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ABSTRACT Objective: This study was aimed at analyzing temporal trends in lung cancer mortality from 2013 to 2021, and projecting future
trends until 2030.

Methods: Mortality data were extracted from the China Causes of Death Surveillance Dataset, which covers 2.37 billion person-
years. Age-standardized mortality rates (ASMRs) were calculated with Segi’s world standard population. Joinpoint regression was
used to analyze temporal trends, and linear regression was applied to assess changes in mean age at death. A Bayesian age-period-
cohort model was used to project mortality trends through 2030. Contributions of risk factors and demographic changes (population
size and age structure) to mortality trends were decomposed with the population split method.

Results: From 2013 to 2021, the crude lung cancer mortality rate increased by 2.3% annually, whereas the ASMR remained stable
overall but showed significant 2.9% annual declines during 2015 and 2021. The ASMRs in urban areas (-2.9% per year) and eastern
regions (—1.5% per year) showed significant decreasing trends throughout the entire period. The mean age at death increased across
all areas, and the largest increases were observed in rural areas. Deaths among people >65 years of age rose by 1.6%-5.6% during
the entire period. Decomposition analysis indicated that the increased death counts were driven primarily by population aging
(32%-43%) and population growth (8%-31%), whereas risk factors contributed negatively (—3% to —29%). Projections suggested
that the number of lung cancer deaths will reach approximately 760,200 by 2030, with continued increases in the crude mortality rate
but slight declines in the ASMR.

Conclusions: The lung cancer burden in China shows marked regional disparities and challenges due to population aging. To
further decrease lung cancer deaths, optimized allocation of medical resources, strengthened prevention and control of lung cancer
risk factors, and integration of effective policies will be required.
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from the International Agency for Research on Cancer and
National Cancer Center of China, 1.82 million new lung can-
cer deaths occurred worldwide in 2022, 0.73 million (40%)
of which occurred in China, whose population accounts
for approximately 18.3% of the global total population'2. In
China, lung cancer treatment poses a heavy economic bur-
den that places great psychological pressure on patients and
their families, and leads to major public health and medical
resource challenges®. A recent study has indicated that lung
cancer survival improved during 2008-2021 in China, owing
to the Chinese government’s national health policies for cancer
prevention and control 2. Because China accounts for one-fifth

Introduction

Lung cancer is the most common cancer threatening human
health and life, as well as the leading cause of cancer-related
death both worldwide and in China. According to statistics
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of the world’s population, the global scale of cancer is strongly
influenced by the cancer burden in China®. The age-standard-
ized lung cancer mortality rate in China has decreased while
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Rationale and research questions \

/ * Lung cancer is the leading cause of cancer-
m related deaths in China
g » China's lung cancer prevention and control
face severe challenges
Objectives
Analyze the time trends and differences in lung

cancer mortality rates in China
* Predict the mortality rate and number of deaths
- from lung cancer

Quantify the impact of aging population on theJ

burden of lung cancer mortality

Data sources and methods

Data sources
« China Causes of Death Surveillance Dataset o0 g
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Analysis

« Trend analysis (ASMR): Joinpoint regression
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method

* Prediction model: Bayesian age period cohort
model
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Major findings and policy
Key findings

Trend characteristics and group differences

« Crude mortality increased annually by 2.3%,
while ASMR declined significantly after 2015

» The mortality rate of lung cancer showed
notable urban-rural and regional differences

Core driving factors and future challenges

* The aging population is the main driving force !-
behind the increase in lung cancer deaths .
/ o
» By 2030, the number of lung cancer deaths is %@

expected to reach 7,60,200, with crude mortality

rates continuing to rise Population ageing

Policy implications

« Strengthen risk factor prevention and control:
continuously promote tobacco control policies,
especially in rural area and the Western region

4. \ « Optimize screening and early diagnosis and
1 treatment: promote low-dose spiral CT screening,
especially in grassroots and rural areas

establish a precise prevention and control system

& « Addressing the challenges of aging population:
for elderly lung cancer

Study flowchart Lung cancer mortality trends in China from 2013 to 2021, and projections to 2030. The study flowchart summarizes the
rationale, methods, main findings, and policy implications of this comprehensive analysis of lung cancer mortality in China from 2013 to 2021,
with projections to 2030. Data were derived from the China Causes of Death Surveillance Dataset (2013-2021), covering urban/rural and
eastern/central/western regions, stratified by sex and age group. ASMRs were calculated with the Segi world standard population. Joinpoint
regression was used to identify temporal trends, and Bayesian age-period-cohort models were applied to project mortality through 2030.
The population split method was used to quantify contributions of population aging, population size, and risk factors to mortality changes.
Crude mortality increased by 2.3% annually, whereas the ASMR significantly declined after 2015. Lung cancer mortality rates exhibited marked
urban-rural and regional differences. Projections suggested that the number of lung cancer deaths will increase to 760,200 by 2030, driven
primarily by the aging population. Policy implications emphasize promoting tobacco control and low-dose spiral CT screening, particularly
in rural areas, and establishing a precise prevention and control system for older people with lung cancer. AAPC, average annual percentage
change; APC, annual percentage chang; ASMRs, age-standardized mortality rates.

the crude mortality rate has increased, and the projected new
lung cancer deaths in 2022 exceeded those in prior years;
therefore, the increase in mortality has been attributed to the
aging population®°.

China, like many other developing countries, is facing
unprecedented challenges in cancer control and prevention as
it undergoes rapid socioeconomic development and growth
of the aging population®. This study reports current trends
in lung cancer mortality and age at death due to lung cancer

in China; the distribution of lung cancer deaths by age; and
the contributions of various risk factors to deaths from 2013
to 2021. Moreover, future trends in lung cancer mortality in
China through 2030 were projected, thereby extending the
temporal scope and offering a coherent forward-looking per-
spective. These up-to-date results provide scientific evidence
to potentially guide future lung cancer prevention and control
efforts in China, and the management of the lung cancer bur-
den in the context of an aging population.
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Materials and methods

Data source

The recorded annual lung cancer [International Classification
of Diseases, 10th Revision (ICD-10): C33-C34] death data
and corresponding data on the population at risk (2.37 billion
person-years) from 2013 to 2021, stratified by area (urban/
rural), region (eastern/central/western), sex (male/female),
and age group (0-84 years in 5 year strata, and >85 years),
were extracted from the China Causes of Death Surveillance
Dataset. This dataset summarizes the deaths and population
at risk reported by 605 surveillance sites from 31 provinces
(autonomous regions and municipalities). The surveillance
population of >300 million people included approximately 24%
of the national population until 2021. The data quality for each
surveillance site was rigorously evaluated with 3 specific indica-
tors: sex ratio, highest diagnostic institution level, and diagnos-
tic evidence classification quality. Data with poor quality were
excluded from the data summary, and a minimum mortality
rate of 4.5%o served as the standard for exclusion’. The details
of the sampling methods and data quality control are included
in “Details of data source” in Supplementary material 1.

Statistical analysis

Observed mortality trends in 2013-2021

The age-specific mortality rate was calculated with the aggre-
gated number of new deaths and corresponding national
population in each age group by area/region/sex. All age-
standardized indicators in the text, including Age-standardized
mortality rates (ASMRs) were derived through the direct
method with Segi’s world standard population®. To identify
significant changes in mortality trends over time, we used
Joinpoint software version 4.7.0.0 (National Cancer Institute,
2019) to estimate the annual percentage changes (APCs) and
average annual percentage changes (AAPCs) of the temporal
trends and their 95% Confidence Intervals (CIs) by fitting a
logarithmic linear model of annual mortality rates with time
as the covariate, which allowed for up to 1 joinpoint to split the
time period into 2 intervals®!?. To identify significant changes
in the trends in mean age at death over time, we calculated the
mean age at death by fitting a linear regression model with year
as the independent variable. The regression coefficient repre-
sented the annual change in mean age at death. To compare the
distribution of deaths by age in different years, we calculated
the age-standardized proportion of deaths by age. To analyze
contributors to changes in the annual number of deaths, we
divided lung cancer deaths according to contributions from
changes in risk and changes in demographic factors, including
the population size and age structure, by using the population
split method described by Moller et al.!! (“Details of method”
in Supplementary material 1 and 2).

991

Predicted mortality trends from 2022 to 2030
The Bayesian age-period-cohort model'? was fitted on the
basis of the data described above, to obtain the age-specific
(0-84 years in 5 year strata, and 285 years) APCs by area/
region/sex, and was used to predict age-specific mortality rates
for 2022-2030 (“Details of method” in Supplementary mate-
rial 1). The weights of Segi’s population were used to calculate
the predicted ASMRs through 2030. Predicted lung cancer
mortality counts were obtained by multiplying age-specific
rates by population projections for the medium scenario in
China obtained from the 2024 Revision of the United Nations
World Population Prospects'? in each stratum; the results were
then summed to calculate the estimated national number of
new deaths from 2022 to 2030. The same population split
method used for the observed mortality trends was used for
the predicted mortality trends. SAS software (version 9.4, SAS
Institute Inc., Cary, USA) was used for statistical analysis.

Results
Observed trends in lung cancer mortality

Trends in lung cancer mortality

The trends in crude mortality rates and ASMRs for lung can-
cer by area/region/sex in China from 2013 to 2021 are shown
in Figure 1, and Tables 1 and 2. The mortality rates were much
higher in males than females for all areas/regions, and markedly
varied by area/region. The crude mortality rates were higher in
urban than rural areas. Mortality comparisons across regions
indicated that the crude mortality rates were highest in the
eastern regions, followed by the central and western regions of
China. The mortality rates increased by approximately 2.3%,
3.2%, 1.5%, 3.6%, and 1.7% per year in all, rural areas, eastern,
central, and western regions, respectively, but remained stable in
urban areas during 2013-2021. In addition, the increases were
more pronounced before than after 2015 for all, rural areas,
eastern, and central regions (trend 1 vs. trend 2 in Table 1). The
ASMRs in all areas/regions were lower than the crude mor-
tality rates, and the differences in ASMR among areas/regions
were smaller than those observed in crude rates. However, the
ASMRs stabilized in all, rural, central, and western regions, and
significantly decreased in urban areas (AAPC = —2.9%) and east-
ern regions (AAPC = —1.5%) during 2013-2021. Furthermore,
the ASMRs showed significant decreases during 2015-2021 in
all areas/regions except western regions (trend 1 vs. trend 2 in
Table 2).

Trends in mean age at death due to lung cancer

The trends in mean age and age-standardized mean age at
death due to lung cancer by area/region/sex in China during
2013-2021 are shown in Tables 3 and 4. Overall, during this
period, the mean age at death due to lung cancer increased
significantly in all areas/regions among both sexes. Regionally,
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Figure 1 Trends in lung cancer mortality rates by area/region/sex in China, 2013-2021.

except in western regions, where the annual growth rate of
the mean age for males and females was equal, all other areas/
regions had slightly higher annual growth rates for females
than males. In rural areas, the average age at death showed the
fastest rate of increase, with males gaining approximately 0.27
years annually (from 67.88 to 69.95 years) and females gained
approximately 0.30 years annually (from 68.88 to 71.26 years).
After adjustment for the age structure of the population, the
mean age at death due to lung cancer for males and females
in all areas/regions still showed increasing trends each year,
although the rate of increase was slower.

Changes in the distribution of lung cancer deaths by
age

The changes in the distribution of lung cancer deaths by age
between 2013 and 2021 are shown in Figure 2. The age-stand-
ardized proportions of cancer deaths in both sexes by age, for
all areas/regions, showed similar patterns. The most deaths
occurred in the age group of 260 years, which accounted for
approximately 80% of all deaths. The age-standardized propor-
tion of cancer deaths was highest in the 65-75 year age group.
In general, both males and females showed a shift toward older

age at death in 2021 than 2013 in most areas/regions; i.e., the
proportion of deaths before the peak age group decreased,
whereas that after the peak age group increased. The propor-
tion of cancer deaths in the 265 year age group was greater
in 2021 than 2013 in all areas/regions for both sexes, ranging
from 1.62% to 5.55% (Table S2).

Contributors to changes in lung cancer deaths

Lung cancer mortality rates and deaths in 2013 vs. 2021, and
the contributions of risk and demographic factors by area/
region/sex to changes in lung cancer deaths are presented
in Table 5. The crude mortality rates increased by approxi-
mately 6%-36%, whereas the ASMRs decreased by approx-
imately 4%-18% for all areas/regions. Lung cancer deaths
increased by approximately 35%-48%. Changes due to the
age structure and population growth positively contributed,
at rates of approximately 32%-43% and 8%-31%, respectively,
whereas changes due to risk negatively contributed, at rates of
approximately —3% to —29% for all areas/regions. Relatively
slower increases in lung cancer deaths were observed in urban
areas (35.06%) and eastern (36.46%) regions, where distinct
decreases due to risk contributed approximately —29.00%
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Table 1 Trends in lung cancer mortality rates by area/region/sex in China, 2013-2021
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Area/region Sex Trend 1 Trend 2 AAPC (95% CI) (%)
Year APC (95% Cl) (%) Year APC (95% Cl) (%)
All areas Both 2013-2015 5.03* (2.41~7.74) 2015-2021 1.36* (0.89~1.75) 2.26* (1.80~2.82)
Male 2013-2015 5.13* (1.32~9.09) 2015-2021 1.51* (0.93~2.21) 2.41* (1.74~3.18)
Female 2013-2015 4.96* (4.08~5.76) 2015-2021 1.02* (0.90~1.17) 1.99* (1.75~2.21)
Urban areas Both 2013-2015 2.62 (-2.13~7.49) 2015-2021 -0.22 (-0.97~0.62) 0.48 (-0.37~1.40)
Male 2013-2015 3.20 (-1.45~8.24) 2015-2021 0.04 (-0.81~0.80) 0.76 (-0.24~1.71)
Female 2013-2021 -0.23 (-0.70~0.24) -0.23 (-0.70~0.24)
Rural areas Both 2013-2015 6.14* (2.77~9.59) 2015-2021 2.18* (1.64~2.72) 3.15* (2.51~3.82)
Male 2013-2015 5.94* (1.50~10.52) 2015-2021 2.32* (1.59~3.07) 3.22* (2.40~4.05)
Female 2013-2015 6.84* (4.88~8.75) 2015-2021 1.86* (1.50~2.23) 3.08* (2.73~3.51)
Eastern regions Both 2013-2015 3.83* (1.04~6.72) 2015-2021 0.68* (0.18~1.21) 1.46* (0.85~2.03)
Male 2013-2015 3.97* (0.27~7.80) 2015-2021 0.84* (0.22~1.54) 1.61* (0.90~2.28)
Female 2013-2015 3.41* (1.19~5.73) 2015-2021 0.37* (0.03~0.65) 1.12* (0.71~1.63)
Central regions Both 2013-2015 8.03* (1.82~14.59) 2015-2021 2.22* (1.23~3.21) 3.64* (2.40~4.86)
Male 2013-2015 8.04 (-0.51~17.26) 2015-2021 2.41* (0.95~3.77) 3.79* (2.05~5.49)
Female 2013-2015 8.44* (6.80~10.08) 2015-2021 1.81* (1.61~2.14) 3.43* (3.14~3.67)
Western regions Both 2013-2021 1.66* (1.13~2.18) 1.66* (1.13~2.18)
Male 2013-2021 1.74* (1.09~2.32) 1.74* (1.09~2.32)
Female 2013-2021 1.50* (0.91~2.13) 1.50* (0.91~2.13)

APC, annual percentage change; AAPC, average annual percentage change; Cl, confidence interval. *APC or AAPC significantly different

from 0 (P < 0.05).

and -19.26%, respectively, and the ASMRs in urban areas
and estern regions showed more obvious decreases during
2013-2021 compared to other areas/regions (Table 2). These
results indicated that the decreases in ASMRs might have been
associated primarily with decreases in lung cancer deaths due
to changes in risk.

The changes in lung cancer deaths, according to risk and
demographic factors by area/region/sex, from 2013 to 2021
are shown in Figure S1. The numbers of lung cancer deaths
by year increased for all areas/regions, peaking around 2020,
then decreased thereafter. The risk-based changes increased
slightly from 2013 to 2015 for most areas/regions in both
sexes, but then underwent a nearly general decrease. The
most rapid and pronounced declines were observed in urban
areas and eastern regions. The changes due to population size
and age structure also increased from 2013 to 2021 in most
areas/regions, except in urban areas, where a slight decline for
males and a stable trend for females in 2021 were observed.
Among the changes due to demographics, the proportion of
changes due to population age structure increased steadily

and gradually exceeded the proportion of changes due to
population size; therefore, population aging might play an
increasingly important role in growing lung cancer deaths in
China.

Predicted trends in lung cancer mortality

Figure 3 shows the observed and predicted trends in crude
mortality rates and ASMRs for lung cancer by sex in China
during 2013-2030. Similarly to the findings of the tempo-
ral trend analyses, the predicted crude mortality rates were
expected to continue to increase except for a small fluctua-
tion around 2022. The increase was expected to be more pro-
nounced in males than females. The ASMR was predicted to
continue to decrease for both sexes, but not significantly.

The predicted number of new lung cancer deaths from
2022 to 2030 in China, as well as the changes during this
period, according to risk and demographic factors by sex,
are listed in Table 6. Although the ASMRs were predicted to
decrease, the new lung cancer death burden was expected to
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Table 2 Trends in age-standardized lung cancer mortality rates by area/region/sex in China, 2013-2021

Liang et al. Lung cancer mortality trends and projections in China

Area/region Sex Trend 1 Trend 2 AAPC (95% Cl) (%)
Year APC (95% Cl) (%) Year APC (95% Cl) (%)
All areas Both 2013-2015 5.46 (-4.25~16.30) 2015-2021 -2.92* (-4.51~-1.32) -0.89 (-2.77~0.95)
Male 2013-2015 5.36 (-4.08~15.69) 2015-2021 -2.49* (-4.02~-0.86) -0.58 (-2.39~1.30)
Female 2013-2015 5.28 (-4.99~16.67) 2015-2021 -3.49* (-5.19~-1.79) -1.37 (-3.41~0.73)
Urban areas Both 2013-2015 1.08 (-2.46~4.75) 2015-2021 -6.75* (-9.98~-3.43) -2.92* (-4.61~-1.24)
Male 2013-2015 6.60 (-5.40~20.12) 2015-2021 -4.44* (-641~-2.52) -1.79 (-4.09~0.63)
Female 2013-2015 0.09 (-3.13~3.42) 2015-2021 -7.26* (-10.27~-4.16) -3.66* (-5.20~-2.11)
Rural areas Both 2013-2015 524 (-341~14.74) 2015-2021 —-1.94* (-3.44~-0.51) -0.20 (-1.93~1.46)
Male 2013-2015 4.77 (-4.07~14.46) 2015-2021 -1.47* (-2.85~0.02) 0.04 (-1.72~1.82)
Female 2013-2015 591 (-3.33~16.10) 2015-2021 -2.53* (-4.01~-1.04) -0.49 (-2.31~1.27)
Eastern regions Both 2013-2015 4.76 (-2.55~12.56) 2015-2021 -3.49* (-4.70~-2.31) -1.49* (-2.88~-0.09)
Male 2013-2015 4.57 (-2.39~11.95) 2015-2021 -3.19* (-4.32~-2.08) -1.30 (-2.60~0.04)
Female 2013-2015 423 (-3.92~13.14) 2015-2021 -3.87* (-5.16~-2.47) -191* (-3.51~-0.32)
Central regions Both 2013-2015 7.35 (-4.26~20.45) 2015-2021 -2.57* (-4.36~-0.59) -0.18 (-2.38~2.12)
Male 2013-2015 7.19 (-5.30~21.32) 2015-2021 -1.99 (-3.96~0.11) 0.23 (-2.23~2.71)
Female 2013-2015 7.73 (-3.31~20.14) 2015-2021 -3.34* (-5.14~-1.52) -0.68 (-2.80~1.47)
Western regions Both 2013-2017 1.41 (-2.72~5.81) 2017-2021 -3.95 (-7.90~0.21) -1.31(-3.32~0.84)
Male 2013-2017 1.60 (-2.64~5.92) 2017-2021 -3.40 (-7.41~0.72) -0.94 (-3.01~1.23)
Female 2013-2017 1.08 (-3.26~5.67) 2017-2021 -4.63* (-8.84~-0.33) -1.82 (-3.99~0.41)

APC, annual percentage change; AAPC, average annual percentage change; Cl, confidence interval. *APC or AAPC significantly different

from 0 (P < 0.05).

continue to rise, to approximately 760,200 deaths (in 526,300
males and 233,800 females) due to lung cancer in China in
2030. The lung cancer deaths were predicted to increase by
16.59%, with changes due to the age structure contributing
31.52%, changes due to population size contributing —1.90%,
and changes due to risk contributing —13.03%. The changes
in predicted lung cancer deaths, according to risk and demo-
graphic factors by sex, from 2022 to 2030, are shown in
Figure S2. The increase in the predicted number of new lung
cancer deaths each year showed an increasing trend, with
more marked increases in males than females. Mirroring the
findings of the observed trend analyses, the changes due to
the age structure of the population were predicted to con-
tinue to increase, whereas changes due to risk were predicted
to continue to decrease, in both sexes. The changes due to
population size were predicted to continue to be negative,
with falling trends in both sexes in the future. These results
again confirmed the findings suggesting that Chinese pop-
ulation aging will play an increasingly important role in the
growing numbers of lung cancer deaths.

Discussion

This updated systematic analysis of lung cancer mortality
trends and projections to 2030 in China was based on the
most recent representative data in the China Causes of Death
Surveillance Dataset. The crude lung cancer mortality rate
increased by approximately 2.3% annually during 2013-2021,
and the number of new lung cancer deaths in 2021 increased
with respect to 2013, with a relative difference of 42.40%. As
cancer prevention awareness rises, so does the number of
individuals actively seeking medical attention, thus increasing
lung cancer detection rates and deaths due to diagnosed lung
cancer'. Lung cancer, the leading cause of new cancer cases
and deaths in China, can be attributed to negative risk factors
such as lifestyle, coal burning, air pollution, and high preva-
lence of smoking!>!®. The smoking rate among the population
>15 years of age in China was 26.6% in 2018, and a staggering
68.1% of non-smokers were exposed to second-hand smoke in
public areas, a percentage far exceeding the global proportion
described in the “2020 Report on Health Hazards of Smoking
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Table 3 Mean age at death due to lung cancer by area/region/sex in China, 2013-2021 (in years)
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Year All areas Urban areas Rural areas Eastern regions Central regions Western regions
Males Females Males Females Males Females Males Females Males Females Males Females

2013 68.25 69.54 68.94 70.69 67.88 68.88 69.04 70.28 68.06 69.06 66.91 68.55
2014 6831 69.85 69.10 71.09 67.88 69.15 69.08 70.55 68.13 69.36 67.04 68.98
2015  68.51 70.09 69.33 71.26 68.07 69.44 69.31 70.94 68.29 69.57 67.30 69.06
2016 68.69 70.29 69.45 71.60 68.27 69.56 69.43 71.02 68.59 69.63 67.35 69.76
2017  69.02 70.65 69.64 71.80 68.67 70.01 69.87 71.45 68.79 70.20 67.66 69.55
2018  69.25 71.01 69.94 72.41 68.86 70.21 70.05 71.84 68.99 70.47 68.04 70.00
2019  69.65 71.28 70.31 72.37 69.29 70.69 70.48 72.09 69.45 70.77 68.29 70.29
2020  69.81 71.43 70.40 72.52 69.48 70.83 70.67 7211 69.58 71.11 68.45 70.44
2021 70.29 71.84 70.96 72.97 69.95 71.26 71.04 72.71 70.19 71.43 69.00 70.60
B 0.26 0.28 0.24 0.27 0.27 0.30 0.26 0.29 0.26 0.30 0.25 0.25

t 15.87 3744 14.68 16.14 14.33 2591 16.40 19.57 13.19 21.40 14.98 12.20
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

B is the annual change in mean age at death, statistically analyzed with t-test.

Table 4 Age-standardized mean age at death due to lung cancer by area/region/sex in China, 2013-2021 (in years)

Year All areas Urban areas Rural areas Eastern regions Central regions Western regions
Males  Females  Males  Females  Males Females Males Females Males Females Males  Females
2013 67.97 67.85 68.39 68.70 67.71 67.35 68.45 67.91 68.07 67.98 66.75 67.26
2014  67.86 67.93 68.64 69.16 67.40 67.28 68.36 68.06 67.95 68.00 66.69 67.43
2015  68.03 68.23 68.83 69.35 67.56 67.65 68.60 68.58 67.99 68.14 66.97 67.51
2016  67.68 67.74 68.57 69.25 67.17 66.95 68.30 67.89 67.72 67.57 66.36 67.51
2017 67.95 68.06 68.66 69.40 67.52 67.36 68.51 68.24 67.84 68.10 66.93 67.46
2018  67.85 68.09 68.68 69.67 67.35 67.25 68.35 68.30 67.71 67.99 66.97 67.61
2019  69.07 69.42 69.69 70.38 68.70 68.90 69.67 69.68 69.02 69.32 67.97 68.81
2020  69.02 69.09 69.50 70.01 68.73 68.58 69.64 69.17 68.98 69.18 67.86 68.55
2021 68.79 68.85 69.56 69.96 68.37 68.29 69.52 69.41 68.72 68.70 67.52 67.81
B 0.15 0.17 0.15 0.17 0.15 0.17 0.17 0.20 0.13 0.15 0.15 0.14
t 3.00 3.21 4.10 5.29 2.53 2.58 337 3.62 2.34 2.63 3.15 2.58
P 0.02 0.01 0.00 0.00 0.04 0.04 0.01 0.01 0.05 0.03 0.02 0.04

B is the annual change in age-standardized mean age at death, statistically analyzed with t-test.

in China” released by the National Health Commission!’. In
China, approximately 24% of male lung cancer deaths and
approximately 4.8% of female lung cancer deaths are attrib-
uted to smoking'®.

We observed obvious regional disparities in lung cancer
mortality rates in China. The crude lung cancer mortality rate

was higher in urban than rural areas, in agreement with pre-
vious research findings'8. This high rate is driven primarily by
factors associated with intense urbanization, including air pol-
lution, occupational exposure to industrial dust, and unhealth-
ful diets and lifestyles!. However, the ASMR of lung cancer
in urban areas decreased by approximately 2.9% per year
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Figure 2 Continued

during 2013-2021, possibly because of the promotion of air
pollution control measures, and of early lung cancer diagnosis
and treatment?*?!. Although the crude lung cancer mortality
rate in rural areas was relatively low, it showed a significant
increasing trend, which might have been associated with dif-
ferences in smoking behavior between urban and rural areas??.
Since the announcement of the “Healthy China 2030 initia-
tive and the implementation of related tobacco control policies
in 20163, 254 cities across the country have formulated and
implemented smoke-free regulations. However, because resi-
dents in rural areas generally have lower levels of education

Liang et al. Lung cancer mortality trends and projections in China
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than urban residents, their acceptance and cooperation with
smoke control and cessation measures might be limited. This
possibility is supported by studies showing an elevated attrib-
utable burden of lung cancer to smoking in economically
underdeveloped provinces such as Yunnan, Guizhou, and
Guangxi'®, and might explain the persistent upward trend in
crude mortality in rural areas despite nationwide tobacco con-
trol efforts*!. Meanwhile, with the advancement of industrial-
ization in China, many enterprises have shifted from cities to
rural areas, thereby increasing opportunities for rural popula-
tions to be exposed to air pollution and occupational dust?.
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Figure 2 Age-standardized proportions of deaths by age for the indicated areas/regions/sexes in China in 2013 and 2021.

The persistent existence and dynamic changes in urban-rural
differences highlight the urgency and pertinence of regional
health intervention strategies.

The obvious regional differences in lung cancer mortality
rates among the eastern, central, and western regions of China
showed a spatial distribution pattern indicating a gradual
decrease from east to west. This finding was highly consistent
with the decreasing industrialization trend from east to west
in China*2. The crude lung cancer mortality rate in eastern
regions was obviously higher than that in other regions; this
finding was closely associated with industrial air pollution,
climate conditions, and residents’ energy consumption habits.

On the one hand, the concentration of energy intensive indus-
tries leads to increased air pollution. As a traditional industrial
center, eastern regions, particularly northeastern regions, have
a high concentration of heavy industries and mineral resource
development activities?®®. The continual emission of pollut-
ants such as PM, ; and nitrogen oxides markedly increases
the probability of respiratory system damage and gene muta-
tions?’, thereby promoting lung cancer occurrence and devel-
opment®®. On the other hand, climate conditions and residents’
energy usage patterns jointly contribute to indoor and out-
door air pollution. Because the winters in eastern provinces,
including Northeast China, are prolonged and severely cold,
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Table 5 Changes in lung cancer deaths in China between 2013 and 2021, according to risk and demographic factors, and area/region/sex

Area/ Sex 2013 2021 Changes in deaths between 2013 and 2021
region
Deaths  Rate ASMR Deaths Rate ASMR Total Change  Changes due to demographics
(1/10%)  (1/109) (1/10%)  (1/10%  change dueto
(%) risk
(%)
Total Age Population
(%) structure  size
(%) (%)

All areas  Both 91,380  40.21 26.74 130,121  48.57 24.34 42.40 -12.10 5449 36.60 17.89

Male 63,673  55.00 38.59 91,378 67.17 35.99 43.51 -8.99 5250 34.99 17.51

Female 27,707 24.86 15.52 38,743 29.38 13.55 39.83 -16.94 56.77 38.48 18.29
Urban Both 32,617 4640 29.12 44,052 48.00 23.74 35.06 -29.00 64.06 33.52 30.54
areas

Male 22,422 6298 42.06 30,908 66.92 35.67 37.85 -24.04 61.88 32.16 29.72

Female 10,195 29.38 17.07 13,144 28.84 12.94 28.93 -37.31 66.24  34.87 31.37
Rural Both 58,763  37.44 25.58 86,069 48.87 24.68 46.47 -3.28 49.74 3752 12.23
areas

Male 41,251 51.45 36.91 60,470 67.30 36.21 46.59 -134 4793 3585 12.08

Female 17,512  22.81 14.75 25,599 29.67 13.89 46.18 -5.77 5195 39.57 12.38
Eastern Both 41,986  47.87 28.91 57,294 53.44 24.94 36.46 -19.26 55.72 3348 22.24
regions

Male 28,720  64.68 41.96 39,665 73.01 36.70 38.11 -18.56 56.67 34.33 22.34

Female 13,266  30.63 17.03 17,629 33.33 14.19 32.89 -21.86 5475 32.60 22.15
Central Both 30,060 36.46 26.04 44,353 4947 25.12 47.55 -4.03 51.58 42.83 8.75
regions

Male 21,089  50.06 37.26 31,195 68.61 37.12 47.92 0.61 4731 39.38 7.93

Female 8,971 22.25 15.15 13,158 29.78 14.04 46.67 -9.47 56.14  46.54 9.60
Western ~ Both 19,334  33.87 24.03 28,474 40.09 22.23 47.27 -9.39 56.66  32.25 24.42
regions

Male 13,864  47.41 34.89 20,518 56.60 33.28 47.99 -5.00 5299 29.03 23.96

Female 5,470 19.65 13.32 7,956 22.88 11.73 4545 -16.22 61.67 36.78 24.89

ASMR is the age-standardized mortality rate with Segi's world standard population.

residents heavily rely on coal for heating and cooking®. They
usually keep their doors and windows closed to retain indoor
warmth, thus leading to inadequate ventilation. Harmful sub-
stances emitted from indoor coal combustion combined with
outdoor industrial pollution create a compound exposure
effect, which can further impair lung health®. The trend anal-
ysis indicated that although the crude mortality rate continued
to increase in the eastern, central, and western regions from
2013 to 2021, the ASMRs showed a relatively stable trend in

the central and western regions, but a downward trend in the
eastern regions. These findings might have been because the
eastern regions have more professional physicians and com-
prehensive hospitals®!. This difference in medical resources
also suggested a potential for numerous undetected or mis-
diagnosed cases of lung cancer in remote areas of the central
and western regions; consequently, the actual disease burden
might have been underestimated. Therefore, environmental
pollution exposure during the industrialization process is a



999
026

ly 2

7Ju

d Vol 23, No
iol Me

r Bio

Cance

d une-
S, an 1
lity rate regiona
r morta~ fluences
ance 0 1n
. lung ¢ rces als les than
fe Ctlng esou in female
affe ical r tes. n fe d the
; I
tor dic ra el an
ing fac f me lity mo S,
iving ion o rta ed area han
der . tributlon ncer mo deCreas . urban f ales t
dis ca ncer ly in in fem bina-
ven Oflung ca icular igher in om
ns lung arti i ac -
patter ASMR of to 2021, p enerally E‘C’;n due to ost impo
e m te
The 2015 was g have is the ing ra
5 from ath ight king is okin
) les f de a mig o he sm than
c o = ma € o en d, sm T icher
< I ag om and, €r. i ;
8 g & b aVerageThese phen the one h lung canc arkedly h}% baseline
g |g 3 587 males. factors. On foctor for ng been dtivly hlgtivel‘/ slow
¢ © @ . o e aQ li-
. o o o @ ion o . I1s has inar ar 1 po
< I3 ] — o tio tive les ing in omp trol p
o (9] ) o al a ng acC 1 -
£ < o e m 1ti co
> |z 3 - - fant n gchinesez thus resulting eattobace ality man
g ° 3@ 2 ng 32, ity in m €0 ir qu blic
§ | 2 5 s |q 2 = amo females rtality influenc tion of ai s in pu
@ o g < : in mo the oton o ban or-
g S m @ hat cer er rom ing T m
T o 3 5 3 A A ‘ nig canc ate und adual p d smok cance re.
R E S 3 R 2 o lung cancer te gradud pror on lung fexposure
2 S = - - line i ears, al ar ffects lo ce
% = 8 < ' dec nt y ruratar de ial leve un
> T < fso] = ece nd imite initia ono
< o ) Q i ies. In r ban a ) lim ioh ini re pr ina have
5 £\ 2 T 3 cres ent in urd relatively their hlg.ght be mo.n China rate
o 2 2 2 ~ em ha iven mi n i ce
S s = S % 2 & ag have les, giv fects ome inciden
© ° S 3L : —~ ces males, ive efl d, w mc larger
(%) ) oA} ~ (o2} pla ng ctiv han d the ala
@ £ 0 - o ity amo rote ther 333 an ause der
o a % © I o tahty the p the (6] 13, 5 bec t 01
c - ) N en re, a
2 aé’ El ) S < Therefore, ales. On ies than m . Thefefot}le disease levated.
S| & > : m i . . e
o S8 =5 S - ag among ff expectanc es with ag develop naturally ith lung
9 O 2 ) P Z ife . as en re W1
< 8 I o rli ncre m tha ients ale
: St = nge er i than d dea atie nm
S g 9 N = lo anc en n le p tha
@ o %] N 'o\o ng c oM set a. fema ate r-
c ] = 5 fIu of w ton hat ival r I su
o ~ < oo O ion S a t VIV -yea:
2 o $ 5 N oportio canch b indicated rall survi the 5-y longer
2 3 - g v, theave ch has + bigher ove e e of
~ o — 5 S, T 1 VE. to (S
o & S © age esea a impro d € ag
o : R < fous rese ave 1mpro ten rag i
2 A N o e e patients enc to su mortality
S E o T S cancer 134 35 and s tlY, fema increaSIIlgng cancer risk fac-
= N Ioe] . i en er in lu ive
5 & i 8 2 : Patlenti Consequ reby furth-sparity » of negatl\};e lifespan
© IS - €. . e 1 S
N Q o 2 ? o vival ra nosis, th the sex d ted effect.ndicates t q
N 2 ia r ra 1 .
8 5 A 2 d after d gsumma » concent but also females ity reveale
5 2 S 2 < ~ death. In flects the in males’_ s among mortalltyd ASMR
) o L —~ ™ lv re ing istic cer an -
¢ Q@ = ~ nly ok teri an . te icu
g 2 g ”,\" 2 not Ouch as sm up charac rall lul'lg ¢ Ortallty rased, partl of
el S o 9 © IS s 1 ero f ove em increa. ate
P Q < I @ to ival g iso rud inc hr
O ) Q — ™~ urv alys he C ions Towt MR
g 2w R N E nd's dan 15, t /regi he g AS
c By ™M § g a tren 20 reas 15, t the
{:‘j 8 8 %‘ - § The m 2013 t(?n most a after 201 wed’ andl in urban
— = — : 1 T, O -
° ~ 2 g; that, fro cancer Howeve -,ﬁcantly s particular-i’ical turn
~ =) © ng as. igni € cri1 idi
° S S b N for ll.l ral arez rate sig ecrease, was a : nCldll:lg
g S B 5 ~ n ru lity a 015 co t-
£ < 5 2 R = larly i orta ease to that 2 ity rate, al cri
O 3 3 TS ude m incr icated rtality f sever Ith
c 2 e ¥ = N the cr d from an hift indic ncer mo eness O blic hea d
= - n . — a iv .
= S S < reversed 1 trend s s lung can 1effect1. t, in pu release
S © g 3 2 as. This China’s d initia licies. First, fficially itiated
N S ) u A reas. in . n icies. ine, o ini
— =1 n a . 1 a: n
€ N 2 g 3 < ing point reparation ational po’ng Outhniton work vention
S 8 5 8 N the p hed natic lanni arati he pre ed
~ o = * = ith launc 030” p icy prep ized t pos
o S 2 < 3 w ly ina 2 olicy ioritize itly pro P
o s B ~ @ ical new Chin dp rior licitly ticu
N 3 S wn ica h ilot an p xpli is, par
c 0 s 3 2 the ((Heallia}(ll its pll?rhis StrategZS and dedli)agnOSIS) promot_
o S [Te) 3 . ses,
S a ‘ Q 6 23, sea n sly p he
e | ] @ 8 = % in 2016, 015 ic di ing and ¢ rousty pr t
o e S @ = = in s 2 onic eni igo ving
° g ~ 5 = v a chr cre dv . ro T
< = ~ ~ S ~ arly of er s an mp nce
© ~ N e = = as e ol anc reas, dlY ca
i} = ® o L =5 ontr rly C isk a arke £ lung -
ko] ~ 0 - C . ea ioh-ris m o) ra
5 S & 5 i and gthening nd high therebyt eatment ted tom(;)g en
I} ° < = N ! tren an a ning, is and tri u s be
5 X S N i R s in urb screen osis a se comp 016 ha lity
S > ~ N 8 e =) larly cancer diagn low-do s in 2 orta
2 " & 3 S & =© f_g ing lung of early tation of h-risk area cancer m
S < 1 2 — mn ions n igh- n
= 5 @ bow 3| &g oportio impleme and hig ease lung
2 o) r m r
] o b ) < = p The i urban to dec
c s} P - S. . in
o) E a § 2 & g Casescreenlng keY Strategy
o ; =
g |5 N 2 o S phy ified as a
TS R den
K 5892 o 8
el = e ¢ '_g O
g 8 N © g
—_ T
g g Q < =
2 = S)
o o
© <
2 v x
b (]
] > w
S 3
'—



1000

Mortality rate

Both sexes = Male —— Female
80 e
’.,o’ -
N e -
8 60 /—/-/‘\‘: 0—0—0—“.—‘_‘ )
d -
—
2 -
-g‘ or r"““‘-‘—**
= AR L Ll
-ig //* Y =0 =0 =—0— 0= O > o -0
20
=
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
2013 2017 2021 2025 2029

Year

Liang et al. Lung cancer mortality trends and projections in China

Age-standardized mortality rate

Both sexes = Male —— Female

80 -
60 -

40 /\-\’)"**-0--0--0-.._..__.

Age-standardized mortality rate (1/10°)

S
20 +
[ imaeenese—ens
Se e eeTele,
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
2013 2017 2021 2025 2029

Year

Figure 3 Observed (solid lines) and predicted (dashed lines) trends and 95% confidence intervals (dashed lines with spots) in lung cancer

mortality rates by sex in China, 2013-2021.

through early detection, as outlined in planning studies for
the Chinese context?!'. These aspects probably contributed to
the more significant decline in ASMR observed in urban areas
after 2015. Second, in environmental governance, the prelim-
inary effect of the “Measures for Air Pollution Prevention and
Control” implemented in 2013 began to take shape in 2015
and led to a marked decrease in the concentration of inhal-
able particulate matter. This improvement in air quality has
been directly associated with decreased lung cancer mortality
and improved survival in Chinese populations, as evidenced
by empirical studies conducted in high-exposure areas such
as Beijing®. Furthermore, the continued improvement in the
medical security system has also provided important support
for decreasing the lung cancer mortality rate. In 2015, the
State Council issued the “Opinions on the Comprehensive
Implementation of Major Illness Insurance for Urban and
Rural Residents”, which essentially achieved full major illness
insurance coverage and markedly improved treatment acces-
sibility and medication adherence among patients with lung
cancer’’. Notably, the uneven development across regions
remains an important factor affecting policy effectiveness.
Rural areas, compared with urban areas, are limited by scarcer
medical resources and slower implementation of environmen-
tal policies, resulting in insignificant decline in ASMR from
2013 to 2021 and reflecting marked regional differences in
policy implementation. In the future, resource investment
and policy implementation must be further strengthened in
rural areas to achieve overall improvements in the effective-
ness of lung cancer prevention and control nationwide.

The observed lung cancer ASMR trend from 2013 to 2021
was consistent with the long-term decreasing trend from
2000 to 2018, according to the national cancer registry data
report. However, the trend was not significant, and differences

were observed in short-term fluctuation patterns, potentially
because of differences in data sources. The cancer registration
data came from 22 consecutive cancer registration offices cov-
ering 3.34% of the Chinese population?. These surveillance
sites are located in regions with high cancer incidence rates
or in eastern economically developed areas, where cancer
registration systems were established relatively earlier, cover
larger populations, and operate with more mature registration
mechanisms and quality management protocols. Whether
these cancer registries are nationally representative remains to
be assessed®®. The China Cause of Death Surveillance Dataset
in this study covers multiple surveillance sites in both rural
and urban areas, and has broader representativeness in terms
of geographical distribution and population structure. The
ASMR in urban areas significantly decreased while the ASMR
in rural areas tended to stabilize, thus further indicating
the insignificant trend in the national ASMR decline in this
study. Moreover, from 2015 to 2021, the ASMR of lung can-
cer in China significantly decreased, by approximately 2.9%
per year. Despite variations in the AAPC values, both datasets
demonstrated a consistent overall declining trend in the past
decade. The Chinese government initiated a series of cancer
control programs in both rural and urban areas in 2005, which
have made achievements in China in recent decades. Given
that screening can promote early detection and diagnosis, and
enhance awareness of cancer prevention and control, more
lung cancer cases and deaths could be prevented by increasing
screening coverage!. The observed decreases in ASMRs might
have been associated primarily with decreases in lung cancer
deaths due to cancer risk control and management efforts.
The increase in crude mortality and decrease in ASMR
might be partly attributable to the growth and aging of the
Chinese population, which are recognized negative risk
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factors for lung cancer®*>*°. The Chinese population expansion
in recent decades has contributed to the growing lung cancer
burden*!. According to the World Population Prospects 2024,
the proportion of older people in China continues to rise, and
projections suggest that >500 million people will be 260 years
of age by 2050'3. The mortality rates by birth cohort increased
in older people but decreased in younger people, according to
a previous study. In addition, older populations are associated
with higher lung cancer mortality rates in China®®. Together,
these aspects might explain why our study indicated a shift
toward older age at death due to lung cancer in 2021 vs. 2013.
As the aging of the population increases, the number of lung
cancer deaths may rise, and the mean age at death may also
increase. Therefore, the increases in crude mortality rate and
mean age at death in China might be due primarily to the
Chinese population aging.

According to cancer mortality predictions, by 2030, lung
cancer in China is expected to lead to both an increase in
the crude mortality rate and a slow decline in the ASMR.
Therefore, our findings indicated that, after exclusion of the
effects of age structure, the actual lung cancer mortality rate
has been controlled to a certain extent. However, the magni-
tude of the decline has not been marked. Although the ASMR
is expected to decrease, the actual number of deaths will con-
tinue to rise, because of China’s large population base and
aging population structure. The total number of lung cancer
deaths was estimated to reach 760,000 by 2030, and this mor-
tality burden is expected to be more prominent among the
male population. Consequently, although the negative risk
factors for lung cancer have been controlled, their effects have
not yet offset the effects of changes in age structure.

To address the challenge of an aging population, promotion
of tobacco control policies, popularization of low-cost early
screening, and strengthening of grassroots diagnosis and treat-
ment capabilities are recommended. As the population ages,
additional recommendations include establishing a precision
prevention and control system for lung cancer in older people;
conducting regular low-dose spiral CT screening with arti-
ficial intelligence (AI)-aided interpretation to decrease false
positives; deploying mobile screening vehicles in communi-
ties; and organizing nursing staff or family physician visits for
health surveillance and management among disabled older
people. Simultaneously, smoking cessation programs should
be promoted, which allow older people to redeem home
care vouchers for each completed smoking cessation course
or physical exercise, financed through cost sharing between
medical insurance and tobacco taxes. Simultaneously, by lev-
eraging smart healthcare and care platforms for older people,
personalized protective knowledge can be disseminated to
achieve active early warning and precise interventions for lung
cancer prevention and control.

This study based on the China Causes of Death Surveillance
Dataset, which analyzed lung cancer mortality trends,
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quantified the effects of population aging on changes in
mortality burden, and projected future trends to 2030, has
several strengths and limitations. The major strength of this
study is its use of high-quality and nationally representative
data, covering a total population of approximately 2.37 billion
person-years from 2013 to 2021. Since 2013, the surveillance
system has expanded to 605 sites with >300 million people,
accounting for approximately 24% of China’s population, thus
enhancing representativeness at both national and provincial
levels. Although minor adjustments were made to the included
sites across years, because of data quality differences among
different years, the dataset reliably reflects overall trends in
lung cancer mortality in China during this period*>. However,
because the study was limited to the acquired data sources, we
were able to discuss only the contributions of related risk fac-
tors to the death burden from the perspective of data segmen-
tation but could not quantify the contributions of different
risk factors to changes in lung cancer deaths. This aspect will
require further in-depth investigation in future studies.

Conclusions

In summary, this analysis based on the China Causes of Death
Surveillance examined current trends in lung cancer mortality
and projected future trends in China through 2030. The effects
of the population age structure on the burden of lung cancer
deaths in China were quantified to better understand the
influence of population aging on changes in lung cancer bur-
den. With changes in the population age structure in China,
the future lung cancer burden is expected to continue to rise,
thus posing further challenges in lung cancer prevention and
control.
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