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Background: Updated systematic statistics on lung cancer are the underpinning cornerstones for formulating 

prevention and control strategies for the disease. The incidence and mortality data of lung cancer in China in 

2016 were estimated, and also used to analyze the temporal trends of lung cancer from 2000 up to 2016 in this 

study. 

Methods: The burden of lung cancer in China in 2016 was estimated using data from 487 cancer registries, which 

were abstracted from the database of the National Cancer Center of China (NCC). The temporal trends were 

estimated with the data of 2000 to 2016 from 22 cancer registries. 

Results: About 828,100 new lung cancer cases and 657,000 lung cancer deaths were estimated in China in 2016. 

The crude incidence and mortality rates in the eastern region were the highest nationwide. The incidence and 

mortality of lung cancer increased with age, and most of the new cases occurred in the age group of over 60 years. 

The age-standardized incidence increased by about 0.8% per year during 2000 to 2016, especially in woman, 

whose annual increase rate reached 2.1%. The age-standardized mortality rate decreased by about 0.6% per year, 

with a decrease of 1.3% per year in urban areas and an increase of 2.3% per year in rural areas. The numbers 

of new cases and deaths increased by 162.6% and 123.6%, respectively, during 2000 to 2016, which can be 

explained mainly by the change of the age structure. 

Conclusions: The burden of lung cancer is serious in China, and increased especially rapidly for women in rural 

areas. The disease is expected to threaten the lives of more people in the future due to factors such as aging 

and population growth. Lung cancer prevention and control strategies and resources should be leveraged toward 

women and rural areas in the future. 
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. Introduction 

Lung cancer has been one of the most common cancers worldwide.

ith estimates of about 2,206,771 new cases (11.4% of all cancer new

ases) and 1,796,144 deaths (18.0% of the all cancer deaths) resulted

rom this disease globally in 2020, lung cancer continued to rank as

he first leading cause of cancer death and the most common cancer

ncidence worldwide. 1 Coupling the global trend, lung cancer also ranks

rst among all cancer deaths among the Chinese population, with lung

ancer ranking first among all cancer incidences in men and second in

omen. While the incidence of lung cancer in China has been on the

ise in the past few decades, a steady decrease has been observed in
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he United States since the 1990s. China is home to about 20% of the

orld population, but is accounted for about 37% of all newly diagnosed

ases and 40% of deaths from lung cancer, ranking 15th for incidence

nd 12th for mortality among 185 countries or territories of the world

n 2020. 1 Lots of risk factors such as cigarette smoking and air pollution

ave been proved as the risk factors of the disease. 2-5 

The precise number of lung cancer cases diagnosed in the whole

ountry is unknown because not the whole population in China is cov-

red by existing population-based cancer registries (PBCR), and in some

rovinces only a few registries have been established. Moreover, reliable

egistry data can be available usually 3 to 5 years after a registry comes

nto being because enough time is needed for data collection and clean-
of this article and has no access to information regarding its peer-review. Full 
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Table 1 

Estimated lung cancer incidence and mortality in China, 2016. 

Area Sex 

Incidence Mortality 

Cases Prop. Rates ASIR Rank Deaths Prop. Rates ASMR Rank 

(%) (1/10 5 ) (1/10 5 ) (%) (1/10 5 ) (1/10 5 ) 

All 

areas 

Both sexes 828,100 20.4 59.9 36.5 1 657,000 27.2 47.5 28.1 1 

Men 549,800 24.6 77.6 49.8 1 454,700 29.7 64.2 40.6 1 

Women 278,300 15.2 41.3 23.7 2 202,300 22.9 30.0 16.2 1 

Urban 

areas 

Both sexes 502,400 20.1 63.4 37.1 1 396,400 27.7 50.0 28.3 1 

Men 331,300 24.5 81.9 50.3 1 274,200 30.4 67.8 40.9 1 

Women 171,100 14.9 44.1 24.4 2 122,200 23.2 31.5 16.3 1 

Rural 

areas 

Both sexes 325,700 20.8 55.2 35.5 1 260,600 26.5 44.2 27.8 1 

Men 218,500 24.7 72.0 49.0 1 180,500 28.7 59.5 40.0 1 

Women 107,300 15.7 37.5 22.7 1 80,100 22.6 28.0 16.2 1 

Eastern 

areas 

Both sexes 332,900 20.0 64.1 36.4 1 260,600 27.3 50.2 27.3 1 

Men 211,800 23.9 80.4 48.0 1 175,800 29.5 66.7 39.0 1 

Women 121,100 15.5 47.3 25.6 2 84,800 23.8 33.1 16.5 1 

Middle 

areas 

Both sexes 268,200 20.2 57.8 36.2 1 218,400 27.1 47.1 28.8 1 

Men 183,200 25.3 76.6 50.8 1 153,700 30.3 64.3 42.1 1 

Women 85,000 14.0 37.8 22.2 2 64,800 21.6 28.8 16.2 1 

Western 

areas 

Both sexes 227,100 21.3 56.9 36.9 1 177,900 27.2 44.6 28.3 1 

Men 154,900 24.9 75.4 51.3 1 125,200 29.3 61.0 41.0 1 

Women 72,200 16.3 37.4 22.8 1 52,700 23.3 27.3 15.9 1 

Abbreviations: ASIR, age-standardized incidence rate using Segi’s population; ASMR, age-standardized mortality rate using Segi’s population. 

Fig. 1. Numbers of new cases or deaths and age-specific rate of lung cancer by age groups in China, 2016 (A) Incidence. (B) Mortality. 
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ng. Here, in this article, we provide updated estimates of lung cancer

ncidence, mortality and their temporal trends in China during 2000 to

016 using 2016 statistics, the latest data from 487 PBCRs. This up-to-

ate comprehensive overview can offer evidences for future lung cancer

revention and control in China and may provide more detailed infor-

ation on the prevalence of the disease in China for the international

ommunity. 
140 
. Materials and methods 

.1. Data source and quality control 

Lung cancer data were sourced from the database of the National
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Fig. 2. Birth cohort specific incidence rates for lung cancer by gender and areas. (A) Male. (B) Female. (C) Urban. (D) Rural. 
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ancer Center of China (NCC), which is the highest authority desig-

ated for depositing and evaluating the data submitted by population-

ased cancer registries in China. All submitted data shall undergo qual-

ty control according to the criteria of Chinese Guideline for Cancer

egistration (version 2016) 6 and Cancer Incidence in Five Continents

CI5-XI) 7 , 8 before they can be deposited or used for any purpose. This

tudy only included qualified data. In detail, the data of a total of 487

erified cancer registries were included and analysed in this study, with

00 registries located in urban areas and 287 registries in rural areas.

hese registries covered 381,565,422 residents (193,632,323 men and

87,933,099 women), accounting for about 27.60% of the national pop-

lation by the end of 2016. It should be of note that lung cancer in this

tudy refers to cancers of the lung, bronchus and trachea, whose Interna-

ional Statistical Classification of Diseases and Related Health Problems

0th Revision (ICD10) code is C33-34. 
141 
.2. Statistical analysis 

All incidence and mortality data of lung cancer coded as C33-34 of

CD-10 were selected from the NCC database. Incidence and mortality

ates were stratified by area, gender and age group (0, 1-4, 5 to 80 by

 years, and 85 + ). The age-specific incidence (or mortality) rate was

alculated using PBCRs and multiplied by corresponding national pop-

lation, then added the number of new cases (or deaths) in each age

roup. Software SAS® 9.4 was used for the estimation. 

The trends for lung cancer incidence and mortality from 2000 to

016 were analysed using the data of 22 selected registries with con-

inuous recordings through Joinpoint Regression Models, which were

estricted to a maximum of 2 joinpoints to reduce the possibility of re-

orting spurious changes over the period. 9 The age-standardized rates

ASR) were estimated using the Segi’s population (1960). 10 We appor-
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Fig. 3. Birth cohort specific mortality rates for lung cancer by gender and areas. (A) Male. (B) Female. (C) Urban. (D) Rural. 
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ioned lung cancer cases and deaths during 2000 to 2016 into the contri-

ution from the change of risk and demographic component (including

hange in population size and age structure) according to methods de-

cribed by Moller et al. 11 

. Results 

.1. Lung cancer incidence and mortality in China, 2016 

Lung cancer is the first leading cause of cancer death in China, with

he incidence of lung cancer ranking first of all cancers in men and sec-

nd in women. It was estimated that there were about 828,100 new lung

ancer cases (549,800 men and 278,300 women) and about 657,000

ung cancer deaths (454,700 men and 202,300 women) in China in

016. The crude and age-standardized incidence rates using world Segi’s
142 
tandard population (ASIR) were 59.89 and 36.46 per 100,000 popula-

ion, respectively. The crude and age-standardized mortality rates us-

ng world Segi’s standard population (ASMR) were 47.51 and 28.09 per

00,000, respectively. The incidence and mortality rates were higher in

rban areas than those in rural areas. The comparison of incidence and

ortality in different regions showed that the Eastern regions of China

ad the highest crude incidence and mortality rates, followed by Middle

nd Western regions ( Table 1 ). 

.2. Age-specific incidence and mortality 

The incidence rate of lung cancer increased with age, kept at a low

ate before the age of 35 and reaching peak during 80-84 years. Different

rom the age-specific incidence rate, the number of new cases was the
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Table 2 

Trends for age-specific lung cancer incidence and mortality rates by area and gender in China, 2000 to 

2016. 

Age 

group 

All areas Urban areas Rural areas 

Both Men Women Both Men Women Both Men Women 

Incidence 

ASIR 0.8 ∗ -0.1 2.1 ∗ 0.5 ∗ -0.6 ∗ 1.7 ∗ 3.1 ∗ 2.4 ∗ 3.9 ∗ 

< 40 1.5 -1.5 ∗ 5.1 ∗ 1.5 -1.8 ∗ 5.0 ∗ 1.3 ∗ -1.0 3.6 ∗ 

40-49 0.8 ∗ -1.2 ∗ 4.2 ∗ 0.9 ∗ -1.5 ∗ 4.5 ∗ 1.7 ∗ 0.4 2.7 ∗ 

50-59 2.4 ∗ 1.9 ∗ 3.8 ∗ 2.4 ∗ 2.0 ∗ 3.8 ∗ 2.7 ∗ 1.8 ∗ 4.8 ∗ 

60-69 0.5 ∗ 0.1 1.2 ∗ 0.2 -0.4 0.7 2.5 ∗ 1.3 ∗ 4.2 ∗ 

70-79 -0.1 -0.7 ∗ 1.1 ∗ -0.6 ∗ -1.3 ∗ 0.6 ∗ 3.4 ∗ 2.6 ∗ 4.8 ∗ 

80 + 0.9 ∗ -0.4 2.1 ∗ 0.1 -1.2 ∗ 1.3 ∗ 7.2 ∗ 6.3 ∗ 7.6 ∗ 

Mortality 

ASMR -0.6 ∗ -0.6 ∗ -0.9 ∗ -1.3 ∗ -1.4 ∗ -1.5 ∗ 2.3 ∗ 2.0 ∗ 3.3 ∗ 

< 40 -3.6 ∗ -4.3 ∗ -1.5 ∗ -3.6 ∗ -4.6 ∗ -2.2 ∗ -1.4 ∗ -5.0 ∗ 1.4 

40-49 -2.5 ∗ -3.2 ∗ -0.9 ∗ -3.1 ∗ -3.6 ∗ -1.4 ∗ -0.2 -0.7 1.3 

50-59 0.3 0.9 ∗ -0.8 0.1 1.2 ∗ -0.8 ∗ 0.7 0.2 1.9 

60-69 -1.2 ∗ -1.2 ∗ -2.6 ∗ -2.0 ∗ -1.6 ∗ -3.4 ∗ 1.4 0.7 1.9 ∗ 

70-79 -0.6 ∗ -0.9 ∗ -0.4 -1.6 ∗ -1.4 ∗ -1.3 ∗ 3.1 ∗ 2.4 ∗ 4.2 ∗ 

80 + 1.3 ∗ 0.1 2.3 ∗ 0.4 -0.7 ∗ 1.5 ∗ 7.0 ∗ 6.9 ∗ 6.7 ∗ 

∗ Average annual percent change during 2000 to 2016 is significantly different from zero ( P < 0.05). 

Abbreviations: ASIR, age-standardized incidence rate using Segi’s population; ASMR, age-standardized 

mortality rate using Segi’s population. 
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ighest in the 60-64 age group for both men and women ( Fig. 1 A). The

ortality rate also increased with age, maintained low before 40 years

nd peaked at 80-84 years for woman and at 85 years and above for

en. The mortality rates in men was higher than that in woman in all

ge groups. The number of lung cancer deaths increased with age and

ended to be plateaued for men in the 60-79 age group and for women

fter 60 ( Fig. 1 B). 

Results showed that about 25.0% of men and 28.0% of women were

ounger than 60 years at their time of onset of lung cancer. In urban

reas, about 25.8% and 28.7% of new cases occurred in people under

0 for men and women, respectively, while the proportions were 23.7%

nd 26.9% in rural areas for both sexes, respectively. Most deaths of

ung cancer occurred in people aged 60 years or older (79.8%), yet still

bout 20.4% of men and19.5% of women died from lung cancer were

ounger than 60 years. 

.3. Trends for lung cancer incidence and mortality 

The trends for age-specific lung cancer incidence and mortality rates

rom 2000 to 2016 in China are presented in Table 2 , and accompanying

irth-cohorts of lung cancer incidence and mortality are shown in Fig.

 and Fig. 3 , respectively. The age-standardized incidence rates of lung

ancer increased by about 0.8% annually from 2000 to 2016, with a

table trend for men and a year-on-year increase of 2.1% for women. A

ignificant increase in incidence was observed in rural areas, especially

or females, whose rate increased by about 3.9% per year, while the rate

n urban areas only had an increase of about 0.5% per year. Trends of

ge-specific incidence rates showed that the upturn was mainly observed

n middle-aged people (40-69 years), particularly in the group aged 50-

9 years, for the male and female ones of which the increases were

bout 1.9% and 3.8%, respectively. The cohort-specific incidence rates

lso showed a trend of quick increase for the age group of 40-69 years.

hile the rates decreased by about 1.5% and 1.2% per year for men in

he age groups of under 40 years and 40-49 years, the rate for the 50-59

ge group increased by about 1.9% per year. The increases in cancer

ncidence among women in the under-40, 40-49, and 50-59 age groups

ere about 5.1%, 4.2% and 3.8% per year, respectively. In rural areas,

he rate increased by about 3.6% in women younger than 40 years and

.7% in women aged 40-49 compared with women in the urban areas

5.0% and 4.5%, respectively). The incidence of lung cancer for most

ge groups of men showed a downward trend, but showed an upward
143 
rend for most age groups of women, especially in age groups less than

0 years. 

The trends by gender and age group for lung cancer mortality during

he period of 2000 to 2016 are also presented. The ASMR decreased by

bout 0.6% per year, with a decreasing rate of 1.3% per year in urban

reas and an annual increasing rate of 2.3% per year in rural areas.

he mortality rate of lung cancer showed a downward trend in urban

reas except for the 50-59 and 80 + age groups, with a particularly quick

ecrease in the age group of under 50. The mortality rate for the 50-

9 age group in urban areas increased by 1.2% per year in men, but

ecreased by about 0.8% per year in women. Different from the trend

f mortality in urban areas, mortalities of most age groups in rural areas

ere increased, especially for women and people over 70 years. 

.4. The contribution due to the changes of risk during 2000 to 2016 

The incidence and mortality rates of lung cancer from 2000 to 2016

re shown in Fig. 4 and Fig. 5 and the contribution from the change of

isk and demographic component are presented in Table 3 . The crude

ncidence and mortality rates increased nearly 30.0% and 19.0% be-

ween 2000 and 2016, respectively, while the ASIR increased by about

2.4% and the ASMR decreased by about 11.5% . The new cases of

ung cancer increased by 162.6%, with changes due to risk (changing

ge-specific incidence rates) contributing 26.4%, changing age struc-

ures contributing 90.7%, and population growth contributing 45.5%.

he lung cancer deaths increased by 123.6%, with changes due to risk

ontributing − 14.1%, changing age structures contributing 92.2%, pop-

lation growth contributing 45.5%. The changes of number of new lung

ancer cases due to risk by about 4.8% and 108.4% in urban and rural

reas, while the decreasing number of lung cancer deaths due to risk by

bout 37.5% and 80.7% in urban and rural areas, respectively. 

. Discussion 

This study is an updated analysis of the lung cancer burden in China.

t was estimated about 828,100 lung cancer new cases and 657,000 lung

ancer deaths occurred in China in 2016. Lung cancer ranks as the first

eading cause of cancer incidence and mortality in China, which is the

ame as other countries in the world. 1 , 12 Notably, the incidence rate of

ung cancer in Eastern areas of China is relatively high, while the inci-

ence rate and mortality in the less developed Western areas of China

re relatively low. The temporal trends in ASIR continued to increase
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Fig. 4. Trends of age-specific incidence for lung cancer by gender and areas, 2000-2016. (A) Male. (B) Female. (C) Urban. (D) Rural. 
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uring the period of 2000 to 2016, but the ASMR showed a slightly

ecreasing trend by about 0.6% per year during the past decades. How-

ver, compared with the previous publication, 13 the numbers of new

ases and deaths gradually increased due to the expanding whole pop-

lation and the aging population. Health care expenses for lung cancer

n China increased from 14,110 million RMB in 2011 to 24,310 million

MB in 2015, 14 and may continue to grow in the future due to the ris-

ng trend of new incidences. Aging and population growth are the key

auses of the increase of lung cancer burden, and the increasing burden
144 
anifested in this study period can be explained mainly by the aging

opulation in China. 

Compared with other cancer cites, lung cancer has a low age-

tandardized 5-year relative survival rate of about 19.7% in China. 15 

owever, according to previous studies, 15-17 the survival rates of this

isease are also very low in other countries, such as US (21.2%),

anada(20.6%), Japan(32.9%) and Korea(25.1%). The poor prognosis

ay be accredited to the fact that most early symptoms of lung cancer
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Fig. 5. Trends of age-specific mortality for lung cancer by gender and areas, 2000-2016. (A) Male. (B) Female. (C) Urban. (D) Rural. 
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re easily neglected. The overlook is especially evident in non-smokers,

mong whom risk factors related to lung cancer are generally ignored.

oreover, healthy people seldom accept lung cancer-related screening

n China, unless doctors find that they have risk factors such as family

istory, long-term smoking, or other symptoms. 

In China, the ASIR of lung cancer remained stable in men, but in-

reased in women during the past 17 years. Our study revealed a distinct

ncrease rate of 2.1% per year for women in rural China, and people aged

0–60 years, especially women, are more prone to an elevated risk for

ung cancer. Unlike the increasing trend in China, lung cancer in devel-

ped countries such as US showed a decreasing trend since 1990s. 18-21 
145 
Most of the increasing burden of lung cancer in China could be

ttributed to risk factors such as lifestyle, coal burning, air pollution

nd smoking, 22-24 and lung cancer may occur decades after exposure to

ts risk factors. Economic development in China has changed people’s

ifestyles; westernized lifestyles and unhealthy diet are more popular in

his country than ever. Some lifestyle factors have been proved to be

ssociated with lung cancer, including cigarette smoking and second-

and smoking. Previous studies have shown that current smokers have

pproximately 3 to 20 times the risk of lung cancer compared with non-

mokers and the risk of lung cancer increases with the numbers of smok-

ng years and smoked cigarettes per day. Luckily, some of these factors
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Table 3 

The changes of number of new cases and deaths between 2000 and 2016 apportioned into changes because of risk and 

demographics by gender and areas ∗ . 

Areas Sex Total changes, % Changes due to risk, % 

Changes due to demographic 

Total, % Age structure, % Population size, % 

New cases 

All areas Both sexes 162.6 26.4 136.2 90.7 45.5 

Men 141.2 -3.2 144.3 101.6 42.8 

Women 208.1 76.0 132.2 83.9 48.3 

Urban areas Both sexes 161.7 4.8 156.9 100.6 56.3 

Men 140.2 -25.3 165.5 112.6 52.9 

Women 206.7 53.6 153.0 93.1 59.9 

Rural areas Both sexes 167.8 108.4 59.4 51.1 8.3 

Men 146.9 84.5 62.4 54.4 8.0 

Women 218.1 161.3 56.8 48.1 8.7 

Deaths 

All areas Both sexes 123.6 -14.1 137.7 92.2 45.5 

Men 122.9 -22.8 145.8 103.0 42.8 

Women 125.2 -9.7 134.9 86.6 48.3 

Urban areas Both sexes 120.7 -37.5 158.2 101.8 56.3 

Men 122.5 -44.2 166.7 113.8 52.9 

Women 116.8 -38.6 155.3 95.4 59.9 

Rural areas Both sexes 141.4 80.7 60.8 52.4 8.3 

Men 125.2 61.9 63.3 55.3 8.0 

Women 188.2 129.2 59.0 50.3 8.7 

∗ Data based 22 cancer registries. 
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re modifiable, and previous studies have demonstrated nearly half of

ung cancer can be attributed to those modifiable risk factors. 25 Mod-

rate, regular exercise have a significant impact on reducing the risk of

eveloping cancer, including reducing the risk of lung cancer. 26 

The Chinese government has initiated a series of cancer control pro-

rammes in both rural and urban areas since 2005. Given that screen-

ng can promote early detection and diagnosis and enhance people’s

wareness of cancer prevention and control, more lung cancer cases and

eaths could be prevented through increased screening coverage. 27 

The key strength for our study is the most representative data used

or the lung cancer burden estimation, which included 487 cancer reg-

stries covering nearly about 28% of the national population, and data

rom 2000 to 2016 covering 22 continuous cancer registries were used

or trend analysis. Although the estimated results of this study may still

e affected by some unknown level of uncertainty factors, the results

ay be more reasonable compared with previous estimates. 9 Moreover,

he updated statistics and the trend analysis for lung cancer burden in

hina may assist healthcare administrators in drawing up more effective

hort- and long-term policies and strategies for lung cancer prevention

nd control. 

. Conclusions 

Lung cancer is still the first leading cause of cancer death and the

ost common cancers in China. The incidence and mortality of lung

ancer in urban areas were higher than those in rural areas. The bur-

en of lung cancer increased in the past decades. The increase is mainly

aused by the aging of the population in both urban and rural areas, and

nother part of the increase is due to changes in the risk. The presences

f these risk factors may pose new challenges for China to prevent lung

ancer and other cancers in the long future. Therefore, it is suggested

hat priority of strategies and resources for lung cancer prevention and

ontrol should be given to women and rural areas in the future. In ad-

ition, although the number of new cases of lung cancer is very small

n people under 40 years, there may be a huge lag ranging from several

ears to decades between people’s exposure to risk factors and their di-

gnosis of lung cancer. This suggests that lung cancer prevention should

lso keep an eye on young people under 40 years. 
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