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Simple Summary: We analyzed the long-term mortality trends and their Age-Period-cohort effects
for overall cancer and its 10 sub-types in China. The results show that the overall cancer ASMR
has declined, but the absolute cancer cases kept increasing due to the growing elderly population,
with the death rates for almost all types of cancer among older Chinese continued to rise during the
past three decades. The birth cohort RRs peaked in 1920–1930 and tended to decline in successive
cohorts for most cancers except for leukemia, lung cancer in rural, and breast and cervical cancer in
females, whose relative risks were rising in the very recent cohorts. The rising mortality related to
lung, colorectal, breast and cervical cancer and the increasing burden of cancer death in rural areas
should receive higher priority in managing cancer burden and calls for targeted public health actions
to reverse the trend.

Abstract: Background: China has the highest number of new cancer cases and deaths worldwide,
posing huge health and economic burdens to society and affected families. This study comprehen-
sively analyzed secular trends of national cancer mortality statistics to inform future prevention and
intervention programs in China. Methods: The annual estimate of overall cancer mortality and its
major subtypes were derived from the National Health Commission (NHC). Joinpoint analysis was
used to detect changes in trends, and we used age-period-cohort modeling to estimate cohort and
period effects in Cancers between 1987 and 2020. Net drift (overall annual percentage change), local
drift (annual percentage change in each age group), longitudinal age curves (expected longitudinal
age-specific rate), and period (cohort) relative risks were calculated. Results: The age-standardized
cancer mortality in urban China has shown a steady downward trend but has not decreased signifi-
cantly in rural areas. Almost all cancer deaths in urban areas have shown a downward trend, except
for colorectal cancer in men. Decreasing mortality from cancers in rural of the stomach, esophagus,
liver, leukemia, and nasopharynx was observed, while lung, colorectal cancer female breast, and
cervical cancer mortality increased. Birth cohort risks peaked in the cohorts born around 1920–1930
and tended to decline in successive cohorts for most cancers except for leukemia, lung cancer in
rural, and breast and cervical cancer in females, whose relative risks were rising in the very recent
cohorts. In addition, mortality rates for almost all types of cancer in older Chinese show an upward
trend. Conclusions: Although the age-standardized overall cancer mortality rate has declined, and
the urban-rural gap narrowed, the absolute cancer cases kept increasing due to the growing elderly
population in China. The rising mortality related to lung, colorectal, female breast, and cervical
cancer should receive higher priority in managing cancer burden and calls for targeted public health
actions to reverse the trend.
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1. Introduction

Cancer is a severe public health issue in China [1]. GLOBOCAN 2020 estimated that
there were 9,958,133 cancer deaths globally in 2020, and the number of cancer deaths in
China reached 3 million, accounting for 30.2% of all cancer deaths worldwide and ranking
first worldwide [2]. China’s official figures show that the age-standardized mortality rate
(ASMR) of all cancers was 105.19 per 100,000 [3], cancer has already become the first leading
cause of death in China.

Cancer caused an estimated 62.9 million disability-adjusted life years (DALYs) in
China in 2017 [4]. Lung cancer accounts for the largest proportion, followed by liver cancer,
gastric cancer, esophageal cancer, and other digestive system tumors [5]. It has been widely
reported that cancer mortality continues to increase in China due to the aging population
and increasing adoption of carcinogenic behaviors [2,6]. The level and patterns of cancer
motility differed significantly according to cancer types, genders and areas [7,8]. Previous
studies have reported trends in cancer mortality in China for specific populations [9],
different regions and time periods [10]. These studies found selected cancers reported
increasing trends for cancers of the lung [11], breast [12], colorectal [13], and stomach [14].
However, there is no consistent conclusion regarding the trend of cervical cancer deaths in
China [15,16].

Although China’s national level mortality data for the period 1987–1999 and 1987–2009
have been reported in previous studies [17,18], China has experienced considerable changes
in the last decade. For example, China’s new health-care reform policy was initiated in
2009. Since then, China has launched a package of programs to improve the health of the
population and disease control, such as expanding health insurance coverage, increasing
investment in health care, and providing health education [19], which has had a significant
impact on reducing cancer deaths. And China’s GDP overtook Japan to become the world’s
second-largest economy in 2010 and hit 101.5986 trillion yuan ($15.51 trillion) in 2020 [20],
exceeding the 100 trillion yuan mark for the first time, etc. As a result, China’s cancer
spectrum is shifting from a developing country to a developed country spectrum [21].
Therefore, it is of great significance to conduct a systematic and up-to-date analysis of
cancer mortality in China. The main objective of this study is to provide empirical basis for
the optimization of public health policies and cancer prevention and control strategies of
the Chinese government.

2. Materials and Methods

Information on overall cancer and its major sub-types mortality by age from 1987 to
2020 was derived from China’s National Health Commission (CNHC) death registration
system. which was considered a main authoritative data source to provide the most repre-
sentative information on national mortality trends and patterns. The death data from five
administrative organizations [22] (including the death medical certificate information, the
total population information, the registered permanent residence cancellation information,
the cremation information, and the termination of social security information) were incor-
porated after the IDs quality control and removal of duplication, all categories were coded
according to the International Classification of Diseases (ICD), the 9th Revision (ICD-9)
and the 10th Revision (ICD-10). ICD-9 was operated on before 2002, and ICD-10 thereafter.
As with most mortality reporting data, this dataset suffers from the same underreporting
issues. According to previous research, the underreporting rate for this data was roughly
2% in 2017 [23].

The ASMR by areas and sexes were calculated based on the World Standard Population
(WSP) [24] using direct calculation method. To calculate the annual variation in mortality
rates and identify significant change points, we used joinpoint regression models to identify
trends in cancer mortality over time, using the Joinpoint software Version 4.9.1.0 (Statistical
Research and Applications Branch National Cancer Institute, Washington, MD, USA) [25].
In this study, joinpoint analysis was used to identify years (as the independent variable)
with significant changes in mortality rate over the study period and the size of these
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changes (as the percentage change in rate per year). Using a natural log-linear model
enables the analysis of a constant percentage change in mortality rates over time.

A age-period-cohort (APC) model was used to establish independent estimates of
the age, period and cohort effects on cancer mortality [26]. In the APC model, Net-drift
and Local-drift were calculated separately, of which, Net-drift denotes the time-trend
effect of the whole population, while Local-drift indicates the log-linear trend for each age
group [26,27]. The longitudinal age curve, period relative risks and cohort relative risks
were displayed simultaneously in this paper. Successive 5-year age intervals (from 0 to
5 years to 85 years and older) were used to calculate the longitudinal age curve. The period
effects are the age-specific relative risk ratio, with 2001 to 2005 as a reference. The cohort
effects are the age-specific risk ratio of the 14 cohorts among individuals, including those
born from 1906–1910 (median, 1908) to 2016–2020 (median, 2018), with the birth cohort of
1961–1965 (median, 1963) as a reference. Those parameters were estimated by using the
Web-based APC tool developed by the U.S. National Cancer Institute [28].

3. Results
3.1. Long-Term Trends in Cancers Mortality between1987 and 2020

Figure 1 shows the trend age-standardized cancer mortality in China from 1987–2020. The
age-standardized mortality manifested a downward trend. Lung, liver, stomach, colorectal,
and esophageal cancer were China’s five most fatal cancers (Supplementary Figure S1). For
a long time, the overall cancer ASMR was higher in urban than in rural, but in recent
years this trend was narrowed. And we can see a more pronounced upward trend in
cancer mortality in rural areas of China between 2007 and 2011, as can also be seen in
Supplementary Table S1.
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Figure 1. Trends in Age-Standardized Cancer Mortality in urban and rural China by sex: 1987–2020.

In 2020, the cancer ASMR was 135.26 per 100,000 for urban males and 70.66 per 100,000
for urban females. By 2020, the ASMR of cancer in urban areas reached 101.32 per 100,000,
with 135.26 per 100,000 for urban men and 70.66 per 100,000 for urban women. Those figures
amounted to 194.25 and 123.21 per 100,000 people respectively in 1987. Meanwhile, the cancer
mortality in rural China was 106.45 per 100,000, with 144.44 per 100,000 for urban males and
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71.96 per 100,000 for urban females in 2020. The ASMR of overall cancer declined by 34.4%
and 17.5%, respectively in urban and rural areas during the study period in China.

The results of the Joinpoint analysis are presented in Table 1. For the rural population,
men generally have higher cancer ASMR than women. Lung cancer is the largest cause
of cancer death in both areas and sexes. with a rate of 30.26 per 100,000 in rural in 2020.
Cancers such as nasopharyngeal, liver, oesophagus, stomach, cervical and leukemia have
shown a significant decline over the last 30 years. Looking at the different sub-periods of
joinpoint regression analysis, the overall cancer mortality rate kept stable in rural males.
While urban areas presented a significant downward trend, with a significant decline of
−0.8% per year. In males, declining mortality trends for nasopharynx, stomach, colorectal
and liver cancers have been observed over the three decades, except bladder cancer and
leukemia. However, mortality from lung cancer in rural males has shown a significant
upward trend between 1987 and 2005, although no significant increase has been observed
in the recent decade. For females, downward trends in mortality have been observed for all
cancers over the last three decades, except for breast and lung cancer. From 1993–2002, the
mortality rate from breast cancer was rising at a rate of 5.3% per year, at the same time, the
mortality rate for cervical cancer showed a relatively rapid upward trend over the period
2005–2020, with an increase by +7.2% per year.

For the urban population, the overall ASMR were continuous decreasing for both
sexes. And the mortality was decreased in both sexes for most cancer sites, with the largest
drop in esophagus cancer of −3.6% per year. Nasopharynx, esophagus, and stomach
cancer sites have also decreased significantly in recent years. Although a minor and
insignificant decline trend of cervix uteri cancer mortality was observed in urban females,
we found marked and contrasting trends in cervical cancer mortality among urban women
in the following two periods, 1994–2008 (−2.4% per year) and 2008–2016 (+99% per year),
respectively. And a similar trend has been observed in rural populations.

3.2. The Overall and Age-Specific Annual Percentage Change of Cancer Mortality

The Net-drift and Local-drift for overall cancer and specific cancer diseases are pre-
sented in Figure 2. Net-drift refers to the overall annual average trend in the whole popula-
tion over the study period, whereas the Local-drift indicates the average annual trend for
different age groups over the study period. (Figure 2 and Supplementary Figure S2). In this
study, the rural and urban Net-drift shows similar trends and characteristics with values
significantly less than zero, indicating an overall downward trend in cancer mortality in
China across the study period.
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Table 1. Joinpoint analysis of Age-Standardized Mortality Rates from Cancers in urban and rural areas.

Cancer Site
Mortality Rate
(per 100,000) a Total Study Period b Period 1 Period 2 Period 3 Period 4 Period 5

1987 2020 AAPC (%) 95% CI Years APC (%) Years APC (%) Years APC (%) Years APC (%) Years APC (%)

Cancers in
urban areas

total 154.38 101.32 −0.8 * (−1.0,−0.7) 1987–2018 −0.7 * 2018–2020 −7.3 — — — — — —
male 194.25 135.26 −0.8 * (−0.9,−0.6) 1987–2017 −0.6 * 2017–2020 −4.8 — — — — — —

female 123.21 70.66 −1.0 * (−1.2,−0.9) 1987–2018 −0.9 * 2018–2020 −6.8 — — — — — —

Nasopharyngeal
total 2.44 0.84 −2.9 * (−3.3,−2.5) 1987–2020 −2.9 * — — — — — — — —
male 3.12 1.3 −2.6 * (−3.0,−2.2) 1987–2020 −2.6 * — — — — — — — —

female 1.63 0.39 −3.6 * (−4.1,−3.1) 1987–2020 −3.6 * — — — — — — — —

Esophageal
total 13.97 6.2 −1.7 * (−2.2,−1.3) 1987–2000 −4.0 * 2000–2005 6.8 2005–2008 −16.3 2008–2015 4.1 2015–2020 −6.3 *
male 18.96 9.85 −1.5 * (−1.9,−1.1) 1987–2001 −3.0 * 2001–2005 7.7 2005–2008 −14.1 2008–2015 3 2015–2020 −5.7 *

female 8.46 2.84 −2.5 * (−3.2,−1.9) 1987–1997 −6.8 * 1997–2005 3.1 2005–2008 −20.5 2008–2015 6.5 * 2015–2020 −7.5

Stomach
total 28.82 10.54 −2.4 * (−2.7,−2.1) 1987–2020 −2.4 * — — — — — — — —
male 37.76 15.29 −2.4 * (−2.7,−2.1) 1987–2020 −2.4 * — — — — — — — —

female 18.75 6.27 −2.6 * (−2.9,−2.4) 1987–2020 −2.6 * — — — — — — — —

Colon, rectum
& anus

total 10.65 9.22 −0.1 (−0.4,0.1) 1987–2020 −0.1 — — — — — — — —
male 10.36 11.79 0.4 * (0.1,0.6) 1987–2000 1.1 * 2000–2004 −5.0 * 2004–2007 11.5 * 2007–2012 −3.3 * 2012–2020 0.7

female 10.49 6.96 −0.8 * (−1.0,−0.5) 1987–1989 −8.3 1989–2000 0.6 2000–2003 −9.2 2003–2007 6.0 2007–2020 −1.6 *

Liver
total 24.45 13.78 −1.2 * (−1.6,−0.9) 1987–2020 −1.2 * — — — — — — — —
male 33.82 20.57 −1.1 * (−1.5,−0.8) 1987–2005 −0.3 2005–2020 −2.3 * — — — — — —

female 13.79 7.26 −1.4 * (−1.8,−1.1) 1987–2020 −1.4 * — — — — — — — —

Lung
total 40.36 29.79 −0.4 * (−0.6,−0.1) 1987–2000 0.6 2000–2003 −6 2003–2015 1.1 * 2015–2020 −3.9 * — —
male 52.47 43.92 −0.2 * (−0.4,−0.0) 1987–2000 0.9 * 2000–2003 −7.1 2003–2006 4.1 2006–2017 0.1 2017–2020 −5.4 *

female 26.95 16.96 −0.7 * (−1.0,−0.4) 1987–2000 0.5 2000–2004 −7.8 2004–2010 4.3 2010–2020 −2.3 * — —

Breast
total 3.85 2.96 −0.4 * (−0.6,−0.1) 1987–1996 −0.5 1996–1999 4.7 1999–2002 −6 2002–2017 0.3 2017–2020 −4.9
male

female 7.56 5.69 −0.4 * (−0.6,−0.1) 1987–2020 −0.4 * — — — — — — — —

Cervix
total 2.86 1.41 −0.6 (−1.7,0.5) 1987–1994 −10.1 * 1994–2008 −2.4 * 2008–2016 9.9 * 2016–2020 −6.8 — —
male

female 5.48 2.78 −0.4 (−1.5,0.7) 1987–1994 −9.9 * 1994–2008 −2.5 * 2008–2016 11.0 * 2016–2020 −7.4 — —

Bladder
total 2.66 1.45 −1.6 * (−1.9,−1.2) 1987–1999 0.1 1999–2002 −9.3 2002–2020 −0.6 — — — —
male 3.97 2.48 −1.6 * (−1.9,−1.2) 1987–2000 0.3 2000–2003 −15.2 * 2003–2006 8.2 2006–2020 −1.4 * — —

female 1.31 0.61 −2.0 * (−2.4,−1.6) 1987–2020 −2.0 * — — — — — — — —

Leukemia
total 4.46 2.68 −0.9 * (−1.1,−0.6) 1987–1996 −2.6 * 1996–1999 4.9 1999–2004 −3.3 2004–2007 4 2007–2020 −2.0 *
male 5.04 3.15 −0.7 * (−0.9,−0.4) 1987–1996 −2.7 * 1996–1999 6.7 1999–2004 −4.3 2004–2007 5.7 2007–2020 −2.0 *

female 3.82 2.24 −1.1 * (−1.3,−0.8) 1987–2020 −1.1 * — — — — — — — —

Cancers in
rural areas

total 122.74 106.45 −0.2 (−0.5,0.1) 1987–2009 0.4 * 2009–2020 −1.9 * — — — — — —
male 157.09 144.44 −0.1 (−0.4,0.2) 1987–2005 0.1 2005–2008 6.1 2008–2020 −2.8 * — — — —

female 92.67 71.96 −0.6 * (−0.8,−0.4) 1987–2009 −0.2 2009–2020 −1.7 * — — — — — —

Nasopharyngeal
total 2.22 1.14 −1.9 * (−2.4,−1.4) 1987–2020 −1.9 * — — — — — — — —
male 3.28 1.72 −1.5 * (−2.1,−1.0) 1987–2020 −1.5 * — — — — — — — —

female 1.26 0.59 −2.6 * (−3.2,−2.0) 1987–2020 −2.6 * — — — — — — — —
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Table 1. Cont.

Cancer Site
Mortality Rate
(per 100,000) a Total Study Period b Period 1 Period 2 Period 3 Period 4 Period 5

1987 2020 AAPC (%) 95% CI Years APC (%) Years APC (%) Years APC (%) Years APC (%) Years APC (%)

Esophageal
total 22.93 8.16 −2.9 * (−3.7,−2.2) 1987–2008 −1.1 2008–2020 −7.0 * — — — — — —
male 29.99 12.95 −2.3 * (−3.0,−1.6) 1987–2008 −0.6 2008–2020 −6.1 * — — — — — —

female 16.58 3.80 −4.3 * (−5.1,−3.6) 1987–2008 −2.3 * 2008–2020 −8.7 * — — — — — —

Gastric cancer
total 27.37 12.45 −2.2 * (−2.6,−1.8) 1987–2008 −1.1 * 2008–2020 −4.7 * — — — — — —
male 36 18.21 −1.9 * (−2.3,−1.5) 1987–2008 −0.9 * 2008–2020 −4.3 * — — — — — —

female 19.58 7.26 −2.8 * (−3.1,−2.4) 1987–2006 −1.6 * 2006–2020 −4.7 * — — — — — —

Colon, rectum
& anus

total 7.21 7.6 0.4 * (0.0,0.7) 1987–2020 0.4 * — — — — — — — —
male 7.93 9.63 0.6 * (0.3,0.9) 1987–1992 −2 1992–2006 1.0 * 2006–2009 6.3 2009–2013 −6.6 2013–2020 3.6 *

female 6.67 5.79 −0.3 * (−0.6,−0.0) 1987–2004 −0.9 * 2004–2009 3.60 2009–2012 −7.9 2012–2020 2.3 * — —

Liver cancer
total 24.66 17.64 −1.2 * (−1.6,−0.7) 1987–2003 0.9 * 2003–2020 −3.0 * — — — — — —
male 35.98 26.75 −1.0 * (−1.4,−0.6) 1987–2002 1.0 * 2002–2005 −5.8 2005–2008 4.9 2008–2020 −3.9 * — —

female 14.14 8.92 −1.6 * (−2.0,−1.2) 1987–2000 1.0 * 2000–2020 −3.0 * — — — — — —

Lung cancer
total 15.55 30.26 2.4 * (2.1,2.8) 1987–2009 3.2 * 2009–2020 0.4 — — — — — —
male 22.96 44.37 2.3 * (1.9,2.6) 1987–2005 2.3 * 2005–2008 9.7 2008–2020 −0.8 — — — —

female 8.94 17.46 2.4 * (2.1,2.8) 1987–2020 2.4 * — — — — — — — —

Breast cancer
total 1.98 2.43 1.2 * (0.7,1.6) 1987–1996 0.6 1996–2002 6.1 2002–2005 −13.3 2005–2008 13.5 2008–2020 −0.5
male

female 3.94 4.69 1.0 * (0.6,1.5) 1987–1993 −1.1 1993–2002 5.3 * 2002–2005 −12.2 2005–2008 11.2 2008–2020 −0.8

Cervical
carcinoma

total 3.97 1.81 −2.0 * (−3.2,−0.8) 1987–2001 −3.1 * 2001–2006 −14.4 2006–2020 6.9 * — — — —
male

female 7.82 3.53 −1.9 * (−3.1,−0.6) 1987–1990 −17.1 1990–2001 −0.1 2001–2005 −21.7 2005–2020 7.2 * — —

Bladder cancer
total 1.11 1.33 0.2 (−0.2,0.5) 1987–2020 0.2 — — — — — — — —
male 1.85 2.34 0.1 (−0.3,0.5) 1987–2020 0.1 — — — — — — — —

female 0.5 0.5 −0.9 * (−1.4,−0.3) 1987–2020 −0.9 * — — — — — — — —

Leukemia
total 3.30 3.03 −0.4 * (−0.5,−0.2) 1987–2020 −0.4 * 1987–2005 −0.8 * 2005–2008 4.40 2008–2020 −1.5 * — —
male 3.72 3.61 0 (−0.3,0.2) 1987–2020 0 — — — — — — — —

female 3.12 2.48 −0.7 * (−0.9,−0.6) 1987–2020 −0.7 * — — — — — — — —

a Standardized to the WHO world standard population. b Years 1987 to 2020.—No joinpoints identified. Abbreviations: APC, annual percent change; AAPC, average annual percent
change; * Significantly difference from zero (p < 0.05).
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There was little reduction in the overall cancer mortality in the urban population,
whereas for the rural, the trend was smaller but still favorable, with a decline rate of
−1.26% (95% CI, −1.63 to −0.88) and −1.55% (95% CI, −1.96 to −1.13) respectively. The
gender differences in cancer mortality was also significant, with less improvement in
men than in women (−1.53% (95% CI, −1.94 to −1.12) versus −1.64% (95% CI, −2.06 to
−1.22). and also less improvement in urban (−1.09% (95% CI, −1.47 to −0.71)) than in rural
(−1.38% (95% CI, −1.77 to −1.00)). The local-drift of values lies predominantly below 0 for
most age groups, indicating significant improvements in Chinese Cancer mortality control.
Except the 45–75 years old of male population in rural (0.01% to 0.25%), 75+ years of rural
female (0.39% to 1.43%), 45–85 years of urban female (0.03% to 0.20%) and 85+ years of
urban male 0.73%).

In terms of specific cancer types, the local drift analysis results are consistent with
the above pattern, indicating that China has made some achievements in cancer mortality
prevention and control. The greatest improvements were esophageal cancer for rural
women 25 to 60 years of age (−6.2%/year to 11.5%/year) and bladder cancer of 25 to
44 years of age for rural women (−7.42%/year to −6.76%/year). However, there are
increasing trends in breast cancer among women in rural areas and cervical cancer among
women in urban areas, lung cancer in the over-45 group in rural areas, leukemia in the
over-50 group in rural areas. At the same time, it is necessary to note that the mortality
rate for almost all types of cancer in China’s elderly population (over 70 years of age) has
shown an increasing trend over the past three decades.

3.3. Age-Period-Cohort Effects on Cancer Mortality

Figure 3 shows estimates of age, period, and cohort effects on cancer. The age effects
showed an expected exponential distribution. Cancer mortality rates in rural and urban
populations increase rapidly with age, and the rate of increase is higher in males than in
females, and higher in urban than rural areas. Period effects tended to show differing
directions across urban and rural areas. For urban, the period effects showing a steady
downward trend over time in both sexes, suggesting significant enhancements throughout
the study period. But for rural, although the risk of cancer death in rural areas showed a
downward trend, there were some fluctuations between 2005 and 2010.

Cohort effects showed similar patterns between urban and rural areas in both sexes.
The most notable improvements across the birth cohorts were observed among Chinese
women living in urban areas, with a progressive improvement in mortality among persons
born from 1930 onwards. But there has been little progress for the older cohorts born
between 1905 and 1935, with the birth cohorts (1930–1935) of both sexes in urban and rural
areas tending to achieve their maximum risk.

Supplementary Figure S3 summarize the age-period-cohort effects and their changing
patterns by different cancer sites according to sex and area. In rural areas, the temporal
developmental stages of most cancers are obviously similarity in terms of sex, and the
birth cohorts effects of colorectal, anal, nasopharynal, and stomach cancer reached their
maximum risk in the cohort of 1925–1930. But the breast and lung cancer’s death risk has
increased in recently born generations.

This pattern continues in urban areas. For the urban population, the maximum cohort
risks of colorectal and anus, liver, nasopharynx, esophagus, and stomach cancer peaked
in the generations born from 1925 to 1930 regardless of sex and then continued to decline
(Supplementary Figure S3). However, there is an increasing risk of lung cancer among
birth cohorts before 1970 for rural populations. In particular, a rising risk of cervix, breast,
leukemia and colorectal cancer has also been observed in the recent decade.
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4. Discussion

This study provides an updated and comprehensive analysis of time trends in cancer
mortality in China over the past three decades, focusing on different trends and age-period-
cohort effects between rural and urban regions. According to the GLOBOCAN database,
the cancer mortality rate in China is 163.9/100,000 for males and 98.1/100,000 for females,
making China’s cancer mortality rate relatively low and one of the 57 countries with the
lowest mortality rates in the world [2]. This data is generally consistent with this study’s
data extracted from the CNHC. And the ASMR in both rural and urban china has shown
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a downward trend, indicating a definitive effect of cancer mortality control in China in
recent decades.

In both 1987 and 2020, the top three cancers in terms of mortality in urban areas were
lung cancer, liver cancer and stomach cancer. However, the spectrum of cancer deaths
in rural areas has changed, with the top three cancers in 1987 being stomach, liver and
oesophagus cancer, but in 2020 the top three cancers became lung, liver and stomach cancer.

There were striking differences between rural and urban areas in both mortality rates
and time trends. In 2020, The Age-standardized mortality rates for the nasopharyngeal,
oesophageal, liver, stomach, and cervical cancers were all higher in rural areas than in
urban areas. However, the mortality rates for colorectal and breast cancers are higher in
urban areas. Regarding temporal trends, death rates from all cancers in urban areas show
an upward trend, except for nasopharyngeal and gastric cancers, which show a downward
trend. However, only colorectal cancer in men showed a slight upward trend after age-
standardization. In rural areas, the ASMR of lung cancer in rural areas, and colorectal
cancer in males showed an upward trend. Differences in socio-economic development,
health service levels and lifestyle habits between urban and rural areas have probably
influenced cancer mortality patterns in rural and urban China [29,30].

Lung cancer has emerged as the largest cancer burden in China, both in urban and
rural areas. In recent years, lung cancer mortality has continued to rise, especially in
rural areas. While it has decreased gradually in the United states and some other western
countries [10]. Increasing tobacco consumption [31] and outdoor air pollution [32,33] may
be important causes. In terms of cohort effects, the cohort patterns of lung cancer show that
RRs peaked in generations born from 1925 to 1930 and declined among successive cohorts.

There were similar trends in liver cancer mortality between urban and rural popula-
tions. And liver cancer has long been the top three causes of cancer deaths in rural and
urban China. It is estimated that 0.82 million liver cancer deaths occurred worldwide in
2020, and China is believed to account for nearly half (0.39 million) [2]. However, the
age-specific standardized mortality rates for liver cancer showed a consistent and steady
downward trend in recent years. The cohort effects of liver cancer peaked in generations
born from 1925 to 1930 and decreased among the successive cohorts of both sexes in rural
and urban China. HBV and aflatoxins have been proved as major risk factors, which work
individually and synergistically in liver cancer etiology [34,35].

The mortality rate of stomach cancer also shows significant urban-rural differences,
with rural areas being higher than urban areas and men higher than women. According to
statistics, Chinese stomach cancer deaths reached 370,000 in 2020 [2]. However, stomach
cancer mortality has decreased substantially in China, this is similar to the global trend
of stomach cancer deaths in most countries [36]. Urban areas have declined more rapidly
in China. And China’s stomach cancer mortality was lower than that in Japan [37]. The
results of the APC model show that a promising trend in mortality from stomach cancer has
been observed in both sexes in both urban and rural areas, particularly among successive
birth cohorts born in 1920. It is estimated that 60% of stomach cancers worldwide were
associated with chronic infection with Helicobacter pylori [38]. Other risk factors include
tobacco use, dietary habits and food preservation methods, and availability of fresh fruits
and vegetables. Much of the improvement in stomach cancer mortality in China may be
due to the improvements in lifestyle habits and risk factors.

Colorectal cancer is one of the most frequently diagnosed malignancies globally [39],
Our study found that the mortality rate of colorectal cancer in China was higher in urban
areas than in rural areas and higher in men than in women. There were also gender differ-
ences in trend, with mildly increasing mortality rates observed in males. This increase may
be due to western eating habits [40], unhealthy health behaviors [41], and the deepening
ageing process [42].

Compared with the urban area, the mortality of esophageal cancer is much higher in
rural areas. And some previous studies have reported similar conclusions [43]. Mortality
from esophageal cancer has declined steadily for both sexes in rural and urban China, and
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the decline was most marked in rural areas, which is also reflected in cohort effects and
successive declines in risk in all generations born after 1920. In China, 90% of nasopharyn-
geal cancers are esophageal squamous cell carcinoma (ESCC) [44]. Low intake of fresh fruit
and vegetables, Hot beverage and pickled vegetables, HPV Infections, and Genetic changes
were considered to be the main risk factors for ESCC [45].

In recent years, the global mortality rate from breast cancer has risen rapidly and has
replaced lung cancer as the world’s largest cancer burden in 2020 [2]. The disease burden
of breast cancer in China is also increasing, with an estimated 1.6 million diagnoses and
1.2 million deaths due to breast cancer each year [46]. In this study, the age-standardized
mortality rates of breast cancer increased significantly among rural females, but have slowly
declined in urban areas, which is generally consistent with some previous findings [47].
High prevalence of risk factors but poor diagnostic techniques may be an important reason.
For example, the first-stage detection rate of breast cancer in China is 13.5, but it reaches
50.5% in developed countries such as the United States [48]. This has led to the low survival
period of breast cancer in China, especially in rural areas where medical resources are
scarce. Changes in living and eating habits may also be an important reason affecting the
death trend of breast cancer in China [46].

There has been a slight decline in leukemia mortality over the last three decades. And
the RRs reached the highest level in the birth cohort between 1930 and 1950 and showed a
downward trend in the following birth cohorts of both genders in rural and urban China.
Leukemia was the leading cause of childhood and adolescent cancer in China, as well as in
the United States and the United Kingdom [8]. In addition to the group of children and
adolescents, the leukemia-related mortality rate among seniors in China is also increasing.
The causes of leukemia have not been systematically established, but ionizing radiation
and levels of maternal education have been shown to be associated with leukemia, and
further research is needed.

A declining trend in bladder cancer mortality has been observed in Chinese popula-
tions during the whole period in both areas, the risk ratio of death from bladder cancer
peaked in the 1920–1925 birth cohort and decreased among the successive cohorts. In most
countries, tobacco use and exposure to hazardous chemicals are the major risk factors for
bladder cancer [49]. In China, however, the main risk factors are the changing dietary
habits [50] and chemical substances like benzidine [51]. With the rapid industrialization in
China, the exposure to occupational carcinogens may increase. Moreover, the high smoking
rates make bladder cancer continues to be a severe health problem in china.

Nasopharyngeal carcinoma (NPC) is a cryptic malignant tumor with marked racial
and geographic differences. NPC is particularly prevalent in southeastern provinces of
China [52]. Mortality from NPC is higher in China’s urban areas than in rural areas, and
had been favorable for both sexes during the whole study period. A decreasing risk was
observed among birth cohorts born after the 1910s. NPC was once considered endemic in
the southern part of China. And the global data from GLOBOCAN in 2020 showed that
26% of all new deaths of NPC were registered in China [53]. EBV infection and smoking as
well as specific dietary habits (e.g., salted fish) were considered to be the major risk factors
for nasopharyngeal carcinoma [54–56].

For cervix cancer, the mortality in China shows fluctuating changes over the study
period in both areas. A clear downward trend was observed in the period 1987–2008
among the urban female population, followed by a significant upward trend in 2008–2016.
A similar trend was also identified in rural women. This is consistent with some of the
previous research findings in China [57].

To conclude, this study provides a comprehensive overview on the mortality patterns
of selected cancers in China over the past three decades. China has made a remarkable
improvement in the control of cancer deaths among rural and urban populations, with the
vast majority of cancer deaths show a downward trend, but the cancer burden has increased
in the elderly population and in some specific cancer cites, and a relatively high rate of
cancer deaths in rural areas of China was observed. In addition, the age-standardized



Cancers 2023, 15, 476 11 of 13

5-year relative survival was merely 40.5% during 2012–2015 [58]. There was still a large
gap compared to developed countries [59]. Comprehensive measures including tobacco
control, improving the access to health services and air condition and living environment
were urgently needed.

5. Conclusions

Although the age-standardized overall cancer mortality rate has declined, and the
urban-rural gap narrowed, the absolute cancer cases kept increasing due to the growing
elderly population in China. The rising mortality related to lung, colorectal, female breast
and cervical cancer should receive higher priority for the government in managing cancer
burden and calls for targeted public health actions to reverse the trend.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/cancers15020476/s1, Figure S1: Trends in specific cancer ASMR in urban and
rural populations in China, from 1987 to 2020; Figure S2: Local drift with net drift values for selected
cancers mortality in rural and urban China, from 1987 to 2020; Figure S3: Parameter estimates of age,
period, and cohort effects on selected cancer site mortality rate in China from 1987 to 2020; Table S1: Period
Age-standardized mortality rates of selected cancer site in urban and rural China.
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