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ABSTRACT

Acute lymphoblastic leukemia (ALL) is a common malignant hematologic disease that is characterized by large
numbers of dedifferentiated lymphoid cells. Statistical data of ALL's incidence and mortality are fundamental
for policymakers to allocate resources optimally. In this study, we reported the incidence, death, and disability-
adjusted life year (DALY) of ALL in the globe from 1990 to 2017. Our analysis showed that the incidence case of
ALL increased by 30.81%, while the age-standardized incidence rate (ASIR) maintained stable. Subgroup
analysis by social-demographic index (SDI) showed that ALL's ASIR was significantly decreased in high SDI
countries, but were moderately increased in high-middle SDI countries. The change trends of age-standardized
death rate and DALY rate were similar to ASIR trends. Subgroup analysis by age groups showed that children
and the elderly were more likely to suffer ALL. Risk factor analysis demonstrated that smoking was the most
significant contributor to ALL's death and DALY in the globe. Besides, the high body-mass index is playing an
increasingly important role in ALL-caused mortality. Multiple methods to counteract potential risk factors
should be adopted, such as controlling body-mass index in all regions and avoiding occupational exposure to
carcinogens in low SDI countries.

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is a commonly
diagnosed hematologic tumor. In the United States,
approximately 5930 cases of ALL were newly
diagnosed, and nearly 1500 patients died from ALL in
2019 [1]. It has been well-established that ALL's
incidence rate is closely related to age and gender [2].
Previous reports showed that the incidence rate of ALL
reached a peak in 1~4-year-old children, then dropped
sharply, and had the lowest point in 25~45-year-old

adults [1, 3]. Around 60% of ALL cases are diagnosed
before the age of 20 [2]. Compared to females, males
are more likely to develop ALL (the ratio of
male/female = 1.23, in the United States). The
molecular basis of ALL is complex, including genetic
and environmental risk factors [4—7]. Benefiting from
developments of intensified chemotherapy as well as
immunotherapeutic strategies such as Rituximab and
chimeric antigen receptor T-cell therapy, the clinical
outcomes of ALL patients have been significantly
improved [8-10]. At the present stage, the 5-year
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survival rate of children with ALL is over 90% [11].
However, the clinical outcomes of ALL vary in
different age groups and countries. Older adult patients
tend to have a poor prognosis, and basic treatment of
ALL might not be available in low- or middle-income
countries [2]. A comprehensive analysis of ALL's
global burden and incidence trend helps assess the
health cost and make corresponding policies.

Global burden disease study 2017 (GBD 2017) dataset
provides the burden of 354 diseases in 195 countries
and regions [12, 13]. The incidence rate, death rate, and
disability-adjusted life year (DALY) rate could
adequately reflect the disease burden and potential
public health cost. In this study, we collected statistic
data of ALL's incidence rate, death rate, as well as
DALY rate and analyzed their change trends in different
regions and countries. Socio-demographic Index (SDI)
is developed by GBD researchers, which is a
comprehensive indicator of social development degree.
For some tumor types, the incidence and death rates
significantly change along with social development
degree [14, 15]. Therefore, we explored the relationship
between the change trends of ALL' burden and SDI.

RESULTS

The incidence trends of ALL

In the globe, the incidence cases of ALL increased from
49.07*10% in 1990 to 64.19*10° in 2017 (Table 1).
However, the ASIR (per 100,000 individuals) kept
stable (from 0.89 in 1990 to 0.85 in 2017). Our analysis
showed that males were more likely to have ALL
(incidence cases of ALL in male/female = 1.54:1 in
1990 and 1.41 in 2017). Subgroup analysis by SDI
showed that the ASIR of ALL gradually decreased in
high SDI countries during the 28 years (EAPC = -1.89,
95% CI -1.94 ~ -1.83) (Figure 1A-1C). Contrarily, the
ASIR of ALL was relatively stable in middle SDI
countries (EAPC = 0.82, 95% CI 0.73 ~ 0.90).
Subgroup analysis by geographical zone demonstrated
that Australasia had the fastest reduction in ASIR (per
100,000 individuals) (EAPC = -2.33, 95% CI -2.53 ~ -
2.13). On the contrary, Andean Latin America had the
most pronounced growth in ASIR (EAPC = 1.51, 95%
Cl 1.37 ~ 1.64).

As for a specific country/territory, Namibia (ASIR =
0.12), South Africa (ASIR = 0.15), and Botswana
(ASIR = 0.15) were top 3 countries with the lowest
ASIR while Honduras (ASIR = 3.82), Mexico (ASIR
= 2.31), and Dominica (ASIR = 2.25) were top 3
countries with the highest ASIR in 2017 (Figure 2A).
Compared with ASIR in 1990, Czech Republic
(75.58%), Moldova (62.13%), and Ghana (60.23%)

were top 3 countries with the most percentage drop
while Guatemala (216.34%), El Salvador (192.10%),
and Ecuador (93.35%) were top 3 countries with the
most percentage increase in ASIR in 2017
(Supplementary Tables 1, 2) (Figure 2B). Lastly, we
analyzed the incidence trend in all 195
countries/territories. Ghana (EAPC = -5.18, 95% CI -
6.23 ~ -4.11), Czech Republic (EAPC = -4.41, 95%
Cl -4.95 ~ -3.87), Guam (EAPC = -3.62, 95% CI -
3.90 ~ -3.33) were top 3 countries/territories with the
fastest reduction in ASIR (per 100,000 individuals).
In the meanwhile, El Salvador (EAPC = 5.20, 95% CI
4.34 ~ 6.07), Guatemala (EAPC = 4.81, 95% CI 4.50
~5.12), Ecuador (EAPC = 3.25, 95% CI 2.92 ~ 3.57)
were top 3 countries/territories with the most rapid
rise in ASIR (Supplementary Tables 3, 4) (Figure 2C).

The death trends of ALL

Globally, ALL-caused death cases increased from
37.26*10°% in 1990 to 52.22*10% in 2017 (about 40.15%
rise) (Table 2). In contrast, the change trend of ASDR
was stable (ASDR: from 0.70 in 1990 to 0.69 in 2017;
EAPC = 0.004, 95% CI -0.06 ~ 0.07). Subgroup
analysis by SDI showed that the ASDR decreased
markedly in high SDI countries (ASDR: from 0.72 in
1990 to 0.46 in 2017; EAPC = -1.76, 95% CI -1.81 ~ -
1.70) during past 28 years. In the same time, ASDR
grew rapidly in middle SDI countries (ASDR: from
0.73 in 1990 to 0.89 in 2017, EAPC = 0.92, 95% CI
0.83 ~ 1.01) (Figure 1D-1F). In terms of geographical
zone, Australasia (EAPC =-2.17, 95% CI -2.38 ~ -1.97)
and high-income Asia Pacific (EAPC = -2.05, 95% CI -
2.16 ~ -1.93) had the most rapid drop in ASDR while
Andean Latin America (EAPC = 1.59, 95% CI 1.46 ~
1.72) had the fastest increase in ASDR from 1990 to
2017.

The DALY trends of ALL

Compared to DALY in 1990, global DALY increased by
18.56% to 2704.69*10° in 2017. Age-standardized
DALY (per 100,000 individuals) was slightly decreased
from 39.67 in 1990 to 36.67 in 2017 (EAPC = -0.20,
95% CI -0.27 ~ -0.12) (Table 3). Subgroup analysis by
SDI indicated that high SDI region possessed the fastest
decline in age-standardized DALY (EAPC = -2.10, 95%
Cl -2.15 ~ -2.04) but middle SDI region had the most
rapid increase (EAPC = 0.69, 95% CI 0.60 ~ 0.79)
(Figure 1G-11). Among 21 geographical zones all over
the world, high-income Asia Pacific (EAPC = -2.61,
95% CI -2.72 ~ -2.50) and Australasia (EAPC = -2.55,
95% CI -2.75 ~ -2.35) were top 2 regions with the fastest
drop in age-standardized DALY. Instead, Andean Latin
America (EAPC = 1.43, 95% CI 1.29 ~ 1.56) had the
most significant rise in age-standardized DALY.
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Table 1. The incidence of ALL in 1990/2017 and temporal trends.

1990

2017

1990-2017

Incident cases No
*10° (95% UI)

ASIR /100,000
No. (95% UI)

Incident cases No
*103 (95% UI)

ASIR /100,000
No. (95% UI)

EAPC No. (95%
o)

Overall
Sex

Male

Female

Socio-demographic factor
High SDI

High-middle SDI
Middle SDI

Low-middle SDI

Low SDI

Region

Andean Latin America
Australasia

Caribbean

Central Asia

Central Europe

Central Latin America
Central Sub-Saharan Africa
East Asia

Eastern Europe

Eastern Sub-Saharan Africa
High-income Asia Pacific
High-income North America

North Africa and Middle
East

Oceania
South Asia

Southeast Asia
Southern Latin America

Southern Sub-Saharan
Africa

Tropical Latin America
Western Europe

Western Sub-Saharan
Africa

49.07
(41.00~67.32)

29.77
(22.72~38.73)

19.30
(14.81~32.54)

8.45 (8.27~8.69)

11.38
(10.10~13.63)

14.49
(12.34~18.94)
8.30 (6.21~12.78)

6.24 (3.45~13.67)

0.49 (0.39~0.67)
0.33 (0.31~0.34)
0.37 (0.30~0.57)
0.73 (0.66~0.82)
1.34 (1.26~1.44)
2.99 (2.86~3.31)
0.22 (0.09~0.56)
9.06 (7.03~13.64)
3.26 (2.95~3.54)
1.86 (1.06~3.43)
1.51 (1.44~1.59)
2.17 (2.12~2.22)

3.28(2.33-5.33)
0.04 (0.02~0.06)
9.76 (6.69~17.14)

4.88 (3.65~7.61)
0.50 (0.46~0.54)

0.08 (0.06~0.10)

1.73 (1.58~1.85)
3.51 (3.43~3.60)

0.96 (0.65~1.44)

0.89 (0.76~1.20)

1.08 (0.85~1.37)

0.71 (0.55~1.16)

0.89 (0.86~0.91)

1.03 (0.92~1.24)
0.93 (0.80~1.19)

0.72 (0.56~1.05)

0.74 (0.45~1.45)

1.15 (0.94~1.53)
1.55 (1.48~1.62)
1.00 (0.82~1.50)
0.97 (0.89~1.08)
1.10 (1.03~1.19)
1.77 (1.71~1.92)
0.32 (0.17~0.70)
0.73 (0.57~1.11)
1.50 (1.34~1.61)
0.73 (0.45~1.25)
0.91 (0.86~0.95)
0.78 (0.76~0.80)

0.87 (0.62~1.35)
0.56 (0.36~0.91)
0.78 (0.56~1.29)

1.06 (0.83~1.56)
1.00 (0.92~1.07)

0.16 (0.12~0.18)

1.06 (0.98~1.13)
0.91 (0.89~0.94)

0.45 (0.34~0.61)

64.19
(56.39~70.40)

37.58
(32.24~41.52)

26.62
(21.80~30.33)

7.13(6.92~7.43)

12.94
(10.76~13.90)

22.06
(18.45~23.71)

12.70
(11.06~15.18)

9.09 (7.79~11.24)

0.97 (0.73~1.13)
0.32 (0.29~0.36)
0.36 (0.31~0.41)
0.77 (0.69~0.85)
0.88 (0.83~0.93)
5.31 (5.06~5.70)
0.49 (0.31~0.86)

13.68 (9.60~15.10)

2.32 (2.21~2.46)
3.69 (2.76~5.15)
1.16 (1.09~1.22)
2.13 (2.02~2.25)

4.28 (3.51~5.07)

0.07 (0.04~0.11)

13.01
(10.86~15.03)

8.03 (6.84~8.93)
0.58 (0.53~0.64)

0.12 (0.08~0.15)

1.85 (1.76~1.97)
2.73 (2.60~2.87)

1.45 (1.13~2.04)

0.85 (0.75~0.94)

1.00 (0.86~1.11)

0.71 (0.58~0.82)

0.55 (0.53~0.57)

0.97 (0.80~1.05)
1.10 (0.93~1.18)

0.74 (0.65~0.89)

0.65 (0.56~0.80)

1.58 (1.20~1.83)
0.93 (0.84~1.04)
0.81 (0.69~1.06)
0.88 (0.79~0.96)
0.68 (0.63~0.72)
2.12 (2.02~2.27)
0.35 (0.25~0.56)
0.96 (0.68~1.07)
1.00 (0.94~1.07)
0.77 (0.59~1.05)
0.50 (0.46~0.53)
0.54 (0.51~0.57)

0.72 (0.59~0.85)
0.52 (0.35~0.82)
0.74 (0.61~0.85)

1.28 (1.09~1.43)
0.91 (0.83~1.00)

0.16 (0.11~0.19)

0.90 (0.85~0.95)
0.54 (0.51~0.57)

0.35 (0.27~0.46)

-0.08 (-0.15~-0.02)

-0.23 (-0.3~-0.16)

0.15(0.08~0.22)

-1.89 (-1.94~-1.83)

-0.08 (-0.20~0.05)
0.82 (0.73~0.90)

0.23(0.13~0.34)

-0.52 (-0.6~-0.43)

1.51 (1.37~1.64)
-2.33 (-2.53~-2.13)
-0.81 (-0.92~-0.69)
-0.13 (-0.24~-0.01)
-1.69 (-1.79~-1.59)
0.80 (0.67~0.94)
0.36 (0.31~0.42)
1.29 (0.85~1.73)
-1.61 (-1.71~-1.50)
0.002 (0.15~0.31)
-2.27 (-2.39~-2.16)
-1.47 (-1.56~-1.39)

-0.48 (-0.60~-0.36)
-0.21 (-0.25~-0.16)
-0.17 (-0.32~-0.02)

0.83 (0.63~1.03)
-0.23 (-0.32~-0.14)

-0.10 (-0.47~0.27)

-0.37 (-0.57~-0.17)
-2.14 (-2.28~-2.01)

-1.36 (-1.62~-1.11)

Note: ASIR: age-standardized incidence rate
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Figure 1. The change trends of ASIR, ASDR, and age-standardized DALY rate. ASIR of total population (A), male (B), and female (C);
ASDR of total population (D), male (E), and female (F); age-standardized DALY rate of total population (G), male (H), and female (1). SDI: Socio-
demographic Index; ASIR: age-standardized incidence rate; ASDR: age-standardized death rate; EAPC: estimated annual percentage change.
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Figure 2. The global disease burden of ALL in 195 countries or territories. (A) The ASIR of ALL in 2017. (B) The relative incidences
change of ALL between 1990 and 2017. (C) The EAPC of ALL's ASIR from 1990 to 2017. ASIR: age-standardized incidence rate; EAPC:
estimated annual percentage change.
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Table 2. The death cases of ALL in 1990/2017 and temporal trends.

1990 2017 1990-2017
ASDR
Death cases No /100.000 No Death cases No  ASDR /100,000 EAPC No. (95%
*10°©@5% U “odoe Ly *10°(95% D) No. (95% L) cl)
37.26 0.70 52.22
Overall (186.4930)  (061.091)  (5orce7y 069 (061-0.75) 0.004(-0.06-0.07)
Sex
22.49 0.86 30.60 3 0.12 (-0.19~
Male (17.83-2801)  (0.70-1.04)  (26.56-33.76) °-81(0.71~0.90) 0.05)
14.77 0.56 21.62
Female (11742568  (045.086) (17612406 057(046-064)  0.19(012-0.26
Socio-demographic factor
High SDI 721107739 (o 7%35 1y 068(648-694) 0.46(045-0.49 '1'761(;(1)')81”
o 0.81 10.97
High-middle SDI B73(179-1030) )% es (13117 O78(065-0.84) 006 (:0.07-0.20)
. 10.81 0.73 18.11
Middle SDI 0351401 060092 (5051647 089 (074-096)  0.92(083-L01)
. 0.55 9.64
Low-middle SDI 6OL@ST-BIN 0078 (gatiiiay 059 (051069  035(025-0.45
Low SDI 436250909 g S%E’f 03 660(565-8.13) 0.50(043-061) '0'4% (?;2')52“
Region
Andean Latin 0.90
findean 036(029-048) (7,7 ;g O76(057-087) 126(0.95-143) 159 (146-L72)
Australasia 029(028-031) Zt'ff s 032(028-0.36) 0.83(075-0.99 '2'171(;')38“
Caribbean 027(023-039) 4 G%Zf 0s) 0:29(025~0.36) 0.63(055~0.80) '0'7%%2')84“
Central Asia 054(049-060) g G%Zg gy 060(054-066) 0.70(063-076)  0.02(-0.10-0.14)
Central Europe 112(105-120) 8%?8 g5y 0.82(078-0.86) 0.57 (053-0.60) '1'491 (éé')GOM
Central Latin 1.42
Sentral 223(215-238)  (j 46t g 427(409-452) 172(164-182)  0.84(0.72-095)
Central Sub-Saharan 0.24
Centre 015007-037) g e%0cy  035(023-057) 027(0.20-041)  0.48(041-054)
East Asia 6.76(532-1044) 491'?8.86) (8_1%){'380) 0.77 (054~0.85)  1.46 (1.01~1.91)
Eastern Europe 264 241286) ot 2 209(200-220) 0.84(080-089) '1'321(2')43“
Eastern Sub-Saharan 0.53
Saster 125(073225)  (gaspgg 253 (L90-347) 057(044-075)  0.20(0.06-0.34)
High-income Asia ~ 0.73 - _ -2.05 (-2.16~-
) 126121132 (g7ofoon 114(L0B-L19) 0.42(040-0.45) 59
High-income North N 0.64 N N -1.39 (-1.46~-
Figh-ine 18379187 garpes  L93(L83-204) 0.45(043-048) 15
WWww.aging-us.com 22874 AGING



North Africa and 0.67
Middle East 2.37(1.69-3.79) (9 48-1.01)
Oceania 0.03(002-004) (g 2%?3 o7
. 0.59
South Asia 7.04 (5.01~11.83) (0.44~0.93)
. 0.87
Southeast Asia 3.69 (2.85~5.52) (0.69~1.22)
Southern Latin 0.77
America 0.39(036~041) (5 72-083)
Southern Sub- 0.13
Saharan Africa 0.06(0.05-0.07) (5 10-0.15)

Tropical Latin 1.25 (1.14~1.32) 0.80

America (0.74~0.84)
Western Europe 3.04 (2.96~3.12) 0.74

P DA eI0mS. (0.72~0.76)
Western Sub- 0.36
Saharan Africa 0.68(048~099) (5 98-0.46)

326 (2.68~3.86) 057 (0.47~0.67) 038 (049~

0.27)
0.05 (0.03-0.08)  0.40 (0.28~0.62) -0.2%(ig.)25~-
9.90 0.57 (0.48~0.66)  -0.09 (-0.23~0.06)
8.28-11.3g) 057 (0480 09 (-0.23~0.

6.57 (5.54~7.30) 1.06 (0.90~1.18)  0.89 (0.70~1.08)

-0.11 (-

0.49 (0.45~0.53) 0.73 (0.67~0.80) 0.23~0.002)

0.09 (0.07~0.11)  0.13 (0.09~0.16) -0.13 (-0.50~0.24)

1.48 (1.41~1.54)  0.70 (0.67~0.73) -0.2% (68).)44~-
2.59 (2.46~2.71)  0.45 (0.43~0.48) '1-991 (éi.)13~-
1.07 (0.84~1.45)  0.29 (0.22~0.38) '1-1% (éfls.)42~-

Note: ASDR: age-standardized death rate

The correlation between social development degree
and ALL's incidence or mortality trends

We constructed a Pearson's correlation model to assess
the relationship between social development degree and
ALL's incidence or mortality trends. Generally, the
EAPC values of ASIR (Pearson correlation coefficient,
abbreviated to r = -0.42, P < 0.0001), ASDR (r = -0.41,
P < 0.0001), as well as age-standardized DALY (r = -
0.44, P < 0.0001) were negatively correlated to SDI
(Figure 3A-3C). It was notable that this decline was
most significant when the SDI value was above 0.6. To
further investigate the role of social development degree
in ALL's incidence or mortality trends, we drew the
scatter diagrams to present dynamic changes of SDI and
ASRs (ASIR, ASDR, and age-standardized DALY of
21 regions in the globe during past 28 years (Figure
4A-4C). We found that for most regions with middle or
low SDI (expect Andean Latin America and Central
Latin America), the ASRs were relatively stable.
However, for most regions with high SDI, the ASRs
were dramatically decreased, accompanied by gradually
elevated SDI.

Age distribution of ALL

Firstly, we presented the incidence rate of ALL in all
age groups (Figure 5A, 5D). We found that the
incidence rate of ALL had two peaks: children (under
five years old) and the elderly. Almost in all age groups,
males had a higher incidence rate than females. Besides,
the elderly had the highest death rate (Figure 5B, 5E),

while children had the highest DALY rate (Figure 5C,
5F). Compared to 1990, the incidence rate and death
rate of ALL in children were reduced in 2017.

ALL attributable risk factors

For the world and regions with different SDI values,
smoking was the most significant contributor to ALL-
caused death and DALY (Figure 6A—6L). However, the
role of tobacco in ALL-caused death and DALY was
gradually declined (Supplementary Figures 1, 2). High
body-mass index was the second most significant risk
factor for ALL-caused death and DALY. Notably, the
contributing ratio of the high body-mass index was
increased in all regions. Occupational exposure to
carcinogens, including benzene and formaldehyde, was
the second most significant risk factor for ALL-caused
death and DALY. We found that the contributing ratio
of occupational exposure to carcinogens was markedly
higher in the low SDI region than the high SDI region
(Supplementary Figures 1, 2).

DISCUSSION

Our study reported the status and trend of ALL's
incidence and mortality in the globe from 1990 to 2017.
Considering the change of population size and
distribution structure, the incidence rate and death rate
of ALL were relatively stable during past 28 years.
Despite this, we still noticed that the disparities of the
region, gender, and age existed in ALL's incidence and
mortality. Besides, the investigation of ALL's
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Table 3. The DALY of ALL in 1990/2017 and temporal trends.

1990 2017 1990-2017
Age- Age-
DALY standardized DALY standardized EAPC
No. *10° (95% DALY / 3 DALY /
Ul) 100,000 No *10 (950/0 Ul) 100,000 No. (95% Cl)
No. (95% Ul) No. (95% Ul)
Overall 2281.27 39.67 2704.69 36.67 -0.20 (-0.27~-
(1866.34~3220.04)  (32.86~55.12)  (2375.06~2985.23)  (32.24~40.68) 0.12)
Sex
Male 1390.01 47.68 1579.13 42.17 -0.39 (-0.46~-
(1029.04~1830.71)  (36.11~61.70)  (1355.28~1743.01)  (36.24~46.72) 0.31)
Female 891.27 31.48 1125.56 31.09 0.09
(667.74~1560.35)  (23.91~54.15)  (922.93~1310.01)  (25.54~36.36) (0.01~0.17)
Socio-demographic factor
Hiah SDI 339.57 38.70 239.10 22.66 -2.10 (-2.15~-
g (331.09~349.64) (37.63~39.94) (230.53~249.12) (21.71~23.64) 2.04)
High-middle SDI 517.96 46.38 507.74 42.10 -0.17 (-0.31~-
g (454.45~628.28) (40.76~56.22) (419.26~549.36) (34.26~46.01) 0.03)
Middle SDI 687.21 41.02 916.13 47.12 0.69
(579.18~923.78) (34.90~54.5) (770.87~988.43) (39.67~50.93) (0.60~0.79)
Low-middle SDI 413.34 32.93 586.29 32.48 0.04 (-
(302.70~643.1) (24.87~49.55) (510.05~704.70) (28.27~38.78) 0.08~0.16)
Low SDI 314.94 34.27 445.33 29.45 -0.61 (-0.71~-
(168.97~697.18) (19.79~70.51) (380.64~554.62) (25.27~36.51) 0.51)
Region
Andean Latin 24.37 53.08 44.34 70.97 1.43
America (19.06~34.23) (42.44~72.1) (33.00~51.95) (52.88~82.79) (1.29~1.56)
. 12.01 60.80 5 34.81 -2.55 (-2.75~-
Australasia (11.45-12.66)  (57.78~64.48) 10-12(918-11.82) 5y 4g 39 0a) 2.35)
. 17.53 45.74 15.71 36.53 -0.89 (-0.99~-
Caribbean
(14.08~27.77) (37.12~71.14) (13.27~20.67) (30.54~49.02) 0.78)
Central Asia 35.84 45.46 35.29 39.36 -0.28 (-0.39~-
(32.06~40.65) (41.00~51.02) (31.48~39.32) (35.17~43.76) 0.18)
Central Europe 55.26 47.73 29.56 27.66 -1.93 (-2.02~-
P (51.23~59.83) (44.18~51.82) (27.72~31.30) (25.39~29.71) 1.84)
Central Latin 143.52 76.65 227.53 89.55 0.73
America (137.57~156.38) (73.83~82.41) (216.03~242.72) (84.97~95.53) (0.60~0.87)
Central Sub- 14.82 24.75 16.03 0.32
Saharan Africa 11.30(457-2905)  (749.3471)  (15.69-4346)  (10.84-2641)  (0.25~0.38)
East Asia 416.76 32.68 529.14 42.26 1.18
(317.58~657.93) (24.97~51.86) (372.28~585.97) (29.42~47.26) (0.72~1.64)
Eastern EUrope 139.99 68.31 81.17 40.94 -2.06 (-2.17~-
P (125.09~151.47)  (60.44~74.21) (76.46~86.65) (38.01~44.35) 1.95)
Eastern Sub- 94.70 34.21 186.53 36.12 0.12 (-
Saharan Africa (53.56~175.08) (20.22~60.53) (138.07~259.91) (27.18~49.32) 0.03~0.28)
High-income Asia 64.00 40.53 35.50 20.34 -2.61 (-2.72~-
Pacific (60.80~67.70) (38.23~43.22) (33.26~38.10) (18.84~22.25) 2.50)
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High-income North 87.52 34.00

America (85.12~89.67)  (33.03~34.89)
North Africa and 160.79 39.32

Middle East (113.30~269.29)  (28.00~63.19)
. 24.02

Oceania 1.77 (1.12~3.08) (15.47~40.04)
. 491.35 36.67

South Asia (332.57-868.42)  (25.91~62.36)
. 228.38 44.97

Southeast Asia (167.55~365.11)  (34.04~69.41)
Southern Latin 23.49 46.16

America (21.67~25.34)  (42.59~49.77)
Southern Sub- 6.77

Saharan Africa 3.97(299-472) (548 .04)

Tropical Latin 84.96 49.16

America (76.76~91.08) (44.70~52.51)
137.7 40.17

Western Europe (133.70~142.02)  (38.79~41.67)
Western Sub- 46.07 19.18

Saharan Africa

(30.87~71.93)

(13.72~27.37)

75.07 22.03 .72 (-1.82~-
(7120~7957)  (20.91~23.26) 1.62)
196.97 32.07 1051 (-0.65~-
(162.74~236.91)  (26.44~38.44) 0.38)
. 22.36 10.18 (-0.23~-
3.09(204-5.25) (15 02-36.42) 0.13)
604.18 33.02 10.30 (-0.48~-
(502.57~700.64)  (27.47-38.31) 0.13)
335.7 52.85 0.73
(280.99~372.39)  (45.92-5867)  (0.54~0.93)
24.74 40.69 10.33 (-0.42~-
(2254~27.39)  (36.97~45.36) 0.24)
) 6.76 0.11 (-
5.36(380-6.78) ;4 g g50) 0.48~0.26)
81.03 40.49 -0.41 (-0.63~-
(76.62-85.13)  (37.99-42.71) 0.19)
90.08 2231 -2.37 (-2.50~-
(85.56-95.47)  (21.08~24.02) 223)
68.83 14.07 1,57 (-1.86~-
(53.83-98.20)  (11.00~19.00) 1.28)

Note: DALY, Disability-Adjusted Life Years

attributable risk  factors revealed four factors
contributing to ALL caused death and DALY. This
study was helpful for the policymaker to rationally
allocate public health resources and reduce ALL-caused
loss, especially for regions with mushrooming incidence
rates such as Andean Latin America.

According to previous statistical data, the peak of
ALL's incidence rate occurred at 3 ~ 5 years of age in
the United States [16]. We found that ALL's incidence
rate indeed had a single peak (under five years old) in
1990 in the world. However, due to the decreased
incidence rate in children, ALL's incidence rate had
two peaks in 2017: one peak in children and the other
peak in the elderly. Besides, we observed that the
death rate of children (under five years old) was
significantly decreased from 0.96 per 100,000
individuals (1990) to 0.78 per 100,000 individuals
(2017). Correspondingly, ALL's incidence rate in the
elderly (above 70 years old) was slightly increased
(from 1.54 to 1.77 per 100,000 individuals in 2017).
Benefiting from the development of modern pediatric
regimens, the ten-year survival rate of children was
elevated from 11.1% (1962 ~ 1966) to 91.1% (2000 ~
2007) [17]. At the same time, the clinical outcome of
the elderly was less encouraging: for ALL patients
over 55 years of age, the tolerability of intensive
pediatric-derived therapy was weak, and the
compliance to planned chemotherapy was relatively

low [18]. The data from the SEER database showed
the overall 5-year survival rate of ALL (60 ~ 69 years
old) was still below 20% in the United States [19].

The ASDR and age-standardized DALY rates of ALL
were gradually declined in the high SDI region but
kept stable in other areas. This decline was partially
attributed to the improvement in the management of
ALL during the past decades. In some countries,
especially developed countries, the 5-year survival
rate of childhood ALL was considerably high.
Nevertheless, for some low-income or middle-income
countries, basic interventions for ALL were not
consistently available, and the 5-year survival rate of
ALL was relatively low [20]. Besides, we noticed the
ASIR of ALL in high SDI region was also gradually
decreased. We supposed that the decline of mortality
rate in high SDI region might relate to reduced
predisposing factors of ALL such as pesticide
exposure and ionizing radiation.

Moreover, the ASIR, ASDR, and age-standardized
DALY rates in low or middle-low regions stayed at a
low level. This situation is related to several factors. A
truly low incidence rate, limited cancer registration, or
restricted diagnosis level could contribute to a similar
statistical result. The under-diagnosis and under-
registration for cancer patients might be interferences
when interpreting ALL's burden in some countries [21].
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Pearson correlation coefficient = -0.42
P <0.0001

EAPC-ASIR
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SDLIndex.Value

Pearson correlation coefficient = -0.41
P <0.0001
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C SDI.Index. Value

Pearson correlation coefficient = -0.44
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Figure 3. The correlation between EAPCs and SDI in 2017. (A) The correlation of ALL's EAPC of ASIR and SDI in 2017. (B) The
correlation of ALL's EAPC of ASDR and SDI in 2017. (C) The correlation of ALL's EAPC of age-standardized DALY rate and SDI in 2017. One circle
refers to one country, and the size of the circle reflects the quantity of ALL cases. SDI: Socio-demographic Index; ASIR: age-standardized
incidence rate; ASDR: age-standardized death rate; EAPC: estimated annual percentage change;
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Figure 4. The change trends of ASRs and SDI from 1990 to 2017 in the globe. (A) The change trends of ASIR and SDI from 1990 to
2017. (B) The change trends of ASDR and SDI from 1990 to 2017. (C) The change trends of age-standardized DALY rate and SDI from 1990 to
2017. ASIR: age-standardized incidence rate; ASDR: age-standardized death rate; EAPC: estimated annual percentage change; DALY:
disability-adjusted life year; SDI: Socio-demographic Index.
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We found that smoking,
occupational exposure to benzene, and formaldehyde
were risk factors contributing to ALL-caused death and
DALY. Until 2017, tobacco had been the most critical
risk factor of ALL's mortality. According to the data from
UK Biobank, smoking was closely related to myeloid
clonal hematopoiesis and ASXL1 mutation. It has been
reported that prenatal and early-life tobacco exposure
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could lead to the generation of ALL-related genomic
Additionally,
tobacco exposure of children was related to the increased
risk of ALL with RAS mutation [23]. Apart from
smoking, we observed that high body-mass index was the
second most significant risk factor contributing to ALL's
mortality. A previously multicenter cohort study showed
that overweight or obesity at diagnosis was a marker

the  second-hand

DALY rate of 1990

-50 0 50 100
DALY rate (/100000)

DALY rate of 2017

0
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Figure 5. The incidence rate, death rate, and DALY rate of ALL in different age groups. (A) The incidence rate in 1990. (B) The
death rate in 1990. (C) DALY rate in 1990. (D) The incidence rate in 2017. (E) The death rate in 2017. (F) DALY rate in 2017. EAPC: estimated
annual percentage change; DALY: disability-adjusted life year; SDI: Socio-demographic Index.
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Figure 6. Risk factors contributing to ALL-caused death and DALY. Risk factors contributing to ALL-caused death in the globe (A), high
SDI region (B), high-middle SDI region (C), middle SDI region (D), low-middle SDI region (E), and low SDI region (F). Risk factors contributing to
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region (L). DALY: disability-adjusted life year; SDI: Socio-demographic Index.
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predicting early mortality for ALL patients [24]. High
body-mass index was closely related to increased risk of
traumatic lumbar punctures and radiographic osteo-
necrosis during diagnosis and treatment, which might lead
to the poor outcomes of ALL patients [25, 26]. The high
body-mass index affected ALL patients' survival by
upregulating insulin-like growth factor-1 signaling,
increasing the levels of leptin, circulating glucose, certain
amino acids, free fatty acids, and promoting chronic
inflammation [27]. Notably, the survivors of ALL are at
high risk of obesity and obesity-related metabolic
disorders such as type 2 diabetes [15, 28].

Furthermore, in this study, occupational exposure to
carcinogens such as benzene and formaldehyde, also
contributed to ALL-caused death or DALY. A
retrospective study showed that benzene exposure
during childhood was associated with increased risk of
ALL and acute myeloid leukemia [29]. Even parental or
maternal occupational exposure to benzene could
elevate the risk of ALL in their offspring [30-32].
Moreover, it was found that formaldehyde exposure
could disrupt hematopoietic function and induce
leukemia-related chromosome alterations [33]. Notably,
the contribution ratio of occupational exposure to
carcinogens was significantly higher in low and low-
middle SDI regions than the high SDI region. There was
much room for improvement in reducing exposure to
carcinogens for low or low-middle SDI regions.

CONCLUSIONS

Generally, the cases of ALL were continuously increased
in the past 28 years in the globe. Excluding the change in
population size and structure, the global incidence rate
was relatively stable. Notably, the ASRs of ALL in the
high SDI region were gradually decreased from 1990 to
2017, which might be attributed to the development of
ALL treatment strategy and the declined exposure to
predisposing factors. For most middle/low SDI regions
except Andean Latin America and Central Latin America,
the ASRs of ALL kept stable. Smoking, high body-mass
index, and occupational exposure to benzene and
formaldehyde were the main risk factors contributing to
ALL-caused mortality. Measures should be taken to
reduce ALL-caused loss, including reducing exposure to
tobacco and carcinogens, especially for low or middle
SDI countries considering the relatively high contribution
ratio of carcinogen exposure in these countries.

MATERIALS AND METHODS
Data acquisition

Statistical data, including ALL's incidence rate, death
rate, and DALY rate, were downloaded by the Global

Health Data Exchange tool (http://ghdx.healthdata.
org/gbd-results-tool). Moreover, we collected some
disease-associated parameters, such as SDI and age or
sex distribution data. Besides, data on ALL-caused
death and DALY attributable risk factors such as
occupational exposure to carcinogens, smoking, and
high body-mass index were extracted.

Statistical analysis

The burden of ALL was estimated by the number of
incidence cases, death cases, and DALY's from 1990 to
2017. To offset the changes in total population quantity
and age distribution, the age-standardized incidence and
death rate (ASIR and ASDR), as well as age-
standardized DALY rate, were also used in this study.
The change trends of incidence rate, death rate, DALY
rate were calculated by estimated annual percentage
change (EAPC) values. In the present study, EAPC was
calculated based on three age-standardized rates
(incidence, death, and DALY) and regression model.
The following algorithm was adopted to get EAPC: y =
a + fx, in which y referred to 10og10 (ASR) and x meant
year. Then, EAPC was calculated as EAPC =
100*(107B-1). The values of EAPC reflect the changing
trend of corresponding ASRs: when EAPC and its 95%
Cl are above 0, it indicates an increasing trend; when
EAPC and its 95% CI are below 0, it shows a
degenerating trend. Besides, to assess the influence of
social development on ALL's incidence and mortality,
we plotted a scatter diagram and trend lines to present
the correlation between EAPC and SDI. Lastly, GBD
2017 provides data on cancer death and DALY
attributable risk factors, including environmental or
occupational factors, behavior factors, and metabolic
factors. The three types of factors which could be
further subdivided to 84 risk factors. In this study, we
found four risk factors contributing to ALL's mortality:
occupational exposure to benzene, occupational
exposure to formaldehyde, smoking, and high body-
mass index.

Data visualization

All calculations were based on R software (version
3.6.0). We drew world maps to reflect the incidence
status and change trend of ALL in the globe. All data
visualization works were conducted by R software with
packages ‘ggplot2’ and ‘map’.

Abbreviations

ALL: Acute lymphoblastic leukemia; GBD: Global
burden disease; DALY: disability-adjusted life year;
SDI: Socio-demographic Index; ASIR: age-standardized
incidence rate; ASDR: age-standardized death rate;
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Supplementary Figure 1. The ratio of risk factors contributing to ALL-caused death in the global (A), high SDI region (B), high-middle SDI
region (C), middle SDI region (D), low-middle SDI region (E), and low SDI region (F). SDI: Socio-demographic Index.
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Supplementary Tables

Supplementary Table 1. Top 30 countries/territories with the biggest drop in ASIR in 2017 compared to 1990.

Country/Territory ASIR-1990 ASIR-2017 Change (%)
Czech Republic 1.70444118 0.416184335 -75.58235863
Moldova 2.07416161 0.78541563 -62.13334454
Ghana 0.990678333 0.393955263 -60.23378631
Greenland 1.039359543 0.4299638 -58.63185138
Guam 0.683243245 0.304279976 -55.46535179
Hungary 1.158125344 0.553921424 -52.17085722
South Korea 0.830602251 0.398224777 -52.05589964
Singapore 0.972292344 0.473770426 -51.27284208
Ireland 0.958707392 0.476495364 -50.29814438
Portugal 1.094743284 0.54648071 -50.08138271
UK 0.975371906 0.497623851 -48.98111709
Grenada 0.827295887 0.425663223 -48.54764422
Netherlands 0.858379537 0.451789964 -47.36710922
Canada 0.872223561 0.462677459 -46.95425806
Croatia 1.053279621 0.562950499 -46.55260692
France 0.860469991 0.467062191 -45.72010696
Denmark 1.16850441 0.640590085 -45.17863348
Qatar 1.189622774 0.660784651 -44.45427025
Belgium 0.765127831 0.425527438 -44.38479163
Lithuania 1.252188712 0.70092604 -44.02392917
Bahrain 0.982153076 0.550692851 -43.93003858
Luxembourg 0.723161985 0.414477003 -42.68545479
Germany 0.930893753 0.542561113 -41.7161076
Finland 1.232210269 0.718940517 -41.65439657
Bermuda 0.74033626 0.43311429 -41.49762564
Japan 0.904300875 0.53010933 -41.379098

Spain 0.920329377 0.540555299 -41.2650174
Australia 1.562040153 0.932742146 -40.286929

Israel 0.92440745 0.562882957 -39.10878181
New Zealand 1.464291458 0.904585214 -38.22369114
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Supplementary Table 2. Top 30 countries/territories with the biggest rise in ASIR in 2017 compared to 1990.

Country/Territory ASIR-1990 ASIR-2017 Change (%)
Guatemala 0.623604531 1.972724414 216.3422193
El Salvador 0.456314727 1.332917333 192.1048245
Ecuador 1.149040472 2.221646264 93.34795573
Dominica 1.403302844 2.247426347 60.15262541
Philippines 0.886534379 1.41587231 59.70867508
Timor-Leste 0.808771264 1.247081505 54.19458632
Saint Vincent 0.420853917 0.642293089 52.61663573
Grenadines 0.420853917 0.642293089 52.61663573
Lesotho 0.123348818 0.180789334 46.56754507
Pakistan 0.959267942 1.344962632 40.20719065
South Sudan 0.440881341 0.616906572 39.92576116
Somalia 0.564531942 0.787166259 39.4369744
Tanzania 0.542464015 0.754500192 39.08760246
Eritrea 0.665596439 0.915702395 37.57621608
Libya 0.547060231 0.751913167 37.44613927
Mexico 1.706860901 2.310334065 35.35573189
Cambodia 0.772675369 1.035146681 33.96915721
Indonesia 0.814414691 1.086220349 33.374356

China 0.729840663 0.97081053 33.01677747
Azerbaijan 0.654738789 0.855316688 30.63479694
Laos 0.955927443 1.248609961 30.61764997
Central African Republic 0.318516553 0.411046704 29.05034279
Uganda 0.32054807 0.413000208 28.84189518
Myanmar 1.050643081 1.333863227 26.95683721
Honduras 3.023909046 3.82808714 26.59399082
Gabon 0.307167136 0.382356481 24.47831689
Paraguay 0.846577595 1.049210003 23.93547972
Guyana 0.904207845 1.120459652 23.91616135
Kenya 0.461398528 0.570032709 23.54454437
Mauritius 0.333233622 0.410143492 23.07986492
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Supplementary Table 3. Top 30 countries/territories with the most rapid rise in ASIR.

Country/territory confidence interval (Low) EAPC of ASIR confidence interval (high)
El Salvador 4.34 5.201 6.069
Guatemala 4.499 4.806 5.115
Ecuador 2.923 3.245 3.569
Dominica 1.862 2.026 2.19
Timor-Leste 1.811 1.938 2.065
Lesotho 1.24 1.793 2.349
Philippines 1.338 1.694 2.051
Mauritius 0.796 1.604 2.418
Libya 1.296 1.576 1.857
Paraguay 0.99 1.444 1.9
Pakistan 1.255 1.421 1.587
Grenadines 0.824 1.404 1.987
Saint Vincent 0.824 1.404 1.987
Indonesia 111 1.36 1.61
Tanzania 1.187 1.337 1.486
China 0.857 1.312 1.769
Cambodia 1.152 1.298 1.445
Mexico 0.989 1.275 1.561
Brunei 1.013 1.26 1.507
Laos 1.038 1.25 1.462
Guyana 0.986 1.227 1.468
Uganda 0.931 1.196 1.461
South Sudan 0.827 1.194 1.561
Gabon 0.94 1.17 1.402
Myanmar 0.792 1.076 1.361
Azerbaijan 0.567 1.002 1.438
Honduras 0.739 0.975 1.212
Central African Republic 0.87 0.937 1.004
Somalia 0.606 0.936 1.266
Kenya 0.776 0.897 1.017
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Supplementary Table 4. Top 30 countries/territories with the fastest reduction in ASIR.

Country/territory confidence interval (Low) EAPC of ASIR confidence interval (high)
Ghana -6.234 -5.175 -4.105
Czech Republic -4.948 -4.412 -3.874
Guam -3.904 -3.618 -3.331
Moldova -3.796 -3.603 -3.409
Greenland -3.658 -3.455 -3.252
Bahrain -3.645 -3.162 -2.676
Portugal -3.534 -3.162 -2.787
UK -3.13 -2.946 -2.763
Qatar -3.287 -2.857 -2.424
Hungary -2.908 -2.742 -2.575
Singapore -2.903 -2.614 -2.324
Canada -2.811 -2.605 -2.399
Luxembourg -2.799 -2.593 -2.387
Netherlands -2.678 -2.544 -2.411
Ireland -2.709 -2.445 -2.18
France -2.542 -2.393 -2.244
Denmark -2.717 -2.375 -2.031
Spain -2.533 -2.347 -2.16
Australia -2.557 -2.339 -2.122
South Korea -2.954 -2.313 -1.668
Croatia -2.505 -2.295 -2.085
New Zealand -2.478 -2.28 -2.081
Finland -2.565 -2.232 -1.897
Japan -2.288 -2.157 -2.026
Germany -2.436 -2.129 -1.821
Niger -2.352 -2.125 -1.898
Israel -2.465 -2.087 -1.707
Ukraine -2.705 -2.082 -1.455
Grenada -2.507 -2.063 -1.616
Belgium -2.278 -2.042 -1.805
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