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Purpose: China has a heavy cancer burden. We aimed to quantitatively estimate the secular

trend of cancer mortality and incidence in China.

Methods: We extracted numbers, age-specific and age-standardized rates of 29 cancer

groups (from 1990 to 2017) from the Global Burden of Disease (GBD) study in 2017. We

estimated rates of major cancer types for annual percent change by Joinpoint regression, and

for age, period, and cohort effect by an age–period–cohort model.

Results: In 2017, breast cancer had the highest incidence rate in females. Lung cancer had

the highest mortality and incidence rates in males. Although the age-standardized incidence

rate of prostate cancer ranked second highest in males, it increased by 112% from 1990 to

2017. Individuals aged over 50 years were at high risk of developing cancer, and the number

of deaths at this age accounted for over 89% of all cancers in all age groups. When compared

with the global average level, the age-standardized mortality and incidence rates of both liver

and esophageal cancers were 2.1 times higher in China, and stomach, lung and nasophar-

yngeal cancers in China also had high levels (more than 1.5 times higher). During

1990–2017, most of the 29 cancers exhibited an increasing incidence trend, and Joinpoint

regression demonstrated increasing mortality of some major cancers. The period effect

indicated that the risk of mortality and incidence due to the main cancers generally increased

during 1992–2017.

Conclusion: Trend analysis provided information on the effects of prevention strategies and

targeted interventions on the occurrence of different cancers. Etiological studies need to be

conducted on some major cancers in the Chinese population.

Keywords: Chinese burden of cancer, mortality and incidence, trend, Joinpoint analysis,

age–period–cohort analysis

Introduction
Cancer is generally considered the major cause of death worldwide. The global

burden of cancer is rapidly increasing, and established risk factors for cancer

include smoking, poor diet, overweight, and physical inactivity.1,2 The burden of

cancers is expected to be further increased by increases in these risk factors,

particularly in less developed countries.3,4 TheGBD study reported that the global

burden of childhood cancers mainly existed in developing countries in 2017,5 and

there are age and gender differences in the global trends of incidence and death for

specific cancers.1 These differences in cancer types are mainly associated with the

differences in risk factors to which people are exposed.6 In China, over the past few
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decades, the survival rate of cancer patients has improved

significantly with advances in disease prevention, diagno-

sis, and treatment. However, owing to its high population

density and rapidly aging populace, China is undergoing

an increasing incidence of cancers. The pattern of cancer

pattern in China is changing, with a rapidly increasing

burden of colorectal, prostate, female breast, infection-

related, and digestive cancers.7 Regarding differences in

cancer types, the incidence and mortality of cancer in the

Chinese population has not been specifically demon-

strated. In this article, using data from the GBD 2017

study, we provide a comprehensive overview and trend

analysis of morality and incidence for 29 cancer groups

for both males and females in China. The severe burden of

breast, prostate, liver, lung, esophageal, colorectal, and

stomach cancers was analyzed by Joinpoint regression

and age–period–cohort analysis for the mortality and inci-

dence rates from 1990 to 2017.

Materials and Methods
Data Sources
The GBD 2017 study provided a comprehensive estima-

tion of global, regional, and national incidence, preva-

lence, mortality, and causes of death in 195 countries and

territories, and the results were published in the Lancet.8,9

The GBD study summarizes the burden of disease for

global populations among different causes, locations,

ages, and genders.10 The case and death numbers, and

the corresponding age-standardized rates of 29 cancers

based on gender and age, were collected from the GBD

2017 study.8,9 The age-standardized rates were calculated

according to the direct method for all ages by the GBD

2017 global age-standardized population. The cancer types

were classified into 29 groups by the International

Classification of Diseases, 10th Revision (ICD-10), and

cancer incidence sources were obtained from a single can-

cer registry or the Cancer Incidence in Five Continents

(CI5), and other results such as literature data. The mor-

tality data sources include vital registration systems, can-

cer registration systems, and verbal autopsy data. In China,

tumor registration covers nearly the entire population. The

original data for cancer mortality in the Chinese popula-

tion came mainly from the Cause of Death Reporting

System of the Chinese Center for Disease Control and

Prevention (CDC), Disease Surveillance Points (DSPs),

and the Maternal and Child Surveillance System, which

are generally considered to be nationally representative.8

Ethics approval and consent to participate were not applic-

able in this study.

Statistical Analysis
The age-standardized death rate (ASDR) and age-

standardized incidence rate (ASIR) (per 100,000 popula-

tion) were adopted to quantitatively estimate the trends

due to 29 cancer groups in the Chinese population. The

change in cancer mortality and incidence rates from 1990

to 2017 was calculated using the Joinpoint regression

model. The annual percentage change (APC) in cancer

mortality and incidence rates and its statistically signifi-

cant differences for each trend phase were calculated using

the National Cancer Institute (NCI) Joinpoint regression

program software (version 4.1.0; Statistical Research and

Applications Branch, NCI).

The age–period–cohort model (APCm) is developed to

reflect the relative risks of cancer mortality and incidence

by estimating the age, period, and cohort effects. In this

model, rates of cancer mortality and incidence were

recoded into successive 5-year age groups (15–19,

20–24, . . ., 85–89, 90–94), consecutive 5-year periods

(1992, 1997, 2002, 2007, 2012, 2017), and corresponding

consecutive 5-year birth cohort groups (1902–1906,

1907–1911, . . ., 1997–2001, 2002–2006). The exponential

value of the estimated coefficients of age, period, and

cohort effects (exp(coef.) = ecoef.) denoted the relative

risk (RR) of the age, period, or birth cohort effect. This

analysis was conducted using Stata 14.0 software

(StataCorp, College Station, TX, USA).

Results
Overall Status of Chinese Cancer Burden

in 2017
Table 1 shows the number and age-standardized

rates of incidence and death in the 29 cancer groups in

1990 and 2017. In 2017, the number of deaths

caused by tumors reached 2 million [2,606,906 (2,507,-

332–2,702,388)], which was nearly twice that in 1990,

although a decreasing trend in the ASDR of cancer and

an upward trend in the ASIR were observed. According

to GBD 2017, the cancers with the highest mortality rates

included lung cancer, liver cancer, stomach cancer, eso-

phageal cancer, and colon and rectum (colorectal) cancer.

The ASDRs for these cancers were severe, with values of

36.29 (34.66–37.75), 21.30 (20.21–22.44), 18.83 (18.07–-

19.68), 11.25 (10.73–11.77), and 10.10 (9.57–10.55),
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respectively. The top 10 cancers caused nearly 85.27% of

cancer deaths in China in 2017, which, ranked in des-

cending order, were lung cancer, liver cancer, stomach

cancer, esophageal cancer, colorectal cancer, breast can-

cer, pancreatic cancer, leukemia, other malignant neo-

plasms, and brain and nervous system cancer. Lung

cancer was the deadliest cancer, with 26.56% of the

total number of cancer deaths. Lung, stomach, liver, and

colorectal cancer also had higher ASIRs, with values of

42.05 (40.25–43.96), 28.97 (27.56–30.44), 26.04 (24.57–-

27.54), and 22.42 (21.20–23.49), respectively. The ASIRs

of breast cancer, other malignant neoplasms, non-

melanoma skin cancer, esophageal cancer, and leukemia

were also higher than 10.

From 1990 to 2017, the ASIRs of prostate cancer,

malignant skin melanoma, non-Hodgkin lymphoma, thyr-

oid cancer, and testicular cancer increased by over 100%.

As well as these substantial increases, the ASIR of breast

cancer also increased remarkably (94.73%). However, of

the 29 cancers, only non-melanoma skin cancer demon-

strated a high incidence rate, of 13.37 (9.70–17.90), but it

showed a low mortality rate of 0.90 (0.85–0.94). This

finding from the GBD study may indicate a low mortal-

ity/morbidity ratio of non-melanoma skin cancer in China.

Chinese Cancer Burden Affected by

Gender and Age
Regarding gender differences, the mortality and incidence of

cancer in males were 1.89 and 1.50 times higher, respectively,

than those in females(Figure 1 and Table S1). In 2017,

the total number of cancer deaths in males was 1,669,303

(1,588,052–1,751,095) and in females it was 937,603 (876,-

978–989,714). In males, 477,246 (448,765–503,850) deaths

due to lung cancer occurred, which accounted for 28.6%

(females: 22.9%) of total cancer deaths (Table S2); and lung

cancer had the highest ASDR [51.92 (48.90–54.75)], followed

by liver cancer [31.80 (29.80–34.12)], stomach cancer [26.68

(25.27–28.26)], esophageal cancer [16.84 (15.83–17.83)], and

colorectal cancer [12.48 (11.59–13.21)] in males. The ASIR of

prostate cancer in males [16.57 (14.04–21.05)] was lower than

for lung cancer [60.36 (56.71–63.79)], stomach cancer [42.13

(39.55–44.93)], liver cancer [40.19 (37.30–43.37)], colorectal

cancer [27.67 (25.57–29.33)], and esophageal cancer [17.40

(16.30–18.50)]. Breast cancer [35.62 (29.56–38.63)] demon-

strated the highestASIR among all female neoplasms. In 2017,

the number of cases with breast cancer in China was 357,569

(298,190–388,083), with 19.1% of the total incidence numbers

of all cancers in females. Cervical cancer also had

a high incidence rate. The ASIRs of several cancers in

males were three times those in females, including laryngeal

cancer, other pharyngeal cancer, liver cancer, bladder cancer,

nasopharyngeal cancer, and lip and oral cavity cancer. Overall,

the mortality and incidence rates of cancers in China were

higher in males than in females.

The differences between age groups in 2017 are

demonstrated in Figure 2 (Table S3). The Chinese popula-

tion aged 50 years and over was at high risk of developing

cancer, and the number of cases and deaths in these people

accounted for 80% and 89%, respectively, of those of all

age groups. The individuals aged ≥50 years who died with

esophageal, stomach, laryngeal, lung, colorectal, gallblad-

der and biliary tract, pancreatic, non-melanoma skin, and

bladder cancers accounted for more than 90% of total

deaths, and especially prostate cancer, with 99% of total

deaths. Testicular cancer, cervical cancer, malignant skin

melanoma, and Hodgkin lymphoma had the highest

incidences in the 15–49 year age group, and the case

number for testicular cancer in this age group accounted

for 63% of the total cases. The mortality and incidence

rates in children due to liver, nasopharyngeal, and thyroid

cancers remained low among those aged under 15 years

(less than 1% of the total numbers), as did those for kidney

cancer, brain and nervous system cancers, Hodgkin lym-

phoma, non-Hodgkin lymphoma, leukemia, and other

malignant neoplasms (less than 10%). The cancers

occurrngd in children aged under 5 years mainly included

kidney cancer, brain and nervous system cancers, Hodgkin

lymphoma, non-Hodgkin lymphoma, leukemia, and other

malignant neoplasms.

Chinese Cancer Burden Compared with

the Global Level in 2017
The ASDRs and ASIRs of 29 cancer groups in China were

compared with global levels (Figure 3 and Table S4). The

ASDRs and ASIRs for liver and esophageal cancer were both

2.1 times higher than those of the global average. In 2017, the

global ASIR due to liver cancer was 11.80 (11.35–12.34),

while that in China was 26.04 (24.57–27.54). The ASDRs of

stomach, lung, and nasopharyngeal cancers in China were

more than 1.5 times higher than the global average. Apart

from stomach, lung, and nasopharyngeal cancers, the ASIRs

of brain and nervous system cancer and leukemia in China

were alsomore than 1.5 times higher than the global level. The

ASDRs of lip and oral cavity cancer, other pharyngeal cancer,
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malignant skin melanoma, testicular cancer, mesothelioma,

Hodgkin lymphoma, and multiple myeloma were all below

50% those of the global level, as were the ASIRs of prostate

cancer, other pharyngeal cancer, malignant skin melanoma,

non-melanoma skin cancer, testicular cancer, and mesothe-

lioma. In terms of gender, the age-standardized death with

liver cancer in males was higher than that in females when

compared with the global levels (210% in males, 192% in

females), as was the age-standardized incidence (224% in

males, 196% in females). The gender difference was the

opposite for esophageal cancer (ASDR: 199% in males,

207% in females; ASIR: 196% in males, 223% in females).

The increase in ASDRs and ASIRs in 29 cancer

groups from 1990 to 2017 was analyzed and results

are plotted in Figure 4 (Table S5). The ASDRs of

esophageal, stomach, liver, laryngeal, cervical, uterine,

nasopharyngeal, and other pharyngeal cancers, malig-

nant skin melanoma, testicular cancer, Hodgkin lym-

phoma, and leukemia showed some declines. The

increase in ASDRs of lung, breast, prostate, colorectal,

lip and oral cavity, gallbladder and biliary tract, and

non-melanoma skin cancers, mesothelioma, non-

Hodgkin lymphoma, and multiple myeloma was less

than 30%, while it rose by more than 45% for pan-

creatic, ovarian, and kidney cancers. The results

revealed that the ASIR for most cancers exhibited

an upward tendency in China, and it increased by

greater than 100% for prostate, testicular, and thyroid

Figure 1 Age-standardized mortality and incidence of 29 cancer groups in China in 2017, by gender.
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cancers, non-Hodgkin lymphoma, malignant skin mel-

anoma, and other malignant neoplasms. It is also noted

that the increase in the ASIR of breast, colorectal,

and non-melanoma skin cancers was close to

100%. Moreover, the increase in the incidence of

some cancers was greater than the increase in the

mortality of these cancers, which may indicate

that the survival rate of these cancers is increasing,

except for ovarian cancer, kidney cancer, and

mesothelioma.

Figure 2 Age-specific contributions of cancer types to total cancer incidence and death in China in 2017.
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Statistical Analysis of Cancers
Breast Cancer

In 2017, breast cancer in females in China remained severe,

with the highest ASIR, up to 35.62 (29.56–38.63), which is

about 0.78 times the global level. During 1990–2017, the

ASIR of breast cancer demonstrated an upward tendency,

with an increase of 94.73%, and the ASDR rose by 2.46%.

The Joinpoint analysis of mortality trend of breast cancer

from 1990 to 2017 showed a different change, with an

annual percentage change (APC) of −0.29 and −0.80 during

1990–2002 and 2002–2007, respectively, followed by an

increasing tendency from 2007 to 2014 and then a decrease

from 2014 to 2017 (APC=−0.80) (Figure 5A). In contrast,

the rate of change in the ASIR was higher from 1990 to

2006 (APC=1.69), followed by a significant increase from

2006 to 2014 (APC=4.64), and then continuously increased

during 2014–2017 (APC=1.16) (Figure 5B). When

compared to 1990, the ASIR was 35.62 (29.56–38.63) in

2017, with an obvious increase of 88.77%. The ASDR in

2017 [8.47 (7.08–9.13)] was nearly the same as that in 1990

[8.57 (7.76–10.65)]. APCm analysis showed an increasing

age trend in mortality, and the RR of mortality and inci-

dence due to breast cancer increased by 237.33 and 93.31

times from the 15–19 to the 90–94-year-old age group,

respectively (Figure 5C and Table S6). The period effect

showed that the mortality and incidence continuously

increased, by 1.65 and 2.74 times, from 1992 to 2017. The

cohort effect decreased from the 1902–1905 cohort to the

most recent birth cohorts.

Prostate Cancer

The ASIR of male prostate cancer was higher in 2017

[16.57 (14.04–21.05)] than in 1990, although it was

approximately 0.44 times that worldwide, and the ASDR

was also lower than the global level. During the observed

Figure 3 Age-standardized deaths and incidence of cancers in China compared with those globally in 2017.
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period, similarly to breast cancer, the ASIR of prostate

cancer also showed an increasing trend, with the highest

rate of increase among the common cancers, of 112.32%.

The ASDR of prostate cancer showed a very slight upward

tendency, with a growth rate of 1.76%. The mortality and

incidence trend of prostate cancer through this secular

period was analyzed by the Joinpoint method (Figure 6A

and B). The trend was similar to that of breast cancer. The

ASDR presented a decreasing trend during 1990–2002

(APC=−0.22) and 2002–2005 (APC=−1.26), while it

showed a small growth during 2005–2011 (APC=0.17)

and 2011–2017 (APC=1.10). However, the ASIR continu-

ously increased and a large rate of increase was observed

from 1990 to 2017, with APCs of 1.44 (1990–1996), 2.53

(1996–2005), and 3.82 (2005–2017). The results from

APCm analysis demonstrated different age, period, and

cohort effects on prostate cancer compared to breast can-

cer. For the age effect, the RR of mortality and incidence

increased by 297.21 and 115.12 times, respectively; for the

period effect, their RR increased by 2.15 and 5.09 times,

respectively (Figure 6C and Table S7).

Liver Cancer

Liver cancer is a commonly deadly malignancy, which

caused 308,301 deaths in 2017. The mortality of liver cancer

was shown to be the second highest, just after lung cancer.

The mortality and incidence were more than twice as high as

those worldwide in 2017. The ASDR and ASIR of liver

cancer in 2017 were similar to those in 1990; the values

were 26.72 (24.93–28.19) and 27.16 (25.31–28.69) in 1990,

and 21.30 (20.21–22.44) and 26.04 (24.57–27.54) in 2017,

respectively. During 1990–2017, the ASIR and ASDR

showed a decreasing tendency and declined by 4.14% and

20.27%, respectively. The Joinpoint analysis of the ASDR

showed an upward trend (APC=1.04) during 2013–2017 and

did not change materially from 1990 to 2001 (APC=0.01),

while a decline was observed from 2001 to 2009 (APC=

−2.54) and from 2009 to 2013 (APC=−1.17) (Figure 7A

and B). The general trend of the ASIR exhibited

a Z-shaped change, which could be divided into two

increases with one decline in the middle (2000–2010). In

the age effect analysis, the RR of mortality and incidence

increased by 64.32 and 50.69 times, respectively; the RR of

Figure 4 Relative changes in ASDR and ASIR of 29 cancer groups in China between 1990 and 2017.
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the period effect on the mortality and incidence increased by

1.26 and 1.47 times, respectively (Figure 7C and Table S8).

Lung Cancer

The burden of lung cancer in China remained the highest of

all cancers, the mortality and incidence of which were 1.5

times those worldwide in 2017. Similarly to liver cancer, the

mortality and incidence in males were also more than twice

those in females (Supplementary file 1). The ASDR of male

lung cancer was 60.36 (56.71–63.79) in 2017 and that of

female lung cancer was 25.18 (23.83–26.75); the ASIR was

much higher in males [51.92 (48.90–54.75)] than in

females [21.98 (20.76–23.24)]. Compared to 1990, the

ASDR and ASIR of lung cancer substantially increased in

China, with increases of 28.24% and 53.43%, respectively,

but this was not the maximum increase. However, GBD

2017 reported that the increase in lung cancer incidence was

the largest in the world.1 Joinpoint analysis of the mortality

and incidence during 1990–2017 revealed that the four

stages (from 1990 to 1994, 1994 to 2004, 2004 to 2007,

and 2007 to 2017) showed an upward trend, except for the

slight decrease in ASDR from 2004 to 2007 (APC=−0.45)
(Figure 8A and B). For APCm analysis, the RR of mortality

and incidence increased by 128.91 and 104.15 times,

respectively, from young age to old age; their RR increased

by 1.98 and 2.28 times, respectively, from 1992 to 2017

(Figure 8C and Table S9).

Esophageal Cancer

Esophageal cancer is also common in China. In 2017, the

ASDR of esophageal cancer was 11.25 (10.73–11.77) and

the ASIR was 12.23 (11.64–12.82), and the rates for the

Chinese population were up to two times higher than those

worldwide. Over the past 28 years, the ASDR and ASIR

decreased by 45.21% and 36.89%, respectively. The incidence

andmortality of esophageal cancer in males were much higher

Figure 5 Trends in breast cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated relative to each average level.
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than those in females. In 2017, the ASDR and ASIR of

esophageal cancer in males were 16.84 (15.83–17.83) and

17.40 (16.30–18.50), respectively, and those for

females were 6.07 (5.61–6.53) and 7.41 (6.80–8.01), respec-

tively. The Joinpoint analysis exhibited a continuous decline in

both mortality and incidence of esophageal cancer during

1990–2017. The largest decrease was observed from 2004 to

2007, with an APC of −7.27 for ASDR and −6.82 for ASIR

(Figure 9A and B). In addition, the ASIR slightly decreased,

by 0.22, during 2013–2017. APCm analysis showed that the

RR of mortality and incidence increased by 172.06 and 14.27

times, respectively, for age effect. However, the RR of mor-

tality and incidence continuously decreased, by 2.25% and

73.08%, respectively, from 1992 to 2017 (Figure 9C and Table

S10). Unlike the decreasing trend for other cancers, the cohort

effect of esophageal cancer incidence presented an increase

from the 1902–1906 to the 1952–1956 birth cohort, and sub-

sequently a decrease.

Colorectal Cancer

The mortality rate of colorectal cancer was less than those

of lung, liver, stomach, and esophageal cancers. In 2017, the

ASDR of colorectal cancer was 10.10 (9.57–10.55) and the

ASIR was 22.42 (21.20–23.49). The ASDR and ASIR of

colorectal cancer in China were slightly lower than those-

globally in 2017, which increased by 84.10% and 8.20%,

respectively, since 1990. The statistical analysis of ASDR

found a slight decrease during 1990–2000 (APC=−0.60)
and a slowly increasing trend from 2000 to 2017

(APC=0.87). However, the ASIR showed a remarkable

upward trend from 1990 to 2017, with the fastest increase

from 2006 to 2015 (APC=4.00) (Figure 10A and B). The

mortality and incidence of colorectal cancer in males were

Figure 6 Trends in prostate cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated relative to each average level.
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also higher than those in females. The ASDR and ASIR

in males in 2017 were 12.48 (11.59–13.21) and 27.67

(25.57–29.33), respectively, while those of females were

7.98 (7.40–8.51) and 17.56 (16.21–18.72), respectively.

Both the age and period effects of the mortality and inci-

dence exhibited increasing trends; their RRs of the age

effect increased by 110.70 and 69.69 times, respectively,

while their period effects increased by 1.62 and 2.71 times,

respectively (Figure 10C and Table S11).

Stomach Cancer

Stomach cancer has a high incidence and mortality in China.

The ASDR of stomach cancer was 18.83 (18.07–19.68) and

the ASIRwas the second highest of all neoplasms, with a rate

of 28.97 (27.56–30.44) in 2017. When compared with the

global level, the ASDR and ASIR in China reached 1.71 and

1.89 times that level. From 1990 to 2017, the ASDR

decreased by 44.93% and the ASIR by 14.94%. The burden

of stomach cancer in males was more than twice that in

females. In 2017, the male ASDR and ASIR were 26.68

(25.27–28.26) and 42.13 (39.55–44.93), respectively,

and those of females were 11.61 (10.92–12.29) and 16.62

(15.55–17.72), respectively. The Joinpoint results are plotted

in Figure 11A and B. The ASDR of stomach cancer showed

a continuously declining trend during 1990–2017 and the

largest decrease between 2004 and 2007 (APC=−6.45).
Differing from the ASDR of stomach cancer, the trend of

ASIR could be divided into two declines and two increases.

The ASIR exhibited a significant decrease during 2004–2007

(APC=−5.19), and slow growth from 1997 to 2004

(APC=0.26) and from 2007 to 2017 (APC=0.81); addition-

ally, the rate of decrease was 1.38 during 1990–1997. The RR

of the age effect on mortality and incidence due to stomach

cancer increased by 151.00 and 99.90 times, respectively; the

Figure 7 Trends in liver cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated relative to each average level.
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period effect of the mortality decreased by 7.7% and that of

the incidence increased by 1.50 times (Figure 11C and

Table S12).

Discussion
The Chinese burden of cancer has been alarming, aggra-

vated by the high population density and aging, and it is

stable but at a high level.7,11 Cancer deaths and cases are

mainly related to lifestyle factors (including tobacco, alco-

hol drinking, low fruit/vegetable intake, overweight/obe-

sity, and physical inactivity), and infections.12,13 However,

a previous study indicated that the impact of all estab-

lished risk factors could not be quantified, and many likely

modifiable risk factors, such as consumption of red and

processed meat, low consumption of fruits/vegetables,

dietary fiber, and dietary calcium, are not yet firmly estab-

lished as causal.14 In China, the mortality and incidence of

most of cancers were higher in males than in females.

Regarding age, individuals aged over 50 years had a high

risk of developing cancer. Deaths in people with esopha-

geal, colorectal, gallbladder and biliary tract, non-

melanoma skin, bladder, and thyroid cancers were more

likely to occur over the age of 70 years. The deaths due to

liver, laryngeal, breast, cervical, uterine, nasopharyngeal,

other pharyngeal, and ovarian cancers were more likely to

occur in people aged 50–69 years. However, testicular

cancer exhibited the highest percent (63%) of the total

new cases in the age group 15–49 years. This study

observed a downward trend in mortality of most of the

29 cancers, while there was a dramatically increasing

tendency in cancer incidence. From 1990 to 2017, the

incidence of prostate cancer, malignant skin melanoma,

non-Hodgkin lymphoma, thyroid cancer, and testicular

cancer increased by over 100%, and other malignant

Figure 8 Trends in lung cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated relative to each average level.
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neoplasms had the most significant increase (164.42%).

The incidence of esophageal, stomach, uterine, nasophar-

yngeal, and testicular cancers, and Hodgkin lymphoma

decreased by more than 40%. The cancer spectrum has

changed over the past few decades in China.15 Many

factors can impact the increase or decrease in mortality

and incidence of different cancers. Therefore, it is neces-

sary to strengthen the prevention and examination strate-

gies of different cancers.

The cancer burden in China is high, and it is expected to

increase further. This study found the increase in incidence of

some cancers to be greater than the increase in mortality of

these cancers, including lung, breast, prostate, colorectal, lip

and oral cavity, gallbladder and biliary tract, pancreatic, and

non-melanoma skin cancers, non-Hodgkin lymphoma, and

multiple myeloma, which may indicate that the trend in

survival of these cancers is increasing, but not for ovarian

or kidney cancers, and mesothelioma. This finding was not

completely consistent with a previous study, which reported

that the age-standardized 5-year relative survival had

increased for uterine, thyroid, cervical, and bone cancers in

China.16 Globally, the highest 5-year survival of most can-

cers remains in the USA, Canada, Australia, and New

Zealand.17 Thus, the changes in cancer survival need to be

further investigated. Joinpoint regression demonstrated

increases or decreases in mortality and incidence of major

cancers during the study period. A previous study demon-

strated that tobacco is involved in the development of around

20 malignancies, and 24.5% of male cancers in China are due

to tobacco smoking.7 Tobacco control in China may not

impact the increase in mortality and incidence of lung, breast,

prostate, and colorectal cancers. The decrease in liver, eso-

phageal, and stomach cancers in our study is closely asso-

ciated with the effective implementation of cancer screening,

Figure 9 Trends in esophageal cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated relative to each average level.
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early diagnosis, and clinical treatment in China.7,18,19

Although population-based cancer screening has been imple-

mented for high-risk populations for major cancers (includ-

ing lung, female breast, colorectal, esophageal, gastric, and

liver cancers) since 2006, the population coverage of cancer

screening on a nationwide level is still insufficient, and the

current largest female breast screening program has

a coverage reaching only about 50% of its target population,

despite its implementation since 2009.20,21 So, the prevention

and treatment of these cancers should be continuously

strengthened.

Age, period, and cohort effects influence the risks of

morbidity and mortality from disease in specific ways, and

this analysis could provide information on the causes under-

lying cancer incidence and deaths. In general, period effects

reflect influential factors for disease, including complex sets

of historical events and environmental factors, which

simultaneously affect all age groups in a population. Our

study found that the relative risk of period effect on mortality

and incidence due to the main cancers increased significantly,

except for esophageal cancer, with a continuously decreasing

trend of period effect, and the mortality of stomach cancer

also showed a decreasing period effect. As for cohort effects,

unlike the decreasing trend of other cancers, the cohort effect

of esophageal cancer incidence peaked in the 1952–1956,

1957–1961, and 1962–1966 birth cohorts. The causes under-

lying this trend may be related to early life exposure to risk

factors. Epidemiologic evidence suggests that carcinogen

exposure and nutritional deficiency may be the major risk

factors for esophageal cancer in high-risk areas of China.22

The cohorts of the 1960s had a poor diet, due to a famine

across China, and most people suffered malnutrition and

illnesses in the 1960s. The age effects increased with

advanced age, and the cohort effects decreased with birth

Figure 10 Trends in colorectal cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated relative to each average level.
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cohort. The period effects of the main cancers are discussed

in the following paragraph.

This study showed an increasing period effect of breast

cancer incidence, and its ASIRwas the highest in Chinese

females. However, the rate of participation in mammogra-

phy screening is only 21.7% in China, far lower than in

Western countries.23 Overweight, late menopause, family

history of breast cancer, and passive smoking were signifi-

cantly associated with breast cancer risk among Chinese

women.24,25 This may be related to the increasing period

effect of breast cancer. Recent air pollution control similarly

did not increase the risk of breast cancer.26 However, 20–

50% of breast cancers could be prevented if primary pre-

vention measures for population were applied more

widely.27 The mortality rate of liver cancer presented

a downward tendency, while the period effect of liver can-

cer showed a slight increase in mortality and incidence.

Well-established liver cancer risk factors include hepatitis

B virus (HBV) and hepatitis C virus (HCV), cirrhosis,

aflatoxin exposure, heavy alcohol drinking, tobacco

smoking, and some rare monogenic syndromes such

as hereditary hemochromatosis and α1-antitrypsin
deficiency.28 Hepatocellular carcinoma (HCC) accounted

for 75–85% of liver cancer types.1 HBVand HCVoccurred

in more than 50% and 25% of HCC patients, respectively.29

HBV vaccination has been widespread for newborns since

2002 in China.30 Screening reduces liver cancer incidence

and mortality in the Chinese population. However, the epi-

demic of liver cancer risk factors (eg, HBV) remained stable

in China during 2004–2014, and HCV rapidly increased

during the same period.31 This condition may impact the

period effect of liver cancer. Apart from HBVand HCV, the

rapidly increasing consumption of alcohol may have also

increased the period trends of liver cancer incidence in

Figure 11 Trends in stomach cancer ASDR (A), ASIR (B), and age–period–cohort effect (C) from 1990 to 2017.

Note: The incidence and mortality relative risk (RR) of a particular age, period, or birth cohort was calculated with relative to each average level.
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recent years.32 Improved management of Helicobacter

pylori infection and screening for early stomach cancer

contributed to the decrease in the incidence of the

disease.33,34 Thus, the increasing period effect of liver can-

cer may be associated with these factors. Dietary habits

improved; for example, more frequent vegetable and garlic

consumption possibly contributed to the decline in stomach

cancer mortality, as well as the mortality in esophageal

cancer.35,36 Esophageal cancer includes esophageal squa-

mous cell carcinoma (ESCC) and esophageal adenocarci-

noma, and ESCC was considered the predominant type in

China, with more than 90% of the total number of esopha-

geal cancer cases.37 The decreasing period effect of esopha-

geal cancer may be related to changes in dietary habits, an

appropriate implementation approach for screening of

populations at high risk, and early diagnosis of this

cancer.21,38 The period effect of stomach cancer mortality

and incidence has not increased over the past few decades,

which is probably related to effective screening for early

stomach cancer and improved management of H. pylori

infection.33,34 However, a heavy financial burden has been

imposed on the Chinese population by stomach cancer, as

well as by esophageal cancer, for which medical expendi-

ture in China has substantially increased in the past 10

years, and the burden of esophageal cancer has been con-

stantly higher than that of stomach cancer.20,21

Furthermore, although screening was conducted for early

stomach cancer, there were still the obstacles of awareness,

low detection, and a lower coverage or participation rate for

stomach cancer screening among target populations in

China.34 The mortality of colorectal cancer showed

a slight decrease in 1990–2000 but a slow increase in

2000–2017, and the incidence has increased rapidly over

the past 28 years. With the development of “Western” life-

styles in China, the risk factors for colorectal cancer include

tobacco and alcohol use, overweight/obesity, physical inac-

tivity, low vegetable intake, low fruit intake, and high red

and processed meat intake, which could explain the increas-

ing period effect of the disease.39 However, compliance

with colonoscopy was unsatisfactory for colorectal cancer

screening in a few cities in China, such as Shanghai and

Tianjin,40,41 which may impact the increasing incidence and

decreasing mortality of colorectal cancer. While prostate

cancer mortality shows a downward trend worldwide,2

increasing ASIR and no obvious changes in ASDR were

observed in the Chinese population, which are likely to be

attributable to aging, family history, and lifestyle and diet-

ary factors, such as obesity, physical inactivity, smoking,

and antioxidant intake.42 Prostate-specific antigen (PSA)

screening for prostate cancer has become controversial in

recent years, as it may have led to the overdiagnosis and

overtreatment of prostate cancer clinically,43,44 which may

explain the increasing period effect of prostate cancer. Most

importantly, the mortality and incidence of lung cancer in

the Chinese population increased substantially from 1990 to

2017, which may be attributed to the high prevalence of

tobacco smoking.45,46 However, tobacco control in China is

still unsatisfactory: in a national survey, the 2015 China

Tobacco Control Report observed that the adult male smok-

ing rate was more than 50%.18 Previous studies also demon-

strated that outdoor particulate matter exposure had

a positive association with lung cancer risk.47,49 Thus, the

increasing period effect of lung cancer may by caused by

tobacco smoking and increasing levels of air pollution.

Thus, it is necessary to focus on early prevention of

cancer and on health education. Among the Chinese popu-

lation, awareness regarding the risk factors of cancer, such

as smoking, drinking, obesity/overweight, preserved and

high-fat foods, low physical activity, and air pollution,

should be raised. People should also reduce their exposure

to risk factors (such as H. pylori infection, HBV, and

HCV) and targeted screening should be performed for

major cancers in the early stages to control the occurrence

and development of cancer.

There are some limitations to this study. First, GBD esti-

mates depend on the quality and quantity of the data sources

available worldwide. The data were collected from vital regis-

tration systems, cancer registries, health surveys, and other

data systems, and inaccuracies and misclassifications in the

data may impact the results. Second, underreporting and fail-

ure of diagnosis could be sources of bias, and thus some types

of cancer may be underestimated.

Conclusions
The incidence of most cancers is increasing in China, and

the burden of different cancers in China differs with gen-

der and age. These differences may be attributable to the

combination of population composition and environmental

factors, as well as changing lifestyles in the Chinese popu-

lation. People aged over 50 years are at high risk of

developing cancer. Some major cancers demonstrate

increasing changes of incidence or mortality, and the rela-

tive risk of mortality and incidence increased during this

observation period. Therefore, etiological studies need to

be considered and conducted to understand the causes of

the occurrence of different cancers, which could
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effectively guide control strategies and targeted interven-

tions for cancer in the Chinese population.
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