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Abstract
Background: The long-term trend in cancer death in a rapidly developing coun-
try provides information for cancer prophylaxis. Here, we aimed to identify the
trends in cancer mortality in China during the 2004-2018 period.
Methods: Using raw data from the national mortality surveillance system of
China, we assessed the mortalities of all cancer and site-specific cancers dur-
ing the 2004-2018 period. The participants were divided into three age groups:
≥65 years, 40-64 years, and ≤39 years. Changing trends in cancer death by gen-
der, residency, and tumor location were estimated using fitting joinpoint models
to log-transformed crudemortality rates (CMRs) and age-standardizedmortality
rates (ASMRs).
Results: Cancer death accounted for 24% of all-cause of death in China during
2014-2018. The CMR of all cancer was 150.0 per 100,000 persons. Cancer was the
leading cause of death in the population <65 years. The six major cancer types
(lung/bronchus cancer, liver cancer, stomach cancer, esophagus cancer, colorec-
tal cancer, and pancreas cancer) accounted for 75.85% of all cancer deaths. The
CMR of all cancer increased while the ASMR decreased during 2014-2018 (P <
0.001). Lung/bronchus cancer and liver cancer were the leading causes of can-
cer death in the population <65 years, accounting for 45.31% (CMR) and 44.35%
(ASMR) of all cancer death, respectively. The ASMR of liver cancer was higher
in the 40-64 years population than in the ≥65 years population, in contrast to
the other five major cancers. The ASMRs of liver cancer, stomach cancer, and
esophagus cancer decreased although they were higher in rural residents than
in urban residents; the ASMRs of lung/bronchus cancer, colorectal cancer, and

Abbreviations: ASMR, age-standardized mortality rate; CDC, Center for Disease Control and Prevention; CI, confidence interval; CMR, crude
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Helicobacter pylori; ICD-10, International Classification of Diseases-10th Revision; NCCR, National Central Cancer Registry of China
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pancreas cancer increased in rural residents although they were higher in urban
residents than in rural residents during 2014-2018.
Conclusion:Although the ASMR of all cancer decreased in China during 2004-
2018, lung/bronchus cancer and liver cancer remained the leading causes of
cancer-related premature death. Lung/bronchus cancer, colorectal cancer, and
pancreas cancer increased in rural residents.

KEYWORDS
age-standardized mortality rate, breast cancer, colorectal cancer, crude mortality rate,
demographic distribution, liver cancer, national mortality surveillance system, premature
death, site-specific cancer, stomach cancer, trend

1 INTRODUCTION

Cancer is one of the top two leading causes of prema-
ture death in 127 countries and may surpass cardiovas-
cular disease as the leading cause of premature death in
most countries over the course of this century [1]. China
alone contributed to a quarter of the world’s cancer death
in 2020 [2]. The high cancer burden in China highlights
the need for further improvement in etiological surveys
and the building up of an anti-cancer network for intro-
ducing and implementing sustainable actions for cancer
control [3, 4]. According to the World Bank, China is one
of the rapidly developing nations in the world [5]. During
the era of the planned economy between 1949 and 1978 and
the initial stage for the reform and opening-up between
1979 and 1993, urban Chinese mostly worked in indus-
try and commerce sectors. Rural Chinese mostly lived on
farms. The urban–rural disparity in socioeconomic status
has gradually narrowed since 1993 when China entered
the market economy era [6]. However, economic devel-
opment as well as its concomitant socioeconomic status
and lifestyle factors varies greatly in the eastern, central,
and western regions of China [7]. These rapidly changing
socioeconomic features and the urban–rural disparity in
China provide an opportunity to evaluate cancer burden
and the effect of medical service, aging, risk factor expo-
sure, and public health efforts on cancer mortality, which
could be indispensable for cancer prophylaxis.
In China, the data on cancer registration were often col-

lected, evaluated, and published by the National Central
Cancer Registry (NCCR) of China, based on the data of all
cancer and most type-specific cancers from a given year as
well as for the 11-year trend from 2000 to 2011 [8–10]. How-
ever, the trend of cancer mortality in China after 2011 has
not been reported by the NCCR, even though the number
of local population-based cancer registries in NCCR has
increased from 54 in 2008 to 308, covering 300 million
people, in 2014 [10]. NCCR is not the sole data resource

of cancer mortality in China. The integrated national
mortality surveillance system for death registration and
mortality surveillance is the official source of themortality
surveillance system. This system is integrated with the
disease surveillance points (DSPs) system established by
the Chinese Center for Disease Control and Prevention
(CDC) in 1978 and the Chinese vital registration system
established by the Health Department of the People’s
Republic of China in the 1950s. In 2013, the government
combined the two systems into an integrated national
mortality surveillance system. This integrated system
increased the number of DSPs from 161 to 605. The 605
DSPs were distributed to all provincial administrative
regions, covering a quarter of China’s population [11].
Cancer death in 1990 and 2017 was recently evaluated as
one of the leading causes of death in China [12]. However,
consecutive data on cancer death from 2004 to 2018 from
the national mortality surveillance system have not been
reported.
In this study,we evaluated trends in themortality of total

cancer and the major site-specific cancers of mainland
China from 2004 to 2018. The findings of this study could
help understand the association of possible risk factor
exposure, socioeconomic development, and public health
efforts with the trends of cancer mortalities, thus, pro-
viding evidence for the prevention and control of cancer-
related premature death.

2 METHODS ANDMATERIALS

2.1 Source of data

Cancer death was derived from the death certificate data
of the Chinese national mortality surveillance system
[11]. Briefly, the data for the DSPs were collected using
a standard protocol by trained personals. The trained
staff oversaw data collection of all deaths occurring in
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hospitals. For deaths occurring outside a hospital setting,
village health workers or community hospital profession-
als used verbal autopsy strategies to collect the relevant
data. Local CDCs reported all data to their next-level
office (from county to prefectural, provincial, and finally
to national level), and routine quality checks were con-
ducted by coders at each center. Quality checks assessed
completeness, coding, and internal logic across items
reported on death certificates. Any unqualified reports
detected were corrected at each DSP through a review of
detailed medical records or repeated verbal autopsies. A
routine national sample survey was conducted every three
years at all surveillance locations [13]. The raw data are
approved annually for publication by the National Center
for Chronic and Non-communicable Disease Control and
Prevention (Chinese CDC, Beijing, China). The definition
of cancer-related death was based on Chapters C00–C97 of
the International Classification of Diseases–10th Revision
(ICD–10), as previously reported [14]. Supplementary
Table S1 provides more information on the classifica-
tion of cancer types by the ICD-10 codes. Based on the
administrative division of rural and urban areas, the DSPs
at the counties including prefecture-level cities were
defined as rural areas, while the municipal districts were
defined as urban areas. According to the classification of
the National Statistics Bureau, China is divided into 22
provinces, four municipalities (Beijing, Shanghai, Tian-
jin, and Chongqing), five autonomous regions (Guangxi,
Ningxia, Xizang, Xinjiang, and Inner Mongolia), and two
special administrative regions (Hong Kong and Macau).
According to the first national economic census, China is
divided into three regions: the eastern (those on the east-
ern coastline), central (Heilongjiang, Jilin, Shanxi, Henan,
Hubei, Anhui, Jiangxi, and Hunan), and western (oth-
ers) regions [15]. The populations of urban and rural
areas were also divided into three age groups (≤39, 40-64,
and ≥65 years).

2.2 Data analysis

The Epidata 3.1 (The Epidata Association, Odense, Syd-
danmark, Denmark) statistical software was used for data
entry and management. The crude mortality rate (CMR)
and their 95% confidence interval (CI) of total cancer and
site-specific cancer per 100,000 in the total population in
all DSPs and populations stratified by the eastern, central,
and western region as well as stratified by rural and urban
areas were calculated every year from 2004 to 2018. The
age-standardized mortality rate (ASMR) was calculated
based on the standard population from the 5th Chinese
census carried out in 2000 [16]. We calculated the CMRs
and the ASMRs of all cancer and type-specific cancers in

the population stratified by age, gender, region (eastern,
central, and western), and residency (rural and urban resi-
dents). Temporal trends in themortality from 2004 to 2018,
as expressed by annual percent change (APC), were esti-
mated by fitting joinpoint models (Joinpoint Regression
Program Version 4.8.0.1, the National Cancer Institute,
Rockville, MD, US) to log-transformed CMRs and ASMRs.
The student t-test was employed to assess if the APC was
statistically different from zero. The term “increase” or
“decrease”was applied to describe the trendwhen theAPC
of the trend was statistically significant (P < 0.05). The
rate ratio (RR) of rural-urban disparity was defined as the
mortality rate per cancer type rural /mortality rate per can-
cer type urban. RR of men–women disparity was defined
as the mortality rate per cancer type men /mortality rate
per cancer type women. The χ2 test and the Fisher’s exact
test were applied to analyze differences between urban
and rural areas in cancer mortality rates. R software (Ver-
sion 3.6.3, MathSoft, Cambridge, MA, US) was applied
for statistical analysis. A P value of <0.05 was considered
significant.

3 RESULTS

3.1 Basic information and trend
in cancer death during 2004-2018

This study included the information of all residents cov-
ered by DSPs, with 2,209,059,291 person-years during 2004
and 2018. Cardio-cerebrovascular disease was the first
cause of death in the entire population, accounting for 43%
of all-cause death (n = 13,967,306) in this 15–year period.
Cancer was the second cause of death (n= 3,314,213) in the
entire population, accounting for 24% of all-cause death.
The CMR of all cancer was 150.0 per 100,000 (95% CI: 149.9
per 100,000 –150.2 per 100,000). Supplementary Table S2
shows the data of yearly cancer death among all death in
the population covered by all CDC-DSPs from 2004 to 2018.
TheCMRof all cancer continually increased (APC= 1.74%,
P< 0.001) while the ASMRs of all cancer decreased (APC=
–1.34%, P < 0.001) from 2004 to 2018 (Figure 1A–B). In
the population <65 years, however, cancer was the lead-
ing cause of death; the CMR increased (APC = 0.80%, P =
0.012) while the ASMRs decreased (APC = –1.70%, P <

0.001) from 2004 to 2018 (Figure 1C-D). In the whole pop-
ulation, site-specific cancers in descending order by CMRs
were lung/bronchus cancer (41.11 per 100,000), liver can-
cer (25.18 per 100,000), stomach cancer (20.66 per 100,000),
esophagus cancer (12.74 per 100,000), colorectal cancer
(9.67 per 100,000), and pancreas cancer (4.44 per 100,000)
(Supplementary Figure S1A). The six major causes of can-
cer death (lung/bronchus cancer, liver cancer, stomach
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F IGURE 1 Crude and age-standardized mortality rates for six major diseases in mainland China among the whole population and the
population younger than 65 during 2004-2018; (A) crude mortality rates for six major diseases among the whole population; (B)
age-standardized mortality rates for six major diseases among the whole population; (C) crude mortality rates for six major diseases among
the population younger than 65 years; and (D) age-standardized mortality rates for six major diseases that lead to death in China among the
population younger than 65 years. * P < 0.05, ** P < 0.01, *** P < 0.001; + increased, –decreased from 2004 to 2018

cancer, esophagus cancer, colorectal cancer, and pancreas
cancer) accounted for 75.85% of all cancer-related death.
The ASMRs of each cancer type in the whole population
as well as the CMRs and ASMRs of each cancer type in
females and males are shown in Supplementary Figure
S1B–F. In the population ≤65 years, lung/bronchus cancer
and liver cancer were the major cancer types, accounting
for 45.31% (in the CMR) and 44.35% (in the ASMR) of all
cancer death, respectively (Supplementary Figure S2). In
the whole population, the CMRs and ASMRs of all can-
cer were significantly higher in males than in females (RR
[males vs females] = 1.792 [95% CI: 1.788–1.796], P <0.001
for the CMR; RR = 1.957 [95% CI: 1.951–1.962], P < 0.001
for the ASMR) (Figure 2A–B). In the population<65 years,
lung/bronchus cancer was the leading cause of cancer
death in females (Figure 2C–D) and liver cancer was the
leading cause of cancer death in males (Figure 2E–F). The
top 5 causes of cancer death remained similar rank from
2004 to 2018. The ranking of leukemia and uterine cancer
death decreased after 2009. Pancreas cancer, cervical can-
cer, bladder cancer, and prostate cancer increased in rank-
ings after 2009 (Supplementary Figure S3).

3.2 Trends in the ASMR of the major
cancers in three age groups

We divided the participants into three age groups: ≥65
years old, 40-64 years old, and ≤39 years old. Trends in
the ASMR of the six major cancer types in the three
age groups during 2004-2018 are shown in Figure 3. The
ASMRs of lung/bronchus cancer and colorectal cancer did
not change significantly in the ≥65 years and 40-64 years
populations, while those of both cancer types in the ≤39
years population decreased by 43.31% (APC = –2.72%, P <
0.001) and 32.48% (APC = –1.74%, P = 0.010), respectively,
during 2004-2018. The ASMRs of lung/bronchus cancer
and liver cancer were higher than other cancer types in the
40-64 years old population. In the ≤39 years, 40-64 years,
and ≥65 years populations, the ASMRs of esophagus can-
cer decreased by 84.01% (APC= –0.84%, P< 0.001), 57.80%
(APC = –6.14%, P < 0.001), and 42.87% (APC = –3.59%,
P< 0.001), respectively; those of stomach cancer decreased
by 49.39% (APC = –4.05%, P < 0.001), 55.17% (APC = –
5.08%, P < 0.001), and 45.26% (APC = –3.60%, P < 0.001),
respectively; those of liver cancer decreased by 46.84%
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F IGURE 2 Crude and age-standardized mortality rates for cancers of women and men in mainland China during 2004-2018; (A) trend
in the crude mortality rate of all cancer of females and males; (B) trend in the age-standardized mortality rates of all cancer of females and
males; (C) the crude mortality rate of each cancer type in females <65 years; (D) the age-standardized mortality rate of each cancer type in
females <65 years; (E) the crude mortality rate of each cancer type in males <65 years; and (F) the age-standardized mortality rate of each
cancer type in males <65 years. *** P< 0.001; + increased, –decreased from 2004 to 2018
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F IGURE 3 Trends in the age-standardized mortality rates per 100,000 of six major cancer types in three age groups (younger than
39 years, 40-64 years, 65 years or older) in mainland China during 2004-2018; (A) trends in the age-standardized mortality rate of esophagus
cancer; (B) trends in the age-standardized mortality rate of stomach cancer; (C) trends in the age-standardized mortality rate of liver cancer;
(D) trends in the age-standardized mortality rate of lung/bronchus cancer; (E) trends in the age-standardized mortality rate of colorectal
cancer; and (F) trends in the age-standardized mortality rate of pancreas cancer. *P < 0.05, ***P < 0.001; +increased, –decreased from 2004
to 2018
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TABLE 1 Rate ratio of cancer mortality between urban and rural residents by region, sex, and age in China, 2004-2018*

Urban Rural

Subgroup
Total
people

Mortality Rate
(per 100,000)

Total
people

Mortality Rate
(per 100,000) RR (95%CI) P - value

Region
Eastern 323,951,273 172.15 530,871,331 169.13 0.982 (0.979-0.986) <0.001
Central 226,256,815 147.23 547,916,404 141.72 0.963 (0.959-0.966) <0.001
Western 194,756,008 140.76 385,307,460 123.24 0.875 (0.871-0.880) <0.001

Sex
Male 377,468,459 196.48 747,633,232 188.22 0.958 (0.955-0.961) <0.001
Female 367,495,637 115.18 716,461,963 103.57 0.899 (0.896-0.903) <0.001

Age
≤39 393,287,134 8.89 803,927,015 10.33 1.163 (1.148-1.178) <0.001
40-64 274,441,623 151.79 511,551,133 164.87 1.086 (1.082-1.090) <0.001
≥65 77,235,274 923.68 148,617,047 822.80 0.890 (0.887-0.892) <0.001

Overall 744,964,096 156.37 1464,095,195 146.80 0.939 (0.937-0.941) <0.001

*Data are presented as rate ratio (RR) and 95% confidence interval (CI).

(APC = –3.56%, P < 0.001), 34.83% (APC = –2.74%, P <

0.001), and 30.66% (APC= –2.11%, P < 0.001), respectively.
TheASMRs of pancreas cancer in the≤39 years population
did not change significantly; however, in the 40-64 years
and the ≥65 years populations they increased by 40.14%
(APC = 1.87%, P < 0.001) and 45.45% (APC = 2.22%, P <
0.001), respectively. Interestingly, theASMRof liver cancer
was higher in the 40-64 years population than in the ≥65
years population. In the ≤39 years age group, the ASMR of
liver cancer was higher than that of the other four major
cancer types, but it was decreasing from 2004 to 2018.

3.3 Differences in cancer death between
urban and rural residents

Of the 3,314,213 cancer deaths in total, 1,164,937 occurred in
urban areas, accounting for 26% of all death (n= 4,454,338)
in urban areas; 2,149,276 occurred in rural areas, account-
ing for 23% of all death (n = 9,512,968) in rural areas. The
CMR of all cancer was generally higher in urban residents
than in rural residents. In the age groups of ≤39 and 40-
64 years old, the CMR was lower in urban residents than
in rural residents; however, the situation was inversed for
the ≥65 years age group (P < 0.001) (Table 1). The ASMR
of all cancer in the whole population, urban population,
and rural population decreased by 20.54% (APC = –1.34%,
P < 0.001), 20.59% (APC = –1.38%, P < 0.001) and 20.32%
(APC = –1.29%, P < 0.001), respectively (Supplementary
Figure S4). The CMRs of the six major cancer types are
shown in Supplementary Table S3. The ASMRs of liver
cancer, stomach cancer, and esophagus cancerwere higher
in rural residents than those in urban residents, in contrast
to lung/bronchus cancer, colorectal cancer, and pancreas

cancer (P < 0.001) (Figure 4A). In urban residents, the
ASMRs of liver cancer, stomach cancer, esophagus cancer,
and lung/ bronchus cancer decreased by 32.98% (APC =

–2.27%, P < 0.001), 44.65% (APC = –3.32%, P < 0.001),
29.71% (APC = –1.90%, P = 0.009) and 12.68% (APC =

–0.82%, P = 0.009), respectively, from 2004 to 2018. How-
ever, those of colorectal cancer and pancreatic cancer did
not change significantly during this period (Figure 4B). In
rural residents, the ASMRs of liver cancer, stomach can-
cer, and esophagus cancer decreased by 35.00% (APC =

−2.75%, P< 0.001), 51.25% (APC=−4.60%, P< 0.001), and
55.31% (APC = −5.68%, P < 0.001), respectively, from 2004
to 2018. However, those of lung/bronchus cancer and pan-
creas cancer increased by 11.96% (APC = 1.73%, P = 0.006)
and 11.48% (APC = 4.18%, P < 0.001), respectively, during
2004-2018. The ASMR of colorectal cancer did not change
significantly, during this period (Figure 4C). The rate ratios
of lung/bronchus cancer, stomach cancer, esophagus can-
cer, and pancreas cancer between urban and rural areas
from 2004 to 2018 changed from 0.73 to 0.93 (APC= 2.57%,
P= 0.002), 1.26 to 1.11 (APC= –1.32%, P= 0.022), 1.85 to 1.17
(APC= -3.86%, P< 0.001), and 0.47 to 0.76 (APC= –3.84%,
P < 0.001), respectively, indicating that the urban–rural
disparity became smaller. The changes in urban–rural dis-
parity were not significant in liver cancer and colorectal
cancer.

3.4 Trends in cancer death among the
three geographic regions

The CMR of all cancer decreased from the eastern to west-
ern regions, whereas the urban-rural disparity increased
from the eastern to western regions (Table 1). The CMR
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F IGURE 4 The age-standardized mortality rates per 100,000
for six major cancer types in urban and rural populations in
mainland China during 2004-2018; (A) comparison of the
age-standardized mortality rates per 100,000 of the six major cancer
types in urban and rural populations; (B) trends in the
age-standardized mortality rates of six major cancer types in urban
population, 2004-2018; (C) trends in the age-standardized mortality
rates of six major cancer types in rural population, 2004-2018. ** P <
0.01, *** P < 0.001; + increased, –decreased from 2004 to 2018

of all cancer increased significantly except for the cen-
tral urban residents. However, the ASMR decreased
significantly except for the western rural residents (Sup-
plementary Figure S5). In rural residents, the ASMR of all
cancer decreased by 21.24% (APC= –1.40%, P< 0.001) and

27.61% (APC= -2.28%, P< 0.001) in the eastern and central
regions, respectively; in urban residents, it decreased by
16.92% (APC = –1.17%, P < 0.001), 26.84% (APC = –1.69%,
P = 0.001), and 18.79% (APC = –1.27%, P = 0.014) in the
eastern, central, and western regions, respectively. The
ASMR of lung/bronchus cancer decreased in the urban
population in the eastern and central regions, while the
rate increased in the rural population in the eastern and
western regions. The ASMR of liver cancer in the eastern
and central regions, as well as the ASMR of stomach
cancer in the three regions, decreased significantly. The
ASMRs of colorectal cancer and pancreas cancer contin-
ually increased in the rural residents of the three regions
(Figure 5).

4 DISCUSSION

In this study, the overall profile and trends of cancer death
from 2004 to 2018 were evaluated. The rankings of the
five leading causes of cancer death in the annual reports
fromNCCRwere different between 2011 and 2015, possibly
because the number of population-based cancer registries
increased from 177 in 2011 [10] to 308 in 2014 [8]. The rank-
ing remained consistent during 2004-2018 in this study,
possibly because the national mortality surveillance sys-
tem is highly representative in China after several rounds
of representativeness evaluation and adjustment [11]. Can-
cerwas the second leading cause of death in thewhole pop-
ulation and the first leading cause of death in those <65
years and was consistent with a study we previously per-
formed in the Shanghai population only [17]. Thus, cancer
has been the major cause of premature death during the
past 15 years. The CMR of all cancer continually increased
while their ASMR decreased, indicating that aging con-
tributed greatly to the increased cancer death.
Most type-specific cancers are aging-related diseases.

However, each type-specific cancer causes a distinct
decrease in life expectancy. In contrast to other cancer
types, liver cancer caused more death in the 40-64 years
old population than in the ≥65 years old population. Our
previous study has also demonstrated that liver cancer
was the leading cause of cancer death in the popula-
tion <75 years [17]. This might be related to the cause of
liver cancer. Although hepatitis C virus infection and alco-
holic and non-alcoholic fatty liver disease contribute to
the occurrence of liver cancer, chronic hepatitis B virus
(HBV) infection contributes to 87.5% of hepatocellular car-
cinoma (HCC), the major subtype accounting for 94.6% of
liver cancer in Eastern China [18, 19]. HBV infection has
been significantly associated with 10 years earlier onset,
more cirrhosis, higher α-fetoprotein, and more microvas-
cular invasion in HCC [18]. Chronic HBV infection is
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F IGURE 5 Trends in the age-standardized mortality rates per 100,000 of six major cancer types in the eastern, central, and western
regions of mainland China during 2004-2018; (A) trends in the age-standardized mortality rates of six major cancer types in eastern urban
population; (B) trends in the age-standardized mortality rates of six major cancer types in eastern rural population; (C) trends in the
age-standardized mortality rates of six major cancer types in central urban population; (D) trends in the age-standardized mortality rates of
six major cancer types in central rural population; (E) trends in the age-standardized mortality rates of six major cancer types in western
urban population; and (F) trends in the age-standardized mortality rates of six major cancer types in western rural population. *P < 0.05,
**P < 0.01, ***P < 0.001; +increased, –decreased from 2004 to 2018

more prevalent in the eastern region of China than in the
central or western regions; thus, it could be the major
cause of HCC burden in the next several decades [20].
The ASMR of liver cancer in the ≥65 years population
and the 40-64 years population continued to decrease pos-
sibly because antiviral treatment for chronic hepatitis B
has significantly decreased HCC occurrence since antivi-

ral agents nucleotide/nucleoside analogs were introduced
into China in 1998 [21, 22]. The CMR of liver cancer was
significantly higher in rural residents than in urban res-
idents (Figure 4A), possibly because of the difference in
the availability and adherence of receiving antiviral treat-
ment [23]. The ASMR of liver cancer in the ≤39 years pop-
ulation continued to decrease, possibly because of HBV
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vaccination innewborns enforced inmainlandChina since
1992 [24]. Thus, the data of cancer death reflect not only
the natural course of each cancer type but also the effects
of public health actions.
Similar to liver cancer, the ASMRs of stomach cancer

and esophagus cancer continued to decrease from 2004
to 2018. An NCCR study demonstrated that the trends
in ASMRs of lung/bronchus cancer, liver cancer, stom-
ach cancer, esophagus cancer, and colorectal cancer were
quite consistent with their age-standardized incidence
rates (ASIRs) during 2000 to 2011 [8]. The decrease in
the ASMRs could be largely related to the decrease in
the ASIRs of the five major cancer types. Changes in the
ASMRs could reflect different exposures to risk factors,
socioeconomic settings, lifestyles, and access to care and
screening for cancers [25, 26]. The rapid progresses in eco-
nomic development and optimization of public health pol-
icy in China greatly increase the socioeconomic status,
improve healthy lifestyles to decrease the risk factor expo-
sure via health education, and increase medical insurance
coverage for access to care and screening for cancers in
Chinese, resulting in the decreases in the ASMRs of stom-
ach cancer, esophagus cancer, and liver cancer.
The difference in cancer mortality between rural and

urban residents and among the three regions during the
last 15 years might provide useful information regarding
the exposure of cancer risk factors, health care access,
and the effects of public health action for cancer control.
Urban-rural disparities in cancer incidence and mortality
were found although the gaps in health care utilization,
socioeconomic status, and even lifestyle have gradually
narrowed in China since 1993 [27]. In this study, we found
that the CMR of all cancer was higher in rural residents
than in urban residents in the population <65 years;
however, the situation was inversed for the ≥65 years
population (Table 1). This finding indicates that health
care access could have been weaker in rural areas than
in urban areas. The disparity in socioeconomic status
contributes to the difference in cancer occurrence and
subsequent cancer mortality [28, 29]. The ASMRs of stom-
ach cancer and esophagus cancer were higher in rural
than in urban residents, possibly because of poor health
care access including lack of active screening and facilities
for such screening, unhealthy lifestyle-related conditions
including familial clustering of Helicobacter pylori (HP)
infection, increased intake of salted and hot food, and
higher prevalence of tobacco smoking in rural residents.
Chronic HP infection and increased intake of salted food
increase the risk of stomach cancer [30, 31]. Long-term
intake of hot food and tobacco smoking increase the risk
of esophagus cancer [32, 33].
TheASMRs of lung/bronchus cancer and colorectal can-

cer were higher in urban residents than in rural residents,

possibly because of greater exposure to air pollution in
urban areas [34, 35], less consumption of coarse food, and
a sedentary lifestyle in urban residents [36]. Interestingly,
the trend of ASMR of lung cancer decreased in urban res-
idents but increased in rural residents (Figure 4C). This
might be caused by the following aspects: (1) polluted
industry had been increasingly moved from urban areas
to rural areas; and (2) tobacco and cigarette smoking and
indoor air pollution caused by smoky coal usage contribute
to the sustained level of lung cancer in rural areas [25, 37].
The ASMR of lung/bronchus cancer decreased from the
eastern to western regions, which was consistent with a
decreasing level of industrialization during and before the
study period. Thus, industrialization-related air pollution
could be one of the major reasons for the increased mor-
tality of lung/bronchus cancer.
Tobacco smoking has been demonstrated to be the sin-

gle most important carcinogenic risk factor in China,
contributing to approximately 24.5% of cancers in males,
especially for lung/bronchus cancer [4]. Thus, tobacco
control, as well as indoor and ambient air pollution reduc-
tion, could be critical in reducing the disease burden of
lung/bronchus cancer. We also observed that the ASMR of
colorectal cancer remained stable in urban residents and
increased in rural residents during 2004-2018 (Figure 5).
As the urban-rural disparity in socioeconomic status has
gradually narrowed since 1993, the incidence of western-
ized lifestyle-related cancers including colorectal cancer
has risen in rural residents. To reduce the burden of col-
orectal cancer, the prevention and management of mod-
ifiable risk factors through national public health policies
are recommended [36]. It has been demonstrated in theUS
that the mortality of colorectal cancer was greatly reduced
by second-grade prophylaxis, namely, early screening to
remove precancerous polyps, early diagnosis, and early
surgical resection [38, 39]. The government-supported
second-grade prophylaxis has been carried out for years in
several areas in China, resulting in a significant decrease
in the incidence andmortality of colorectal cancer in these
areas [40, 41]. Thus, second-grade prophylaxis for colorec-
tal cancer should be encouraged.
The ASMRs of liver cancer, stomach cancer, and esoph-

agus cancer consecutively decreased in urban and rural
areas of the three regions during 2004-2018, indicating that
public health actions including active treatment of hepati-
tis B, eradication of HP infection, and health education for
giving up hot food have been effective in the past decades.
In addition to lung/bronchus cancer and colorectal cancer,
the ASMR of pancreas cancer increased in rural residents.
Dietary habits such as high intake of alcohol, fructose, and
red and processed meat, pathological conditions includ-
ing diabetes, obesity, and infections, stress, and smok-
ing behavior have been associated with increased risk of
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developing pancreas cancer [42]. Public health interven-
tions to these modifiable risk factors might be applied
to prevent pancreas cancer, a deadly malignancy with a
limited screening opportunity. Pollution control including
indoor and ambient air pollution reduction and lifestyle
intervention including tobacco and alcohol control and
obesity control remain challenges in rural areas.
This current study had several limitations: First, the

national mortality surveillance system increased the num-
ber of surveillance points from 161 in 2004 to 605 in 2013,
covering the surveillance population from 6% to 24% of
the Chinese population [11]. The CMRs and ASMRs dur-
ing 2004-2012 were not as stable as those during 2013-2018,
although the DSPs were highly representative. Second, rel-
atively poor health care access in rural areas might reduce
the data quality of the mortality, thus, affecting the trends
in the mortalities of lung/bronchus cancer and liver can-
cer in the western rural areas (Figure 5F). Third, the study
population was originally divided into four age groups.
We found that the mortality rates of all cancer in chil-
dren/adolescents group and young adults group were too
low to perform statistical analysis. Therefore, we merged
the children/adolescents group and young adults group,
resulting in loss of the mortality data in each of the two
groups. Fourth, malignant disease in the central nervous
system (C69-C72 in ICD10) was classified as “other can-
cers” based on the Global Burden of Disease code U077
[12], resulting in a loss of data.
In summary, the ASMR of all cancer continually

decreased although their CMRs increased in China during
2004-2018. Lung/bronchus cancer and liver cancer remain
the leading causes of cancer-related death. Lung/bronchus
cancer, colorectal cancer, and pancreatic cancer increased
in rural residents, urging major interventions for authori-
ties to control cancer growth and fatalities.
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