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Background: Acute lymphoblastic leukemia (ALL) is the most common pediatric cancer, with a significant global burden. This study evaluates global, regional, and national trends in the prevalence, mortality, and disability-adjusted life years (DALYs) of childhood ALL from 1990 to 2021, providing insights into disparities and progress across different socio-demographic and geographic contexts.



Methods: Data were sourced from the Global Burden of Disease study. Trends in prevalence, mortality, and DALYs were analyzed by socio-demographic index (SDI) regions, geographic areas, and countries. Estimated annual percentage changes (EAPCs) were used to quantify temporal trends.



Findings: Between 1990 and 2021, the global number of childhood ALL cases increased by 59.06%, reaching 168,879 cases in 2021, while ALL-related deaths and DALYs decreased by 66.71% and 66.13%, respectively. High- and high-middle SDI regions demonstrated significant improvements, driven by advances in healthcare and early diagnosis. In contrast, low-SDI regions faced persistent challenges, with a slight increase in DALYs observed in 2021. Geographic disparities were pronounced, with East Asia achieving the largest reductions in mortality and DALYs, whereas Sub-Saharan Africa and the Caribbean remained heavily burdened.



Interpretation: Despite progress in reducing mortality and DALYs globally, the rising prevalence of ALL and persistent disparities in low-SDI regions highlight the urgent need for equitable access to healthcare, early diagnosis, and effective treatment strategies. Strengthening healthcare infrastructure and fostering global collaboration are critical to further mitigating the burden of childhood ALL and ensuring equitable outcomes worldwide.
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Introduction

Leukemia is a cancer of white blood cells originating in the bone marrow. When leukemia cells develop, they rapidly proliferate in the bone marrow, hindering the formation of healthy blood cells (1, 2). From 2000 to 2016, the incidence of acute leukemia (AL) in children, adolescents, and adults has been continuously increasing (3).

Acute lymphoblastic leukemia (ALL) is one of the most common types of leukemia in children (4), including B-type and T-type acute lymphoblastic leukemia (5). ALL predominantly occurs in children aged 2–5 years, comprising 75%–80% of pediatric leukemia cases (6). Due to the genetic heterogeneity of ALL, newly discovered genetic subtypes have refined risk stratification, increasing the complexity of diagnosis and treatment (7). The diagnosis of ALL requires precise procedures, including morphological, immunophenotypic, and cytogenetic analyses (8).

Although the survival rate of children and adolescents with ALL has significantly improved in high-income countries, approximately 80% of children with ALL in low-income countries still have poor prognoses, mainly due to a lack of diagnostic procedures, chemotherapy drugs, supportive care, and financial assistance (9). These challenges place a heavy burden on patients and their families.

Studies have shown that the peak incidence of ALL in children is mostly under five years old (10). Therefore, understanding the latest epidemiological data of ALL in this age group and analyzing its changing trends are crucial for addressing medical disparities, evaluating prevention and treatment effectiveness, and reducing the disease burden. However, there is currently a lack of research on the long-term global trends of ALL in children under five years old.

To fill this gap, we utilized data from the Global Burden of Disease (GBD) study from 1990 to 2021 to analyze the prevalence, mortality, and disability-adjusted life years (DALYs) of ALL in children under five at global, regional, and national levels, categorized by region, and time. Our study aims to provide a basis for clinicians and epidemiologists to formulate new prevention and treatment strategies, improve the prognosis of children with ALL, and optimize patient care, resource allocation, and public health measures.



Methods


Overview and data collection

This study is based purely on data analysis and does not involve identifiable personal information; therefore, informed consent is not required. We collected data for children under five years old with ALL from the GBD database. The data include the number of cases, related deaths, and DALYs at global, regional, and national levels, covering changes in case numbers from 1990 to 2021. While the incidence of ALL peaks around the age of three, this disease can occur at any age in children, and outcomes are often worse in older populations. In this study, we focus on children under five years old because WHO and other global health organizations use under-five mortality rates (U5MR) as a key health indicator (11). This age group is highly affected by infectious diseases and maternal and neonatal health-related issues, which are leading causes of childhood mortality.

All data are publicly available through the Global Health Data Exchange (GHDx) website (https://vizhub.healthdata.org/gbd-results/). We used linear regression to calculate the estimated annual percentage change (EAPC) to evaluate the influence of socioeconomic determinants on the burden of ALL (12), summarizing the burden distribution among children under five years old with ALL.



Sociodemographic Index (SDI)

The SDI is a critical measure of a country's or region's development level, based on three key factors: fertility rate, education level, and per capita income (13). The SDI ranges from 0 to 1, with higher values indicating a higher degree of socio-economic development (14). SDI is strongly associated with disease mortality rates, serving as a proxy for broader health outcomes (15).

In this study, countries and regions are classified into five levels based on their SDI: high, high-middle, middle, low-middle, and low. This classification allows for an in-depth analysis of the relationship between the burden of ALL in children under 5 years old and socio-economic development. Countries with a higher SDI, which generally reflects better socio-economic conditions and more abundant healthcare resources, tend to have lower rates of ALL mortality. Conversely, countries with lower SDI face greater disease burdens due to limited healthcare infrastructure, public health services, and lower education levels.

By comparing countries across different SDI levels, this study aims to identify significant disparities in disease burden linked to socio-economic factors. Such insights are crucial for understanding the global distribution of ALL in young children and can inform targeted public health interventions.



Statistical analysis

Previous studies have extensively outlined the methodology and framework of the GBD study (16). This research utilizes data from the GBD database to examine the burden of ALL in children under 5 years of age, covering global, regional, and national levels from 1990 to 2021. The data includes prevalence, mortality, DALYs, and their respective rates, all reported per 100,000 population, with 95% uncertainty intervals estimated using the GBD algorithms. To assess temporal trends in ALL disease burden, we calculated the EAPC and evaluated the time trend through its 95% confidence interval (CI). If the upper limit of the EAPC and its 95% CI are both negative, the corresponding rate shows a declining trend; conversely, if the lower limit and its 95% CI are both positive, the rate exhibits an increasing trend (17). All statistical analyses were performed using RStudio version 3.5.2, with two-sided P-values, and a significance threshold set at P < 0.05.




Result


Acute lymphoblastic leukemia in children: global trends


Prevalence

In 2021, the global prevalence of ALL in children was estimated at 168,879.41 cases [95% uncertainty interval (UI): 103,720.68–240,540.11], reflecting a 59.06% increase from 106,172.66 cases in 1990 (95% UI: 88,471.54–133,096.57). The corresponding prevalence rate rose from 17.13 per 100,000 population in 1990 (95% UI: 14.27–21.47) to 25.66 per 100,000 in 2021 (95% UI: 15.76–36.55). The EAPC was 2.26 [95% confidence interval (CI): 1.93–2.60], highlighting a steady upward trend over the three-decade period (Table 1 and Figure 1A).


TABLE 1 Global and regional prevalence of acute lymphoblastic leukemia in children aged 0–5 years from 1990 to 2021.
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FIGURE 1
Epidemiologic trends of prevalence, death, and DALYs rates in 5 sociodemographic Index regions of acute lymphoblastic leukemia from 1990 to 2021. (A) Prevalence; (B) mortality; (C) DALYs.




Mortality

In 2021, ALL-related mortality in children was reported at 6,294.10 deaths (95% UI: 3,933.74–8,350.67), representing a significant 66.71% decline from 18,904.74 deaths in 1990 (95% UI: 12,759.66–28,582.64). The corresponding mortality rate decreased from 3.05 per 100,000 population in 1990 (95% UI: 2.06–4.61) to 0.96 per 100,000 in 2021 (95% UI: 0.60–1.27). The EAPC was −3.63 (95% CI: −3.78 to −3.48), underscoring a remarkable reduction in ALL-related mortality over the study period (Table 2 and Figure 1B).


TABLE 2 Global and regional deaths of acute lymphoblastic leukemia in children aged 0–5 years from 1990 to 2021.
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Disability-adjusted life years (DALYs)

In 2021, the global burden of ALL in terms of DALYs for children was estimated at 566,892.36 years (95% UI: 354,405.97–752,818.07), reflecting a 66.13% reduction from 1,673,557.22 years in 1990 (95% UI: 1,134,551.64–2,526,405.44). The corresponding DALY rate decreased from 269.96 per 100,000 population in 1990 (95% UI: 183.01–407.53) to 86.13 per 100,000 in 2021 (95% UI: 53.85–114.38). The EAPC was −3.56 (95% CI: −3.72 to −3.40), reflecting consistent progress in alleviating the burden of ALL globally (Supplementary Table S1 and Figure 1C).

These findings underscore significant advancements in reducing ALL-related mortality and disability worldwide, even as prevalence continues to rise. The results emphasize the importance of sustained efforts in early diagnosis, equitable access to advanced treatment modalities, and the development of targeted public health interventions to mitigate the burden of ALL among children further globally.




Acute lymphoblastic leukemia in children: regional trends by SDI


Prevalence

In 2021, the burden of childhood ALL was highest in High-middle SDI regions, with an estimated 63,899.1 cases (95% UI, 32,981.32–100,496.14). In contrast, Low SDI regions reported the lowest burden, with 5,256.34 cases (95% UI, 2,822.06–7,285.09). Notably, the number of prevalent cases in Low SDI regions increased substantially by 50.83% (95% UI, −22.26% to 248.93%) since 1990. High-middle SDI regions exhibited the highest EAPC in prevalence rates (4.37; 95% CI, 3.95–4.79), whereas Low SDI regions saw the greatest reduction (EAPC, −0.54; 95% CI, −0.76 to −0.32) (Table 1 and Figure 1A).



Mortality

Among the five SDI regions, only the Low SDI region demonstrated an increase in childhood ALL-related mortality, rising by 1.11% between 1990 and 2021. In 1990, Middle SDI regions recorded the highest number of deaths (8,787.20; 95% UI, 5,995.10–12,955.47), but by 2021, this shifted to Low SDI regions, with 2,268.02 deaths (95% UI, 1,182.67–3,211.82). Mortality rates in 1990 were highest in High-middle SDI regions (4.45 per 100,000; 95% UI, 3.10–6.07) and lowest in High SDI regions (0.73 per 100,000; 95% UI, 0.67–0.83). By 2021, the highest mortality rate was observed in Low SDI regions (1.37 per 100,000; 95% UI, 0.71–1.94), while High SDI regions maintained the lowest rate (0.24 per 100,000; 95% UI, 0.20–0.28). High-middle SDI regions showed the largest reduction in mortality rates (EAPC, −5.70; 95% CI, −5.98 to −5.42) (Table 2 and Figure 1B).



DALYs

In 2021, Low SDI regions bore the highest burden of childhood ALL-related DALYs, with 199,781.1 (95% UI, 104,217.91–282,873.20). This represented a marginal increase of 1.06% (95% UI, −49.89% to 144.49%) compared to 1990 (197,688.00; 95% UI, 89,015.38–375,199.42). High-middle SDI regions exhibited the largest decline in DALY rates (EAPC, −5.38; 95% CI, −5.65 to −5.11) (Supplementary Table S1 and Figure 1C).

These findings underscore substantial regional disparities in the burden of childhood ALL, highlighting an urgent need for targeted strategies to mitigate the rising burden in Low SDI regions and to sustain progress in High SDI regions.




Acute lymphoblastic leukemia in children: geographic regional trends


Prevalence

In 2021, the prevalence of ALL in children exhibited marked regional disparities across 21 geographical areas. Oceania reported the lowest number of cases, with 42.05 (95% UI 21.91–77.08), while East Asia recorded the highest, reaching 98,939 cases (95% UI 48,299.18–157,655.28). Central Sub-Saharan Africa had the lowest prevalence rate at 1.31 per 100,000 children (95% UI 0.63–2.51), whereas East Asia registered the highest rate at 123.56 per 100,000 children (95% UI 60.32–196.89). Notably, East Asia also experienced the largest annual percentage change in prevalence (EAPC 5.88, 95% CI 5.32–6.44) (Table 1). Globally, the SDI in 2021 was 0.67. Fourteen regions reported prevalence rates below the global average, while seven regions exceeded it (Figure 2A).
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FIGURE 2
Prevalence, death, and DALYs rates for acute lymphoblastic leukemia from 1990 to 2021. (A) Prevalence rate; (B) mortality; (C) DALYs rate.




Mortality

In 2021, Australasia reported the fewest ALL-related deaths among children, with 3.25 deaths (95% UI 2.49–4.04), while Eastern Sub-Saharan Africa recorded the highest number, at 1,127.91 deaths (95% UI 576.84–1,897.60). Similarly, Australasia had the lowest mortality rate, at 0.18 per 100,000 children (95% UI 0.14–0.22), whereas the Caribbean exhibited the highest rate, at 2.07 per 100,000 children (95% UI 0.92–4.03). Between 1990 and 2021, East Asia achieved the most significant reduction in mortality rate, with an EAPC of −6.04 (95% CI −6.38 to −5.69). In contrast, Southern Sub-Saharan Africa demonstrated the largest increase, with an EAPC of 0.48 (95% CI −0.27–1.23) (Table 2). Globally, the SDI in 2021 was 0.67, with 14 regions reporting mortality rates below the global average and seven regions exceeding it (Figure 2B).



DALYs

In terms of DALYs, Australasia recorded the lowest burden, with 357.82 DALYs (95% UI 274.67–459.02), whereas Eastern Sub-Saharan Africa reported the highest, at 99,491.21 DALYs (95% UI 50,869.74–167,305.34). The lowest DALY rate was observed in Australasia, at 19.7 per 100,000 children (95% UI 15.12–25.28), while the Caribbean had the highest rate, at 182.58 per 100,000 children (95% UI 81.75–354.61). From 1990 to 2021, East Asia demonstrated the largest reduction in DALY rates, with an EAPC of −5.77 (95% CI −6.10 to −5.44). Conversely, Southern Sub-Saharan Africa exhibited the largest increase, with an EAPC of 0.47 (95% CI −0.26–1.22) (Supplementary Table S1). Globally, the SDI in 2021 was 0.67. Fourteen regions recorded DALY rates below the global average, while seven regions were above it (Figure 2C).




Acute lymphoblastic leukemia in children: national trends


Prevalence

In 2021, among 204 countries, Palau reported the lowest number of childhood ALL cases, with 0.01 cases (95% UI, 0.00–0.05), while China had the highest, with 98,215.59 cases (95% UI, 47,784.03–156,575.12). The lowest prevalence of childhood ALL was observed in Vanuatu, at 0.72 per 100,000 (95% UI, 0.39–1.23), whereas Monaco reported the highest prevalence, at 399.44 per 100,000 (95% UI, 176.41–696.69). The largest decline in prevalence was recorded in Georgia, with an EAPC of −4.20% (95% CI, −4.96 to −3.44), while the Maldives saw the largest increase, with an EAPC of 6.63% (95% CI, 5.88–7.40). The prevalence rates were also closely correlated with the Socio-Demographic Index (SDI). Palau (SDI 0.75) had the lowest number of cases, whereas China (SDI 0.72) reported the highest. Vanuatu (SDI 0.47) exhibited the lowest prevalence rate, while Monaco (SDI 0.91) had the highest (Supplementary Table S3, Supplementary Figure S1A and Figure 3A).
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FIGURE 3
Prevalence, death, and DALYs cases of acute lymphoblastic leukemia in children in 204 countries and territories. (A) Change in prevalence cases. (B) Change in death cases. (C) Change in DALYs cases.




Mortality

In 2021, several countries, including Cook Islands, Niue, Northern Mariana Islands, Palau, Tokelau, and Tuvalu, reported no childhood deaths due to ALL. Conversely, China recorded the highest number of childhood ALL-related deaths, with 930.64 (95% UI, 487.57–1,433.88). Oman had the lowest mortality rate, with 0.08 per 100,000 (95% UI, 0.03–0.14), while Haiti reported the highest mortality rate, at 3.87 per 100,000 (95% UI, 0.99–8.87). Serbia showed the largest reduction in mortality, with an EAPC of −6.94% (95% CI, −7.63 to −6.24), while Zimbabwe exhibited the most significant increase, with an EAPC of 2.53% (95% CI, 1.78–3.28). In line with prevalence, the mortality rates were strongly associated with SDI: China (SDI 0.72) reported the highest number of deaths, while Oman (SDI 0.77) had the lowest mortality rate, and Haiti (SDI 0.45) had the highest (Supplementary Table S4, Supplementary Figure S1B and Figure 3B).



DALYs

In 2021, Palau had the lowest number of childhood ALL-related DALYs, with 0.08 per 100,000 (95% UI, 0.01–0.40), while China had the highest, with 566,892.36 DALYs (95% UI, 354,405.97–752,818.07). Oman reported the lowest DALY rate, at 7.59 per 100,000 (95% UI, 3.14–13.21), while Haiti had the highest rate, at 340.33 per 100,000 (95% UI, 87.74–780.27). Serbia recorded the largest decrease in the DALY rate, with an EAPC of −6.76% (95% CI, −7.45 to −6.07), whereas Zimbabwe showed the largest increase, with an EAPC of 2.50% (95% UI, 1.77–3.24). Consistent with trends in prevalence and mortality, DALY rates were strongly influenced by SDI. Palau (SDI 0.75) had the lowest number of DALYs, while China (SDI 0.72) had the highest. Oman (SDI 0.77) had the lowest DALY rate, and Haiti (SDI 0.45) had the highest (Supplementary Table S2, Supplementary Figure S1C and Figure 3C).





Discussion

Childhood ALL arises from the aberrant proliferation of precursor T and B lymphoid cells in hematopoietic tissues such as the bone marrow and thymus (18, 19). It is the most common pediatric malignancy worldwide, accounting for approximately 15% of new cancer cases among individuals under 15 years of age (20). In the United States, the annual incidence of ALL is approximately 40 cases per million population in children aged 0–14 years (21), with around 3,100 new diagnoses reported each year among individuals younger than 20 years (22). Since the 1970s, the incidence of ALL has shown a steady increase, peaking at approximately 81 cases per million in children aged 1–4 years—four times higher than the incidence observed in infants and children aged 10 years or older (21). Although advancements in therapy have markedly improved the overall cure rates of ALL, a substantial proportion of children and adolescents experience relapse after standard treatment, which is associated with significantly reduced survival rates (23). The rising medical and societal costs of ALL have further underscored its status as a pressing global public health challenge, prompting increasing attention to its burden and the development of effective strategies for prevention, treatment, and care.

This study provides the first comprehensive global assessment of temporal trends in the burden of childhood ALL under 5 years of age between 1990 and 2021, establishing a valuable epidemiological foundation for future research. Despite overall reductions in mortality and DALYs observed worldwide, certain regions and countries have experienced a rising disease burden, underscoring the heterogeneous progress and persisting inequities in ALL outcomes. These findings not only enhance our understanding of the evolving global epidemiology of ALL but also offer critical guidance for developing targeted prevention and control strategies. Improving healthcare infrastructure, optimizing resource allocation, and promoting early detection and intervention remain central priorities for clinicians and public health policymakers seeking to reduce the global burden of childhood ALL.

The observed increase in ALL prevalence may reflect a dynamic interplay with socioeconomic development in this study, potentially unfolding through four transitional stages. Underdiagnosis phase: Limited healthcare access and diagnostic capabilities in early development result in substantial undiagnosed and misdiagnosed cases. Healthcare engagement phase: Economic growth and national health policies improve healthcare accessibility, reducing non-attendance at medical facilities and increasing case detection. Diagnostic refinement phase: Advancements in cancer diagnostics (e.g., flow cytometry, molecular testing) decrease misdiagnosis rates, particularly in distinguishing ALL from other hematological malignancies. Outcome improvement phase: improvement in the outcome with advancements in cancer care and supportive care.

The etiology of ALL remains incompletely understood, with potential associations linked to viral infections, immune dysregulation, physical and chemical exposures, and genetic predisposition (24, 25). However, the precise contribution of each factor to the pathogenesis of pediatric ALL remains unclear and likely varies by environmental and geographical contexts. These disparities may underpin the regional differences in ALL incidence and associated mortality rates. The rapid increase in the global burden of malignancies has been attributed, in part, to changing modern environmental patterns, yet the environmental risk factors specifically associated with pediatric hematologic malignancies remain poorly characterized (26). Emerging evidence suggests a protective association between ultraviolet radiation (UVR) exposure and pediatric ALL risk (27), while rare genetic conditions, such as Down syndrome, are established risk factors for leukemia (28, 29). Among environmental exposures, moderate-to-high doses of ionizing radiation are recognized as leukemogenic (30). Conversely, the role of non-ionizing radiation, particularly extremely low-frequency magnetic fields from high-voltage power lines, remains controversial, with no definitive conclusions reached (31, 32). Additionally, benzene, a known carcinogen, continues to be a significant consideration in the context of ALL pathogenesis (22). In summary, effective intervention strategies targeting these risk factors are critical for reducing the burden of ALL and improving outcomes. A deeper understanding of these etiological pathways and their interplay with environmental and genetic factors is essential to inform evidence-based prevention and management strategies.



Limitations

This study is subject to several limitations. First, the data analyzed were derived from multiple countries and regions, each with varying standards, methodologies, coverage, and quality of data collection. This variability is particularly pronounced in low- and middle-income countries, where data may lack detail or exhibit biases, potentially underrepresenting the health status of children under five years of age. Second, the GBD dataset provides aggregated data, precluding the exploration of individual-level health conditions, environmental factors, and specific risk exposures—a limitation likely magnified during the COVID-19 pandemic, when disparities in data collection and reporting may have been further accentuated.



Conclusion

This study highlights significant global progress in reducing the burden of childhood ALL over the past three decades, with notable declines in mortality and DALYs despite an increase in prevalence. Advances in diagnostics and treatment have driven improvements, particularly in high- and high-middle-SDI regions, yet low-SDI regions continue to face disproportionately high mortality and DALYs due to inequities in healthcare access and resources. Geographically, regions like East Asia have remarkably reduced mortality and DALYs, while Sub-Saharan Africa and the Caribbean remain heavily burdened. These findings underscore the urgent need to address disparities by strengthening healthcare infrastructure, expanding access to early diagnosis and cost-effective treatments, and prioritizing capacity-building for pediatric oncology in low-resource settings. Global collaboration and policy action are critical to mitigating the growing prevalence of ALL and ensuring equitable outcomes for children worldwide.
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Supplementary Figure S1

Prevalence, deaths, and DALYs rates of acute lymphoblastic leukemia in children in 204 countries by SDI in 2021. (A) Prevalence rate; (B) deaths rate; (C) DALYs rate. DALYs, disability-adjusted life-years; SDI, socio-demographic index.



References

1. Tan BJ, Sugata K, Reda O, Matsuo M, Uchiyama K, Miyazato P, et al. HTLV-1 infection promotes excessive T cell activation and transformation into adult T cell leukemia/lymphoma. J Clin Invest. (2021) 131(24):e150472. doi: 10.1172/JCI150472

2. Pang X, Cui C, Su M, Wang Y, Wei Q, Tan W. Construction of self-powered cytosensing device based on ZnO nanodisks@g-C3N4 quantum dots and application in the detection of CCRF-CEM cells. Nano Energy. (2018) 46:101–9. doi: 10.1016/j.nanoen.2018.01.018

3. Liu S, Hu B, Zhang J. Epidemiological characteristics and influencing factors of acute leukemia in children and adolescents and adults: a large population-based study. Hematology. (2024) 29(1):2327916. doi: 10.1080/16078454.2024.2327916

4. Kello M, Kuruc T, Petrova K, Goga M, Michalova Z, Coma M, et al. Pro-apoptotic potential of Pseudevernia furfuracea (L.) Zopf extract and isolated physodic acid in acute lymphoblastic leukemia model in vitro. Pharmaceutics. (2021) 13(12):2173. doi: 10.3390/pharmaceutics13122173

5. Yuan N, Song L, Zhang S, Lin W, Cao Y, Xu F, et al. Bafilomycin A1 targets both autophagy and apoptosis pathways in pediatric B-cell acute lymphoblastic leukemia. Haematologica. (2015) 100(3):345–56. doi: 10.3324/haematol.2014.113324

6. Pui CH, Relling MV, Downing JR. Acute lymphoblastic leukemia. N Engl J Med. (2004) 350(15):1535–48. doi: 10.1056/NEJMra023001

7. Delgado-Martin C, Meyer LK, Huang BJ, Shimano KA, Zinter MS, Nguyen JV, et al. JAK/STAT pathway inhibition overcomes IL7-induced glucocorticoid resistance in a subset of human T-cell acute lymphoblastic leukemias. Leukemia. (2017) 31(12):2568–76. doi: 10.1038/leu.2017.136

8. da Costa D, Agathanggelou A, Perry T, Weston V, Petermann E, Zlatanou A, et al. BET inhibition as a single or combined therapeutic approach in primary paediatric B-precursor acute lymphoblastic leukaemia. Blood Cancer J. (2013) 3(7):e126. doi: 10.1038/bcj.2013.24

9. Rujkijyanont P, Inaba H. Diagnostic and treatment strategies for pediatric acute lymphoblastic leukemia in low- and middle-income countries. Leukemia. (2024) 38(8):1649–62. doi: 10.1038/s41375-024-02277-9

10. He X, Yao P, Li M, Liang H, Liu Y, Du S, et al. A risk scoring model for high-dose methotrexate-induced liver injury in children with acute lymphoblastic leukemia based on gene polymorphism study. Front Pharmacol. (2021) 12. doi: 10.3389/fphar.2021.726229

11. GBD 2019 Under-5 Mortality Collaborators. Global, regional, and national progress towards sustainable development goal 3.2 for neonatal and child health: all-cause and cause-specific mortality findings from the global burden of disease study 2019. Lancet. (2021) 398(10303):870–905. doi: 10.1016/s0140-6736(21)01207-1

12. Venables ZC, Nijsten T, Wong K, Autier P, Broggio J, Deas A, et al. Epidemiology of basal and cutaneous squamous cell carcinoma in the U.K. 2013–15: a cohort study. Br J Dermatol. (2019) 181(3):474–82. doi: 10.1111/bjd.17873

13. Hu W, Fang L, Zhang H, Ni R, Pan G. Changing trends in the air pollution–related disease burden from 1990 to 2019 and its predicted level in 25 years. Environ Sci Pollut Res. (2022) 30(1):1761–73. doi: 10.1007/s11356-022-22318-z

14. Bowe B, Xie Y, Li T, Mokdad AH, Xian H, Yan Y, et al. Changes in the US burden of chronic kidney disease from 2002 to 2016. JAMA Netw Open. (2018) 1	(7):e184412. doi: 10.1001/jamanetworkopen.2018.4412

15. Allahqoli L, Mazidimoradi A, Momenimovahed Z, Rahmani A, Hakimi S, Tiznobaik A, et al. The global incidence, mortality, and burden of breast cancer in 2019: correlation with smoking, drinking, and drug use. Front Oncol. (2022) 12. doi: 10.3389/fonc.2022.921015

16. He X. 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(10258):1223–49. doi: 10.1016/s0140-6736(20)30752-2

17. Zhou L, Deng Y, Li N, Zheng Y, Tian T, Zhai Z, et al. Global, regional, and national burden of Hodgkin lymphoma from 1990 to 2017: estimates from the 2017 global burden of disease study. J Hematol Oncol. (2019) 12(1). doi: 10.1186/s13045-019-0799-1

18. Witkowski MT, Dolgalev I, Evensen NA, Ma C, Chambers TM, Roberts KG, et al. Extensive remodeling of the immune microenvironment in B cell acute lymphoblastic leukemia. Cancer Cell. (2020) 37(6):867–882.e12. doi: 10.1016/j.ccell.2020.04.015

19. Thielemans N, Demeyer S, Mentens N, Gielen O, Provost S, Cools J. TAL1 Cooperates with PI3K/AKT pathway activation in T-cell acute lymphoblastic leukemia. Haematologica. (2022) 107(10):2304–17. doi: 10.3324/haematol.2021.279718

20. Tran TH, Langlois S, Meloche C, Caron M, St-Onge P, Rouette A, et al. Whole-transcriptome analysis in acute lymphoblastic leukemia: a report from the DFCI ALL consortium protocol 16–001. Blood Adv. (2022) 6(4):1329–41. doi: 10.1182/bloodadvances.2021005634

21. Silverman LB, Stevenson KE, O’Brien JA, Asselin BL, Barr RD, Clavell LA, et al. Long-term results of Dana-Farber cancer institute ALL consortium protocols for children with newly diagnosed acute lymphoblastic leukemia (1985–2000). Leukemia. (2009) 24(2):320–34. doi: 10.1038/leu.2009.253

22. Reynoso-Noverón N, Santibáñez-Andrade M, Torres-Domínguez JA, Bautista-Ocampo Y, Sánchez-Pérez Y, García-Cuéllar CM. Benzene exposure and pediatric leukemia: from molecular clues to epidemiological insights. Toxicol Lett. (2024) 400:113–20. doi: 10.1016/j.toxlet.2024.08.010

23. Benezra M, Phillips E, Tilki D, Ding B-S, Butler JM, Dobrenkov K, et al. Serial monitoring of human systemic and xenograft models of leukemia using a novel vascular disrupting agent. Leukemia. (2012) 26(8):1771–8. doi: 10.1038/leu.2012.48

24. Bănescu C, Iancu M, Trifa AP, Cândea M, Lázár E, Moldovan V, et al. From six gene polymorphisms of the antioxidant system, only GPX Pro198Leu and GSTP1 Ile105Val modulate the risk of acute myeloid leukemia. Oxid Med Cell Longevity. (2016) 2016:1–10. doi: 10.1155/2016/2536705

25. Coriu D, Jardan D, Jardan C, Tălmaci R, Dragomir M, Coliță A. A new assay to identify recurrent mutations in acute myeloid leukemia using next-generation sequencing. Romanian J Lab Med. (2014) 22(1). doi: 10.2478/rrlm-2014-0003

26. Prüss-Üstün A, Wolf J, Corvalán C, Neville T, Bos R, Neira M. Diseases due to unhealthy environments: an updated estimate of the global burden of disease attributable to environmental determinants of health. J Public Health. (2016) 39(3):464–75. doi: 10.1093/pubmed/fdw085

27. Coste A, Kreis C, Backes C, Bulliard JL, Folly C, Brack E, et al. Residential exposure to solar ultraviolet radiation and risk of childhood hematological malignancies in Switzerland: a census-based cohort study. Int J Cancer. (2025) 156(6):1121–30. doi: 10.1002/ijc.35214

28. Nikkilä A, Raitanen J, Lohi O, Auvinen A. Radiation exposure from computerized tomography and risk of childhood leukemia: finnish register-based case-control study of childhood leukemia (FRECCLE). Haematologica. (2020) 105(3):849–50. doi: 10.3324/haematol.2019.245704 Erratum for: Haematologica. 2018 Nov;103(11):1873–1880. doi: 10.3324/haematol.2018.187716.

29. Crump C, Sundquist J, Sieh W, Winkleby MA, Sundquist K. Perinatal risk factors for acute myeloid leukemia. Eur J Epidemiol. (2015) 30(12):1277–85. doi: 10.1007/s10654-015-0063-0

30. Zablotska LB, Lane R, Frost SE, Thompson P. Leukemia, lymphoma and multiple myeloma mortality (1950–1999) and incidence (1969–1999) in the Eldorado uranium workers cohort. Environ Res. (2014) 130:43–50. doi: 10.1016/j.envres.2014.01.002

31. Onyije FM, Olsson A, Baaken D, Erdmann F, Stanulla M, Wollschläger D, et al. Environmental risk factors for childhood acute lymphoblastic leukemia: an Umbrella review. Cancers (Basel). (2022) 14(2):382. doi: 10.3390/cancers14020382

32. Seomun G, Lee J, Park J. Exposure to extremely low-frequency magnetic fields and childhood cancer: a systematic review and meta-analysis. PLoS One. (2021) 16(5):e0251628. doi: 10.1371/journal.pone.0251628



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Analysis of global trends in acute lymphoblastic leukemia in children aged 0–5 years from 1990 to 2021

		Introduction



		Methods



		Overview and data collection



		Sociodemographic Index (SDI)



		Statistical analysis











		Result



		Acute lymphoblastic leukemia in children: global trends



		Prevalence



		Mortality



		Disability-adjusted life years (DALYs)











		Acute lymphoblastic leukemia in children: regional trends by SDI



		Prevalence



		Mortality



		DALYs











		Acute lymphoblastic leukemia in children: geographic regional trends



		Prevalence



		Mortality



		DALYs











		Acute lymphoblastic leukemia in children: national trends



		Prevalence



		Mortality



		DALYs



















		Discussion



		Limitations



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Analysis of global trends in acute
lymphoblastic leukemia in
children aged 0-5 years from
1990 to 2021









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fped-13-1542649-g001.jpg
A — Gloval High SDI -~ High-middle SDI --- Middle SDI Low-middle SDI Low SDI
100
8
§
:
50
0
1990 1995 2000 2005 2010 2015 2020
B Year
4
3
g
8
2
1
1990 1995 2000 2005 2010 2015 2020
o Year
400
300
>
5
200
100

1990 1995 2000 2005 2010 2015 2020
Ye





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-13-1542649-t002.jpg
Location

1990

Deaths cases

Deaths rate

2021

Deaths cases

Deaths rate

1990-2021

Cases change

Global 18,904.74 (12,759.66, 28,582.64) 3.05 (206, 4.61) 6,294.10 (3,933.74, 8,350.67) 096 (0.60, 1.27) —66.71 (~80.26, —45.45) ~3.63 (~3.78, ~3.48)
SDI

High SDI 452,07 (413.06, 509.19) 0.73 (0.67, 0.83) 130.40 (11038, 150.61) 0.24 (0.20, 0.28) ~71.16 (~76.52, ~65.60) ~3.07 (=324, ~2.90)
High-middle SDI 4,136.47 (2,884.53, 5,642.14) 445 (3.10, 6.07) 52430 (319.64, 750.85) 075 (046, 1.07) ~87.32 (<92.75, ~79.24) ~5.70 (=598, =5.42)
Middle SDI 8,787.20 (5,995.10, 12,955.47) 438 (299, 6.46) 1,668.48 (1,099.79, 2,240.00) 094 (062, 1.27) —81.01 (8887, —69.21) —4.73 (-4.90, —455)
Low-middle SDI 3,274.90 (1,745.20, 5,914.48) 189 (1.01, 3.41) 1,69661 (1,10055, 2,241.72) 089 (057, 1.17) —48.19 (7133, 3.90) —2.23 (-2.30, -2.16)
Low SDI 2,243.13 (1,007.79, 4,259.50) 247 (111, 4.69) 2,268.02 (1,182.67, 3,211.82) 137 (0.71, 194) 111 (~49.93, 145.07) —1.77 (~1.88, —1.65)
Regions

Andean Latin America

197.65 (13234, 315.99)

374 (251, 5.98)

91.97 (51.47, 138.68)

1.49 (0.84, 2.25)

—53.47 (7948, —8.57)

—250 (<277, —2.23)

Australasia

922 (8.8, 10.50)

0.60 (052, 0.68)

325 (249, 4.04)

018 (0.14, 0.22)

—64.76 (~73.47, —54.55)

—3.09 (~3.30, ~2.87)

Caribbean 13391 (69.51, 240.28) 324 (168, 5.82) 79.97 (3556, 155.72) 207 (0.92, 4.03) —40.28 (=62.67, =10.71) —1.02 (-1.25, ~0.80)
Central Asia 208.90 (16434, 260.14) 219 (173, 2.73) 9439 (68.97, 136.82) 094 (069, 1.37) —54.82 (=69.65, —33.94) —2.55 (<272, -237)
Central Europe 119.64 (103.16, 139.06) 131 (113, 152) 1684 (13.63, 20.96) 030 (0.24, 0.38) —85.92 (—=89.58, —81.00) —4.67 (~4.82, —452)

Central Latin America

73037 (653.45, 82437)

317 (284, 3.58)

24734 (179.94, 342.83)

1.23 (0.90, 1.71)

—66.14 (=75.44, =52.18)

—244 (-278, —2.11)

Central Sub-Saharan Africa

138.11 (35.68, 316.71)

1.33 (034, 3.05)

12678 (62.29, 243.86)

0.60 (0.30, 1.16)

~8.20 (~47.80, 185.01)

—207 (-2.32, —1.81)

East Asia

9,480.52 (6,165.28, 13,943.90)

8.19 (5.33, 12.05)

961.20 (502.95, 1,484.42)

1.20 (0.63, 1.85)

—89.86 (~95.20, ~81.73)

—6.04 (~6.38, —5.69)

Eastern Europe

33932 (300.60, 378.86)

197 (1.74, 2.20)

4861 (41.44, 57.58)

0.48 (0.41, 0.57)

—85.67 (~88.06, ~82.97)

—494 (=542, —4.46)

Eastern Sub-Saharan Africa

1,247.44 (582,43, 2,235.67)

346 (1.61, 6.20)

1,127.91 (576.84, 1,897.60)

177 (0.90, 2.97)

—9.58 (~59.74, 133.36)

—2.04 (=220, —1.88)

High-income Asia Pacific

70.18 (59.01, 82.28)

069 (0.58, 0.81)

12:83 (1038, 15.43)

020 (0.16, 0.24)

—81.73 (-85.53, =76.91)

—3.77 (=3.95, ~3.60)

High-income North America

132.53 (12787, 137.05)

061 (059, 0.63)

4875 (43.19, 54.88)

024 (021, 0.27)

—63.21 (~67.66, —58.48)

—241 (-259, -222)

North Africa and Middle East

1,216.67 (666.92, 2,079.66)

237 (130, 4.06)

54074 (285.99, 786.67)

088 (047, 1.29)

—55.56 (=74.75, =14.79)

—275 (<295, -2.55)

Oceania

9.61 (4.36, 18.09)

0.96 (0.43, 1.80)

1639 (8.05, 30.59)

0.85 (0.42, 1.58)

70.49 (14.13, 170.47)

~0.30 (~0.64, 0.03)

South Asia

2,171.96 (1,035.64, 4,191.57)

1.38 (0.6, 2.67)

957.06 (643.86, 1,362.94)

060 (0.41, 0.86)

—55.94 (~7645, —5.20)

—2.65 (=2.77, ~2.54)

Southeast Asia

1,515.93 (633.97, 3,000.22)

2.60 (1.09, 5.15)

769.97 (524.86, 1,053.47)

137 (0.93, 1.87)

—49.21 (-71.10, 13.82)

-187 (~1.94, —1.79)

Southern Latin America

6721 (5931, 76.03)

131 (115, 148)

2221 (1681, 29.35)

052 (0.39, 0.69)

—66.95 (~75.29, ~55.55)

—228 (-2551, -2.06)

Southern Sub-Saharan Africa

5250 (28.84, 90.55)

070 (0.39, 1.21)

47.73 (2985, 70.13)

059 (0.37, 0.87)

—9.10 (~44.13, 69.49)

048 (-0.27, 1.23)

Tropical Latin America

322.10 (268.40, 379.99)

189 (1.57, 222)

12130 (88.60, 156.04)

070 (051, 0.91)

—6234 (=72.79, —48.58)

—242 (-2.78, -2.06)

Western Europe

165.71 (15748, 173.76)

072 (069, 0.76)

47.06 (40.84, 54.53)

022 (0.19, 0.26)

~7160 (~75.65, ~66.89)

—353 (=374, -3.32)

Western Sub-Saharan Africa

575.28 (224.23, 1,006.84)

161 (063, 2.82)

911.79 (244.45, 1,385.28)

1.14 (031, 1.73)

58.50 (~18.85, 210.71)

—0.83 (<0.95, ~0.71)

RAPC, eotticuised iiiial yaoaatage cdissige; SDL soclidumocrelic: e UL, dicetidaty titaval RAPC & mised a5 99% CIL





OPS/images/fped-13-1542649-g003.jpg
A. Change in prevalence cases

B. Change in death cases

-88.0 - -46.36
-46.36 - -19.6
-19.6 --145
-1.45-14.91
14.91 - 28.88
28.88 - 46.21
46.21 - 67.77
67.77 - 113.4
113.4-187.2
187.2 - 1085
-93.17 - -86.64
-86.64 - -79.69
-79.69 - -73.3
-73.3 - -67.81
-67.81 - -62.6
-62.6 - -47.52
-47.52 - -31.03
-31.03--13.95
-13.95 - 18.34
18.34 - 195.2

-71.71 - -65.81
-65.81 - -58.79
-58.79 - -47.05
-47.05 - -30.63
-30.63 - -13.89
-13.89 - 18.29

18.29 - 194.9





OPS/images/fped-13-1542649-t001.jpg
Location

Global

1990

Prevalence cases
106,172.66 (88,471.54, 133,096.57)

Prevalence rate
17.13 (1427, 2147)

2021

Prevalence cases
168,879.41 (103,720.68, 240,540.11)

Prevalence rate
25,66 (15.76, 36.55)

1990-2021

Cases change
59.06 (~6.12, 146.38)

EAPC?
226 (193, 2.60)

SDI

High SDI

37,051.72 (34,051.28, 40,630.55)

6036 (55.18, 65.84)

32,085.56 (27,412.69, 37,036.98)

59.59 (5091, 68.78)

—13.87 (~28.36, 1.86)

044 (014, 0.73)

High-middle SDI

31,305.71 (24,675.70, 39,872.11)

3370 (2656, 42.92)

63,899.10 (32,981.32, 100,496.14)

9123 (47.09, 143.47)

104.11 (2,60, 242.05)

437 (395, 4.79)

Middle SDI

27,718.95 (19,548.32, 39,426.72)

13.82 (9.75, 19.66)

58,371.70 (33,973.65, 86,137.49)

33.05 (19.24, 48.77)

110.58 (4.56, 274.65)

392 (3.53, 4.30)

Low-middle SDI

6,349.48 (3,704.85, 10,886.62)

3.66 (2.14, 6.28)

9,201.46 (5,969.48, 12,075.70)

480 (312, 6.30)

4492 (~23.38, 179.26)

116 (092, 1.40)

Low SDI

348492 (1,605.79, 6,471.03)

3.84 (177, 7.13)

525634 (2,822.06, 7,285.09)

317 (170, 4.40)

5083 (~22.26, 24893)

~054 (=0.76, —0.32)

Regions

Andean Latin America

445.43 (301,66, 696.50)

843 (571, 13.19)

1,614.42 (770.36, 2,707.81)

2623 (1251, 43.99)

26244 (35.65, 658.78)

478 (437, 5.18)

Australasia

616.37 (466,89, 828.43)

39.96 (30.27, 53.71)

913.15 (655.02, 1,201.32)

50.28 (36.07, 66.15)

48.15 (=3.72, 120.69)

169 (1.10, 2.28)

Caribbean

499.60 (363.32, 696.34)

12.09 (8.79, 16.85)

390.67 (280.20, 516.12)

10.10 (7.24, 13.34)

—21.80 (~46.00, 17.07)

0.03 (-0.25, 0.31)

Central Asia

788.42 (606.41, 1,016.13)

8.28 (637, 10.67)

954.33 (693.90, 1,360.48)

9.5 (694, 13.61)

21.04 (-17.11, 74.75)

115 (070, 1.59)

Central Europe

1,113.39 (924.56, 1,344.28)

12.19 (10.12, 14.72)

1,200.41 (896.60, 1,607.87)

2149 (1605, 28.79)

7.82 (~24.33, 57.78)

2.00 (156, 2.45)

Central Latin America

2,409.54 (2,144.00, 2,733.07)

10.47 (931, 11.87)

4,235.14 (3,086.43, 5,999.79)

21.08 (15.36, 29.86)

75.77 (2587, 14657)

303 (237, 3.69)

Central Sub-Saharan Africa

212,69 (56.01, 476.55)

205 (0.54, 459)

275.12 (132.80, 528.05)

131 (063, 2.51)

29.35 (~26.84, 299.33)

—1.09 (~1.26, —0.92)

East Asia

36,898.42 (24,575.00, 52,986.20)

31.88 (2123, 45.78)

98,939.00 (48,299.18, 157,655.28)

123.56 (60.32, 196.89)

168.14 (17.71, 400.98)

5.88 (5.32, 6.44)

Eastern Europe

4393.00 (3,727.96, 5,336.47)

2548 (21.62, 3095)

275942 (232039, 3,307.22)

2727 (22.93, 32.68)

—37.19 (-5030, —21.84)

0.39 (-0.36, 1.14)

Eastern Sub-Saharan Africa

1,923.40 (944.46, 3,418.75)

533 (262, 9.47)

2,653.90 (1,341.60, 4,620.51)

416 (2,10, 7.24)

37.98 (~37.74, 237.98)

—0.81 (~1.10, ~0.50)

High-income Asia Pacific

585387 (4,227.42, 8,140.71)

5730 (4138, 79.69)

3,986.94 (3,208.79, 4,860.59)

61.79 (49.73, 75.33)

—31.89 (~54.36, 2.63)

056 (0.1, 1.02)

High-income North America

16,645.70 (15,242.70, 18,113.97)

7677 (70.30, 83.54)

11,292.96 (9,832.11, 12,859.84)

55.09 (47.96, 62.74)

—32.16 (~41.81, —20.00)

~0.54 (~0.84, ~0.24)

North Africa and Middle East

4,343.87 (2,561.52, 7,096.63)

8.48 (5.00, 13.85)

9,096.48 (5,145.99, 12,967.42)

1488 (8.42, 2121)

109.41 (9.95, 336.46)

268 (231, 3.05)

Oceania

20.73 (10.06, 38.48)

2.06 (1.00, 3.83)

42.05 (2191, 77.08)

217 (113, 3.98)

102.88 (3147, 216.98)

0.1 (-0220, 0.43)

South Asia

Southeast Asia

3,766.42 (1,860.69, 7,167.27)
3,638.20 (1,713.25, 6,79.32)

2.40 (118, 4.56)

624 (294, 1163)

4,368.77 (2,688.26, 6,315.81)

275 (170, 3.98)

15.99 (—45.64, 174.76)

5940.13 (412421, 8,025.01)

1055 (7.3, 14.26)

6327 (<1266, 26165)

046 (0.06, 0.86)
1.93 (1.75, 2.12)

Southern Latin America

542.72 (43533, 677.62)

10.54 (846, 13.17)

903.39 (633.65, 1,287.48)

2111 (1481, 30.09)

66.46 (898, 154.89)

266 (221, 3.10)

Southern Sub-Saharan Africa

149.72 (80.40, 260.83)

2.00 (1.08, 3.49)

206.82 (134.12, 285.69)

258 (1.67, 3.56)

38.14 (~16.90, 160.12)

1.94 (080, 3.09)

Tropical Latin America

1,040.50 (875.72, 1,233.38)

6.09 (5.13, 7.22)

1,773.31 (1,332.44, 2,349.97)

1031 (7.74, 13.66)

7043 (2447, 136.14)

233 (198, 2.67)

Western Europe

19,932.33 (17,683.54, 22,452.47)

8683 (77.03, 97.80)

15,138.00 (1291575, 17,746.86)

7131 (60.84, 83.60)

2405 (=38.16, —9.00)

—059 (=091, —0.27)

Western Sub-Saharan Africa

938.35 (361.52, 1,618.64)

2.63 (1.01, 453)

2,194.99 (575.70, 3,621.95)

275 (0.72, 453)

133.92 (1384, 366.53)

038 (020, 0.57)

EARC: cuicaibed aiinial vaiciolies dhaiigs: SOV soclidunosiplic: Tides UL sicstality ikl BAPC' 5 ixiirisid is 99% Cli.





OPS/images/fped-13-1542649-g002.jpg
-~

150

Prevalence Rate
Q
o

153
=}

0.4

'S )

Deaths Rate

N

0.4

Global

High-income Asia Pacific
High-income North America
Western Europe

Australasia

Andean Latin America
Tropical Latin America

- Central Latin America

Southern Latin America
Caribbean

' Central Europe

spom

0.6 0.8
SDI

Eastern Europe

Central Asi

North Afnca and Middle East
South Asia

Southeast Asia

East Asia

Oceania

Western Sub-Saharan Africa
Eastern Sub-Saharan Africa
Central Sub-Saharan Africa
Southern Sub-Saharan Africa





