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SUMMARY

Children are the main susceptible group to acute lymphoblastic leukemia (ALL), and the lack of sufficient data
has impeded a comprehensive understanding of its global impact. This study analyzed the annual numbers
and rates of incidence, deaths, and disability-adjusted life years (DALY's) of childhood ALL from 1990 to 2021,
disaggregated by age group, gender, and socio-demographic index (SDI) at the global, regional, and national
levels, based on the 2021 Global Burden of Disease (GBD) database. Although global deaths and DALY rates
for childhood ALL showed declining trends, the incidence rate fluctuated. Incidence rates in high SDI regions
were higher, but deaths and DALY rates were lower. Moreover, the burden in Sub-Saharan Africa and other
low SDI countries was growing. The burden on boys has been higher than on girls in this period. This study
underscored improving prevention and treatment measures are critical to control the persistent global

burden of children ALL.

INTRODUCTION

When patients with acute lymphoblastic leukemia (ALL) are
diagnosed, lymphocytes at different stages of maturity in the
bone marrow proliferate significantly, inhibiting normal hema-
topoiesis and infiltrating various organs extensively. It typically
progresses rapidly and can lead to death quickly if not
promptly treated. ALL is the most common childhood cancer
globally, accounting for about 25% of cancer diagnoses in
children under 15 years old." Currently, risk-stratified treat-
ment methods adjusted based on clinical presentations and
biological characteristics have increased the 5-year overall
survival rate of childhood ALL to 90%.> However, there is still
a 25% relapse rate.® It is worth noting that among patients
diagnosed with ALL, 10% are still unable to achieve a com-
plete cure, which is a leading factor in childhood cancer
mortality.* Furthermore, due to the negative effects of this dis-
ease and its treatment, survivors may face long-term risks of
sequelae.® Emerging research also indicated that genetic
factors, such as MLL gene mutations in infants, play a crucial
role in the prognosis of ALL.° Although socioeconomic
development and advancements in science and technology
have improved survival rates in high-income regions, where

5-year survival can exceed 90%, there remained significant
disparities in outcomes across different regions. Previous
studies have emphasized the impact of socioeconomic dis-
parities on healthcare access and treatment outcomes. For
example, Bhakta et al. (2019) demonstrated that regions
with lower socioeconomic development indices tend to
have poorer healthcare infrastructure, leading to delays in
diagnosing and treating childhood cancers, which directly
contribute to higher mortality rates.” Similarly, Lam et al.
(2019) highlighted the barriers faced by resource-limited set-
tings in providing adequate pediatric cancer care, including
ALL, such as the lack of trained personnel and limited avail-
ability of essential drugs.®

To date, no study has revealed the changing trends in the
global burden of childhood ALL. Our study built on this under-
standing by using the Global Burden of Disease (GBD) 2021
data to analyze trends in childhood ALL incidence, deaths,
and disability-adjusted life years (DALYs) across different so-
cio-demographic index (SDI) regions worldwide from 1990 to
2021, aiming to analyze the changing trend of the disease
burden of ALL in children and provide a new perspective for
policymakers to formulate relevant prevention and control
measures.
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RESULTS

Global burden of acute lymphoblastic leukemia in
children

Incidence

In 2021, a total of 46,304 (95% uncertainty interval [Ul] , 31403
to 59159) incidence cases of ALL were reported in children glob-
ally, with a decrease of 14% (95% Ul , -44%-27 %) compared to
1990. The decrease in the incidence number was greater for fe-
males at 25% as opposed to males at 5%. From 1990 to 2021,
the global incidence rate showed a decreasing trend (EAPC,
—0.48; 95% Confidence Interval [CI], —0.7 to —0.26), along
with a decreasing trend in females (EAPC, —0.84; 95% ClI,
—1.07 to —0.61), while the EAPC in males did not change signif-
icantly (EAPC, —0.2; 95% Cl, —0.41 to 0.01) (Table 1). Between
1990 and 2021, the global incidence rate of ALL was consistently
higher in males than in females among children aged 0-14 years.
There was a decrease in the incidence rate for all gender groups
(Figure 1A).

Over the period from 1990 to 2021, there has been no clear
long-term upward or downward trend in the numbers of inci-
dence for different age groups. Children aged 2-4 and 5-9 years
had the higher numbers of ALL cases, while children aged 0-1
year had the fewest cases (Figure 1B). In 2021, the incidence
rate of ALL among males in each age group was higher than
that of females. Regardless of gender, the highest incidence
rate occurred in children aged 0-1 year, while children aged
10-14 years showed the lowest (Figure 1C). We further calcu-
lated the number ratio of male-to-female (M/F) to explore the
gender differences and changing trends in various ages.
Regarding the burden of incidence number, all age groups ex-
hibited a male-dominated pattern (M/F > 1), except for those
aged 0-1 year before 1993. The highest ratio was shown in
aged 5-9 years (Figure 1D).

Mortality

Over the past three decades, the global death rate of childhood
ALL has shown a declining trend, dropping from 2.31 in 1990 to
0.94 in 2021, with an EAPC of —2.79 (95% CI, —2.88 to —2.69).
Furthermore, the death rates of different genders have also
shown a decreasing trend, with the male childhood ALL death
rate consistently higher than that of females. The EAPC for males
was —2.44 (95% ClI, —2.53 to —2.35) and for females was —3.26
(95% ClI, —3.36 to —3.17) (Table 1; Figure 1A). The global number
of deaths due to ALL in children has also shown a decreasing
trend, declining by 53% from 40,207 (29,731 to 55,271) in 1990
to 18,871 (13,211 to 22,920) in 2021. The number of deaths in
each age group generally showed a decreasing trend, with the
ages 5-9 years consistently having higher death numbers than
other age groups (Figure 1B). Females have a lower death rate
than males (Figure 1C). Similarly, death numbers across all age
groups exhibited a male-dominated pattern (M/F > 1), except
for aged 2-4 years, which was higher in females than males
before 1992 (Figure 1D).

Disability-adjusted life years

From 1990 to 2021, the global DALYs rate in children with ALL
showed a similar trend to the deaths rate, decreasing from
195.54 (95%UIl, 144.32 to 270.21) in 1990 to 78.87 (95%Ul,
55.08 to 96.22) in 2021. EAPC showed a downward trend of
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—2.79 (95%Cl, —2.89 to —2.69). In terms of gender, the male
DALYs rate has consistently remained higher than that of fe-
males over the past three decades (Figure 1A; Table S1). The
number of DALYs declined across all age groups, with children
aged 5-9 years consistently experiencing higher levels
compared to other age groups (Figure 1B). In 2021, the DALYs
rate was higher for males in all age groups (Figure 1C). The
DALYs number ratio of male-to-female exhibited a male-domi-
nated pattern (M/F > 1) and also increased across all age groups
from 1990 to 2021. Aged 2-4 years showed the most significant
increase (Figure 1D).

Burden of childhood acute lymphoblastic leukemia in
socio-demographic index regions

Incidence

Overall, the incidence rate of ALL in children from high SDI,
high-middle SDI, and middle SDI regions has consistently
been higher than those in low-middle SDI and low SDI regions.
During the COVID-19 pandemic in 2019-2020, there was a sig-
nificant decrease in the incidence rate of childhood ALL across
all SDI regions, with a particularly notable decrease in the high-
middle SDI regions. From 1990 to 2021, only high-middle SDI
areas showed an increasing trend in the EAPC of incidence
rate (1.49; 95% ClI, 1.08 to 1.91) (Table 1; Figure 2A). Over the
past three decades, middle SDI regions showed the highest
incidence number of children with ALL, and low SDI regions ex-
hibited the lowest. When it comes to gender, the number of
males with ALL has consistently been higher than females in
all SDI regions. Furthermore, except for the high SDI region,
the gender ratio (M/F > 1) of incidence number has been
increasing in all other regions, with the highest ratio observed
in the low SDI regions (Figure S1A). In terms of different age
groups, those aged 0-1 and 2-4 years showed high incidence
rates in high SDI, high-middle SDI, and middle SDI regions,
and fluctuated at a high level, while the incidence rates of all
age groups in low-middle SDI and low SDI regions were lower
(Figure S2).

Mortality

From 1990 to 2021, all SDI regions experienced declines in
death rate. The high SDI regions had the lowest death rate,
while the high-middle SDI regions had the lowest EAPC death
rate (—4.29; 95% Cl, —4.43 to —4.15) (Table 1; Figure 2B).
Over the past three decades, the death number of males in
all SDI regions exceeded that of females. The gender ratio
(M/F > 1) of deaths number has continued to increase in all re-
gions, except in high SDI regions where the proportion has
decreased (Figure S1B). Deaths rate for all age groups in
high-middle SDI and middle SDI regions decreased signifi-
cantly from the high level. The high SDI regions showed a
lower burden of death rate for all age groups than in other re-
gions (Figure S2).

Disability-adjusted life years

Over the past three decades, the trends in DALYs rate for chil-
dren with ALL in all SDI regions have been similar to those for
deaths, with both showing a decreasing trend. In 2021, the
DALYs rate was lowest in high SDI regions at 29.34 (95% UlI,
25.89 to 32.87), while it was highest in low SDI regions at 92.61
(95% Ul, 56.7 to 122.33), with the smallest decrease in EAPC
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Table 1. Global and SDI level trends in incidence and deaths of childhood acute lymphoblastic leukemia from 1990 to 2021

Incidence (95%Ul) Deaths (95%Ul)

1990 2021 1990-2021 1990 2021 1990-2021

Incidence Rate Incidence Rate number EAPC Deaths Rate Deaths Rate number EAPC
Characteristics number (per100000) number (per100000) change (95%Cl) number (per100000) number (per100000) change (95%Cl)
Global 53978(42103- 3.1(2.42— 46304(31403- 2.3(1.56- —0.14(-0.44 —0.48(-0.7 40207(29731- 2.31(1.71— 18871(13211- 0.94(0.66- —0.53(-0.68 —2.79(-2.88

71529) 4.11) 59159) 2.94) to 0.27) to —0.26) 55271) 3.18) 22920) 1.14) to —0.33) to —2.69)
Male 29049(17537- 3.25(1.96- 27588(17097- 2.66(1.65—- —0.05(-0.42 —0.2(-0.41 21895(11840- 2.45(1.33- 11558(7227- 1.11(0.7- —0.47(-0.66 —2.44(-2.53

41743) 4.67) 37470) 3.61) to0 0.79) to 0.01) 33395) 3.74) 14980) 1.44) to —0.02) to —2.35)
Female 24930(17363- 2.95(2.05- 18716(12304- 1.92(1.26- —0.25(-0.57 —0.84(-1.07 18312(12025- 2.17(1.42- 7314(4917-  0.75(0.5— —0.6(-0.75 —3.26(-3.36

34294) 4.06) 23571) 2.42) t0 0.2) to —0.61) 26244) 3.1) 8917) 0.92) to —0.39) to —3.17)
High SDI 7896(7476-  4.25(4.02- 6722(5965-  3.9(3.46- —0.15(-0.26 0.13(-0.09 1761(1657—-  0.95(0.89- 565(504— 0.33(0.29- —0.68(-0.72 —3.35(-3.47

8362) 4.5) 7553) 4.38) to —0.03) to 0.34) 1905) 1.03) 621) 0.36) to —0.64) to —3.23)
High-middle 12707(9830- 4.64(3.59- 12273(7258- 5.32(3.14- —0.03(-0.43 1.49(1.08- 8453(6315-  3.09(2.31— 1861(1238-  0.81(0.54- —0.78(-0.85 —4.29(-4.43
SDI 15910) 5.81) 17488) 7.57) to 0.49) 1.91) 10601) 3.87) 2373) 1.03) to —0.68) to —4.15)
Middle SDI 20608(15039- 3.57(2.61— 15175(9815- 2.68(1.73—- —0.26(-0.56 —0.38(-0.71 17754(12904- 3.08(2.24- 6037(4158- 1.07(0.73- —0.66(-0.77 —3.23(-3.36

27789) 4.81) 20242) 3.57) to 0.12) to —0.06) 23890) 4.14) 7424) 1.31) to —0.51) to —3.09)
Low-middle 8367(5331- 1.77(1.13- 6577(4703- 1.13(0.81- —0.21(-0.49 —1.25(-1.33 7954(4985- 1.68(1.06- 5323(3839-  0.92(0.66- —0.33(-0.57 —1.77(-1.87
SDI 13041) 2.76) 8040) 1.39) to 0.25) to —1.18) 12501) 2.65) 6497) 1.12) to 0.06) to —1.66)
Low SDI 4365(2206- 1.91(0.96- 5531(3385- 1.2(0.74- 0.27(-0.25 —1.45(-1.51 4258(2129- 1.86(0.93- 5069(3127- 1.1(0.68- 0.19(-0.3 —1.64(-1.7

7684) 3.36) 7303) 1.59) to 1.54) to —1.39) 7525) 3.29) 6697) 1.46) to 1.38) to —1.58)

EAPC: estimated annual percentage changes; SDI: socio-demographic index; Cl: confidence interval; Ul: uncertainty interval.
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Figure 1. The global trend of incidence, deaths, and DALYs of acute lymphoblastic leukemia in children from 1990 to 2021
(A) The rate trends of children aged 0-14 of different genders from 1990 to 2021.

(B) The trend of cases in different age groups.

(C) Comparison of disease rates between males and females in different age groups in 2021.

(D) Gender ratio of the number in each age group from 1990 to 2021. DALYs,
See also Table S1.

at —1.66 (95% Ul, —1.72 to —1.6) (Table 1; Figure 2C). In addition,
the number of DALYs for males in all SDI regions was higher than
that for females, and this ratio (M/F) showed a certain downward
trend in high SDI regions since 2005 (Table 1; Figure S1C). The
trend of DALYs rate in each age group in different SDI regions
was similar to that of death rate (Figure S2).
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disability-adjusted life years.

The burden of acute lymphoblastic leukemia in children
across 21 geographic regions

Incidence

Between 1990 and 2021, in 21 geographical regions, the inci-
dence number of ALL among children in the East Asia region
was the highest, far exceeding that of other regions. In contrast,
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Figure 2. Trends in the incidence, deaths,
and DALYs rate of acute lymphocytic leuke-

Incidence rate
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mia in children aged 0-14 in SDI quintiles
from 1990 to 2021

(A) Trendsinincidence rate (per 100 000 population).
(B) Trends in death rate (per 100 000 population).
(C) Trends in DALYs rate (per 100 000 population).
DALYs, disability-adjusted life years; SDI, socio-
demographic index.

See also Figures S1 and S2, and Table S1.

2021 in East Asia still face a substantial burden

of incidence number and rate (Figures 3B
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and S3A).
Mortality

Deaths rate
(o2}
1
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Between 1990 and 2005, the East Asia re-
gion had the highest number and the most
dramatic change in deaths of children with
ALL. The number of deaths in South Asia
surpassed that in East Asia after 2005.
The death numbers in other regions did
not change much (Figure 3A; Table S3).
Furthermore, the death rate of childhood
ALL in East Asia has significantly decre-
ased, from 5.01 (95% UlI, 3.44 to 6.94) in
1990 to 1.21 (95% Ul, 0.71 to 1.66) in
2021, with an EAPC of —4.46 (95% ClI,

2021

1000 - |Location [ High sDI
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—4.64 to —4.28). The death rates of child-
hood ALL in Andean Latin America and
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DALYs rate

400 ~
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the Oceania region had the lowest number of incidence cases,
with only 36 (95% Ul, 18 to 67) in 2021. Furthermore, in the West-
ern Sub-Saharan Africa region, the incidence number of ALL
children in 2021 had increased by 100% compared to 1990 (Fig-
ure 3A; Table S2). Over the past three decades, one-third of the
regions had childhood ALL incidence rates consistently higher
than the global average, with Western Europe and East Asia hav-
ing higher incidence rates. In 2021, the incidence rate in East
Asia was the highest at 6.94 (95% Ul, 3.75 to 10.32), followed
by Western Europe at 5.36 (95% Ul, 4.84 to 6); Central Sub-
Saharan Africa had the lowest incidence rate at 0.61 (95% U,
0.34 to 0.93). In addition, the EAPCs in Andean Latin America,
Australasia, East Asia, Southern Latin America, and Southern
Sub-Saharan Africa were increasing. The largest increase in
EAPC was in East Asia at 1.56 (95% ClI, 0.98 to 2.14). Children

Central Latin America have also remained
at relatively high levels. Except for a slight
increase in EAPC of 0.27 (95% ClI, 0.05 to
0.48) in Southern Sub-Saharan Africa, the
EAPC decreased in the rest of the regi-
ons. The Eastern Europe region saw the
most significant decrease in EAPC at
—4.84 (95% ClI, —5.13 to —4.56) (Figures
3B and S3B).

Disability-adjusted life years

From 1990 to 2021, the trends in DALYs
number and rate across different regions
were similar to those in deaths. In East
Asia, the number of DALYs for children with ALL significantly
decreased, from 1,409,668 (964,759 to 1,956,190) in 1990 to
277,916 (162,221 to 385,772) in 2021 (Figure 3A; Table S4).
The DALYs rate in East Asia also dropped significantly, from
427.39 (95% UI, 292.5 to 593.08) in 1990 to 103.95 (95% UI,
60.68 to 144.29) in 2021. In Andean Latin America and Central
Latin America, the DALY rates remained relatively high. In
2021, the highest DALYs rate for children with ALL was in An-
dean Latin America at 167.55 (95% UI, 109.61 to 222.65), fol-
lowed by the Caribbean at 151.07 (95% Ul, 94.38 to 249.01).
Out of 21 regions, only Southern Sub-Saharan Africa saw an in-
crease in EAPC of DALYs (0.27; 95% CI, 0.05 to 0.49). All other
regions experienced a downward trend in EAPC, with the largest
decrease observed in Eastern Europe at —4.76 (95% Cl, —5.04
to —4.48) (Figures 3B and S3C).

2021
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Figure 3. Trends in acute lymphocytic leukemia in children aged 0-14 in GBD regions from 1990 to 2021

(A) Trends in the number of incidences, deaths, and DALYs.

(B) Trends in the EAPC of incidences, deaths, and DALY rate. DALYs, disability-adjusted life years; EAPC, estimated annual percentage changes. The error bar
represents the 95% confidence interval for each data point, indicating the range within which the true population means is likely to fall. See

also Figure S3 and Tables S2-5S4.

The burden of acute lymphoblastic leukemia in children
across 204 countries

Incidence
In 2021, 117 countries had fewer incidence cases of childhood

ALL than in 1990, with Georgia and the Republic of Moldova
showing the most significant declines, the number of cases
increased in 87 countries, with the largest increase in Qatar
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(percent change: >400%) (Figure 4A; Table S5). In 2021, Monaco
had the highest incidence rate of childhood ALL, whereas Palau
had the lowest one (Figure S4A; Table S5). From 1990 to 2021,
over 2/3 of countries saw a decrease in incidence rate, with 52
countries experiencing an increase; among them, Georgia
showed the most significant decrease (EAPC, —4.82; 95% Cl,
—5.37 to —4.27), while Cyprus had the largest increase in
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Figure 4. Changes in the cases of children with acute lymphocytic leukemia by countries and territories between 1990 and 2021
(A) The percentage change in incident cases.

(B) The percentage change in death cases.

(C) The percentage change in DALY cases. DALYs, disability-adjusted life years.

See also Figures S4 and S5 and Tables S5, S6, and S7.
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incidence rate (EAPC, 4.16; 95% CI, 3.31 to 5.02) (Figure S5A;
Table S5).

Mortality

In 204 countries, nearly 1/4 of them showed an increase in the
number of children’s deaths due to ALL in 2021 compared to
1990. Chad had the largest increase in deaths number (percent
change: 266%), followed by Cameroon (percent change:
151%) (Figure 4B; Table S6). Only 12 countries exhibited the
increasing death rate, with Zimbabwe showing the highest in-
crease (EAPC, 3.01; 95% Cl, 2.24 to 3.78), while Luxembourg
had the most significant decrease (EAPC, —5.93; 95% Cl,
—6.47 to —5.4) (Figure S5B; Table S6). In 2021, Haiti had the
highest childhood ALL death rate, with the Cook Islands having
the lowest one (Figure S4B; Table S6).

Disability-adjusted life years

From 1990 to 2021, the number of DALYs for childhood ALL
increased in 49 countries. Leading the list were Chad (percent
change: 262%) and Cameroon (percent change: 148%).
Conversely, Latvia, the Republic of Moldova, Georgia, and
Estonia saw a significant decrease in the number of DALYs
(percent change: —95% to —90%) (Figure 4C and Table S7).
This trend was similar to changes in death rate. Additionally,
only 11 regions showed an upward trend in children’s ALL
DALYs rate, with Zimbabwe having the highest increase
(EAPC, 2.99; 95% ClI, 2.23 to 3.76). On the other hand,
Luxembourg experienced the most significant decrease in
DALYs rate (EAPC, —5.52; 95% ClI, —6.03 to —5.01) (Figure S5C
and Table S7). Notably, countries such as Botswana, Burkina
Faso, Cameroon, Chad, Eswatini, Lesotho, Namibia, Niue, South
Sudan, and Zimbabwe saw both DALYs rate and number in-
crease. As of 2021, Haiti had the highest rate of children’s ALL
DALYs, while the Cook Islands showed the lowest one (Fig-
ure S4C and Table S7).

Correlation of EAPC with incidence rate, deaths rate,
disability-adjusted life year rate, and socio-
demographic index

In 2021, in 204 countries, the deaths rate, DALYs rate, and their
corresponding EAPCs showed a moderate positive correlation
(R =0.42, p < 0.001; R = 0.4, p < 0.001); while the incidence
rate was weakly correlated with its corresponding EAPC
(R = 0.14, p = 0.046) (Figure 5A). The EAPCs (in deaths rate
and in DALYs rate) showed a strong negative correlation with
the SDI (R = —0.57, p < 0.001; R = —0.55, p < 0.001), while the
incidence rate EAPC showed a weak correlation with the SDI
(R=0.18, p = 0.01) (Figure 5B).

Relation between socio-demographic index levels and
incidence, deaths, and disability-adjusted life year rates
From 1990 to 2021, in 21 regions within the GBD geographic
area, SDI was positively correlated with incidence rate and nega-
tively correlated with death rate and DALYs rate (R = 0.58,
p<0.001; R=-0.35,p<0.001; R=-0.35, p <0.001) (Figure 5C).
Among 204 countries, SDI was positively correlated with
incidence rate and negatively correlated with death rate and
DALYs rate (R = 0.41, p < 0.001; R = —0.42, p < 0.001;
R = —-0.42, p < 0.001) (Figure S6).
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DISCUSSION

In this study, the deaths and DALYs rates for childhood ALL have
shown a gradual decline globally, while the incidence rate signif-
icantly decreased between 2019 and 2021, likely due to delays in
cancer diagnoses caused by the COVID-19 pandemic.®'° The
incidence, deaths, and DALYs rates of ALL were higher in males
compared to females, possibly due to differences in hormone
levels, genetics, and the immune system.w1 It was observed
that children under 1 year old have the highest death rate, inci-
dence rate, and DALYs rate for ALL across all age groups.
Research has shown that the majority of cases originated prena-
tally, with infant (<1 year) ALL often associated with MLL gene re-
arrangement.'?"® In addition, undergoing background radiation
and X-ray examinations while in the uterus also increases the risk
of disease.'”

The methodology used in this study was based on established
epidemiological approaches, similar to those used in previous
studies, such as Fitzmaurice et al. (2019),’® and employs
EAPCs to assess trends over time while linking these trends to
the SDI to better understand how socioeconomic factors influ-
ence disease outcomes. This approach has been supported by
studies in global health disparities and cancer epidemiology,’
with significant potential to guide healthcare resource allocation
and intervention strategies.

In regions with high SDI, the incidence rate was high, while the
death rate and DALY rates were low. In 2021, low SDI regions
saw the highest deaths and DALYs rates, despite having a low
incidence rate. East Asia also showed a high incidence rate
but with relatively lower deaths and DALY rates. In Eastern Eu-
rope, all rates of incidence, deaths, and DALYs showed a
decreasing trend. However, regions such as Southern Sub-
Saharan Africa, Chad, and Zimbabwe experienced rising rates
in all these metrics. These findings were consistent with Bhakta
et al. (2019), who observed persistent disparities in pediatric
cancer outcomes between high and low SDI regions due to
limited healthcare access.” Obviously, the economic status of
society has to some extent influenced the burden of diseases.'®
In more economically developed regions, advanced medical
technologies and abundant healthcare resources ensure accu-
rate detection and diagnosis of diseases at early stages. In
contrast, inimpoverished areas, maintaining treatment becomes
particularly challenging, leading to insufficient monitoring of
treatment outcomes and toxicities, thereby increasing the risk
of patient mortality.'” Research data indicates that in regions
with relatively lower socioeconomic status, the mortality rate of
children with ALL has increased by 17%-33%, and the risk of
relapse in children with ALL has also increased by 1.9 times.'®'®

Up to now, significant progress has been made in the treat-
ment of ALL. The introduction of new treatment modalities
such as immune therapy and targeted antibodies has
increased the overall survival rate of ALL to over 90%.2° How-
ever, patients also face long-term complications and acute
toxic effects from therapies such as chemotherapy. Relapse
continues to be a major obstacle, particularly in T cell ALL,
where post-relapse salvage rates are low, with around 20%
of pediatric patients with T-ALL dying from relapse within
5 years of initial diagnosis.®’® Children in impoverished
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See also Figure S6, Tables S2-S4, Tables S5, S6, and S7.

regions are disproportionately affected by high relapse rates

and mortality, which increases the disease burden and hin-

ders societal progress.®*

Our study highlighted the significant disparities in childhood

ALL burden between high and low SDI regions, which have

crucial implications for biomedical applications. High SDI
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regions benefit from advanced medical technologies, early diag-
nostic tools, and well-structured healthcare systems, leading to
lower deaths and DALY rates. For example, Pui et al. (2015)
demonstrated that in high-income countries, the application of
minimal residual disease (MRD) monitoring and precision medi-
cine has significantly improved treatment outcomes for child-
hood ALL.?® In contrast, low SDI regions face barriers to adopt-
ing these advanced technologies due to financial, infrastructural,
and workforce limitations, resulting in higher death rates. Lam
et al. (2019) also noted these challenges in resource-constrained
settings.® Improving healthcare access, early diagnosis, and
treatment availability in low SDI regions can significantly reduce
the childhood ALL burden and improve patient outcomes.

Future research should focus on investigating the underlying
factors contributing to the increasing burden of childhood ALL
in low- and middle-income regions. This includes exploring the
role of environmental exposures, healthcare access, and genetic
predispositions to better understand the geographic disparities
observed. Ward et al. (2014) reported that early childhood expo-
sure to radiation and infections is associated with an increased
risk of ALL, particularly in regions with poor healthcare infrastruc-
ture.?® Moreover, studies should evaluate the effectiveness of
healthcare interventions, such as early diagnosis programs and
access to advanced treatments, in alleviating ALL burdens in
resource-limited environments. Policies must prioritize equitable
access to healthcare, improving infrastructure, and training
healthcare personnel, as emphasized by Atun et al. (2020) in their
analysis of healthcare systems for childhood cancer control.”’
International collaboration and funding are essential to ensure
low SDI regions receive adequate resources to address the
increasing burden of childhood ALL.

Conclusions

From 1990 to 2021, the global deaths and DALY rates of child-
hood ALL significantly declined, accompanied by some fluctua-
tions in the incidence rate. Among all age groups, children under
1 year old had the highest deaths, incidence, and DALY rates.
There were significant gender differences, with males consis-
tently experiencing a greater disease burden than females. In re-
gions with high and high-middle SDI levels, the incidence rate of
ALL remained high. In contrast, in low SDI regions and countries,
such as Southern Sub-Saharan Africa, deaths and DALY rates
continued to rise. These findings provide new insights for devel-
oping prevention and control policies for childhood ALL.

Limitations of the study

Despite the comprehensive nature of our study, there are several
limitations that need to be acknowledged. First, while the use of
the GBD 2021 database is extensive, it relies on secondary data,
which may contain inherent biases due to variations in data
collection quality across different countries. Disparities in data
quality, particularly in low-income regions, may result in underre-
porting or inaccuracies, potentially affecting the reliability of dis-
ease burden estimates. Additionally, the GBD data does not pro-
vide the in-depth classification of ALL subtypes, limiting our
ability to analyze differences in incidence and outcomes for spe-
cific genetic variants, such as T cell or B-cell ALL. This is impor-
tant because outcomes for different ALL subtypes can vary
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significantly depending on available treatments and genetic pre-
dispositions. Finally, our study primarily focuses on global and
regional trends, and while it provides a broad overview, it does
not address local factors such as healthcare access, environ-
mental exposures, or genetic risk factors, which could further in-
fluence the burden of ALL in certain populations. Future research
should focus on collecting more granular, region-specific data to
address these gaps.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

R-4.3.3 The R Foundation for Statistical Computing https://www.r-project.org/

R Studio 2024.04.1 Posit Software https://posit.co/downloads/

Other

GBD 2021 IHME http://ghdx.healthdata.org/gbd-results-tool

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
This study did not generate experimental model or enroll subjects.
METHOD DETAILS

Data sources

The data for our study were sourced from the Global Burden of Disease (GBD) 2021 database, which provides comprehensive es-
timates of various health outcomes across 204 countries and territories. Using the standard GBD methodology, the incidence,
deaths, and DALYSs rates and numbers for childhood ALL were estimated across all regions and time periods through modeling ap-
proaches, with adjustments made based on differences in data quality and availability. The rates are age-standardized per 100,000
population, and each estimate is presented with a 95% uncertainty interval (Ul). DALYs are calculated as the sum of years of life lost
(YLLs) due to premature death and years lived with disability (YLDs). This methodology integrates epidemiological data from a wide
range of sources, including vital registration, cancer registries, and survey data.'**®

Regarding disease classification, ALL was classified using the GBD-specific codes for leukemia, which are mapped to the Inter-
national Classification of Diseases (ICD-10) codes for ALL. In our study, the relevant codes used for ALL classification included C91.0
(acute lymphoblastic leukemia) in ICD-10. This ensures the comparability of data across countries and years.*’

In this study, we extracted global, 21 geographic regions, 204 countries and regions data on annual number and rate of incidence,
deaths, and DALYs associated with childhood ALL, respectively, by genders (male and female) and age-groups (<1 year, 2-4 years,
5-9 years, and 10-14 years). In addition, we downloaded the SDI data for each region from 1990 to 2021 to examine its relationship
with the disease burden of childhood ALL.

Definitions
SDI. The socio-demographic index (SDI) is an indicator that measures per capita income, average education level, and fertility rate.
The SDI value range is 0-1; the higher the value, the higher the level of socioeconomic development.®**' Based on SDI, these regions
and countries were divided into 5 categories (high, high-middle, middle, low-middle, low).>?

DALYs. Disability-adjusted life years (DALYs) provides a comprehensive assessment of disease burden, representing the cumu-
lative loss of healthy life years due to premature death and disability.**

Patient engagement and protocol approvals

This study utilized openly collected data and conducted in-depth analysis without involving any personally identifiable information.
Patients did not participate in determining the research questions, designing and executing experiments, or measuring results, hence
patient consent was not necessary. Furthermore, this study strictly adhered to the Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER) in every step of analyzing and reporting the global burden of childhood ALL, and the research pro-
tocol has been formally approved by the Ethics Committee of Shandong Second Medical University.

QUANTIFICATION AND STATISTICAL ANALYSIS
Describe the burden of childhood ALL using indicators such as incidence, deaths, DALYs. Data on number and rate are reported with
a 95% uncertainty interval(95%Ul). The 95% uncertainty interval (Ul) is presented as the 2.5th and 97.5th percentiles of the mean

estimate of 1000 draws.** By applying the log-linear regression model, we calculated the estimated annual percentage change
(EAPC) and its corresponding 95% confidence intervals (Cls) to depict the changing patterns of childhood ALL burden.®® The formula
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for calculation is EAPC = 100% x (eB-1).%° If the lower limit of the 95% confidence interval exceeds 0, it indicates an increasing trend;
when the upper limit is below 0, the trend shows a gradual decrease; if the interval includes 0, the trend is not significant. Through
Pearson correlation analysis, we estimated the interrelationships between EAPC and rate, EAPC and SDI, and rate and SDI, with two-
tailed p < 0.05 indicating statistical significance. Data analysis was conducted using R-4.3.3 and RStudio-2024.04.1, allowing for in-
depth analysis and visual representation of the data.
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