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Background: Understanding the epidemiological characteristics of various cancers can
optimize the prevention and control strategies in the national cancer control plan. This
study aimed to report the burden differences, pattern trend, and potential risk factors of
all neoplasm types in China in recent 30 years, and further compared with top economies
in the world.

Methods: The disability-adjusted life-years (DALYs) and age-standardized DALY rate
(ASDR) of all neoplasms with the attributable risk factors from 1990 to 2019 in China,
Japan, European Union, USA, and the world were extracted from the Global Burden
of Disease Study 2019. The temporal trend analysis was estimated using the joinpoint
regression model.

Results: In 2019, about 251.4 million DALYs worldwide were caused by all neoplasms,
and nearly 26.9% (67.5 milion DALYs) occurred in China with the ASDR in 2019
of 342.09/10 000, which was higher than European Union (334.25/10 000), USA
(822.94/10 000), and Japan (250.36/10 000). Although the cancer burden of the
colorectum, non-Hodgkin lymphoma, oral cavity, ovary, and kidney in China was lower
than in Japan, European Union and USA, the corresponding ASDR gradually increased in
China over the past 30 years, but declined in the three developed areas. Around 46.29%
of overall neoplasms DALYs in China in 2019 were attributed to 22 identified risk factors,
and the specific risk attributable-fraction for several neoplasm types varied greatly in
these regions.

Conclusion: The ASDR of cancers of the lung, colorectum, pancreas, non-Hodgkin
lymphoma, oral cavity, ovary, kidney, and chronic lymphoid leukemia increased
in China compared to 30 years ago. With the population aging and the social
transformation in China, the increasing burden of neoplasms and the changing
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FIGURE 4 | The ASDR distribution of 36 neoplasm types in China and its 34 provinces in 2017, both. The color represents the ranking of each row (cyan is low and
magenta is high). NC, North China; NEC, Northeast China; EC, East China; SC, South China; CC, Central China; SWC, Southwest China; NWC, Northwest China.

the occurrence of many cancers across the world, such as lung,
colorectal, esophageal, and pancreatic cancer, and so on, which
presented greater contribution in women in European Union
and USA than women in China and Japan. All cervical cancer
burden was caused by unsafe sex and could be further aggravated
by smoking with about 10% proportion. Further, ~85% of the
global mesothelioma burden was attributable to occupational
carcinogens, which was more pronounced in Japan, European
Union, and USA.

DISCUSSION

The heterogeneous pattern in various neoplasm types in
China leads to the complexity of tumor prevention and
control (14, 26, 27). In the current study, we provided a
comprehensive epidemiological description of the latest cancer
burden, development trends, and risk factors in China from 1990
to 2019, and further comparisons with Japan, European Union,
USA, and the world. Although the ASDR of overall neoplasms in
China, Japan, the European Union, and USA presented a clear
downward trend in the past three decades, the corresponding
absolute DALYs due to neoplasms were still rising steadily,
especially in China. Regarding specific neoplasm types, China
was faced with a rising absolute burden in most cancer types

except for Hodgkin lymphoma and chronic myeloid leukemia.
Moreover, the ASDR of cancers of the lung, colorectum,
pancreas, non-Hodgkin lymphoma, oral cavity, ovary, kidney,
and chronic lymphoid leukemia increased from 30 years ago in
China. Consequently, understanding the exact pattern of each
cancer burden and its attributable risk facts is critical for the
specific intervention measures and resource allocation in the
national cancer control plan.

In general, the ASDR of most cancer types has continued
to decline over the past 30 years in the four regions, especially
in developed regions. This result might be explained by the
following reasons. Firstly, the intervention of various risk factors
effectively reduces the incidence of cancer. As reported by
the GBD 2019 Risk Factors Collaborators, the disease burden
attributable to most environmental and occupational risk factors
was decreasing over the past decades, including smoking, unsafe
sanitation, air pollution, malnutrition, dietary risks (21). For
instance, smoking is a well-known cause of many diseases,
including cancer, cardiovascular disease, and chronic respiratory
diseases (28, 29). Facing the dangers of the tobacco epidemic
to public health, the World Health Organization (WHO)
promulgated the Framework Convention on Tobacco Control
in 2003 to reduce tobacco consumption in the world, and the
smoking prevalence has been steadily falling in most countries
in recent years (28, 30). In addition, the population promotion
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TABLE 2 | The proportion (%) of overall neoplasms DALY attributable to risk factors in the world, China, Japan, European Union, and USA, 2019, stratified by sex.

GBD risk factors Global China Japan European Union USA
Both Men Women Both Men Women Both Men Women Both Men Women Both Men Women

Al risk factors 41.23 47.22 33.55 46.29 54.02 32.87 40.15 4714 30.09 46.34 50.78 40.20 46.26 47.89 44.20
Smoking 22.12 32.68 8.63 28.56 40.99 6.90 23.07 32.23 9.95 27.62 33.98 19.08 27.46 31.00 23.32
Alcohol use 5.07 717 2.26 522 7.32 1.35 5.55 6.34 4.30 7.23 8.80 5.00 5.24 6.26 4.00
High body-mass index 4.37 4.16 4.56 3.74 3.71 3.70 2.77 2.90 2.50 5.54 5.41 5.56 7.19 7.44 6.74
Unsafe sex 3.50 NA 8.15 2.32 NA 6.52 1.84 NA 4.64 1.64 NA 3.90 1.58 NA 3.46
High fasting plasma glucose 3.41 3.32 3.52 2.78 2.77 2.86 2.80 3.16 2.31 4.63 4.64 4.62 6.24 6.18 6.29
Occupational carcinogens 2.76 3.98 1.28 2.28 2.57 1.82 3.62 5.64 0.97 5.24 7.90 1.90 4.27 6.48 1.95
Ambient particulate matter pollution 2.75 3.49 1.79 5.46 6.06 4.42 1.62 1.89 1.01 1.94 2.33 1.40 0.95 1.00 0.88
Diet low in whole grains 1.51 1.58 1.42 1.48 1.53 1.40 2.06 212 1.94 1.95 2.04 1.82 1.63 1.72 1.50
Diet low in milk 1.51 1.56 1.42 1.78 1.82 1.71 2.31 2.35 2.21 1.25 1.30 1.18 0.91 0.95 0.86
Secondhand smoke 1.26 1.07 1.61 2.07 1.59 2.95 0.87 0.76 1.04 117 1.18 1.15 1.01 1.01 1.01
Diet low in calcium 1.25 1.35 1.11 1.42 1.51 1.28 1.79 1.83 1.68 0.60 0.73 0.44 0.48 0.55 0.39
Diet low in fruits 1.18 1.46 0.80 1.50 1.76 1.04 1.22 1.60 0.64 1.01 1.21 0.72 1.1 1.26 0.92
Household air pollution from solid fuels 0.76 0.87 0.60 1.20 1.16 1.25 0.00 0.00 0.00 0.08 0.09 0.07 0.00 0.00 0.00
Diet high in red meat 0.74 0.53 1.02 0.80 0.62 1.13 0.57 0.39 0.83 1.27 0.86 1.81 1.25 0.87 1.68
Residential radon 0.74 0.91 0.52 0.92 0.99 0.79 0.25 0.32 0.17 1.19 1.41 0.88 1.05 1.10 0.98
Diet high in sodium 0.68 0.83 0.50 1.24 1.41 0.94 0.92 1.09 0.68 0.31 0.38 0.22 0.16 0.20 0.11
Drug use 0.63 0.68 0.57 0.85 0.78 0.97 1.56 1.76 1.20 0.65 0.76 0.49 112 1.31 0.89
Chewing tobacco 0.59 0.60 0.55 0.07 0.10 0.02 0.05 0.07 0.03 0.02 0.02 0.01 0.18 0.32 0.02
Low physical activity 0.49 0.37 0.64 0.30 0.23 0.42 0.75 0.60 0.96 0.79 0.58 1.05 0.44 0.20 0.71
Diet high in processed meat 0.29 0.29 0.29 0.12 0.12 0.13 0.74 0.74 0.73 0.67 0.68 0.66 0.76 0.79 0.71
Diet low in fiber 0.18 0.18 0.18 0.10 0.10 0.10 0.28 0.26 0.29 0.21 0.22 0.19 0.20 0.19 0.20
Diet low in vegetables 0.16 0.20 0.12 0.03 0.04 0.02 0.06 0.08 0.02 0.13 0.19 0.06 0.15 0.23 0.05

DALYs, disability-adjusted life-years.
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FIGURE 5 | The population attributable fraction of all identified risk factors for 29 neoplasms groups in the world, China, Japan, European Union, and USA stratified
by gender in 2019.

of hepatitis B virus vaccine in China and human papillomavirus
vaccine in developed countries have contributed to a marked
reduction in the cancer burden in corresponding regions (31, 32).
Secondly, the implementation of a population-based early cancer
screening program can significantly reduce the subsequent
burden of cancer, especially breast cancer, cervical cancer
and alimentary canal cancers. Since the 1980, the European
Union and USA have successively implemented population-
based screenings for breast cancer, cervical cancer, colorectal
cancer, and so on across the country, which correspondingly
led to the reduction of specific cancer burden (33, 34). Finally,
the clinical applications for novel cancer treatments, including
checkpoint inhibitors, tyrosine kinase inhibitors and chimeric
antigen receptor (CAR) T cell, are associated with remarkable
therapeutic response rates (35, 36). For example, before 2000,
the treatment of chronic myeloid leukemia was limited to non-
specific drugs, including busulfan, hydroxyurea and interferon-
alpha (IFN-a), while the emergence of tyrosine kinase inhibitor
reduced the corresponding annual mortality from 10-20% to
1-2% (37, 38).

On the contrary, the age-standardized cancer burden of the
lung, colorectum, non-Hodgkin lymphoma, oral cavity, ovary,
and kidney in China presented an overall upward trend in the
past three decades, even partially surpassing Japan, European

Union and USA. With social and economic development,
urbanization, and changes in lifestyles and diets in China, these
cancer patterns showed a significant shift from poverty-related
cancers to wealth-related cancers, which could be reflected by
the cancer disparity between urban and rural areas in China
(39). Another noteworthy aspect is that higher cancer registration
coverage and wider cancer diagnosis may contribute to the
increase in some specific cancer burdens (40). In addition,
inadequate control of potential risk factors can explain this
phenomenon. For example, albeit many measures have been
implemented to reduce the prevalence of smoking in China, the
current male smoking prevalence in China was far higher than
in Japan, European Union and USA, which partly explains the
ASDR of lung cancer in China surpassed the three regions in
recent years (25). Our result also indicated that the contribution
from the high body-mass index, high fasting plasma glucose,
diet low in whole grains, smoking, ambient particulate matter
pollution, occupational carcinogens significantly increased in
China over the past 30 years, which also partly explains the
growing trend of lung and colorectal cancers. However, the
detailed reasons need to be systematically evaluated in the future,
and the surveillance of these cancers will need attention.

China is now shifting its focus from aspiring swift economic
growth in the past to a coordinated economic development

Frontiers in Public Health | www.frontiersin.org

11

May 2022 | Volume 10 | Article 862165


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Yang et al.

Cancer Burden in Top-Four Economies

based on public health, which was declared in Healthy China
2030 blueprint (41). According to current trends and forecasts
of cancer burden, China still has a long way to go before
controlling the burden of cancer below the global average level,
especially in the context of rapid population aging (42-44).
The successful experience from developed countries will provide
an important guideline for China’s national cancer control
plans. Among them, the intervention of potential risk factors
and early cancer screening have achieved important profitable
stories in the prevention and treatment of various cancer types,
including cervical, colorectal, esophageal, and gastric cancer, etc.
(2). Our results show that the overall cancer burden in Japan
has been always significantly lower than in other economies,
especially in lung cancer, leukemia, brain cancer, larynx cancer,
etc. In addition, Japan has achieved great success in gastric
cancer, thyroid cancer, and testicular cancer. The potential causes
include the special geographical environment, low salt and high
seafood traditional diet, national H. pylori control, and advanced
cancer diagnosis and treatment (10, 45, 46). In our result, the
development of many cancers was attributable to smoking, and
the high prevalence of Chinese men underlines to deepen efforts
in tobacco control for the Healthy China 2030 blueprint (47).
Moreover, in China, high body mass index, high fasting blood
glucose, low grain diets, environmental particulate pollution and
occupational carcinogens have all contributed to the increased
cancer burden, which implies that the corresponding public
health education, promotion and intervention should also be
included in the national cancer control plans (48-50). Although
the burden of cancer caused by modifiable infectious pathogens
has not been estimated in GBD 2019 Study, Martel and
colleagues estimated that 13% of all cancer cases worldwide
in 2018 were attributable to infectious pathogens, including
Helicobacter pylori, human papillomavirus, and hepatitis B
virus, hepatitis C virus, and Epstein-Barr virus, and about one-
third of worldwide infection-related cancer cases occurred in
China (6). The most effective strategy to prevent infectious
cancers is to widely promote effective vaccines against these
corresponding pathogens, albeit several major challenges remain,
such as financial burden, efficiency and safety of vaccines, and
lack of public awareness, especially in rural areas (14, 51). Zou
et al. conducted a cost-effectiveness analysis on HPV vaccine
indicate that combined screening and vaccination is more cost-
effective, and a reduction in the domestic HPV vaccine price is
necessary for cervical cancer prevention in China (52).

Although China has not carried out nationwide cancer
screenings so far, several community-based cancer screenings
supported by the government have been carried out in high-risk
areas since 2005, covering gastric, esophageal, colorectal, liver,
lung, nasopharyngeal, cervical, and female breast cancer (14, 53).
In addition, spontaneous cancer screenings are becoming more
popular among urban residents, even at their own expense. The
main obstacles to cancer screening in China are low national
population coverage and bad population compliance, which
implies that improving the coverage of the target population and
the sensitivity of screening methods is critical to the effectiveness
of early cancer screening. Establishing a suitable hierarchical
screening strategy will undoubtedly optimize the current cancer

screening strategy, namely, quantitatively and initially screening
out the high-risk population from the community population-
based on easy-to-collect risk factors, then applying fast and
accurate technologies such as liquid biopsy to identify candidate
cancer patients, and finally performing the gold standard
diagnostic examination for early cancer treatment (54-57).
However, the over-diagnosis of tumors, such as thyroid cancer
and breast cancer still needs attention (58, 59).

Some limitations need to be considered when interpreting
the results of our research. First, due to the lack of necessary
data, some cancer subtypes such as gastric cardia and non-
cardia gastric cancer, esophageal squamous cell carcinoma and
esophageal adenocarcinoma have not been further analyzed,
but the corresponding epidemiological characteristics, trends,
and regional clusters present obvious heterogeneity (60). In
addition, the neoplasms burden attributable to other important
risk factors, especially infectious pathogens, has not been studied
for the limited estimation in the GBD database. Martel and
colleagues summarized the global cancer burden attributable to
infections, which somewhat compensates for current deficiencies
and promotes prevention efforts (6). Finally, the heterogeneity
of diagnostic methods and tumor registrations in different
countries or even sub-regions may bias our results. However,
each national cancer registry collects information on all cancers
with a clear diagnosis every year, which alleviates current worries
to a certain extent.

CONCLUSION

Compared with Japan, European Union, and USA, the cancer
burden in China is relatively heavier, especially for men.
With the aging of the population and the transformation of
Western lifestyles in China, the increasingly severe burden of
cancer and the changing cancer spectrum indicate that effective
comprehensive prevention and treatment measures should be
adopted to reduce the burden of cancer in China. The national
cancer control plan implemented by the government should be
adjusted according to the current cancer burden patterns and
the evidence-based cancer practices established by developed
countries, and at the same time, taking into account the diversity
of cancer types in different regions of China. More public
health education and population interventions are urgently
demanded to bridge the gap between advanced evidence-based
knowledge of cancer prevention and severe situation of all
identified risk factors, especially in underdeveloped areas, which
have proven to be the most cost-effective in long-term cancer
control, including tobacco control, alcohol cessation, and healthy
lifestyles. In addition, expanded vaccination programs and early
cancer screening are also recommended. After all, cancer should
be controlled sooner rather than later.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found at: all data could be extracted from in the online
GBD repository, http://ghdx.healthdata.org/gbd-results-tool.

Frontiers in Public Health | www.frontiersin.org

12

May 2022 | Volume 10 | Article 862165


http://ghdx.healthdata.org/gbd-results-tool
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Yang et al.

Cancer Burden in Top-Four Economies

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Boards of Qilu Hospital
of Shandong University. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

XiaorY and XiaoyY: conception and design. XiaorY, HuC,
and LL: data collection. XiaorY and HuC: data analyses.
XiaorY, SS, and HaC: results visualization. All authors:
results interpretations, manuscript writing, and final approval
of manuscript.

FUNDING

This work was supported by the Special Foundation for Science
and Technology Basic Research Program (2019FY101103),

REFERENCES

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic analysis
for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204-
22. doi: 10.1016/S0140-6736(20)30925-9

2. Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, Harvey JD, et al. Cancer
incidence, mortality, years of life lost, years lived with disability, and disability-
adjusted life years for 29 cancer groups from 2010 to 2019: a systematic
analysis for the global burden of disease study 2019. ] Am Med Assoc Oncol.
(2021) 8:420-44. doi: 10.1001/jamaoncol.2021.6987

3. Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M,
et al. Forecasting life expectancy, years of life lost, and all-cause and cause-
specific mortality for 250 causes of death: reference and alternative scenarios
for 2016-40 for 195 countries and territories. Lancet. (2018) 392:2052—
90. doi: 10.1016/S0140-6736(18)31694-5

4. Fitzmaurice C, Abate D, Abbasi N, Abbastabar H, Abd-Allah F, Abdel-
Rahman O, et al. Global, regional, and national cancer incidence, mortality,
years of life lost, years lived with disability, and disability-adjusted life-
years for 29 cancer groups, 1990 to 2017: a systematic analysis for the
global burden of disease study. ] Am Med Assoc Oncol. (2019) 5:1749-
68. doi: 10.1001/jamaoncol.2019.2996

5. Anderson BO, Ilbawi AM, Fidarova E, Weiderpass E, Stevens L, Abdel-Wahab
M, et al. The Global Breast Cancer Initiative: a strategic collaboration to
strengthen health care for non-communicable diseases. Lancet Oncol. (2021)
22:578-81. doi: 10.1016/S1470-2045(21)00071-1

6. de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of cancer
attributable to infections in 2018: a worldwide incidence analysis. Lancet Glob
Health. (2020) 8:e180-¢90. doi: 10.1016/S2214-109X(19)30488-7

7. Gallagher KE, LaMontagne DS, Watson-Jones D. Status of HPV vaccine
introduction and barriers to country uptake. Vaccine. (2018) 36:4761-
7. doi: 10.1016/j.vaccine.2018.02.003

8. Braun TP Eide CA, Druker
BCR-ABLI-targeted  therapies.
42. doi: 10.1016/j.ccell.2020.03.006

9. QiuH, Cao S, Xu R. Cancer incidence, mortality, and burden in China: a time-

trend analysis and comparison with the United States and United Kingdom

based on the global epidemiological data released in 2020. Cancer Commun.

(2021) 41:1037-48. doi: 10.1002/cac2.12197

Yang X, Zhang T, Zhang H, Sang S, Chen H, Zuo X. Temporal trend of gastric

cancer burden along with its risk factors in China from 1990 to 2019, and

and resistance to
(2020)  37:530-

BJ.
Cancer

Response
Cell.

10.

National Natural Science Foundation of China (82103912),
China Postdoctoral Science Foundation (2021M700080),
and Shandong Provincial Natural Science Foundation
(ZR2020QH302). The funder of the study had no role in
study design, data collection, data analysis, data interpretation,
or writing of the report. The corresponding author had full
access to all of the data and the final responsibility to submit
for publication.

ACKNOWLEDGMENTS

We would like to thank the countless individuals who have
contributed to the Global Burden of Disease Study 2019 in
various capacities.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.862165/full#supplementary-material

projections until 2030: comparison with Japan, South Korea, and Mongolia.

Biomark Res. (2021) 9:84. doi: 10.1186/540364-021-00340-6
. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et
al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021).
71:209-49. doi: 10.3322/caac.21660
International Agency for Research on Cancer. Global Cancer Observatory:
Cancer Today. (2020). Available online at: https://gco.iarc.fr/today/home
(accessed February 20, 2021).
Vollset SE, Goren E, Yuan CW, Cao J, Smith AE, Hsiao T, et
al. Fertility, mortality, migration, and population scenarios for 195
countries and territories from 2017 to 2100: a forecasting analysis
for the Global Burden of Disease Study. Lancet. (2020) 396:1285-
306. doi: 10.1016/S0140-6736(20)30677-2
Feng RM, Zong YN, Cao SM, Xu RH. Current cancer situation in China: good
or bad news from the 2018 Global Cancer Statistics? Cancer Commun. (2019)
39:22. doi: 10.1186/s40880-019-0368-6
Barrett D, Ploner A, Chang ET, Liu Z, Zhang CX, Liu Q, et al. Past and
recent salted fish and preserved food intakes are weakly associated with
nasopharyngeal carcinoma risk in adults in Southern China. J Nutr. (2019)
149:1596-605. doi: 10.1093/jn/nxz095
LinL, YanL, LiuY, Yuan F, Li H, NiJ. Incidence and death in 29 cancer groups
in 2017 and trend analysis from 1990 to 2017 from the Global Burden of
Disease Study. ] Hematol Oncol. (2019) 12:96. doi: 10.1186/513045-019-0783-9
Yang Y, Han Z, Li X, Huang A, Shi J, Gu J. Epidemiology and risk
factors of colorectal cancer in China. Chin ] Cancer Res. (2020) 32:729-
41. doi: 10.21147/j.issn.1000-9604.2020.06.06
ShiZ, Lin], WuY, Fu S, Wan Y, Fang Y. Burden of cancer and changing cancer
spectrum among older adults in China: trends and projections to 2030. Cancer
Epidemiol. (2022) 76:102068. doi: 10.1016/j.canep.2021.102068
He H, Liang L, Han D, Xu E Lyu J. Different trends in the incidence
and mortality rates of prostate cancer between China and the
USA: a joinpoint and age-period-cohort analysis. Front Med. (2022)
9:824464. doi: 10.3389/fmed.2022.824464
Wang L, Lu B, He M, Wang Y, Wang Z, Du L. Prostate cancer incidence and
mortality: global status and temporal trends in 89 countries from 2000 to 2019.
Front Public Health. (2022) 10:811044. doi: 10.3389/fpubh.2022.811044
GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors
in 204 countries and territories, 1990-2019: a systematic analysis for
the Global Burden of Disease Study 2019. Lancet. (2020) 396:1223-
49. doi: 10.1016/50140-6736(20)30752-2

20.

21.

Frontiers in Public Health | www.frontiersin.org

13

May 2022 | Volume 10 | Article 862165


https://www.frontiersin.org/articles/10.3389/fpubh.2022.862165/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1016/S0140-6736(18)31694-5
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1016/S1470-2045(21)00071-1
https://doi.org/10.1016/S2214-109X(19)30488-7
https://doi.org/10.1016/j.vaccine.2018.02.003
https://doi.org/10.1016/j.ccell.2020.03.006
https://doi.org/10.1002/cac2.12197
https://doi.org/10.1186/s40364-021-00340-6
https://doi.org/10.3322/caac.21660
https://gco.iarc.fr/today/home
https://doi.org/10.1016/S0140-6736(20)30677-2
https://doi.org/10.1186/s40880-019-0368-6
https://doi.org/10.1093/jn/nxz095
https://doi.org/10.1186/s13045-019-0783-9
https://doi.org/10.21147/j.issn.1000-9604.2020.06.06
https://doi.org/10.1016/j.canep.2021.102068
https://doi.org/10.3389/fmed.2022.824464
https://doi.org/10.3389/fpubh.2022.811044
https://doi.org/10.1016/S0140-6736(20)30752-2
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Yang et al.

Cancer Burden in Top-Four Economies

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS,
Ezzati M, et al. Guidelines for accurate and transparent health
estimates  reporting: the GATHER statement. Lancet. (2016)

388:¢19-23. doi: 10.1016/S0140-6736(16)30388-9

Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity,
and risk factors in China and its provinces, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet. (2019) 394:1145-
58. doi: 10.1016/S0140-6736(19)30427-1

YuJ, Yang X, He W, Ye W. Burden of pancreatic cancer along with attributable
risk factors in Europe between 1990 and 2019, and projections until 2039. Int
J Cancer. (2021) 149:993-1001. doi: 10.1002/ijc.33617

Yang X, Man ], Chen H, Zhang T, Yin X, He Q, et al. Temporal trends
of the lung cancer mortality attributable to smoking from 1990 to 2017:
a global, regional and national analysis. Lung Cancer. (2021) 152:49-
57. doi: 10.1016/j.lungcan.2020.12.007

Sun D, Cao M, Li H, He S, Chen W. Cancer burden and trends in China: a
review and comparison with Japan and South Korea. Chin ] Cancer Res. (2020)
32:129-39. doi: 10.21147/j.issn.1000-9604.2020.02.01

Sun D, Li H, Cao M, He S, Lei L, Peng J, et al. Cancer burden in
China: trends, risk factors and prevention. Cancer Biol Med. (2020) 17:879-
95. doi: 10.20892/j.issn.2095-3941.2020.0387

GBD 2019 Tobacco Collaborators. Spatial, temporal, and demographic
patterns in prevalence of smoking tobacco use and attributable disease
burden in 204 countries and territories, 1990-2019: a systematic analysis
from the Global Burden of Disease Study 2019. Lancet. (2021) 397:2337-
60. doi: 10.1016/S0140-6736(21)01169-7

He H, Pan Z, Wu J, Hu C, Bai L, Lyu J. Health effects of tobacco at the global,
regional, and national levels: results from the 2019 Global Burden of Disease
study. Nicotine Tob Res. (2021) 24:864-70. doi: 10.1093/ntr/ntab265
Collaborators, GT. Smoking prevalence and attributable disease burden
in 195 countries and territories, 1990-2015: a systematic analysis from
the Global Burden of Disease Study 2015. Lancet. (2017) 389:1885-
906. doi: 10.1016/S0140-6736(17)30819-X

Liu Z, Mao X, Jiang Y, Cai N, Jin L, Zhang T, et al. Changing trends in the
disease burden of primary liver cancer caused by specific etiologies in China.
Cancer Med. (2019) 8:5787-99. doi: 10.1002/cam4.2477

Lei J, Ploner A, Elfstrom KM, Wang J, Roth A, Fang F, et al. HPV vaccination
and the risk of invasive cervical cancer. N Engl ] Med. (2020) 383:1340-
8. doi: 10.1056/NEJMoal917338

Basu P, Ponti A, Anttila A, Ronco G, Senore C, Vale DB, et al. Status of
implementation and organization of cancer screening in The European Union
Member States-Summary results from the second European screening report.
Int ] Cancer. (2018) 142:44-56. doi: 10.1002/ijc.31043

Mohan G, Chattopadhyay S. Cost-effectiveness of leveraging social
determinants of health to improve breast, cervical, and colorectal
cancer screening: a systematic review. ] Am Med Assoc Oncol. (2020)
6:1434-44. doi: 10.1001/jamaoncol.2020.1460

Larson RC, Maus MV. Recent advances and discoveries in the
mechanisms and functions of CAR T cells. Nat Rev Cancer. (2021)
21:145-61. doi: 10.1038/s41568-020-00323-z

Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie
S, et al. Hepatocellular carcinoma. Nat Rev Dis Primers. (2021)
7:6. doi: 10.1038/s41572-020-00240-3

Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2018 update on
diagnosis, therapy and monitoring. Am ] Hematol. (2018) 93:442-
59. doi: 10.1002/ajh.25011

Yang X, Chen H, Man J, Zhang T, Yin X, He Q, et al. Secular trends in the
incidence and survival of all leukemia types in the United States from 1975 to
2017. ] Cancer. (2021) 12:2326-35. doi: 10.7150/jca.52186

Chen W, Sun K, Zheng R, Zeng H, Zhang S, Xia C, et al. Cancer
incidence and mortality in China, 2014. Chin ] Cancer Res. (2018) 30:1-
12. doi: 10.21147/j.issn.1000-9604.2018.01.01

Wei W, Zeng H, Zheng R, Zhang S, An L, Chen R, et al. Cancer registration
in China and its role in cancer prevention and control. Lancet Oncol. (2020)
21:e342-€9. doi: 10.1016/S1470-2045(20)30073-5

Chen P, Li F Harmer P. Healthy China 2030: moving from blueprint to
action with a new focus on public health. Lancet Public Health. (2019)
4:e447. doi: 10.1016/52468-2667(19)30160-4

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Li S, Chen H, Man J, Zhang T, Yin X, He Q, et al. Changing trends
in the disease burden of esophageal cancer in China from 1990 to
2017 and its predicted level in 25 years. Cancer Med. (2021) 10:1889-
99. doi: 10.1002/cam4.3775

Li N, Wu P, Shen Y, Yang C, Zhang L, Chen Y, et al. Predictions of mortality
related to four major cancers in China, 2020 to 2030. Cancer Commun. (2021)
41:404-13. doi: 10.1002/cac2.12143

Zhang T, Chen H, Yin X, He Q, Man J, Yang X, et al. Changing trends of disease
burden of gastric cancer in China from 1990 to 2019 and its predictions:
findings from Global Burden of Disease Study. Chin | Cancer Res. (2021)
33:11-26. doi: 10.21147/j.issn.1000-9604.2021.01.02
Katanoda K, Hori M, Saito E, Shibata A,
Updated trends in cancer in Japan: incidence in 1985-
2015 and mortality in 1958-2018-a sign of decrease in cancer
] Epidemiol. (2021) 31:426-50. doi: 10.2188/jea.JE202

Ito Y, Minami T,
et al

incidence.
00416
Gabriel AS, Ninomiya K, Uneyama H. The role of the Japanese
traditional diet in healthy and sustainable dietary patterns around
the world. Nutrients. (2018) 10:nul0020173. doi: 10.3390/nul0
020173

Li X, Galea G. Healthy China 2030: an opportunity for tobacco
control.  Lancet. (2019) 394:1123-5. doi: 10.1016/S0140-6736(19)
32048-3

Chen W, Xia C, Zheng R, Zhou M, Lin C, Zeng H, et al. Disparities
by province, age, and sex in site-specific cancer burden attributable to 23
potentially modifiable risk factors in China: a comparative risk assessment.
Lancet Glob Health. (2019) 7:e257-69. doi: 10.1016/52214-109X(18)
30488-1

Bode AM, Dong Z, Wang H. Cancer prevention and control: alarming
challenges in China. Natl Sci Rev. (2016) 3:117-27. doi: 10.1093/nsr/nwv054
Man J, Zhang T, Yin X, Chen H, Zhang Y, Zhang X, et al. Spatiotemporal
trends of colorectal cancer mortality due to low physical activity and
high body mass index from 1990 to 2019: a global, regional and
national analysis. Front Med. (2021) 8:800426. doi: 10.3389/fmed.2021.
800426

Zhao F Qiao Y. Cervical cancer prevention in China: a key to
cancer control. Lancet. (2019) 393:969-70. doi: 10.1016/S0140-6736(18)
32849-6

Zou Z, Fairley CK, Ong JJ, Hocking J, Canfell K, Ma X, et al

Domestic HPV  vaccine price and economic returns for cervical
cancer prevention in China: a cost-effectiveness analysis. Lancet
Glob  Health. (2020)  8:e1335-e44. doi:  10.1016/S2214-109X(20)
30277-1

Cao M, Li H, Sun D, He S, Yu Y, Li J, et al. Cancer screening
in  China: the current status, challenges, and suggestions.
Cancer Lett. (2021) 506:120-7. doi: 10.1016/j.canlet.2021.
02.017

Yang X, Suo C, Zhang T, Yin X, Man J, Yuan Z, et al. Targeted proteomics-
derived biomarker profile develops a multi-protein classifier in liquid biopsies
for early detection of esophageal squamous cell carcinoma from a population-
based case-control study. Biomark Res. (2021) 9:12. doi: 10.1186/s40364-021-
00266-z

Chen X, Gole J, Gore A, He Q, Lu M, Min J, et al. Non-invasive
early detection of cancer four years before conventional diagnosis using
a blood test. Nat Commun. (2020) 11:3475. doi: 10.1038/s41467-020-
17316-z

Cai Q, Zhu C, Yuan Y, Feng Q, Feng Y, Hao Y, et al. Development
and validation of a prediction rule for estimating gastric
cancer risk in the Chinese high-risk population: a nationwide
multicentre study. Gut. (2019) 68:1576-87. doi: 10.1136/gutjnl-2018-
317556

Yang X, Suo C, Zhang T, Yin X, Man J, Yuan Z, et al. A nomogram
for screening esophageal squamous cell carcinoma based on environmental
risk factors in a high-incidence area of China: a population-based case-
control study. BMC Cancer. (2021) 21:343. doi: 10.1186/s12885-021-
08053-7

Li M, Zheng R, Dal
S.  Mapping overdiagnosis of

W, Vaccarella
in China.

Maso L, Zhang S, Wei

thyroid cancer Lancet

Frontiers in Public Health | www.frontiersin.org

May 2022 | Volume 10 | Article 862165


https://doi.org/10.1016/S0140-6736(16)30388-9
https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.1002/ijc.33617
https://doi.org/10.1016/j.lungcan.2020.12.007
https://doi.org/10.21147/j.issn.1000-9604.2020.02.01
https://doi.org/10.20892/j.issn.2095-3941.2020.0387
https://doi.org/10.1016/S0140-6736(21)01169-7
https://doi.org/10.1093/ntr/ntab265
https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.1002/cam4.2477
https://doi.org/10.1056/NEJMoa1917338
https://doi.org/10.1002/ijc.31043
https://doi.org/10.1001/jamaoncol.2020.1460
https://doi.org/10.1038/s41568-020-00323-z
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1002/ajh.25011
https://doi.org/10.7150/jca.52186
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.1016/S1470-2045(20)30073-5
https://doi.org/10.1016/S2468-2667(19)30160-4
https://doi.org/10.1002/cam4.3775
https://doi.org/10.1002/cac2.12143
https://doi.org/10.21147/j.issn.1000-9604.2021.01.02
https://doi.org/10.2188/jea.JE20200416
https://doi.org/10.3390/nu10020173
https://doi.org/10.1016/S0140-6736(19)32048-3
https://doi.org/10.1016/S2214-109X(18)30488-1
https://doi.org/10.1093/nsr/nwv054
https://doi.org/10.3389/fmed.2021.800426
https://doi.org/10.1016/S0140-6736(18)32849-6
https://doi.org/10.1016/S2214-109X(20)30277-1
https://doi.org/10.1016/j.canlet.2021.02.017
https://doi.org/10.1186/s40364-021-00266-z
https://doi.org/10.1038/s41467-020-17316-z
https://doi.org/10.1136/gutjnl-2018-317556
https://doi.org/10.1186/s12885-021-08053-7
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Yang et al.

Cancer Burden in Top-Four Economies

Diabetes

00083-8

Bulliard JL, Beau AB, Njorv S, Wu WY, Procopio P, Nickson C, et al.

Breast cancer screening and overdiagnosis. Int J Cancer. (2021) 149:846-53.

doi: 10.1002/ijc.33602

60. Arnold M, Ferlay ], van Berge Henegouwen MI, Soerjomataram I.
Global burden of oesophageal and gastric cancer by histology and
subsite in 2018. Gut. (2020) 69:1564-71. doi: 10.1136/gutjnl-2020-
321600

Endocrinol.  (2021)  9:330-2. doi: 10.1016/52213-8587(21)

59.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Yang, Chen, Sang, Chen, Li and Yang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

15

May 2022 | Volume 10 | Article 862165


https://doi.org/10.1016/S2213-8587(21)00083-8
https://doi.org/10.1002/ijc.33602
https://doi.org/10.1136/gutjnl-2020-321600
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

