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Background

To estimate the global burden of pancreatic cancer in 2019 and 2021 including incidence, mortality, and disability-adjusted-life-years (DALYs).





Methods

Data on pancreatic cancer incidence, mortality and DALYs were downloaded from the Global Health Data Exchange. The 95% uncertainty intervals (UIs) were reported for annual numbers and rates (per 100,000 populations).





Results

In 2021, there were 508,532 (95% UI: 462,09 to 547,208) incident cases of pancreatic cancer globally, of which 273,617 (250,808 to 299,347; 53.8%) were in males. The age-standardized incidence rate was 6.0 (5.5 to 6.5) per 100,000 people in 2019 and decreased to 5.9 (5.4 to 6.4) per 100,000 people in 2021. There was a 3.9% increase in the number of deaths from pancreatic cancer from 486,869 (446,272 to 517,185) in 2019 to 505,752 (461,224 to 543,899) in 2021. There was a 3.5% increase in DALYs due to pancreatic cancer, increasing from 10.9 million (10.1 to 11.7) in 2019 to 11.3 million (10.5 to 12.2) in 2021. In 2021, the highest age-standardized death rates were observed in Greenland and Monaco, and the highest age-standardized DALY rates were observed in Greenland and Uruguay. The numbers of incident cases and deaths peaked at the ages of 70 to 74 years. The pancreatic cancer burden increased as the socio-demographic index increased. To 2044, the number of incident cases and deaths will be more than 875 thousand and 879 thousand, respectively.





Conclusion

The disease burden of pancreatic cancer remains high, especially in high-income regions. More cancer prevention measures are needed in the future to reduce the burden of pancreatic cancer.
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1 Introduction

Pancreatic cancer is one of the greatest challenges in oncology and public health. Globally, new incident cases of pancreatic cancer have significantly increased in the last two decades, and it is now the sixth most common cause of cancer-related deaths worldwide (1, 2). After surgical treatment, most pancreatic cancer patients experience tumor recurrence or metastasis. In most cases, pancreatic cancer patients need continuous chemotherapy and surveillance for recurrence and metastasis (3). These medical procedures demand high quality medical care as well as a large number of medical expenditures, highlighting the importance of the healthcare system for cancer management.

Previous studies have estimated the epidemiological trends and patterns of pancreatic cancer before 2019 (4, 5). Data on pancreatic cancer incidence and death were limited from 2019 to 2021, particularly when nuanced time and geographical locations were considered. Over the last 30 years, the Global Burden of Diseases (GBD) Study has generated multiple versions of worldwide estimates for various disease metrics (6). The GBD 2021 reported the global burden of 371 diseases and injuries and 88 risk factors, using a variety of data sources and novel statistical methods (7, 8). In this study, we evaluated the global burden of pancreatic cancer from 2019 to 2021 based on data from the GBD 2021, aiming to provide novel insight into cancer epidemiology and prevention.




2 Methods



2.1 Data sources

Epidemiological data, including total counts and age-standardized rates (ASRs) of incidence, mortality and disability-adjusted life years (DALYs), were downloaded from the GBD 2021. The GBD 2021 provided available data on 371 diseases and injuries by age sex, year and location (7, 8). The general methodology and data processing for the GBD 2021 have been detailed in some publications (7, 9). In this study, we gathered data in 2019, 2020 and 2021 from five socio-demographic index (SDI) quintiles, 21 GBD regions, all countries/territories and 17 age groups (15 to 19, 20 to 24, 25 to 29, ……, 95 plus). The identification of pancreatic cancer was based on the International Classification of Disease coding system 10th edition using the following codes: C25-C25.9 and Z85.07 (7).




2.2 SDI

The SDI is a composite measure used in GBD studies to reflect the social development of a region or country. The SDI value is calculated based on the total fertility rate of women under 25 years of age, the average education level of the population over 15 years, and the lag-distributed income per capita (10). The SDI ranges from 0 to 1; the higher the SDI value is, the better the social development of the region or country. The SDI values in the GBD dataset can be downloaded at https://ghdx.healthdata.org/record/global-burden-disease-study-2021-gbd-2021-socio-demographic-index-sdi-1950–2021.




2.3 Decomposition analysis

Decomposition analysis is a method used to assess the relative contributions to the change in the number of cases between two subgroups (11, 12). In this study, we performed decomposition analysis to identify the factors related to the alterations in the total number of DALYs from 2019 to 2021 as the product of three factors: (1) population size, (2) age structure of the population, and (3) prevalence of disease (13).




2.4 Risk factors

Smoking, high fasting plasma glucose (FPG) and high body-mass index (BMI) are risk factors included in the GBD 2021 for pancreatic cancer. The GBD 2021 defined current smokers as individuals who currently use any smoked tobacco product on a daily or occasional basis, and defined former smokers as individuals who quit using all smoked tobacco products for at least six months, where possible, or according to the definition used by the given survey (8). High FPG was defined as any level above the theoretical minimum-risk exposure level, which is 4.9 to 5.3 mmol/L (8). High BMI for adults is defined as BMI greater than 20 to 23 kg/m2 (8). The relative risk of pancreatic cancer was derived from published population-based data sources. Risk factor estimation in the GBD study was based on the comparative risk assessment framework established to compute risk factor estimates (8, 14).




2.5 Data analysis

Metrics were estimated as counts, age-specific rates and ASRs. The ASR was calculated based on the GBD standard population structure. All estimates are reported with 95% uncertainty intervals (UIs) (15).For changes over time, we present percentage changes from 2019 to 2021 (8). Correlations between the ASR and SDI were analyzed using a scatter diagram. The “Nordpred” package in R software has been shown to perform well in projecting cancer incidence and mortality trends (16, 17).We used “Nordpred” package to predict the pancreatic cancer incidence and deaths from 2022 to 2044. Data visualization was performed via R software (version 4.2.2).





3 Results



3.1 Global burden of pancreatic cancer overview

The global incidence of pancreatic cancer was 489,862 (95% UI: 447,390 to 520,122) in 2019, and increased to 508,533 (462,091 to 547,208) in 2021, representing a 3.8% increase in incidence over the last two years. The age-standardized incidence rate (ASIR) of pancreatic cancer per 100,000 people decreased from 6.04 (5.5 to 6.42) per 100,000 people in 2019 to 5.96 (5.39 to 6.42) per 100,000 people in 2021.

The number of deaths due to pancreatic cancer worldwide increased from 486,869 (446,272 to 517,185) in 2019 to 505,752 (461,224 to 543,899) in 2021. From 2019 to 2021, the age-standardized death rate (ASDR) decreased from 6.03 (5.5 to 6.41) per 100,000 people to 5.95 (5.4 to 6.41) per 100,000 people. The ASDRs attributable to smoking, high FPG and high BMI were 0.85, 1.59 and 0.1 per 100,000 people, respectively.

There were 10,936,307 (10,124,259 to 11,660,743) DALYs from pancreatic cancer worldwide in 2019, which increased to 11,316,963 (10,464,697 to 12,169,336) in 2021, representing a 3.5% increase in DALYs over the last two years. The age-standardized DALY rates decreased from 132.18 (122.01 to 140.88) per 100,000 people to 130.33 (120.52 to 140.13) per 100,000 people in 2021.




3.2 Spatial distribution of the pancreatic cancer burden

Estimates for incidence and death due to pancreatic cancer as absolute values and age-standardized rates per 100,000 people in 2019 and 2021 at the regional and national levels are presented in Table 1 and Supplementary Table 1. In both 2019 and 2021, the highest ASDRs were observed in Greenland: 16.83 per 100,000 in 2019 and 15.89 per 100,000 in 2021. United Arab Emirates was the next leading country for the highest ASDR from pancreatic cancer in 2019 (16.7 per 100,000), and Monaco had the highest ASDR in 2021 (13.49 per 100,000). The ASIR followed a very similar pattern: it was highest in Greenland (16.09 per 100,000) and United Arab Emirates (15.57 per 100,000) in 2019 and highest in Greenland (15.21 per 100,000) and Monaco (13.27 per 100,000) in 2021. At the regional level, high-income Asia Pacific, high-income North America and Western Europe were the top three regions with the highest ASIRs in 2021, whereas Central Europe, high-income Asia Pacific and high-income North America were the three regions with the highest ASDRs in 2021.


Table 1 | Age-standardized incidence and death rates of pancreatic cancer in 2019 and 2021 across 21 GBD regions.






3.3 Burden of pancreatic cancer by age and sociodemographic development in 2021

The incidence and death rates for males peaked at the ages of 90 to 94 years, whereas the highest DALY rate was observed at the ages of 85 to 89 years in 2021. For females, the pancreatic cancer incidence rate peaked at the ages of 90 to 94 years, while death and DALY rates increased with increasing age. Additionally, until the ages of 90 to 94 years, males presented higher incidence, death, and DALY rates compared to females in the same age group (Figure 1). The incidence, death and DALY rates of pancreatic cancer in 2021 in different age groups by SDI are shown in Supplementary Figure 1.




Figure 1 | Global age-specific rates of incidence, mortality, and disability-adjusted-life-years of pancreatic cancer per 100,000 populations by sex in 2021.



Figure 2 shows the distribution of global pancreatic cancer DALYs attributable to three risk factors across age groups in 2021. In 2021, males accounted for 3,124,369 pancreatic cancer DALYs attributable to smoking, high FPG and high BMI, and females accounted for 1,640,146 DALYs. In females, high FPG was the primary risk factor for DALYs in all age subgroups in 2021. Among males under the age of 60 to 64 years, smoking was the predominant risk factor for DALYs. The global age-specific DALY rates of pancreatic cancer attributable to three risk factors in 2021 are shown in Supplementary Figure 2.




Figure 2 | Global number of disability-adjusted-life-years of pancreatic cancer attributable to smoking, high fasting plasma glucose and high body-mass index in different age groups by sex in 2021.



Among the five SDI quintiles, the ASIR of pancreatic cancer ranged from 1.59 (1.33 to 1.9) per 100,000 in countries with low SDI to 10.0 (9.07 to 10.61) per 100,000 in countries with high SDI, and the ASDR of pancreatic cancer ranged from 1.73 (1.45 to 2.07) per 100,000 in countries with low SDI to 9.37 (8.52 to 9.96) per 100,000 in countries with high SDI (Supplementary Figure 3). The numbers of incident cases, deaths and DALYs of pancreatic cancer in 2021 by SDI was shown in Supplementary Figure 4. To investigate the correlation between pancreatic cancer burden and countries’ sociodemographic development, we examined the relationship between age-standardized DALY rates and the SDI (Figure 3). The findings indicated that countries with high SDI presented age-standardized DALY rates, whereas countries with low SDI displayed considerably lower age-standardized DALY rates. Similar results were shown between ASIR and ASDR and SDI (Supplementary Figures 5, 6).




Figure 3 | The relationship between age-standardized DALY rate of pancreatic cancer and SDI in all countries/territories in 2021 DALY: disability-adjusted-life-years; SDI: socio-demographic index.






3.4 Decomposition analysis of pancreatic cancer DALYs

In general, there was a noticeable rise in pancreatic cancer DALYs in the five SDI quintiles, with the most significant increase observed in the high-middle- and middle-SDI quintiles, which showed the greatest increase in total DALYs over the past two years (Figure 4). The contribution of aging to the overall difference in DALYs was greatest in the high-SDI quintile (255.92%), followed by the high-middle-SDI quintile (115.53%). Most of the increase in pancreatic cancer DALYs due to population growth was observed mainly in the high- (94.67%) and low-SDI quintiles (78.22%). The results of decomposition analysis of 21 GBD regions are shown in Supplementary Figure 7.




Figure 4 | The decomposition analysis of pancreatic cancer DALYs change between 2019 and 2021 in different SDI quintiles. DALY: disability-adjusted-life-years; SDI: socio-demographic index.






3.5 Predicted incident cases and deaths to 2044

It is predicted that the number of incident cases and deaths will continue to increase in the next 23 years (Figure 5). In 2044, the number of incident cases will be more than 455 thousand in males and more than 425 thousand in females. Moreover, the number of deaths will be more than 457 thousand in males and more than 436 thousand in females in 2044.




Figure 5 | Global number of incident cases and deaths of pancreatic cancer from 1990 to 2021 and prediction to 2044 by sex.







4 Discussion

Pancreatic cancer is a significant contributor to mortality rates globally, with a rising trend in both the number of incident cases and deaths. Cancer prevention is currently an important public issue worldwide. Our analysis revealed that the global pancreatic cancer burden remains high, especially in many high-income regions or countries; the age-standardized DALY rate increased with sociodemographic development. The substantial increase in pancreatic cancer DALYs suggests a change in population growth and aging populations, especially in high-middle and middle SDI countries. Under these circumstances, more effective cancer prevention methods and treatment strategies are needed to reduce the burden of pancreatic cancer.

In the last few decades, the global burden of pancreatic cancer has increased significantly. Global health goals are aimed at reducing the risk of and disability from noncommunicable diseases, including cancer: a 25% reduction in premature mortality by 2025 and a one-third reduction by 2030 (18). From 1990 to 2019, GBD analyses revealed worsening outcomes of cancer burden. However, GBD 2021 reports on a new trend: the age-standardized incidence, death and DALY rates of pancreatic cancer worldwide have slightly decreased in both 2020 and 2021. Although the number of years included is limited, this is an encouraging improvement in the progress made in the global pancreatic cancer epidemic over the past three decades.

However, preventing and treating pancreatic cancer remains a global challenge. Although pancreatic cancer ranks 12th in the number of cases of all cancers in 2022, it ranks 6th in the number of cancer deaths in 2022 (2). Over the last three years, the pancreatic cancer incidence and death rates have consistently increased in high-SDI regions. This pattern was similar to that reported in the previous GBD studies (4). Pancreatic cancer is a disease that occurs primarily in high-income countries (4). There is an association between socioeconomic factors and the pancreatic cancer diagnosis (19). One reason for the higher incidence of pancreatic cancer in high-income countries may be attributed to the complete cancer registry databases and advanced diagnostic techniques for detecting pancreatic cancer. Moreover, lifestyle factors also contribute to the high burden of pancreatic cancer in high-income countries. Smoking is a well-known important risk factor for pancreatic cancer. The overall risk of pancreatic cancer estimated for current and former smokers was 1.74 (95% confidence interval: 1.61 to 1.87) (20). From 1990 to 2019, there was a notable increase in the global number of smokers, growing from 0.99 billion to 1.14 billion (21). Smoking prevalence also varies widely between regions. It was reported that the prevalence of smoking among women in high-income regions is higher than in other regions (21). Obesity and diabetes are important metabolic factors associated with pancreatic cancer (22). In 2019, the highest age-standardized cancer mortality rate attributable to high fasting plasma glucose was highest in high-SDI regions and lowest in low-SDI regions (23). Similarly, prevalence of overweight and obesity were also higher in some countries in North America, Oceania and Western Europe (24). Since 1980, the prevalence of obesity has doubled in more than 70 countries (25). There were more than 400 thousand deaths and 11 million DALYs of cancer related to high BMI in 2019 (26). In 2021, there were 529 million people of all ages living with diabetes, yielding a prevalence of 6.1% worldwide (27). This change can be attributed to lifestyle changes in many developing countries. Dietary patterns tend toward a “Western dietary pattern”. This change includes increased intake of sugar, fat, and animal products, and reduced physical activity (28, 29). In developing regions, this “nutrition transition” has been abrupt, and it has led to a great increase in non-communicable diseases associated with diabetes and obesity, especially cancer.

The number of DALYs of pancreatic cancer has continued to increase since 2019, reflecting both the contribution of aging and population growth, especially in the middle-SDI region. The global number of cancer cases is anticipated to increase in the coming years, largely due to significant demographic shifts, including population growth and aging (30). The United Nations projects that the global population will reach 9.3 billion in 2050 and 10.1 billion in 2100 (31). Additionally, the global proportion of individuals aged 65 years and older increased from 6.1% in 1990 to 8.8% in 2017 (32). Aging and cancer share some overlapping features. Some features of aging, such as genomic instability, epigenetic changes, and chronic inflammation, are very similar to specific cancer features (33). We found that pancreatic cancer has a higher disease burden in the older population. The inactivation of genes in crucial senescence effector pathways may accelerate pancreatic carcinogenesis (34). Therefore, we need to pay more attention to pancreatic cancer screening in the elderly.

With the increasing population and population aging, the burden of pancreatic cancer is rapidly increasing with few recent improvements in patient survival. There is an increasing prevalence of diabetes and overweight in the population (35). Therefore, reducing exposure to risk factors may be an effective way to decrease the burden of pancreatic cancer. Healthcare systems should focus on reducing the prevalence of tobacco use, obesity and diabetes. Health care professionals should focus on the process and health of smoking cessation in the populations (36). The public health field should launch public welfare activities, such as healthy diet education and moderate exercise plans. On a population-wide scale, diet in low fat and sugar and regular exercise may be an effective prevention strategy that ultimately reduces the incidence of pancreatic cancer (37). Early screening for pancreatic cancer should be performed in populations at high risk. Individuals with multiple close family members affected by pancreatic cancer, those possessing a pathogenic variant in one of the genes associated with a high risk of pancreatic cancer, or people at high risk with pancreatic cysts history consider screening (38). There are already multiple clinical trials showing the role of new therapies for pancreatic cancer, and such explorations should continue in the future (39–41). Additionally, we should pay attention to cancer research equity. The theme of World Cancer Day 2024 was “Close the Gap”, highlighting the persistent disparities in cancer care (42). Geographical disparities in pancreatic cancer prevention and treatment quality between high-income and low-income countries must be addressed, to help those with the highest burden of cancer access necessary treatment.

There are several limitations to this analysis. First, data from GBD estimation have some limitations due to the lack of available and accurate data in some countries, especially in low-income countries. For countries/territories without epidemiological data, GBD estimation results are mostly based on modeling processes and trends from neighboring locations, leading to some uncertainty. Moreover, the lack of advanced cancer diagnostic tools and incomplete cancer registries in low-income countries may lead to underestimation of the pancreatic cancer burden. Third, our study included only three years, which is not able to obtain a definite change trend compared with previous GBD studies (from 1990 to 2017 or from 1990 to 2019), but we used the latest data from the GBD database (in 2020 and 2021). Future work should focus on collecting more available and accurate data on the epidemiology of pancreatic cancer, especially in developing countries. The population-based cancer registry should be expanded to cover more people. More attention should be given to the establishment and development of cancer registry databases in low-income regions and countries. We should also focus on the global economic burden of pancreatic cancer.

In 2020 and 2021, the burden of pancreatic cancer remained high in high-income countries, whereas it is increasing in low-income countries. More pancreatic cancer prevention and treatment strategies are needed not only to improve survival rates, but also to provide healthier and safer outcomes for a growing and aging population.





Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://vizhub.healthdata.org/gbd-results/.





Author contributions

XL: Conceptualization, Data curation, Investigation, Methodology, Software, Writing – original draft, Writing – review & editing, Formal Analysis, Project administration, Validation, Visualization. YZ: Writing – original draft, Writing – review & editing, Conceptualization, Methodology, Software, Visualization. ZY: Data curation, Formal Analysis, Software, Visualization, Writing – review & editing. WJ: Resources, Software, Validation, Writing – review & editing, Conceptualization. SR: Funding acquisition, Validation, Writing – review & editing, Conceptualization.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by First Hospital of Lanzhou University (ldyyyn2019-69).




Acknowledgments

The authors thank the Global Burden of Disease Study 2021 for providing the data and AJE (www.aje.com) for language help.





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.





Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1521788/full#supplementary-material




References

1. Khalaf, N, El-Serag, HB, Abrams, HR, and Thrift, AP. Burden of pancreatic cancer: from epidemiology to practice. Clin Gastroenterol Hepatol. (2021) 19:876–84. doi: 10.1016/j.cgh.2020.02.054

2. Bray, F, Laversanne, M, Sung, H, Ferlay, J, Siegel, RL, Soerjomataram, I, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834

3. Park, W, Chawla, A, and O'Reilly, EM. Pancreatic cancer: A review. JAMA. (2021) 326:851–62. doi: 10.1001/jama.2021.13027

4. GBD 2017 Pancreatic Cancer Collaborators. The global, regional, and national burden of pancreatic cancer and its attributable risk factors in 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. (2019) 4:934–47. doi: 10.1016/s2468-1253(19)30347-4

5. An, H, Dai, H, and Liu, X. Changing trends in the global disease burden of pancreatic cancer from 1990 to 2030. Dig Dis Sci. (2024) 69:2450–61. doi: 10.1007/s10620-024-08465-y

6. Murray, CJL. The Global Burden of Disease Study at 30 years. Nat Med. (2022) 28:2019–26. doi: 10.1038/s41591-022-01990-1

7. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/s0140-6736(24)00757-8

8. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2024) 403:2162–203. doi: 10.1016/s0140-6736(24)00933-4

9. Patwardhan, V, Gil, GF, Arrieta, A, Cagney, J, DeGraw, E, Herbert, ME, et al. Differences across the lifespan between females and males in the top 20 causes of disease burden globally: a systematic analysis of the Global Burden of Disease Study 2021. Lancet Public Health. (2024) 9:e282–e94. doi: 10.1016/s2468-2667(24)00053-7

10. GBD 2021 Demographics Collaborators. Global age-sex-specific mortality, life expectancy, and population estimates in 204 countries and territories and 811 subnational locations, 1950-2021, and the impact of the COVID-19 pandemic: a comprehensive demographic analysis for the Global Burden of Disease Study 2021. Lancet. (2024) 403:1989–2056. doi: 10.1016/s0140-6736(24)00476-8

11. Das Gupta, P. A general method of decomposing a difference between two rates into several components. Demography. (1978) 15:99–112. doi: 10.2307/2060493

12. GBD 2021 Low Back Pain Collaborators. Global, regional, and national burden of low back pain, 1990-2020, its attributable risk factors, and projections to 2050: a systematic analysis of the Global Burden of Disease Study 2021. Lancet Rheumatol. (2023) 5:e316–e29. doi: 10.1016/s2665-9913(23)00098-x

13. Xie, Y, Bowe, B, Mokdad, AH, Xian, H, Yan, Y, Li, T, et al. Analysis of the Global Burden of Disease study highlights the global, regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int. (2018) 94:567–81. doi: 10.1016/j.kint.2018.04.011

14. Murray, CJ, and Lopez, AD. Global mortality, disability, and the contribution of risk factors: Global Burden of Disease Study. Lancet. (1997) 349:1436–42. doi: 10.1016/s0140-6736(96)07495-8

15. GBD 2021 Causes of Death Collaborators. Global burden of 288 causes of death and life expectancy decomposition in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2024) 403:2100–32. doi: 10.1016/s0140-6736(24)00367-2

16. Huang, L, and He, J. Trend analysis of hematological tumors in adolescents and young adults from 1990 to 2019 and predictive trends from 2020 to 2044: A Global Burden of Disease study. Cancer Med. (2024) 13:e70224. doi: 10.1002/cam4.70224

17. Huang, G, Wang, Y, Qin, B, Zeng, J, Tan, H, Zhang, D, et al. Global, regional and national burdens of Nasopharynx cancer in the adolescents and young adults from 1990 to 2019 and its predictions. BMC Cancer. (2024) 24:720. doi: 10.1186/s12885-024-12480-7

18. 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. JAMA Oncol. (2019) 5:1749–68. doi: 10.1001/jamaoncol.2019.2996

19. Gallegos, JM, Taylor, A, Vardell, V, and Silberstein, PT. Socioeconomic factors associated with a late-stage pancreatic cancer diagnosis: an analysis of the national cancer database. Cureus. (2023) 15:e35857. doi: 10.7759/cureus.35857

20. Iodice, S, Gandini, S, Maisonneuve, P, and Lowenfels, AB. Tobacco and the risk of pancreatic cancer: a review and meta-analysis. Langenbecks Arch Surg. (2008) 393:535–45. doi: 10.1007/s00423-007-0266-2

21. 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

22. Cai, J, Chen, H, Lu, M, Zhang, Y, Lu, B, You, L, et al. Advances in the epidemiology of pancreatic cancer: Trends, risk factors, screening, and prognosis. Cancer Lett. (2021) 520:1–11. doi: 10.1016/j.canlet.2021.06.027

23. Xie, J, Liu, Z, Ren, L, He, L, Lu, S, Meng, X, et al. Global, regional, and national time trends in cancer mortality attributable to high fasting plasma glucose: an age-period cohort analysis. BMC Public Health. (2023) 23:1361. doi: 10.1186/s12889-023-16076-x

24. Ng, M, Fleming, T, Robinson, M, Thomson, B, Graetz, N, Margono, C, et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. (2014) 384:766–81. doi: 10.1016/s0140-6736(14)60460-8

25. Afshin, A, Forouzanfar, MH, Reitsma, MB, Sur, P, Estep, K, Lee, A, et al. Health effects of overweight and obesity in 195 countries over 25 years. N Engl J Med. (2017) 377:13–27. doi: 10.1056/NEJMoa1614362

26. Zhi, X, Kuang, XH, Liu, K, and Li, J. The global burden and temporal trend of cancer attributable to high body mass index: Estimates from the Global Burden of Disease Study 2019. Front Nutr. (2022) 9:918330. doi: 10.3389/fnut.2022.918330

27. GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2023) 402:203–34. doi: 10.1016/s0140-6736(23)01301-6

28. Popkin, BM, Adair, LS, and Ng, SW. Global nutrition transition and the pandemic of obesity in developing countries. Nutr Rev. (2012) 70:3–21. doi: 10.1111/j.1753-4887.2011.00456.x

29. Baker, P, and Friel, S. Processed foods and the nutrition transition: evidence from Asia. Obes Rev. (2014) 15:564–77. doi: 10.1111/obr.12174

30. Soerjomataram, I, and Bray, F. Planning for tomorrow: global cancer incidence and the role of prevention 2020-2070. Nat Rev Clin Oncol. (2021) 18:663–72. doi: 10.1038/s41571-021-00514-z

31. Lee, R. The outlook for population growth. Science. (2011) 333:569–73. doi: 10.1126/science.1208859

32. Cheng, X, Yang, Y, Schwebel, DC, Liu, Z, Li, L, Cheng, P, et al. Population ageing and mortality during 1990-2017: A global decomposition analysis. PloS Med. (2020) 17:e1003138. doi: 10.1371/journal.pmed.1003138

33. López-Otín, C, Pietrocola, F, Roiz-Valle, D, Galluzzi, L, and Kroemer, G. Meta-hallmarks of aging and cancer. Cell Metab. (2023) 35:12–35. doi: 10.1016/j.cmet.2022.11.001

34. Chen, Z, Wang, Z, Du, Y, Shi, H, and Zhou, W. The microbiota and aging microenvironment in pancreatic cancer: Cell origin and fate. Biochim Biophys Acta Rev Cancer. (2022) 1877:188826. doi: 10.1016/j.bbcan.2022.188826

35. Tian, H, Li, S, and Yu, K. DJ−1 alleviates high glucose−induced endothelial cells injury via PI3K/Akt−eNOS signaling pathway. Mol Med Rep. (2018) 17:1205–11. doi: 10.3892/mmr.2017.7975

36. Mahyoub, MA, Al-Qurmoti, S, Rai, AA, Abbas, M, Jebril, M, Alnaggar, M, et al. Adverse physiological effects of smoking cessation on the gastrointestinal tract: A review. Med (Baltimore). (2023) 102:e35124. doi: 10.1097/md.0000000000035124

37. Rawla, P, Thandra, KC, and Sunkara, T. Pancreatic cancer and obesity: epidemiology, mechanism, and preventive strategies. Clin J Gastroenterol. (2019) 12:285–91. doi: 10.1007/s12328-019-00953-3

38. Klein, AP. Pancreatic cancer epidemiology: understanding the role of lifestyle and inherited risk factors. Nat Rev Gastroenterol Hepatol. (2021) 18:493–502. doi: 10.1038/s41575-021-00457-x

39. Versteijne, E, van Dam, JL, Suker, M, Janssen, QP, Groothuis, K, Akkermans-Vogelaar, JM, et al. Neoadjuvant chemoradiotherapy versus upfront surgery for resectable and borderline resectable pancreatic cancer: long-term results of the dutch randomized PREOPANC trial. J Clin Oncol. (2022) 40:1220–30. doi: 10.1200/jco.21.02233

40. Yamaguchi, J, Yokoyama, Y, Fujii, T, Yamada, S, Takami, H, Kawashima, H, et al. Results of a phase II study on the use of neoadjuvant chemotherapy (FOLFIRINOX or GEM/nab-PTX) for borderline-resectable pancreatic cancer (NUPAT-01). Ann Surg. (2022) 275:1043–9. doi: 10.1097/sla.0000000000005430

41. Wainberg, ZA, Melisi, D, Macarulla, T, Pazo Cid, R, Chandana, SR, de la Fouchardière, C, et al. NALIRIFOX versus nab-paclitaxel and gemcitabine in treatment-naive patients with metastatic pancreatic ductal adenocarcinoma (NAPOLI 3): a randomised, open-label, phase 3 trial. Lancet. (2023) 402:1272–81. doi: 10.1016/s0140-6736(23)01366-1

42. The, L. Cancer research equity: innovations for the many, not the few. Lancet. (2024) 403:409. doi: 10.1016/s0140-6736(24)00196-x




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 © 2025 Li, Zhang, Yan, Jiang and Rui. 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.


OEBPS/Images/fonc-14-1521788-g002.jpg
Number in 2019

Male Female
. Smoking
. High fasting plasma glucose
4000004 . High body—-mass index
) I | I I I I
T 8 T T T T T T T T T T T T 8 T T T T T T T T T T T T 8 T T T T
R IR I T - R R R R R R - R - R R R R I I I I I R - - R R R R R B R I
S A?'q} & &L & ~\°’$ ~\?’Q§ *?'Q} R i AQ"Z} & «"3} & &L & ~\°’$ L &L EL A‘?"g A?’q} ~\Q’Q§ R i *"’6
(SRR T A B N TR YRS A . ST S B « ST S e N S B« N R S (SRRIE e ALY A e BN I RS R A« B SR R IV P U R A P
VA2 VAt A o) W % 9" 5 © ©° A A ¥ D Y H V. D W % 9" O ©° o0 A A ¥ X YN
S LS E LSS S LSS 2 S LY E N E LSS LSS
PP 5w W QP A A Y Y o P P B W W QPP A A Y Y O

Age groups






OEBPS/Images/fonc-14-1521788-g004.jpg
SDI quintile

High SDI

High-middle SDI

Middle SDI

Low—middle SDI

Low SDI

-100000

Decomposition

0 100000
DALYs

. Aging . Population . Epidemiological change





OEBPS/Images/fonc.2024.1521788_cover.jpg
& frontiers | Frontiers in Oncology

Global, regional and national burden of
pancreatic cancer and its attributable risk
factors from 2019 to 2021, with projection to
2044





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Global, regional and national burden of pancreatic cancer and its attributable risk factors from 2019 to 2021, with projection to 2044

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Data sources

          



          		

            2.2 SDI

          



          		

            2.3 Decomposition analysis

          



          		

            2.4 Risk factors

          



          		

            2.5 Data analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Global burden of pancreatic cancer overview

          



          		

            3.2 Spatial distribution of the pancreatic cancer burden

          



          		

            3.3 Burden of pancreatic cancer by age and sociodemographic development in 2021

          



          		

            3.4 Decomposition analysis of pancreatic cancer DALYs

          



          		

            3.5 Predicted incident cases and deaths to 2044

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1521788-g005.jpg
Number of incident cases

400000

300000

200000

100000

1990

2000

2010

2020
Year

2030

2040

Number of deaths

400000 - — Female
— Male
300000 4
2000004
1000004
T T T T T T
1990 2000 2010 2020 2030 2040

Year





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-14-1521788-g003.jpg
w
©
o

200

100

Age-standardized DALY rate (per 100,000)

® Greenland

High SDI
High-middle SDI
Middle SDI
ou
Low-middle SDI ruguady ¢ Monaco
Low SDI oo ¢
* o °
Y X"
’. ,.”.
e ® %
® o0 ...’
| 0‘0 ..'. .
£°.. ... ..
: o}.o o ®
o (Y {1 1 J ® L4
5 .0 ] °
[ X J ® [ P ®
(N ] .f
°
o _ Qo S e °
Qe *°o @ e o
o ..‘.. ®
@ [ ] P [ ) o o % ® ®
k.
T T T T T
0.2 0.4 0.6 0.8 1

SDI| in 2021






OEBPS/Images/fonc-14-1521788-g001.jpg
Rate (per 100,000)

Incidence Deaths DALYs (Disability—Adjusted Life Years)
100
— Male 9004
— Female 100
75
600 4
50
50
300 -
25
0 0 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
SO O O G & © © O ©@ & S S O @ & S O @ & o> & o @ S @ & O ©@ & © ©
0@‘%@‘@(&0‘@‘0‘&@@“@@@‘@ éfbfbf&fb@“f&fbfb‘@fbf&éf»‘@fb f&é@fb‘@fbfé‘fb‘fbfb‘fb‘@‘@‘f&@fb
o ¥ A"’ @0 SRS HEy 0_5“ D;\Q' A Q;\ F¥ ¥ ¥ SRt DAQ' £ ﬁ“cﬁ T o (TP P P 0, L. ¢ SIS S S Sy Qecyx@ @cﬁ' W Qﬁ V\@ SRy
Ny o A 5 A B > N P2 o %%‘b@’\’\‘b‘b%cgo \q,,ﬂ,vofbvu«o@ A B alR ey
& o oS %@@@@Q%@@é"@«@ fb"@ @fﬁ’b@@?’@&’@é’”@é"@'\@%<b°°ca° '@’L'ﬁ@%”@v@@@é’@’\@ %@QQ

Age group






OEBPS/Images/table1.jpg
GBD regions ASIR in 20 ASDR in 20 ASIR in 2021 ASDR in
Andean Latin America ‘ 5.38 (4.43 10 6.5) 5.81 (4.81 to 6.96) 5.17 (3.99 to0 6.52) 5.56 (4.3 t0 6.97)
Australasia 8.94 (8.08 to 9.54) 7.99 (7.24 to 8.5) 8.62 (7.77 t0 9.23) 7.73 (6.97 to 8.24)
Caribbean 5.12 (4.71 to 5.62) 5.43 (4.99 to 5.94) 5.09 (4.5 to 5.75) 5.4 (4.76 to 6.11)
Central Asia 4.42 (4.03 to 4.81) 4.68 (4.27 t0 5.1) 427 (3.77 to 4.77) 4.53 (4.01 to 5.08)
| Central Europe 9.35 (8.84 to 9.74) 9.8 (9.26 to 10.22) | 9.27 (849 to 10.04) 9.72 (8.91 to 10.52)
Central Latin America 4.45 (419 to 4.63) 4.75 (4.46 to 4.95) 4.54 (4.06 to 5.04) 4.83 (4.33 t0 5.36)
Central Sub-Saharan Africa 222 (1.54 to 3.02) 2.4 (1.65 to 3.31) 227 (1.57 to 3.17) 2.46 (1.68 to 3.49)
East Asia 5.53 (4.59 t0 6.58) 5.62 (4.68 to 6.68) 5.64 (4.56 to 6.8) 5.72 (4.63 to 6.87)
Eastern Europe 8.38 (8.01 to 8.75) 8.63 (824 t0 9) 8.28 (7.65 to 8.98) 8.52 (7.88 to 9.23)
Eastern Sub-Saharan Africa 1.96 (1.64 to 2.48) 2.13 (1.78 to 2.71) 2.01 (1.66 to 2.53) 2.18 (1.8 to 2.75)
High-income Asia Pacific 10.87 (947 to 11.74) 9.72 (8.48 to 10.5) 10.69 (9.3 to 11.53) 9.56 (8.34 to 10.34)
High-income North America 10.24 (9.42 to 10.68) 9.36 (8.6 t0 9.77) 10.2 (9.38 to 10.65) 9.32 (8.56 t0 9.75)
North Africa and Middle East 4.52 (4.1 t0 4.93) 4.69 (4.27 to 5.11) 4.52 (3.97 to 5.08) 4.69 (4.12 t0 5.26)
Oceania 231 (1.89 to 2.91) 249 (2.03 to 3.16) 2.28 (1.86 to 2.89) 246 (2 t0 3.12)
South Asia 1.39 (1.28 to 1.5) 149 (1.37 to 1.61) 141 (1.25 to 1.56) 1.51 (1.35 to 1.67)
Southeast Asia 3.29 (2.85 t0 3.75) 3.48 (3.02 to 3.97) 3.33 (2.88 t0 3.87) 353 (3.04 to 4.1)
Southern Latin America 9.36 (8.77 to 9.91) 9.95 (9.31 to 10.54) 8.61 (7.98 to 9.17) 9.13 (8.42 t0 9.72)
Southern Sub-Saharan Africa 567 (5.11 to 6.22) 6.13 (5.52 to 6.73) 5.76 (5.09 to 6.36) 6.22 (549 to 6.86)
Tropical Latin America 5.93 (5.52 to 6.17) 6.37 (5.9 to 6.64) 586 (5.42 to 6.16) 6.27 (5.76 t0 6.59)
Western Europe 10.02 (9.17 to 10.63) 9.69 (8.84 to 10.31) 9.54 (8.71 to 10.16) 9.26 (8.43 to 9.84)
‘Western Sub-Saharan Africa 1.88 (1.59 to 2.16) 2.05 (1.75 to 2.36) 1.92 (1.62 to 2.22) 2.09 (1.77 to 2.42)

GBD, Global Burden of Disease; ASIR, age-standardized incidence rate; ASDR, age-standardized death rate.





