdiagnosis, and, as previously
discussed, the ability of the health-care system to treat
patients who are diagnosed. Screening programmes alone
will not improve health outcomes without subsequent
access to effective diagnosis and treatment options. Any
strategy to reduce the burden of tracheal, bronchus, and
lung cancer should take all of these local factors into
consideration and prioritise risk reduction and health-
system strengthening before implementing screening
protocols, particularly in lower SDI settings.

Finally, the age-standardised death rate due to tracheal,
bronchus, and lung cancer increased by 3-0% (95% UI
—6-9 to 13-4) in the low SDI quintile between 2010
and 2019 for both sexes combined; this finding warrants
the urgent attention of health-care policy makers in these
countries. Even more concerning, the age-standardised
death rate from tracheal, bronchus, and lung cancer in
this quintile increased by 20-2% (4-9 to 36-5) among
females over the same period. If current trends continue,
many low SDI countries may struggle to meet the SDG
target to reduce non-communicable disease mortality by at
least a third by 2030.** In low SDI countries, prioritisation
of resources to reduce the risk of larynx cancer and
tracheal, bronchus, and lung cancer by implementing
smoking control programmes, stronger air quality
regulations and enforcement, better access to clean fuel
sources, and occupational risk factor legislation, can be
cost-effective approaches to reduce deaths from larynx
cancer and tracheal, bronchus, and lung cancer.”
Furthermore, previous research suggests that joint
exposure to ambient particulate matter pollution and
smoking might have greater than additive effects on death
rates for tracheal, bronchus, and lung cancer,” so such
interventions might produce larger benefits than
suggested in our analysis.

Limitations and strengths

Although GBD 2019 provides a comprehensive review
and assessment of global incidence, death, and DALYs of
major cancers, it faces several limitations. Some data
sources were not as reliable as others, particularly in
lower SDI countries. It is possible that the number

of tracheal, bronchus, and lung cancer cases was
underestimated in some low SDI countries because of
limited access to diagnostic tools. Another limitation of
this study is that we were not able to capture the impact
of genetic factors in the incidence of and therapeutic
response in patients with tracheal, bronchus, and lung
cancer. Although estimation of the proportion of cases of
tracheal, bronchus, and lung cancer attributable to these
non-modifiable risk factors was beyond the scope of the
present study, these risk factors could have an impact on
the epidemiological picture of tracheal, bronchus, and
lung cancer in different regions. For instance, a mutation
in the epidermal growth factor receptor (EGFR) affects
the therapeutic response to, and outcome of, tracheal,
bronchus, and lung cancer, and presence of this mutation
varies from 9-1% in the Dutch population to 51-4% in
east Asia.?”® As another example, the *2 allele of
mitochondrial aldehyde dehydrogenase (ALDHZ2*2),
which is associated with decreased metabolism of alcohol,
higher alcohol toxicity, and possible carcinogenicity, is
more prevalent in east Asian populations than in other
populations.* Additionally, the magnitude of the
contribution of each risk factor to lung cancer varies for
different histological subtypes of lung cancer,” and we
could not differentiate these different histological
subtypes. Similarly, we were unable to separate statistical
records related to tracheal cancers from lung and
bronchial cancers because of the registration overlap in
data sources for this study.

GBD 2019 global estimates of tracheal, bronchus,
and lung cancer incidence and mortality are slightly
higher than the Global Cancer Incidence, Mortality and
Prevalence (GLOBOCAN) 2018% estimates (2-19 million
vs 2-09 million incident cases in 2018, and 1-98 million
vs 1.76 million deaths in 2018), which can be partially
attributed to GBD 2019 covering 19 more countries than
GLOBOCAN and to each set of estimates having different
data sources and methods. GBD 2019 includes many
aggregated cancer registry databases, including Cancer
Incidence in Five Continents (CI5), EUREG, US SEER
Database, and NORDCAN.**

Conclusion

Although tracheal, bronchus, and lung cancer was still
the leading cause of cancer death globally in 2019,
age-standardised incidence and death rates for
respiratory tract cancer (ie, tracheal, bronchus, and lung
cancer and larynx cancer) appeared to decline
between 2010 and 2019 at the global level. However, our
study highlights the increasing rates of tracheal,
bronchus, and lung cancer incidence in the low SDI
quintile, particularly among females. Smoking remained
the leading risk factor for deaths from tracheal,
bronchus, and lung cancer at the global level for both
males and females in 2019, but for females in six GBD
regions and in the low SDI quintile the leading risk
factor was either ambient particulate matter pollution or
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household air pollution from solid fuels. These findings
should provide the impetus for policy makers to expand
culturally responsive smoking control programmes,
enact and enforce stricter air quality regulations, and
expand access to clean energy in homes. Policies
such as smoking cessation programmes and smoking
regulations, air quality acts with enforceable regulations,
low-emission zones in towns and cities, widespread
access to clean energy in locations without it
and occupational risk standards that minimise
asbestos exposure all have the potential to help
reduce the incidence of and mortality attributable
to tracheal, bronchus, and lung cancer, if done
using locally appropriate, evidence-based strategies.
Screening protocols such as low-dose CT for tracheal,
bronchus, and lung cancer and the introduction of
effective treatments such as mutation-targeted cancer
treatment could be additional steps to reduce mortality
from and the burden of larynx cancer and tracheal,
bronchus, and lung cancer in high SDI countries with
adequate health-care infrastructure. In lower SDI
settings, improving access to health care, streamlining
referral pathways for cancer, and strengthening health
systems for cancer diagnosis and treatment could be
important strategies to reduce tracheal, bronchus, and
lung cancer mortality, in addition to risk reduction
programmes.
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